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INTRODUCTION 

This section describes the functional operation of the 
GE-PAC* 4022A Arithmetic Unit (GE Drawing Number 
68C 972367) which is the computational and control cen
ter for the GE-PAC 4020 Central Processing Unit. 

The 4022A Arithmetic Unit performs calculations, a 
wide range of logical operations, and sequences and 
distributes data throughout the computer system. It 
supplies and receives information to/from the Core 
Memory, Automatic Program Interrupt Module, and In
put/Output Peripheral Devices. 

The Arithmetic Unit addresses sequential programmed 
commands stored in Core Memory. Each command ad
dressed is transferred from the memory location to the 
Arithmetic Unit where the command is executed. Since 
execution of the command may require the transfer of 
data to or from one of the other modules of the system, 
the Arithmetic Unit becomes the communications hub of 
the system. 

The arithmetic operations performed by the Arithmetic 
Unit include Add, Subtract, Multiply, and Divide. Addi
tion and Subtraction are performed in 3. 2 microseconds, 
while Multiply requires between 8. 9 and 12. 1 micro
seconds and Divide requires 13. 6 microseconds. Add 
and Subtract use single length 24-bit numbers. Multiply 
operates on two 24-bit numbers to produce a double 
length (46 bits plus sign) product. Divide operates on a 
double length dividend and a single length divisor to pro
duce a single length (23 bits plus sign) quotient and a 
single length remainder. 

SPECIFICATIONS 

• Electrical Requirements 

Voltage: 115/230 ± 10% 

Phase: Single 

Frequency: 50 or 60 cps ± 3% 

Central Processor Power: 5. 8 KW Maximum. 

• Environment 

Temperature: 32° - 131°F 

Relative Humidity: 5 - 95%. 

• C ire uit Type 

Monolithic Integrated. 

• Man/Machine Communication 

Programming and Maintenance Console. 

:· Registered Trademark of General Electric Company 

• Basic Clock Frequency 

10 Megacycles 

Pulse Width - 25 nanoseconds ± 10%. 

• Addressable Core Memory 

4096 locations minimum, 32, 768 locations 
maximum; directly 16, 384, relative (± 8K) 
and indexing to 32, 768. 

• Operation 

Parallel and serial internal; parallel ex
ternal. 

• Arithmetic 

Digital, binary, fixed point, and 2 1 s com -
plement; floating point by subroutine. 

• Word Size 

24-bits (23 through 00); bit 23 is sign and 
most significant bit. 

• Index Words 

Total of 7 words; 5 are unrestricted and 2 
(1 and 2) are restricted by Quasi and sub
routine linkage. 

ARITHMETIC UNIT OPTIONS 
The GE-PAC 4022A Arithmetic Unit may contain, as 
options, Memory Protect, Expanded Console, TIM/ 
TOM, Program Load, I/O Capability (future), and Stall/ 
Watchdog/Timer. These options are described under 
the mnemonic OPT in this section. The options for a 
particular system are contained in a special drawing for 
each system titled "Option List". The model numbers 
for each of the above options are listed below: 

Basic Arithmetic Unit· 

Memory Protect Option 

TIM/TOM Option 

Console Option 

Program Load Option 

I/O Capability (future) 

Stall Alarm/Timer/ 
Watchdog Option 

4DP4022A0100 

4DP4022A0001 

4DP4022A0002 

4DP4022A0003 

4DP4022A0004 

4DP4022A0005 

4DP4022A0006. 
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ARITHMETIC UNIT DESCRIPTION 

The following discussion describes the functional block 
diagram of the 4022A Arithmetic Unit. Fig. DESC. 1 
contains a block diagram of the Arithmetic Unit illustra
ting the interconnection of the various registers, paral
lel adder unit, serial adder, and the associated core 
memory module. This diagram does not attempt to de
fine timing, sequencing, or control organization. 

A Register (Accumulator) 

The A Register is the accumulator for arithmetic and 
bit manipulation operation and temporary storage for 
data coming from or going to the registers of the I/O 
equipment. It is comprised of 24 high-speed flip-flops 
in a bit configuration numbered 00-23 with bit 23 being 
the most significant. 

The A Register may be shifted right or left via the 
micro-coded GEN 1 command. However, the left shift 
(when using GEN 1) is accomplished by shifting right. 
A true left shift may be accomplished with a GEN 3 in
struction where data from either B23 or B22 enters Ao 
and is shifted left. On a typical right shift, Ao passes 
through the serial full adder (where it may be altered) 
and back into A23· Position A23 may also enter these
rial full adder, possibly modified, and routed back to 
A23 and at the same shift A23 may be applied to A22· 

When A is shifted left, bit position 23 is lost. The con
tents of the A and B Registers may be shifted right 

where the contents of Ao enter either B23 or B22 as 
specified by the shift instruction. 

The contents of the A Register may be gated in parallel 
to the Parallel Full Adder and the A Register may 
receive data in parallel from the Adder. The con
tents of A may be selectively displayed on the optional 
console. 

B Register (Buffer) 

The B Register is a 24-bit register used to hold all in
structions and AU data going to or coming from core 
memory. During the fetch portion of an instruction, the 
10 most significant bits of the B Register are transfer
red in parallel to the I Register for decoding. The con
tents of the B Register are routed in parallel to the Par
allel Full Adder in two fields: B13-0 for address mod
ification, and B23-0 for full register operations. The 
contents of the Parallel Full Adder may be routed to the 
B Register in parallel. 

The B Register may act as an extension to the A Regis
ter when performing right and left shifts (MPY, DVD, 
GEN 3, TIM/TOM). During a left shift, the contents of 
either B23 or B22 as specified by the instruction, enter 
position Ao of the A Register. During a right shift, the 
contents of Ao enter either B23 or B22 as specified by 
the instruction. The contents of B may be displayed on 
the optional console. 
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Fig. DESC. 1. GE/PAC 4022A Arithemtic Unit Block Diagram 
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P Register (Program) 
The P Register is a 15-bit binary counter register whose 
primary function is to control the addressing of the next 
instruction. Depending upon the instruction being exe
cuted, the P Register may be incremented by one or two. 
Information from the I Register (address) is transferred 
to the P Register during the operation of Branch com -
mands. The contents of P may be selectively displayed 
on the console. 

J Register (Counter) 

The J Register is a 5-bit binary counter used to count 
shifts when executing shift instructions. Incrementation 
of J is controlled by the micro-coded GEN 1, GEN 3 
instructions or Multiply, Divide, or TIM/TOM. The 
contents of J may be transferred to the I Register or the 
complement of the 5 least significant bits of I may be 
transferred to J. The contents of J are displayed on the 
optional console. 

I Register {Instruction) 
The I Register is a 24-bit register used to hold the in
struction while it is being decoded, interpreted, and 
executed. An additional bit (14) position is used in the 
I Register to provide for relative addressing. In addi
tion to holding the instruction to be executed, the I Reg
ister is also used to hold the divisor during Divide, the 
multiplicand during Multiply, and the TIM/TOM control 
during TIM/TOM operations. 

The I Register may receive data in parallel from the 
Parallel Full Adder, B Register, and J Counter. Data 
is transferred from the I Register in parallel to the J 
Counter, P Register, Memory Address Buffer, and to 
the Parallel Full Adder. The contents of the I Register 
may be selected for display on the optional console. 

Parallel Full Adder 

The Parallel Full Adder is a 24-bit full adder. Most 
arithmetic operations within the arithmetic and control 
unit are accomplished through this adder. In addition to 
the normal add and subtract operations, the adder has 
the capability of accomplishing the following logical 
combinations: 

Exclusive "OR" (if A = B, 0 out; if A I B, 1 out). 

Logical "AND" (if A = 1 and B = 1, 1 out; 
if A I 1 or B I 1 , 0 out). 

Logical "OR" (if A 0 and B = 0, 0 out; 
if A I 0 or B I 0, 1 out). 

The adder may receive data in parallel from A, B, I, 
or the P Register. The adder also acts as a buffer for 
Input/Output operations. Data transferred into the cen
tral processor unit from Input/Output devices is chan
neled through the adder for distribution within the arith
metic and control unit. Data transmitted from memory 
to specified Input/Output devices is routed through the 
B Register to the Adder for distribution outside the 
arithmetic and control unit. Data transmitted from the 
A Register is routed through the adder for distribution 
outside the arithmetic and control unit. 

Q Register (Multiplier /Quotient) 

The Q Register is a pseudo register (located in core 
memory address 108) used as an auxiliary accumulator 
(MPY and DVD). The contents of Q are also used to 
define fields of the A and/or B Register during GEN 3 
commands. The Q Register is addressed and gated to 
the B Register during the command execution. 

Memory Address Buffer 
The Memory Address Buffer provides selection of the 
core memory address bits from the desired register or 
control circuit. 

Certain memory locations are pre-assigned for specific 
use. These memory locations should be used only for 
the purpose intended unless hardware is not included to 
make use of the specific reserved address. The re
served memory locations and the pre-assigned uses are 
listed below. 

Octal 
Address 

00 

~1 } 
07 

10 

~1 } 

17 

20 

21 

22 

23 

24 

25 

26 

27 

Specific Use 

Primary Bulk Storage Pointer Word 
(Channel 1) 

Index Register Words 

Q Register Words 

Additional Bulk Storage 
Pointer Words 

(11 = Channel 2) 
(12 = Channel 3) 

Memory Protect Error Exit Location (SPB) 

Memory Protect, Saved I Register Word 

Not Dedicated 

Not Dedicated 

API Stall Alarm Error Exit Location (SPB) 

Not Dedicated 

Not Dedicated 

Not Dedicated 

30 Not Dedicated 

~1 } 
37 

4I } 
77 

} 100 

~ 
177 

200 

~ 
377 

Common Peripheral Pointer Words 

Quasi Instruction Branch Vectors (SPB' s) 
or Single Word Quasi 

Memory Protect Status Words 

8 to 128 
Automatic Program Interrupt Control 
Locations 

a. Entry Location (SPB' s, BRU) 
b. Tally Control Instructions (DMT' s) 
c. I/O Control Words (TIM/TOM Con

trol Words 
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Automatic Program Interrupt Control 
The Automatic Program Interrupt control logic within 
the Arithmetic Unit provides timing synchronization 
between the AU and API modules, inhibits interrupts 
during the execution of specific commands, inhibits in
hibitable interrupts under program control, and pro
vides an Echo interrupt signal to the API under certain 
conditions. 

Each of these control functions and the logic elements 
providing these functions are described below. 

• 

• 

Enable API Gate, Gl WENA (logic sheet 122), 
must be enabled to allow any interrupts to be 
serviced. This gate is enabled only during Time 
3 Envelope (TSCA · TSCC) of Sequence Control 
State 4. Since some commands do not enter 
Sequence State 4 for execution, interrupts fol
lowing these commands are inhibited. These 
commands include: BRU, BTS, BTR, and 
TXH. 

In addition, the following commands inhibit 
Gl WENA, thereby inhibiting interrupts follow -
ing the command execution. 

Command 

CLO } CLZ 
CMO 
CMZ 

LPR J LDP 
SPB 

JNO } JNR 
JDR 
JCB 

LDX 

Logic Inhibit 
Signal 

DGNl· WI08 
WS67 

XRMF 

NGS6 

WLDX 

Difference MSSI 
Volume } 

Trap Error 

Function 

Allow J Count value 
to be stored follow -
ing the commands 

Allows the P Reg
ister to be changed 
before API 

Inhibits a TIM/TOM 
interrupt from fol
lowing JDR, JNR, 
and JCB commands 

Allows Trap Error 
detection 

Allows Memory 
Protect operation 

The API Lockout switch on the Console when in 
the Lockout position inhibits Gl WENA. 

The Permit Automatic Interrupt flip-flop, 
F 1 WPMT (logic sheet 121), when reset inhibits 
all inhibitable type interrupts. F 1 WPMT is re
set during Time 3 Envelope (TSCA · TSCB · TSCC) 
of State 4 when there is not a Volume Difference 
or Memory Protect Error by an SPB, IAI, or 
LPR command. 

FlWPMT = TSCC · TSCA · WCPM · 
ECLK + Initialize. 

Gl WCPM when enabled to reset F 1 WPMT, also 
applies a signal to the API module to clear the 
priority flip-flops. 

FlWPMT is set, allowing inhibitable interrupts, 
at Last Pulse of State 4 during the execution of 
a PAI or LPR command having bit 21 a "one". 

FlWPMT = WSPM· TLPE · ECLK. 

• Gl WEKO applies a signal to the API to generate 
an "Echo" interrupt when a TIM/TOM operation 
is in progress and the last character of the last 
word is being transferred or when a DMT com -
mand decrements the memory cell from 0 to -1. 
Although the Echo signal is generated whenever 
the DMT decrements a cell from 0 to -1, a new 
interrupt is generated only if the DMT resulted 
from a previous interrupt. 

• When an interrupt is generated by the API mod
ule, memory is addressed from the API module 
(GOSAMW) during the next Sequence State 1. 
This interrupt signal inhibits addressing mem
ory from the P Register. GOSAMW enables 
memory address bit 7 (D1MA07) and in conjunc
tion with the API Address Generator enables ~ 

D1MA06-00 according to the interrupt level. In 
this manner an interrupt response address be
tween 200a and 377a will be selected. 

A detailed description of the API module is con
tained in the next section of this book set. 

Overflow Flip-Flop 

The Overflow flip-flop, FlUOFL (logic sheet 54), pro
vides arithmetic overflow detection during the execution 
of ADD DVD MPY and SUB commands. In addition, 
the Ove~flow flip-flo~ is set during the execution of GEN 
3 commands when bit 5 of the command word is a "one" 
if the exclusive "OR" of A23 and A22 is a "one". 

Arithmetic overflow occurs when the result of an arith
metic operation provides, or will provide, a result 
whose magnitude exceeds the capacity of 23 bits for 
single word length register (i.e., 223-1 or -223) oper
ations or exceeds the capacity of 46 bits for double 
length'register operations (i.e., 246-1 or -246). Dur
ing GEN 3 commands, when bit 5 of the command word 
is a "one", overflow occurs when bit 23 (sign bit) of the 
A Register is changed during a left shift. 

The status of the Overflow flip-flop is monitored and 
cleared by the JNO (GEN 2) command to establish pro
gram location control. The status of the Overflow flip
flop is stored by the SPB command; restoring of the 
Overflow flip-flop status may then be accomplished by 
the LPR command. 

Test Flip-Flop 

The Test flip-flop (FlETST) serves as a memory ele
ment to remember the status of a previous test and to 
retain this status until changed by the program. The 
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program may then use the status of the Test flip-flop to 
initiate a branch. 

The Test flip-flop control logic provides the following 
functions: 

• During the execution of DMT, GEN 1, and TXH 
commands, the Test flip-flop is used to remem
ber the status of the condition tested. 

• BTR and BTS commands will cause a branch in 
the program depending on the status of the Test 
flip-flop. 

• The SPB command stores the status of the Test 
flip-flop; the status may be restored using the 
LPR command. 

• The SET (GEN 1) command unconditionally sets 
the Test flip-flop; the RST (GEN 1) command 
unconditionally clears the Test flip-flop. 

Operators Console 

The Operators Console provides one method by which 
the operator may communicate with the computer in ma
chine language. It allows the operator to load and 
execute programs and monitor the running program. A 
detailed description of the Operators Console is con
tained under the mnemonic CON in this section. 

LOGIC SYMBOLS AND NOMENCLATURE 

The following paragraphs provide a very brief discus
sion of the logic symbols and nomenclature used in the 
GE-PAC 4020 logic drawings. 

Fig. DESC. 2 illustrates the most commonly used logic 
symbols and the logic equation associated with each sym
bol. Each symbol designates the integrated circuit chip 
pin numbers, the AND (A) and OR inputs, an identifica
tion number of the circuit chip type, the logic name of 
the logic element, and the physical location of the logic 
element on the circuit card. Each of these designations 
will be discussed in the following paragraphs. 

Since there are many different types of integrated cir
cuit chips, each logic symbol identifies the type. This 
circuit type number is derived from the drawing number 
assigned to the individual circuit type. For instance, 
the drawing number for a 632 circuit is 68A8363P2; for 
a 752 circuit, 68A8375P2; for a 642, 68A8364P2; etc. 
Since the 68A83 P part of the drawing number is the 
same for all cir~;its, it is deleted from the circuit type 
number contained in the logic symbol. 

INPUT 

'A BC N\ 

INPUT 

(N CAB\ 

INPUT Circuit Chip 

'F Ea H~ Pin Letter 

A 
OR 

712 

9F 

K 

A A ~AND Gate 

M M OR OR Gate 

632 Circuit Type 

L I GOJINC Logic Name 

Physical Location 

L of this Circuit on 

(OUTPUT) a Card 

L ABCN + NCAB + FEGH 

NAND Logic Symbol 

EGIF 

A 

CD 
752 

DO TC KA 

9A 

K 

E · G·I· F 

E F 

A 

642 
GOT MEN 

6G 

G 

Clock Driver 

G = E·F 

Two-Input NAND/NOR Gate 

DC Set 

L 
L 

AC 
SET 

(A B/'D E\ 

AC 
CLEAR 

C (F c{'N P\ 

t1MIMM 
J FF K H 

M 822 
F1SC03 

7B 

L 

[ (A · B + D · E) · C] + M 
( (F · G + N · P) · C] + H + 

Flip-Flop (AND Inputs) 

DC Clear 

DC Clear 

1 +3. 6V True 
0 = ov False 

Fig. DESC. 2. Logic Symbols 

The logic name consists of six digits to define four parts: 
Device Code, Polarity of output signal when the function 
is enabled, Functional Area of the logic prints, and the 
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mnemonic signal name. The logic name for the NAND 
symbol of Fig. DESC. 2 is described for clarity. 

The physical location of this circuit on the card is des
ignated by numbered and lettered co-ordinates of the 
circuit position of the c.ard. Fig. DESC. 3 illustrates a 
circuit card and the co-ordinate designations. G O J I N 

This is the~ 
letter for 
gate. 

This is a bi
nary zero and 
it denotes the 
polarity of the 
output when the 
logic function is 
enabled (0 = OV, 
1 = 3. 6V). 

This letter J indicates 
the functional area of 
the logic prints. 

9 

8 

7 

6 

5 

4 

3 

4022A-2 

B 

c 

These three letters are 
used for the mnemonic 
signal name. The literal 
interpretation of I N C 
is increment. Each 
mnemonic name has a 
meaningful literal sig
nificance. Some signal 
names use a combina
tion of letters and num
bers. A complete list 
of mnemonics and the 
literal interpretation is 
contained on logic sheets 
2. 1 through 2. 8. 

The circuit chip pin letters specify the connections of 
the chip. Fig. DESC. 3 illustrates a chip and the pin 
designation locations. 

Fig. DESC. 4 illustrates the wiring nomenclature and 
circuit card locations provided in the logic drawings. 

The circuit card pin number defines the card connector 
and the pin number of that connector. As shown in Fig. 
DESC. 3, the connector may be defined by the lettered 
co-ordinate. Since each connector contains 14 pins, 
the remaining digits specify which pin of the connector. 

The card location and size is also defined on the logic 
drawings as shown in Fig. DESC. 4. The first letter 
specifies the panel on which the card is located, the 

Chip Side 
of Board 

Board Pin 
Numbers 

Pln Letters 

c D E F 

Fig. DESC. 3. Circuit Card 
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next two numbers specify the card slot of the panel that 
the card is located, and the last two letters define the 
card size. 

AUDl TSCB _ ./?.../Circuit Card Pin Number 
A07 r -------

A typical page will contain up to four panels, as shown 
in Fig. DESC. 5. The first letter then designates in 
which panel the card is located. The next two numbered 
digits specify the card slot within the panel, since 32 
card slots may be provided in a panel. The last two 
lettered digits indicate the size of the card by indicating 
the connectors provided. Therefore, AK is a 10-inch 
card utilizing connectors A through K. The letters AE 
would indicate a 5-inch card using connectors A through 
E, and the letters FK would indicate a 5-inch card using 
connectors F through K. 

I 
I 
I 
I 

E F 

A 
642 

GOMSLR 
4A 

A13A:fl AUFlMAMV 

~c.ard ~Circuit Chip 
Size 

Card 
Pin Number Slot 

Panel 
G 

I G 

I A 

I CD 

I 752 

I DlMSLR 

I 
2A 

I K 
AUF1ML15 

L AUF1ML14 _ _J -- ---
D06 

AUD1MA06 

Since wire connections must be made between the indi
vidual circuit cards, a wire list is used to specify the 
required connections. Fig. DESC. 6 illustrates a sam
ple logic drawing and the wire list associated with the 
logic drawing. The wire list gives the wire number, 
the name of the signal connected by the wire, where the 
wire originates, the route it must take, and the desti
nation of the wire for each connection. Fig. DESC. 4. Logic Wiring Nomenclature 

-f 

l_ 
A 

K 
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1
:2 Cards --r- 1 to 32 Cards 1 

0 
0 
0 
a 
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0 
a 
D 
a 

1 

D 

a 

0 A 

D 
D 
D 
D PANEL A PANEL C 
a 
D 
a 
D 
a 

PANEL B 

Fig. DESC. 5. 

K 

32 1 32 
Il A 

PANEL D 

a K 

Typical View of a ;::7 
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CONSOLE 

INTRODUCTION 

The GE-PAC 4020 Console (Fig. CON. 1) is the basic 
man/machine communication link and control element 
of the Central Processor. It provides all the necessary 
indications and switches to apply power, initialize, load 
programs and monitor the operation of the machine. 

As shown in Fig. CON. 1, additional controls and indi
cators are provided on the console as an option 
(4DP4022A0013). All of these controls and indicators 
are de scribed in the following text. Logic for the Con
sole is contained in Drawing 68C972367, sheets 125 
thru 132. Table CON. 1 lists the operation of the con
trols and indicators and the functions performed by 
each. The purpose of this discussion is to acquaint the 
reader with the operation of the Console and the function 
of the switches and indicators contained thereon. Basic 
procedures to enter data in a register, read in punched 
cards or paper tape. store words in memory locations. 
display memory locations. and to store a constant 
throughout all core memory locations are also provided. 

Console to A, B 

Using the Register Entry Pushbuttons. data may be 
entered in the A or B Register as determined by the 
Register Select Switch. Fig. CON. 3 contains a block 
diagram of the logic utilized to implement this function. 
With the Console Enabled, in the MANual mode, and the 
A or B Register selected. pressing the Register Entry 
pushbuttons sets the corresponding bits in the A or B 
Register. The status of the pushbuttons are transfer
red to the A or B Register via the Parallel Adder Unit. 
As illustrated in the Register Select discussion above, 
the contents of the selected register are also gated to 
the Parallel Adder Unit. Therefore, the A or B Re
gister must first be cleared prior to pressing the Re
gister Entry pushbuttons. Operation to clear the A or 
B Register is described below. 

CLEAR Register 

The CLEAR Reg. switch, when pressed, clears the B 
or A Register depending upon which is selected by the 
Register Select switch. In the MANual mode with the 

-------------OPTIONAL ____________ _. 

Fig. CON.1. 

DESCRIPTION 

Register Seled-P,l,B,A: 

In the MANual mode, with the Console Enabled, the 
contents of the register selected by the Register Select 
switches are displayed by the Register Display indi
cators. In this manner, the operator may observe the 
contents of the P, I, B, or A Registers. 

Fig. CON. 2 contains a block diagram of the logic cir
cuits involved. The contents of the particular register 
selected is gated to the Parallel Adder Unit during 
TSCA when in the MAN mode, with the console enabled, 
and the CLEAR switch not pressed. The contents of the 
Parallel Adder Unit are then displayed by the indicators. 
Since sequencing is held in TSCA between pressing the 
STEP switch (see description below), a display of the 
selected register is provided. 

Operators Console 

Console Enabled, and the A or B Register Selected, the 
status of the Register Entry switches is gated to the 
selected Register via the Parallel Adder Unit. Since 
none of the Register Entry switches are pressed, this 
will clear the selected register. As shown in Fig. 
CON. 1, pressing the CLEAR Reg. switch, disables 
gating the contents of the Selected Register to the Par
allel Adder Unit. In this manner, since no data is 
applied to the Parallel Adder Unit, the A or B Register 
will be cleared. 

MANual STEP Operation 
Pressing the STEP switch with the Console Enabled and 
in the MANual mode, will cause the instruction contain
ed in the B Register to be executed. Instruction 
sequencing is halted after executing this instruction 
with the instruction just executed in the I Register and 
the next instruction in the B Register. 

Fig.. CON. 4 illustrates the basic timing. with logic 
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MANUAL 

CONSOLE ENABLE 

TSCA CLEAR switch 

GOCRGE GlCSRC 

Sh. 123 

GlCRGU 

SELECT B SELECT P SELECT A 

GOUIA4 GOUBB2 GOUPA3 GOUAA2 

A A A 

DlUILA DlUIAU DlUBBU DlUPAU DlUAAU 

Gates I - PAU Gates B - PAU Gates P - PAU Gates A - PAU 

Fig. CON. 2. Register Select Block Diagram 

equations, of the MANual STEP operation. When in the 
MANual mode, sequencing is halted in State 1, time 2 
envelope. Pressing and releasing the STEP switch 
will allow the instruction contained in the B Register to 
be executed. Sequencing will then be halted during 
time 2 envelope of the following State 1. In the MANual 
Mode, sequencing is held in time 2 envelope by enabling 
Gl TMEN and disabling GlCTAE during State 1. Pres
sing and releasing the STEP switch will enable GlCTAE 
and disable Gl 'IMEN and allow sequencing to continue 
until the next State 1. 

CONSOLE PROCEDURES 

The following procedures are provided to assist the 
operator of the Programming and Maintenance Console. 
To use these procedures, the Console must be enabled 
by both the key switch and CONSOLE OFF toggle 
switch (CSWOCE). 

Enter Data in A or B Register 

1. Place MAN - AUTO toggle switch to MAN. 

2. Select desired Register by pressing A or B 
Register Select switch. 

3. Press the CLEAR Reg. switch. 

4. Press the Data Entry pushbutton switches for 
desired bit pattern. 

Store a Word in Core Memory Location Y 

1. Place MAN - AUTO toggle switch to MAN. 

2. Press A Register Select switch. 

3. Press CLEAR Reg. switch. 

4. Press the Data Entry pushbuttons for desired 
bit pattern. 

5. Press B Register Select switch. 

6. Press CLEAR Reg. switch. 

7. Using Data Entry pushbuttons, set a STA (320Y) 
in the B Register. 

8. Press STEP switch. 

Display the Contents of Memory Location Y 

1. Place MAN - AUTO toggle switch to MAN. 

2. Press B Register Select Switch. 

3. Press CLEAR Reg. Switch. 

4. Press the Register Entry pushbuttons to set a 
LDA (OOOY) into the B Register. 

5. Press STEP switch. 

6. Press A Register Select Switch. The contents of 
the addressed core cell will be displayed by the 
indicators. 
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SWCAUM = MANUAL • CONSOLE ENABLE 
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GlCMEN = SCOl · MVDA 
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FlTSCC TSCB • TSCA • TCK2 
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DlBMEN = MDRY • BMRQ • STOR • BCLK 

GlTMEN = CMAN · CTAE 

Fig. CON. 4. Manual Mode Step Sequencing 
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To Coat Core Memory With A Constant 

1. Place MAN-AUTO toggle switch to MAN. 

2. Press B Register Select switch. 

3. Press CLEAR Reg. switch. 

4. Press Register Entry switches for 07100001 
bit pattern (LXK 1, 1). 

5. Press STEP switch. 

6. Press CLEAR Reg. switch. 

7. Press Register Entry switches for 32100001 
bit pattern (STA 1, 1) 

8. Press A Register Select switch. 

9. Press CLEAR Reg. switch. 

10. Press Register Entry switches for the desired 
constant. 

11. Press STEP switch. 

12. Place SA VE I switch in save position. 

13. Place MAN-AUTO toggle switch to AUTO. 

14. The constant will now be stored in each memory 
location. 

15. Place MAN-AUTO switch in MAN. 

16. Lower SAVE I switch. 

To Handload Instructions into Sequential Core locations 
Y, Y + 1, Y + 2, ... (Y ? 2). 

1. Place MAN-AUTO toggle switch to MAN. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Press B Register Select switch. 

Press CLEAR Reg. switch. 

Press Register Entry switches for 07100001 
(LXK 1, 1) bit pattern. 

Press STEP switch. 

Press CLEAR Reg. switch. 

Press Register Entry switches for 321XXXXX 
(STA Y-1, 1) where XXXXX = Y - 1. 

Press A Register Select switch. 

Press CLEAR Reg. switch. 

10. Press Register Entry switches to bit configura
tion of first instruction to be stored. 

11. Press STEP switch. 

12. Place SAVE I switch in save position. 

13. For each instruction to be stored: 

a. Press CLEAR Reg. switch. 

b. Enter instruction in Register Entry 
switches. 

c. Press STEP switch. 

The I Register contains the address of the last 
location stored. 

Manually Display The Contents of Sequential Memory 
locations Y, Y + 1, Y + 2, ... (Y ? 2). 

1. Place MAN-AUTO toggle switch to MAN. 

2. Press B Register Select switch. 

3. Press CLEAR Reg. switch. 

4. Press Register Entry switches for 07100001 
(LXK 1, 1) bit pattern. 

5. Press STEP switch. 

6. Press CLEAR Reg. switch. 

7. Press Register Entry switches for OOlXXXXX 
(LDA Y-1, 1) where XXXXX = Y - 1. 

8. Press STEP switch. 

9. Place SA VE I switch in save position. 

10. Press A Register select switch. Contents of 
selected memory location is displayed by 
Register Display indicators. 

11. Press STEP switch for each sequential location 
display. The I Register contains the address 
of the location being displayed. 

Load a Bootstrap Routine 

The following procedure may be used to enter or load 
into memory a "Bootstrap" load routine contained by 
paper tape or punched tape. This routine assumes 
that the Bootstrap routine is assembled so that the 
first instruction is to be stored in memory location 
one. 

1. 

2. 

3. 

4. 

5. 

6 

7 

Place MAN-AUTO toggle switch to l\IA)J". 

Ready the tape or card reader by inserting the 
proper tape or card and placing the device on -
line. 

Switch the API Lockout switch to the Lockout 
position. 

Initialize computer by depressing the 0:\1" push
button. 

Switch the Save-P switch to the Save-P po~1tion. 

Hand load a 11 LDA" instruction into location ;;e ro. 

a. Press B Register Select switch. 

b. Press CLEAR switch. 

c. Press Register Entry switches for 
320000003 (STA) bit pattern. 

d. Press A Register Select switch. 

e. Press CLEAR switch. 

f. Press STEP switch. 

Hand load a "LDA" instruction into noninhibitable 
clock and DM T API response addresses. 

a. Press B Register Select switch. 

b. Press CLEAR switch. 
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c. Press Register Entry switches for STA 
to noninhibitable clock (and DMT) API 
location. 

d. Press A Register Select switch. 

e. Press CLEAR switch. 

f. Press STEP switch. 

8. Hand load the TILVI Control Word into the corres.
ponding API response address. 

a. Press Register Entry switches for 
"0000000011 bit configuration for paper 
tape or to "00500000 11 bit configuration 
for cards. 

b. Press B Register Select switch. 

c. Press CLEAR switch. 

d. Press Register Entry switches for 
11 3200020211 (paper tape) or 11 3200020 11 

(cards). 

e. Press STEP switch. 

9. Hand load OPR command into B Register. 

a. Press Register Entry switches for 
2502710D (D = Device Address) 

10. Hand load DCl code into A Register. 

a. Press A Register Select switch. 

b. Press CLEAR switch. 

c. Press Register Entry switches for 
"00000021" bit configuration. 

11. Permit API' s by placing API switch in non
lockout position. 

12. Place AUTO/MAN switch to AUTO. 

13. After card or read operation, place SAVE P 
switch in non-save position. 

Bootstrap load program reads into memory 
starting at location one. 

NOTE 

Step 7 may be omitted by clearing core 
memory prior to step 1. 
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CONTROL 
OR 

INDICATOR 

APISTALL 
(DRCDOO) 

API L/O 
(SW CA PI) 

AUTO/MAN 
(SWCAUM) 

ALARM 
(DRCERR) 

CAB. TEMP. 
(DRCD08) 

CLEAR ALARM 
(SWCERR) 

CLEAR REG. 
(SWCCLR) 

COMP 
RDY(DRCRDY) 

CORE PRTY 
(DRCD06) 

CORE TEMP 
(DRCD07) 

CONSOLE ENABLE 
(SWCSEN) 

DMD 
(LCDMD) 

Continue On Next Page 

4022A-4 

ACTIVE IN MODES 
MANUAL, AUTO OR 
CONSOLE OFF 

ALL MODES 

AUTO & MAN 

AUTO & MAN 

ALL MODES 

ALL MODES 

ALL MODES 

MAN 

ALL MODES 

ALL MODES 

ALL MODES 

AUTO & MAN 

ALL MODES 

T 

T 

PB 

PB 

KEY 

x 

L 

L 

x 

x 

M 

M 

x 

x 

x 

L 

x M 

DESCRIPTION 

Comes on when API Watchdog timer times 
out. 

Inhibits all APP s and disables API Watchdog 
in the lockout mode. CONSOLE OFF enables 
API and Watchdog. Refer to the API descrip
tion in this book set. 

In AUTO mode, computer sequencing enabled. 
Computer runs automatically. In MAN mode 
computer sequencing occurs each time STEP 
switch is depressed ... For one instruction. 
CONSOLE OFF forces AUTO mode. Refer to 
Manual Mode Description. 

Comes on when alarm or error condition 
exists. Turned off by CLEAR ALARM Switch 
or Initialize. 
Comes on when the heat sink in the Bulk Power 
Supply or Mem:)ry Power Supply reaches 260° ± 
5° F. When the temperatures of the heat sink 
reaches 287° ± 5° F, the power supplies will stop

1 operating, thus the system is shut down. I 
Clears all error/ alarm conditions that are I 
ORed to the ALARM indicator. 
Will clear the A or B Register as selected on 
the Reg. Select switches. Refer to Clear 
Register description. 
Comes on when power is applied. Turns off 
when power is removed. Displays 5V logic 
only. Refer to the Power Distribution section 
of this book set for details. 

Comes on when a memory parity error is 
detected, CLEAR ALARM resets Parity 
Error FF and turns off light. JNP and initi -
alize also clears the flip-flop and turns off 
the light. 

Comes on when core stack temperature (4015B) 
is not within allowable range. Turns off when 
temperature is within allowable range. If parity 
error occurs during out of limits time 
memory sequencing is inhibited. 

When in the disable position only the DMD, 
RCS Switches, indicators, ALARM CLEAR 
and OFF are active. Contacts 10, 11, and 12 
may be used to provide optional external dis
play or control. 

Sets Demand Flip-Flop when depressed and 
released. Demand Flip-Flop is cleared and 
light turned off by JND or initialize. Refer 
to JND comm and description. 

Table CON. 1. Controls and Indicators 
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Table CON. 1. (Cont. ) 

CONTROL 
OR 

INDICATOR 

I I INST 
(DRCD19) 

I/O BUF 
(DRCD02) 

34 - Jo 
(DRCD13-09) 

MEM PROT 
(SWCMEN) 

MPLX CH. 1, CH. 2, 
CH. 3 
(DRCD03, 4, 5) 

Overflow (OVFL) 
(DRCD23) 

OFF 
(SWCOFF) 

ON/Initialize 
(SWCSON) 

PAI 
(DRCD22) 

PROG LOAD 
(SWCPGL) 

Reg. Select 
A, B, I, P 
(SWCSLA, B, I, P) 

Reg. Entry /Display 
(SWCBOO- 23) 

Continue on Next Page 

CON-8 

ACTIVE IN MODES 
MANUAL, AUTO OR 
CONSOLE OFF 

ALL MODES 

ALL MODES 

ALL MODES 

ALL MODES 

ALL MODES 

ALL MODES 

ALL MODES 

MAN 

ALL MODES 

MAN & AUTO 

MAN 

MAN 

x 

x 

x 

x 

x 

T 

T 

x 

PB 

x 

PB x 

L 

M 

M 

M 

L 

M 

DESCRIPTION 

Comes on at completion of Multiply/Divide or 
prior to, and upon completion of Til\/I/TOM 
to indicate I Register does not contain last 
instruction. Cleared when next instruction 
is executed. 

Comes on when a parity or timing error 
occurs in the I/O Buffer. Cleared by JNE. 

Displays the contents of the J Counter. The 
J Counter is affected by GEN 1, GEN 3, M PY, 
DVD, and Til\/I/TOM operations. 

Disables Memory Protect when in Lockout 
position, when in the non-lockout position 
Memory Protect is active, if TM FF is set. 

Comes on when associated device produces 
a parity error. Turned off by initialize or 
OUT comm and. 

Comes on when Arithrnetic Overflow occurs. 
Turned off by Initialize, J~O or LPR com
mands. (See LPR & JNO comm ands. ) 

Removes DC power from CPU. Refer to 
Power Distribution section of this book set. 

Applies DC power to CPU and Initializes CPC. 
Initialize clears B, P, I Reg., s2_5, Demand, 
PAI, All Alarms, and priority interrupt flip
flops. Refer to the Power Distribution de
scription of the book set. 

Comes on when PAI command is executed to 
indicate interrupts are permitted. Turned 
off by IAI, LDP, LPR, SPB commands and 
Initialize. See LPR, LDP, SPB comm and 
description. 

Not implemented at this printing. Refer to 
Bootstrap load routine contained in this 
section. 

Each switch selects its associated register. 
Used in conJunction with the register en tr_'.~ and 
display switch lights. All Registers may be 
displayed but only A & B may receive data from 
the Reg. Entry switches. Activating any one 
of the Reg. Select Switches disables the 
others. Refer to Register Select discussions. 

The Switches are used in conJunction with the 
Reg. Select Switch to enter data into A or B 
Register. The lights will display the contents 
of the register selected (I, P, B, orA) by the 
Register Select Switch. Refer to Register 
Select Discussions. 

Table CON. 1. Controls and Indicators 
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Table CON 1 (Cont ) 

CONTROL 

OR 

INDICATOR 

Read Console Sw' s. 
(SWCC00-23) 

SAVE P 
(SWCSSP) 

SAVE I 
(SWCSSI) 

STEP 
(SWCSTP) 

s1 - S5 
(DRCD18-14) 

STALL 
(DRCDOl) 

STALL L/O 
(SWCSTL) 

TRAP MODE 
(DRCD20) 

TEST 
(DRCD21) 

4022A-4 

z 
0 Iii 

~ E-t ...l 
0 E-t d 

PtJtJ:: E-t 
ACTIVE IN MODES r:aou .:t: 

::r: E-t E-t u 
MANUAL, AUTO OR .... en H 

~ CONSOLE OFF 
PP::~ 
l'.l! 0 en ...... 

ALL MODES T 

AUTO & MAN T 

AVTO & MAN T 

MAN PB 

ALL MODES x 

ALL MODES x 

AUTO & MAN T 

ALL MODES x 

ALL MODES x 

~ :>t 
o~ 
d.:t: z E-t 1--1z 
::r: Iii u 
E-t~ 
j~ 

L 

L 

L 

M 

L 

DESCRIPTION 

Used in conjunction with the RCS command 
to enter the contents of these 24 switches 
into the A Register. The up position re
presents a 0, while the down position equals 
a 1. Refer to the RCS command descriptions. 

When in the up position the P Register can
not be altered. When in the down position, 
P operates normally. CONSOLE OFF dis
ables the SA VE P function. 

When in the up position the I Register can
not be altered during the instruction fetch 
cycle. In the down position I operates 
normally. CONSOLE OFF disables the SAVE 
I function. 

In the MAN mode, each depression and re
lease causes the computer to execute one 
instruction. Ref er to the Manual Mode 
description. 

These indicators display the 5 sequence 
states of the CPU. 

Comes on when Stall Alarm timer times out. 
May be cleared by Initialize, Stall L/0 or 
the SSA instruction. 

When in the Lockout mode the Stall Alarm is 
disabled. CONSOLE OFF enables STALL 
ALARM. Refer to the Stall Alarm description. 

Comes on when trap or watchdog error 
occurs. Turned off by SPB executed from 
API response address 208 or 248 or Initialize. 
Refer to Memory Protect descriptions. 

Comes on when Test flip-flop is set. The 
Test flip-flop can be set by: DM T, TXH, 
some GEN 1 commands and LPR. 

The Test flip-flop may be reset by Dl\l T, 
TXH, some GEN 1 instructions, LPR, and 
Initialize. Refer to these comrnand descrip
tions. 

Table CON. 1. Controls and Indicators 
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COMMANDS 

The following discussion is provided to assist the reader 
in a more thorough understanding of the individual corn -
mand descriptions that follow. 

COMMAND FORMATS 
The commands, used by the GE-PAC 4022A Arithmetic 
Unit fall into five categories: Full Operand, GEN 1, 
GEN 2, GEN 3, and Quasi. The microcoded format of 
each of these command types is shown in Fig. CMD. 1. 

Full Operand 

The Full Operand commands are the most widely used 
commands of the Arithmetic Unit. These commands are 
used to perform arithmetic operations, logical opera
tions, index control operation, and data transfers to 
and from memory. These commands designate the core 
address for information in memory as an operand ad
dress. The operand address is a full 14 bits (13-0), 
which may be augmented by relative addressing (14) 
and/or indexing (17-15). 

A detailed discussion of each of these commands is pro
vided in alphabetical order. Each command description 
provides the mnemonic associated with the command, 
the command type, format, and a description of the 
command usage. In addition, a specific hardware ori
ented discussion is provided including a block diagram 
of the registers used, and a timing diagram including 
logic equations, of the more important control signals 
enabled within the Arithmetic Unit. 

GEN 1 
GEN 1 commands are differentiated from other com -
rnands by the OP Code (bits 23 through 18) 058. GEN 1 
commands are further subdivided into commands by the 
microcoding of the operation portion (bits 14 through 0) 
of the command word. GEN 1 commands are used pri
marily for bit manipulation of the A Register, but may 
be microcoded to affect the J Counter and Test flip-flop. 

Thirty-seven different GEN 1 commands are described 
under the mnemonic GEN 1. Each description contains 
the microcoded format of the command, a description of 

23 22 21 20 19 18 17 16 15 14 13 

FULL 
OPERAND 

GEN 1 

GEN 2 

GEN 3 

QUASI 

OP CODE 

0 5 

2 5 

4 5 

408 - 778 EXCEPT MPY, 
DVD,LDQ,STQ, OR GEN 3 

>:<Relative Address Bit 

INDEXING 
:::::: 

ADDRESS 

INDEXING c 
ADDRESS 

INDEXING s ADDRESS 

INDEXING 
ADDRESS 

INDEXING '::; 
ADDRESS 

] 

the command usage, and a description of the hardware 
operation when executing the command. 

GEN 2 
GEN 2 commands are differentiated from other com
mands by the OP Code (bits 23 through 18) 258 . GEN 2 
commands are also subdivided into commands by the 
microcoding of the operation portion (bits 14 through 0) 
of the command word. These commands are employed 
by the GE-PAC system to: (1) select modules and de
vices in the input/output equipment, (2) transfer data to 
or from these devices, and (3) provide for program con
trol transfers (jump) as determined by various internal 
and external conditions. 

Twenty-one different GEN 2 commands are described 
under the mnemonic GEN 2. Each description contains 
the microcoded format, discussion of the command 
usage, and a detailed discussion of the hardware oper
ation when executing the command. 

GEN 3 
GEN 3 commands are differentiated from other com
mands by the OP Code 458. GEN 3 commands are also 
subdivided into commands by the microcoding of the op
eration portion of the command word. These commands 
are used to manipulate the contents of the A and Q Reg
isters, affect the J Counter, and optionally affect the 
Overflow flip-flop. 

Eight individual GEN 3 commands are described in de
tail under the mnemonic GEN 3. 

Quasi 

Quasi commands provide operations not included in the 
hardware. These commands supply the programmer 
with a mnemonic which allows the running program to 
be linked with a subroutine. Quasi commands are iden
tified by OP Codes 408 - 778 if the command is not an 
MPY, DVD, LDQ, STQ, or GEN 3. 

The Quasi command word is divided into four areas: 
bits 23 through 18, the next command address; bits 17 

12 11 10 9 8 7 6 5 4 3 2 1 0 

OPERAND 

A l B T] s l K 

K3 K2 Kl l KO 

I T T I 
SEE GEN 3 DESCRIPTION l K 

l I l l l I 

OPERAND 

Fig. CMD. 1. Command Formats 
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through 15, index address modification; bit 14, relative 
addressing; and, 13 through O, the operand. 

When a Quasi command is "fetched" from memory, in
dexing and/or relative address modification of the oper
and portion of the command is performed if specified. 
After modification, if required, the operand portion of 
the Quasi command is stored in index cell 2. The next 
instruction is then addressed from the OP Code portion 
of the Quasi command. Therefore, program control is 
transferred to a memory location between 403 and 773. 
This location will normally contain an SPB command to 
a subroutine to accomplish the operation. This subrou -
tine may, of course, use the contents of index cell (op
erand portion of the Quasi command) as an operand 
address or data value. 

A detailed description of the Quasi command is con
tained under the mnemonic QSI. 

BASIC TIMING OF FULL OPERAND COMMANDS 
The following paragraphs describe the basic Arithmetic 
Unit timing for full operand commands. The basic tim
ing for GEN 1, GEN 2, GEN 3, TIM/TOM, and the exe
cution states of MPY and DVD are described with the 
command description of these commands. 

Because the basic timing is identical for all Sequence 
States of most commands, the command descriptions 
that follow this section do not include this timing except 
where differences exist. 

The basic clock signal used throughout the 4020 system 
is generated from a 10 megacycle crystal controlled 
oscillator (sheet 7). The output of the oscillator is ap
plied through a variable 2 5 (~ lOo/o) nanosecond single 
shot circuit. Therefore, out of the single shot, 25 ± 10% 
nanosecond p:llses occurring at a 10 megacycle rate are 
applied through clock drivers to the system. 

Sequential timing within the Arithmetic Unit is control
led by a 3 -state gray code counter (F 1 TSCA, F 1 TSCB, 
and Fl TSCC). The condition of these flip-flops (set or 
clear) are used to specify specific time intervals to 
perform various functions. Six different time intervals 
are specified by this counter during the execution of 
full operand commands. For ease of description, the 
time intervals are called Time 0 Envelope through Time 
5 Envelope. The count sequence and corresponding time 
envelope nomenclature are: 

FlTSCA FlTSCB FlTSCC 

0 0 0 Time 0 Envelope 

0 0 1 Time 1 Envelope 

0 1 Time 2 Envelope 

Time 3 Envelope 

0 Time 4 Envelope 

1 0 0 

1 0 1 

Time 5 Envelope 

Time 6 Envelope -
This timing envelope 
is entered only during 
execution of MPY, DVD, 
TIM/TOM, and GEN 
commands. Refer to 
these command de
scriptions for details. 

Fig. CMD. 2 contains a timing diagram and logic equa
tions of the Sequence Time Counter. This timing di
agram applies to all commands except the execution 
states of GEN 1, GEN 2, GEN 3, MPY, DVD, and TIM/ 
TOM operations. 

Last Pulse (D 1 TLPE) of any Sequence State or the Ini
tialize signal (DOTINT) clears the gray code counter 
forming Time 0 Envelope. Clearing Fl TSCA enables 
Gl TSC2. With TSC2 enabled, the first clock pulse sets 
FlTSCC, forming Time 1 Envelope. The next clock 
pulse sets Fl TSCB, forming Time 2 Envelope. Time 2 
Envelope is enabled until Data Ready (MUDlMDRY) is 
received from the core memory module. This normally 
provides a duration of 6 clock pulses. The clock pulse 
during Data Ready sets FlTSCA, forming Time 3 En
velope. The next clock pulse clears FlTSCC, forming 
Time 4 Envelope. The next clock pulse clears F 1 TSCB, 
forming Time 5 Envelope. Time 5 Envelope is enabled 
until Last Pulse is generated. Last Pulse is generated 
from the Memory Release signal (MUDlMRLS), applied 
by the Core Memory module at the end of the memory 
timing cycle. This provides Time 5 Envelope with a 
duration of approximately 6 clock pulses. Last Pulse 
Envelope clears the Sequence Time Counter for the next 
timing cycle. The duration of Time 0 through Time 5 
is approximately 1. 6 microseconds. 

As described above, the duration of Time 2 Envelope 
and the duration of Time 5 Envelope is dependent upon 
the memory cycle. The memory cycle begins with 
Memory Request (GlSMRQ) when access to memory is 
granted by the memory priority scheme. Memory Re
quest is normally enabled by the Memory Release 
(MUDlMRLS) signal generated in the memory. If, how
ever, the previous or next cycle does not require mem -
ory access (i.e. , State 4 of GEN 1 or GEN 2 command, 
or when State 4 is extended for the execution of GEN 3, 
MPY, DVD, or TIM/TOM), the Memory Request signal 
is inhibited until Time 0 Envelope. In either condition, 
a time duration of 1. 7 microseconds is required by the 
memory to determine access priority and to complete 
the memory cycle. Therefore, if Memory Request is 
inhibited until Time 0, the duration of Time 2 Envelope 
will be extended by one clock pulse while awaiting Data 
Ready. This is, of course, a comparatively rare occur
rence. 

Instruction Sequencing 

All instructions performed by the 4022A Arithmetic Unit 
follow a definite set pattern or sequence for "fetching" 
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the instruction from memory, performing index address 
modification if required, and executing the instruction. 
Sequence Control State flip-flops FlSCOl, F1SC02, 
F1SC03, F1SC04, and F1SC05 are provided to control 
this pattern or sequence. 

• Sequence Control State 3 - FlSC03: State 3 is 
used during the execution of MPY, DVD, STQ, 
STX, and TIM/TOM operations. 

• Sequence Control State 4 - FlSC04: State 4 is 
the execution state for most commands. 

Fig. CMD. 3 graphically illustrates the Sequence States 
required to fetch, index, and execute any instruction. 
Briefly, the function performed during each Sequence 
Control State is described below. 

• Sequence Control State 5 - F1SC05: State 5 is 
used during MPY, DVD, GEN 3, STQ, LDQ, 
and TIM/TOM instructions to complete their ex
ecution cycle. 

Sequence Control State 1 • Sequence Control State 1 - F lSCOl: During this 
Sequence State, all commands are "fetched" 
from memory. Non-indexed XEC, BRU, BTR, 
and BTS commands are also executed during Se
quence Control State 1. 

• Sequence Control State 2 - F1SC02: During Se
quence State 2 index address modification oc
curs. Also, STX, TXH, and DMT commands 
use State 2 for a portion of the execution. 

Sequence Control State 1 defines the "fetch11 cycle for 
all instructions. Because State 1 is nearly the same for 
all commands, it is not described in the command de
scriptions later in this section unless it performs unique 
functions (e.g., XEC, BRU, TXH, BTR, and BTS). 
Therefore, the following discussion describes the de
tailed operation of the Arithmetic Unit during State 1. 
This discussion applies to all commands. 

lOOns --+I j.- ---! l.._25 ±2.5ns 

1 2 3 4 5 14 15 16 
. n n n n n n n n n n n n n n n n n +3. 5v 

CLOCK (lOmcl.J LJ LJ LJ LJ LJ LJ 4 sJ LJ LJ µ LJ LJ LJ L/ ;-J LJ LJ LOV 
I I I I : I I 

II , : I I I n TLPE 
DlTLPE (11) _J I I ~ __ 

1 
___ 

1 
____ ~)------1 L 

I I 1 

I TSCC 
F 1 TSCC (8) TSCC 

Fl TSCB (8) 

FlTSCA (8) I 
Gl TSC2 (9) _J 

MUDlMDRY 

n-_J 
I 

TSCB 
_____ __,5 ..------TSCB 

s s LTSCA 
TSCA 

HI ----------~! $!>-------'' TSC2 

Jl 

TLPl = MRLS · CMAN · 
TLPE 

TSC2 · TSCB · TCK2 
TSCA · TSCB · TCK2 + 
TLPE · TCK2 
TSCA · TSCC · TCK2 
TSCC · TCK2 

MDRY·CTAE·TCK2 
TLPE·TCK2 

I 

MUDlMRLS _n 
s : } 

-----------~ ~ Core Memory Timing 

I I 

GlSMRQ (22) _j>:<>!< I 

r::;:--SMRQ* H-l ,__ _______ __,,sS-----1·'"'" I 

I 

L
I + /Time 2 Envelope I LI+ /Time 5 Envelope 

L Time 1 Envelope L Time 4 Envelope 

Time 0 Envelope Time 3 Envelope 

1. 6 µs 
NOTES 

>:< Memory Request is not enabled during State 4 of GEN 1 and GEN 2 commands. 

MRLS · (DG12 + BC 12) · 
SRQ2 · CMAN + SRQl · 
TSCA · CMAN 

'~':' Memory Request is not enabled until Time 0 when following a Sequence State that does not use memory or a 
Sequence State that is extended (i.e., following State 4 of GEN. 1, 2, 3, MPY, DVD, or TIM/TOM). When 
Memory Request is not enabled until Time 0, Time 2 is extended by 1 clock pulse awaiting data ready. 

Fig. CMD. 2. Full Operand Basic Timing Diagram 
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FlSCOl 

YES 

YES 

F1SC02 

TIM/TOM 
YES 

NO 

(XEC + BRU + BTR + 
BTS)- X 0 

NO 

DMT + (X = O· LXK) 

(XEC + TXH + BRU + 
BTR + BTS) 

YES 

F1SC03 

YES 

NO NO 
(MPY + STQ +DVD+ STX) 1------<-

YES 
F1SC05 (MPY + DVD + GN3 + STQ + ---------1 

LDQ + TIM + TOM 
F1SC04 

NO 

Fig. CMD. 3. Instruction Sequencing 
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MEMORY I 

1 MODULE 1 
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0 

ADDER 

23 

MAB 

SAMP 

14 
p 0 

Fig. CMD. 4. State 1 Block Diagram 

Fig. CMD. 4 contains a block diagram of the Arithmetic 
Unit operation during a normal Sequence State 1. A 
timing diagram and logic equations for State 1 are con
tained in Fig. CMD. 5. Refer to these aids during the 
following discussion. 

During Sequence State 1, memory is always requested 
(GlSMRQ} to "fetch" the next command from memory. 
Memory is addressed from the P Register during State 1 
except when following a branch instruction (SPB, BRC, 
BTS, BTR, LDP, or LPR), an XEC command, an Auto
matic Program Interrupt, a Memory Protect Error, or 
when a new Protect Status Word is required for the op
tional Memory Protect logic. Upon receipt of the Data 
Ready signal from the core memory module, the com -
mand located in the addressed memory location is gated 
to the B Register by DlBMEN. Bits 23 through 1-1 of 
the command are gated from B to the I Register (IBXI). 
This places the OP Code of the instruction fetched in the 
I Register where it is decoded and the operation to be 
performed is determined. The operand address portion 
of the command (bits 13-0) is gated to the I Register 
via the Adder Unit. If the command is relative ad
dressed (bit 14 is a "one"), relative address modifica
tion of the operand address occurs in the Adder Unit 
prior to being transferred to the I Register. Relative 
Addressing is described separately under the mnemonic 
RLT in the command description portion of the descrip
tion. 

At memory release, Last Pulse Envelope is enabled to 
end State 1. Sequencing will then continue for execu
tion of the command as described under the mnemon
ic of the command. 

INDEXING 
Indexing of a command involves the changing of the com
mand word operand by augmenting it with the contents of 

CMD-4 ARITHMETIC UNIT 4022A-5 



a designated X core cell (core cells 1 through 7). The 
GE-PAC command format allocates 3 bits (15, 16, and 
17) to specify Index Address Modification. Special con
siderations for indexing the GEN 1, GEN 2, GEN 3, and 
certain full operand commands are described below. 

• GEN 1 and GEN 3 commands involving a variable 
K constant (bits 0 through 5) may be indexed. 
That is, if the K constant is to vary, it may be 
changed by indexing. All other GEN 1 and GEN 
3 commands have fixed command information in 
bits 13 through 0 and should not be indexed. 

• GEN 2 commands that select a device in the in
put/output equipment may be indexed. Those 
GEN 2 commands not selecting a device should 
not be indexed so as to retain the intelligence 
coded in the command word. 

• LDX, LXC, LXK, INX, STX, and TXH com
mands use the index bits for instruction control 
and do not change the command operand. 

A detailed description of Index Address Modification is 
contained under the mnemonic INDEX. 

RELATIVE ADDRESSING 
Relative addressing modifies the operand portion of the 
command word (bits 13 through 0) by adding the core 
cell address of the command to the command operand. 
All Quasi and Full Operand commands, except NOP and 
TXH may be relative addressed. Relative addressing 
is performed when bit 14 of the Full Operand or Quasi 
command word is a "one". 

Relative addressing allows selection of core memory 
locations up to ±BK from the location of the relative 
addressed command. 

CLOCK (10 me) I I I I I ;sl I I I I I I I ,s I I I 

A detailed discussion of relative addressing is contained 
under the mnemonic. RLT. 

MEMORY WRAP AROUND 
In a system that uses less than the maximum memory, 
instructions may be executed with an address greater 
than the implemented memory size. 

In such cases the memory will wrap around or fetch 
zeros as shown in the chart below. The point at which 
the implemented memory size and actual 4K block ad
dressed, cross, indicates the 4K block that will be 
affected. 

Implemented Memory 

4K BK 12K 16K 20K 24K 28K 32K 

/"" 0- 4K 0-4 0-4 0- 4 0- 4 0- 4 0- 4 0- 4 0- 4 

4- BK 0-4 4-B 4- B 4- B 4- B 4- B 4- B 4- B 

8-12K 0-4 0-4 B-12 B-12 8-12 B-12 B-12 B-12 

12-16K 4-8 4-B * 12-16 12-16 12-16 12-16 12-16 

16-20K 0-4 0-4 0- 4 0- 4 16 -20 16-20 16-20 16-20 

20-24K 0-4 4-8 4- 8 4- B * 20-24 20-24 20-24 

24-2BK 0-4 0-4 8-12 8-12 :;'< ):c 24-28 24-2B 

~8-32K 0-4 4-B ,,, 12-16 :::<- :::< * 2B-32 

* A zero word is read with no parity error. A write 
operation would go undetected unless Memory Protect 
were used. 

Memory wrap around is accomplished by w1rmg to the 
memory or multiplexer only those address bits required 
to address the maximum implemented memory location. 
That is, if the implemented memory is 16K words, then 

DlTLPE (11) ~--------.r.s----r-L- TLPE TLPl = MRLS · CMAN · TLPE 

F lSCOl (17) ~ ~SCOl 

GlSMRQ (22) '-------1~ SMRQ 

SSS!· TLPE · SCLK 

MRLS · DG12 · SRQ2 · CMAN + SRQl · 
TSCA·CMAN 

DlSAMP (20) r---i_ SAMP MAMV · MTRP · SCOl · XRMF · SEXC · SPil 

MUDlMDRY 

DlBMEM (39) 

DlIBXI (Bl) 

DlUBAU (50) 

DlIULI (BO) 
DlIUIL 

MUDlMRLS 

4022A-5 

-----~ .,_ __ __._ ______ n----- BMEM 

------'--~n ....... ____ n,----- IBXI 

s----i__ UBA U 

~~~---<~~~~~~-<~IULl 

~.,...____--~ 

MDRY·STOR·BMRQ·BCLK 

ISAV · TSCB · HTTF · MSSI · SCOl · TSCA · 
TSCC 

UBA3 SCOl · TSCA · UBBl · UAMV 

IMAN· XSSI · ICOl ·CSA! 

Fig. CMD. 5. Sequence Control State 1 Timing Diagram 
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address bits 0 through 13 are wired to the memory, 
etc. 

COMMAND DESCRIPTION CONVENTIONS 
Each command is described individually and includes the 
following information: 

a. Mnemonic. 

b. Operation Format. 

c. Effective Operand Address. 

d. Command Type (e.g. , Full Operand, Quasi, 
GEN 1). 

e. A chart indicating the registers, memory cells. 
and basic flip-flops affected by the command. 

f. Description of the instruction operation. 

g. Block diagram of the registers effected. 

h. Timing diagram of the primary control signals 
enabled. 

i. Logic equations for enabling the primary con
trol signals. 

j. Description of the hardware operation. 

Within the command descriptions, the following terms 
and symbols are used: 

X - Specifies the index word used in the execution 
of a command. 

Y - Represents the operand address of the com
mand and implies the use of an operand from 
storage. 

Z - Represents the effective operand address. It 
is developed as a function of X, *, and Y. 

* - Indicates relative address modification (rela
tive to the instruction's own location). 

K - A constant in the address portion of certain 
commands. 

f - Refers to the function of that which follows 
(e.g. , Z = F (X, *, Y) should be read as Z is 
equal to the function of indexing, relative ad
dressing, and the operand address). Sub
scripts refer to bit positions of the designa
ted register (e.g., B13-0 delineates bit posi
tions 13 through 0 of the B Register). 

c () Refers to the contents of whatever is en
closed within the parenthesis (e.g. , C 
(A23-o) is read as the contents of A Regis
ter bits 23 through O. 

All command descriptions are presented in alphabeti
cal order except GEN 1, GEN 2, GEN 3, and Quasi 
commands which are contained under their group mne
monic in alphabetical order (i.e. , GEN 1, GEN 2, 
etc.). 

In addition to the discussion of individual commands, 
a discussion of Index Modification is contained under 
the mnemonic INDEX, and a discussion of Relative Ad
dressing is contained under the mnemonic RLT. 

Table CMD. 1 contains an alphabetical listing of all 
commands operable with the 4022A Arithmetic Unit. 
Table CMD. 2 lists these same commands according to 
their OP Code. Using these tables, the command for
mat may be readily obtained for any command mnemon
ic, and the command mnemonic may be obtained :or 
any command OP Code. 
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Operation Operation 
Command Description Type Format Command Descrijltion Ty2~e Format 

ABL Append Beginning of Quasi 57X*Y LDZ Load Zeros Into A GEN 1 05000000 
List LMO Load Minus One GEN 1 05060000 

ABT Abort Device D 1 s GEN 2 25X3D LMR Load Mask Register GEN 2 25000302 
Operation LMR2 Load Mask Register2 GEN 2 25000300 

ACT Activate Device D GEN 2 2oX1D LPR Load Place And F.O. 35X>!<Y 
ADD Add F.O. llX*Y LXC Load X With Count F.O. 17XOOOOO 
ADO Add One To Bit K GEN 1 0500700K LXK Load X With K F.0. 07X'!<K 
AEL Append End Of List Quasi 47X*Y MAQ Move A To Q GEN 3 45004330 
AKA Add K To A Quasi 60XOK MPY Multiply F.0. 55X'!<Y 
ANA Logical And To A F.0. 20X*Y NEG Negate GEN 1 05013000 
BRU Branch Unconditionally F.0. 14X*Y NOP No Operation F.O. 26200000 
BTR Branch If Test FF F.0. 30X*Y OOM Operate On Memory Quasi 62X':<Y 

Reset OPR Operate Device D GEN 2 25X2D 
BTS Branch If Test FF Set F.0. 34X*Y ORA Logical OR To A F.O. 21X':<Y 
CBK Change Bit K GEN 1 05X4700K OUT Out To Device D GEN 2 25X4D 
CLO Count Least Significant GEN 1 05004137 PAI Permit Automatic GEN 2 25020000 

Ones Interrupt 
CLZ Count Least Significant GEN 1 05070137 RBK Reset Bit K GEN 1 0504500K 

Zeros RBL Remove Beginning Item Quasi 56X'!<Y 
CMO Count Most Significant GEN 1 05004237 From List 

Ones RCS Read Console Switches GEN 2 25050000 
CMZ Count Most Significant GEN 1 05070237 REL Remove Ending Item Quasi 46X>!<Y 

Zeros From List 
CPL Complement A GEN 1 05010000 REV Reset Test FF Bit K GEN 1 05X7040K 
DAD Double Length Add Quasi 51X>:<y Even 
DLA Double Left Arithmetic GEN 3 45X0644K RNZ Reset Test FF A Non- GEN 1 05004470 
DLD Double Length Load Quasi 41X*Y Zero 
DLL Double Left Logical GEN 3 45X0720K ROD Reset Test FF Bit K GEN 1 05X0440K 
DMT Decrement Memory F.O. 060*Y Odd 

And Test RST Reset Test FF GEN 1 05004737 
DRA Double Right GEN 3 45X0440K SBK Set Bit K GEN 1 05X4600K 

Arithmetic SEL Select Device D GEN 2 25XOD 
DRC Double Right Circular GEN 3 45X0530K SET Set Test FF GEN 1 05004637 
DRL Double Right Logical GEN 3 45X0430K SEV Set Test FF Bit K GEN 1 05X7050K 
DST Double Length Store F.O. 63X>:<y Even 
DSU Double Length Subtract Quasi 61X*Y SKA Subtract K From A Quasi 50XOY 
DVD Divide F.O. 65X*Y SLA Shift Left Arithmetic GEN 3 45X0204K 
ERA Exclusive OR To A F.0. lOX*Y SLL Shift Left Logical GEN 3 45X0200K 
FAD Floating Point Add Quasi 70X*Y SNZ Set Test FF A Non- GEN 1 05004570 
FDV Floating Point Divide Quasi 73X*Y Zero 
FIX Fix-Floating Number Quasi 74XOK SOD Set Test FF Bit K Odd GEN 1 05X0450K 
FLO Float-Fixed Number Quasi 74X2K SPB Save Place And Branch F.0. 33X':'y 
FMP Floating Multiply Quasi 72X*Y SRA Shift Right Arithmetic GEN 1 05Xl404K 
FMS Floating Mode Shift Quasi 74XlK SRC Shift Right Circular GEN 1 05X0404K 
FSU Floating Subtract Quasi 71X;'<y SRL Shift Right Logical GEN 1 05X0004K 
IAI Inhibit Automatic GEN 2 25030000 SSA Set Stall Alarm GEN 2 25010000 

Interrupt STA Store A F.O. 32X':'y 
IAI2 Inhibit Automatic GEN 2 25000304 STI Store A Indirect Quasi 53X'!<Y 

Interrupt2 STM Select Trapping Mode GEN 2 25000001 
IBK Isolate Bit K GEN 1 05X0100K STQ Store Q F.O. 44X':'y 
IN In From Device D GEN 2 25X5D STX Store X F.O. 06X;'<y 
INX Increment X F.0. 26X*K SUB Subtract F.O. 31X*Y 
JCB Jump If Channel Busy GEN 2 25X6D2D TER Test Even Reset Bit K GEN 1 05X4560K 
JDR Jump If Data Ready GEN 2 25X6D4D TES Test Even Set Bit K GEN 1 05X4660K 
JND Jump If No Demand GEN 2 25040000 TEV Test Bit K Even GEN 1 05X7070K 
JNE Jump If No Error GEN 2 25X7D TNM Test Not Minus One GEN 1 05070770 
JNO Jump If No Overflow GEN 2 25060000 TNZ Test A Non-Zero GEN 1 05004770 
JNP Jump If No Parity GEN 2 25070000 TOD Test Bit K Odd GEN 1 05X0470K 
JNR Jump If Not Ready GEN 2 25X6D TOR Test Odd Reset Bit K GEN 1 05X4570K 
LBM Load Bit Mask GEN 1 05X6300K TOS Test Odd Set Bit K GEN 1 05X4670K 
LDA Load A F.O. OOX*Y TSC Test and Shift GEN 1 05X0464K 
LDI Load A Indirect Quasi 52X*Y Circular 
LDK Load A With K Quasi 40X*K TXH Test X High F.O. 24XO-K 
LDO Load One Into Bit K GEN 1 05X0300K TZC Test Zero And Com- GEN 1 05064670 
LDP Load Place F.O. 15X*Y plement 
LDQ Load Q F.O. 42X*Y TZE Test A Zero GEN 1 05004670 
LDX Load X F.0. 16X*Y XEC Execute F.O. 04X>!'Y 

Table CMD. 1. GE -PAC 4020 Command Listing 
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n 
~ 
c 
I 

Cl) 

OPERATION 
FORMAT 

OOX>.'<Y 
04X>.°'Y 
05000000 
05004137 
05004237 
05004470 
05004570 
05004637 
05004670 
05004737 
05004770 
05010000 
05013000 
05060000 
05064670 
05070137 
05070237 
05070770 
05X0004K 
05X0100K 
05X0300K 
05X0404K 
05X0440K 
05X0450K 
05X0464K 
05X0470K 
05X0700K 
05X1404K 
05X4500K 
05X4560K 
05X4570K 
05X4600K 
05X4660K 
05X4670K 
05X4700K 
05X6300K 
05X7040K 
05X7050K 
05X7070K 

OPERATION OPERATION 
COMMAND FORMAT COMMAND FORMAT 

LDA 06X*Y STX 34X>:<y 

XEC 060*Y DMT 35X*Y 
LDZ 07X*K LXK 40X':<K 
CLO lOX>."=Y ERA 41X>:<y 

CMO llX*Y ADD 42X':'y 
RNZ 14X*Y BRU 44X*Y 
SNZ 15X*Y LDP 45004330 
SET 16X*Y LDX 45X0200K 
TZE 17XOOOOO LXC 45X0204K 
RST 20X>.'<Y ANA 45X0430K 
TNZ 21X*Y ORA 45X0440K 
CPL 24XO-K TXH 45X0530K 
NEG 25XOD SEL 45X0644K 
LMO 25X1D ACT 45X0720K 
TZC 25X2D OPR 46X':<Y 
CLZ 25X3D ABT 47X*Y 
CMZ 25X4D OUT 50XOY 
TNM 25X5D IN 51X*Y 
SRL 25X6D JNR 52X*Y 
IBK 25X6D2D JCB 53X*Y 
LDO 25X6D4D JDR 55X>:<y 

SRC 25X7D JNE 56X*Y 
ROD 25000001 STM 57X*Y 
SOD 25000300 LMR2 60XOK 
TSC 25000302 LMR 61X*Y 
TOD 25000304 IAI2 62X*Y 
ADO 25010000 SSA 63X*Y 
SRA 25020000 PAI 65X>:<y 

RBK 25030000 IAI 70X*Y 
TER 25040000 JND 71X*Y 
TOR 25050000 RCS 72X>.'<Y 
SBK 25060000 JNO 73X':<Y 
TES 25070000 JNP 74XOK 
TOS 26X>:<K INX 74X1K 
CBK 26200000 NOP 74X2K 
LBM 30X>:•y BTR 75X*Y 
REV 31X>:•Y SUB 76X*Y 
SEV 32X*Y STA 77X*Y 
TEV 33X>:•y SPB 

Table CMD. 2. GE-PAC 4020 Command Operation Format Listing 

COMMAND 

BTS 
LPR 
LDK 
DLD 
LDQ 
STQ 
MAQ 
SLL 
SLA 
DRL 
DRA 
DRC 
DLA 
DLL 
REL 
AEL 
SKA 
DAD 
LDI 
STI 
MPY 
RBL 
ABL 
AKA 
DSU 
OOM 
DST 
DVD 
FAD 
FSU 
FMP 
FDV 
FIX 
FMS 
FLO 

Optional 
Optional 
Optional 



ADD ADD Z TO A 

FULLOPERAND ~'2_3~~-1-1~~-l-B~'1-7~x~1_5~'-~-~~11_3~~~~~~y~~~~~~~, Z f(X,•,Y) 

ADD sums the contents of core cell Z with the contents 
of the A Register and stores the result in A. If the re
sult is too large to be stored in the 23 data bits of the 
A Register (i.e. , more negative than -223 or more po
sitive than 223-1), the Overflow flip-flop (FlUOFL) is 
set. Overflow may occur only when the signs of the 
original numbers in A and Z are alike. Overflow is 
then detected if a sign change occurs in the sum. 

A non -indexed ADD command is executed during Se -
quence Control State 4 (SC04). Memory location Z is 
addressed from IA 13-0 (DlSAMI) during State 4. The 
contents of memory location Z are gated to the B Reg
ister by DlBMEM during the Clock pulse of Memory 
Data Ready (MUDlMDRY). From B, the contents of 
memory location Z are gated (DlUBAU) to the Adder 
Unit at the same time the contents of the A Register 
are gated (DlUAAU) to the Adder Unit. The summa
tion occurs in the Adder Unit and the sum is gated 
(DlAAUL, U) to the A Register at the Clock of Mem
ory Release (MUDlMRLS). 

If arithmetic overflow - either positive or negative -
occurs during the summation, the Overflow flip-flop 
(FlUOFL) is set. The following examples illustrate 
(a) a positive overflow, and (b) a negative overflow. 
For simplicity, five bit (4 data and a sign) registers are 
illustrated. Consider the most significant bit as bit 23 
and the next most significant bit as bit 22. 

Non-Indexed 
2 (Sl, S4) Word Times. 

Interruptable 
Yes 

Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 C (A) + C (Z) 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL Set if overflow occurs 

FlETST 

J4-0 

Memory z 

COMMAND CHARACTERISTICS 

r------, 
C (Z) I CORE I z --------'MEMORY I 

1 MODULE 1 L. _____ ..J 

Consider: (A = +5) + (Z = +12) = 17. Seventeen is too 
large to be contained in 4 bits plus a sign 
bit; thus, the Overflow flip-flop is set. :VIAB 

(a) 

Contents of Z 0 1100 (12) 

Contents of A 0 0101 ( 5) 

Sum 1 0001 Overflow Set = 
23S · 23C 0 22C 

POSITIVE OVERFLOW. 

Consider: (A = -8) + (Z = -13) = -21. Minus 21 is too 
large to be contained in 4 bits plus a sign 
bit; thus, the Overflow flip-flop is set. 

Contents of Z 

Contents of A 

Sum 

1 0010 (-13) 

1 1000 ( -8) 

0 1010 Overflow Set 
23S · 23C · 22C 

(b) NEGATIVE OVERFLOW. 

BMEM 

23 

(23S · 23C · 
22C) + (23S 
23C · 22C) 

FlUOFL 

4022A-5 ARITHMETIC UNIT 

B 

0 

0 

C (Z) 

C (A) 

23 
A 

23 I A, 13 

UBAU 

C (A) + C (Z) 

AAUL,U 

0 

ADD BLOCK DIAGRAM 

SAMI 

0 

ADD-1 



CLOCK (10 me) 

DlTLPE (11) 

F lSCOl (17) 

F1SC04 (17. 1) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 
(MDR-+B) 

DlUBAU (50) 
(B _.PAU) 

DlUAAU (52) 
(A_.PAU) 

DlAAUL, U (62) 
(PAU-..A) 

GlSMRQ (22) 

MUDlMRLS 

FlUOFL (54) 

DlPINl, 2 (88) 

ADD-2 

I I I I I J) I I I I I I I I H I I I I 
I I 

~ 
I 

~ 
I 

~ ~s------r--
I 

~ ~ 
I I 

I 

~ s--i_ 

~SS 

____r--s ~ 
I I 

I 

__r---5 5~ 

TLPl 
TLPE 

SCOl 
SCOl 
SSll 

SC04 
SSS4 

SIA! 

BMEM 

UBAU 

UAA3 

AAUl 

MRLS · CMAN · TLPE 
TLPX 

SR14 · TLPE · SCLK 
SSll · TLPE · SCLK 
SC04 ·DUST· HTTF · MSSI 

SSS4 · TLPE · SCLK 
SS41 · SMDV · DBIS · MSSI 

MAMV·DGNS·SC04·DXST · 
DMDQ · SAil 

MDRY·STOR·BMRQ·BCLK 

UBAl 

UC04·UMDV·Ul20·123S· 
UAA5· UAMV 

ECLK · MRLS · DLCl · AUA5 

_J----~s .....__ ____ 5~ SMRQ DG12 · SRQl · [ (SRQ2 · MRLS) + 
(TSCA)] 

I 

UFLB = ECLK · MRLS · SC04 · UASB 
~ -- UASB UFLl = ADIV · ( (U23S · u23C · 

.,.__ ______ __,,.,__. __ .......... _ U22C) + (U23S · W23C · U22C)] • USAB 

PIN!, 2 = PIN4 

STATE 4 

ADD TIMING DIAGRAM 

ARITHMETIC UNIT 4022A-5 



ANA LOGICAL AND TO A 

1
23 18117 x 1511,.,; 113 01 z 

Fll LL OPERAND 20 · Y f (X, ':', Y) 
,__~~~~~~--'--~~-""~--~~~~~~~~~~~~~~---' 

ANA performs the logic AND of the contents of core cell Z with the 
contents of A. The corresponding bits of Z and A are compared. 
If the corresponding bits are both ''one", a "one" is placed in that 
position of A. If either or both of the compared positions are 
"zero", a "zero" is placed in that position of A. 

Non-Indexed 
Word Times. 2 (Sl,S4) 

Interruptable 
Yes 

Following Execution? 

CHANGES FOLLOWING EXECUTION 

A non-indexed ANA command is executed during Sequence Control 
State 4 (SC04). Memory location Z is addressed from IA 13-0 
(DlSAMI) during State 4. The contents of memory cell Z ar~ then 
gated to the B Register by DlBMEM during the clock pulse of Mem
ory Data Ready (MUDlMDRY). From B, the contents of memory 
location Z are gated to the Adder Unit (DlUBAU). At the same 
time, the contents of the A Register are gated (DlUAAU) to the 
Adder Unit along with a control signal, DOU LAN, and the Enable 
Carry signal, GlUENC. DOULAN, in conjunction with GlUENC, 
enables the logical AND function of the Adder Unit. The result of 
the logical AND is then gated back to the A Register to complete 
the ANA execution cycle. 

A23-0 

Q23-0 

p14-0 

FlWPMT 

FlUOFL 

FlETST 

J4-0 

Memory 

C(Z23-o) AND with C(A23-o) 

C(P) +1 

z 
To exemplify the ANA comparison, consider the following; four 
bits are used for simplicity. 

COMMAND CHARACTERISTICS 

4022A-5 

Contents of the A Register 

Contents of cell Z 

Result Placed in A Register 

BMEM 

23 

ULAN 

0011 

0101 

0001. 

r-----, 
C (Z) I CORE z 

1 
MEMORY I 

1 MODULE 1 L. _____ .J 

MAB 

B 0 23 I A, 13 

C (Z) 

UBAU 

ADDER 

UAAU C (Z) • C (A) 

C (A) AAUL,U 

0 23 
A 

ANA BLOCK DIAGRAM 

ARITHMETIC UNIT 

UENC 

SAMI 

0 

ANA-1 



CLOCK (10 me) I I I I lss I I I I I I I I 15 s I I I I 
I I 

~ ~ 
TLPl = MRLS·CMAN·TLPE 

DlTLPE (11) TLPE TLPX 
I I 

~ I SCOl SR14 · TLPE · SCLK 
FlSCOl (17) SCOl SSll • TLPE · SCLK 

I I 

~ L SC04 SSS4 · TLPE · SC LK 
F1SC04 (17) SSS4 SS41 · SMDV · DBIS · MSSI 

I I --- ---
~ L SIAl = MAMV · DGNS · SC04 · 

DlSAMI (21) DXST · DMDQ · SAI 1 

MUDlMDRY (10) n 
DlBMEM (39) BMEM MDRY·STOR·BMRQ · 
(MDR-+B) BCLK 

DlUBAU (50) 
~ S5 

(B_.PAU) L UBAU = DBA2 · STOR · UC04 
I I 

DlUAAU (52) ~ L UAA3 = UC04 · UMDV · UI20 · 
(A_.PAU) I23S · UAA5 · UAMV 

I 1 

DOULAN (48) ~ I ULAN = SC04 · DLMA · Ul21 · IR22 
DLMA = DLCO· MSSI 

I 

GlUENC (51) ~ L UENC =ULAN 

DlAAUL,U (62) 
I AAUl = ECLK · MRLS · DLCO 

(PAU_.A) AUA6 
I 

MUDlMRLS (10) __fL__, ~ 
DlPINl,2 n PINl, 2 = PIN4 

STATE 4 

ANA TIMING DIAGRAM 

ANA-2 ARITHMETIC UNIT 4022A-5 



BRU - BRANCH UNCONDITIONALLY 

FULLOPERAND ~'2_3~~-1-4~~-l-S~'l-7~x~1_5~'-~-~~'1-3~~~~~~y~~~~~~~, Z f (X,*,Y) 

BRU unconditionally transfers program control to the desig
nated core address Z. This is accomplished by calculating 
the address Z, if it is relative addressed and/or indexed, and 
then transferring this address to the Program (P) Register. 

Non-Indexed 
Word Times. 
Interruptab le 
Following Execution? 

1 (S 1) 

No 

The BRU command is executed during Sequence Control State CHANGES FOLLOWING EXECUTION 

1. For ease of understanding, two successive Sequence State 
l 1 s (i.e. , 2 word times) are shown in the Block and Timing 
Diagrams. During the first word time of Sequence State 1 
(FlSCOl), the BRU command is "fetched'' from memory in the 
normal manner except that the clock of Last Pulse Envelope 
(Dl TLPE) sets the Remember flip-flop (F lXRMF). At the end 
of the first word time, State 1 is not cleared; instead, State 1 
is held for another "fetch" cycle to obtain the command loca
ted in memory location Z. During this second word time, 
memory is addressed from IA, 13-0 and the command in loca
tion Z is "fetched'' from memory in the normal manner. Also, 
during this second word time, the contents of IA 13-0 are 
transferred to the Program Register (PXIP) to complete trans
fer of program control. At the end of this second word time, 
the Remember flip-flop is cleared. 

r-----, 
BRU Command I CORE I 

1 
MEMORY--------, 

1 MODULE ~ L. _____ .J 

BMEM 

23 B 0 23 

UBAU 

ADDER 

First Sequence State 1 

r-----, 
C (Z) I CORE I Z 

1 MEMORY I 
1 MODULE 1 L. _____ .J 

BMEM 

23 
B 0 23 

~------. IBXI 
UBAU 

ADDER 

Second Sequence State l 

BRU BLOCK DIAGRAM 

4022A-5 ARITHMETIC UNIT 

A23-0 

Q23-0 

p 14-0 z 
FlWPMT 

FlUOFL 

FlETST 

J4-0 

Memory z 

COMMAND CHARACTERISTICS 

0 14 0 p 

IULI 

PXIP 

14 0 
p 

BRU-1 



CLOCK (10 me) 

DlTLPE (11) 

F lSCOl (17) 

DlSAMP (20) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 

DlUBAU (50) 
(B-+PAU) 

DlIBXI (81) 
(B23-14 ..,..I) 

DllULI (80) 
(PAU 14-0-+IA,13-0) 

FlXRMF (92) 

DlPXIP (88) 
(I-+P) 

GlSMRQ (22) 

MUDlMRLS 

BRU-2 

1111tJ1111111L11111lsJ111111 ls,l I I I I 
I I I 

n n n TLPE = TLP 1 
...J ~ s-J L--s r---J L....- TLP 1 = SC 04 · CNiAN · MRLS 

I I 

r--f r--, SCOl = SSSl · TLPE · SCLK 
_J L SCOl = SR14 • TLPE · SCLK 

I _s-s f---J SAMP = MAMV · MTRP · SCO l · XRiVlF · 
L___S"-----~\---- SEXC·SPil 
I I 

~1,_______--<~s 
.r---, SA MI = SIA 3 

L SIA3 = MTRP · SCO 1 · SAI4 · MAMV 

~r--Il-s j~ \...---...--

BMEM = BMRQ· BCLK· STOR ·MORY 
--..... 5j'lo---L----l'----- C....-"'----< c....---

= UBA3 ___ _ 
= SCOl · TSCA · UAMV · UBBl 

n n IBXI = ISAV. TSCB. HTTF . MSSI . 
---r--J ~1.----.....1~ ~ L---- SCOl · TSCA · TSCC 

__ , ____ 
1
JL\---,... __ ,~r--IL- IULl = IUI2 · MRLS 

I 

-----~~ H-l_ XRMF = DBRN · SCOl · TLPE · ECLK 
I 

---1. ~------<~----- ,__ __ PXIP 
' I 

~~~~~SMRQ 
I I • 

JL JL sJL 
I+-- STATE 1 ___....,...,__ STATE 1 ~1 

BRU TIMING DIAGRAM 

ARITHMETIC UNIT 

= CIPA · SCOl · MSSI· TSCC · 
TSCB · TSCA · XRMF 

= DG12 · SRQl · ( (SRQ2 •!\IRLS) + 
(TSCA)] 

4022A-5 



BTR - BRANCH IF TEST FLIP-FLOP RESET 

1
23 18,17 x 1511,.,;,13 01 z FU LL OPERAND 30 Y f (X, ,:, , Y) 
--~~~~~~~..__~~~~--'--~~~~~~~~~~~~~~---' 

BTR transfers program control to memory location Z if the Test flip
flop (F lETST) is reset. If the Test flip-flop is set, program control 
continues in sequence (i.e. , C (P) +1). The status of the Test flip-flop 
is not changed by the BTR command. 

Non - Indexed 
Word Times. 
Interruptable 
Following Execution? 

1 (Sl) 

No 

To illustrate the operation of the BTR command, two successive word 
times are required (i.e. , two Sequence Control State l 1 s). However, 
only one word time is used solely by the BTR command, since the 
second word time is used to "fetch" the next command. The Block and 
Timing Diagrams illustrate both word times of State 1. During the 
first word time, the BTR command is "fetched" from memory in the 
normal manner. At the clock of Last Pulse Envelope, the Remember 
flip-flop is set if the Test flip-flop (F lETST) is reset. If the Test 
flip-flop is set, the Remember flip-flop remains reset. 

CHANGES FOLLOWING EXECUTION 

During the second word time, memory is addressed from IA 13-0 
(DlSAMI) if the Remember flip-flop is set (i.e. , if the Test flip~flop is 
reset). In this manner, memory location Z is addressed. Also, if the 
Remember flip-flop is set, IA 13-0 is transferred to the P Register 
(PXIP) to complete the transfer of program control. If, however, the 
Remember flip-flop is reset, memory is addressed from the P Regis
ter and program control continues in the normal sequence. 

r-----, 
BTR Command I CORE l C (P) 

1 MEMORY I 
1 MODULE 1 
L------.1 

BMEM 

23 B 0 23 

UBAU 

ADDER 

First Sequence State 1 

r-----, 
I CORE I Z if ETST 

: ~~~~~~ ! C (P) if ETST 
L------.1 

MAB 

BMEM 

23 
B 0 

UBAU 

A23-0 

Q23-0 

p14-0 
Zif FlETST 

__cj_£1_ + 1 _if__E_lETST_ 
FlWPMT 

FlUOFL 

FlETST 

J4-0 

Memory z 

COMMAND CHARACTERISTICS 

0 14 p 

IULI 

§
FlETST 

F 

0 

SAMP if 
- - ETST 

0 

--1 

SAMI if ETST 

0 

z PXIP if 
ETST 

14 p 0 
ADDER 

L _____ _J 

Second Sequence State 1 

BTR BLOCK DIAGRAM 

4022A -5 ARITHMETIC UNIT BTR-1 



CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

DlSAMP (20) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 

DlUBAU (50) 
(B--+PAU) 

DlIBXI (81) 
(B23-14 _.I) 

DlIULI (80) 
(PAU 14-0 __.IA, 13-o) 

FlXRMF (92) 

DlPXIP (88) 
(I--+P) 

GlSMRQ (22) 

MUDlMRLS 

FlETST (89) 

DlPINl,2 (88) 

BTR-2 

1111 U 1111111 lss 111111 U 11111111 Jlll 
I I 

~ JL JL 
TLPE = TLPl 
TLPl = SC04· CMAN· MRLS 

_J S--, SCOl 
L SCOl 

= SSS!· TLPE · SCLK 
= SR14 · TLPE · SCLK 

~ - - - - - - - --'S----'. SAMP = MAMV·MTRP·SCOl·XRMF· 
L--.s , SEXC · SPil 

----c•~------J~ - - - - - -~~ ~~~I 
I SAI4 

--~5~r---~~~ 
I BMEM 

------1r--'----~>----~~---'------~ss----
I 

--~~~L~:~~ 
I 

--~JL----..~~ IBXI 

n JL IULl --- """-----~~__J L---s~,....-----
1 XRMF 

,__, DBRN 
- - - - ~ XRMF ~~~.~--

n PXIP 
---------~~·L5r-------r---

' I 

~L__~l__5S,- SMRQ 
I I 

J~-+ ~ JL 

SIA3 
MTRP· SCOl · SAI4· MAMV 
XRMF 

BMRQ·BCLK·STOR·MDRY 

UBA3 
SCOl·TSCA·UAMV·UBBl 

ISAV · TSCB · HTTF · MSSI 
SCOl 0 TSCA. TSCC 

IUI2 · MRLS 

DBRN·SCOl·TLPE·ECLK 
= ETST · DCN3 · DLCO 
= TLPE · ECLK · XRMF 

= CIPA · SCOl · MSSI · TSCC · ----
TSCB · TSCA · XRMF 

DG12 · SRQl · ( (SRQ2 · MRLS) + 
(TSCA)] 

- - - - - - Previous Condition of Test F /F is 
----'~'r------H----~1r----~.s--- Unchanged 

r·i 
: : I PIN 1 ' 2 = PIC 2 ____ ._.,...._ _____ -\ _____ .,_ _____ r---

1 

14--- STATE 1 ---+14-- STATE 1 __.I 

BTR TIMING DIAGRAM 

ARITHMETIC UNIT 4022A-5 



BTS BRANCH IF TEST FLIP-FLOP SET 

1
2 3 18 I l 7 x 1 5 1 1,~., I 13 o I 

2 FU LL OPERAND 34 ·· Y f (X, 0
:', Y) 

...._~~~~~~~......_~~~....__......_~~~~~~~~~~~~~~~-

BTS transfers program control to memory location Z if the Test flip
flop (FlETST) is set. If the Test flip-flop is reset, program control 
continues in sequence (i.e. , C(P) +1). The status of the Test flip-flop 
is not changed by the BTS command. 

To illustrate the operation of the BTS command, two successive word 
times are required (i.e., two Sequence Control State 11 s). However, 
only one word time is used solely by the BTS command, since the sec
ond word time is used to "fetch" the next command. The Block and 
Timing Diagrams illustrate both word times of State 1. During the 
first word time, the BTS command is ''fetched" from memory in the 
normal manner. At the clock of Last Pulse Envelope, the Remember 
flip-flop is set if the Test flip-flop (F lETST) is set. If the Test flip
flop is reset, the Remember flip-flop remains reset. 

During the second word time, memory is addressed from IA 13-0 
(DlSAMI) if the Remember flip-flop is set (i.e. , if the Test flip~flop is 
set). In this manner, memory location Z is addressed. Also, if the 
Remember flip-flop is set, IA 13-0 is transferred to the P Register 
(PXIP) to complete the transfe~ of program control. If, how ever, the 
Remember flip-flop is reset, memory is addressed from the P Regis
ter and program control continues in the normal sequence. 

r-----, 
BTS Command I CORE I C (P) 

1 MEMORY I 
1 MODULE 1 
L-----.J 

BMEM 

23 B 0 23 

UBAU 

ADDER 

First Sequence State 1 

r------, 
I CORE 1 Zif ETST 

~---11 MEMORY I --
1 MODULE I C(P) if ETST 
L-----.J 

BMEM 

23 B 0 23 

UBAU 

ADDER 

Second Sequence State 1 

BTS BLOCK DIAGRAM 

4022A-5 ARITHMETIC UNIT 

Non-Indexed 
1 (Sl) 

Word Times. 
Interruptable 

No Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 
Zif FrnT:ST 
CJ_Pl + 1 if FlETST 

FlWPMT 

FlUOFL 

FlETST 

J4-0 

Memory z 

COMMAND CHARACTERISTICS 

0 14 0 p 

IULI 

§
FlETST 

F 
0 

14 

SAMP if 
- - ETST 

p 

PXIP if 1 

ETST 

0 

I 
:_ _____ _J 



CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

DlSAMP (20) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 

DlUBAU (50 
(B--+PAU) 

I I I I lsl I I 11 I I I , 51 I I I 11 I lsl 111 I I I If Jill 
I 

n n n TLPE 
...J ~ y--J L--s~---' r-J L TLP 1 

I I 

~ r--, SCOl 
_J L SCOl 

I I 

__J' ~~ - - - - -~ SAMP 

I SAMI 

-----{·§'.------~~- - - - - ~ ~~! 
I 

--~ ~~ 
BMEM ___ .,___....._ __ .,._ ___ _...., ._ __ .__ __ sr--

I 

--~~~sl_ ~:~~ 

TLPl 
SC04 · CMAN · MRLS 

SSSl · TLPE · SCLK 
SR14 · TLPE · SCLK 

MAMV · MTRP · SCOl · XRMF · 
SEXC · SPil 
SIA3 

= MTRP· SCOl· SAI4· MAMV 
= XRMF 

BMRQ·BCLK·STOR·MDRY 

UBA3 
SCOl·TSCA·UAMV·UBBl 

DlIBXI (81) n n I IBXI 
(B23-14__.I) --~~ ~ -----~ L__S ~ 

ISAV · TSCB · HTTF · MSSI · 
SCOl · TSCA · TSCC 

DlIULI (80) ~ ~ 
(PAU14-o ..... 1A,13-o> _______ __.. 1----- , 
FlXRMF (92) ~- __ ~ 

DlPXIP (88) 
(I__.P) 

GlSMRQ (22) 

MUDlMRLS 

_ ___,,,.__ __ _,,( ~~--~S
' 

r~~~s 
I I 

~ ~S---.t.~_Il 
I I 

IULl IUI2 · MRLS 

XRMF DBRN · SCOl · TLPE · ECLK 
DBRN = ETST · DBTS 
XRMF TLPE·ECLK·XRMF 

PXIP 

SMRQ 

CIPA · SCOl · MSSI· TSCC • 
TSCB · TSCA · XRMF 

DG12 · SRQl · [ (SRQ2 · MRLS) + 
(TSCA)] 

FlETST (89) ~·----~ ~-----''~---""" S-- Previous Condition of Test F /F is 

DlPINl, 2 (88) 

BTS-2 

- - - - - Unchanged 

r·1 
: ! --?----- .__....;.......;.._.....(l;-----""'-S--

1 I 

I+-- STATE 1 ---+I.-- STATE 1 --+I 
BTS TIMING DIAGRAM 

ARITHMETIC UNIT 

PINl, 2 = PIC2 

4022A-5 



DMT DECREMENT MEMORY AND TEST 

1
23 

Fll LL OPERAND . 06 

DMT subtracts 1 from the contents of memory cell Z 
each time it is executed. If the DMT is not the result of 
an API and the original contents of Z were not equal to 
0, the Test flip-flop (FlETST) is set. If t~original 
contents of Z were equal to 0 and the DMT command is 
not the result of an API, the Test flip-flop is cleared. If 
the DMT command is the result of an API and the origi
nal contents of Z were equal to 0, a signal is applied to 
API for 11Echo 11 generation. The Test flip-flop is not 
affected by a DMT resulting from an APL When an in
dex address is specified (bits 17 through 15 not equal to 
0) the DMT command is executed as an STX command. 

The DMT command is executed during Sequence Control 
States 2 and 4. During State 2, memory is addressed 
from IA 13-0 (DlSAMI) and the contents of memory lo
cation z' are gated to the B Register. From B, the con
tents of memory location Z are gated to the B input of 
the Adder Unit (DlUBBU). At the same time, both the 
true and complemented B Register contents are gated 
to the A input of the Adder Unit (DlUBAU, DlUBNA). 
Gating both the true and complemented B Register con
tents to the A input applies a "one" to the A input of each 
Adder bit position. This is the same as applying a -1 to 
the A inputs of the Adder. The Test flip-flop is cleared 
at Time 4 if the DMT command is not being executed 
from an interrupt response address (AIFOSPI2). If a 
carry occurs from bit 23 of the Adder, due to the sum -
mation (contents of B plus -1), the Test flip-flop is set 
at the clock of Memory Release. This indicates that the 
original contents of Z were not equal to zero. If a carry 
from bit 23 of the Adder does not occur, the Test flip
flop remains in the reset state, indicating that the orig
inal contents of Z were equal to zero. If a carry from 
bit 23 of the Adder does not occur, when the DMT com
mand is executed from an interrupt response address, 
GlWEKO is enabled allowing the API module to cause 
an interrupt at a different address. At the clock of Last 
Pulse Envelope, the Adder outputs (contents of Z -1) 
are gated back to the B Register. 

During State 4, memory is again addressed from 
IA 13-0 and the contents of Bare gated back to memory 
lo~ation Z. In this manner, the original contents of 
Z -1 are stored back in memory location Z. 

The following examples are used to illustrate that a 
carry occurs from PAu23 whenever the value to be de
cremented is not equal to 0. Only when the value being 
decremented goes from 0 to -1 will the absence of a 
carry occur from PAU23 . For simplicity, word lengths 
of 5 bits are used. Consider the most significant bit of 
the example to be PAU23· 

4022A-5 ARITHMETIC UNIT 

y 

Non-Indexed 
3 (S 1, S2, S4) 

Word Times. 
Interruptable 
Following Execution? 

Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 
Set if C\Z} 7 0 
°RPQPt if_C (7,l = D>:< 

3
4-0 

Memory z 

COMMAND CHARACTERISTICS 

>:< The Test flip-flop is not affected if the 
DMT command is executed as the result 
of an Automatic Program Interrupt and 
is located in the interrupt response ad
dress. In this case, an 11Echo11 signal is 
applied to the API module when the orig
inal contents of Z were equal to zero. 
This will normally cause a different pro
gram interrupt. 

(Z 2) 00010 
( -1) 

(Z 1) 

(Z 0) 

(Z -1) 

11111 
00001 

00001 
11111 
00000 

00000 
11111 

Plus Carry Test F /F Set':< 

Plus Carry Test F /F Set>:' 

11111 No Carry = Test F /F Reset':' 
or 11Echo11 to API 

11111 
11111 
11110 Plus Carry = Test F /F Set*. 

>:' If DMT is not executed from API response 
address. 

DMT-1 



DMT-2 

r-----, 
C (Z) I CORE 1 z 

MEMORY 
: MODULE ! L. _____ .J 

BMEM 

23 B 0 23 I A, 13 

C (Z) BAUL,U 

C (Z) -1 Gates -1 -.PAUCB · B 
UBAU, UBNA ......... 3-,--~1...----.-.. __ ...._ __ ~ 

SC02 · DDMT · SPI2 · 
MRLS·ECLK 

FlETST 
1 0 

I 

SC02 · ET4E · 
DDMT· SPf2 

Sequence State 2 

r-----, 
C (Z) -1 I CORE I z 

1 
MEMORY I 

1 MODULE 1 L. _____ .J 

MAB 

SAMI 

0 

TSCB 

TSCA 
DDMT · SC02 

GlWEKO 

API "Echo" 

MAB 

SAMI 

23 B 0 23 I A, 13 0 

Sequence State 4 

DMT BLOCK DIAGRAM 
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CLOCK (10 me) 

DlTLPE 

F lSCO 1 (17) 

F 1SC02 (17) 

F 1SC04 (1 7 . 1) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 

DlUBBU (50) 
(B_.PAU) 

WijJ 111111sJ111111U1111111 sill 
I I I 

~ ~,,___ _ __.,Jl TLPE 
I 

~.,__ _ __.. ,,__ __ -,)>----~~ SCOl 
I 

SC02 _J' ss---,-------~~ r--SSS2 
I 

-----<~--~ 
I 

S--, SC04 
L SSS4 

S----, SAMI 
L SAM! 

MRLS · CMAN · TLPE 

SSSl · TLPE · SCLK 

SSS2 · TLPE · SCLK 
HTTF · DDSX · MSSI · SCOl 

SSS4 · TLPE · SCLK 
SC03 · MSSI 

SIA 3 = SC 02 · SLXD . MAMV 
= SIAl = MAMV · DGNS · SC04 · 

DXST · DMDQ · SA! 1 

___ ,.,___...._ __ .,_ ____ ,_. ____ ~ BMEM BCLK · BMRQ · STOR · MDRY 
I r I 

r---, 1 UBBU = UBB 1 = SC 02 · UDC 1 
~------<j--

1 I 

DlUBAU (50J. r ~~-----1~ UBAU 
-1---.PAUI I 

DlUBNA (50) ~,k------'l~,,__-__ _..,s-- UBNA 

UBA4 = SC02. DDMT. UAMV 

UBA4 

DlBAUL,U (39) I I . BAUL u 
(PAU-+B) )-----'·..__-~r----~s---- ' 

BAU2 SC02·TLPE·BCLK 

GOSTOR (19) 

FlETST (89) 

GlWEKO (122) 

DlPINl, 2 (88) 

4022A-5 

I 

s~.,____J 
I ETST 

-55- - EDTX 
____ ETST 

I 

-~-H- -- -H- -____ j ___ _ 
ECTF = EDTX · SC02 · MSSI · ET4E 
DDMT · SPI2 
ERTF · MRLS · ECLK 

I I ERTF ERT2 ::; EDMT. U23C. MSSI. SC02 
r~r-1 I 

-s s- _ ~ir-------~ WEKO U23C · TSCB · TSCA · WEKl 

I 

n , Prn1 2 = PIN4 ---- r------o----~s--J ~ S-- ' 
I 

!+--STATE 2--+I+-- STATE 4 ---+I 

DMT TIMING DIAGRAM 
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DVD - DIVIDE 

¥llLLOPERANDI _2_3~~-6-5~~-1_8_11_7~x~1_5_1_\_~_11_3~~~~~~y~~~~~~~4 z f (X,•,YJ 

DVD divides the 47-bit dividend, 24 bits of the A Regis
ter coupled with bits 22 through 0 of the Q Register, by 
the divisor contained in location Z. The quotient is 
placed in the Q Register and the remainder is placed in 
the A Register. The magnitude of the divisor must be 
greater than the magnitude of the A Register. If the 
divisor is not larger than A, the Overflow flip-flop 
(F lUOFL) is set and the DVD result will be incorrect. 
The sign of A (A23) applies to the remainder, and the 
sign of Q (Q23) applies to the quotient. 

NOTE 

Either positive or negative numbers may 
be divided, however, the remainder always 
has the sign of the divisor, which may yield 
an unexpected result. The difference be
tween the divisor and the remainder ob -
tained yields the expected divisor (e.g. , 
(+4) + (-2) = -3, remainder -2. 

In actual mathematical operations within 
the computer, however, this is of little 
consequence since the quotient formed 
by any division is only an approximation 
(i.e. , the remainder must be considered). 
Only when small integer values are divided 
is the quotient obtained of any significant 
difference from the expected quotient. 

BINARY DIVISION 
Division of positive numbers is the process of counting 
how many times one number (the divisor) can be sub
tracted from another number (the dividend) while still 
leaving a positive result. The number of times the di
visor can be subtracted from the dividend is the result, 
or quotient. The value remaining after the repeated 
subtractions becomes the remainder. 

The simplest form of binary division is accomplished by 
first subtracting the divisor from the most significant 
portion of the dividend. If the subtraction is valid (i. e. , 
a positive result is obtained), a ' 1one" is placed in that 
position of the quotient. The dividend is then shifted one 
place to the left and the divisor again subtracted from 
the dividend. If the subtraction is not valid (i. e. , a 
negative result is obtained), a ' 1zero' 1 is placed in that 
position of the quotient and the divisor is added to the 
negative result to restore the dividend. The dividend is 
then shifted one place to the left and the divisor again 
subtracted from the dividend. The remainder, after the 
division, is that portion of the dividend remaining after 
the last valid subtraction. This method of forming the 
quotient is illustrated in the following example. The 
most significant bit of the divisor and the dividend are 
sign bits. 

Decimal Problem: 

7 + 3 = 2, remainder 1. 

Non-Indexed Sl,S3,S4,S5 
Word Times. 13. 7 µs 

Interruptable Yes 
Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 Remainder 

Q23-0 Quotient 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL Set if Overflow 

FlETST 

J4-0 378 

Memory z 

COMMAND CHARACTERISTICS 

Binary Equivalent: 

0 000111 
0 011 0 010, remainder 0 001. 

Binary Method: 
0010 

0 011) 0 000111 
1 1011 - 1 

@J-4-1 101 - 2 
0 011 - 3 
0 000 - 4 

1101 - 5 
@J+--1110 - 6 

0011 - 7 
0001 - 8 

1101 - 9 
[I]+-0000 -10 

1101 -11 
@J+-1110 -12 

0011 -13 
0001 -14 

1. Subtract divisor. 
2. Negative result . ·. o--. quotient (Sign). 
3. Add divisor to restore dividend. 
4. Restored dividend. 
5. Shift left dividend and subtract divisor. 
6. Negative result . ·. 0-+ quotient. 
7. Add divisor to restore dividend. 
8. Restored dividend. 
9. Shift left dividend and subtract divisor. 

10. Positive result . ·. 1-. quotient. 
11. Shift left dividend and subtract divisor. 
12. Negative result . ·. 0-+ quotient. 
13. Add divisor for remainder "fix up". 
14. Remainder. 

Example 1 
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The first subtraction in Example 1 is described by: 

D 2n (d)-*D 

where: D dividend 

d divisor 

n register length minus 1. 

The multiplication of the divisor (d} by 2n merely aligns 
the divisor with the correct portion of the dividend and 
is accomplished by shifting left the divisor n places. 
For each successive subtraction, the divisor is moved 
one place to the right: 

1st Sub: -2n (d) 101000 

2nd Sub: -2 
n-1 (d) 10100 

3rd Sub: -2 
n-2 (d) 1010 

Final Sub: -2 
n-n (d) 101. 

Notice in the previous example that, if the subtraction 
is invalid (i.e., quotient bit set to "zero"), it is neces
sary to add back the divisor to restore the dividend to 
its correct form. That is, the number 2n (d) is first 
subtracted from the dividend, then added back. In the 
4022A Arithmetic Unit, this function is combined with 
the next subtraction, which takes 2n-l (d} from the div
idend: 

+2n (d) -2n-l (d) 2n-l (2d - d) 

2n-1 (d). 

This number is generated by adding the divisor to the 
dividend at the 2n- l position. 

Example 2 more closely resembles the mechanics of 
the division process within the Arithmetic Unit. For 
comparison, the same values (7 + 3) used in Example 1 
are used in Example 2. 

By comparing Example 2 with Example 1, notice that 4 
less steps are required to perform the division in Ex
ample 2. Steps 3, 4, and 5 of Example 1 are performed 
in step 3 below, providing the same result. That is, 
when a negative result from a subtraction was obtained 
in Example 1, the divisor was added back to restore the 
dividend, then the dividend was shifted and the divisor 
subtracted. In Example 2, when a negative result from 
a subtraction was obtained, this negative result was 
shifted and the divisor added to it. The final result of 
each operation was the same (i.e. , step 6 of Example 1 
has the same result as step 4 in Example 2). In this 
manner, a much faster divide cycle is obtained. 

In both Examples 1 and 2, notice that the first subtrac
tion is used to determine the sign bit of the quotient. 
The divide cycle time in the 4022A Arithmetic Unit is 
further decreased by eliminating this step. Within the 
Arithmetic Unit, the sign of the quotient is determined 
by comparing the sign of the divisor with the sign of 
the dividend. If the signs are alike, the sign bit is 
"zero" (positive); if the signs are unlike, the sign bit 
is "one" (negative). Therefore, the first subtraction is 
not required to determine the sign of the quotient. 

0010 
0 011)0 000111 

@] +---~ ~~all 0011 
@].__1110 

0011 
[] +----0000 

1101 
@].__1110 

0011 
0001 

1. Subtract divisor. 

- 1 
- 2 
- 3 
- 4 
- 5 
- 6 
- 7 
- 8 
- 9 
-10 

2. Negative result . ·. O_. quotient (Sign). 
3. Shift left dividend and add divisor. 
4. Negative result . ·. o-.quotient. 
5. Shift left dividend and add divisor. 
6. Positive result . ·. 1-. quotient. 
7. Shift left dividend and subtract divisor. 
8. Negative result . ·. o-. quotient. 
9. Add divisor for remainder "fix-up". 

10. Remainder. 

Example 2 

0010 
[Q].-o 011) 0 000111 - 1 

110111 - 2 
[QJ ._...__ 1110 - 3 

0011 - 4 
[I].-- 0000 - 5 

1101 - 6 
@] +---- 1110 - 7 

0011 - 8 
0001 - 9 

1. Sign of divisor and dividend alike 
o-. quotient. 

2. Shift left dividend and subtract divisor. 
3. Negative result . ·. o-.quotient. 
4. Shift left dividend and add divisor. 
5. Positive result . ·. 1-.quotient. 
6. Shift left dividend and subtract divisor. 
7. Negative result . ·. O-.quotient. 
8. Add divisor for remainder "fix-up". 
9. Remainder. 

Example 3 

Example 3 illustrates the mechanics of division by com 
paring the signs of the divisor and dividend to determin 
the sign of the quotient. The same values (7 + 3) used 
in Examples 1 and 2 are used for comparison. 

COMMAND DESCRIPTION 
Fig. DVD. 1 contains a basic flow chart of the Sequence 
Control States required to execute the DVD command 
and lists the basic functions performed within each Se
quence State. Block diagrams of States 3, 4, and 5 are 
contained in Fig. DVD. 2. 

Sequence State 1 
The DVD command is "fetched" from memory during a 
normal Sequence State 1. At Last Pulse of State 1, thE 

DVD-2 ARITHMETIC UNIT 4022A· 



FlSCOl 

F1SC04 

FlSC05 

FlSCOl 

( 
"Fetch" DVD Command 
Set Execute flip-flop 

( Address Memory from I 
Gate Divisor (i.e., Contents of Z}-+I 
Set MPY/DVD flip-flop 

{ 

Address Memory Cell 108 (i.e. , Q Register} 
Gate Contents of Cell 108-. B (Least Significant Half of Dividend-+B} 
Perform Arithmetic Operation 
Quotient is in B Register and Remainder is in A Register 

( 

Address Cell 10 
Store Contents o~ B--.108 (i. e. , Quotient-+ Q Register} 
Reset Execute flip-flop 

( 
"Fetch" Next Instruction 
Reset MPY /DVD flip-flop 

Fig. DVD. 1. DVD Basic Flow Chart 

r--- -------, r---------, 
c (Z} I CORE : 

MEMORY ------. 
z Quotient 1 CORE 1 Cell 108 MEMORY 

I 

1 MODULE 
I I 

L--------.J 

BMEM 

23 
B 

0 A, 13 23 

UBAU 

ADDER 

Divisor 

Sequence State 3 

23 I 0 
DIVISOR 

ADDER 

23 I A 
0 

s : 

Most Significant Half of Dividend 

Following State 4: 

1~3 t22 A 
REMAINDER 

B22 

MAB 

SAMI 

IUIU 
IUIL 
IULI 

0 

22 

123 

I MODULE I 
L---------l 

0 
123 3 

B 

Sequence State 5 

r-----------1 
CORE I Cell 108 MEMORY 

MODULE 
I r __ J 
I.. -- -

B 
0 

A23 I I23 

A23 = I23 

Least Significant Half of Dividend 

B 
QUOTIENT 

Sequence State 4 

Fig. DVD. 2. DVD Block Diagram 
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MAB 

MX03 

MX03 

0 

1 
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Execute flip-flop (FlXEXC) is set. Therefore, at the 
end of State 1, the DVD command is contained by the I 
Register and the Execute flip-flop is set. Following 
State 1, a non-indexed DVD command enters Sequence 
State 3. 

Sequence State 3 
A timing diagram, including logic equations, for State 3 
is contained in Fig. DVD. 3. During State 3, memory is 
addressed from IA 13-0 (DlSAMI) and the contents of 
memory location Z '(divisor) are gated to the B Register. 
From the B Register, the divisor is gated to the Adder 
(DlUBAU) and from the Adder to the I Register (DlIUIU, 
DlIUIL, DlIULI). At Time 3, the Execute MPY/DVD 
flip-flop (F lXMDV) is set to indicate that the I Register 
does not contain the instruction and to provide control 
for the DVD operation. The DVD command is differen
tiated from the MPY command by having both F lXMDV 
and F lXEXC (State 1) set. Following State 3, State 4 
is entered. 

Sequence State 4 
Sequence State 4 is used to bring the least significant 
half of the dividend (Q22 -o> to the B Register and to per
form the actual arithmetic operation. To provide these 
functions, the duration of State 4 is extended by entering 
Time 6 Envelope. 

For ease of understanding, a detailed flow chart of State 
4 is contained in Fig. DVD. 4. The logic elements and 

associated logic equation used to perform the individual 
steps of the flow chart are contained in Table DVD. 1. 

An example of the arithmetic operation performed in 
State 4 is provided in Table DVD. 2. For simplicity, 
9-bit registers are illustrated. The timing diagram bf 
State 4, contained in Fig. DVD. 5, illustrates the timing 
associated with this example. Using these aids, little 
difficulty should be encountered in determining the op
eration of the Arithmetic Unit for any dividend and divi
sor values. 

During the first portion of State 4, memory cell 108 is 
addressed (GOMX03) and the contents of the Q Register 
are gated to the B Register. Bits 22-0 of the Q Regi~ -
ter contain the least significant half of the dividend. 

The J Counter is initially cleared and then preset to 7 
(GlJP07). The J Counter is then incremented at each 
shift of the A and B Registers. The count value of the 
J Counter is then used to determine when the divide 
cycle is completed (J = 373). The Delay Time Co:inter 
is initially preset to 303 and provides timing control for 
determining when to add (or subtract) and when to shift 
for each quotient bit generated. 

During Time 3 Envelope, the signs of the divisor (I23) 
and dividend (A23) are compared to determine the sign 
bit of the quotient and to provide control for the Over
flow check. If the signs are alike, the Strings flip-flop 
(FlXSTG) is reset; if the signs are unlike, the Strings 

CLOCK (10 me) I I I I 1551 I I I I I I lss~I l__._l~I 
DlTLPE (11) 

F lSCOl (17) 

FlSC03 (17) 

F 1SC0 4 ( 1 7 . 1) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 
(MDR-.B) 

DlUBAU (50) 
(B-+PAU) 

FlXEXC (95) 

~ .,___ ____ --.r; r----fi TLPE 

~ ~--------1 ')------- SCOl 

~ L SC03 
SSS3 

1sco4 
-----------------< \.--------'· SSS4 

LsAMI 

TLPl 

SR14 · TLPE · SCLK 

SSS3 · TLPE · SCLK 
SS31 = SCOl · SMDV · HTTF · DNDX 

SSS4 · TLPE · SCLK 
SC03 · MSSI 

SIA2 = SMDV · SC03 · MAMV 

BMEM MDRY · STOR · BMRQ · BCLK 

L UBAU UBA5 = SC03. XMDV 

XEXC 
GlXXCl 

XXCl · TLPE · ICKl 
XDlV · XSSI · ICOl 

DlIUIU, L, LI (80) ------1. .,_ _________ r----11- GOIUL3 = SC03 · XMDV · MRLS 

FlXMDV (93) ------..... s.-----' XMDV 

MUDlMRLS ~-----r-----Il-
Fig. DVD. 3. DVD Sequence State 3 Timing 
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flip-flop is set. Also, if the signs are alike, Bo is 
armed to set at the first shift. This 11 one" will repre
sent a positive quotient, since the complement of this 
bit will be shifted to B23 at the end of the DVD operation. 
If the signs are unlike, Bo will be armed to reset at the 
first shift, specifying a negative quotient. 

The Overflow check is used to determine if the value of 
the quotient will be too large to be contained in a 24-bit 
register. If the absolute magnitude of the A Register is 
equal to or greater than the contents of the I Register, 
the quotient will exceed the capacity of 24 bits and the 
Overflow flip-flop (F lUOFL) is set. The Overflow test 
is made by performing either an addition or subtraction 
of the A and I Registers. If the signs of A and I are 
alike (Strings flip-flop reset), I is subtracted from A 
and if the sign of the result in the Adder does not change, 
then A is greater than or equal to I and the Overflow 
flip-flop is set. If I and A have unlike signs (Strings 
flip-flop set), then I and A are added. If the sign of the 
result in the Adder is equal to the sign of A, A is 
greater than or equal to I and the Overflow flip-flop is 
set. If, how ever, following the addition or subtraction 
the sign of the result is not the same as the sign of A, 
the quotient may be contained in 24 bits and a valid divi
sion may take place. 

After the test for Overflow, the A and B Registers are 
shifted left with the complement of the sign bit, as de
termined by like or unlike signs, gated to Bo. At the 
shift, the complement of B22 is gated to B23 and the 
true output of B22 is gated to Ao. The J Counter is 
incremented to indicate that one of the 24 quotient bits 
has been determined. 

Time 6 Envelope is then entered. The Delay Time 
Counter is preset to 263 and the first addition or sub
traction is performed to determine the first data quo
tient bit and to generate the partial remainder. If the 
most significant bit of the A Register and the sign of the 
I Register were alike prior to the last shift (Strings 
flip-flop reset), a subtraction is performed. If prior 
to the last shift, the most significant bit of A and the 
sign of I were unlike (Strings flip-flop set), an addition 
is performed. The result of this addition or subtraction 
is gated to the A Register and the most significant bits 
of A and I are again compared. If they are alike, a 
valid effective subtraction was performed and the quo
tient bit (B 0) is armed to set at the shift. If the most 
significant bits are unlike, an invalid effective sub
traction was performed and the quotient bit (Bo) is 
armed to reset. The Strings flip-flop is also armed to 
set (if most significant bits are unlike) or reset (if 
most significant bits are alike) c:,tt the next shift to pro
vide control for the next effective subtraction. 

The A and B Registers are then shifted left with the quo
tient bit determined above gated to Bo. The complement 
of B22 is gated to B23 and the true output of B22 is gated 
to Ao. At the shift, the J Counter is incremented to in
dicate that a quotient bit has been determined. 

Each data bit of the quotient is determined in this man
ner until the last data bit has been determined (J = 363). 
When the last data bit has been determined, only the B 

Register is shifted left. This gates the final data bit to 
Bo, the sign bit to B23, and preserves the partial re
mainder in the A Register. At this shift, the J Counter 
is incremented to 37 8, indicating that the required num -
ber of shifts (24) have occurred. 

Following the 24 shifts, the quotient is contained in the 
B Register, and the 11 fix-up 11 of the remainder, if re
quired, is performed. If, prior to the last shift, the 
sign of the divisor (I23) and the sign of the remainder 
(A23) were unlike, the Strings flip-flop was set at the 
shift of B. If the Strings flip-flop is set, then one too 
many subtractions were performed and I is added to A 
to provide the correct remainder. If the Strings flip
flop is reset, the contents of A are gated to the Adder 
and back to A unchanged. 

Following State 4, State 5 is entered to store the quotient 
contained in the B Register, in cell 103 (Q Register). 

Sequence State 5 

A timing diagram and logic equations for State 5 are 
contained in Fig. DVD. 6. 

Memory cell 103 is addressed (GOMX03) and the quotient 
is gated from the B Register to the Q Register. At Last 
Pulse of State 5, the Execute flip-flop (F lXEXC) is 
reset. 

During State 1 of the command following DVD, the Exe
cute MPY /DVD flip-flop (F lXMDV) is reset. 

NOTE 

The previous description applies to both posi
tive and negative values. However, when the 
divisor is negative, the quotient and remain -
der must be modified to obtain the expected 
result. If the divisor is negative, a positive 
one must be added to the quotient and the di
visor must be subtracted from the remainder 
to obtain the expected result. The following 
example (using decimal numbers) illustrates 
the quotient and remainder obtained, proves 
that it is correct, and how it may be modified 
to obtain the expected result. 

Decimal Problem: +4 
-=2 

Result Obtained: 
Quotient = -3, Remainder -2 

Prove Result is Correct: 
Divisor x Quotient + Remainder 
(-2) x (-3) + (-2) = +4 

Result Modification: 
Add +1 to Quotient; -3 + (+1) = -2 
Subtract Divisor from Remainder: 

(-2) - (-2) = 0. 

Dividend 

As previously described, this is of little conse
quence in actual mathematical operations within 
the computer and normally the quotient is used 
without any 11 fix-up 11

• 
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DVD-6 

RESET FlXSTG 
ARM B

0 
TO SET 

0 CLEAR J COUNTER 

YES 

T3E 

C (Q)-..B 
PRESET DTC = 303 
PRESET J = 7 

LAST 
PULSE 

Fig. DVD. 4. State 4 Flow Chart 
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NO SET FlXSTG 
ARM B

0 
TO RESET 

4022A-5 



© 

Clear J Counter: 

DOJJEO (70) 
G1JS4G (70) 

JCKl · TSCA • TSCB · JS4G 
SC04 · DMDl 

Preset Delay Time Counter to 30
8

: 

Gl TPAF (12) = TP30 + TD30 
GOTP30 (12) = TSCB · TSCA · TSCC · DMGT 

Preset J Counter to 7: 

GlJP07 (70) = TP30 · XMDV 

Reset Strings flip-flop: 

FiXSTG (94) GOXCAl · XDVT · ICKl 
GOXCAl (94) = (XA23 · XI23) + (AR23 · IR23) 
GlXDVT (94) = UDVI · XT3E 

Arm B
0 

to set at first shift ( @ ): 
GlBSL2 (38) = BDIV · ( (BI23 · BA23) + (AR23 · IR23)] 

Set Strings flip-flop: 

FlXSTG (94) = XCAl · XDVT · ICKl 
GlXCAl (94) = (XA23 · IR23) + (XI23 · AR23) 

Arm B
0 

to reset at first shift ( @ ): 
GlBSLl (38) = BDIV·[ (BI23 · AR23) + (BA23 · IR23)] 

© Add A and I: 

DlUAAU (52) UAA4 = XMDV · UC04 
DlUILA,AU (51) UIA4 = UC04·UDIV·XSTG 

@ Subtract I from A: 

DlUAAU (52) 
DlUINA (51) 
DlUENC (51) 

UAA4 = XMDV·UC04 
UINl UC04 · UDIV · XSTG • JE37 
UINl 

Set Overflow flip-flop at shift ( @ ): 
FlUOFL (54) 
G1UFL5 (54) 
GlUFL6 (54) 

UFL5 · UFL6 · ECLK 
(UA23 • U23S) + (AR23 · U23S) 
ABSL = DDIV · JC04 · TT5E · MRLS 

Q) Shift left A and B Registers one place: 

DlBSLL,U,1 (40) ABSL 
GOABSL (63) = DDIV · JC04 · TT5E · MRLS 
DlASLL, U (63. 1) = ABSL 

Gate B 22 to B
23 

at shift: 

G1B3LD (38) = BR22 · BDIV 
G1B2LD (38) = BR22 · BDIV 

Gate B22 to Ao at shift: 

GlAMLN (64) = AMLl · BR22 
GlAMLD (64) = AMLl · AB22 

Increment J Counter: 

NlJINC (71) = GOJINC = XMDV · TT5E · MRLS · JC04 

@ Preset the Delay Time Counter to 263: 

Gl TP26 (12) = TD30 · JE07 · XMDV · DDIV 

@ 

Add I to A and gate result to A: 

DlUAAU (52) XMDV · UC04 
DlUILA,AU (51) = UC04·UDIV·XSTG 
DlAAUU ,L (62) = AAU2 = ECLK · TE26 · AMDV 

Subtract I from A and gate result to A: 

DlUAAU (52) UAA4 XMDV · UC04 
DlUINA (51) UINl = UC04 · UDIV · XSTG · JE37 
GlUENC (51) UINl 

Arm Bo to set at shift: 

G1BSL2 (38) = BDIV · ( (BI23 · BA23) + (AR23 · IR23)] 

Reset Strings flip-flop at shift: 

FlXSTG (94) 
GlXDVT (94) 
GOXCAl (94) 

XDVT · XCAl · ICKl 
UDVT·ASLB 
(XA23 · IR23) + (AR23 · XI23) 

Arm Bo to reset at shift: 

GlBSLl (38) = BDIV · ( (BI23 · AR23) + (BA23 · IR23)] 

Set Strings flip-flop at shift: 

FlXSTG (94) = XCAl · XDVT · ICKl 

Shift B left one place: 

DlBSLL, U, 1 (40) = ASLB 
GOASLB (63) DDIV · TE27 · TT6E · JE37 

Gate the complement of B22 to B23: 

GlB3LD (64) = BR22 · BDIV 
GlB2LD (64) = BR22 · BDIV 

Increment the J Counter to 37 8 : 

NlJINC = GOJINC = JE37 · TT6E · XMDV · TEFF 

Shift left A and B one place: 

DlBSLL, U, 1 (40) 
GOASLB (63) 
DlASLL, U (63. 1) 
GOASLl (63) 

ASLB 
DDIV · TE27 · TT6E · JE37 
ASLl 
DDIV · J367 · TT6E · TE27 

Gate the complement of B22 to B23: 

GlB3LD (64) = BR22 · BDIV 
GlB2LD (64) = BR22 · BDIV 

Gate B 22 to Ao: 

GlAMLN (64) = AMLl · BR22 
GlAMLD (64) = AMLl · BR22 

Increment the J Counter: 

NlJINC = GOJINC = JE37 · TT6E · XMDV · TEFF 

@ Add A to I and gate result to A: 

DlUAAU (52) = XMDV · UC04 
DlUILA,AU (51) = UC04 · UDIV · XSTG 
DlAAUU ,L (62) = ECLK · TE26 · AMDV 

@ Gate A to Adder and back to A: 

DlUAAU (52) XMDV · UC04 
DlAAUU ,L (62) = ECLK · TE26 · AMDV 

@ Generate Last Pulse: 

Dl TLPE (11) = JE37 · AMDV · TE27 

Table DVD. 1. State 4 Flow Chart Equations 
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0 
I 

CLOCK ( 1 Om c) I I I J I J f > I I I J I I I H__.__I _.__I _._I __._I --Ll--1IL...-...L..-I ....__I _,__I --'----L--1.l--11.___.___.__I _.__I ___.____.____.l~I .....___I _.__I __._I __._I ___.l___..l.....___.__I ..&.-I _._____..._ 
CD 

TLPE (11) ,Jl 
~~ 

F1SC04 (17. l)_J 
s 

F1TT6E (8)' 

GOMX03 (105) I 
DlBMEM (39) 

GlTPAF (12) 
(Set DTC=303 

G1TP26 (12) 

GlJP07 (70) n 
)> 

"' =i 
7 ::c NlJINC (71) 

~ s 
!!I 
n FlXSTG (94) 
c 
z 
=i 

DlASLL, U (63. 1) 

DlBSLL, U, 1 (40) 

DlUILA, AU (51) 
(I--.PAU) 

DlUINA} l.__j 
GlUENC (5 l) 

SUB ADD ADD ADD ADD ADD ADD SUB ADD 
DlAAUU (62) 
(PAU-+A) I I I I I I I 

A23 = 123 r A23 I 123 +~23=!23 ,A2sfI23 j A23=!23 

Fig. DVD. 5. DVD Sequence State 4 Example (+27 + +13) 



I 

A 

B 

s 
0 0 0 0 0 1 1 0 1 

0 0 0 0 0 0 0 0 0 

0 0 0 0 1 1 0 1 1 

+13 

0 

+27 
} 

J A REGISTER B REGISTER Bo 

2 
+13/ +27 

26 
-1 

COUNT DTC XSTG S 7 6 5 4 3 2 1 0 S 7 6 5 4 3 2 1 0 INPUT ACTION 

7 

7 

10 

10 

11 

12 

13 

14 

15 

16 

17=36 

37 

0 

1 

1 

1 

1 

1 

1 

0 

1 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

1 1 1 1 1 0 0 1 1 

0 0 0 1 1 0 1 1 

0 0 1 1 0 1 1 1 

1 1 1 1 0 0 1 1 0 1 0 1 1 0 1 1 1 0 

1 1 1 1 1 0 0 1 1 

1 1 1 1 0 0 1 1 0 

1 1 1 1 1 0 0 1 1 

1 1 1 1 0 0 1 1 1 

1 1 1 1 1 0 1 0 0 

1 1 1 1 0 1 0 0 1 

1 1 1 1 1 0 1 1 0 

1 1 1 1 0 1 1 0 0 

1 1 1 1 1 1 0 0 1 

1 1 1 1 1 0 0 1 1 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

1 1 1 1 1 0 1 0 0 

1 1 0 1 1 1 0 0 

1 0 1 1 1 0 0 0 

1 1 1 0 0 0 0 0 

1 1 0 0 0 0 0 0 

01 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 1 0 

1 

1 

0 

0 

0 

0 

0 

0 

1 

0 

T3E - A 23 = I23 

T4E - Overflow Test 

T 5E - Shift - Sign 

XSTG = Subtract 

Shift 

XSTG 

Shift 

XSTG 

Shift 

XSTG 

Shift 

XSTG 

Shift 

XSTG 

Shift 

XSTG 

Shift 

Add 

Add 

Add 

Add 

Add 

Add 

XSTG = Subtract 

Shift B Only 

30 

30 

30 

26 

27 

30 

26 

27 

30 

26 

27 

30 

26 

27 

30 

26 

27 

30 

26 

27 

30 

26 

27 

30 

26 

27 

30 

26 0 0 0 0 0 0 0 0 1 XSTG = Add Remainder Fix-Up 

2 7 Last Pulse 

LRemainder = 1 LQuotient = 2 

Table DVD. 2. Divide Example (27 + 13) 
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C LOCK ( 10 me>..,...! __..__I _.____.!'---'-<! n I I I I I I I JS I I I I 
DlTLPE (11) ~1.-----------1~ TLPE TLPl 

F1SC04(17.l) ~ SC04 TLPE·MVDA·SCLK 

F1SC05(17.1)~ Lsco5 sss5·TLPE·SCLK 

FlSCOl (17) I SCOl SC05. TLPE. SCLK 

GOMX03 (105) ------~--------___ __.I MX03 SC05. SMQ2 . SMQ3 

MUDlMDRY s~.,__ ___ _ 

GOSTOR (19) ~ I STOR = SC05 

MUDlMRLS 

FlXMDV (93) 

FlXEXC (95) 

DVD-10 

ri_ XMDV = XCOl-TSCA 

L XEXC = SC05. TLPE. ICKl . 

Fig. DVD. 6. Sequence State 5 Timing 
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ERA - EXCLUSIVE OR TO A 

1
23 

FU LL OPERAND . 10 

ERA compares the corresponding bits of A with those of core cell 
Z. If the corresponding bits of both A and Z are alike, a "zero" 
is placed in that position of A. If the corresponding bits of A and 
Z are not alike, a "one" is placed in that position of A. 

A non-indexed ERA command is executed during Sequence Control 
State 4 (SC04). Memory location Z is addressed from IA 13-0 
(DlSAMI) during State 4. The contents of memory locatio:i Z are 
then gated to the B Register by DlBMEN during the clock pulse of 
Memory Data Ready (MUDlMDRY). From B, the contents of mem
ory location Z are gated to the Adder Unit (DlUBAU). At the same 
time, the contents of the A Register are gated to the Adder Unit 
(DlUAAU). The Logical OR control signal, DOULXR, is also ap
plied to the Adder Unit to enable the Logical OR function. Effec
tively, the contents of memory cell Z and the A Register are 
summed in the Adder with carry generation inhibited by DOULXR 
to provide the Logical OR result. The result is gated back to the 
A Register (DlAAUL, U) to complete the ERA execution cycle. 

To exemplify the ERA comparison, consider the following; 4 bits 
are used for simplicity. 

Contents of A Register 

Contents of cell Z 

Result Placed in A Register 

BMEM 

23 

0011 

0101 

0110. 

C (Z) 

B 

r------, 
I CORE I 

1 MEMORY I 
1 MODULE 1 ._ _____ .J 

0 23 

C (Z) 

y 01 . Z = f (X,':', Y) 

Non-Indexed 2 (Sl,84) 
Word Times. 
Interruptable 

Yes 
Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 c <2 23-0> (B C (A23-o) 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 

34-0 

Memory z 

COMMAND CHARACTERISTICS 

z 

MAB 

SAM! 

I A, 13 0 

UBAU 

ULXR ADDER 

UAAU 

C(A) 
AAUL,U 

23 
A 

0 

ERA BLOCK DIAGRAM 
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I I I I I) I I I I I I I ISj I I I I 
I 

CLOCK (10 me) 

DlTLPE (11) ~ r----IL-
1 

FlSCOl (17) ~'------H I 
' 

F1SC04 (17) _r--' L 
DlSAMI (21) _r--' L 
MUDlMDRY (10) n..._ ____ -1 ........ ----

TLPl • MRLS ·CM.AN· TLPE 
TLPE .. TLPX 

SCOl = SR 14 • TLPE · SCLK 
SCOl = SSll · TLPE · SCLK 

SC04 = SSS4 • TLPE • SC LK 
SSS4 a SS41~SMDV·DBIS ·MSSI 

---- --SIA! = MAMV · DGNS · SC04 · DXST · 
DMDQ·SAil 

DlBMEM (39) BMEM = MORY· STOR · BMRQ • BCLK 
(MDR-+B) 

DlUBAU (50) ~ 
(B-+PAU) __J L UBAU = DBA2 · STOR · UC04 

I 

DlUAAU (52) ~ 
(A-+PAU) __J 

I 

L 
---- --

UAA3 = UC04 · UMDV · UI20 · I23S 
I UAA5·{JA"W 

DOULXR(48) ~~----------__..r--------I ULXR = SC04 ·OLMA· iJi22 · IR21 
OLMA = DLCO · MSSI 

DlAAUL, U (62) 
(PAU-+A) I AAU 1 = DLCO. MRLS. ECLK. AUA6 

-----~~--------~~)----------
' 

MUDlMRLS (10) Sl__s\-----------s---fL 

DlPINl,2 (88) PIN 1 , 2 • PIN 4 

STATE 4 

ERA TIMING DIAGRAM 
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GEN 1 COMMANDS 

GEN 1 conimands are used for bit manipulation of the A Register. By controlling the operation of the serial Full Adder 

(GlAFNS), individual bits of the A Register may be shifted in position, masked by ones or zeros, tested for polarity, 

or counted for the number of ones or zeros contained therein, etc. Microcoding of the instruction may be manipulated 

to affect the J counter and Test flip-flop as well as manipulate the A Register. 

GEN 1 commands are identified by the operation code 05 (bits 23-18). They may be indexed, if desired, but cannot be 

relative addressed. Indexing of GEN 1 must be handled with care since it may change the microcoded action bits, thus 

changing the command functions. The microcoded action bits of the command format (bits 14-0) provide the logic 

signals necessary to perform the individual commands. Fig. GNl. 1 illustrates the use of the microcoded bits and the 

control each provides. The instruction format is divided into microcoded categories as defined in the following: 

05 

x 

c 

A 

4022A-5 

GEN 1 Instruction Octal Code. 

Index Word Indicator. 

Carry Control - Controls the Full Adder 
Carry flip-flop (FlAFNP) 
and, therefore, the Carry 
input of the Full Adder. 

A Control - Controls the A input to the 
Full Adder. 

23122 21I20 19 I 18 I 11I16 I 15 I 14 13 I 12 

I 5 I x l c 0 l 

FULL ADDER 
CARRY CONTROL 

14 13 FUNCTION 

0 0 NORMAL CARftY 

0 1 INITIAL SET 
ALLOW CARRY 

1 0 HOLD CLEAR 

1 1 HOLD SET 

FULL ADDER 1--------' 
A INPUT CONTROL 

12 11 FUNCTION 

0 0 NO INPUT 

0 1 AO 

1 0 AO 
1 1 A23 

FULL ADDER r----' 
B INPUT CONTROL 

10 9 FUNCTION 
0 0 NO INPUT 

0 1 AO WHEN J = 37 

1 0 AO WHEN J = 37 
1 1 1 WHEN J = 37 

A 

B = B Control - Controls the B input to 
the Full Adder. 

T 

s 

K 

Test Control - 1 indicates Test flip
flop (FlETST) operation. 

- 0 indicates no Test 
flip-flop operation. 

Shift Control. 

Length of shift or bit position of A 
Register designator. 

11I10 9JsJ7I6J5J4J3J2J1Io 

l B l Tl s l K 

I 
K BITS, 

THE COMPLEMENT 
OF WHICH ARE SET 
IN THE J COUNTER 

l 
8 7 6 5 FUNCTION 

0 1 COUNT MOST SIGNIFICANT BITS 

0 1 COUNT LEAST SIGNIFICANT BITS 

0 1 STOP SHIFTING AT J = 37 

1 1 INITIALLY SET TSTF = Bit 6 

1 0 NO INITIAL CHANGE OF TSTF 

SET TSTF IF FULL ADDER-A INPUT= 
1 1 

1 AT TIME SPECIFIED BY BIT 5 

CLEAR TSTF IF FULL ADDER-A IN-
1 0 PUT = 1 AT TIME SPECIFIED BY BIT 5 

1 1 
PERFORM TEST WHEN J f- 37 AND 
STOP SHIFTING WHEN J = 37 

1 0 
PERFORM TEST WHEN J = 37; 
ALLOW 24-BIT SHIFT 

L1= TSTF OPERATION 
0 = NO TSTF OPERATION 

Fig. GNl. 1. Action Control Bits of GEN 1 Commands 

ARITHMETIC UNIT 



There are 1024 unique GEN 1 instruction octal words. Thirty- seven of these have been determined to be useful enough 

to JUStify assigning them mnemonics and are listed in Table GNl. 1. There are three categories into which these com

mands fall: bit manipulation, Test flip-flop operation, and shift A right. By associating the control bit configuration 

of Table GNl. 1 to the control bit action of Fig. GNl. 1, it may be seen how the various commands are implemented. 

Basic timing for all GEN 1 commands is described below. Timing and Block Diagrams of the GEN 1 commands in 

table GNl. 1 denoted by shading, are provided to illustrate the operation of GEN 1 commands. These commands were 

selected as being representative of all GEN 1 commands. A general description of all GEN 1 commands is presented. 

Because of the similarity of commands within each group, little difficulty should be encountered in determining how 

any GEN 1 command is implemented. 

BASIC TIMING 

All GEN 1 commands are "fetched" during a normal Sequence Control State 1. Following State 1, all non-indexed 

GEN 1 commands are executed during Sequence Control State 4. Since the execution of GEN 1 commands do not re

quire the use of memory, Memory Request (GlSMRQ) is inhibited during State 4. The basic timing of State 4 of all 

GEN 1 commands is the same. These basic timing signals are shown in Fig. GNl. 2. 

The Grey Code Sequence Time Counter (Fl TSCA, B, C) is incremented by the first six clock pulses of State 4. That . 
is, since memory is not requested, the Sequence Time Counter cannot and does not await Data Ready and Memory 

Release. Because GEN 1 commands require serial shifting of the A Register, State 4 is extended by using the Delay 

Time Counter (Fl TAFF - Fl TEFF) to allow sufficient time to shift the A Register and to determine when all 24 shifts 

have occurred. 

The Delay Time Counter is a straight binary counter. It is incremented until it is equal to 308, by each clock pulse 

after Time 6 Envelope is entered. Time 6 Envelope is entered after 6 clock pulses of State 4 as determined by the 

Sequence Time Counter. Allowing the Delay Time Counter to increment to 308, defines 2410 clock pulses that may 

be used to shift the A Register. When the Delay Time Counter is equal to 308, Last Pulse (Dl TLPE) is enabled to end 

State 4 and consequently completes the execution of the GEN 1 command. 

The timing diagram also illustrates that the J Counter is cleared (DOJJEO) and the complement of 14_0 (K Bits) are 

always transferred to the J Counter. 

GNl-2 ARITHMETIC UNIT 4022A-5 



Cloe k ( 1 Om c) I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
Dl fLPE (11) Jl n__ TLPE = TLP2 = DGNl • TT6E ·TAFF· TBFF 

FlSCOl (17) 

FlSC04 (17. 1) 

FlTSCA(S) -i__j 

Fl TSCC (8) 

Fl TT6E (8) 

Fl TEFF (14) 

Fl TDFF (14) 

Fl TCFF (14) 

Fl TBFF (13) 

Fl TAFF (13) 

DOJJEO (70) 
(Clear J) 

DlJTIJ (70) 
(I4_ o-J) 

SCOl 

SC04 

L TCSA = 
TCSA = 

TCSB = 
TCSB = 

TSCC 
TSCC 

TT6E 

TEFF = 
TEFF = 

TDFF = 
TDFF = 

TCFF = 
TCFF = 

n__ TBFF = 
TBFF = 

TAFF= 
TAFF= 

JJEO 

JTIJ 

SSSl · TLPE • SCLK 

SSS4 · TLPE · SCLK 

TLPE • TCK2 
TMEM · TSCB · TCK2 

TSCC · TCK2 
TSCC · TSCA • TCK2 

TSCA · TSCB • TCK2 + TLPE · TCK2 
TSCB · TSC2 • TCK2 

TMEM • TSC 1 · TCK2 

TEID • JCKl + TTOE 
T6E3 · TEID · JCKl 

TEFF · TEID • JCKl + TTOE 
TEFF · TEID · JCKl 

Gl TEFF • Gl TDFF · JCKl + TTOE 
GlTEFF·GlTDFF·JCKl 

Gl TDEF · Gl TCFF · JCKl + TTOE 
GlTDEF·GlTCFF·JCKl 

Gl TDEF • Gl TBCF · JCKl + TTOE 
GlTDEF·GlTBCF·JCKl 

JCKl · TSCA · TSCB • JS4G 

JS4G • TSCA • TSCB · XMDV 

DOPINl,2 (88) ___jl.__ _______________ ~ 
PINl,2= PIN4 

1-------- STA TE 4 

Fig. GNl. 2. GEN 1 Basic Timing Diagram 
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GNl-4 

MNEMONIC 14 13 12 11 10 9 8 7 6 5 4 3 2 

BIT MANIPULATION 

ADO 0 0 0 1 1 1 0 0 0 0 ..... K 

CBK 1 0 0 1 l 1 () Q {) 0 .... &: 
CLO 0 0 0 1 0 0 0 0 1 0 1 1 1 

CLZ !_, 1 1 0 0 () 0. 0 1 0 1 1 --1 

CMO Q 0 0 1 (} ' 0 () 1 0 0 1 1' 1 
CMZ 1 1 1 0 0 0 0 1 0 0 1 1 1 

CPL 0 0 1 0 0 0 0 0 0 0 0 0 0 

IBK 0 0 0 0 0 1 0 0 0 0 ..... K .l. 

LBM 1 1 0 0 1 1 0 0 0 0 ..... K ..... 

LDO 0 0 0 0 1 1 0 0 0 0 .... K ... 
LDZ 0 0 0 0 0 0 0 0 0 0 0 0 0 

LMO 1 1 0 0 0 0 0 0 0 0 0 0 0 

NEG o· 0 1 0 1 ~ 1 0 0 0 0 0 0 0 
~BK 1 0 0 1 0 1 0 0 0 0 -- K ....- ..I.. ..i. 

SBK 1 0 0 1 1 0 0 0 0 0 _l K J:: _._ 

TEST FLIP-FLOP OPERATION 

REV 1 1 1 0 0 0 1 0 0 0 + 
I 

K 

RNZ 0 0 0 1 0 0 1 0 0 1 1 1 0 

ROD 0 0 0 1 0 0 
I 

1 0 0 0 ....- K 

RST 0 0 0 1 0 0 1 1 1 0 1 1 1 

SET 0 0 0 1 0 0 1 1 0 0 1 1 1 

SEV 1 1 1 0 0 0 1 0 1 0 ....-
.l 

K 

SNZ 0 () 0 1 0 0 1 0 1 1 1 1 0 

SOD ·o 0 0 1 -0 0 1 0 1 0 'llif ' 
..I.. -K 

TER 1 0 0 1 0 1 1 1 0 0 ..... I 
K 

.l _l_ 

TES 1 0 0 1 1 0 1 1 0 0 
I T 

K ..... 
_J_ 

TEV 1 1 1 0 0 0 1 1 1 0 
T 

....- K 

TNM 1 1 1 0 0 0 1 1 1 1 1 1 0 

TNZ 0 0 0 1 0 0 1 1 1 1 1 1 0 

TOD 0 0 0 1 0 0 1 1 1 0 .... K , 
..1 _J_ 

TOR 1 0 0 1 0 1 1 1 1 0 ..... T 
K 

..1 _L 

TOS 1 0 0 1 1 0 1 1 1 0 ... T .. 
K _L 

TSC 0 0 0 1 0 0 1 1 0 1 ... K ... 
TZC 1 1 0 1 0 0 1 1 0 1 1 1 0 

TZE 0 0 0 1 0 0 1 1 0 1 1 1 0 

SHIFT A RIGHT 

SRA 0 0 l l:" 0 0 0 O· () 1 l K :~ 

SRC 0 0 0 1 0 0 0 0 0 1 .... I 
K 

SRL 0 0 0 0 0 0 0 0 0 1 .... K ... 

Timing and Block diagrams of the Gen 1 commands denoted by shading are provided in 
the following text and are representative of the different types of GEN 1 commands. 

Table GNl. 1. Microcoded Bit Configuration of GEN 1 Commands 

ARITHMETIC UNIT-

1 0 

...... 
r 

• 
1 1 

1 1 

1 1 

1 1 

0 0 
...... 

::i:: 
I 

~ 

...... 

0 0 

0 0 

b 0 
..... 

I :.L -.. 
I ...... 

_l_ _L 

.. 
0 0 

..... .... 

1 1 

1 1 
...... 

r 

0 0 
·r 

.l 1 
... 

I ...... 
1 

r 

..... -.. 

0 0 

0 0 

-.. 

..... ...... 

...... 

...... 

0 0 

0 0 

~ 

:::t: 
I ...... 

I ... 
...... 

:i :i 

4022A-5 



ADO-ADD ONE TO BIT K 

GEN 11 ..... 2_3 __ 05_._1_8 ..... 11_7_x_1_sl,_1_4 __ 0_7_0 __ 6 ..... l _~ .......... I 4 __ K_ ..... 1 z = f(X, K) 

ADO adds plus one to bit position Z in the A Register. Carries 
out of A 23 , resulting from the summation, are lost but the Over
flow flip-flop (Fl UOFL) is not affected. 

During State 4, the complement of I4_0 (Z) is gated to the J Counter. 
The A Register is then shifted right circular thru the serial adder, 
with the J Counter incremented at each shift. When the J Counter 
is incremented to 378, bit position Z will be shifted from A 0 and a 
"one" is added to it in the serial adder. The result is shifted to 
A 23 . The Carry flip-flop (FlAFNP) provides normal carry propa
gation if a carry resulted from the summation. The A Register 
continues to shift until 24 shifts have occurred, as determined by 
the Delay Time Counter. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 JE37 · AGNl • (IRlO• AROO + IR09 • AROO) 

GlAFNB 67 AllO · AI09 • JE37 • DGNl 

GOAFNA 65 AROO ·ANA2 

AFNP = AFL3 · AFNC · BCLK 
FlAFNP 66 AFNP = AFL3 · AFNC • BCLK 

DlASRL, u 63. 1 ASRl = DGNl · T6E3 · IR05 

NlJlNC 71 JIN2 · JIN4 

CBK-CHANGE BIT K 

GEN 11'-2_3_0_5 __ 1_8 .... l 1_7_x __ 1_.sl __ 1_4 __ 4_7_0 __ 6 ....... l _:_l .... 4_K _ ___.1 z = f(X, K) 

CBK complements bit Z of the A Register. All other bit positions 
of A remain unchanged. Z may be specified from 0 to 30 (decimal), 
however, if Z exceeds 23, A will be unchanged. 

Timing and block diagrams of the CBK command are contained in 
Fig. GNl. 3, 4. 

During State 4, the complement of I4 _0 (Z) is gated to the J Counter. 
The A Register is then shifted right circular thru the serial adder, 
with the J Counter incremented at each shift. When the J Counter is 
incremented to 378, bit Z will be shifted from Ao and a "one" is added 
toitinthe serial adder, The result is shifted to A 23 . Any carry re
sulting from the summation is lost. In this manner, only bit Z is 
changed. The A Register continues to be shifted until 24 shifts 
have occurred, as determined by the Delay Time Counter. 

4022A-5 ARITHMETIC UNIT 

Interrupt ab le ] Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 C(A) + 22 

Q23-0 

p 15-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

34-0 278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Enabled when J = 373 

Enabled when J = 373 

Gates A0 to Adder 

Normal Carry propagation 

Shifts A Reg. 24 times 

Increment J 24 times 

Interruptable 

J Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 a23° · · az· · · · · ao 

Q23-0 

p14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

34-0 278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

GNl-5 



Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 JE37•AGN1 • (IR10·AROO+IR09•AROO) Enabled when J = 378 

GlAFNB 67 AllO •AI09 ·JE37 "DGNl Enabled when J = 378 

GOAFNA 65 AROO · ANA2 Gates A 0 to Adder 

FlAFNP 66 AFNP = SCOl · BCLK Inhibit carry propagation 

DlASRL, u 63. 1 ASRl = DGNl · T6E3 · IR05 Shifts A Reg. 24 places 

NlJlNC 71 JIN2 · JIN4 Increment J 24 times 

ASRL, U 0 
Ao 

23 
A 

JlN2 

GNl · IR09 · J= 37 ANA2 

GNl-6 

OR 
GOAFNB 

(sheet 67) 

OR 
GOAFNA 

(sheet 65) 

A 

A 

A -A when JI 37; A -A when J = 37 

Condition 
GOAFNB GlAFNB GOAFNA FlAFNP 

Output Output Output Output 

Ao· J f. 37 1 0 0 0 

A . 
0 J7 37 1 0 1 0 

Ao· J f. 37 0 1 0 0 

Ao· J f. 37 0 1 1 0 

Fig. GNl. 3. CBK Block Diagram 

ARITHMETIC UNIT 

AllO 

GlAFNS 

GlAFNS 
Output 

1 

0 

0 

1 

OR 
GlAFNB 

(sheet 67) 

,4 
I 

0 

14-0 

JTIJ 

J = 37 

4022A-5 



Clock (1 Orne) 1111 111111111111111111111111111111 

Dl TLPE (11) Jl fl__ TLPE = TLP2 = DGNl · TT6E ·TAFF· TB.FF 

FlSCOl (17) 

F1SC04 (17. 1) 

Fl TT6E (8) 

Fl TEFF (14) 

Fl TDFF (14) 

Fl TCFF (14) 

SCOl SSSl · TLPE · SCLK 

SC04 SSS4 · TLPE · SCLK 

TT6E TMEM · TSCl · TCK2 

TEFF = T6E3 · TEID · JCKl 
TEFF = TEID · JCKl + TTOE 

TDFF = TEFF · TElD · JCKl 
TDFF = TEFF ·TE 1D · JCKl + TTOE 

TCFF = Gl TEFF · Gl TDFF · JCKl 
TCFF = Gl TEFF · Gl TDFF • JCKl + TTOE 

Fl TBFF (13) n__ TBFF = G 1 TDEF · G 1 TCFF · JC Kl 
'--------' TBFF = Gl TDEF · Gl TCFF · JCKl + TTOE 

Fl TAFF (13) TAFF= Gl TDEF · Gl TBCF · JCKl 
TAFF= Gl TDEF · Gl TBCF · JCKl + TTOE 

DOJJEO (70) 

DlJTIJ (70) 
(14-0 ..... J) 

DlASRL, U(63. 1) 

NlJINC (71) 

FlJENJ (72) 

GlAFNB (67) 

FlAFNP (66) 

r---------------

JJEO JCKl • TSCA · TSCB · JS4G 

JTIJ JS4G · TSCA · TSCB · XMDV 

ASRL, U = ASRl = DGNl • T6E3 · IR05 

JlNC 

JENJ 
JENJ 

JIN2 • JIN4 

JSEJ • SC04 • BCLK 
SCOl · BCLK 

____ ___..' ___ Whe~J_:_~a ________ GlAFNB = AilO ·AI09 ·DGNl ·JE37 

AFNP = SCOl · BCLK ----------------------
Fig. GNl. 4. CBK Timing Diagram 

CLO-COUNT LEAST SIGNIFICANT ONES 

Interruptable I Following Execution? No GEN 1 1 ....... 2_3 ________________ ___.0I . 05004137 . 

CLO counts the number of 11 one 11 bits to the right of the rightmost 
11

zero" bit in the A Register. The count value is placed in the J 
Counter. If A equals 777777773, the count in J is 2410· 

CHANGES FOLLOWING EXECUTION 

NOTE 

An LXC command must follow a CLO command be
fore another GEN 1 command is executed. This is 
required to save the J Counter value. 

A23-0 

Q23-0 

p 14-0 

FlWPMT 

FlUOFL 

FlETST 

C(P) + 1 

Number of rightmost During State 4, the complement of I4 _0 is gated to the J Counter. 
Since 14-0 are all "ones'', this clears the J Counter. The A Re
gister is then shifted right circular thru the serial adder. The B 
inputs (GOAFNB, GlAFNB) are disabled during the CLO command. 

34-0 " ones'' in the A Register 

Memory Z 

As the A Register is shifted right, each "one" bit increments the COMMAND CHA A 
J Counter until the first 11 zero" bit is shifted from A 0. The first R CTERISTICS 
11 zero11 bit clears the Enable J flip-flop (FlJENJ) which inhibits further incrementation of the J Counter. Therefore, at 
the end of 24 shifts, the J Counter contains the number of least significant 11 one

11 
bits in the A Register. 

4022A-5 ARITHMETIC UNIT GNl-7 



Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 GOAFNB = (!RIO· IR09)+JE37 Disabled 

GIAFNB 67 GIAFNB = (!RIO· AROO) + (IR09 · AROO) Disabled 

GOAFNA 65 AROO ·ANA2 Gates A0 to Adder 

AFNP = AFL3 • AFNC . BCLK Remains cleared because 
FIAFNP 66 AFNP = AFL3 · AFNC · BCLK no summation is performed 

DIASRL, u 63. I ASRl = DGNI ·T6E3 ·IR05 Shifts A Re_g_. rig_ht 24 _£laces 
JINC = JIN2 · AFNA · IR05 

NIJINC 7I JIN2 = FIJENJ Counts least significant "ones" from A0 JENJ = .JPEJ · ASR I · AFNA 

CLZ-COUNT LEAST SIGNIFICANT ZEROS 

GEN 1 1~2-3 __________ _.._..._...._.__.._ ........... __._ __________ ___,0I 
- 050701 37 . 

CLZ counts the number of 11 zero" bits to the right of the rightmost 
"one" bit in the A Register. The count value is placed in the J 
Counter. If A equals 000000003 the count in J is 24IO' 

NOTE 

An LXC command must follow a CLZ command be
fore another GEN I command is excuted. This is 
required to save the J Counter value. 

Timing and block diagrams of the CLZ command are contained in 
Fig. GNl. 5, 6. 

During State 4, the complement of I4_0 is gated to the J Counter. 
Since I4-o are all "ones", this clears the J Counter. The A Re
gister is then shifted right circular with the complement of Ao ap

Interruptable I Following Execution? No 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p I4-0 C(P) + I 

FIWPMT 

FlUOFL 

FlETST 

34-0 
Number of rightmost 
fl zeros " in the A Re_g_ister 

Memory Z 

COMMAND CHARACTERISTICS 

plied to the Adder. The Carry flip-flop (FIAFNP) is held set applying a continuous "one" to the Adder. In this man
ner, the Adder output is equal to the true output of Ao. The Adder output is shifted to A23 leaving the A Register un
changed after 24 shifts. As the A Register is shifted, the J Counter is incremented by each "zero" from the A Regis
ter until the first "one" is detected. The first "one" from Ao clears the Enable J flip-flop (FIJENJ) which inhibits 
further incrementation of the J Counter. Therefore, at the end of 24 shifts, the J Counter will contain the number of 
least significant "zero" bits in the A Register. 

Logic Element Logic 
Logic Equation Function Sheet 

GOAFNB 67 AFNB = JE37 + (AilO • AROO) + 
Disabled (AI09 · AROO) 

GlAFNB 67 AFNB = JE37 +(!RIO · IR09) Disabled 

GOAFNA 65 AROO ·ANAI Gates A 0 to Adder 

FIAFNP 66 AFL2 Held set, applies "I 11 to Adder 

DIASRL, u 63. I ASRI = DGNI · T6E3 • IR05 Shift A Reg. 24_r>_laces 
JINC = JIN2 · AFNA • IR05 

C 1 . T t" "f A NlJlNC 7I JIN2 = FIJENJ ount east s1gn1 1can zeros rom 0 _1ENJ = _J_DE_J_ · ASRI · AFHA 

GNl-8 ARITHMETIC UNIT 4022A-5 



ASRL, U 

4022A-5 

23 
A 

FlAFNP 

A-A 

O Ao 

OR 
GOAFNA 

OR 

GlAFNS 

23 

ANAl 

A 

JlN2 

IR05 

OR 

GOJlNC 

14-0 

GOAFNB GlAFNB GOAFNA FlAFNP GlAFNS FlJENJ 
Condition 

Output Output Output Output Output Output 

Ao 

Ao 

Clock (lOmc) 

Dl TLPE (11) 

FlSCOl (17) 

FlSC04 (17. 1) 

Fl TT6E (8) 

Fl TEFF (14) 

FlTDFF (14) 

Fl TCFF (14) 

Fl TBFF (13) 

Fl TAFF (13) 

DOJJEO (70) 

DlJTIJ (70) 
(14-0-J) 

DlASRL, U(63. 1) 

NlJINC (71) 

FlJENJ (72) 

GlAFNB (67) 
GOAFNB (67) 

FlAFNP 

1 0 1 1 1 -

1 0 0 1 0 0 

Fig. GNl. 5. CLZ Block Diagram 

1111 II 11111 1111 1111111 111 111111111 
.Jl n__ TLPE = TLP2 = DGNl· TT6E· TAFF· TB.FF 

SCOl SSS! · TLPE · SCLK 

SC04 SSS4 · TLPE · SCLK 

TT6E = TMEM · TSCl · TCK2 

TEFF = T6E3 · TEID · JCKl 
TEFF = TEID · JCKl + TTOE 

TDFF = TEFF · TE ID · JCKl 
TDFF = TEFF • TE ID · JCKl + TTOE 

TCFF = Gl TEFF · Gl TDFF · JCKl 
TCFF = Gl TEFF · Gl TDFF · JCKl + TTOE 

n_ TBFF = Gl TDEF · Gl TCFF • JCKl 
---- TBFF = GlTDEF ·GITCFF ·JCKl +TTOE 

TAFF= Gl TDEF · Gl TBCF · JCKl 
TAFF= Gl TDEF · Gl TBCF · JCKl + TTOE 

JJEO JCKl • TSCA · TSCB · JS4G 

r1 JTIJ JS4G · TSCA · TSCB · XMDV ___J 1....._ _____ _ 

ASRL, U = ASRl = DGNl · T6E3 ·!ROS 

___ __,l - Until A~.!_-=---=--=----]__ JlNC = JIN2 • IR05 • AFNA 

1-=- Until ASL.= 2_---=--=--=--=--=-i JENJ = JSEJ • SC04 • BCLK 
----' JENJ = JCEJ = AFNA • JDEJ • ASRl 

GlAFNB = JE37 +(!RIO· IR09) 
------------------- GOAFNB = JE37+(Al10·AROO)+(Al09·AROO) 

------------------- AFNP = AFL2 + (AFL3 · AFNC) 

Fig. GNl. 6. CLZ Timing Diagram 

ARITHMETIC UNIT GNl-9 



CMO-COUNT MOST SIGNIFICANT ONES 

GEN 1 l2_3 __________ ;__ _____ ___.0I 
. 05004237 . 

CMO counts the number of "one" bits to the left of the leftmost 
"zero" bit in the A Register. The count value is placed in the J 
Counter. If A equals 77777777s, the count in J is 2410· 

NOTE 

An LXC command must follow a CMO command be
fore another GEN 1 command is executed. This is 
required to save the J Counter value. 

Timing and block diagrams of the CMO command are contained in 
Fig. GNl. 7, 8. 

Interruptable l Following Execution? No 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

34-0 
Number of left most 
II ones" in the A Register 

Memory Z 

COMMAND CHARACTERISTICS 

During State 4, the complement of I4 _0 is gated to the _J Counter. 
Since I4_0 are all "ones", this clears the J Counter. The A Re
gister is then shifted right circular with the true output of A 0 
shifted thru the Adder. Each "zero" bit shifted from A 0 causes the J Counter to be reset. In this manner, after the 24 
shifts of the A Register, the count in the J Counter corresponds to the number of most significant "one" bits. 

Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 GOAFNB = (IRlO · IR09) + JE37 Disabled 

GlAFNB 67 GlAFNB = (IR10•AROO)+(IR09·AROO) Disabled 

GOAFNA 65 AROO ·ANA2 Gates A 0 to Adder 

AFNP = AFL3 • AFNC • BCLK Remains cleared because 
FlAFNP 66 AFNP = AFL3 • AFNC • BCLK no summation is performed 

DlASRL, u 63. 1 ASRl = DGNl ·T6E3 ·IR05 Shifts A Re_g_. rig_ht 24 _.12_laces 

NlJlNC 71 JIN2 · AFNA · IR05 Each "one11 increments the J Counter 

GlJPOO 70 ASRl · JPOA Each 11 zero" clears the J Counter 

GNl-10 ARITHMETIC UNIT 4022A-5 



GOAFNB 
Condition 

Output 

Ao 

AO 

Clock (!Orne) 

Dl TLPE (11) 

FlSCOl (17) 

FlSC04 (17. 1) 

Fl TT6E (8) 

Fl TEFF (14) 

FlTDFF (14) 

Fl TCFF (14) 

Fl TBFF (13) 

Fl TAFF (13) 

DOJJEO (70) 

DlJTIJ (70) 
(14-0-+J) 

DlASRL, U(63. 1) 

NlJINC (71) 
(Inc. J) 

GlJPOO (70) 
(Clear J} 

GlAFNB (67) 
GOAFNB (67) 

FlAFNP (66) 

4022A-5 

ASRL, U 23 0 23 : 4 0 
A I 37 

R7lf 

ANA2 JTIJ 

4 
J 

OR 

GOAFNA 

A 
GOAFNB 

OR 
(Clear) 

A A A N GlJPOO 

OR 

GlAFNS 

JlN2 IR05 

A-A A A A 

OR 

GOJlNC 
GlAFNB GOAFNA FlAFNP GlAFNS GlJPOO GlJINC 

Output Output Output Output Output Output 

0 0 0 1 0 

0 0 0 0 
(Increment) 

Fig. GNl. 7. CMO Block Diagram 

11 I I II 111 11 11 I I 1111 I 11 II 1111 I 11 111 

_n n__ TLPE = TLP2 = DGNl · TT6E · TAFF· TBFF 

SCOl SSS! · TLPE · SCLK 

SC04 SSS4 · TLPE · SCLK 

TT6E TMEM · TSCl · TCK2 

TEFF = T6E3 · TEID · JCKl 
TEFF = TEID · JCKl + TTOE 

TDFF = TEFF ·TE 1D · JCKl 
TDFF = TEFF ·TE lD · JCKl + TTOE 

TCFF = G 1 TEFF · G 1 TDFF ·JC Kl 
TCFF = Gl TEFF · Gl TDFF · JCKl + TTOE 

n_ TBFF = G 1 TDEF · G 1 TCFF · JC Kl 
...______ TBFF = Gl TDEF · Gl TCFF · JCKl + TTOE 

TAFF= Gl TDEF · Gl TBCF · JCKl 
TAFF= Gl TDEF · Gl TBCF · JCKl + TTOE 

JJEO JCKl · TSCA · TSCB . JS4G 

JTIJ JS4G · TSCA · TSCB · XMDV 

ASRL, U = ASRl = DGNl · T6E3 · IR05 

____ __,, Each Ao= 1 _--=_-_-_=-~ JlNC = JIN2 ·IR05 ·AFNA 

____ __.l Each Ao= o_ -_-_=-_-=i_ ASRl • JPOA 

-------------------- GlAFNB = JE37 + (IRlO • IR09) 
-------------------- GOAFNB = JE37+(AI10·AROO)+(AI09·AROO) 

AFNP = AFL3 · AFNC • BCLK 
-------------------- AFNP = AFL3 • AFNC • BCLK 

Fig. GNl. 8. CMO Timing Diagram 

ARITHMETIC UNIT GNl-11 



CMZ-COUNT MOST SIGNIFICANT ZEROS 

GEN i l2_3 __________________ o~I 
. 05070237 . 

CMZ counts the number of 11 zero" bits to the left of the leftmost 
11 one" bit in the A Register. The count value is placed in the J 
Counter. If A equals 000000003, the count in J is 2410· 

NOTE 

An LXC command must follow a CMZ command be
fore another GEN 1 command is executed. This is 
required to save the J Counter value. 

Interruptable l Following Execution? No 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

J4-0 
Number of left most "zeros" 
contained in the A Register 

Memory Z 

During State 4, the complement of I4-0 is gated to the J Counter. 
Since I4-0 are all "ones", this clears the J Counter. The A Re
gister is then shifted right circular with the complement of Ao ap
plied to the Adder. The Carry flip-flop (FlAFNP) is held set ap
plying a continuous "one" to the Adder. In this manner, the Adder 
output is equal to the true output of A 0• This Adder output is COMMAND CHARACTERISTICS 
shifted to A 23 leaving the A Register unchanged after 24 shifts. As the A Register is shifted, each "zero" bit incre
ments the J Counter. Each "one" bit clears the J Counter. In this manner, after 24 shifts, the J Counter will contain 
the number of most significant "zero" bits contained by the A Register. 

Logic Element 
Logic 

Logic Equation Sheet 

GOAFNB 67 AFNB = JE37 + (AilO · AROO) + 
(AI09 · AROO) 

GlAFNB 67 AFNB = JE37 + (IRlO · IR09) 

GOAFNA 65 AROO ·ANAl 

FlAFNP 66 AFL2+(AFL3 ·AFNC·BCL~ 

DlASRL, u 63. 1 ASRl = DGNl ·T6E3 ·IR05 

NlJlNC 71 JIN2 · AFNA · IR05 

GlJPOO' 70 ASRl • JPOA 

CPL-COMPLEMENT A 

GEN 1 l._2_3 _________________ ___.0I . 05010000 . 

CPL inverts each bit in the A Register; that is, each "one" is re
placed by a "zero" and each "zero" is replaced by a "one". 

During State 4, the A Register is shifted right 24 places with the 
complement of Ao shifted through the Serial Full Adder and back 
to A23· The B input of the Adder is inhibited. Since no sum
mation is performed, no carries result. Therefore, at the end of 
24 shifts, the ones complement of the original contents of A is 
contained in the A Register. 

GNl-12 ARITHMETIC UNIT 

Function 

Disabled 

Disabled 

Gates Ao to Adder 

Held set applies a "1 11 to Adder 

Shifts A Re_g_ister r:ig_ht 24 _E}aces 

Each "zero" increments the J Counter 

Each "one" clears the J Counter 

Interruptable l Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 C (A..2.3_-_Q_) 

Q23-0 

p 14-0 C(P+l) 

FlWPMT 

FlUOFL 

FlETST 

J4-0 278 

Memory Z 

COMMAND CHARACTERISTICS 

4022A-5 



Logic Element 

GOAFNB 

GlAFNB 

GOAFNA 

FlAFNP 

DlASRL, U 

NlJlNC 

Logic 
Sheet 

67 

67 

65 

66 

63. 1 

71 

Logic Equation 

AFNB = JE37 + (AilO • AROO) + 
(AI09 · AROO) 

AFNB = JE37 + (IRlO · IR09) 

AROO ·ANAl 

AFNP = AFL3 ° AFNC 0 BCLK 
AFNP = AFL3 • AFNC • BCLK 

ARSl = DGNl ·T6E3 •IR05 

JIN4 • JIN2 

IBK-ISOLATE BIT K 

GEN 11 L-2_3_0.:;_;5::___1_8..._11_7__;;;,;X"'--l-5._l l_4 __ 0.:;_;1=0;;...__6_._l_;;~_.._l 4_=K;;...___.1 z = f(X, K) 

IBK leaves bit Z of the A Register unchanged and clears all other 
bits in A. 

During State 4, the complement of I
4

_
0 

is gated to the J Counter. 
The A Register is then shifted right circular. At each shift of the 
A Register, the J Counter is incremented. Until the J Counter is 
incremented to 378, the serial adder inputs are disabled, and 
"zeros" are shifted to A 23 . When J is equal to 378 , the bit speci
fied by Z is shifted from A 0 and applied to the B inputs of the serial 
adder. The output of the Serial Adder is then equal to Ao and is 
shifted to A23· Therefore, this bit is unchanged. The inputs of 
the Serial Adder are enabled only when the J Counter is equal to 37 8 . 
The J Counter will continue to be incremented at each shift of A 
until all 24 shifts have occurred. Therefore, following State 4, the 
A Register will contain all "zeros" except the bit specified by Z 
which will be unchanged. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AGNl · IR09 • JE37 · AROO 

GlAFNB 67 AI09 · AROO · DGNl • JE37 

GOAFNA 65 AFNA = ANA3 · DGN3 ·ANA! · ANA2 

AFNP = AFL3·AFNC·BCLK 
FlAFNP 66 AFNP = AFL3°AFNC·BCLK 

DlASRL, u 63. 1 ASRl = DGNl · T6E3 • IR05 

NlJlNC 71 JIN2 • JIN4 

4022A-5 ARITHMETIC UNIT 

Function 

Disabled 

Disabled 

Gates A 0 to Adder 

Remains cleared because 
no summation is performed 

Shifts A Reg. right 24 places 

Allows incrementation of J Counter 

Interruptable l Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 230 C(Az) . . 00 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

34-0 278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

}Enables Ao to Adder when J = 378 

Disabled 

Remains cleared because 
no summation is performed 

Shifts A Reg. right 24 places 

Enables incrementation of J Counter 

GNl-13 



LBM-LOAD BIT MASK 

1

23 
GEN 1 . 

05 630 K 

LEM places "zero" in bit Z of the A Register and sets all other bits 
in A to ''one''. 

During State 4, the complement of I4 _0 (Z) is gated to the J Counter. 
The A Register is then shifted right circular with the J Counter in
cremented at each shift. The Carry flip-flop {FlAFNP) is held set 
throughout the shift of A. All other Adder inputs are disabled until 
J = 37 8 . Therefore, the Carry flip-flop forces a "one" to the Adder 
and the "one" result is shifted to A 23 . When J is equal to 37 8• a 
"one" is also applied to the B input. This provides a "zero" Adder 
output which is shifted to A2 3. Therefore, when J is equal to 37 8• 
a "zero" is set in that position of the A Register. This corresponds 
to bit position Z. Since the J Counter is incremented at each shift 
of the A Register a "zero" adder output will only occur when bit 
position Z is shifted from A0. At all other shifts, a "one" Adder 
output will be generated from the forced carry. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AGNl · JE37 (IR09 ·,AROO+IRlO · AROO) 

GlAFNB 67 AllO · AI09 · DGNl • JE37 

GOAFNA 65 ARNA = ANA3 • DGN3 · ANAl • ANA2 

FlAFNP 66 AFNP = AFL2 

DlASRL, u 63. 1 ASRl = DGNl · T6E3 · IR05 

NlJlNC 71 JIN4 · JIN2 

1-.. 

) 

l..J 

Interruptable 1 Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 231 .zo lo 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

J4-0 278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Applies a 11 111 to Adder when J = 373 

Disabled 

Held set, applies 11 111 to Adder 

Shifts A Reg. right 24 places 

Enables incrementation of J Counter 

LOO-LOAD ONE INTO BIT K 

GEN 1 ..... 12_3 __ 05 __ 1_s ...... 11_7_x __ 1_.5l.._1_4 __ 0_3_0 __ 6 ..... l _~_.l ...... 4_K _ __,1 z = f(X, K) 

LDO places a "one" in bit Z of the A Register. All other bits of A 
are cleared (zero). 

During State 4, the complement of I4 _0 (Z) is gated to the J Counter. 
The A Register is then shifted right circular with the J Counter being 
incremented at each shift. All inputs to the Serial Adder are disabled, 
providing a "zero" to A 23 at each shift except when J is equal to 37 8 . 
When J is equal to 37 8, a "one" is applied to the B input of the Serial 
Adder providing a "one" to A 23 . The J Counter is equal to 378 
when the A Register bit specified by Z is shifted from A0. Since 
the J Counter is incremented at each shift of A, only bit Z will be a 
"one". All other bits of A will be "zero". 

GNl-14 ARITHMETIC UNIT 

Interruptable I Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 230 z1 00 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

J4-0 273 - z 

Memory Z 

COMMAND CHARACTERlSTICS 

4022A-5 



Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AGNl · JE37 . (IR09. AROO +IRlO · AROO 

~ - Applies a 11
1

11 to Adder when J = 373 
GlAFNB 67 AilO · AI09 • DGNl · JE37 

GOAFNA 65 AFNA = ANA3 · DGN3 · ANAl · ANA2 Disabled 

AFNP = AFL3 · AFNC · BCLK Remains cleared because 
FlAFNP 66 AFNP = AF L3 · AFNC · BCLK no summation is oerformed 

DlASRL, u 63. 1 ASRl = DGNl · T6E3 · IR05 Shifts A Reg. right 24 places 

NlJlNC 71 JIN4 · JIN2 Enables incrementation of J Counter 

LDZ-LOAD ZEROS INTO A 

GEN 1 l2_3-------"--"'--"'-'~-"'--"'-'....._ _____ __.0I - 0 5 0 0 0 0 0 0 . 

LDZ replaces the contents of the A Register with "zeros". 

During State 4, the A Register is shifted right 24 places, however, 
the Serial Adder inputs are disabled providing a "zero" output to 
A23. Therefore, after 24 shifts of A have occurred, the entire A 
Register is cleared. 

Logic Element 
Logic 

Logic Equation Sheet 

GOAFNB 67 AFNB = IR09 ·IRlO 

GlAFNB 67 AFNB = (AI09 · AROO) + (AilO. AROO) 

GOAFNA 65 AFNA = ANA3 ·DGN3 ·ANAl ·ANA2 

AFNP = AFL3 ·AFNC·BCLK 
FlAFNP 66 AFNP = AFL3·AFNC·BCLK 

DlASRL, u 63. 1 ASRl = DGNl · T6E3 · IR05 

NlJlNC 71 JIN4 · JIN2 

4022A-S ARITHMETIC UNIT 

Interruptable 

1 Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 
23 

"Zeros II 
0 

Q23-0 

p14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

34-0 278 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Disabled 

Remains cleared because 
no summation is ~erformed 

Shifts A Reg. right 24 places 

Enables incrementation of J Counter 

GNl-15 



LMO-LOAD MINUS ONE INTO A 

GEN 1 l2_3-------~-----------'0I . 05060000 . 

LMO places a "one" in each bit of the A Register (equals minus 1). 

During State 4, the A Register is shifted 24 places to the right. 
During the shifts, the Carry flip-flop (FlAFNP) is held set. All 
other Serial Adder inputs are inhibited. In this manner, a "one" 
is applied to A23 at each shift. Therefore, at the end of 24 
shifts, the A Register will contain all "ones" which is equal to a 
minus one in two's complement integer representation. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AFNB = IR09 • IRlO 

GlAFNB 67 AFNB = (AI09 • AROO) + (AUO · AROO) 

GOAFNA 65 AFNA = ANA3 · DGN3 • ANAl · ANA2 

FlAFNP 66 AFL2 

DlASRL, u 63. 1 ASRl = DGNl · T6E3 · IR05 

NlJlNC 71 JIN4 · JIN2 

NEG-NEGATE 

GEN 1 12_3 __________________ 0 ..... I - 05013000 . 

NEG replaces the contents of the A Register with its 21 s comple
ment value. 

A timing and block diagram of the NEG command is contained in 
Fig. GNl. 9, 10. 

During State 4, the complement of I4 _0 is gated to the J Counter. 
Since I4_0 are all "ones", this sets the J Counter equal to 37s. 
The A Register is then shifted right circular with the complement 
of Ao applied to the A input of the Serial Full Adder. Because the 

Interruptable I Following Exe cut ion? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 22 
"Ones" 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

34-0 278 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Disabled 

Held set. Applies a 11 111 to Adder 

Shifts A Re_g_. r~ht 24 places 

Enables incrementation of J Counter 

Interruptable l Fallowing Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 - C(A) 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

J4-0 218 

Memory Z 

J Counter is equal to 37 8 at the first shift, a "one" is also applied 
to the B input of the Adder. The result of the summation of the 
complement of A 0 and one is gated to A23· Any carry resulting 
from the summation is propagated by the Carry flip-flop (FlAFNP). 
After the first shift of A, the J Counter is no longer equal to 37 8 and 
and the B input of the Adder is inhibited. Therefore, after 24 shifts COMMAND CH.A. RACTERISTICS 
of the A Register, the A Register contains the 21 s complement of the original contents of A. 

0 

GNl-16 ARITHMETIC UNIT 4022A-5 



Logic Element 
Logic 

Logic Equation Function Sheet 

GOAFNB 67 JE37 · AGNl · (AROO · IR09 + AROO · IRlO) 
Applies 11 111 to Adder (B input) at first 

AllO · AI09 · DGNl · JE37 
shift be cause J = 378 

GlAFNB 67 

GOAFNA 65 AROO 0 ANAl Gates Ao to Adder (A input) 

AFNP = AFL3 ·AFNC·BCLK 
FlAFNP 66 AFNP = AFL3·AFNC·BCLK Allows normal carry 

DlASRL, u 63. 1 ASRl = DGNl · T6E3 · IB05 Shifts A Reg. right 24 places 

NlJlNC 71 JIN4 · JIN2 Enables incrementation of J Counter 

__ __,23 0 23 
A 

14-0 

ANAl JTIJ 

4 
J 

OR 

GOAFNA 

1 when J = 37s 

A B P 

ADDER 

s c 

Fig, GNl. 9. NEG Block Diagram 

4 022A- ~) ARITHMETIC UNIT GNl-17 



Clock (lOmc) 111 l II 11 111 11 l I 1111 I 11 II I 111111 I I I 

Dl TLPE (11) jl.__ ________________ __.11__ TLPE = TLP2 = DGNl · TT6E ·TAFF· TBFF 

FlSCOl ( 17) 

FlSC04 (17. 1) 

Fl TT6E (8) 

Fl TEFF (14) 

Fl TDFF (14) 

FlTCFF (14) 

Fl TBFF (13) 

Fl TAFF (13) 

DOJJEO (70) 

DlJTIJ (70) 
(14-0-+J) 

DlASRL, U(63. 1) 

NlJINC (71) 
(Inc. J) 
GOAFNA (65) 

I I SCOl SSSl · TLPE · SCLK 

SC04 SSS4 · TLPE · SCLK 

TT6E TMEM · TSCl · TCK2 

TEFF = T6E3 · TEID · JCKl 
TEFF = TEID · JCKl + TTOE 

TDFF = TEFF · TE 1D · JCKl 
TDFF = TEFF ·TE lD · JCKl + TTOE 

TCFF = G 1 TEFF · G 1 TDFF · JC Kl 
TCFF = Gl TEFF · Gl TDFF · JCKl + TTOE 

n_ TBFF = Gl TDEF · Gl TCFF · JCKl 
..._____ TBFF = Gl TDEF · Gl TCFF · JCKl + TTOE 

TAFF= Gl TDEF · Gl TBCF · JCKl 
TAFF= Gl TDEF · Gl TBCF · JCKl + TTOE 

JJEO JCKl · TSCA · TSCB · JS4G 

JTIJ JS4G · TSCA · TSCB · XMDV 

ASRL, U = ASRl = DGNl · T6E3 · IR05 

JlNC = JIN4 • JIN2 

J-=--=-=--=-= = = ~ = ~ -_-_l__ AFNA = AROO ·ANAl -----
----- L---------------- AFNB = AllO ·AI09 ·DGNl ·JE37 GlAFNB (671 

GOAFNB (67) AFNB = JE37. AGNl. (AROO • IR09 + AROO • IRlO) 

FlAFNP (66) _____ [ -=-=------=---~=---:_ ~---~ 1;~~ AFL3·AFNC 0 BCLK 
AFL3.AFNC·BCLK 

Fig. GNl. 10. NEG Timing Diagram 

RBK"9RESET BIT K 

GEN 11._2_3_0.::..,;5:;___1_8.._l l_7_..:;..;X:;...._1_5l._1_4 __ 4.::.;5;;...:0~-6 ....... 1 ""':~14--=K~___,1 z = f(X, Kl 

RBK places a "zero" into bit Z of the A Register. All other bits 
in A remain unchanged. 

During State 4, the complement of I4 _0 is gated to the J Counter. 
The A Register is then shifted right circular with A0 applied to 
the A input of the Serial Full Adder. At each shift of A, the J 
Counter is incremented. When J is equal to 37 8, the bit specified 
by Z is shifted from A0 and Ao is also applied to the B input of the 
Adder. When A0 is applied to both the A and B inputs of the Adder, 
the sum output will always be "zero". This "zero" is gated to A 23 
at the shift. Since J is equal to 3 7 ~ only when bit Z is shifted from 
Ao, this bit will always be a "zero . The remaining bits of the 
A Register will be unchanged because Ao is only applied to the 
Adder A input at the remaining shifts. 

Interruptable 

J Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 23 zo 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

J4-0 278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

0 

GNl-18 ARITHMETIC UNIT 4022A-5 



r- Logic 
Logic Equation Ftnction I ,ogic Element 

Sheet 

GOAFNB 67 AGNl · IR09 , JE37 • AROO 

~ Enables A 0 to B input of Adder when 
GlAFNB 67 AROO 'AI09 , DGNl · JE37 J = 378 

GOAFNA 65 AROO ·ANA2 Enables A 0 - A input of Adder 

FlAFNP 66 AFNP = AFL3 + AFL2 Held clear 

DlASRL, u 63. 1 ASRl = DGNl . T6E3 · IR05 Shifts A Reg. right 24 places 

NlJlNC 71 JIN4 · JIN2 Enables incrementation of J Counter 

REV-RESET TEST FLIP-FLOP IF BIT K IS EVEN 

GEN 11._2_3 __ 0_5 _1_8 ........ 1 _1 7_x_1_5._l 1_4 __ 7_0_4 __ 6_.l_~__._l 4 __ K _ __,, z = f(X, K) 

REV clears the Test flip-flop (FlETST) if bit Z in the A Register 
is a "zero". If bit Z is a "one", the status of the Test flip-flop is 
unchanged. 

During State 4, the complement of 14-0 (Z) is gated to the J Counter. 
The A Register is then shifted right circular with the complement of 
Ao applied to the A input of the Adder. The Carry flip-flop 
(FlAFNP) is held set throughout the shift of A applying a "one" to 
the B input of the Adder. The summation of 1 plus the complement 
of A 0 provides a Sum output of the Adder equal to the true A0. This 
output is gated to A23, leaving the A Register unchanged. The J 
Counter is incremented at each shift of A. When the J Counter is 
equal to 37 8, bit Z is shifted from the A Register. If this bit is a 
"zero", the Test flip-flop'(FlETST) is cleared. If bit Z is a "one", 
the status of the Test flip-flop is unchanged. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AFNB = IRlO ·IR09 

GlAFNB 67 AFNB = (All 0 · AROO) + (AI09 · AROO) 

GOAFNA 65 AROO ·ANAl 

FlAFNP 66 IR13 + IR14 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • IR05 

NlJlNC 71 JIN2 · JIN4 

FlETST 89 ETST = IR06 · ESTF · ECLK 

402:.:'A-5 ARITHMETIC UNIT 

Interruptable I Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST Reset if Az = 0 

J4-0 278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Ao to Adder A input 

Held set, 

Shifts A Re_g_. right 24 places 

Enables incrementation of J Counter 

Reset Test flip-flop if Az = O 

GNl-19 



RNZ-RESET TEST FLIP-FLOP IF A IS NON-ZERO 

GEN 1 1.....,.2_3 ________________ ___.0I 
. 05004470 . 

RNZ clears the Test flip-flop (FlETST) if any bit in the A Register 
is a "one". If all bits in A are "zero". the status of the Test flip
flop is unchanged. The original contents of A are unchanged by the 
RNZ command. 

During State 4, the complement of I4 _0 is gated to the J Counter. 
Since I2_0 are "zeros" from the RNZ command, this presets the J 
Counter equal to 7. The A Register is then shifted right circular 
with Ao applied to the A input of the Serial Adder. All other Adder 
inputs are disabled. Therefore, the Sum output of the Adder is 
equal to Ao. This Sum output is applied to A23 leaving the A Re
gister unchanged. Any "one" shifted from A 0 will cause the Test 
flip-flop (FlETST) to be cleared. The J Counter is incremented at 
each shift of the A Register. Since the J Counter was preset to 78• 
after 24 shifts of A the J Counter will equal 378. When J equals 
37 8 further shifting of A is inhibited. Therefore, the A Register is 
shifted 24 places and only 24 places. 

Logic Element 

GOAFNB 

GlAFNB 

GOAFNA 

FlAFNP 

DlASRL, U 

NlJlNC 

FlETST 

Logic 
Sheet 

67 

67 

65 

66 

63. 1 

71 

89 

Logic Equation 

AROO ·ANA2 

AFNP = AFL3 · AFNC • BCLK 
AFNP = AFL3 · AFNC • BCLK 

ASRl = DGNl . T6E3 • JE37 

JIN2 . JINl • JE37 

ETST = ESTF • IR06 • ECLK 
ESTF = IR05 • EGl T • AFNA • ASRl 

Interruptable l Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST Reset if C(A} I 0 

J4-0 378 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Gates Ao to A input of Adder 

Remains clear because 
no summation is performed 

Shifts A Re_g_. r~ht until J = 37...a_ 

Enables incrementation of J Counter 

Any 11 111 from Ao 
re stls the Te st Jlill.::fl..o..12. 

ROD-RESET TEST FLIP-FLOP IF K IS ODD 

GEN 1 ..... l2_3 __ 05 __ 1_8 ..... l 1_7_x_1_.sl ..... 1_4 __ 0_4_4 __ 6 ...... l _~ ...... l._4_K _ ___.j z = f(X, Kl 

ROD clears the Test flip-flop (FlETST} if bit Z in the A Register 
is a "one". If bit Z is a "zero", the status of the Test flip-flop is 
unchanged. The original contents of A are unchanged by the ROD 
command. 

During State 4, the complement of I4_0 (Z} is gated to the J Counter. 
The A Register is then shifted right circular with A 0 applied to the 
A input of the Serial Full Adder. All other inputs of the Adder are 
disabled. Therefore, the Sum output of the Adder is equal to Ao. 
This Sum output is applied to A 23• leaving the A Register unchanged. 
The J Counter is incremented at each shift of the A Register. When 
J is equal to 378, bit Z is shifted from A 0. If bit Z is a "one". the 
Test flip-flop (FlETST) is cleared. If bit Z is a "zero", the status 
of the Test flip-flop is unchanged. 

GNl-20 ARITHMETIC UNIT 

Interruptable l Yes Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST Reset if A
2 

= 1 

J4-0 
278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

4022A-5 



Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AFNB = IRlO -IR09 Disabled 

GlAFNB 67 AFNB = (All 0 · AROO) + (AI09 · AROO) Disabled 

GOAFNA 65 AROO ·ANA2 Gates A 0 to A input of Adder 

AFNP = AFL3·AFNC 0 BCLK Remains cleared because 
FlAFNP 66 AFNP = AFL3·AFNC·BCLK no summation is _Qerformed 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 · IR05 Shifts the A Reg. right 24 places 

NlJlNC 71 JlN2 • JlN4 Enables incrementation of J Counter 

ETST = IR06 · ESTF • ECLK Resets Test flip-flop if 
FlETST 89 ESTF = JE37 · EGl T · AFNA · ASRl Az = "1 11 

RST-RESET THE TEST FLIP-FLOP 

GEN 1 \2_3--------'----~--------'0I - 05004737 . 

RST unconditionally clears the Test flip-flop (FlETST). The con
tents of A are unchanged by RST. 

During State 4, the Test flip-flop (FlETST) is reset. The A Re
gister is circular shifted right with Ao applied to the A input of the 
Serial Full Adder. All other inputs to the Adder are disabled. 
Therefore, the Sum output of the Adder is equal to Ao. This Sum 
output is applied to A23, leaving the A Register unchanged after 
24 shifts. 

Logic Element 

GOAFNB 

GlAFNB 

GOAFNA 

FlAFNP 

DlASRL, U 

NlJlNC 

FlETST 

4022A-5 

Logic 
Sheet 

67 

67 

65 

66 

63. 1 

71 

89 

Logic Equation 

AFNB =(All O · AROO) + (AI09 · AROO) 

AROO ·ANA2 

AFNP = AFL3 ° AFNC · BCLK 
AFNP = AFL3 · AFNC • BCLK 

ASRl = DGNl • T6E3 · IR05 

JlN2 · JIN4 

ETST = ifH = IR07 • EI06 · EG 1 T· 

ARITHMETIC UNIT 

lnterruptable I Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST Reset 

34-0 308 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Gates A 0 to A input of Adder 

Remains cleared because 
no summation is performed 

Shifts the A Reg. right 24 places 

Enables incrementation of J Counter 

Re set unconditionally 

GNl-21 



SBK-SET BIT K 

GEN 11._2_3 __ 0_5_1_8 ...... 11_7_x_1_5.._l 1_4 __ 4_6_0 __ 6 ..... 1 _~__._14_K _ __.j z = f(X, K) 

SBK sets bit Z in the A Register to "one". All other bits in the A 
Register are unchanged. 

During State 4, the complement of 14 _0 is gated to the J Counter. 
The A Register is then shifted right circular with Ao applied 
through the Serial Full Adder to A 23 . At each shift of A, the J 
Counter is incremented. When J is equal to 37 8, bit Z is shifted 
from A 0. At this time, the complement of Ao is applied to the B 
input of the Adder. The summation of Ao plus Ao will always pro
vide a "one" output to A23· Therefore bit Z of the A Register is 
set to a "one". Since the J Counter is equal to 37 8 only when bit 
Z is shifted from Ao, all other bits will be unchanged. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AGNl • JE37 · IRlO . AROO 

GlAFNB 67 AilO · AROO • JE37 

GOAFNA 65 AROO ·ANA2 

FlAFNP 66 AFNP = IR13 + IROA 

DlASRL, u 63. 1 ASRl = DGNl ·T6E3 ·IR05 

NlJlNC 71 JIN4 · JIN2 

SET-SET TEST FLIP-FLOP 

GEN 1 1 __ 2_3 ________________ ___.0I - 05004637 . 

SET unconditionally sets the Test flip-flop (FlETST). The original 
contents of the A Register are unchanged. 

During State 4, the Test flip-flop (FlETST) is set. The A Regis
ter is circular shifted right with Ao applied to the A input of the 
Serial Full Adder. All other inputs to the Adder are disabled. 
Therefore, the Sum output of the Adder is equal to A0. This Sum 
output is applied to A2 3, leaving the A Register unchanged after 
24 shifts. 

GNl-22 ARITHMETIC UNIT 

Interruptable 1 Following Exe cut ion? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 
23 z1 0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

34-0 
278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

-
Gates A0 to Adder B input when J = 378 

Gates A 0 to Adder A input 

Held clear 

Shifts A Reg. right 24 places 

Enables incrementation of J Counter 

Interruptable I Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST Set 

34-0 308 

Memory Z 

COMMAND CHARACTERISTICS 

4022A-5 



Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AFNB = IRlO · IR09 Disabled 

GlAFNB 67 AFNB = (All 0 · AROO) + (AI09 · AROO) Disabled 

GOAFNA 65 AROO ·ANA2 Gates A 0 to A input of Adder 

AFNP = AFL3 · AFNC · BCLK Remains cleared because 
FlAFNP 66 AFNP = AFL3 · AFNC · BCLK no summation is performed 

DlASRL, u 63. 1 ASRl = DGNl ·T6E3 ·IR05 Shifts A Reg. right 24 places 

NlJlNC 71 JIN2 · JIN4 Enables incrementation of J Counter 

FlETST 89 GOESTF = IR06 • IR07 • EG 1 T • ET4E Set unconditionally 

SEV-SET TEST FLIP-FLOP IF BIT K IS EVEN 

GEN 1l ._2_3 __ 05 __ 1_8.._l 1_7_x_1_5l..__1_4 __ 7_0_5 __ 6 ...... l_~__._l 4_K _ _,ol z = f(X, K) 

SEV sets the Test flip-flop (FlETST) if bit Z in the A Register is 
a "zero". If bit Zin A is a "one", the status of the Test flip-flop 
is unchanged. 

During State 4, the complement of I4 _0 (Z) is gated to the J Counter. 
The A Register is then shifted right circular with the complement 
of A 0 applied to the A input of the Adder. The Carry flip-flop 
(FlAFNP) is held set applying a "one" to the B input of the Adder. 
The summation of 1 plus the complement of A0 provides a Sum 
output of the Adder equal to the true Ao output. This Sum output 
is applied to A23· leaving the A Register unchanged after 24 shifts. 
The J Counter is incremented at each shift of A. When J ,is equal 
to 3 7 8 , bit Z of the A Register is shifted from A0. If this bit is a 
"zero", the Test flip-flop (FlETST) is set. If this bit is a "one", 
the Test flip-flop status is unchanged. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AFNB = IRlO · IR09 

GlAFNB 67 A FNB = (All 0 • AROO) + (AI09 · AROO) 

GOAFNA 65 AROO ·ANAl 

Fl AF NP 66 IR13 ·IROA 

DlASRL, u 63. 1 ASRl = DGNl ·T6E3 ·IR05 

NlJlNC 71 JIN2 · JIN4 

ETST = ESTF · EI06 • ECLK 
FlETST 89 ESTF = JE37 , EGl T · AFNA · ASRl 

4022A-5 ARITHMETIC UNIT 

Interruptable l Fallowing Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST Set if Az = 0 

J4-0 278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Ao to A input of the Adder 

Held set 

Shifts A Re K· riaht 24 places 

Enables incrementation of J Counter 

Set Test flip-flop if Az = 0 
--

GNl-23 



SNZ-SET TEST FLIP-FLOP If A IS NON-ZERO 

GEN 1 1

23 
_____________________ 

0

1 L 0500 1 510 _ 

SNZ sets the Test flip-flop (FlETST) if any bit in the A Register 
is a "one". If all bits in A are "zero", the status of the Test flip
flop is unchanged. 

A timing and block diagram of the SNZ command is contained in 
Fig. GNl. 11, 12. 

During State 4, the complement of I4_ 0 is gated to the J Counter. 
Since bits 2 through 0 of the SNZ command are "zeros", this pre
sets the J Counter equal to 7. The A Register is then shifted right 
with A 0 applied to the A input of the Serial Full Adder. All other 
Adder inputs are disabled. Therefore, the Sum output of the Adder 
is equal to A 0. This Sum output is applied to A23• leaving the A 
Register unchanged after 24 shifts. If at any shift of A, Ao is a 

Interruptable l Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST Set if C(A) -I 0 

34-0 378 

Memory Z 

"one", the Test flip-flop (FlETST) is set. If all bits of A are COMMAND CHARACTERISTICS 
"zero", the status of the Test flip-flop is unchanged. The J 
Counter is incremented at each shift of the A Register and when equal to 3 7 8 inhibits further shifting of A. Since the 
J Counter was preset to 7, when J equals 378, 24 shifts of A have occurred. 

Logic Element 
Logic 

Logic Equation Function Sheet 

GOAFNB 67 AFNB = IRlO · IR09 Disabled 

GlAFNB 67 AFNB = (AllO • AROO) +(AI09 · AROO) Disabled 

GOAFNA 65 AROO ·ANA2 Gates A0 to A input of Adder 

AFNP = AFL3 • AFNC • BCLK Remains cleared because 
FlAFNP 66 AFNP = AFL3 • AFNC • BCLK no summation is performed 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 · JE37 Shifts A Re_g_. rig_ht until J = 37.R 
Enables incrementation of 

NlJlNC 71 JIN2 ·JIN! • JE37 J Counter until J = 3 7 8 

ETST = GlESTF · EI06 • ECLK Any "1 11 from A0 sets 
FlETST 89 ESTF = IR05 • EGl T • AFNA • ASRl the Test flip-flop 

GNl-24 ARITHMETIC UNIT 4022A-5 



ASHL, U 23 

FOAFNP 

Condition 

A_o_ 

A_o_ 

4022A-5 

A 

OR 

GOAFNA 

GOAFNB 

A 

A-A 

GOAFNB GlAFNB GOAFNA 
Output Output Output 

1 0 0 

1 0 1 

23 

ANA2 

A A 

OR 

GlAFNS 

FlAFNP GlAFNS 
Output Output 

0 1 

0 0 

Fig. GNl. 11. SNZ Block Diagram 

ARITHMETIC UNIT 

•4 
I 
I 

4 

OR 

GlESTF 

0 

14-0 

EIOu 

FlETST 

FlETST 

1 

-

ECLK 

0 

GNl-25 



Clock (lOmc) 1111 111111111111111111111111111111 

DlTLPE (11) Jl n__ TLPE = TLP2 = DGNl · TT6E ·TAFF· TBFF 

FlSCOl (17) 

FlSC04 (17. 1) 

Fl TT6E (8) 

Fl TEFF (14) 

Fl TDFF (14) 

SCOl SSSl · TLPE · SCLK 

SC04 SSS4 · TLPE · SCLK 

TT6E TMEM · TSCl · TCK2 

TEFF = T6E3 · TEID · JCKl 
TEFF = TEID · JCKl + TTOE 

TDFF = TEFF · TE lD · JCKl 
TDFF = TEFF · TE lD · JCKl + TTOE 

FlTCFF (14) TCFF = G 1 TEFF · G 1 TDFF · JC Kl 
TCFF = Gl TEFF · Gl TDFF · JCKl + TTOE 

FlTBFF (13) .__ ____ IL_ TBFF = Gl TDEF · Gl TCFF · JCKl 
TBFF = Gl TDEF · Gl TCFF · JCKl + TTOE 

Fl TAFF (13) TAFF= Gl TDEF · Gl TBCF · JCKl 
TAFF= Gl TDEF · Gl TBCF · JCKl + TTOE 

DOJJEO (70) 

DlJTIJ (70) 
(14-0-J) 

DlASRL, U(63. 1) 

NlJINC (71) 
(Inc. J) 
GOAFNA (65) 

JJEO JCKl · TSCA · TSCB . JS4G 

JTIJ JS4G · TSCA · TSCB · XMDV 

ASRL, U = ASRl = DGNl · T6E3 · IR05 

JlNC = JIN2 . JINl · JE37 
,-----------i_ -

------'·-- - - - - - - - - - - AFNA - AROO ·ANA2 

GlAFNB (67) 
GOAFNB (67) 

-------------------- AFNB = (AilO•AROO) + (AI09 ·AROO) 

FlAFNP (66) 

FlETST (89) 

AFNB = IRlO • IR09 

--------------------- AFNP = AFL3 • AFNC · BCLK 
AFNP = AFL3· AFNC · BCLK 

____ __,,--= =----=--=---=-=~--=-=----~= ETST = ESTF · EI06 • ECLK 

Fig. GNl. 12. SNZ Timing Diagram 

SOD-SET TEST FLIP-FLOP IF BIT K IS ODD 

1
23 18117 x 15114 6150 14 01 Interruptable I Following Execution? Yes 

GEN 1 L..... __ 0_5_..1.... ---1-. ___ 04_5 __ ...L.-1-. __ K _ _. z = f(X, K) 
CHANGES FOLLOWING EXECUTION 

SOD sets the Test flip-flop (FlETST) if bit Z in the A Register is 
a "one". If bit Zin A is a "zero", the status of the Test flip-flop 
is unchanged. 

A timing and block diagram of the SOD command are contained in 
Fig. GNl. 13, 14. 

During State 4, the complement of I4 _0 (Z) is gated to the J Count
er. The A Register is then shifted right circular with A 0 applied 
to the A input of the Serial Full Adder. All other inputs of the 
Adder are disabled. Therefore, the Sum output of the Adder is 
equal to Ao. This Sum output is applied to A 23 , leaving the A 
Register unchanged after 24 shifts. The J Counter is increment
ed at each shift of A. When J is equal to 37 8, bit Z is shifted 
from A 0 and if a "one", the Test flip-flop is set. 

GNl-26 ARITHMETIC UNIT 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST Set if C(A2 ) = 1 

J4-0 273 - z 

Memory Z 

COMMAND CHARACTERISTICS 

4022A-5 



Logic Element 

GOAFNB 

GlAFNB 

GOAFNA 

FlAFNP 

DlASRL, u 

NlJlNC 

FlETST 

ASRL, U 23 

4022A-5 

Logic 
Sheet 

67 

67 

65 

66 

63. 1 

71 

89 

Logic Equation 

AFNB = IRlO • IR09 

AFNB = (AilO • AROO) + (AI09 . AROO) 

AROO 0 ANA2 

AFNP = AFL3 · AFNC • BCLK 
AFNP = AFL3 · AFNC • BCLK 

ASRl = DGNl • T6E3 · IR05 

JIN2 · JIN4 

ETST = G lESTF • EI06 • ECLK 
GlESTF = JE37 · EGl T. AFNA • ASRl 

A 

GOAFNB 

OR 

GOAFNA 

ANA2 

Function 

Disabled 

Disabled 

Gates Ao to A input of Adder 

Remains cleared because 
no summation is performed 

Shifts A Re_g_. r~t 24 places 

Enables incrementation of J Counter 

Set Test flip-flop if Az = 1 

4 

FOAFNP --------. 

A A A 

OR OR 

GlAFNS GlESTF 

EI06 

ECLK 

FlETST 

0 

Condition 
GOAFNB GlAFNB GOAFNA FlAFNP GlAFNS 

Output Output Output Output Output 

Ao 1 0 0 0 1 

A_a_ 1 0 1 0 0 

Fig. GNl. 13. SOD Block Diagram 

ARITHMETIC UNIT GNl-27 



Clock ( lOmc) I I I 1111111111111111111111111111111 

Dl TLPE (11) Jl f1__ TLPE = TLP2 = DGNl · TT6E · TAFF· TBFF 

FlSCOl (17) 

F 1 SC04 (1 7. 1) 

Fl TT6E (8) 

Fl TEFF (14) 

Fl TDFF (14) 

Fl TCFF (14) 

SCOl SSSl · TLPE · SCLK 

SC04 SSS4 · TLPE · SCLK 

TT6E TMEM · TSCl · TCK2 

TEFF = T6E3 · TEID · JCKl 
TEFF = TEID · JCKl + TTOE 

TDFF = TEFF · TE 1D · JCKl 
TDFF = TEFF · TE lD · JCKl + TTOE 

TCFF = G 1 TEFF · G 1 TDFF · JC Kl 
TCFF = Gl TEFF · Gl TDFF • JCKl + TTOE 

Fl TBFF (13) n_ TBFF = Gl TDEF · Gl TCFF · JCKl 
...._ ___ __... TBFF = Gl TDEF · Gl TCFF · JCKl + TTOE 

Fl TAFF (13) 

DOJJEO (70) 

DlJTIJ (70) 
(!4-0-J) 

DlASRL, U(63. 1) 

TAFF= Gl TDEF · Gl TBCF · JCKl 
TAFF= Gl TDEF · Gl TBCF · JCKl + TTOE 

JJEO JCKl · TSCA · TSCB · JS4G 

JTIJ JS4G · TSCA · TSCB · XMDV 

ASRL, U = ASRl = DGNl · T6E3 · IR05 

JlNC = JIN2 • JIN4 NlJINC (71) 
(Inc. J) 

GOAFNA (65) _____ , -_-_-~ ~ ~: _-~-~-=--=--=-L AFNA = AROO · ANA2 

GlAFNB (67) 
GOAFNB (67) 

------------------- AFNB = (All 0 • AROO) + (AI09 • AROO) 

FlAFNP (66) 

FlETST (89) 

-------------------- AFNB = IRlO • IR09 

AFNP = AFL3 · AFNC · BCLK 
-------------------- AFNP = AFL3 • AFNC . BCLK -----'-=-= ~-~-=-----=--~ =---=----= = ETST = ESTF · EI06 · ECLK 

Fig. GNl. 14. SOD Timing Diagram 

SRA-SHIFT A RIGHT ARITHMETIC 

Interruptable ] Following Execution? Yes GEN 1 ._I 2_3 __ 05 __ 1_8 ..... l 1_1_x_1_5 .... l 1_4 __ 14_0 __ 6 ....... 1 _~ ........... 14 __ K__.I z = f(X, Kl 

CHANGES FOLLOWING EXECUTION 

SRA shifts the contents of the A Register Z places to the right. 
The sign bit (23) of A is unchanged. Bits shifted out of Ao are lost. 
Bits shifted into A 22 are the same as the sign bit. The maximum 
number of shifts is 24 places. 

A timing and block diagram of the SRA command is contained in 
Fig. GNl. 15, 16. 

During State 4, the complement of I4-0 is gated to the J Counter. 
The A Register is then shifted right with A 23 shifted to A 22 and 
with A23 also shifted through the Serial Full Adder back to A23• 
leaving A 23 unchanged. At each shift of the A Register, the J 
Counter is incremented. When J is equal to 378, the number of 
shifts specified by Z have occurred and further shifting is inhibit
ed. Therefore, the A Register is shifted right the number of 
places specified by Z. 

GNl-28 ARITHMETIC UNIT 

A23-0 See Text 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

34-0 378 

Memory Z 

COMMAND CHARACTERISTICS 

4022A-5 



Logic E lernent 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AFNB = IRlO ·IR09 Disabled 

GlAFNB 67 AFNB = (All 0. AROO) + (AI09 · AROO) Disabled 

GOAFNA 65 ANA3 · AR23 Gates A23 to A input of Adder 

AFNP = AFL3 . AFNC · BCLK Remains cleared because 
FlAFNP 66 AFNP = AFL3 . AFNC • BCLK no summation is performed 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 · JE37 Shifts A Reg. r~g_ht until J = 37-R 

NlJlNC 71 JE37 · JINl • JIN2 Increments J Counter until J = 373 

~liE3 

OR 

GOASRl 

A A 

DlASRlJ DlASRL 

22 0 23 ,4 0 
A 

A23 14-0 

Lost 
4 

OR 

GOAFNA 

A A A 

OR 

FlAFNS 

Fig. GNl. 15. SRA Block Diagram 

4022A-5 ARITHMETIC UNIT GNl-29 



Clock (1 Orne) I I I 1111111111111111111111111111111 

Dl TLPE (11) Jl fl__ TL.PE = TLP2 = DGNl · TT6E ·TAFF· TB.FF 

FlSCOl (17) 

FlSC04 (17. 1) 

Fl TT6E (8) 

Fl TEFF (14) 

Fl TDFF (14) 

SCO 1 SSSl · TLPE · SCLK 

SC04 SSS4 · TLPE · SCLK 

TT6E TMEM · TSCl · TCK2 

TEFF = T6E3 · TEID · JCKl 
TEFF = TEID · JCKl + TTOE 

TDFF = TEFF · TE 1D · JCKl 
TDFF = TEFF · TE 1D · JCKl + TTOE 

Fl TCFF (14) TCFF = Gl TEFF · Gl TDFF · JCKl 
TCFF = Gl TEFF · Gl TDFF · JCKl + TTOE 

Fl TBFF (13) fl__ TBFF = G 1 TDEF · G 1 TCFF ·JC Kl 
~---- TBFF = Gl TDEF · Gl TCFF · JCKl + TTOE 

Fl TAFF (13) TAFF= Gl TDEF · Gl TBCF · JCKl 
TAFF= Gl TDEF · Gl TBCF · JCKl + TTOE 

DOJJEO (70) 

DlJTIJ (70) 
(I4-0_.J) 

JJEO 

JTIJ 

JCKl · TSCA · TSCB . JS4G 

JS4G · TSCA · TSCB · XMDV 

DlASRL, U(63. 1) 

NlJINC (71) 
(Inc. J) 

____ _.l _Until J = ~7a_ ---=--_-_-_-_-=:l_ ASRL, U = ASRl = DGNl · T6E3 · JE37 

____ _,,j _until J = 371L_-_ -_-=--_-_-=_ j__ JlNC = JE37 • JINl · JIN2 

GOAFNA (65) 

GlAFNB (67) 
GOAFNB (67) 

FlAFNP (66) 

,-----------, -
____ _,_ - - - - - - - - - - - _ _L_ AFNA- ANA3 ·AR23 

------------------- AFNB = (AI10·AROO)+(AI09 ·AROO) 
--------------------- AFNB = IRlO • IR09 

AFNP = AFL3 · AFNC • BCLK 
-------------------- AFNP = AFL3 . AFNC · BCLK 

Fig. GNl. 16. SRA Timing Diagram 

SRC-SHIFT RIGHT CIRCULAR 

1
23 18117 x 15114 615114 01 Interruptable I Following Execution? Yes GEN 1 ...... __ o5 __ .._ ____ ..__ ___ o_4_o __ _._ __ .._ ___ K _ _. Z = f(X, K) 

CHANGES FOLLOWING EXECUTION 

SRC shifts the contents of the A Register Z places to the right in a 
circular fashion; that is, the bit shifted from Ao is inserted in A 23, 
replacing the bit shifted out of A 23 . The maximum number of 
shifts is 24. 

GE~~2-3 _________ A __________ o~ 

During State 4, the complement of I
4

_
0 

(Z) is gated to the J Counter. 
The A Register is then shifted right circular with A 0 applied through 
the A input of the Serial Adder back to A 23 • At each shift of the A 
Register, the J Counter is incremented. When J is equal to 378, the 
number of shifts specified by Z have occurred and further shifting 
of A is inhibited. 

GNl-30 ARITHMETIC UNIT 

A23-0 See Text 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

34-0 378 

Memory Z 

COMMAND CHARACTERISTICS 

4022A-5 



Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AFNB = IRlO · IR09' Disabled 

GlAFNB 67 AFNB = (All O · AROO) + (AI09. AROO) Disabled 

GOAFNA 65 AROO 0 ANA2 Gates A 0 to A input of Adder 

AFNP = AFL3 • AFNC · BCLK Remains cleared because 
FlAFNP 66 AFNP = AFL3 • AFNC · BCLK no summation is performed 

DlASRL, u 63. 1 ASRl = DGNl . T6E3 • JE37 Shifts A Re_g_. right until J = 37_.a 

NlJlNC 71 JE37 • JINl • JIN2 Increments J Counter until J = 378 

SRL-SHIFT RIGHT LOGICAL 

1

23 
GEN 1 _ 

05 000 
t 14 K I z = f(X, Kl 

SRL shifts all twenty-four bits of the A Register to the right Z 
places. Zeros are shifted in through A 23 . Bits shifted out of Ao 
are lost. The maximum number of shifts is 24 places. 

During State 4, the complement of I4 _0 {Z) is gated to the J Counter. 
The A Register is then shifted right with the J Counter being incre
mented at each shift. When J is equal to 37 8 , the number of shifts 
specified by Z have occurred and further shifting of A is inhibited. 
Bits shifted from A 0 are lost. "Zeros" are shifted into A 23 at 
each shift. 

Logic Element 
Logic 

Logic Equation Sheet 

GOAFNB 67 AFNB = IRlO • IR09 

GlAFNB 67 AFNB = (AHO· AROO) + (AI09 • AROO) 

--
GOAFNA 65 AFNA = ANAl • ANA2 • ANA3 

AFNP = AFL3 °AFNC 0 BCLK 
FlAFNP 66 AFNP = AFL3°AFNC 0 BCLK 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • JE37 

NlJlNC 71 JE37 · JINl • JIN2 

402 2A-5 ARITHMETIC UNIT 

Interruptable ] Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 See Text 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 

J4-0 37 8 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Disabled 

Remains cleared because 
no inputs to Adder 

Shifts A Reg. right until J = 378 

Enabled J incrementation until J = 373 

GNl-31 



TER-TEST EVEN AND RESET BIT K 

GEN 11.._2_3_0_5 __ 1_8.._l 1_7_x __ 1_5] ..... 1_4 __ 4_5_6 __ 6 .... l _~__._] 4_K _ __,J z = f(X, K) 

TER sets the Test flip-flop (FlETST) if Bit Z in the A Register is 
"zero", and places a "zero" back in bit Z. If bit Z is "one" the 
Test flip-flop is cleared and a "zero" is placed in bit Z. 

NOTE 

The Test flip-flop will be set if Z is greater than 23
10

• 

During State 4, the complement of I4_0 (Z) is gated to the J Counter. 
The Test flip-flop (FlETST) is unconditionally set. The A Register 
is shifted right circular with Ao applied to the A input of the Serial 
Full Adder. All other inputs to the Adder are disabled until the J 
Counter is equal to 378. In this manner, the Sum output of the Adder 
is equal to Ao until J is equal to 3 7 8 and this Sum output is applied 
to A23 leaving these bits of A unchanged. The J Counter is incre
mented at each shift of A. When J is equal to 378, A 0_ is also ap
plied to the B input of the Adder. This always results in a Sum out

Interruptable I Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 
12"3" ""Kz -u 

0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 
Set if Az = O; 

IHi:>i::P.t if Az = 1 

34-0 278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

put of "zero". This "zero" is gated to A23• placing a "zero" in position Z of the A Register. Also, when J is equal to 
378, if the bit shifted from A (Az) is a "one", the Test flip-flop is cleared. If this bit is a "zero", the Test flip-flop 
remains in the set state. 

Logic E lernent 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AGNl · IR09 · JE37 • AROO 
Gates A0 to B input of Adder when J = 37 8 

GlAFNB 67 AROO • AR09 • DGNl • JE37 

GOAFNA 65 AROO ·ANA2 Gates A0 to A input of Adder 

FlAFNP 66 AFNP = (SCOl · BCLK)+ IR13 +!ROA Held Clear 

DlASRL, u 63. 1 ASRl = DGNl · T6E3 · IR05 Shifts A Reg. right 24 places 

NlJlNC 71 JIN2 • JIN4 Enables incrementation of J Counter 

ETST = GOESTF = IR06 • IR07 · ET4E , Set Test F/F; Clear Test if A2 = 1 FlETST 89 .ETST=E~~'I'E. fR])I) • ECLK 

TES-TEST EVEN AND SET BIT K 

GEN 11._2_3 __ o5 __ 1_8"-]1_7_x_1_5L.-l 1_4 __ 4_6_6 __ 6_L]_~_11..-4_K _ __J1 z = f(X, K) 

TES sets the Test flip-flop (FlETST) if bit Z in the A Register is 
a "zero", and replaces bit Z with a "one". If bit Z is a "one'1, the 
Test flip-flop is cleared and a "one" is placed back in bit Z. 

NOTE 

The Test flip-flop will be set if Z is greater than 23 10• 

During State 4, the complement of 14_ 0 (Z) is gated to the J Counter. 
The Test flip-flop (FlETST) is unconditionally set. The A Regis
ter is shifted right circular with A 0 applied to the A input of the 
Serial Full Adder. All other inputs to the Adder are disabled until 
the J Counter is equal to 37 8 • In this manner, the Sum output of 
the Adder is equal to A 0, unless J is equal to 37 8, and this Sum 
output is gated to A23 leaving these bits of A unchanged. The J 

GNl-32 ARITHMETIC UNIT 

Interruptable 1 Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 
23 

Z1 0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 
-Set liAz = o 
RP.set if A'7 = _l --= 

34-0 218 - z 
Memory Z 

COMMAND CHARACTERISTICS 

4022A-5 



Counter is incremented at each shift of A. When J is equal to 378• the complement of Ao is applied to the B input of 
the Adder. The summation of Ao and Ao always provides a Sum output of "one". This "one" is applied to A23· there
by setting bit Z to a "one". Also, when J is equal to 378, if the bit shifted from A0 (Az) is a "one", the Test flip-flop 
is cleared. If this bit is a "zero", the Test flip-flop remains in the set state. 

Logi.c Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AGNl • JE37 · IRlO • AROO 

GlAFNB 67 AilO · AROO • DGNl · JE37 

GOAFNA 65 AROO ·ANA2 

FlAFNP 66 AFNP = (SCOl • BCLK) + IR13 + IROA 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • IR05 

NlJlNC 71 JIN2 · JIN4 

ETST - GOESTF = IR06 · TR07 · ET4E • 
EGlT 

FlETST 89 ETST = GlESTF • IR06 • ECLK 

TEV-TEST BIT K EVEN 

1

23 
GEN 1 

707 05 

TEV sets the Test flip-flop (FlETST) if bit Z in the A Register is 
"zero". If bit Z in the A is "one". the Test flip-flop is cleared. 

NOTE 

The Test flip-flop is cleared if Z is greater than 2310· 

During State 4, the complement of r4 _0 (Z) is gated to the J Counter. 
The Test flip-flop is unconditionally cleared. The Carry flip-flop 
(FlAFNP) is held set applying a "one" to the B input of the Serial 
Adder. The A Register is then shifted right with the complement 
of Ao applied to the A input of the Serial Adder. The summation 
of Ao and the forced "one" from FlAFNP provides a Sum output of 

Function 

Gates Ao to A input of Adder when J = 378 

Gates A 0 to A input of Adder 

Held clear 

Shifts A Reg. right 24 places 

Enables incrementation of J Counter 

Set Test F/F; 
Clear Test F/F if Az = 1 

Interruptable I Yes Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 
Set if Az = O; 
Reset if A_z = 1 

J4-0 278 - z 

Memory Z 

the Adder equal to the true A 0. This sum output is applied to A23• COMMAND CHARACTERISTICS 
leaving the A Register unchanged. At each shift of A, the J Counter 
is incremented. When J is equal to 378, bit Z is shifted from Ao. If A 0 is a "zero", the Test flip-flop is set. If 
A 0 is a "one 11 when J equals 378, the Test flip-flop remains cleared. 

4022A-5 ARITHMETIC UNIT GNl-33 



Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AFNB = IRlO · IR09 Disabled 

GlAFNB 67 AFNB = (AilO • AROO) + (AI09 • AROO) Disabled 

GOAFNA 65 AROO · ANA2 Gates Ao to A input of Adder 

FlAFNP 66 AFL2 + AFL3 Held set 

DlASRL, u 63. 1 ASRl = DGNl . T6E3 · IR05 Shifts A Reg. r~t 24...12..laces 

NlJlNC 71 JIN2 • JIN4 Enables incrementation of J Counter 

ETST = EI06 • GlESTF • ECLK Clear Test F7F; 

FlETST 89 ETST = ECTF = IR07 • EI06 · EGl T • Set Test F/F if Az = O 
_E_T_4E_ 

TNM-TEST NOT MINUS ONE 

GEN 1 [2_3~~~~~~~~~~~~~~-~--'01 - 05070770 . 

TNM sets the Test flip-flop (FlETST) if any bit in the A Register 
is a "zero". When all bits of the A Register are 11 ones" (minus 1) 
the Test flip-flop is cleared. 

During State 4, the complement of I4-0 is gated to the J Counter. 
This presets the J Counter equal to 7, since bits 2 through 0 of the 
TNM command are "zeros". The Test flip-flop (FlETST) is reset. 
The Carry flip-flop (FlAFNP) is held set applying a "one" to the 
B input of the Serial Full Adder. The A Register is then shifted to 
the right with the comp~ement of A0 applied to the Serial Full Adder. 
The Sum output of the Adder is equal to the true Ao. This Sum out
put is applied to A 23, leaving A unchanged after 24 shifts. If at 
any shift of A, A 0 is a "zero", the Test flip-flop is set. If all bits 
of A are "ones", the Test flip-flop remains in the reset state. At 
each shift of the A Register, the J Counter is incremented. When 
the J Counter is equal to 37 8• 24 shifts of the A Register have oc
curred and further shifting is inhibited. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AFNB = IRlO ·IR09 

GlAFNB 67 AFNB = (AilO • AROO) + (AI09 • AROO) 

GOAFNA 65 AROO · ANA2 

FlAFNP 66 AFL2 + AFL3 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 · JE37 

NlJlNC 71 JE37 • JINl • JIN2 

ETST = ECTF = EI07 • EI06 · EGl T • 
FlETST 89 ET4E 

ETST = G lESTF • EI06 • ECLK 

GNl-34 ARITHMETIC UNIT 

Interruptable I Yes Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 
Set if any bit in A = O; 
Reset if all bits in A = 1 

J4-0 378 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

-
Gates Ao to A input of Adder 

Held set 

Shifts A Re_g_. ri,g_ht until J = 3 7 
Enables incrementation of 
J Counter until J = 3 7 8 

Clear Test F/F; 
Set Test F /F if any bit of A = 0 

4022A-5 



TNZ-TEST A NON-ZERO 

GEN 1 12_3~~~~~~~~~~~~~~~~~_.0I - 05004770 . 

TNZ sets the Test flip-flop (FlETST) if any bit in the A Register 
is a "one". If all bits in the A Register are "zero", the Test flip
flop is cleared. 

During State 4, the complement of I4-0 is gated to the J Counter. 
This presets J equal to 7, since bits 2 through 0 of the TNZ com
mand are "zeros". The Test flip-flop (FlETST) is cleared. The 
A Register is then shifted right circular with A 0 applied to the A 
input of the Serial Full Adder. All other inputs to the Adder are 
disabled providing a Sum output equal to Ao. This Sum output is 
applied to A23• leaving A unchanged after 24 shifts. If at any shift 
of A, Ao is equal to a "one", the Test flip-flop is set. If all bits 
of A are "zero", the Test flip-flop remains in the reset state. The 
J Counter is incremented at each shift of A. When the J Counter 
is equal to 3 7 8 , 24 shifts of A have occurred and further shifting 
of A is inhibited. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AFNB = IRlO ·IR09 

GlAFNB 67 AFNB = (AilO. AROO) +(AI09. AROO) 

GOAFNA 65 AROO ·ANA2 

AFNP = AFL3 · AFNC · BCLK 
FlAFNP 66 AFNP = AFL3 °AFNC • BCLK 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • JE37 

NlJlNC 71 JE37 · JINl • JIN2 

ETST = ECTF = IR07• EI06· EGl T• ET4E 
FlETST 89 ETST = EI06 • GlESTF • ECLK 

TOD-TEST BIT K ODD 

1

23 
GEN 1 . 

05 047 
61 ~ 14 K , Z = f(X, K) 

TOD sets the Test flip-flop (FlETST) if bit Z in the A Register is 
a "one". If bit Z in A is "zero", the Test flip-flop is cleared. ,----

1 

NOTE 

L _The Test flip-flop is cleared if Z is greater than 23 10• 

During State 4, the complement of 14_ 0 is gated to the J Counter. 
The Test flip-flop (FlETST) is reset. The A Register is shifted 
right circular with A 0 applied to the A input of the Serial Full 
Adder. All other inputs to the Adder are inhibited. Therefore, the 
Sum output of the Adder is equal to A 0. This Sum output is applied 
to A 23 , leaving the A Register unchanged after 24 shifts. At each 

Interruptable l Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P} + 1 

FlWPMT 

FlUOFL 

FlETST 
-Set ff-c\KTY -U; 
Reset if C_{_A_l = 0 

34-0 378 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Gates A 0 to A input of Adder 

Remains cleared because 
no summation is performed 

Shifts A Re_g_. rig_ht until J = 37_a 

Enables J incrementation until J = 373 
Clear Test F/F; 

Set Test F/F if al'!,Y_bit of A= "1" 

Interruptable I Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P} + 1 

FlWPMT 

FlUOFL 

FlETST 
Set ifAz - 1 
RP~P±if_ A7 = __Q_ 

34-0 278 - z 
Memory Z 

shift of A, the J Counter is incremented. When J is equal to 373, COMMAND CHARACTERISTICS 
~>it Z is shifted from A and if bit Z is a "one 11

, the Test flip-flop is set. If bit Z is a "zero", the Test flip-flop remains 
rn the reset state. 

4022A-5 ARITHMETIC UNIT GNl-35 



Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AFNB = IRlO • IR09 Disabled 

GlAFNB 67 AFNB = (AilO • AROO) + (AI09 • AROO) Disabled 

GOAFNA 65 AROO ·ANA2 Gates A 0 to A input of Adder 

AFNP = AFL3 • AFNC • BCLK Remains cleared because 
FlAFNP 66 AFNP = AFL3 • AFNC • BCLK no summation is performed 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • IR05 Shifts A Reg. right 24_places 

NlJlNC 71 JIN2 • JIN4 Enables incrementation of J Counter 

ETST = ECTF = IR07 ·El06 • EGl T • ET4E Clear Test F/F; 
FlETST 89 ETST = EI06 • GlESTF • ECLK Set Test F/F if A.z = 1 

TOR-TEST ODD AND RESET BIT K 

GEN 11 ..... 2_3_o_s __ 1_8 ..... l 1_1_x_1_s..._l 1_4 __ 4_5_7 __ 6 ...... l _~__._I 4 __ K _ _.I z = f(X, Kl 

TOR sets the Test flip-flop (FlETST) if bit Z in the A Register is 
a "one" and replaces bit Z with a "zero". If bit Z in A is a "zero", 
the Test flip-flop is cleared and bitZ remains "zero". 

NOTE 

The Test flip-flop is cleared if Z is greater than 231 O· 

During State 4, the complement of I4-0 (Z) is gated to the J Count
er. The Test flip-flop (FlETST) is reset. The A Register is 
shifted right with Ao applied to the A input of the Serial Full Adder. 
All other inputs to the Adder are disabled, except when J is equal 
to 37 8· When J is not equal to 37 8, the Sum output of the Adder 

Interruptable I Following Execution? Yes 
CHANGES FOLLOWING EXECUTION 

A23-0 23 Zo 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 
Set if Az = 1 
Re8et if_ Az_ = 0 

J4-0 27 8 - z 

Memory Z 

is equal to A 0. This Sum output is applied to A 23, leaving these COMMAND CHARACTERISTICS 
bits of A unchanged. The J Counter is incremented at each shift 

0 

of A and when equal to 378, bit Z is shifted from A 0• If bit Z is a "one", the Test flip-flop is set. Also, when J is 
equal to 378, A 0 is applied to the B input of the Adder. The Sum of A0 and A 0 will always result in a "zero" Sum out
put of the Adder. The Sum output is applied to A 23 , providing a "zero" in position Z of the A Register after 24 shifts 
have occurred. 
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Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AGNl • IR09 • JE37 • AROO 
Gates Ao to B input of Adder 
When J = 373 

GlAFNB 67 AROO • AI09 • DGNl • JE37 

GOAFNA 65 AROO .ANA2 Gates Ao to A input of Adder 

FlAFNP 66 AFL2 + AFL3 + (AFLl • ECLK) Held reset 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • IR05 Shifts A Re_g_. r~t 24 places 

NlJlNC 71 JIN2 • JIN4 Enables incrementation of J Counter 

ETST = ECTF = IR07 • EI06 • EGl T • ET4E Clear Test F/F; 
FlETST 89 ETST= GlESTF 0 EI06 .ECLK Set Test F/F if Az = 1 

TOS-TEST ODD AND SET BIT K 

GEN 11._2_3 __ o5 __ 1_8.._l1_7_x __ l ...... 51 ..... 1_4 __ 4_6_7 __ 6_._1_~_1 ..... 4_K _ __.1 z = f(X, K) 

TOS sets the Test flip-flop (FlETST) if bit Z in the A Register is 
a "one" and bit Z remains a "one". If bit Z inA is a "zero", the 
Test flip-flop is cleared and bit Z is replaced with a "one". 

NOTE 

The Test flip-flop is cleared if Z is greater than 23 10. 

During State 4, the complement of 14 _0 (Z) is gated to the J Count
er. The Test flip-flop (FlETST) is reset. The A Register is 
shifted right with A0 applied to the A input of the Serial Full Ad
der. All other inputs to the Adder are disabled, except when the 
J Counter is equal to 37 8. Therefore, the Sum output of the Adder 
is equal to A 0, unless J is equal to 378 . This Sum output is ap
plied to A23, leaving these bits of A unchanged. The J Counter 
is incremented at each shift of A. When J is equal to 37 8, bit Z 

Interruptable l Yes Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 
23 z1 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 
Set if Az = 1; 

LR<> a<>+ if_A.z._ = _o_ 
~ 

J4-0 278 - z 

Memory Z 

COMMAND CHARACTERISTICS 

is shifted from the A Register. The complement of bit Z is applied to the B input of the Adder. The result of the 
summation of A0 and Ao results in a 11one" Sum output of the Adder. This "one" is applied to A23, making bit Z a 
"one". Also, when J is equal to 37, if Ao is a "one", the Test flip-flop is set. 

0 
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Logic Element 
Logic 

Logic Equation Function 
Sheet 

GOAFNB 67 AGNI • JE37 • IRlO • AROO 
Gates A0 to B input of Adder 
when J = 378 

GlAFNB 67 AilO • AROO • DGNl • JE37 

GOAFNA 65 AROO ·ANA2 Gates Ao to A input of Adder 

FlAFNP 66 AFL2 + AFL3 + (AFLl • ECLK) Held reset 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • IR05 Shifts A Reg. right 24 places 

NlJlNC 71 JIN2 • JIN4 Enables incrementation of J Counter 

ETST = ECTF = IR07 • EI06 • EGl T • ET4E Clear Test F/F; 
FlETST 89 ETST = GlESTF • EI06 • ECLK Set Test F/F if Az = 1 

TSC-TEST AND SHIFT CIRCULAR 

1
2 3 1811 7 x 15114 6151 14 01 

GEN 1 .... __ o_5 __ _..__ ---"-· __ o_4_6 __ _._ __ .._ ___ K _ _. z = f(X, K) 

TSC shifts the contents of the A Register right circular Z places. 
If all bits shifted out of A 0 are "zero", the Test flip-flop (FlETST) 
is set, otherwise it is cleared. The maximum number of shifts 
is 2410. 

During State 4, the complement of I4-0 (Z) is gated to the J Count
er. The Test flip-flop (FlETST) is set. The A Register is then 
shifted right circular with A0 applied to the A input of the Serial 
Full Adder. All other Adder inputs are disabled providing a Sum 
output of the Adder equal to Ao. This Sum output is applied to A 23 . 
If any bit shifted from A 0 is a "one", the Test flip-flop is cleared. 
The J Counter is incremented at each shift of A. When J is equal 
to 378, the number of shifts specified by Z have occurred and 
further shifting is inhibited. 

Logic Element Logic 
Logic Equation Sheet 

GOAFNB 67 AFNB = IRlO • IR09 

GlAFNB 67 AFNB = (AilO • AROO) +(AI09 · AROO) 

GOAFNA 65 AROO •ANA2 

AFNP = AFL3 • AFNC • BCLK 
FlAFNP 66 AFNP = AFL3 • AFNC • BCLK 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • JE37 

NlJlNC 71 JE37 • JINl • JIN2 

ETST = GOESTF = IR06 • IR07. ET4E· EGl tfr 
FlETST 89 ETST = GlESTF • IR06 • ECLK 

GNl-38 ARITHMETIC UNIT 

Interruptab le J Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 S/~}!l1ifted right circular Z 

Q23-0 
1i-

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST Set ) 
"Rt::q:~pt 

See Text 

J4-0 378 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Gates Ao to A input of Adder 

Remains reset because 
no summation is performed 

Shifts A Reg. right until J = 378 
Enables incrementation of J 
Counter until J = 373 

Set Test Flip-flop; 
Clear if any bit shifted from Ao = 1 

4022A-5 



TZC-TEST ZERO AND COMPLEMENT 

l-2_3 ____ Jo GEN 1 
05064670 

TZC sets the Test flip-flop (FlETST} if all bits in the Register 
are "zero". If any bit in the A Register is a "one". the Test flip
flop is cleared. TZC also replaces the contents of the A Register 
with its 11 s complement. 

During State 4, the complement of I4-0 is gated to the J Counter. 
This pre sets the J Counter to 7 because bits 2 through 0 of the 
TZC command are "zeros". The Test flip-flop (FlETST} is set. 
The A Register is then shifted right with Ao applied to the A input 
of the Serial Full Adder. The Carry flip-flop (FlAFNP} is held 
set throughout the shift of A applying a "one" to the P input of the 
Adder. The Sum output of the Adder is equal to the 11 s comple
ment Ao (i.e. Ao plus 1 = complement of A 0}. This sum output 
is applied to A23 placing the 11 s complement of A back in A. If 
at any shift of A, A0 is a 11 one", the Test flip-flop is cleared. 
The J Counter is incremented at each shift of A. When J is equal 
to 37 8• 24 shifts of A have occurred and further shifting is inhibited. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AFNB = IRlO 'IR09 

GlAFNB 67 AFNB = (AilO ·AROO}+(AI09 •AROO} 

GOAFNA 65 AROO ·ANA2 

FlAFNP 66 AFL2 + AFL3 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • JE37 

NlJlNC 71 JE37 • JINl • JIN2 

ETST=GOESTF=IR06· IR07· ET4E· EGl T 
FlETST 89 ETST = G lESTF • IR06 • ECLK 

4022A-5 ARITHMETIC UNIT 

Interruptable ] Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 C(A23-o} 

Q23-0 

p 14-0 C(P} + 1 

FlWPMT 

FlUOFL 

FlETST 
Set if C(A) = O; 
RPi:::P.iif r.lA) j 0 

34-0 378 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Gates A0 to A input of Adder 

Held set 

Shifts A Reg. right until J = 37_8 
Enables incrementation of 
J Counter until J = 3 7 s 
Set Test flip-flop 
Clear if C(A} I 0 

GNl-39 



"' 

TZE-TEST A ZERO 

GEN 1 l~-2-3~~~~~~~~~~~~~~~~~-o~I - 05004670 . 

TZE sets the Test flip-flop (FlETST) if all bits in the A Register 
are "zero". If any bit in the A Register is a "one", the Test flip
flop is cleared. The original contents of A are unchanged. 

During State 4, the complement of 14-0 is gated to the J Counter. 
This presets the J Counter equal to 7 because bits 2 through 0 of 
the TZE command are "zeros". The Test flip-flop is set. The 
A Register is then shifted right circular with A0 applied to the A 
input of the Serial Full Adder. All other inputs of the Adder are 
inhibited providing a Sum output of the Adder equal to Ao. This 
Sum output is applied to A 23 , leaving the A Register unchanged 
after 24 shifts. If at any shift of A, Ao is a "one", the Test flip
flop is cleared. The J Counter is incremented at each shift of A 
When J is equal to 37 3, 24 shifts of A have occurred ~nd further 
shifting is inhibited. 

Logic Element 
Logic 

Logic Equation 
Sheet 

GOAFNB 67 AFNB = IRlO • IR09 

GlAFNB 67 AFNB = (AllO ·AROO) + (AI09 •AROO) 

GOAFNA 65 AROO ·ANA2 

AFNP = AFL3 • AFNC · BCLK 
FlAFNP 66 AFNP = AFL3 • AFNC • BCLK 

DlASRL, u 63. 1 ASRl = DGNl • T6E3 • JE37 

NlJlNC 71 JE37 • JINl • JIN2 

ETST=GOESTF=IR06• IR07· ET4E• EGl T 
FlETST 89 ETST = GlESTF = IR06 • ECLK 

GNl-40 ARITHMETIC UNIT 

Interruptable I Following Execution? Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C(P) + 1 

FlWPMT 

FlUOFL 

FlETST 
-Set IT UKJ = -U; 
Reset if C(A) /. O 

34-0 373 

Memory Z 

COMMAND CHARACTERISTICS 

Function 

Disabled 

Disabled 

Gates A0 to A input of Adder 

Remains reset because 
no summation is performed 

Shifts A Reg. right until J = 373 
Enables incrementation of 
J Counter until J = 3 7 8 

Set Test flip-flop; 
Clear if any bit shifted from Ao = 1 

4022A-5 



GEN 2 INPUT /OUTPUT COMMANDS 

23 18 17 15 14 12 11 9 8 

25 x s K3 K2 

6 

l __ 

5 3 2 0 

Ki Ko 

--- ----Micro-code d to select a 
controller a nd device and specify 

al sub-operation some speci 

'"---Specifies the action that is to be perfor med. 

Specifies the index register to be used if any. 

....... -GEN 2 Op Code 

GEN 2 commands are micro-coded and used primarily 
to control input/output sub-systems. GEN 2 commands, 
however, are also used to perform some operations 
internal to the Central Processor. To further illustrate 
the microcoding of the GEN 2 format, Fig. GN2. 1, 2, 
and 3 are provided. These figures show the specific 
microcoded functions of GEN 2 commands when operat
ing various groups of controllers. Fig. GN2. 1 illus
trates the command format when operating input/output 
sub-systems that utilize the memory multiplexer. 
Fig. GN2. 2 illustrates the GEN 2 format when operat
ing I/O devices through the I/O Buffer. Fig. GN2. 3 
illustrates the GEN 2 format when operating other I/O 
controllers. 

The GEN 2 comm and is identified by the operation code 
253. GEN 2 commands are divided into two categories, 
internal and external, according to the K3 bits (11 thru 
9). If the K3 bits are equal to 0, the command is in
ternal. If any of the K3 bits is a "one 11

, the command 
is external. External commands are Input/Output com
mands that select modules and devices for inputting and 
outputting data. A single GEN 2 command will select 
and address a specific device and specify the action that 
is to be performed. The selection of a device and the 
transfer of data is accomplished with a single GEN 2 
command. 

Internal GEN 2 commands are used to control the API 
module, test for Parity, Overflow, or Demand indica
tions, read the console switches, reset the Stall Alarm, 
turn off or on alarm contacts and set the Trapping Mode. 

GEN 2 commands cannot be relative addressed. They 
may be interrupted upon completion except for IAI1, 
IAI2, JNR, JDR, JCB and JNO. Since indexing may 
alter bit positions 14-0 of the GEN 2 command, caution 
must be exercised when specifing an index register. 

The following table lists the GEN 2 commands as defin
ed by the S (14-12) and K3 (11-9) bits. 

S Bit Internal External 
(K3= 0) (K3/0) 

--
( i al) CSTM, LMR. 0 opt on LMR IAI SEL 

2· 2· 
ALARM 

1 ACT 
SSA 

2 PAI OPR 

3 IAI1 ABT 

4 JND OUT 

5 RCS IN 

6 JNO JNR, JDR, 
JCB 

7 JNP JNE 

BASIC TIMING 

The basic timing of GEN 2 commands is divided into 
three groups; internal (K3=0), high-speed external 
(K3=7). and normal external (K3/0 or 7). The basic 
timing of each of these groups is described in the fol
lowing paragraphs. Following this discussion of basic 
timing, each GEN 2 command is described individually. 

Internal GEN 2 Commands 

GEN 2 commands with K3=0 perform various functions 
within the Central Processor and are executed at very 
high speeds (i.e. 2. 2 µ s. ). 

Fig. GN2. 4 contains a timing diagram and logic equa
tions for GEN 2 commands with K3=0. These commands 
are executed during Sequence State 4 which has a dura
tion of 0. 6 microseconds. 

Since memory is not required to execute GEN 2 com
mands, memory is not requested and the Sequence Time 
Counter (Fl TSCA-C) is not held in Time 2 (SCA· SCB· 
SCC) awaiting Data Ready. Instead, it is allowed to in-

. crement to Time 5 (SCA· SCB· SCC) which generates Last 
Pulse Envelope (Dl TLPE), ending the execution cycle. 

402 2A-5 ARITHMETIC UNIT GN2-l 



4022 CORE 

ARITHMETIC MEMORY 

UNIT 

23 18 1 7 15 14 

25 x 

l 
MEMORY CHANNELS 

4510B 
4520 

DRUM 
DRUM & 

COUPLER CONTROL 

4515B 4547 

DISC DISC 
COUPLER CONTROLLER 

4591B 
4511B 

4501 COMMON 
MEMORY 

PERIPHERAL PERIPHERAL 
MULTIPLEXER 

MULTIPLEXER INTERFACE 
COUPLER 

COUPLER 

j l 1 l 
4536 4546 4570 4560 4550 

MAG DISC CARD CARD LINE 
TAPE FILE PUNCH READER PRINTER 

12 11 9 8 6 5 3 2 0 

s 
\......_ ____ ..--_ ___..) \. ......,... ) 

L 
L_ 4591 only. Specifies Pointer Word address. 

(00 - 07 Specifies Pointer 
Word address 30-37 respectively) 

Specifies Memory Channel 

10 = Channel one 
20 = Channel two 
40 = Channel three 

L--- Specifies action to be performed 

0 = Not Used 
1 = Activate Interrupt 
2 = Disc (Return to zero) 

Drum (Not Used) 
4591 (Not Used) 

3 = Abort operation 
4 = Initiate operation 
5 = Disc (Read Status) 

Drum (Not Used) 
4591 (Program Load - Manual Only) 

6 = Controller Busy Test 
7 = Error Te st 

L--- Specifies Index Register 

L---QEN 2 Op-Code 

Fig. GN2. 1. Memory Multiplexer Channels 
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4022 

ARIT H!VlE TIC 

UNIT 4202 

I/O 

BUFFER 

23 18 17 15 14 

25 x 

I l I l 
4221-C 4262-C 4233-C 4212-C 

F.C. LINE 
TTY-35 

PAPER 
TAPE 

TYPER PRINTER 
READER 

s 

I l l 
4213-C 4270-C 4223-C 4253-C 
PAPER 

I/O L.C. 
PAPER 

TAPE TAPE 
READER 

TYPER TYPER 
PUNCH 

12 11 6 5 3 2 0 

\..._ ___ ....,.. ____ )'-.._..)~ 
L I/O Buffer channel 

address 00 - 173 
specifies channel 1 - 16 
respectively. 

I'-- Busy/Ready Test 
01 = Channel Busy Test (JCB) 
10 = Data Ready Test (JDR) 

'---Error/ Ala rm Test 
00 = Test Line 1 
01 = Test Line 2 
10 = Test Line 3 
11 = Test Line 4 

....__ I/O Buffer Address 718 = First I/O Buffer 

.___Action to be performed 
0 Not Used 
1 Not Used 
2 Initiate Operation 
3 Abort Operation 
4 Output Data 
5 Input Data 
6 Channel Busy /Data Ready Test 
7 Error/ Alarm Test 

l 
4234-C 

TTY-33 

........_ Specifies Index Register 

L_ GEN 2 Op-Code 

Fig. GN2. 2. I/O Buffer Application 

4022A-5 ARITHMETIC UNIT 

l 
4244-C 

CARD 

READER 

1 
DATANET 

760 
CRT 

DISPLAY 

GN2-3 



4022 

ARITHMETIC 
4074 

UNIT 
I/O 

EXPANDER 

4282 
CARD 

PUNCH 

23 18 17 15 14 

25 x s 

,___-

~ 

~ 

4075 
I/O 

COUPLER 

1---

.____ 

12 11 9 8 6 5 

4306 
COMMUNICATIONS 

COUPLER 

4302 
TIM ED OUTPUT 
CONTROLLER 

~~ 
REMOTE 

MMUNICATION co 

l 4400-B 
4400-A 

DIGITAL INPUT 1--

CONTROLLER 

l 4300-B 
4300-A 

1---p.YlULTIPLE OUTPUT 
CONTROLLER 

l 4101-B 

4101-A 

ANALOG INPUT 
1--

CONTROLLER 

l 4100-B 

4100-A 
ANALOG INPUT 1-----J 

CONTROLLER 

3 2 0 

~\.. CRe~erved 
L Controller Address 

12 First analog input control 
14 First digital input control 
41 First card punch 
42 First multiple output control 

First Timed output control 
First communications coupler 

L--Action to be performed 
0 Not Used 
1 Activate Interrupt 
2 
3 Abort Operation 
4 Output Information 
5 Input Information 
6 Controller Busy Te st 
7 Error Test 

L---Specifies Index Register 

'----GEN 2 Op-Code 

Fig. GN2. 3. Controller Applications 

GN2-4 ARITHMETIC UNIT 

4307 
REMOTE 

SCANNER 

4100 
4300 
4302 
4400 

4201-B 

4022A-5 



I-- O. 6µs. __, 

Cl<ll'k (lOmc) I I I 
n n TLPE = TLP4 = DGKT. TSCA· 

DlTLPE(ll) _J L_____J L SC04 ·TSCB 

FlSCOl(l7) L____f sco1 =SSS! .TLPE ·SCLK 

F1SC04(17. 1) __j L SC04 = SSS4 . TLPE • SCLK 

r----1 TSCC = TSC2 • TSCB • TCK2 
Fl TSCC(B) ___J L__ TSCC = TSCA • TSCB • TCK2 + 

Fl TSCB(8) 

FJTSCA(8) I._ __ _, 

TLPE • TCK2 L TSCB = TSCC . TSCA • TCK2 
TSCB = TSCC • TCK2 

LTSCA = TMEM • TSCB • TCK2 
TSCA = TLPE • TCK2 

DlPINl, 2(88) n~ ____ PINl, 2 = PIN4 

Fig. GN2. 4. Internal GEN 2 Basic Timing 

High-Speed External GEN 2 Commands 

High-speed GEN 2 commands are those GEN 2 com
mands having the K3 bits equal to 7. These commands 
are used with I/O Devices that operate through the I/O 
Buffer at high-speeds. High-speed GEN 2 commands 
are executed in 8. 5 microseconds. 

Fig. GN2. 5 illustrates the basic timing signals and 
the associated logic equations for the execution state 
(State 4) of GEN 2 commands with K3 equal to 7 o Sequence 
Control State 4 has a duration of 6. 9 microseconds for 
these commands. The duration of State 4 is controlled 
primarily by Time 6 Envelope (Fl TT6E), the Delay 
Time (binary) Counter (Fl TAFF-Fl TEFF), and the 
Extended Time Counter flip-flops (Fl TECl, 2). 

The Sequence Time Counter (Fl TSCA, B, C) is incre
mented by the first six Clock pulses of State 4 to Time 
6 Envelope (Fl TT6E). At Time 3 (SCA· SCB· SCC) of 
the Sequence Time Counter, the Delay Time Counter is 
pre set to a count of 3 Os by G 1 TP AF, and the Extended 
Time Counter flip-flops (Fl TECl, 2) are set. At Time 
4 (SCA· SCB· SCC) of the Sequence Time Counter, the 
Delay Time Counter is preset to a count of 4 by DOTP04. 
During Time 6 Envelope, the Delay Time Counter is 
incremented by each Clock pulse until it is equal to 303. 
:Vhen the Delay Time Counter is equal to 308, Fl TEC2 
is reset and the Delay Time Counter is again preset to 
4 by DOTP04. The Delay Time Counter is again incre
mented until it is equal to 303. At this time, Fl TECl 
is reset and the Delay Time Counter is again preset to 
4 by DOTP04. Fl TEC2 is set if the command is not a 
JNE, JNR, JDR or JCB command with the jump condi
tion true (i. e. if G 1 TPlX). The Delay Time Counter is 
again incremented by each Clock pulse until it is equal 
to 308 . At this time, with the Delay Time Counter 
equal to 303 and the Extended Time Counter flip-flops 
(Fl TECl, 2) reset, Last Pulse Envelope (Dl TLPE) is 
enabled to end the execution cycle. 

Phase A and Phase B timing signals are applied to the 
I/O Subsystem by DONPHA and DONPHB. Notice that 
DONPHB is not enabled for external jump commands 
(JNE, JNR, JCB, JDR) when the jump condition is true. 

External GEN 2 Commands (K3 "# 7) 

External GEN 2 commands that do not have the K3 bits 
equal to 7 are executed in 26. 5 microseconds. Most 
external GEN 2 commands are in this category. 

Fig. GN2. 6 illustrates the basic timing signals and the 
associated logic equations for the execution state 
(State 4) of these external GEN 2 commands. Sequence 
Control State 4 has a time duration of 24. 9 microseconds. 
This time duration is controlled in much the same man
ner as the High-Speed GEN 2 commands described above, 
except that the Delay Time Counter is incremented by 
every fourth Clock pulse instead of at every Clock pulse. 
The Frequency Divider (Fl TEDl, 2) is used to provide the 
Delay Time Counter triggers at every 4th Clock pulse 
of these external GEN 2 commands. 

The Sequence Time Counter (Fl TSCA, B, C,) is incre
mented by the first six Clock pulse of State 4 to Time 6 
Envelope (Fl TT6E). At Time 3 (SCA· SCB· SCC) of the 
Sequence Time Counter, the Delay Time Counter 
(Fl TAFF-Fl TEFF) is preset to 308 by Gl TPAF and the 
Extended Time Counter flip-flops (Fl TECl, 2) are set. 
At Time 4 (SCA· SCB· SCC) of the Sequence Time Counter, 
the Delay Time Counter is preset to 4 by DOTP04. Each 
Clock pulse of Time 6 Envelope increments the Frequency 
Divider flip-flops (Fl TFDl, 2), when the Delay Time 
Counter is not equal to 303. Fl TFDl and Fl TFD2 act as 
a binary counter and are, therefore, both set at every 
fourth Clock pulse. When both Fl TFDl and Fl TFD2 are 
set, GOTDFD is enabled. When enabled, GOTDFD enables 
G 1 TEID and allows incrementation of the binary Delay 
Time Counter (Fl TAFF-Fl TEFF). Therefore, every 
fourth Clock pulse increments the Delay Time Counter 
until it is equal to 303. When the Delay Time Counter is 
equal to 308, the Extended Time Counter flip-flop, 
Fl TEC2, is cleared and the Delay Time Counter is pre
set to 4 by DOTP04. The Delay Time Counter is again in
cremented at every fourth Clock pulse until it is again in
cremented to 308 . At this time the Extended Time Counter 
flip-flop, Fl TECl, is reset and the Delay Time Counter 
is again preset to 4 by DOTP04. The Delay Time Counter 
is again incremented by every fourth Clock pulse until 
equal to 303. At this time, with Fl TECl and Fl TEC2 re
set and the Delay Time Counter equal to 308, Last Pulse 
Envelope (Dl TLPE) is enabled ending the execution cycle. 

Phase A and Phase B timing signals are applied to the 
I/O Subsystem by DONPHA and DONPHB. Notice that 
DONPHB is inhibited during external jump commands 
(JNE, JNR, JCB, JDR) when the jump condition is true. 
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Clock (lOmc) 

DlTLPE (11) 

FlSCOl (17) 

F1SC04 (17. 1) 

FlTSCC (8) 

FlTSCB (8) 

FlTSCA (8) 

F1TT6E (8) 

GlTPAF (12) 

DOTP04 (13) 

t FlTECl (16) 
:::j 
:c 
~ 
;;! Fl TEC2 (16) 
n 
c: 
~ 

FlTEFF (14) 

FlTDFF (14) 

FlTCFF (14) 

FlTBFF (13) 

Fl TAFF (13) 

Gl T6E3 (10) 

Gl TEID (12) 

FlBINA (101) 

DONPHA (101) 

,p. DONPHB (101) 0 
t..:> 
[,_;) 

:i> 
I 

c.., 
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DlTLPE 

FlSCOl 

FlSC04 

FlTSCC 
FlTSCC 

FlTSCB 
FlTSCB 

FlTSCA 
FlTSCA 

FlTT6E 
FlTT6E 

__fl n '---------~n~-------~ fl GlTPAF 

--u LJ LJ 

_J 

DOTP04 

Fl TECl 
FlTECl 

F1TEC2 
Fl TEC2 

TLP2 = TBFF ·TAFF· TT6E • DGKN · TECl 

SSSl · TLPE • SCLK 

SSS4 • TLPE • SCLK 

TSC2 • TSCB • TCK2 
TSCA • TSCB • TCK2 + TLPE • TCK2 

TSCC • TSCA • TCK2 
TSCC · TCK2 

TMEM • TSCB • TCK2 
TLPE •TCK2 

TMEM • TSCl • TCK2 
TLPE ·TCK2 

TP30 + TD30 

TECl·TAFF·TBFF 

SC04 • TPl l • BCLK 
TEC2·TD30°BCLK 

SC04 • TPl l • BCLK + TPlX • TD30 • BCLK 
TD3 0 • TT6E • BCLK 

OTC= 308 

G. TEFF = T6E3 • TEID • JCKl • TEFF 
FlTEFF TEID•JCKl ·TEFF 

__fl 

FlTDFF 
FlTDFF 

FlTCFF 
FlTCFF 

FlTBFF 
FlTBFF 

L 
FlTAFF 
Fl TAFF 

GlT6E3 

-------------------------------~ GlTEID 

FlBINA 
FlBINA 

DONPHA 

-- - - --, DONPHB 

Fig. GN2. 5. High-Speed External GEN 2 Basic Timing 

TEFF • TEID • JCKl • TDFF 
TEFF • TEID • JCKl • TDFF + TTOE 

GlTEFF·GlTDFF·JCKl •TCFF 
Gl TEFF · Gl TDFF • JCKl • TCFF + TTOE 

TPAF • JC04 • JCKl • TBFF+Gl TDEF· Gl TCFF· JCKl· TBFF 
Gl TDEF • Gl TCFF • JCKl • TBFF + TTOE 

JC04 • TPAF. JCKl + Gl TDEF • Gl TBCF ·TAFF 
TPAF• GlTEFF• JCKl +Gl TDEF· Gl TBCF· JCKl· TAFF+ TTOE 

TT6E (TAFF+ TBFF) 

= DGN3 ·D2TK 

TECl ·NEC2 .CLKP 
SC04 •CLKP 

TECl • TEC2 ·BINA 

TECl • TEC2 ·BINA 
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FlSC04 (17. 1) 

Fl TT6E (8) 

GlTEID (12) 

GlTPAF (12) 

DOTP04 (13) 

FlTFDl (15) 

FlTFD2 (15) 

GOTDFD (15) 

FlTECl (16) 

Fl TEC2 (16) 

Fl TEFF (14) 

FlTDFF (14) 

Fl TCFF (14) 

FlTBFF (13) 

Fl TAFF (13) 

G1 T6E3(10) 

L-------------1~--------H-------~~----'r-- FlSCOl 

L FlSC04 

FlTT6E L FlTT6E 
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_ll....__ ____ -11~~r------IL GlTPAF 

~~~~--DOTP04 
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FlTFDl 

= SSSl • TLPE • SCLK 

SSS4 • TLPE • SCLK 
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TP30 + TD30 
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TCK2·TFD1 

T630·TCK2·TFD1 ·TFD2 
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TFDl · TFD2 

____Jr~~~~~~~~(I 

Fl TECl = SC04 • TPll • BCLK 
Fl TECl = TEC2 • TD30 • BCLK 
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T6E3 • TEID • JCKl • TEFF 
TEID • JCKl • TEFF 

TEFF • TEID • JCKl • TDFF 
TEFF • T'EID • JCKl • TDFF + TTOE 

= Gl TEFF • Gl TDFF • JCKl • TCFF 
= Gl TEFF • Gl TDFF • JCKl • TCFF + TTOE 

= TPAF• JC04• JC Kl• TBFF + G 1TDEF•G1 TCFF· JC Kl· TBFF 
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L Fl TAFF = JC04 • TPAF • JCKl + Gl TDEF • Gl TBCF • TAFF 
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~~~GlT6E3 TT6E(TAFF·TBFF) 

FlBINA(lOl) ~ L FlBINA 
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DONPHB (101) .___-___ --<111~_-_---'r DONPHB TEC 1 • TEC2 • BINA 

Fig. GN2. 6. External GEN 2 (K3f 7) Basic Timing 



ABT-ABORT DEVICE D's OPERATION 

GEN 2 23 18 17 15 14 12 11 0 

(S= 3, K3;! 0) 25 x 3 D 
Z= f(X, D) 

ABT terminates the operation of the addressed device 
and initializes the addressed channel. The operation 
may or may not have been completed, thus, ABT pro
vides an interrupt to indicate that the ABT command has 
been executed. Some device operations cannot be ter
minated instantly, (Teletype, Magnetic Disc seek) there
fore, the program must account for this delay to com
plete termination of the operation. For example, the 
Teletype requires 100 ms to transmit one character. If 
ABT is executed before the full character has been 
transmitted, the channel will be initialized but the Tele
type unit must complete its cycle. Therefore, if another 
command is issued to the Teletype before it completes 
that cycle, a synchronization problem occurs. 

Since ABT is an external GEN 2 command (K3;! 0), the 
duration of Sequence Control State 4 will be 6. 9 micro
seconds if K3 is equal to 7, or 24. 9 micro-seconds if K3 
is not equal to 7. The timing diagram contained in Fig. 
GN2. 5 or GN2. 6 applies to the ABT command. 

Because the S bits (14-12) of the ABT command are 
equal to 3, the NGS3 gates are enabled by the corres
ponding bits of the I Register. Bits 11 through 0 of the 
ABT command are decoded from the I Register, enabling 
the corresponding K decode gates. These signals, along 
with the Phase A and Phase B timing signals, are ap
plied to the I/O Subsystem. Refer to the I/0 Subsystem 
description (e.g. Disc, Drum, etc.) for a detailed dis
cussion of the operation of the ABT command within the 
Subsystem. · 

I REG. 
23 

A 

A 13 12 11 
3 

GONGS3 
KO-K3 DECODE 

Sheet 101 

Sheet 101 

~~ 
A 

X1NGS3 

To I/O Subsystem 

ABT Block Diagram 

A 

G1NGS3 

Sheet 
99, 100 

0 

ACT-ACTIVATE DEVICE D's INTERRUPT 

GEN 2 23 18 17 15 14 12 11 0 

(S= 1, K3;! 0) 25 x 1 D 
Z= f(X, D) 

ACT indirectly initiates programmed operation of device 
Z by initiating an Automatic Program Interrupt from the 
device. If device Z is not in operation, ACT simulates 
the completion of an operation to provide the Automatic 
Program Interrupt (i.e. 'the ready signal is cycled to not 
ready and back to ready). If device Z is in operation, the 
ACT command is ignored. The ACT command may be 
used to initiate subroutines for devices connected to 
modules such as the Analog Input Controller, Multiple 
Output Controller, Drum, Disc, etc. 

Since the ACT command is an external command (K3f O), 
the duration of Sequence Control State 4 will be 6. 9 mi
croseconds if K3 is equal to 7 or 24. 9 microseconds if 
K3 is not equal to 7. The timing diagram shown in Fig. 
GN2. 5 or GN2. 6 applies directly to the ACT command. 

The S (bits 14-12) and K (bits 11-0) bits of the ACT com
mand are decoded from the I Register. Since S is equal 
to 1, the NGSl gates are enabled. This signal along 
with the K decode gates enabled and the Phase A and 
Phase B timing signals are applied to the addressed 
I/O Subsystem. Refer to the description of the particular 
Subsystem addressed for details of the ACT operation 
within the Subsystem. 

I REG. 
23 

A 

A 13 
1 

GONGS3 

Sheet 101 

A 

XlNGSl 

11 

KO-K3 DECODE 

A 

GlNSGl 

To I/O Subsystem 

ACT Block Diagram 

IAI 1-INHIBIT AUTOMATIC INTERRUPT 

GEN 2 123 01 
(S= 3, K3= 0) 

2 5 0 3 0 0 0 0 '-------------------------

IAI1 clears the Permit Automatic Interrupt flip-flop 

0 
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(Fl WPM T) to inhibit inhibitable program interrupts. 
Non-inhibitable interrupts are not affected by the IAI1 
command or Permit Automatic Interrupt flip-flop. 

Since the IAI1 command is an internal GEN 2 command, 
Sequence Control State 4 has a duration of 0. 6 micro
s~conds. The timing diagram and logic equations shown 
in Fig. GN2. 4 apply to the IAI1 command. 

The S bits of the IAI1 command are decoded from 
I A 13 12 to enable the NGS3 gates. The K3 bits are 
decod.ed from I 11 _9 and enable the NK30 gates. At 
time 3 (TSCA· TSCB• TSCC) the Permit Automatic In
terrupt flip-flop (FlWPMT) is reset. FlWPMT when 
reset, applies a signal to the Automatic Program In
terrupt module inhibiting inhibitable type interrupts. 

23 

Sheet 101 

Sheet 121 

TSCC•TSCA 

ECLK 

I Reg. 

A, 13, 12 11 9 

3 0 

A 

GONGS3 

A 

G1NGS3 

A 

GOWGS3 

K3 DECODE Sheet 100 

OR 

GlDGKT 

A 

OR 

GlWCPM 

Sheet 29 

Sheet121 FlWPMT 

0 

TO APIMODULE 

IAI1 Block Diagram 

IAl2-INHIBIT AUTOMATIC INTERRUPT(Optional) 

GEN 2 

(S=4, K3=0) 2 5 0 0 4 3 0 4 

IAI2 is used in conjunction with the optional Automatic 
Interrupt Mask Register. IAI2 inhibits all interrupts, 
both inhibitable and non-inhibitable provided the Permit 
Automatic Interrupt flip-flop has been previously cleared. 

Since the IAI2 command is an internal GEN 2 command, 
Sequence Control State 4 has a duration of 0. 6 micro
seconds. The timing diagram and logic equations shown 
in Fig. GN2. 4 apply to the IAI2 command. 

The Sand K bits of the IAI2 command are decoded from 
the I Register. Decoding these bits apply the S=O and 
corresponding K decode signals to the optional API 
Mask Register logic. From these signals, the Mask 
Register logic inhibits all interrupts by clearing the 
Time Counter, clearing the Priority Interrupt flip-flops 
and disabling Echo generation. 

23 

GEN 2 

(S=5, K3/0) 

1A, 13, 121 11 
I I 

I Reg. 

9 1 8 
I 

I 0 I 0 I 

A A 

GONGSO NK21 

A 

GlNGSO 

3 0 

A 

NK22 

TO API MASK REGISTER 

IAI2 Block Diagram 

IN-INPUT FROM DEVICE D 

23 18 17 15 14 12 11 0 

25 x 5 D 

0 

4 

A 

NK04 

Z= f{X, D) 

IN transfers data from the addressed device to the A 
Register. The IN command is not required on sub
systems connected to the Memory Multiplexer channels 
with the exception of the Model 4591 Common Peripheral 
Interface Coupler. A manually executed IN command 
(via the Console) addressed to the Model 4591 initiates 
a program load operation. Refer to the Model 4591 for 

. further details. 
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FlSCOl (17) 

FlSC04 (17. 1) 

Fl TECl (16) 

Fl TEC2 (16) 

DONPHA (101) 

DONPHB (101) 

Dl UIOU, L (53) 

DlAAUU, L (62) 

GN2-10 

23 
I REG. 

Sheet 101 

UC04 

Sheet 101 

A 

GlNGS5 

I 
I 

A, 13, 12 

5 

A 

GONGS5 
KO= K3 DECODE 

Sheet 99, 100 

A 

XlNGS5 

PB ¢A 

_J __ 1 
1/0 SUB-SYSTEM I 

I 
'-------- ------.I 

A A 

DlUIOU DlUIOL I/O 

INPUT 
DATA BITS 

Sheet 42-47 23 GATES 0 
ADDER 

Sheet 97, 98 

....----+-----0---------AAUL,U 

Sheet 56-61 

IN Block Diagram 

24. 9 µs. if K3;' 7 
6. 9 µs. if K3=7 ---1 

l...__ ____ 1---_J 
J L 
~ ~~-

~~~L 

J 

~~r---

~J 
L 

SCOl SSSl • TLPE • SCLK 

SC04 SSS4 · TLPE · SCLK 

TECl = SC04 • TPl l • BCLK 
TECl = TEC2 • TD30 • BCLK 

TEC2 = SC04· TPl l • BCLK + TPlX· TD30. BCLK 
TEC2 = TD30 • TT6E • BCLK 

NPHA= TECl · TEC2 • BINA 

NPHB= TECl • TEC2 ·BINA 

urou. L = UIOl = NSG5 • UC04 

-----H---..__--<!"'""\ _ __._ __ 1r--L AAUU, L = AAU4 = TT6E• TBFF· TAFF• NS5T· ECLK 

IN Timing Diagram 
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The duration of State 4 is 24. 9 microseconds if the K3 
bits are not equal to 7, or the duration is 6. 9 micro
seconds if the K3 bits are equal to 7. The basic timing 
diagram in Fig. GN2. 5 or GN2. 6 applies to the IN 
con1mand. 

Since the S bits of the IN command are equal to 5, X1NGS5 
is enabled and the resultant signal is applied to the I/O 
Sub-system along with the Phase A and Phase B timing 
signals and the decoded address signals (KO - K3). Data 
from the addressed subsystem is applied through the 
I/O Input Gates (logic sheets 97 and 98) and gated to the 
Adder Unit by Dl UIOU, L. From the Adder Unit, the 
data bits are gated to the A Register by DlAAUU, L. 

GEN 2 
(S = 6, 
K3 / 0) 

JCB-JUMP IF CHANNEL BUSY 

23 18 17 15 14 12 11 6 5 4 3 

25 x 6 D 0 1 D 

0 

JCB transfers program control to the second sequential 
instruction (P + 2) if the addressed channel is busy. If 
the addressed channel is ready, program control is 
transferred to the first sequential instruction (P + 1 ). 

Hardware operation of the JCB command within the 
Arithmetic Unit is identical to that of the JDR and JNR 
commands. Refer to the description of the JNR com
mand for further details. 

GEN 2 
(S = 6, 
K3 I 0) 

JDR-JUMP IF DATA READY 

23 18 17 15 14 12 11 6 5 

25 x 6 D 1 

4 3 0 

0 D 

JDR transfers program control to the second sequential 
instruction (P + 2) if the addressed input channel is busy 
and its data ready indicator is set. Control is also 
transferred to the second sequential instruction (P + 2) 
when the addressed output channel is busy and its buffer 
ready indicator is set. If either indicator of the ad
dressed channel is reset, program control is transfer
red to the first sequential location (P + 1). When the 
addressed channel is not busy, program control 
is transferred to the first sequential location 
(P + 1). 

Hardware operation of the JDR command within 
the Arithmetic Unit is identical to that of the JCB 
and JNR commands. Refer to the description of 
the JNR command for further details. 

GEN 2 

(S=4, K3=0) 

JND-JUMP IF NO DEMAND 

123 
2 5 0 4 0 0 0 0 

JND transfers program control to the second sequential 

location (P + 2) if the Demand flip-flop (FlCDMD) is re
set. If the Demand flip-flop is set, JND clears it and 
advances program control to the first sequential location 
(P + 1). The Demand flip-flop is set by pressing and then 
releasing the DEMAND switch on the computer console. 

Since the JND command is an internal GEN 2 command, 
Sequence Control State 4 has a duration of 0. 6 micro
seconds. The timing diagram and logic equations shown 
in Fig. GN2. 4 apply to the JND command. 

The P Register is always incremented during Time 2 
(TSCA· TSCB) of the JND command. If the Demand flip
flop (FlCDMD) is in the reset state, the P Register is 
again incremented at Time 5 (TSCA· TSCB• TSCC). If 
the Demand flip-flop is set, the JND command resets it 
during time 0 of the following State 1. 

The Demand flip-flop is set by pressing and then releas
ing the DEMAND switch on the computer console. Pres
sing the DEMAND switch applies a ground to Fl CDMS 
providing a "one" output to arm FlCDMD. Releasing the 

Sh.25 

DEMAND 

Sheet124 

Sheet 124 FlCDMD 

NK30 · NSG4 

Sheet 100 

1 0 

A 

DOCDMD 

OR 

GONJMP 

CLCl 
NK30 

A 

GOCRDM 

NS4T 

SCA 

TO P REG. INCREMENT 
CONTROL (Sheet 88) 

JND Block Diagram 
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!--o. 6 µs. -j !--o.6µs. ----.j 

I I I I I I I I 
Sl___fl_ 

I I I I I I I I 
DlTLPE Sl___fl_ TLPE TLP4 = DGKT· TSCA. SC04. TSCB 

FlSC04 (17.1) _J L _J L SC04 SSS4 . TLPE · SCLK 

FlCDMD (124) 

GONJM P ( 100) 

G1PIN9 (88) 

GOPIN3 (88) 

GOPIN4 (88) 

L 
Lf 

LJ LJ 

CDMD 
CDMD 

NJMP 

PIN9 

PIN3 

PIN4 

CDMN •CSCA 
CRDM =CSCA· NS4T· NK30· CLCl 

NSG4 · NK30 · CDMD 

TSCA • NJMP • DGN2 • NK30 

PIN9 • TSCC • TSCB • PINl 

PINl • BGNN • TSCA • TSCB 

DlPINl, 2 (88) ___ ..... n ____Il____ll_ PINl, 2= PIN4 + PIN3 

L Increment P = P + 1 - [ L Increment P = P + 2 
Increment P = P + 1 

DEMAND SET DEMAND RESET 

JND Timing 

DEMAND switch removes the ground from FlCDMS and 
applies it to FOCDMS. This provides a 11 one 11 output 
from FOCDMS which is applied to FlCDMS causing its 
output to fall to "zero" thereby setting FlCDMD. 
FlCDMD is cleared by the decoded JND command 
(NS4T · NK30) at the beginning of the following State 1. 

JNE-JUMP IF DEVICE D NOT IN ERROR 

GEN 2 

(S=7,' K3/0) 

23 18 

25 

17 15 

x 
14 12 11 0 

7 D 
Z= f(X. D) 

JNE transfers program control to the second sequential 
location (P + 2) if no error or alarm exists in the ad
dressed module. If an error or alarm exists, program 
control is transferred to the first sequential instruction 
(P + 1 ). Depending on the module addressed, the JNE 
command may also clear the error or alarm indicator 
in the module. 

The duration of Sequence Control State 4 is 24. 9 micro
seconds if K3 (bits 11 - 9 of the JNE command) is not 
equal to 7 or the duration is 6. 9 microseconds if K3 of 
the JNE command is equal to 7. Refer to the basic 
timing diagram contained in Fig. GN2. 5 or GN2. 6. 

The S bits of the JNE command are decoded from 
IA 13 12 to enable NGS7. This signal, along with the 
de~od~d K3-0 signals and Phase A and Phase B. are 
applied to the I/O Subsystem. The P Register is incre
mented (GOPIN4) at Time 2 of State 4. The error or 
alarm signal from the addressed module is applied 
through GONJP2. If an error or alarm exists, GONJMP 
is disabled. When disabled, GONJMP enables setting 
of Fl TEC2 when the Delay Time Counter is equal to 303. 

Setting Fl TEC2 enables generation of the Phase B 
signal to the addressed module and inhibits increment
ing of the P Register for the second time. If, however 
no error or alarm exists, GONJMP is enabled. When 
enabled, setting of Fl TEC2 is inhibited when the Delay 
Time Counter is equal to 308• Inhibiting Fl TEC2, 
inhibits generation of Phace B and enables GlPIN8. 
G1PIN8 enables GOPIN3 causing the P Register to be 
incremented a second time (P + 2). 

ERROR OR ALARM INPUTS 

I Reg. 

24 A, 13, 12 11 

7 

OR 

GONJP2 

SbeoUO~lB fif,lA NG8' K DECODE 

---------..----- r - - - ...., 

NSG7 

OR 

GONJMP Sheet 100 

TO EXTENDED TIME COUNTER, 
Fl TEC2, CONTROL Sheet 16 

I I 
I 1/0 SUB-SYSTEM I 
L _________ J 

JNE Block Diagram 
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I· 24. 9 µs. if K3/ 7 
6. 9 µ s. if K3= 7 

FlSCOl (17) l'-----~1-------<1----------4~ SCOl 

F1SC04 (17. 1) J ~ SC04 

SSSl • TLPE • SCLK 

SSS4 · TLPE • SCLK 

Fl TECl (16) 

F1TEC2 (16) 

DONPHA (101) 

DONPHB (101) 

GONJMP (100) 

GOPIN4 (SS) 

G1PIN8 (8S) 

GOPIN3 (SS) 

TE Cl 
~----{F---- TEC 1 

r -- - --\I- - - - ... , TEC2 
'-----{Cl--_.._---<.,._ _ ____.'._ TEC2 

NPHA 

I 
I I NPHB 
L...----H-----' 

- - - - - - - - - - ~\- - - -- - - - - -H- - - - - - ..... - -;~ - - - - -
NJMP 

-------<~------<~-----~~-~ 

PIN4 

·1----~~---r PINS 

------~<-------1~-----4.~PIN3 

SC04 • TPll • BCLK 
TEC2•TD30·BCLK 

SC04· TPll· BCLK+ TPlX· TD30· BCLK 
TD30 • TT6E • BCLK 

TECl • TEC2 ·BINA 

TECl • TEC2 ·BINA 

NSG7 • NJP2 

TSCB . TSCA • BG NN . PINl 

TE Cl · TEC2 • PGK3 • TG6 7 

PINS • TT6E • TD30 • PINl 

DlPINl, 2 (SS) ~i--------t~-----•sr----Il PINl, 2= PIN4 + PIN3 

NO ERROR OR ALARM 
ERROR OR ALARM 

JNE Timing Diagram 

JNO-JUMP IF NO OVERFLOW JNO transfers program control to the second sequential 
location (P + 2) if the Overflow flip-flop (Fl UOFL) is 
cleared. If the Overflow flip-flop is set, JNO clears it 
and transfers program control to the first sequential 
location (P + l}, 

GEN 2 

(S=6, K3=0) 

DlTLPE 

F1SC04 (17.1) 

FlUOFL (54) 

GONJMP (100) 

G 1PIN9 (SB) 

GOPIN3 (S8) 

GOPIN4 (S8) 

DlPINl, 2 (88) 

4022A-5 

25060000 

l+--o. 6 µs. ---I 
I I I I I I I I 
_n_____n_ 
_J L 

LJ 
-~l.1--

Lrncrement P = 

OVERFLOW SET 

Since the JNO command is an internal GEN 2 command, 

1+--0:6 µs. ---I 
I I I I I I I I 
_n_____n_ TLPE TLP4 = DGKT• TSCA· SC04· TSCB 

_J L 

u 

L 
Lf 

SC04 SSS4 • TLPE • SCLK 

UOFL ECLK • TSCB • UFL9 

NJMP NSG6 • NJPl 

PIN9 

PIN3 

PIN4 

TSCA· NJMP· DGN2· NK30 

PIN9' TSCC· TSCB· PINl 

PINl· BGNN· TSCA· TSCB 

___J,L__[l_ PINl, 2 = PIN4 + PIN3 

p + 1 t L- L Increment P = P + 2 

L Increment P = P + 1 
OVERFLOW RESET 

JNO Timing 
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Sequence Control State 4 has a duration of O. 6 micro
seconds. The timing diagram and logic equations 
shown in Fig. GN2. 4 apply to the JNO command. 

The P Register is always incremented during Time 2 
(TSCA · TSCB) of the JNO command. If the Over
flow flip-flop (Fl UOFL) is in the reset state, the P 
Register is again incremented at Time 5 (TSCA · 
TSCB · TSCC). If the Overflow flip-flop is set, the 
JNO command resets it during Time 5 (Gl UFL9). 

ECL 

TSCA- NGS6· WC04· DGKT 

FlUOFL Sheet 54 

0 

Sheet 100 

K3=0 

OR 

GONJMP Sheet 100 

TO P REG. INCREMENT 
CONTROL (Sheet 88) 

JNO Block Diagram 

JNP-JUMP IF NO PARITY ERROR 

GEN 2 123 01 
(S=7, K3=0) 2 5 0 7 0 0 0 0 

'--~~~~~~~~~~~~----' 

JNP transfers program control to the second sequential 
location (P + 2) if a core memory parity error does 
not exist (i.e. the Core Parity Error flip-flop is 
clear). If a core parity error exists, JNP transfers 
program control to the next sequential location (P + 1) 
and clears the Core Parity Error flip-flop. 

Since the JNP command is an internal GEN 2 command, 
Sequence Control State 4 has a duration of O. 6 micro
seconds. The timing diagram and logic equations 
shown in Fig. GN2. 4 apply to the JNP command. 

The P Register is always incremented during Time 2 
( TSCA· TSCB) of the JNP comm and. If the Parity 
Error flip-flop in the Core Memory Module is reset, 
the P Register is incremented for the second time 
(P + 2) at Time 5 (TSCA • TSCB · TSCC). If the Parity 
Error flip-flop is set, the JNP command applies a 
signal (GlNCPE) to reset it. 

S=7 

Core Parity Error 

K3 = 0 

OR 

GONJMP 

A 

Sh. 100 

TO P REG. INCREMENT 
CONTROL (Sheet 88) 

TO RESET CORE 
PARITY F/F 

JNP Block Diagram 
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DlTLPE 

F 1SC04 ( 1 7. 1 ) 

PARITY ERROR 

GONJM P (100) 

G1PIN9 (88) 

GOPIN3 (88) 

GOPIN4 (88) 

DlPINl, 2 (88) 

!+-- o. 6 µ s. -+I 
I I I I I 

_n __ n_ 
_J SL 

LJ 

---~-
Increment P = 

PARITY ERROR SET 

!+-o.6µs. -+I 
I I I I I I I 

jL_____fl_ TLPE TLP4 = DGKT· TSCA· SC04• TSCB 

_J L SC04 SSS4. TLPE • SCLK 

PARITY ERROR= NK30 • NGS7 

NJMP 
-~~~~~~~-

LJ 

L PIN9 

LSPIN3 

PIN4 

NSG7 • NJP2 

TSCA • NJMP ·DGN2 • NK30 

PIN9 • TSCC • TSCB • PINl 

PINl • BGNN • TSCA • TSCB 

___Il__[l[ 
4 

L PINl, 2 = PIN4 + PIN3 

P + 1 L Increment P = P + 2 

Increment P = P + 1 
PARITY ERROR RESET 

JNP Timing 

JNR-JUMP IF DEVICE D NOT READY JNR transfers program control to the second sequential 

4022A-5 

location (P + 2) if the addressed device (Z) is in oper
ation. If the addressed device is "ready", JNR trans
fers program control to the first sequential location 
(P + 1). 

BUSY INPUTS 

24 

I Reg. 

A, 13, 12 11 

6 

0 

K3= 1 p ~ K DECODE 

'-------G-OO-NR_J_P_1 ____ _.Sheet lOj j _NGS~ - - - I 

: I/O SUB-SYSTEM : 

L _________ _J 

NSG6 

A 

OR 

GONJMP Sheet 100 

TO EXTENDED TIME COUNTER, 
Fl TEC2, CONTROL Sheet 16 

JNR Block Diagram 
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FlSCOl ( 17) 

F 1SC04 ( 1 7. 1 ) 

Fl TECl (16) 

Fl TEC2 (16) 

DONPHA (101) 

DONPHB (101) 

GONJMP (100) 

GOPIN4 (88) 

GOPIN8 (88) 

GOPIN3 (88) 

GOPINl, 2 (88) 

I 24. 9 µs. if K3/7 I 
,. 6. 9 µs. if K3=7 • 

1-~--~~~~--~-~ 
J ~ 

ti .. ----+----, 

SCO 1 .. SSSl • TLPE • SCLK 

SC04 SSS4 • TLPE • SCLK 

TECl = SC04 • TPl l • BCKK 
TECl • TEC2 • TD30 • BCLK 

1 TEC2 = SC04· TPl l• BCLK + TPlX· 
TD30 •BCLK 

~EC2 = TD30 • TT6E • BCLK 
NPHA• TECl • ~ •BINA 

1 r NPHB= TECi • TEC2 •BINA '-----er----' 
----- -- ----1r---------tr-------.(~-----

1----~~-- -r 
----n------<P---~r-ll 
~------·--r--Il 

BUSY 

READY 

JNR Timing Diagram 

NJM P= NSG6 • NJPl 

PIN4 TSCB• TSCA· BGNN· PINl 

PINS TECl• TEC2• PGK3· TG67 

PIN3 = PINS· TT6E· TD30• PINl 

PINl, 2 = PIN4 + PIN3 

The duration of Sequence Control State 4 is 24. 9 micro
seconds if K3 (bits 11-9 of the JNR command) is not 
equal to 7 or the duration is 6. 9 microseconds if K3 is 
equal to 7. Refer to the appropriate basic timing dia
gram contained in Fig. GN2. 5 or GN2. 6. 

LMR, LMR2-LOAD MASK REGISTER (Optional) 

The S bits of the JNR command are decoded from 
IA 13 12 to enable NGS6. This signal, along with the 
de~od~d K3-0 signals and Phase A and Phase B, are 
applied to the I/O Sub-system. The P Register is in
cremented (GOPIN4) at Time 2 of State 4. The "busy" 
signal from the addressed device is applied through 
GONJPl. If the addressed device is busy (not ready). 
GONJPl is enabled, enabling GONJMP. When enabled, 
GONJMP inhibits setting of Fl TEC2 when the Delay Time 
Counter is equal to 303. Inhibiting Fl TEC2, inhibits 
generation of Phase B (DONPHB) and enables G1PIN8. 
G1PIN8 enables G1PIN3 causing the P Register to be in
cremented a second time (P + 2). If, however, the de
vice is ready, GONJMP is inhibited. Inhibiting GONJMP 
enables setting Fl TEC2 when the Delay Time Counter is 
equal to 303. Setting Fl TEC2 enables generation of 
Phase B and inhibits incrementation of the P Register 
for the second time. 

LMR 123 
2 5 0 0 0 3 0 2 

123 
2 5 0 0 0 3 0 0 

~ transfers the contents of the A Register bits 15- 0 
to the first 16 bits of the optional API Mask Register. 
LMR2 transfer the contents of the A Register bits 15- 0 
to the second 16 bits of the optional API Mask Register. 
LMR2 is only used for systems having more than 64 
interrupts. 

Since I.M.R and LMR2 are considered internal GEN 2 
commands, Sequence Control State 4 has a duration of 
D. 6 microseconds. The timing diagram and logic equations 
shown in Fig. GN2. 4 apply to the 1MR and 1MR2 command. 

~ach bit of the A Register will specify if a specific group 
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23 22 21 20 19 is 17 16 I 15 - -14· r3· 12 1 Itr mr -DB 07" 06 05 ·04· 03 02 oc 00 
L..l\llR NO u ED 

00 
CVJ L!';) r- CVJ 0) L!';) .-I r- CV".l 0) L!';) .-I 113 IB Q) CD L!';) 'tj< 'tj< CV".l CV".l CVJ N N .-I .-I .-I r- CVJ 

:> I I I I I I I I I I I I I I I I 
Q) 0 co N co 'tj< 0 CD N co 'tj< 0 CD N co 'tj< 0 

i-:1 co L!';) L!';) 'tj< 'tj< '<ti CV".l CV".l N N N .-I 

23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
LMR2 NO U ED 

r- CV'J r- CV".l c:n L!';) .-I 
tll N N .-I 0 0 0 r- CV".l 0) L!';) .-I 

~ 
CVJ 0 r-

r-1 .-I .-I .-I .-I .-I .-I .-I m 0) co co co r- r- CD 

~ I I I I I I I I I I I I I I I I 
'<ti co '<ti 0 co N co '<ti 0 co N co '<ti .-I co 'tj< 

Q) N .-I 0 0 0) 0) m co co r- r- r- co CD i-:1 .-I M 

I REG. A REG. 

L s : K3:K2: Kl :K~I 
I 

123 : 15 
""I 

• + 
AP! MASK REGISTER 

LMR, LMR2 Block Diagram 

of 4 interrupts are inhibited. If the A Register bit is a 
"one", the 4 associated interrupts are inhibited. If the 
A Register bit is a "zero". the 4 corresponding inter
rupts are allowed. The A Register bits and the inter
rupts affected are shown above. 

QPR-OPERATE 

GEN 2 
(S= 2, K3/ 0) 1

23 18

1
17 15lt4

2
12lll "I 

_ 25 _ X _ _ DZ=f(X,D) 

GOUAAl Sheet 52 

A 

23 
DlUAAU A 

ADDER 

DATA LINE DRIVERS (Sheet 102) 

DATA BITS 

OPR is primarily used in conjunction with the Model 
4202 I/O Buffer to: 

1. Initiate the I/O operation or addressed channel. 

2. Transfer the contents of the A Register to the 
addressed channel. 

3. Set the addressed channel to the busy state. 

4. Clear the addressed channels Error/ Alarm line. 

Refer to the command description for the OUT command 

23 

I REG. 

15 A, 13, 12 11 

2 

NGS2 KDECODE 

ADDRESSED MODULE 

L--------------

0 

--, 
I 
I 
I 

_J 

OPR Block Diagram 
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for details of operation of the OPR command within the 
Arithmetic Unit. The description and timing diagram 
of the OUT command applies to the OPR command ex
cept that the A Register is gated to the Adder Unit by 
enabling GOUAAl by G1NGS2 · D1UC04 for the OPR 
command. 

GEN 2 

(S=4, K3/0) 

OUT-OUTPUT TO DEVICE D 

23 18 17 15 14 12 11 

25 x 4 D 

0 
Z= f(X, D) 

OUT transfers data from the A Register to the addressed 
device. When the addressed device is one of the Memory 
Multiplexer channels~ the contents of A are not used but 
the OUT instruction initiates the direct to memory I/O 
operation. Except for the Memory channels, OUT 

OR 

GOU AA.A 

A 

DlUAAU 

Sheet 52 

23 
A 

23 
ADDER 

DATA LINE DRIVERS (Sheet 102) 

DATA BITS 

performs two distinct functions: (1) specifies a device, 
(2) transfers data to that device. This data in some 
controllers may be instruction type data, i.e. point 
selection for analog input. 

Since the OUT command is an external GEN 2 command, 
the duration of Sequence Control State 4 is 24. 9 micro
seconds if the K3 bits are not equal to 7 or the duration 
is 6. 9 microseconds if the K3 bits are equal to 7. The 
basic timing diagram contained in Fig. GN2. 5 or GN2. 6 
applies to the OUT comm and. 

The S and K bits of the command are decoded from the 
I Register and applied to the addressed module along 
with the Phase A and Phase B timing signals. The con
tents of the A Register are applied to the Adder unit 
throughout State 4. From the Adder, the contents of 
A are applied through the Data Line Drivers to the ad
dressed Module. 

0 23 

0 

IREG. 
15 A, 13, 12 11 

4 

NGS4 KDECODE 

- --, 
ADDRESSED MODULE 

I 
I 
I 

----------' 
OUT Block Diagram 

FlSCOl (17) l 
F 1SC04 (1 7. 1 ) J 
Fl TECl (16) ~ 

Fl TEC2 (16) 

DONPHA (101) 

DONPHB (101) 

DlUAAU (52) 

GN2-18 

24. 9 µ s. if K3/7 ·I 6. 9 µs. if K3=7 

J SCOl 

r--i_ SC04 

~ TECl 
TECl 

OUT Timing Diagram 

ARITHMETIC UNIT 

SSSl . TLPE • SCLK 

SSS4 · TLPE • SCLK 

SC04 • TPl 1 • BCLK 
TEC2•TD30·BCLK 

sco4. TPll· BCLK+TPlX· TD30· BCLK 
TD3 0 • TT6E • BCLK 

TECl •TEC2 

TECl ·TEC2 

UAAl = UC04 • NS4T 
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PAI-PERMIT AUTOMATIC INTERRUPT 

GEN 2 

(S=2, K3=0) 
2 5 0 2 0 0 0 0 

PAI sets the Permit Automatic Interrupt flip-flop 
(Fl WPMT) to allow inhibitable program interrupts fol
lowing the next interruptable command. 

Since the PAI command is an internal GEN 2 command, 
Sequence Control State 4 has a duration of O. 6 micro
seconds. The timing diagram and logic equations 
shown in Fig. GN2. 4 apply to the PAI command. 

The S bits of the PAI command are decoded from 
IA 13 12 to enable the NGS2 gates. The K3 bits of the 
PAI command are decoded from 111-9 and enable the 
NK30 gates. At the Clock of Last Pulse of State 4, the 
Permit Automatic Interrupt flip-flop (Fl WPMT) is set. 
When set, Fl WPMT applies a signal to the Automatic 
Program Interrupt module to enable inhibitable type 
interrupts. 

RCS-READ CONSOLE SWITCHES 

GEN 2 

(S=5. K3=0) 2 5 0 5 0 0 0 0 

23 

A 

GONGS2 

Sheet 101 

A 

GlNGS2 

GOWGS2 

K3 DECODE Sheet 100 

K3 = 0 

DGN2 

A A 
OR 

Sheet 29 
GlDGKT 

Sheet 121 

OR 

GlWSPM 

DlTLPE 

ECLK 

FlWPMT Sheet 121 

FlWPMT= NGS2·WC04· 1 
TLPE.ECLK ....._~~~~~ RCS places the contents of the console toggle switches in 

the A Register. A console toggle switch in the down 
position generates a "one"; a toggle switch in the up 

+5V 

GND 

A 

DlNC2B 

A 

Sheet 42-47 

Sheet 56-61 

4022A-5 

CONSOLE SWITCHES 
(Sheet 130) 

A 

RCS Block Diagram 

ARITHMETIC UNIT 

PAI Block Diagram 

swccoo 

A 

DlNC2A 

A Sheet 87 
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j.--o. 6 µs. --.I 
Clock (lOmc) I I I I I I I I 
Dl TLPE (11) Sl______f1_ TLPE TLP4 

F1SC04 (17. 1) __J L SC04 SSS4. TLPE • SCLK 

Dl urou. L (53) __l L urou. L = uro1 = NSGS • uco4 

DlAAUL, U (62) AAUL, U = AAU3 = ECLK· SC04· TSCA· 
TSCB· NS5T•DGKT 

RCS Timing Diagram 

position generates a "zero". 

Since the RCS command is an internal GEN 2 command, 
Sequence Control State 4 has a duration of O. 6 micro
seconds. The timing diagram and logic equations shown 
in Fig. GN2. 4 apply to the RCS command. 

The S bits of the RCS command are decoded from 
IA 13 12 to enable the NGS5 gates. The K3 bits of the 
RCS dommand are decoded from 111 _9 and enable the 
NK30 gates. The status of the Console Switches 
(SWCC23 - SWCCOO) are applied through the I/O Input 
gates. From the I/O Input gates, the status of the Con
sole Switches are gated to the Parallel Adder (Dl UIOU, L) 
and at the Clock of Time 5 the contents of the Parallel 
Adder are gated to the A Register (DlAAUU, L). 

GEN 2 

(S=O. K3IO) 

23 

SEL-SELECT DEVICE D 

18 17 15 14 12 11 

25 x 0 

0 

D Z= f(X, D) 

SEL enables a device (Z) in the input/output equipment, 
but performs no functional operation on, or with, the de
vice. The SEL command is used only when timing re
quirements between the Arithmetic Unit and the device 

23 

A 

I REG. 
,13,12 11 

0 
0 

GONGSO KO-K3 DECODE 

Sheet 101 Sheet 101 

I DOiHBI Gl;GSO 

TO l/O SUBSYSTEM 
SEL Block Diagram 

Sh. 99, 100 

A 

XlNGSO 

are such that the time allotted for an IN, OUT, ACT, 
etc .• is not enough to complete a functional operation. 
IN, OUT, ACT. etc. • contain selection and functional 
operation capabilities within the command, but where 
timing requirements between the AU and the I/O module 
are restrictive, the SEL command precedes these 
commands. The SEL command is not normally required 
for I/O Modules currently in use. 

Since SEL is an external GEN 2 command (K3 I 0), the 
duration of Sequence Control State 4 is 6. 9 micro
seconds if K3 is equal to 7 or 24. 9 microseconds if K3 
is not equal to 7. The timing diagram and logic equa
tions contained in Fig. GN2. 5 or Fig. GN2. 6 apply to 
the SEL command. The S bits of the SEL command are 
decoded from IA, 13 l2 to enable the NGSO gates. !11-0 
is decoded to enable the corresponding K decode gates. 
These signals along with Phase A and Phase B are 
applied to the I/O Subsystem. 

SSA-SET STALL ALARM (Optional) 

GEN 2 

(S = 1. K3 = 0) 2 5 0 1 0 0 0 0 

SSA resets a manually adjustable (1 to 5 second) timer 
in the optional Stall Alarm circuitry. If the timer is 
allowed to "time out". because the program does not 
execute another SSA command to again reset the timer, 
an output signal is available to light the Stall Alarm and 
Error indicators on the console and optionally halt com
puter sequencing, generate an interrupt, etc. 

The Stall Alarm, as described in the Options section, is 
used to detect a malfunction in the computer program or 
system that causes a hang-up or stall condition in pro
gram sequencing. The stall alarm circuitry is inhibited 
in the manual mode of operation or when the Stall Lock
out switch is in the lockout position. Refer to the Options 
section for a detailed discussion of the Stall Alarm cir
cuitry. 

Since the SSA command is an internal GEN 2 command, 
Sequence Control State 4 has a duration of O. 6 micro
seconds. The timing diagram and logic equations shown 
in Fig. GN2. 4 apply to the SSA command. 

The Sand K bits of the SSA command are decoded enabl
ing G 1 NRGG at TSCA time of State 4. Enabling G 1 NRGG 
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initiates a new time period in the manually variable 1 
to 5 second timer. If the timer is allowed to "time 
out", FlNSTA is set providing· the error signal. Once 
set, FlNSTA may be cleared by pressing the ON (init
ialize) switch or by placing the STALL L/O switch in 
the lockout position with the console enabled. 

GONGSl 

A 

D1NK30 
NONK21 

NONK22 

NONK24 

GONRDG 

DOSC04 

DOTSCA 

OR 

GlNRGG 

1 to 5 sec. 

Delay Circuit 

A 

Sheet 103 

FONS TA 

SSA Block Diagram 

STM-SELECT TRAPPING MODE (Optional) 

GEN 2 

(S=O, K3=0) 
123 

2 5 0 0 0 0 0 1 

STM sets the Trapping Mode flip-flop (FlMTRM) to 
enable the protection functions of the optional Memory 
Protect (memory fence) capability. Refer to the Memory 
Protect discussion contained in the Options Description 
portion of this section for details. 

Since the STM command is an internal GEN 2 command, 
Sequence Control State 4 has a duration of O. 6 micro
seconds. The timing diagram and logic equations 
shown in Fig. GN2. 4 apply to the STM command. 

The S bits of the STM command are decoded from 
IA 13 12 to enable NGSO. The KO bits of the STM 
command are decoded from I2_0 to enable NKOl. 
These signals enable setting of the Trapping Mode flip
flop FlMTRM at the Clock of Last Pulse of State 4. 

NK30 NGSO 

A 

GODKSO 

Sheet 29 

A 

GlDKSO 

DGN2 NKOl 

A 

GOMF16 Sheet 120 

SC04 

OR 

GlMSTM 

TLPE MCK2 

FlMTRM Sheet 119 

0 

STM Block Diagram 

PROGRAMMABLE ALARM 

Alarm On 2 5 0 0 0 4 0 0 

Alarm Off 2 5 0 0 0 4 0 1 

The programmable alarm internal GE~ 2 commands 
provide the capability of enabling a relay driver, 
under program control, for optional use by the system. 
The relay driver is turned on by executing 25000-100 
and turned off by executing 25000401. 

Since the K3 bits of these commands are equal to 0, 
these commands are executed in O. 6 microseconds. 
The basic timing diagram contained in Fig. GN2.-! 
applies to these commands. The logic associated with 
these commands is shown on sheet 142 of the logic. 

When the Alarm On command is executed, sets Fl NALM 
enabling the relay driver PlNALM. FlNALM remains in 
the set state. enabling the relay driver. until the Alarm 
Off command is executed. When executed, the Alarm Off 
command resets FlNALMdisablingthe relay driver. 
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NKOl 

NK24 • TSCC • SC04 • DK30 

GlNALM 

25000400 = 1 ~ 

25000401 = o~ 

NKOl 

GONALM 

c--25000400 = 0 

~25000401 = 

FONALM 
Sheet 142 

..___r--25000400 = 0 

c-__s---25000401 = 1 

PlNALM 

Programmable Alarm, Block Diagram 
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GEN 3 COMMANDS 

GEN 3 commands are microcoded instructions that pro
vide serial shifting of the A and Q Registers, both left 
and right, and optionally affect the Overflow flip-flop. 
Actual shifting of the Q Register (memory cell 108 ) 
occurs in the B Register. 

GEN 3 commands are identified by the OP code 453 
(bits 23-18). Fig. GN3. 1 illustrates the GEN 3 format 
and explains the microcoded bit control. 

GEN 3 commands "fetched" during Sequence Control 
State 1 are executed during Sequence Control States 
4 and 5. The duration of State 4 is extended and con
trolled by the J Counter. The J Counter is preset from 
the shift constant (bits 4 - 0) of the GEN 3 command 
and then incremented at each shift of the B and/ or A 
Register until it is equal to 3 7 8 . When J is equal to 3 7 8, 
Last Pulse of State 4 is enabled. In this manner, the 
execution time of GEN 3 commands varies from 4. 8 to 
8. 0 microseconds depending upon the value of the shift 
constant. GEN 3 commands may be interrupted follow
ing execution. 

Due to the microcoding of GEN 3 commands, there are 
hundreds of unique operations that may be performed by 

23 22 l 21 201 19Ls 17 I16 115 14 I 13 L2T11 

4 5 x ~N'B¥' TTSErnl • 

SINGLE/DOUBLE CONTROL 

11 Function 

0 Single (A Register) 

1 Double ( A & Q Reg. ) 

LEFT/RIGHT CONTROL 

10 Function 

0 Right Shift 

1 Left Shift 

A23/Ao CONTROL 

9 8 Right Shift Left Shift 

0 0 0 -A23 0 -Ao 

0 1 A23 - A23 Q22 - Ao 
1 0 QO - A23 Q23 - Ao 

1 1 Undefined Undefined 

10 

• 

GEN 3 commands. At this time, 8 of these operations 
are considered to be used frequently and mnemonics 
have been assigned. These 8 commands and the mi
crocoding are listed in Table GNl. 1. Following the 
basic timing and sequence of events for GEN 3 com
mands, each of the 8 commands having assigned 
mnemonics is described. 

BASIC TIMING 

Fig. GN3. 2 contains a flow chart illustrating the basic 
operation of GEN 3 commands. Fig. GN3. 3 contains a 
timing diagram with logic equations that applies to all 
GEN 3 commands. Refer to these aids during the fol
lowing discussion. 

Like all other commands, GEN 3 commands are "fetch
ed" from memory during Sequence Control State 1. 
Non-indexed GEN 3 commands are then executed in 
Sequence State 4. During State 4, core memory cell 
103 is addressed (GOMX03). As previously described, 
memory cell 108 is used as the Q Register. The con
tents of memory cell 108 are gated to the B Register. 
Also, during this time, the J Counter is cleared 
(DOJJEO) and the complement of I4-0 (K) is gated to J. 

9 8 7 6 5 4 13 I 2 I 1 I 0 

• t • • K 

1 
SHIFT CONST ANT 

.__ 
OVERFLOW CONTROL 

5 Function 

0 Overflow Not Affected 

Set Overflow If A23 I A22 
1 During Left Shift of A 

.____ 
Q22 CONTROL 

6 Right Shift Left Shift 

0 A_Q_ - Q22 Q21 - Q22 

1 Q23 - Q22 Q21 - Q22 

Q23 CONTROL 

7 Right Shift Left Shift 

0 Q23 - Q23 Q23 - Q?.:~ 

1 Ao - Q23 Q22 - Q23 

Fig. GN3. 1. Action Control Bits of GEN 3 Commands 
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MNEMONIC 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

DLA 0 0 0 1 1 0 1 0 0 1 • K 
_.. --

DLL 0 0 0 1 1 1 0 1 0 0 ..._ K --- --
DRA 0 0 0 1 0 0 1 0 0 0 -. K --
DRC 0 0 0 1 0 1 0 1 1 0 -- K .. -
DRL 0 0 0 1 0 0 0 1 1 0 -- K .... -

MAQ 0 0 0 1 0 0 0 1 1 0 1 1 0 0 0 

SLA 0 0 0 0 1 0 0 0 0 1 -- K ... --
SLL 0 0 0 0 1 0 0 0 0 0 • K ----

Table GN3. 1. Microcoding of Defined GEN 3 Commands 

During this portion of State 4, the Sequence Time Counter 
(Fl TSCA - C) is incremented in the same manner as 
full operand commands. That is, the Sequence Time 
Counter is incremented and held in Time 2 (SCA· SCB· 
SCC) until Data Ready (MUDlMDRY) is received from 
memory. The Seque:q.ce Time Counter is then incre
mented until Time 5 (SCA· SCB· SCC), where it is held 
until Memory Release (MUDlMRLS) is received from 
memory. After Memory Release is received, the Se
quence Time Counter is incremented to Time 6 (Fl TT6E). 

During Time 6, the B and/ or A Registers are shifted 
according to the microcoding of the GEN 3 command. 
These shifts occur at each clock pulse of Time 6. At 
each shift, the J Counter is incremented. When the J 
Counter is equal to 378, the number of shifts specified 
by the K bits (4-0) of the GEN 3 command have occurred, 
further shifting is inhibited and Last Pulse is enabled to 
end State 4. 

Following State 4, State 5 is entered. During State 5, 
memory cell 108 is again addressed (GOMX03) and the 
contents of B are stored back in the Q Register (cell 103). 
The basic timing of State 5 is the same as for all full 
operand store commands. State 5 completes the 

execution of the GEN 3 command and State 1 is entered 
to "fetch" the next instruction. 

"Fetch" GEN 3 Command 

Address cell 103 (Q) Gate C(Q) - B 

Gate !4-0 - J 
Shift B and/ or A and increment J at 
each shift until J = 37 8 

Address cell 103 (Q) 
Store C (B) - Q 

"Fetch" next command 

Fig. GN3. 2. Basic GEN 3 Flow Chart 

GN3-2 ARITHMETIC UNIT 4022A-5 



Q 
z 
w 
I 
w 

Clock (lOmc) 11 I 11 LI I I 11 111551 I I 11 111 I I s 1 111111 111 11 I lo! I 1111 1 lilLL 
Dl TLPE (11) Jl n n TLPE 

'-------5~~-~~-----\~~~~~~ LTLP3 

FlSC04 (17. 1) ~'r-------<;s--SC04 

FlSC05 (17. 1) -~'r-------'>\---------1 ~ 
Fl TSCA (8) ~~ 
Fl TSCB (8) ~r----i rs----i TSCB 

_J ~----- _____ ___._ ~s--TSCB 

Fl TSCC (8) ~~~~~~TSCC 
TSCC 

MUDlMDRY 

TLP3 + TLPl 
JE37 • TT6E • DGN3 

SSS4 · TLPE • SCLK 

SSS5 · TLPE • SCLK 

MDRY • CTAE • TCK2 
TLPE • TCK2 

TSCC • TSCA • TCK2 
TSCC. TCK2 

TSCB·TSC2•TCK2+MRLS•TSCl·TCK2 
TSCA • TSCB • TCK2 + TLPE • TCK2 

DlBMEM (39 ___ ....,.,___._ ___ H-------{ F-------_...,.,.__ ___ s--- BMEM = MDRY • STOR • BMRQ • BCLK 

MUDlMRLS ~~~~~~~~~~~JL 

Fl TT6E (8) ----1\----.(~ ~>----~s----TT6E 
GOMX03 (105) ~<,-----r-----------1 l'-------...r,.,_ ___ __.,~ MX03 

DOJJEO (70) 
(Clear J) 

DlJTIJ (70) 
(I4-o - J) 

NlJlNC (71) 

GOSTOR (19) 

11 s r---JJEO 

---...r,----~~ J = 378 .___ _ __.,~----s:---- JINC 

I Shift Un ti1 J = 3 7 8 I 

TSCl ·MRLS 

SMQl • SC04 + SMQ2 • SMQ3 • SC05 

TSCA • TSCB • JCKl 

TSCA • TSCB • JS4G • XM.DV 

JE37 • JIN3 

SC05 

DlPINl, 2 (88) __j~.,__--~:~-----1 f--------~PINl, 2= PIN4 

--------STATE 4 -------i---STATE 5--.. -1 

Fig. GN3. 3. GEN 3 Basic Timing 



DLA-(SHIFT} DOUBLE LEFT ARITHMETIC 

GEN 3 23 18 17 15 14 6 5 4 0 

45 x 064 1 K 
Z= f(X, K) 

DLA shifts the contents of the A and Q Registers, Z 
places to the left. Bits shifted out of Q 22 enter A0. Bits 
shifted out of A 23 are lost. Bit Q 23 is cleared. If any 
of the bits shifted into A 23 are unlike A23' s original 
contents, the Overflow flip-flop (Fl UOFL) is set. 

During State 4, the contents of memory cell 108 are 
gated to the Arithmetic Unit B Register. The 

complement of I4 _0 (Z) is gated to the J Counter. Both 
the A and B Registers are shifted left with bit 22 of the 
B Register applied to A 0 via GlAMLD and GlAMLN. 
"Zeros" are shifted into Bo at each shift (GlBSLl). 
Bits shifted out of A 23 are lost. If B 23 is set, it is 
cleared by GlBSRU and G1B2RD. If at any shift of the 
A Register, bit 22 is not equal to bit 23, the Overflow 
flip-flop is set. This indicates that the sign bit of the 
A Register has been changed by the shift. 

The J Counter is incremented at each shift of A and B 
and when J is equal to 378, the number of shifts speci
fied by Z have occurred and further shifting is inhibited. 
State 5 is then entered and the contents of B are stored 
in cell 103 (Q). 

Shift Left until J = 3 7 8 
(DlASLL, U) 

Shift Left until 
J = 373 

A 

Logic Element 

DlASLL,U 

DlBSLL, 1, U 

GlMALD 
GlMALN 
GlBSRU 
G1B2RD 

GlBLSl 

G1UFL4 
G1UFL2 

GN3-4 

A 

GOUA22 

G1UFL4 

GOAB22 

GOAMLl 

OR 

GlAMLD 

GOAMLl 

GlAMLN 

(Sheet 64) 

FlUOFL 

0 

Logic 
Logic Equation 

Sheet 

63. 1 GOASLl = AABL • TT6E • JE3 7 Shift Left A 23 _0 

40 GOASLB = TT6E • IRl 1 • JE37 • AABL Shift Left B 2 3 _ O 

64 AB22 ·AMLl 
B22 - Ao 64 AMLl • BR22 

40 B3RD. BB23 
Clear B 23 41 B3RD • BB23 

38 DDIV·BGN3 0 -Bo 

54 UA22. AR23 + UA23 • AR22 
Set Overflow 54 ASLl • IR05 • UGN3 

DLA Block Diagram 

ARITHMETIC UNIT 

(BSLU, L, 1) 

01 s (GlBLSl) 

A A 

Function 

4022A-5 



DLL-(SHIFT) DOUBLE LEFT LOGICAL 

GEN 3 
23 18 17 15 14 6 5 4 0 

45 x 072 0 K 
Z=f(X, K) 

DLL shifts the contents of the A and Q Registers Z 
places to the left. Bits shifted out of Q 23 enter A 0. 
Bits shif~ed out of A 23 are lost. 

During State 4, the contents of memory cell 103 are 

Los 
23 

A 

GOAM.Ll 

Logic Element 
Logic 

Logic Equation 
Sheet 

gated to the Arithmetic Unit B Register. The comple
ment of 14 _0 (Z) is gated to the J Counter. Both the 
A and B Registers are then shifted left. Bits shifted 
from B~ 3 are applied to A 0 by GlAMLD and GlMAMN. 
"Zeros are shifted into Bo at each shift (GlBSLl). 
Bits shifted out of A 23 are lost. The J Counter is in
cremented at each shift of A and B and when J is equal 
to 37 8, the number of shifts specified by Z have occur
red and further shifting is inhibited. State 5 is then 
ep.tered and the contents of B are stored in memory 
cell 108 (Q). 

Shift Left until 
J = 373 (BSLU, L, 1) 

B O's (GlBLSl) 

GOAML2 

A A 

Function 

DlASLL,U 63. 1 GOASLl = AABL • TT6E • JE37 Shift Left A
23

_
0 

DlBSLL, 1, U 40 GOASLB = TT6E • IR11 • JE37 • AABL Shift Left B23 _0 

GlBLSl 38 DDIV ·BGN3 0 - Bo 

GlMALD 64 AB23 °AML2 
B23 Ao GlMALN 64 BR23 ·AML2 -

GlB2LD 38 B22R · BB22 
B22 B23 G1B3LD 38 BGN3 • BR22 -

DLL Block Diagram 

DRA-(SHIFT)DOUBLE RIGHT ARITHMETIC 

GEN 3 

1
23 45 18117 x 15114 61514 01 

. . 044 0 K Z= f(X, K) 

DRA Shifts the A and Q Registers Z places to the right. 
Bits shifted out of A 0 are shifted into Q 22. Bits shifted 
out of Q 0 are lost. Bits shifted into A 22 are the same 
as A 23 . A 23 remains unchanged and Q 23 is cleared. 

During State 4, the contents of memory cell 108 are 

gated to the Arithmetic Unit B Register. The comple
ment of 14 _0 (Z) is gated to the J Counter. Both the A 
and B Registers are then shifted right. Bits shifted 
from Ao are shifted into B22 via G1B22N and G1B22D. 
A 23 is shifted to A 22 and through the Serial Full Adder 
back to A 23 leaving A23 unchanged. B23 is cleared by 
G1B2RD. Bits shifted from B 0 are lost. The J Counter 
is incremented at each shift of A and B. When the J 
Counter is incremented to 3 7 8, the number of shifts 
specified by Z have occurred and further shifting is 
inhibited. State 5 is then entered and the contents of 
B are stored in cell 108 (Q) to complete execution of 
the DRA command. 

4022A-5 ARITHMETIC UNIT GN3-5 



A23 - A23 
(GlAFNS) 

Shift Right until J = 3 7 8 
(DlASRL, U) 

A 

IB06 

.------+---Shift Right until J = 378 
(DlBSRU, L, 15) 

B 
Lost 

IB06 

GlB22N G1B22D 

Logic Element 
Logic 

Logic Equation Function 
Sheet 

DlASRL,U 63. 1 GOASR2 = AABR • T6E3 • JE37 Shift Right A 23 _0 

DlBSRU, L, 15 40 GOASRB = AABR • JE37·IRl1 • TT6E Shift Right B 23 _0 

G1B22D 38 BI06 °AROO 0 BGN3 
Ao - B22 _G.1R22N -3.8- .B106 · BG NJ • BADO 

GlAFNS 67 GOAFNA = ANA3 • AR23 
A23 - A23 NOAFNS 67 GlAFNS 

G1B2RD 41 B3RD • BB23 Clear B 23 

DRA Block Diagram 

DRC-(SHIFT) DOUBLE RIGHT CIRCULAR 

GEN 3 23 18 17 15 14 6 5 4 0 

45 x 053 0 K 
Z= f(X, K) 

DRC shifts all 48 bits of the A and Q Registers Z 
places in a right circular fashion with Q 0 shifted into 
A23 and Ao shifted to Q23· 

During State 4, the contents of memory cell 1 Os (Q) 

Shift Right until J = 3 7 8 
(DlASRL, U) 

O Ao - B23 

are gated to the B Register. The complement of I4 _0 
(Z) is gated to the J Counter. The A and B Registers 
are then shifted right with B 0 applied through the Serial 
Full Adder to A 23 . A 0 is shifted through GlBlRD and 
G1B2RD to B 23 . The J Counter is incremented at each 
shift of A and B. When the J Counter is equal to 378 , 
the number of shifts specified by Z have occurred and 
further shifting is inhibited. State 5 is then entered 
and the contents of the B Register are stored in 
memory location 108 (Q) to complete execution of the 
DRC command. 

Shift Right until J = 3 7 8 
(DlBSRU, L, 15) 

0 
A 

..,_ __ (_G_l_B_l_R_D-) __ __..... 
B 

(G1B2RD) 

(GlAFNS) 

DRC Block Diagram 

GN3-6 ARITHMETIC UNIT 

B23 B22 
(G1B22D, N) 

4022A-5 



Logic Element 
Logic 

Logic Equation Function 
Sheet 

DlASRL, U 63. 1 GOASR2 = AABR • T6E3 • JE37 Shift Right A2 3 _0 

DlBSRU, L, 15 40 GOASRB = AABR. JE37 -IRll • TT6E Shift Right B 23 _0 

GlBlRD 41 AROO • B22R 
AO - B23 G1B2RD 41 B22R · BAOO 

G1B22D 38 BB23 • DMPY · BGN3 · IR06 
B23 - B22 G1B22N 38 BR23 • BGN3 . GM PY • IR06 

GlAFNS 67 GOAFNA = DGN3 • BROO • IR09 
Bo - A23 NOAFNS 67 GlAFNS 

DRC Block Diagram 

DRL-(SHIFT) DOUBLE RIGHT LOGICAL 

GEN 3 23 18 17 15 14 6 5 4 0 

45 x 043 0 K 
Z= f(X, K) 

DRL shifts all 48 bits of the A and Q Registers Z places 
to the right. A 0 is shifted into Q 23 . Bits shifted out of 
Q 0 are lost. Zeros are shifted into A 23 . 

During State 4, the contents of memory cell 108 (Q) 

O's 

Shift Right A until J = 37 8 
(DlASRL, U) 

A 

(NOAFNS) 

0 

GOB22R 

are gated to the B Register. The complement of r4 _0 
(Z) is gated to the J Counter. The contents of both 
the A and B Registers are then shifted right with the 
bits shifted from Ap applied to B 23 via GlBlRD and 
G 1B2RD. "Zeros' are shifted into A23 by inhibiting 
the Serial Full Adder. Bits shifted from Bo are lost. 
The J Counter is incremented at each shift of the A 
and B Registers. When the J Counter is equal to 37 8• 
the number of shifts specified by Z have occurred and 
further shifting is inhibited. Sequence State 5 is then 
entered and the contents of the B Register are stored in 
memory cell 108 {Q) to complete the execution of the 
DRL command. 

Ao 

A 

.....----tt--- Shift Right B until J = 3 7 8 
(DlBSRU, L, 15) 

B23 - B22 
(G1B22D, N) 

B 
0 

LOST 

G1B2RD GlBlRD 

Logic Element Logic 
Logic Equation Function Sheet 

DlASRL,U 63.1 GOASR2 = AABR • T6E3 • JE3 7 Shift Right A 23 _0 

DlBSRU, L, 15 40 GOASRB = AABR · JE37·IRl1 • TT6E Shift Right B 23 _0 
GlBlRD 41 AROO · B22R 

Ao - B23 G1B2RD 41 B22R · BAOO 

G1B22D 38 BB23· DMPY • BGN3 • IR06 
_G1B_2_2_N_ 38 BR23 · BGN3 · DMPY • IR06 B23 - B22 

DRL Block Diagram 

4022A-5 ARITHMETIC UNIT GN3-7 



MAQ-MOVE A TO Q 

GEN 3 
4 5 0 0 4 3 3 0 

MAQ places the contents of the A Register into the Q 
Register. The original contents of Q are lost. Zeros 
are placed in the A Register. 

During State 4, the contents of memory location 103 (Q) 
are gated to the B Register. The complement of r4 _0 
(bits 4 through 0 of the MAQ command) are gated to the 

O's 

Shift Right A until J = 3 7 8 
(DlASRL, U) 

A 

(NOAFNS) 

0 

GOB22R 

J Counter. Since bits 2 through 0 of the MAQ com
mand are zero, this presets the J Counter equal to 7. 
The A and B Registers are then shifted right. Bits 
shifted from Ao are gated through GlBlRD and G1B2RD 
to B 23 . Bits shifted from B0 are lost. "Zeros" are 
shifted to A 23 from the disabled Serial Full Adder. 
The J Counter was preset to 7, 24 shifts will have oc
curred when the J Counter is equal to 378 and further 
shifting is inhibited. After 24 shifts, the contents of 
A have been shifted to B, rr zeros" have been shifted to 
all 24 bits of A, and the original contents of B (Q) are 
lost. State 5 is then entered and the contents of B 
are stored in cell 103 (Q) to complete the MAQ 
command. 

A 

....---e-- Shift Right B until J = 3 7 8 
(DlBSRU, L, 15) 

B23 - B22 
(G1B22D, N) 

B 
0 

Lost 

G1B2RD GlBlRD 

Logic Element 
Logic 

Logic Equation Function 
Sheet 

DlASRL, U 63. 1 GOASR2 = AABR • T6E3 • JE37 Shift Right A23 _0 

DlBSRU, L, 15 40 GOASRB = AABR • JE37 • IRl 1 • TT6E Shift Right B23-o 

GlBlRD 41 AROO · B22R 
Ao G1B2RD 41 B22R • BAOO - B23 

G1B22D 38 BB23 • DMPY. BGN3. IR06 
G1B22N 38 BR23 •BGN3 ,DMPY ·IR06 B23 - B22 

MAQ Block Diagram 

SLA-SHIFT LEFT ARITHMETIC 

GEN 3 23 18 17 15 14 6 5 4 0 

45 x 020 1 K 
Z= f(X, K) 

SLA shifts the contents of the A Register Z places to 
the left. Bits shifted out of A 23 are lost. Zeros are 
shifted into A 0. The Overflow flip-flop (Fl UOFL) is 
set if any bit shifted into A 23 is unlike the original 
content of A 23 . 

During State 4, the contents of memory location 1 Os (Q) 
are gated to the B Register. The complement of I4_0 
(Z) is gated to the J Counter. The A Register is then 
shifted left with "zeros" shifted into A0 (GlAMLN). 
Bits shifted out of A 23 are lost. If at any shift of A, 
bit 23 changes (A23 f A22) the Overflow flip-flop is 
set. At each shift of A, the J Counter is incremented. 
When the J Counter is equal to 373, further shifting of 
A is inhibited. State 5 is then entered and the contents 
of B (original contents of Q) are gated back to cell 
103 unchanged. This completes execution of the SLA 
command. 

GN3-8 ARITHMETIC UNIT 4022A-5 



A 

GOUA22 

A 

G1UFL4 

UFL2 ----. 

OR 

FlUOFL 

0 

Logic Element 
Logic 

Logic Equation Function 
Sheet 

DlASLL,U 63. 1 GOASLl = AABL · TT6E · JE37 Shift Left A 23 _0 

GlAMLN 64 GOAML3 = DGN3 · WI08 • AIR9 0 - Ao 

G1UFL4 54 UA22 · AR23 + UA23 • AR22 
Set Overflow G1UFL2 54 ASLl • IR05 • UGN3 

SLA Block Diagram 

4022A-5 ARITHMETIC UNIT GN3-9 



SLL-SHIFT LEFT LOGICAL 

GEN 3 
23 lS 17 15 14 6 5 4 0 

45 x 020 0 K 
Z= f(X, K) 

SLL shifts the contents of the A Register Z places to 
the left. Bits shifted out of A 23 are lost. Zeros are 
shifted into Ao. 

During State 4, the contents of memory location 1 Os (Q) 

Logic Element 
Logic 

Logic Equation Sheet 

DlASLL,U 63. 1 GOASLl • AABL • TT6E • JE37 

GlAMLN 64 GOAML3 = DGN3 • WIOS ·AIR9 

are gated to the B Register although this data is not 
changed or used during the SLL command. The com
plement of r4_0 (Z) is gated to the J Counter. The A 
Register is then shifted left. "Zeros" are shifted in
to Ao from GlMALN. Bits shifted out of A23 are lost. 
The J Counter is incremented at each shift of A. When 
the J Counter is equal to 37 S• the A Register has been 
shifted left the number of places specified by Z and 
further shifting is inhibited. State 5 is then entered 
and the contents of B are stored back in cell 1 Os (Q). 
The contents of B (Q) was not changed by the SLL 
command. 

37s 

Function 

Shift Left A23 _0 

0 - Ao 

SLL Block Diagram 

GN3-10 ARITHMETIC UNIT 4022A-5 



INDEXING ADDRESS MODIFICATION~ 

The GE-PAC instruction format allocates three bits 
(15, 16, and 17) to specify Indexing Address Modifica
tion. When bits 15, 16, and 17 are not equal to zero, 
the 14 bits of the instruction operand (0 through 13) are 
added to the least significant 15 bits of the specified in
dex register contents. The memory location (1 through 
7) of the index register is specified by bits 15 through 
17. The result of this addition allows the instruction to 
address one of 32, 76810 memory locations. 

To illustrate the effect of indexing address modification, 
consider the following examples. 

Example 1: 

p = 10008 

Location 1000
8 

Index Reg. 5 

005001008 

000000408. 

Following execution of the command (LDA) in loca
tion 1000

8
; 

A Register 

Location 1000
8 

Index Reg. 5 

Example 2: 

p = 20008 

Location 2 000 
8 

Index Reg. 7 

Contents of location 140
8 

005001008 

000000408. 

= 327001008 

= 000400008. 

Following execution of the command (STA) in loca
tion 2000

8
; 

Location 40100
8 

Location 20008 

Index Reg. 7 

Contents of the A Register 

327001008 

000400008. 

Some commands use the index bits (15, 16, and 17) for 
instruction control rather than for index address modi
fication. These commands are: 

INX 

LDX 

LXC 

LXK 

STX 

TXH. 

Refer to the command description for the use of the in
dex bits for these commands. 

Indexing of GEN 1, GEN 2, and GEN 3 commands may 
change the intelligence of the microcoding. Therefore, 
caution must be exercised when specifying index ad -
dress modification of these commands. 

Indexing of any command requires the use of Sequence 
Control State 2. The indexed command is "fetched" 
during a normal Sequence Control State 1. Bits 15, 
16, and 17 not being equal to zero causes sequencing to 
State 2. During State 2, memory is addressed from 
bits 15, 16, and 17 (GlSAMX) and the contents of the 
addressed index register are gated to the B Register. 
From B, all 24 bits of the addressed index register 
are gated to the Adder (DlUBBU). At the same time, 
IA 13-0 is gated to the Adder where summation with 
th~ index register contents occurs. The result of this 
summation (bits 14 through 0) is gated back to IA 13-0 
(DlIULI, IL), to complete the indexing address 'modi
fication operation. The next Sequence State would 
then be entered and memory addressed from the I 
Register. 

4022A-5 ARITHMETIC UNIT INDEX-1 



r-----, 
C (X) I CORE I x 

1 
MEMORY -

1 
,__ ___ ~ 

1 MODULE 1 
L-----.J 

IS INDEXING SPECIFIED 

YES 

FETCH CONTENTS OF INDEX 
WORD SPECIFIED BY I17-15 

MEMORY-+B REGISTER 
BMEM SAMX 

23 0 23 18 17 15 A,13 
I B 

UBBU UILA 

ADDER 

PAU 14-0 

INDEX BLOCK DIAGRAM 

CLOCK (10 me) 

IULI 
IUIL 

STATE 
2 IA AND I13 _0 -+ADDER 

B23-o-.ADDER 

EXECUTE 

INDEX FLOW CHART 

DlTLPE (11) ~>---------~~ TLPE TLPl 

FlSCOl (17) ~s--------t;~--

F 1SC02 (17) ~ ~ 

GlSAMX (19) ~ ~ 

MUDlMDRY -----~.,......_ 

DlBMEM (39) 

D lUBB U ( 50) .------S s----, 
(B

23 
_
0 

-+PAU) __J L 

DlUILA (51) ~ ~ 
(IA, 13-0 -+PAU) 

DlIULI,IL (80) r---fL 
(PAU14-0_. 1A 13-0) 

MUDlMRLS ' ~--~---------.JL 
STATE 2 

INDEX TIMING DIAGRAM 

SCOl 

SC02 
SSS2 

SAMX 
DLDX 
DDSX 

SSSl · TLPE · SCLK 

SSS2 · TLPE · SCLK 
HTTF · DNDX · MSSI · SCOl 

SC02 · DLDX · DDSX 
LDX 
STX + DMT 

BMEM = MDRY · BMRQ · STOR · BCLK 

UBBl = SC02 (UDC 1 + UI20) 
UDC 1 · UI20 = LXC 

UIA5 = SC02 · ULSX 
ULSX = STX + LDX 

IULI, UIL = IUL2 
IUL2 = MRLS · SLXD · SC02 
SLXD = LDX + STX + DMT 

INDEX-2 ARITHMETIC UNIT 4022A-5 



INX - INCREMENT X 

1
23 

FU LL OPERAND . 26 

INX adds the numeric value of Z to the contents of the 
X core cell specified by bits 17 through 15 of the com -
mand. The value of K must have a value within the 
range of +8, 191 to - 8, 192. As the INX instruct ion is 
performed, K 13 is extended into bit 14 (i.e. , if K13 = 0, 
bit 14 is set to 0 and represents a positive incrementa
tion; if Kl3 = 1, bit 14 is set to 1 and represents a 
negative incrementation). Then, K14-0 is added to the 
contents of X23-0 and stored back in X. If the INX 
command is relative addressed, K14-0 plus P14-0 are 
added to X23-o and stored back in X. 

NOTE 

An INX command specifying to increment X 
cell 2 by zero (26200000) is NOP - No Oper
ation. If the index field of the INX command 
( 1 7 through 15) is equal to zero, the inst rue -
tion is undefined. 

Sequence Control State 1 operates as a normal "fetch" 
cycle for the INX command except that bit 13 of the INX 
command is applied to both bits 13 and 14 of the Adder 
Unit and the result transferred to IA, 13-0· In this 
manner, a negative value of K in 2 1 s complement form 
will be extended from 14 bits (13 through 0) to 15 bits 
in the I Register (IA, 13-o). 

Following State 1, State 2 is entered. Memory is ad
dressed from the X bits of the I Register (17 through 
15) and the contents of the addressed X cell are gated to 
the B Register. From B, the contents of the addressed 

y 01 . Z = f (K, >:<) 

Non-Indexed 
3 (Sl,S2,S4) 

Word Times. 
Interruptable 
Following Execution? 

Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 

J4-0 

Memory x C (X23-o) + z 

COMMAND CHARACTERISTICS 

X cell are gated to the Adder Unit (DlUBBU). At the 
same time, the contents of IA 13 -0 (Z) are gated to the 
Adder Unit (DlUILA). The su'm of these two adder in
puts is then gated back to the B Register at the end of 
State 2. 

Following State 2, State 4 is entered. During State 4, 
memory is again addressed from the X bits of the I Reg
ister and the contents of the B Register (original con
tents of the X cell plus Z) are gated back to the X cell. 

4022A-5 ARITHMETIC UNIT INX-1 



INX Command 

BMEM 

23 B 
0 

* GlUB14 (49) = UINX ·USIA· BR13 

Sequence State 1 

r------, 
C(X) I CORE I X 

0 

IULI 

---------. MEMORY I 
: MODULE 1 
L-----.l 

MAB 

BMEM SAMX 

23 B 
0 23 17 15 A,13 0 

BAUL,U C (X) 

UBBU 

C (X) plus Z 

Sequence State 2 

r------, 
C (X) plus Z I CORE I X 

1 
MEMORY I 

1 MODULE 1 L _____ .J 

MAB 

SAMX 

23 B 0 23 
I 

17 15 A,13 0 

Sequence State 4 

INX BLOCK DIAGRAM 

INX-2 ARITHMETIC UNIT 

SCOl 

U
'Fetch" INX Command 

B 13 -+PAU14 K-+ I 
B 13-0 -.PAU } 

PAU 14-0-+IA,13-0 

{

AMX 
C (X) Plus IA 13-0 ___.PAU 
PAU-.B ' 

(

AMX 
B-.x Cell 

(
" 

11 
.n d Fetch Next "-'.omman 

4022A-5 



I+-- STATE 2 --+14-- STATE 4 --+I 

INX TIMING DIAGRAM 
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LOA - LOAD THE A REGISTER 

FULLOPERAND ~l2_3~~-o_o~~-1_8~l1_7~x~1_5~'-~~-'Ll1_3~~~~~~y~~~~~~~ol z f (X,*,Y) 

LDA places the contents of memory location Z into the 
A Register. The contents of memory location Z are 
unchanged. 

Non-Indexed 
Word Times. 
Interruptable 
Fallowing Execution? 

2 (Sl,S4) 

Yes 

A non-indexed LDA command is executed during Se
quence Control State 4 (SC04). Memory location Z is 
addressed from IA 13-0 (DlSAMI) during State 4. The 
contents of memory location Z are gated to the B Reg
ister by DlBMEM during the Clock Pulse of Memory 
Data Ready (MUDlMDRY). 

CHANGES FOLLOWING EXECUTION 

From B, the contents of memory location Z are gated 
to the Adder Unit (DlUBAU). At the Clock of Last 
Pulse, the contents of the Adder Unit are gated to the A 
Register (DlAAUL, U), completing execution of the LDA 
command. Sequence Control State 1 is then entered to 
"fetch" the next command. 

r------, 
C (Z) I CORE 

1 
MEMORY 

1 MODULE ~ 1... _____ .J 

BMEM 

z 

A23-0 C (Z) 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 

3
4-0 

Memory z 

COMMAND CHARACTERISTICS 

MAB 

SAMI 

23 B 0 23 I A, 13 0 

C (Z) 
UBAU 

ADDER 

C(Z) 

AAUL,U 

23 
A 

0 

LDA BLOCK DIAGRAM 

4022A-5 ARITHMETIC UNIT LDA-1 



CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

F1SC04 (17. 1) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 
(MDR_.B) 

DlUBAU (50) 
(B___.PAU) 

DlAAUL, U (62) 
(PAU_.A) 

GlSMRQ (22) 

MUDlMRLS 

DlPINl, 2 (88) 

LDA-2 

I I I I I IS) I I I I S'J I I I 

~ 
s--ri_ TLPl MRLS · CMAN · TLPE 

TLPE TLPX 
I 

SCOl SR14 · TLPE · SCLK 
---i___.s~ I SCOl SSll · TLPE · SCLK 

I SSll SC04· DUST· HTTF· MSSI 

____s----s L SC04 SSS4 · TLPE · SC LK 

I I SSS4 SS41 · SMDV · DBIS · MSSI 

~ L SIA! MAMV·DGNS·SC04·DXST·DMDQ· 
SAil 

---$~---
BMEM MDRY · STOR · BMRQ · BCLK 

~----~·..----..__---~·----~ 

L UBAl DBA2·STOR·UC04·UAMV 

AAUl DLCO·MRLS·ECLK·AUA6 
-----_.,~,_.._------SS.,__--~ 

_J DG12 · SRQl · ( (SRQ2 ·MRLS) + (TSCA)] 

_____ .......,Jl___s PINl,2 = PIN4 

-1-- STATE 4 

LDA TIMING DIAGRAM 

ARITHMETIC UNIT 4022A-5 



LOP - LOAD PLACE 

1
23 18117 x 1511-·.~ 113 01 z FULL OPERAND 15 .. Y f(X,':',Y) 
'--~~~~~~~..._~~~..L---1~~~~~~~~~~~~~~~--' 

LDP transfers program control to the location speci
fied by the contents of Z14-o. Bit 21 of Z controls 
the status of the Permit Automatic Interrupt flip-flop 
(FlWPMT); if bit 21 is a "one", FlWPMT is set; if 
bit 21 is a "zero", FlWPMT is cleared. The LDP com
mand unconditionally clears the Quasi flip-flop. 

The LDP command is "fetched" during a normal Se
quence Control State 1. At the last pulse of this State 1, 
the Remember flip-flop (F lXRMF) is set. Following 
this State 1, memory is addressed from IA 13-0 and 
the contents of core cell Z are gated to the B'Register. 
From B, the contents of core cell Z are gated to the 
Adder Unit (DlUBAU). Bits 14-0 are then gated to 
IA 13-0 at memory release (DlIULI, UIL). At Time 3, 
th~ Permit Automatic Interrupt flip-flop is cleared, and 
at the Clock of Last Pulse Envelope it is set if bit 21 in 
the Adder (i.e. , bit 21 of Z) is a "one". Also, at Last 
Pulse Envelope the Quasi flip-flops (FlXQUA,B) are 
reset. 

Following this State 4, State 1 is entered to "fetch" the 
next command. Memory is addressed from IA 13-0 
and the contents of IA 13-0 are transferred to 'the P 
Register to complete the transfer of program control. 
This State 1 then operates in the normal manner except 
that at the Clock of Last Pulse Envelope, the Remember 
flip-flop is cleared. Sequencing then continues to exe
cute this command. 

4022A-5 ARITHMETIC UNIT 

Non-Indexed 2 (Sl,S4) 
Word Times. 
Interruptable No 
Fallowing Exe cut ion? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (Z14-0) 

FlWPMT Set if z21 = 1 
RP.F':P.t _if_Z_21 = 0 

FlUOFL 

FlETST 

J4-0 

Memory z 

FlXQUA, B Reset 

COMMAND CHARACTERISTICS 

LDP-1 



LDP-2 

14 

PAI 
Status 

0 

Branch 
Address 

BMEM 

23 

BMEM 

23 

,------, 
C(Z) CORE 1 z 

....----t MEMORY -----~ 

B 

B 

1 MODULE: 
L-----.J 

0 23 
I 

UBAU 

ADDER 

C (Z14-0) 

A DON21S 

Sequence State 4 

r------, 

MAB 

IUIL 
IULI 

SAMI 

0 

FlWPMT 
1 0 

I CORE I Branch Address 

1 
MEMORY I 

1 MODULE 1 ._ _____ .J 

MAB 

SAMI 

0 23 I A, 13 0 

Branch Address 

14 0 
p 

Next Sequence State 1 

LDP BLOCK DIAGRAM 

ARITHMETIC UNIT 

XCQN 

PXIP 

4022A-5 



CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

F1SC04 (17) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 

DlUBAU (50) 
(B

23
_

0 
-.PAD) 

lllllJllllllllLllllJ fffil 
I I 

~ Jl_f{_n_ 
I I 

~ ~isl_ 
I 

TLPl 
TLPE 

SCOl 
SCOl 

~ L__ H _;~~ ;~~: 
I I 

~ H ~--

-----<~,,____- H --

___ ...,.,_ _ __.__ __ ----<...,....___ __ SS --

SIA3 

SIAl 

BMEM 

r--, SS ~ 
L__ L UBAl 

MRLS · CMAN · TLPE 
= TLPX 

SR14· TLPE · SCLK 
SSll · TLPE · SCLK 

SSS4 · TLPE · SCLK -- --
SS41 · SMDV · DBIS · MSSI 

MTRP · SCOl · SAI4 MAMV 

SAil· DMDQ· DXST· SC04· DGNS· MAMV 

MDRY·STOR·BMRQ·BCLK 

DBA2. UC04. STOR 

DlIULl' UIL (80) n n n 
(PAU14-0-+IA 13-0) _J ~r------Jr-J ~ H __J L 

' I 

IUL4 

IULl 

UC04 · MSSI · MRLS · IR20 · UI19 · IR21 · 
IR 18 · I23S 
IUI2 · MRLS 

DlPXIP (88) 

(IA 13-0---+P) 
' 

FlXRMF (92) 

FlWPMT (121) 

FlXQUA ,B (91) 

4022A-5 

1 n PXIP 
---~T------>__J L lS --

CIPA · SCOl · MSSI· TSCC · TSCB · TSCA · 
XRMF 

f5L 
I Z21 = 1 

-- _- _- _-,(_-_-_i t - - - - - -
'J ._ ___ ~J~ .?~~: ~ - -

= ~ ---s-:-~ ~ ---?~ 1~----
Sl of I+-- STATE 4 __.I.__ Next-+I 

Instruction 

XRMF = DBRN · XSC 1 · TLPE · EC LK 
XRMF = XSPl · XRMF-· XCSl · TLPE · ECLK 

WPMT WCPM · TSCC · TSCA · ECLK 
WPMT = WSPM · TLPE · ECLK 

XQUA,B = TLPE·AUA5·XCQN 
XQUB = TLPE · AUA5 

LDP TIMING DIAGRAM 

ARITHMETIC UNIT LDP-3 



LDQ - LOAD THE Q REGISTER 

1
23 

FULL OPERAND . 42 y 01 . Z = f (X,':', Y) 

LDQ places the contents of memory location Z into 
the Q Register (memory location lOa). The contents 
of memory location Z are unchanged by the LDQ com -
mand. 

Non-Indexed 
Word Times. 

3 (Sl,S4,S5) 

Interruptable 
Yes 

Following Execution? 

CHANGES FOLLOWING EXECUTION 
The LDQ command is executed during Sequence Control 
States 4 and 5. During State 4, memory is addressed 
from IA 13-0 (SAM!) and the contents of memory loca
tion Z are gated to the B Register. 

Following State 4, State 5 is initiated. During State 5, 
memory location lOa is addressed by enabling GOMX03, 
and the contents of the B Register are stored in cell 
lOa. In this manner, the contents of memory location 
Z are stored in the Q Register (memory cell lOa). 

A23-0 

Q23-0 

p 14-0 

FlWPMT 

FlUOFL 

FlETST 

3
4-0 

Memory 

C (Z) 

C (P) +1 

z 

COMMAND CHARACTERISTICS 

BMEM 

23 

23 

4022A-5 

B 

r-----., 
C (Z) I CORE I z 

1 
MEMORY 1------~ 

1 MODULE 1 
L., _____ .J 

0 23 I A, 13 

Sequence State 4 

r-----., 
C (Z) I CORE I Cell 10 = Q 

1 MEMORY I 
1 MODULE 1 
L., _____ .J 

B 0 123 

Sequence State 5 

LDQ BLOCK DIAGRAM 

ARITHMETIC UNIT 

0 

LDQ-1 



CLOCK (10 me) 111 I l~l 111 11 11 LI I 1111 U 1111 I 11 I 1 ~ 111 
I I I 

DlTLPE (11) ]l_ss,--~ r-Il. 
I 

FlSCOl (17) ~'--------<I.---__ J 
I 

F1SC04 (17. 1) _J 

F1SC05 (17.1) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) I 
H s-

I I 

GOMX03 ( 105) [____, ;_f 
I I 

GOSTOR (19) ~ ss_f 

DlPINl, 2 (88) --ss~...__----<!-------
,.__STATE 4 ---.1.-- STATE 5 ---+I 

LDQ TIMING DIAGRAM 

LD0-2 ARITHMETIC UNIT 

TLPE 

SCOl 

SC05 
SSS5 

SAMI 

MRLS·CMAN· TLPE 

= SC05 · TLPE · SCLK 

= SSS4 • TLPE • SCLK 
= SS4 l · SMDV · DBIS · MSSI 

= SSS5 · TLPE · SCLK 
= DlJST · MVDA · SC04 

= SIAl = MAMV· DGNS · 
SC04·DXST·DMDQ·SAl1 

BMEM = MORY· STOR 

MX03 = SMQ2 · SMQ3 · SC05 

STOR = SC05 

PINl,2 = PIN4 

4022A-5 



LOX - LOAD X LOCATION FROM Z 

1
23 

FU LL OPERAND . 16 

LDX places the contents of memory location Z into the 
specified (bits 17 through 15) index core cell. If the in
dex field (bits 17 through 15) of the LDX command are 
zero, the command is undefined. 

The LDX command is executed during Sequence Control 
States 2 and 4. During State 2, memory is addressed 
from IA 13 _0 (DlSAMI) and the contents of memory lo
cation Z 'are gated to the B Register. Following State 2, 
State 4 is entered. During State 4, memory is ad
dressed from 117-15 (GlSAMX) and the contents of the 
B Register are stored in the index core cell specified by 
bits 17 through 15 of the LDX command. 

BMEM 

23 

23 

4022A-5 

r------, 

C (Z) I CORE 1 z 

B 

C (Z) 

B 

MEMORY I 
: MODULE 1 
L,. _____ .J 

MAB 

SAMI 

0 23 I A, 13 0 

Sequence State 2 

r------, 
I CORE I x 
1 

MEMORY "'
1 
J--------, 

1 MODULE 1 
L,. _____ .J 

0 23 

Sequence State 4 

MAB 

181715A,13 
I 

SAMX 

0 

LDX BLOCK DIAGRAM 

ARITHMETIC UNIT 

y 01 . Z = f (Y, *) 

Non-Indexed 
3 (Sl,S2,S4) 

Word Times. 
Interruptable 
Following Execution? 

No 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 

3
4-0 

Memory x C (Z) 

COMMAND CHARACTERISTICS 

("Fetch" LDX Command 

(AMI 
l C (Z)-+B 

(AMX 
l C (Z)-+X 

("Fetch" Next Command 

LDX-1 



CLOCK (10 me) 111111 U I 11 l I U I 111 11 U 11 11 111 sill 
I I I 

DlTLPE (11) ~~ ~ Jl 
I I 

FlSCOl (17) ~ J 
I I 

FlSC02 (17) ~ ~>-----"">r--
1 I 

FlSC04(17}1) -~~---<r----1 
I 

GlSAMI (21) ~ ~---5r---
MUDlMDRY --~ ~~ 
DlBMEM (39) I 

~~~--\~~_.._~~~~~~~~~~~---1r---

GlSAMX (19) -~--r----1 SL 
I 

GOSTOR (19) ~ ,J 
I 

DlPINl, 2 (88) ~~~r-~~~~~~~ 
I+-- STATE 2 ~1..--- STATE 4 ----.1 

LDX TIMING DIAGRAM 

LDX-2 ARITHMETIC UNIT 

TLPE 

SCOl 

SC02 
SSS2 

SC04 
SSS4 

SIA3 

MRLS • CMAN · TLPE 

= SSSl • TLPE · SCLK 

= SSS2 · TLPE • SC LK 
= HTTF· DNDX· MSSI· SCOl 

SSS4· TLPE • SCLK 
SC02 • SMDV j DBIS., MSSI 

SC02 · SLXD • MAMV 

BMEM = BCLK· BMRQ· STOR· MDRY 

SAMX SC04· SXIN 

STOR SC04· STOl 

PINl, 2 = PIN4 

4022A-5 



LPR - LOAD PLACE AND RESTORE 

1

23 
FULL OPERAND . 35 

LPR restores the status of the Overflow flip-flop (FlUOFL), Permit 
Automatic Interrupt flip-flop (FlWPMT), and Test flip-flop (FlETST) 
fromthecontentsofbits22, 21, and 20, respectively, of core loca
tion Z. The contents of Z14-o are placed in the P Register to trans
fer program control. If bit 19 of Z is a "one", the Trapping Mode 
flip-flop (F lMTRM) is set. If bit 19 of Z is a "zero", the status of 
the Trapping Mode flip-flop is unchanged. The LPR command uncon
ditionally resets the Quasi flip-flops(FlXQUA,B). 

The LPR command is "fetched" during a normal Sequence Control 
State 1 (SCOl). At Last Pulse Envelope of State 1, the Remember 
flip-flop (FlXRMF) is set. Following. State 1, State 4 is entered and 
memory is addressed from IA 13-0· The contents of memory loca
tion Z are gated from memory to B and from B to the Adder Unit. 
The Overflow, Permit Automatic Interrupt, Test, and Quasi flip-flops 
are cleared during State 4. The Overflow flip-flop is then set, if bit 22 
of the Adder is a "one"; the Permit Automatic Interrupt flip-flop is 
set if Adder bit 21 is a "one"; the Test flip-flop is set if Adder bit 20 
is a "one"; and the Trapping Mode flip-flop is set if Adder bit 19 is a 
"one". The contents of Adder bits 14-0 are transferred to IA 13-0· , 

Following State 4, State 1 is entered to "fetch" the next instruction, as 
specified by the contents of Z14-o. Memory is addressed from IA 13-0 
to obtain this instruction. The contents of IA 13-0 are then transf~rred 
to the P Register during this State 1, ther~by transferring program 
control to the address specified by the contents of Z14-0· At Last 
Pulse Envelope of State 1, the Remember flip-flop is cleared. Se
quencing then continues to execute the new command (i.e., the com
mand located in the address specified by the contents of Z14-o). 

4022A-5 ARITHMETIC UNIT 

y 

Non -indexed 2 (Sl ,S4) 
Word Times. 

Interruptable No 
Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p14-0 C (Z14-0) 

FlWPMT 
Set if C(Z21} - 1 
Reset if C (Z21) = 0 

FlUOFL 
Set if C (Z22) = 1 
Reset if C (Z22) = 0 

FlETST 
Set if C (Z20) = 1 
Reset if C (Z2_o) = 0 

FlMTRM Set if C (Z 19) = 1 

FlXQUA,B Reset 

COMMAND CHARACTERISTICS 

LPR-1 



LPR-2 

z = 

OVERFLOW Status 
PAI Status 

TEST Status 
1 = Set TRAP Mode 

BMEM 

23 I 22 I 

I I 

ECLK· TSCA 

15 14 
0 Branch Address 

P Register 

r------, 
C (Z) z CORE 

MEMORY--------, 
1 MODULE 1 
L _____ ..J 

B 
0 23 I A, 13 

UBAU 

,22,21,20:19: 
I I I I ADDER 

FlWPMT 
1 0 

FlETST 

1 0 

Sequence State 4 

r------, 

C (Z14-o) 

MAB 

SAMI 

0 

IUIL 
IULI 

HTLPE 
~ 

I CORE I Branch Address 
~---11 MEMORY I 

1 MODULE 1 
L-------1 

MAB 

BMEM SAMI 

23 
B 0 23 I A, 13 0 

Branch Address 

114 
£PXIP 

p 

Next Sequence State 1 

LPR BLOCK DIAGRAM 

ARITHMETIC UNIT 

0 

4022A-5 



CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

F1SC04 (17) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 

DlUBAU (50) 

I I I I I H I I I l l I I I I I Jj I I I I I 55 I I l 

~ 
s---, .--- SC04 

L__ ~~ ___: - - SSS4 

r---?---------1,1----- SI---. -- SIA3 
__J :_ -- SIA 1 

-----s~,,...._----jf---

MRLS · CMAN · TLPE 
TLPX 

SR 14 · TLPE · SCLK 
SSll · TLPE · SCLK 

SSS4 · TLPE · SC LK 
SS41 · SMDV · DBIS · MSSI 

MTRP· SCOl · SAI4· MAMV 
SAU· DMDQ · iSXsT · SC04 · 
DGNS· MAMV 

----~!r---"--------H---- }I --- BMEM MDRY · STOR · BMRQ · BCLK 

~111s~ UBAI DBA2 · UC04· STOR 

"-------------,\ n 'I n IUL4 DllULl,UIL (80) ~~ j---l L__ I __J L 
UC04 · MSSI · MRLS · IR20 · 
Ul19 · IR21·IR18·123S 
IUl2 · MRLS (PAU 14-0 -+IA 13-0) IULl 

' 
DlPXIP (88) ----~!.--------~~fl--- PXIP CIPA · SCOl · MSSI· TSCC · 
(IA, 13-0 _.p) 

FlXRMF (92) 

TSCB · TSCA · XRMF 

IS~ XRMF DBRN · XSC 1 · TLPE · ECLK 
XRMF = XSPl · XRi\iiF · XCSl · TLPE 

~ 

FlUOFL (54) 
-----1 ;--------uoFL =TSCA·ULPR·ECLK 
- - - ~~----------<.~- - - - - - - - UFLB = ULPR · BR22 · ECLK · MRLS 

FlETST (89) -
- _- _- _-_-_-,L- _- _-_- _-_J ' - - - - - - -- ETST = ECTF = ULPR. ET4E 

•:r ..._ ____ _,s~ - - - - - - - ETST = MRLS · ECLK · ULPR · U20S 

r- - - - - - - -- WPMT = ECLK· TSCC· TSCA· WCPM FlWPMT (121) -__ -_-_- -- -_=
1 
-_ -- -_ -__ 1 • 

, ,,__ ---_......s~ - - - - - - - WPMT WSPM · TLPE · ECLK 

FlMTRM (119) 

FlXQUA ,B (91) 

4022A-5 

; - - - - - - - - MTRM MSTM = DLPR · N19S · SC04 
-----'\---------~~ - - - - - - -

-~ ~ -1~----_-_ = ~-=- ----~~ -=_-_-1,._ ______ XQUA,B = TLPE.AUA5·XCON 
XQUB = TLPE · AUA5 

Sl of 

1 
.._ ____ STATE 4 -----1 +-Next --+ 

Instruction 

LPR TIMING DIAGRAM 

ARITHMETIC UNIT LPR-3 



LXC - LOAD X WITH COUNT 

1
23 

FU LL OPERAND . 17 SEE TEXT 

The function performed by the LXC command depends upon the config
uration of bits 14 through 0. If bits 14 through 0 of the LXC command 
are "zero", the contents of the J Counter are stored in bits 4 through 
0 of the addressed X cell. Bits 23 through 5 of the addressed X cell 
are replaced by "zeros". If bits 14 through 0 are not "zeros", the 
LXC command causes the following to occur: 

1. Bits 23 through 14 of the indicated X cell are cleared. 

2. Bits 13 through 5 of the indicated X cell are replaced by bits 
13 through 5 of the instruction operand. If the LXC co.mmand 
is relative addressed (bit 14 is a "one"), bits 15 through 5 are 
replaced by the sum of bits IA 13-5 of the instruction operand 
plus the core address (P) of th~ LXC command. 

3. Bits 4 through 0 of the indicated X cell are replaced by the 
logical "OR" of J 4-0 and I4-0· 

The LXC command is executed during Sequence Control States 2 and 4. 
During State 2, the contents of the J Counter are transferred (single
ended) to bits 4 through 0 of the I Register. Then, IA 13-0 is gated to 
the Adder Unit (DlUILA). The contents of the Adder (24 bits) are then 
transferred to the B Register. 

NOTE 

Although memory is requested during State 2 (GlSMRQ), op
eration of the LXC command is not affected. The contents of 
core cell 0 will be transferred to the B Register but this data 
will be destroyed by the double-ended transfer of the Adder 
to the B Register. This operation is implemented for mem
ory protect error detection. 

Following State 2, State 4 is entered. Memory is addressed from the 
X bits of the I Register (17 through 15). The contents of the B Register 
are then stored in the addressed X cell to complete the LXC operation. 

123 B 01 23 I A, l:~ 

BAUL,U :J t IXJI 

ADDER 

Sequence State 2 

r------, 
I CORE I x 
1 MEMORY I 
I MODULE I 
L-----..1 

MA13 

SAMX 

23 B 0 23 0 

Sequence State 4 

LXC BLOCK DIAGRAM 

4022A-5 ARITHMETIC UNIT 

Word Times. 3 (Sl,S2,S4) 

Interruptable 
Following Execution? 

Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 

J4-0 

Memory x 23 
Zero 5J4c (J 4-o>*o 

COMMAND CHARACTERISTICS 

* If LXC = 17XOOOOO. See text for contents 
of X following other LXC commands. 

c "Fetch" LXC 
Command 

{ J-'•-o 
IA, 13-0 __.PAU 
PAU-+B 

CAMX 
B-+X Cell 

SCOl c "Fetch" Next 
Command 

LXC-1 



CLOCK (10 me) 111111s11111111u1111111.Jl1111111s1Wl 

DlTLPE (11) ~ ~s JL TLPE MRLS · CMAN · TLPE 

FlSCOl (17) ~ ~ SCOl = SSSl · TLPE · SCLK 

~ ~ 
SC02 = SSS2 · TLPE · SCLK FlSC02 (17) 

s--- SSS2 = HTTF · DNDX · MSSI · SCOl 

~ L SC04 SSS4 · TLPE · SCLK 
F 1SC04 ( 1 7. 1) SSS4 SC02 · SMDV · DEIS· MSSI 

GlSAMX (19) ~~ SAMX SC04 · SXIN 

MUDlMDRY ~ ~s---

DlBMEM (39) 
~ I r--- BMEM = BCLK · BMRQ · STOR · MDRY 

DlUILA (51) 
~ ~~ SC02 · ULSX UIA5 

(IA 13-0 ~PAU) r--
' 

GlIXJI (82) 
~ ~ IXIJ SC02·UDC1 · IR20 (J-+ I) r--

DlBAUL, U (39) 
BAU2 TLPE ·BC 12 · BCLK (PAU-+B) 5---

GOSTOR (19) ~ J STOR = SC04 · STOl 

DlPINl, 2 (88) 

LXC TIMING DIAGRAM 

LXC-2 ARITHMETIC UNIT 4022A-5 



LXK - LOAD X WITH K 

1

23 
FU LL OPERAND . 07 

LXK stores the value Z into the addressed X core cell. 
Leading bits of the addressed X cell are set to "zero". 
The range of K, when not relative addressed, may vary 
from 0 to +16,383. The range of K when relative ad
dressed may vary from -8, 192 to +8, 191 since bit 13 
represents the sign of bits 12-0 when relative addressed. 
If bits 17, 16, and 15 of the LXK command are zero, the 
command is undefined (i.e. , an X cell address must be 
specified). 

The LXK command is executed during Sequence Control 
State 4 (SC04). During State 4, memory is addressed 
from I17-15 (GlSAMX). The contents of IA 13-0 are 
gated, via the Adder Unit (GlUILA), to the B Register 
(DlBAUL,AU). From B, this value is stored in the ad
dressed X cell to complete the LXK command. 

z 
r-----, 
I CORE I 

1 
MEMORY I 

1 MODULE 1 1.. _____ .J 

x 

K 01 . Z = f (K, >:<) 

Non -Indexed 2 (Sl,S4) 
Word Times. 
Interruptable 
Following Execution? 

Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 

3
4-0 

Memory x 23 15114 Zeros z 

COMMAND CHARACTERISTICS 

MAB 

23 B 0 23 18 1715A,13 

SAMX 

0 

BAUL, AU 

ADDER 

UILA z 

LXK BLOCK DIAGRAM 

0 
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CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

F lSC 04 (17. 1) 

GlSAMX (19) 

GOSTOR (19) 

GlUILA (51) 

J (IA 13-0 --+PAU) 
• 

DlBAUL,AU (39) 
(PAU-+B) 

MUDlMDRY 

GlSMRQ (22) 

MUDlMRLS 

DlPINl,2 (88) 

LXK-2 

I I I I I I ssl I I I I I I I 55 I I I 

~ ~ 

~ I 

~ L 

~ L 

~ l 
_s-----s ~ L 

H 

~ r-Il-

TLPl = MRLS·CMAN·TLPE 
TLPE = TLPX 

SCOl = SR14 · TLPE · SCLK 
SCOl = SSll · TLPE · SCLK 

SC04 = SSS4 · TLPE · SCLK 
SSS4 = SS41 · SMDv · DBIS'· MSSI 

SAMX = SC04 · SXIN 
SXIN = DXST 

STOR = SC04 · STOl 
STOl = DXST 

UIA5 = SCQ4. DLXQ 

BAtn = BCLK · TSCB · TSCC · BAU5 

SMRQ = DG12 · SRQl · ( (SRQ2 · MRLS) + 
(TSCA)] 

------£~ PINl,2= PIN4 

STATE 4 

LXK TIMING DIAGRAM 
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MPY MULTIPLY 

FULLOPERAND ~'2_3~~-5-5~~-1_8Ll1_7~x~1_5L'-~~~'~1_3~~~~~-y~~~~~~~~o' z f(X,*,Y) 

MPY forms the product of the contents of core cell Z 
(multiplicand) and the contents of the Q Register (multi
plier). The contents of the A Register are added alge
braically to the least significant half of the product. 
Thus, with proper scaling, it is possible to form the 
value QZ+A. The result is stored in A23-0 and Q22-o, 
with the most significant half in A. Bit 23 of Q is set to 
"zero" and is not a part of the product. The sign of A 
(A23) applies to the entire product. Either positive or 
negative (2' s complement) values may be multiplied, 
with the correct product, positive or negative (2' s com
plement), contained in A and Q. 

BINARY MULTIPLICATION 
For a better understanding of the following description, 
two important steps of multiplication must be recalled: 
two numbers are multiplied by a series of (1) additions, 
and (2) shifts. The following examples illustrate that 
the mechanics employed for decimal numbers is true 
also for binary numbers. 

Decimal Binary 

3 (multiplicand) 00011 3 
xl5 (multiplier) 01111 15 

3 Add 00011 Add & Shift 
3 Add 00011 Add & Shift 
3 Add 00011 Add & Shift 
3 Add 00011 Add & Shift 
3 Add & Shift 00000 Shift 

3 Add 0000101101 = 45 
45 

As illustrated in the example of binary multiplication, 
the following rules are obeyed: 

(1) If a multiplier digit is a "one", the multiplicand 
is added to obtain a partial product. Then, a 
shift one place to the left occurs for the next 
partial product. 

(2) If a multiplier digit is a "zero" , the multipli
cand is not added but a shift one place to the left 
occurs for the next partial product. 

(3) The partial products are then added to obtain 
the result. 

Multiplication within the 4022 Arithmetic Unit utilizes 
the "string" concept of multiplication to reduce the num
ber of additions required, thereby increasing the speed 
of the multiply cycle. Using the "string" concept, it is 
not necessary to form the partial product for each bit 
when the multiplier contains two or more successive 
"one" bits. 

The following observations will be of assistance in 
understanding the "string" concept of multiplication. 
First, a binary number such as, 0100001000 may be 
written as 28 + 23. Observe also, that a binary number 

Non-Indexed Sl,S3,S4,S5 
Word Times. 8. 9 - 12. 1 µs 

Interruptable 
Following Execution? 

Yes 

CHANGES FOLLOWING EXECUTION 

A23-0 
Most Significant Part of 

Product 

Q23-0 25 : 22 Least Significant Part 0 
1 of Produci 

pl4-0 C (P) +1 

FlWPMT 

FlUOFL Set if Overflow Occurs 

FlETST 

J4-0 378 

Memory z 

COMMAND CHARACTERISTICS 

such as 000111111 may be written 26 - 20 (i.e. , 
001000000 minus 1 = 000111111). Thus, when a binary 
multiplier has a number of successive "one" bits, it is 
not necessary to form the partial product for each "one" 
bit, but, as inthe case above, merely subtract 20 from 
2 6. Now consider a binary number such as 0011011, 
which can be written 25 - 22 - 20, since it is the same 
as 0011111 reduced by 22. A number such as this con
tains a "string" of "ones" with an included "zero". Note 
that the effect of an included "zero" is a subtraction of 
the corresponding power of two. This effect holds for 
more than one included "zero". Using this method, the 
least number of powers of 2 representing a binary num
ber may be determined. For example: 

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
o o TT o TT Io o Io o I I I I 
= 215 - 212 - 29 + 26 + 24 - 20. 

The following example is provided as an aid in deter -
mining when to add the multiplicand to the partial prod
uct and shift, when to subtract the multiplicand from the 
partial product and shift, and when to just shift the par
tial product. This example illustrates a multiplier with 
various combinations of "ones" and "zeros". A minus 
sign(-) above a digit indicates that a subtraction should 
be performed; a plus sign (+) above a digit indicates 
that an addition should be performed; and a dot (.) 
above a digit indicates that only a shift is required. 

+. + +. 

0 0 1 1 0 1 1 1 0 0 1 0 0 1 1 1 1 

l L L L Set Strings 
Clear Strings 

Set Strings 
Clear Strings 
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As the multiplier is shifted right from least toward more 
significant bits, each bit must be examined and the deci
sion made to add, subtract, or shift. 

These observations can best be summarized in terms of 
the concept of a string of "ones". Two or more adjacent 
"ones" constitute a string of "ones", and as noted above, 
the least significant "one" of a string is interpreted as 

1, while the zero to the left of the most significant 
+ + -

"one" is interpreted as o, for example, as in ooiiiil. 
A string may include isolated "zeros", i.e., "zeros" 
each of which is flanked by "ones", such "zeros" are in-

.+ .. -.-. -
terpreted as 0, for example, as in 001101011. Isolated 
"ones", i.e. , "ones" each of which is flanked by 
"zeros" and is not a member of a string, are interpre-

+ .. +.+ .. 
ted as 1, for example, as in 0010100. Thus, working 
from right to left, as a string of "ones" is met, a sub -
traction must take place, and only subtraction can take 
place within a string; in exiting from a string, an addi -
tion takes place and only additions can take place outside 
a string. Finally, note that the above discussion shows 
that, when working from right to left, a string is not in
itiated until at least two adjacent "ones" occur and does 
not end until at least two adjacent "zeros" occur. 

COMMAND DESCRIPTION 
Fig. MPY. 1 contains a basic flow chart of the Sequence 
Control States required to execute the MPY command 
and lists the basic functions performed within each Se
quence State. Block diagrams of States 3, 4, and 5 are 
contained in Fig. MPY. 2. 

Sequence State 1 
The MPY command is "fetched" from memory during a 
normal State 1. At the end of State 1, the MPY com
mand is contained in the I Register. Following State 1, 
a non-indexed MPY command enters Sequence State 3. 

Sequence State 3 
A timing diagram with logic equations for State 3 is con
tained in Fig. MPY. 3. During State 3, memory is ad
dressed from IA 13-0 (DlSAMI) and the contents of 
memory location' Z (multiplicand) are gated to the B 
Register. From the B Register, the multiplicand is 
gated to the Adder (DlUBAU) and from the Adder to the 
I Register (DlIUIU, DlIUIL, DlIULI). At Time 3 of 
State 3, the Execute MPY or DVD flip-flop (F lXMDV) 
is set to indicate that the I Register does not contain 
the instruction, and to provide control for the MPY op
eration. The MPY command leaves the Execute flip-flop 
(FlXEXC) reset and the DVD command sets FlXEXC. 
Therefore, when FlXMDV is set and FlXEXC is reset, 
the MPY command is specified. Following State 3, 
State 4 is entered. 

Sequence State 4 
Sequence State 4 is used to bring the multiplier from 
the Q Register (memory cell 10s) to the B Register and 
to perform the actual arithmetic operation. To provide 
these functions, the duration of State 4 is extended by 
entering Time 6 Envelope. 

SC03 

SC04 

SCOl 

} "Fetch" MPY Command 

} 

Address Memory from I 
Gate Multiplicand 

(i.e. , Contents of Z)-. I 

Address Memory Cell 108 
(i.e. , Q Register) 

Gate Contents of Cell 108 -.B 
(i.e. , Multiplier ---.B) 

Perform Arithmetic Operation 
Most Significant Half of Product is 

in A and Least Significant Half 
of Product is in B 

} 

Address Memory Cell 108 
Clear B23 
Store Contents of B-+1 Os 

(i.e. , Least Significant Half of 
Product---. Q) 

} "Fetch" Next Instruction 

Fig. MPY. 1. MPY Flow Chart 

For ease of understanding, a detailed flow chart of 
State 4 is contained in Fig. MPY. 4. The logic elements 
performing the functions listed in the flow chart are pro
vided, along with the logic equations and the logic sheet 
numbers on which these elements may be found, in Table 
MPY.1. 

An example of the arithmetic operation is provided in 
Table MPY. 2. For simplicity, nine-bit registers are 
used. The timing diagram of State 4 contained in Fig. 
MPY. 5, illustrates the timing associated with this 
example. Using these aids, little difficulty should be 
encountered in determining the operation of the Arith
metic Unit for any multiplier and multiplicand values. 

During the first 1. 6 microseconds of State 4, memory 
cell 108 is addressed (GOMX03) and the multiplier is 
gated from the Q Register (cell 10s) to the B Register. 

At Time 3, the Delay Time Counter is preset to 308 
and the J Counter is preset to 7 8· The J Counter is 
incremented as each bit of the multiplier is considered 
to determine the final product. When J is equal to 3 7 8 , 
all 23 bits of the multiplier have been considered and the 
fix-up cycle, if required, is entered to end the MPY 
cycle. The Delay Time Counter is used to provide con
trol for the addition or subtraction and shift required 
with each multiplier bit. 
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BMEM 

23 

4022A-5 

C (Z) 
r-----., 
I CORE I 

1 
MEMORY I 

1 MODULE 1 1... _____ .J 

z 
Least Significant r - - - - - 1 

Half of Pro~d_u_c_t ___ I CORE 1 

1 
MEMORY 

1
----------, 

1 MODULE 1 

Cell lOs 

1... _____ .J 

MAB Clear 
(BSRU · 
B2RD) 

MAB 

B 0 23 I A, 13 

UBAU 

ADDER 

Multiplicand 

Sequence State 3 

23 
MULTIPLICAND 

SAMI 

IUIU 
IUIL 
IULI 

0 

0 

MX03 

B 
0 123 

Sequence State 5 

r--- --, 
I CORE I Cell 10s 
: MEMORY 
I MODULE 1 
L---- ___ J 

MAB 

ADDER ..___ ____ MX03 

CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

FlSC03 (17) 

F 1SC04 (17 1) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 
(MDR-+B) 

DlUBAU (50) 
(B--.PAU) 

C(Q) 

BMEM 

O 1----- LOST 22 22 0 
A MULTIPLIER 

Sequence State 4 

Fig. MPY. 2. MPY Block Diagram 

I I I I I I) I I I I I I s~_u_ 
n______, ~_Il_ 
L__, s---

~ ~ 

-----~ ---+---------< s---

TLPE 

SCOl 

SC03 
SSS3 

BMEM 

TLPl 

SR14 · TLPE · SCLK 

SSS3 · TLPE · SCLK 
SS31 = SCOl · SMDV · J!TTF · DNDX 

SSS4 · TLPE SCLK 
SC03 · MSSI 

SIA2 = SMDV· SC03 · MAMV 

MDRY · STOR · BMRQ · BCLK 

------~~ UBAU = XMDV·SC03 

DlIUIU,L,LI(80) Jl_ GOIUL3 = SC03·XMDV·MRLS 

FlXMDV (93) ~f--- XMDV = XSMD·XSDM ------1s----J . 
MUDlMRLS rL__

5 
Jl_ 

Fig. MPY. 3. MPY Sequence State 3 Timing 
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0 Refer to Table MPY. 1 for 
Flow Chart Logic Equations 

© 
PRESET DTC 26s 

YES 
1 

© 

© 

© 

Bo 

CLEAR J COUNTER 

T3E 

C (Q)-.B 
PRESET DTC 308 
PRESET J = 7 

T5E 

INCREMENT J = lOs 

T6E 

FlXSTG SET 

PRESET DTC = 268 

I + A___.A 
INCREMENT DTC 

(f + 1) + A_..A 
SET F lXSTG AT SHIFT 
INCREMENT DTC DTC= 

27 8 

DTC= 
273 

(f + 1) + A-+A 
INCREMENT DTC 

I + A___.A 
RESET FlXSTG 
INCREMENT DTC 

FlXSTG SET 

NO @ 
(f + 1) + A-.A 
IF OVERFLOW, 
SET FlUOFL 
INCREMENT DTC 

MPY-4 

YES 
B23 = 1 

NO 

FlXSTG SET 

SHIFT RIGHT A AND B 
Ao-+B22 
A23 _..A23':< 
A23--.A22 
INCREMENT J COUNTER 

DTC = 308 

PRESET DTC = 263 

NO 

YES @ 
.--~~~ ......... ~~~--

I + A ___.A INCREMENT DTC 
IF OVERFLOW, 
SET FlUOFL 
INCREMENT DTC 

Fig. MPY. 4. State 4 Flow Chart 

ARITHMETIC UNIT 

@J 
>:< If an Overflow occurred during 

the addition or subtraction, if 
required, a 1 is added to A23· 

J 373 
NO 

LAST 
PULSE 
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Clear J Counter: 

DOJJEO (70) JCKl · TSCA · TSCB · JS4G 
GlJS4G (70) SC04 · DMDl 

© Preset Delay Time Counter to 308 : 

GlTPAF (12) = TP30 + TD30 
GOTP30 (12) = TSCB · TSCA · DMGT · TSCC 

Preset J Counter to 7: 

G1JP07 (70) = TP30 · XMDV 

© Increment J Counter: 

NlJINC (71) GOJINC = XMDV · TT5E · 
MRLS·JC04 

Preset Delay Time Counter to 263: 

Gl TP26 (12) = TD30 · JE07 · XMDV · GOTP26 
GOTP26 (12) = XSTG · BROO · DMPY 

Add I to A: 

DlUAAU (52) 
DlUILA,AU (51) 

DlAAUU, L (62) 

Subtract I from A: 

XMDV·UC04 
UIA3 = JE37 · UIAA · 
XSTG ·BROl · BROO 
ECLK · TE26 · AMDV 

DlUAAU (52) XMDV · UC04 
DlUINA (51) UIN2 = UC04 ·XMDV· JE37 · 

BROl·BROO·XSTG·XEXC 
GlUENC (51) UIN2 
DlAAUU ,L (62) = ECLK· TE26 · AMDV 

Set Strings Flip-Flop at Shift of A and B: 

F lXSTG (94) XDST · XBSR · IC Kl 
GlXDST (94) = BROl ·BROD 

Preset Delay Time Counter to 263: 

Gl TP26 (12) 
GOTP26 (12) 

Add I to A: 

TD30 · JE07 · XMDV · GOTP26 
BROO · XSTG · DMPY 

DlUAAU (52) = XMDV · UC04 
DlUILA ,AU (51) = UIA2 = BROD· BROl . 

XSTG · JE37 · UIAA 
DlAAUU, L (62) = ECLK • TE26 · AMDV 

Reset Strings Flip-Flop at Shift of A and B: 

FlXSTG (94) XNST · XBSR · ICKl 
GlXNST (94) = BROl · BROO 

Subtract I from A: 

DlUAAU (52) XMDV · UC04 
DlUINA (51) UIN3 = UC04 · XMDV · JE37 · 

BROl·BROO·XSTG·XEXC 
GlUENC (51) UIN3 
DlAAUU, L (62) = ECLK · TE26 · AMDV 

Shift Right A and B: 

GOABSR (63) = JE37 · DMPY · TE27 · TT6E + 
TT6E·JE37·TE30·ABSG 

Gate A0 to B22: 

GlB22N (38) = BAOO · BMPY 
G1B22D (38) = BMPY • AROO 

Gate A23 to A23: 

GlAFNS (67) = AFNA = ANA3 · AR23 
NOAFNS (67) = GlAFNS 

Increment J Counter: 

NlJINC (71) = GOJINC = JE37 · ABSG· TE30 · 
TT6E + JE37 · TT6E · XMDV · 
TEFF 

Add 1 to A23 if Overflow Occurred During ® , 
@) , ® , or ® : 

FlAFNP (66) TE26 · UFLl · BCLK 
GlUFLl (48) W23C · U22C · U23S · ADIV + 

U23S ·U22C · U23C · ADIV 

Preset the Delay Time Counter to 263: 

Gl TP26 (12) = TD30 · JE07 · XMDV · JE37 

Subtract I from A: 

DlUAAU (52) XMDV · UC04 
DlUINA (51) UIN4 = JE37 · XSTG · UIAA • 

BR23 
GlUENC (51) UIN4 
DlAAUU, L (62) = ECLK · TE26 · AMDV 

If Overflow Occurs During Subtraction, Set 
FlUOFL: 

F lUOFL (54) = UFLB 
GOUFLB (48) = JE37. TE26 · ECLK · UFLl 
GlUFLl (48) W23C · U22C · U23S · ADIV + 

U23S · U22C · U23C · ADIV 

Add I to A: 

DlUAAU (52) 
DlUILA,AU (51) 

DlAAUU, L (62) 

XMDV·UC04 
UIA4 = UIAA · JE37 · 
XSTG· BR23 
ECLK · TE26 · AMDV 

If Overflow Occurs During Addition, Set 
FlUOFL: 

FlUOFL (54) 
GOUFLB (48) 
GlUFLl (48) 

Enable Last Pulse: 

UFLB 
JE37 · TE26 · ECLK · UFLl 
W23C · U22C · U23S · ADIV + 
U23S · U22C · U23C • ADIV 

Dl TLPE (11) = JE37 · AMDV · TE27 

Table MPY. 1. State 4 Flow Chart Logic Equations 
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At Time 5 (Memory Release), the J Counter is allowed 
to increment for the first time. Time 6 is then entered 
and the actual computation is performed. 

As described in the basic multiply discussion, the two 
least significant bits of the multiplier (B1 and Bo) and 
the status of the Strings flip-flop (FlXSTG) are used to 
determine if the multiplicand is added or subtracted 
from the partial product in the A Register and then the 
partial product is shifted or if only a shift of the partial 
product is required. 

After the J Counter is equal to 37 8, the status of the 
Strings flip-flop and the sign bit of the multiplier (B23) 
is examined to determine if an addition or subtrac
tion is required to "fix-up" the product. If B23 is a 
"zero" and the Strings flip-flop is set, then an addition 
must be performed to end the within strings cycle. If 
B23 is a "one" and the Strings flip-flop is reset, then 
the multiplier was negative and an additional subtraction 

s 
0 0 0 0 0 1 1 1 1 

B 

A 

J A REGISTER 
COUNT DTC s 7 6 5 4 3 2 

10 30 ~o 0 0 0 0 0 

11 30 f\o 0 0 0 0 0 

12 30 0 0 0 0 0 0 0 

12 26 t\l 1 1 1 0 0 

13 27 1 1 1 1 1 1 0 

14 30 {\ 1 1 1 1 1 

14 26 f\o 0 0 0 1 0 

15 27 0 0 0 0 0 0 1 

[\o 16 30 0 0 0 0 0 

17 30 [\o 0 0 0 0 0 

20 30 l\o 0 0 0 0 0 

l Equivalent to J = 37 8 
When Using 24-Bit Registers 

1 

0 

0 

0 0 0 0 0 1 1 0 0 

0 0 0 0 0 0 0 0 0 

B REGISTER 
0 s 7 6 5 4 3 2 

o' ~o 0 0 0 1 1 

O'- 0 0 0 0 1 

0 0 
~o 

0 0 0 0 0 0 0 

0 1"" 

~1 0 o" 0 0 0 0 0 

l>o 0 0 1 0 0 0 0 

1 1, 

~1 0 1"' 0 1 0 0 0 

~1 1 0 ......_ 1 0 1 0 0 

0 1"" ~~ 1 1 0 1 0 

0 0 ~~ 0 1 1 0 1 

t_ 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

is required. Following this "fix-up", if required, State 
4 is ended. Therefore, at the end of State 4, the most 
significant half of the product is in the A Register and 
the least significant half of the product is in the B Reg
ister. 

Sequence State S 

During State 5, the least significant half of the product 
contained in the B Register is stored in the Q Register 
(cell 10s}. A timing diagram and logic equations for 
State 5 are contained in Fig. MPY. 6. 

At the first clock pulse of State 5, B2 3, if a "one 11
, is 

reset to "zero". Memory cell 10s is addressed 
(GOMX03) and the contents of the B Register are stored 
in cell 108 . 

During State 1 of the command following MPY, the 
Multiply/Divide flip-flop (FlXMDV) is reset. 

+15 

+12 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

s 

0 

MULTIPLICAND 

MULTIPLIER 

I REGISTER 
7 6 5 4 3 2 1 

0 0 0 0 1 1 1 

0 XSTG ACTION 

1 0 T5E of S4 

0 Shift 

0 Shift 

0 SUB 

1 Set XSTG 
Shift 

1 Shift 

1 ADD 

0 Clear XSTG 
Shift 

0 Shift 

0 Shift 

0 Shift 

Table MPY. 2. MPY Example (+15 x +12) 
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CLOCK (10 me) I I I I I I I I 
DlTLPE (11) n 
F 1SC0 4 ( 1 7. 1) _J 
Fl TT6E (8) 

GOMX03 (105) I 
DlBMEM (39) 
(Q--.B) 

DOJJED (70) 
(Clear J) I I 
GlTPAF (12) 
(Set DTC :: 308) --~~ 
G1JP07 (70) 
(Set J == 7) ~~~~~~~~~~~ 

NlJINC (71) 15 16 17 18 
~---

FlXSTG (94) 

G1TP26 (12) 
(Set DTC = 268) ~~~~-~~~~~~n n n~-

12 34 5678 
GOABSR (63) 
(Shift A,B) 

DlUAAU (52) 
(A_.PAU) 

DlUILA ,AU (51) 
(I----+PAU) 

DlUINA ) (5 l) 
GlUENC 
IT + 1 _.PAU) 

DlAAUU, L (62) 
(PAU ----+A) SUB ADD A + 0 -.A 

Bo 

Bl 

DTC 303 

Fig. MPY. 5. MPY Sequence State 4 Timing Example (+15 x +12) 
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CLOCK (10 me) I I I I I J ff I I I I I I I I SS I I I I 
DlTLPE (11) Jl ~ TLPE TLPl 

FlSC04 (17. 1) I SC04 TLPE · MVDA · SCLK 

F1SC05 (17. 1) _J L SC05 SSS5 · TLPE · SCLK 

FlSCOl (17) ------{1----------< ___ __.I SCOl SC05 · TLPE · SCLK 

GOMX03 (105) ------~--------1)·.----~I MX03 SC05. SMQ2. SMQ3 

MUDlMDRY ----1~,'1----
GOSTOR (19) l..._ ___ __,,~------~1.....-_ __.l STOR = SC05 

MUDlMRLS 

FlXMDV (93) 

F1BR23 (32) 

MPY-8 

-----4-----~ 
~ XMDV = XCOl · TSCA 

= B2RD · BSRU 
= B3RD · BB23 
= BB23 · B3RD 

Fig. MPY. 6. MPY Sequence State 5 Timing 
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NOP - NO OPERATION 

1

23 
FULL OPERAND . 2 6 2 

NOP transfers program control to the next sequential 
location (P+l). No operation is performed. NOP is 
useful as a programming tool to replace deleted com -
mands or to provide room for the insertion of new com -
mands in the program. 

NOP is an INX (Increment X) command that specifies in
crementing of index cell 2 by 0. Sequence States 1, 2, 
and 4 are required to "fetch" and "execute" the NOP 
command. Refer to the INX command description for 
details of the operation of the NOP command. 

0 

4022A-5 ARITHMETIC UNIT 

0 0 0 0 01 

Word Times. 3 (S 1, S2 , S4) 

Interruptable 
Yes Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 

3 4-0 

Memory x 

COMMAND CHARACTERISTICS 

NOP-1 



ORA - LOGICAL OR TO A 

1

23 
FU LL OPERAND . 21 y 01 . Z = f (X,':', Y) 

ORA performs the logical OR of the contents of core cell Z with the 
contents of the A Register. Each bit of Z is compared with the cor
responding bit of A. When either or both is a "one", a "one" is 
placed in that position of A. When both bits are "zero", that posi
tion of A is not changed. 

Non-Indexed 
Word Times. 

2 (Sl, S4) 

Interruptable Yes 
Following Execution? 

CHANGES FOLLOWING EXECUTION 

A non-indexed ORA command is executed during Sequence Control 
State 4 (SC04). Memory location Z is addressed from IA 13-0 
(DlSAMI) during State 4. The contents of memory location Z are 
gated to the B Register by DlBMEM during the Clock pulse of Mem
ory Data Ready (MUDlMDRY). From B, the contents of memory lo
cation Z are gated to the Adder Unit (DlUBAU). At the same time, 
the contents of the A Register are gated to the Adder Unit. Also, 
the control signal (DOULOR) to enable the Logical OR function of the 
Adder Unit is applied to the Adder Unit. The result is then gated 
back to the A Register (DlAAUL, U) to complete the ORA execution. 

To exemplify the ORA comparison, consider the following; 4 bits 
are used for simplicity: 

A23-0 

Q23-0 

p 14-0 

FlWPMT 

FlUOFL 

FlETST 

3 4-0 

Memory 

C(z
23

_
0
)0Red with C(A

23
_

0
) 

C (P) +1 

z 

Contents of A Register 

Contents of B Register (Z) 

Result Placed in A Register 

0011 

0101 

0111. 

COMMAND CHARACTERISTICS 

r-----., 
C (Z) I CORE I z 

-------~ 

1 
MEMORY I 

1 MODULE 1 
L-----.J 

MAB 

BMEM SAMI 

23 B 0 23 I A, 13 0 

C (Z) 

UBAU 

ULOR ADDER 

UAAU C (Z) + C (A) 

C(A) AAUL,U 

23 
A 

0 

ORA BLOCK DIAGRAM 
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CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

F1SC04 (17) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 
(MDR-+B) 

DlUBAU (50) 
(B--+PAU) 

QlUAAU (52) 
tA_.PAU) 

DOULOR (48) 

DlAAUL, U (62) 
(PAU-+A) 

MUDlMRLS 

DlPINl, 2 (88) 

ORA-2 

---------------·- -- -------- ~--~------

I I I I I I $s I I I I I I I I$$ I I I I 
n TLPl MRLS· CM'AN· TLPE 

~<---------1r--1 L- TLPE = TLPX 

I SCOl 
~~------s~.._.__--J. SCOl 

i---> L SC04 
__J SSS4 

= SR14· TLPE · SCLK 
= ssu · TLPE. SCLK 

= SSS4 · TLPE · SCLK 
= SS41 · SMDV · DBIS · MSSI 

_s--5 L SIAl = MAMV· i50NS. SC04· DXST· i5Mi5Q · 
SAil 

--~·~----
BMEM = MDRY·STOR·BMRQ·BCLK 

L UBAU = DBA2. STOR. UC04 _s--5 

_s--5 L UAA3 = UC04 · UMDV · Ul20 · 1238 · U AA5 · 
UAMV 

r- ULOR SC04 · DLMB • Ul21 · ffi22 
l______,;~------11----~! DLMB = DLCl· MSSI 

AAUl = ECLK · MRLS· DLCl · AUA5 

----~'----- PINl, 2 = PIN4 

STATE 4 

ORA TIMING DIAGRAM 
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QUASI COMMANDS 

1
23 18117 x 1511-~.' 1~3 01 z 

FULLOPER~~~-4-0_-_7_7~~--~~~--------~~~~~~y~~~~~~~- f(X,*,Y) 

Except MPY, DVD, LDQ, STQ, GEN 3 

Quasi commands provide operations not included in the 
hardware. These commands supply the programmer 
with a mnemonic which allows the running program to be 
linked to a subroutine. Quasi commands are identified 
by operation codes 408 through 778 if the command is 
not an MPY, DVD, LDQ, STQ, or GEN 3. Quasi com
mands store the operand portion of the command (Z) in 
memory location 2 and the next instruction is "fetched" 
from the memory location specified by the operation 
code (bits 23 through 18) of the Quasi command. The 
command located at the specified operation code address 
is normally an SPB which branches to a software sub
routine associated with the Quasi command. Some Quasi 
commands, however, contain an instruction other than 
SPB in the location specified by the operation code. 
These instructions include AKA, LDK, and SKA. These 
instructions will contain an ADD, LDA, and SUB com -
mand with an operand address equal to 2, respectively, 
in the location specified by the operation code. The com
bination of the Quasi command storing the value Z in 
cell 2 and then executing the instruction in the operation 
code address completes the operation to be performed 
for these commands. 

Although the function to be performed by the Quasi com -
mand depends on the instruction located in the operation 
code address, certain operation codes are normally re
served to perform specific Quasi functions, thereby, 
providing program compatibility with other GE-PAC 
computers. The following is a list of these commands: 

Quasi Quasi 
Operation Code Command Mnemonic 

40 LDK 

41 DLD 

46 REL 

47 AEL 

50 SKA 

51 DAD 

52 LDI 

53 STI 

56 RBL 

57 ABL 

60 AKA 

61 DSU 

62 OOM 

70 FAD 

71 FSU 

72 FMP 

73 FDV 

74 FIX/FLO/FMS 

The Quasi command cannot be interrupted following exe
cution. That is, the command located in the operation 
code address must be executed before an interrupt can 
occur. Commands within the Quasi subroutine, how
ever, may be interrupted following execution provided 
the command is normally interruptable following execu
tion. If the optional Memory Protect function is enabled 
relative addressed instructions within the Quasi sub
routine are not subject to the protect criteria. Com -
mands that are located within the Quasi subroutine and 
not relative addressed are subject to the established 
protect criteria. 

To better understand the operation of Quasi commands, 
consider the following examples. 

Example 1 - FAD 70X*Y 

The Floating Add command (FAD) adds the single length 
floating point number contained in memory location Z to 
the floating point number contained in the A Register. 

The FAD command is "fetched" from memory and since 
the Op Code is 708, it is decoded as a Quasi command. 
If the FAD command is relative addressed and/or in
dexed, the computation is performed and the result (Z) 
is gated to IA 13-0· State 4 is then entered and index 
cell 2 is addr~ssed. The contents of IA 13-0 (Z) are 
then stored in index cell 2. The Op Code 'portion of the 
FAD command (708) is gated from 123 _18 to I5 _0. The 
P Register is not incremented during this command 
execution. State 1 is then entered and memory is ad
dressed from the I Register and the command located in 
cell 708 is "fetched". Since the FAD function cannot be 
completed in one instruction, this will be an SPB com -
mand. During execution of the SPB command, the P 
Register will be incremented by 1. This provides a 
value of P equal to the location of the FAD command 
plus 1. This value is stored in index cell 1 and will be 
used to return to the running program following the com -
pletion of the subroutine required to perform the FAD 
operation. After storing the contents of the P Register 
in cell 1, the SPB command loads the P Register with 
the branch address specified by bits 13-0 of the SPB 
command. This will transfer program control to the 
subroutine that will perform the FAD operation. 

The first instruction of this subroutine will contain an 
STX command to save the location of the running pro
gram that was stored in cell 1. The rest of the sub
routine will perform the operations required to obtain 
the result of floating point addition. This routine will 
use the contents of index cell 2 to obtain the address (Z) 
of one of the operands. 

The last instruction of the FAD subroutine will be an 
LDP or LPR command. This LDP or LPR command 
will restore the P Register with the location of the run
ning program (i.e. , with the value stored in cell 1 by 
the SPB command and saved in another location by -the 
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STX command. This LDP or LPR command will also 
clear the Quasi flip-flop, FlXQUA, which is used for 
control of the optional Memory Protect circuitry. 

Example 2 AKA - 60XOK 

The Add K to A command adds the value Z to the con
tents of the A Register. 

During State 1, the AKA command is "fetched" from 
memory. Since the Op Code of the AKA command is 
608 , it is decoded as a Quasi command. If the AKA 
command is indexed, indexing occurs and the result (Z) 
is gated to IA 13-0· State 4 is then entered and index 
cell 2 is addre'ssed. The contents of IA 13-0 are stored 
in cell 2. The Op Code portion of the AKA command 
(6 08) is gated from I23-18 to I5-0· The P Register is 
not incremented during this command. State 1 is then 
entered. Memory is addressed from the I Register and 
the command in location 608 is "fetched". This com
mand will normally be an ADD (11000002). This ADD 
command will sum the contents of the A Register with 
the contents of index cell 2 (value Z). During execution 
of this ADD command, the P Register will be incremen
ted and the Quasi flip-flops (FlXQUA,B) will be cleared. 
Program control will then return to the location follow -
ing the AKA command. 

In this example, an SPB command was not located in the 
Quasi Op Code address because only one instruction was 
required, in addition to the AKA command, to complete 
the AKA operation. 

HARDWARE OPERATION 
Although there are many Quasi commands that may be 
executed, the hardware operation for these commands 
is the same. Therefore, this discussion will describe 
only these functions. 

Fig. QSI. 1 contains a flow chart of the basic hardware 
functions performed. Note that the only concern about 
the subroutine addressed by the Quasi command is to de
termine when the Quasi flip-flop FlXQUA is reset. This 
flip-flop is used by the optional Memory Protect logic, 
when enabled, to determine if a violation exists. Quasi 
commands within the subroutine are not subject to trap
ping if the command is relative addressed. A more de
tailed discussion of Memory Protect is contained in the 
Options (OPT) portion of this Arithmetic Unit Description. 

Fig. QSI. 2 contains a block diagram of the functions 
performed by the Sequence States of the Quasi command. 
A timing diagram, including logic equations, is con
tained in Fig. QSI. 3. 

During State 1, the Quasi command is "fetched" from 
memory. At Last Pulse of State 1, the Execute flip
flop is set. Following State 1, State 4 is entered. 

During State 4, index cell 2 is addressed (GOMXOl). 
IA, 13-0 (Z} is gated to the Adder and from the Adder to 
the B Register and stored in location 2. I23-18 (Quasi 
Op Code) is gated to I5-0· The Quasi flip-flops 
(FlXQUA,B) are set. Following State 4, the second 
State 1 is entered. 

FETCH QUASI COMMAND 
SET EXECUTE FLIP-FLOP 

STORE Z VALUE (IA 13-0) IN CELL 2 
GATE OP CODE (23-18) TO I5-0 

SET FlXQUA,B 

ADDRESS MEMORY FROM I 
FETCH COMMAND IN 4X8 

NO 
IS IT SPB 

EXECUTE INSTRUCTION 
CLEAR FlXQUB 

STORE ADDRESS OF QUASI +1 
CLEAR FlXQUB 

BRANCH TO ROUTINE 

IS IT LDP 
OR LPR 

NO 

YES 

EXECUTE INSTRUCTION 
FETCH NEXT INSTRUCTION 

Clear 
FlXQUA 
Return 
To 
Running 

Program. ':":' 

>:< All commands within the Quasi subroutine that are 
not relative addressed, are subject to memory 
protect trapping if enabled. 

~":' Running program starts at the location of the Quasi 
command plus 1. 

Fig. QSI. 1. Quasi Flow Chart 
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During this State 1, memory is addressed from the I 
Register and the instruction located in the memory cell 
specified by the Quasi Op Code is gated to memory. 
This command is then executed. Normal incrementa
tion of the P Register occurs. If the command is not 

an SPB, both Quasi flip-flops (FlXQUA and FlXQUB) 
are cleared at Last Pulse of State 4. If the command is 
an SPB, F lXQUB will be cleared at Last Pulse of State 
4 of the SPB command but, FlXQUA will not be cleared 
until an LDP or LPR command is executed. 

r-----., 
IA, 13-0 I CORE I Cell 2 

1 
MEMORY .. I 1---------. 

1 MODULE 1 ._ _____ .J 

MAB 

23 B 0 23 18 A, 13 

BAUU,L 

ADDER 

UILA IA, 13- O 

Sequence State 4 

r-----., 
I CORE Cell 4x3 

1 MEMORY I 
1 MODULE 1 ._ _____ .J 

MAB 

BMEM SAMI 

23 B 0 23 0 

UBBU 

ADDER 

Next Sequence State 1 

' Fig. QSI. 2. Quasi Block Diagram 
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CLOCK (10 me) I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Dl TLPE (11) _n n IL CD 

F lSCO 1 (17) 

FlSC04 (17. 1) 

FlXEXC (95) 

GOMXO 1 (10 5) l._ __ A_d_d_r_;,_es"'-s'-C_e_l_l _2 ______ _J 

GOSTOR (19) 

DlSAMI (21) 

DlUILA (51) 
(IA, 13-o_.PAU) 

DlBAUU, L (39) 

DOICLL (81) 
(Clear IA, 13 _0) 

DOIJ05 
GOIJ04-0 (82) 

n2 3 -1 s ___. I5 -o> 

FlXQUA (91) 

FlXQUB (91) 

CD DlTLPE 

® FlSCOl 

0 F1SC04 

© FlXEXC 

® GOMXOl 

® GOS TOR 

G) DlSAMI 

® DlUILA 

STATE 4 ______ , .. .__ ___ _ 

TLPl = TLPE ·MSSI· SC04 

SSSl · TLPE • SCLK 

SSS4· TLPE· SCLK 

= XXCl · TLPE · ICKl 

= SC04 · DQUA 

= SC04· STOl 

= SIA3 

= UIA5 = SC04 • DLXQ 

® DlBAUU ,L = BCLK ·TSCB · TSCC · BAU5 
G1BAU5 = BLXQ·TSCA·BC04 

@ DOICLL = ISCA · ICKl · TSCB · ICLl 

@ DOIJ05 = IQUA· ISCA ·ICKl · IR23 
GOIJ04-0 = IQUA· ISCA · ICK2 · IR22-18 

; 
L_ 

I ... _ 

STATE 1 

® 

® 

© 

® 

® 

<J) 

® 

® 
@ 

@ 

@ 

@ 

@ FlXQUA = DQUA·SC04·TLPE·ECLK 
FlXQUA = AUA5· TLPE·ECLK· ((XQUB·XSPB) + (XLPR·XSPB) + (DSPB·XTRP· WC04)] 

@ FlXQUB = DQUA·SC04·TLPE·ECLK 
FlXQUB = AUA5 • TLPE · ECLK 

Fig. QSI. 3. Quasi Timing Diagram 
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RELATIVE ADDRESSING 

Relative addressing modifies the operand (bits 13-0) 
portion of the command "fetched" from memory by add
ing the core cell address of the command to the op
erand bits. The core cell address of most commands 
is the bit information contained in the P Register. How -
ever, for the object instruction of XEC and Quasi (i. e. , 
locations 40 through 77) commands, the bit information 
contained in IA 13-0 is the address of the command. 
Relative addres'sing of a command is specified by a 
"one" in bit 14 (:;"'), of the command. All commands 
may be relative addressed with the exception of the fol
lowing: 

GEN 1 

GEN 2 

GEN 3 

TXH 

Relative addressing, as well as indexing and the normal 
incrementation of P, allows addressing of up to 32, 768 
memory locations. Relative addressing permits the 
program to address a memory location in the range of 
plus 8,191 10 to minus 8,19210 with respect to the in
struction address. The plus or minus direction is de
termined by bit position 13 of the instruction operand 
address. When bit 13 is a "one", the operand address 
is in 2• s complement form and relative addressing oc
curs in the negative direction. 

B Register 

UB14 

Parallel Adder 

IA 113 112 111 110 

Example 1· 
13 12 11 10 

Command Operand in B Register I o 0 

Command Address in P (or I) Register lo 0 

Parallel Adder Result I 1 0 0 0 

Gated to IA, 13-0 as Effective Operand Address (Z) 

Example 2: 

13 12 11 10 

Command Operand In B Register 0 0 0 

Command Address in P (or I) Register lo 0 0 

Parallel Adder Result Io 0 0 0 

Gated to IA, 13 _0 as Effective Operand Address (Z) 

Relative addressing for all commands occurs during 
Sequence Control State 1. The relative addressed com -
mand is "fetched" from memory and gated to the B Reg
ister. The relative addressed command will normally 
be addressed from the P Register. However, if the 
relative addressed command is the object instruction of 
XEC or Quasi, it will be addressed from the I Register. 
Although BTS, BTR (with the jump condition true), and 
BRU commands address memory from I for the next in
struction, the P Register will also contain the address 
of this next instruction and this value is used for rela
tive addressing. 

From the B Register, bits 23 through 14 of the relative 
addressed command are gated to the I Register for de
coding. With bit 14 of the command a "one" and if the 
command is not a GEN, then IR14 will be set indicating 
that the command is relative addressed. B23-00 is 
gated to the Parallel Adder. Because it is relative ad
dressed, B 13 is also applied to bit 14 of the Adder 
(GlUB14). The contents of t};le P Register (or I Regis
ter for XEC and Quasi) are also gated to the Adder where 
the summation occurs. The result of this summation is 
then gated to IA 13-0 as the effective operand address 
of the command.' The command is then executed in the 
normal manner using this effective operand address. 

The following examples illustrate the summation and 
the expansion of Bl3 to bit 14 of the Adder. Both posi
tive and negative addressing is illustrated. 

lg Ia 17 I6 I5 I4 I3 12 Ii Io 

9 8 7 5 4 3 0 

0 0 0 0 0 0 0 0 1 I + 6,14710 

0 0 0 0 0 0 0 0 0 o I 14,33610 

0 0 0 0 0 0 0 0 1 I 20,48310 

4 2 0 

0 0 0 0 0 0 0 0 0 ol - 8,19210 

0 0 0 0 0 0 0 0 0 ol 12,22810 

0 0 0 0 0 0 0 0 0 oj 4,09610 
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RLT-2 

BMEM 

23 
B 

UB14 
UBAU 

ADDER 

,..------, 
CORE 

MEMORY 
1 

MODULE ~ 
L-----..A 

0 

23 

UPAU 

MAB 

14 
p 

IBXI 

SAMP 

0 

0 

IULI 
IUIL 

(1) All Relative Addressed Commands Except Quasi and XEC 
Object Instructions. 

r - - - - - --, 
I CORE I 

...------' MEMORY ..,_ ____ ~ 
1 MODULE: 
L-------' 

MAB 

BMEM IBXI 

23 0 
B 

1A,13-0 

UBAU UILA 

ADDER 

(2) Object Instruction of XEC or Quasi. 

RELATIVE ADDRESSING BLOCK DIAGRAM 

ARITHMETIC UNIT 

SAM! 

IULI 
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CLOCK (10 me) 

Dl TLPE (11) 

FlSCOl (17) 

DlSAMP (20) 

MUDlMDRY 

DlBMEM (39) 

MUDlMRLS 

DlIBXI (81) 

DlUBAU (50) 

FETCH INSTRUCTION 

IS BIT 14 SET TO 1 

NO 

Bl4-0--+ADDER14-0 

B13-Q--+ ADDER 13-0 

B 13 -- ADDER 14 

IS THIS AN EXECUTE OR 
QUASI INSTRUCTION 

.--------~ NO YES 

p14-0_.ADDER14-0 

PERFORM ADDITION 

~---- ADDER 14 _0 --+IA AND I13 _0 

EXECUTE 

RELATIVE ADDRESSING FLOW CHART 

I I I I I) I I I I I I I I) I I I 

Basic State 1 Timing 

DlIULI,IL (80) 

(PA U 14 -0 -+I A 13 -0) -----n----------,ss--fL , 

GlUREL (49) 

DlUILA (51) 

(IA, 13-0...-.PAU) 

F1IR14 (79) 

DlUPAU (53) 
(P -.PAU) 

4022A-5 

~s 

-----\'r----- BR14·GEN 1,2,3 L 

------<;'<---~I Relative Addressed L 
Quasi+ XEC 

L 

UREL BR14 · (AB23 + UERI) · (AB22 + 
UERI) · USlA 

UILA 

~ IR14 
IR14 

UPAU 

UREL · TSCA · XEXC 

=_ UREL· IBXI· ECLK 
SCOl · TSCA · ECLK 

UPAl = UEXC · IR14 · TSCA · 
SCOl 

RELATIVE ADDRESSING TIMING DIAGRAM 
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SPB - SAVE PLACE AND BRANCH 

FULLOPERAND ~'2_3~~-3-3~~-1_8_11_7~x~1_5_,_~~-·~11_3~~~~~~y~~~~~~~o' z f(X,*,Y) 

SPB places the status of the Overflow (FlUOFL), Per
mit Automatic Interrupt (FlWPMT), Test (FlETST), 
Trapping Mode (FlMTRM), and Quasi (FlXQUA) flip
flops in bit position 22 through 18, respectively, of 
index cell 1. The contents of the P Register, plus l*, 
are stored in bits 14 through 0 of index cell 1. The SPB 
command resets the Permit Automatic Interrupt flip
Uip. inhibiting inhibitable interrupts. The Trapping 
Mode flip-flop is cleared if the SPB command is 
executed due to a trap error or if the SPB command 
is executed as a result of an Automatic Program 
Interrupt. 

*NOTE 

The address that is stored by the SPB com
mand is normally the address of the SPB 
command plus 1. However, there are ex
ceptions to this. If an SPB command is 
performed due to the use of XEC or Quasi 
commands, the address of the XEC or 
Quasi plus 1 is stored. If SPB is executed 
immediately following an acknowledged 
Automatic Program Interrupt or memory 
protect trap, P contains the address of 
current program control. In these cases 
only. the value saved in index word 1 is P, 
the first unexecuted instruction in the in
terrupted program (i.e •• the address.to 
which program control will return when the 
interrupt has been serviced}. 

The SPB command is executed during Sequence Control 
State 4 (SC04). During the next Sequence Control State 
1 (SCOl) memory is addressed from I and the contents 
of IA 13-0 are gated to the P Register to complete the 
transfer of program control. 

During State 4, memory cell 1 is addressed (GOMXOO). 
The contents of the P Register (DlUPAU) and the status 
of the aforementioned flip-flops (DlUIOU) are gated to 
the Parallel Adder Unit. From the Adder, this data is 
gated to the B Register (DlBAUL,AUU), and from B, 
to memory cell 1. At Time 3 of State 4, the Permit 

Non -indexed 2 (Sl,S4) 
Word Times. 

Interruptable No 
Followin_g_ Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

pl4-0 z 

FlWPMT Reset 

FlUOFL 

FlETST 

FlMTRM 
Reset if SPB is Executed Because of 
Trap Error or API 

J 4-0 

Memory 2 312 212lj20119 J 18 J 1 7 15, l 4 0 
Cell 1 0 0 C (P) +1 * 
erflow F /F __J l__ Quasi F /F Ov 

PAI F/F J Trapping Mode F /F 

Test / FF 

COMMAND CHARACTERISTICS 

Automatic Interrupt flip-flop (FlWPMT) is cleared. 
Last Pulse of State 4 will clear the Quasi flip-flop, 
F lXQUB. The Trapping Mode flip -flop (F lMTRM) is 
cleared at Last Pulse Envelope if the SPB command 
was executed as the result of a trapping mode error, or 
if the SPB command was executed as the result of an 
Automatic Program Interrupt. 

Following State 4, State 1 is entered to "fetch" the com
mand located in memory cell Z. Memory is addressed 
from IA 13-0 (DlSAMI) and the contents of IA 13-0 are 
transfer~ed to the P Register. In this man:ier, core 
cell Z is addressed and Z is transferred to the P Reg
ister for subsequent program control. 

I 
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SPB-2 

r----, 
CORE 1 Cell 01 

....-----1• MEMORY---------. 
I MODULE I 

L----..J 

23 
B 

0 

BAUL,AUU 

I/O CONTROL 
(Sheet 55) 

Overflow F /F 

PAI F/F -

Test F /F __ __, 

Trapping Mode ___ ____. 
Quasi F /F ---.,--------' 

14 

Sequence State 4 

·------, 

MAB 

UPAU 

0 
p 

C (Z) CORE 1 z 

BMEM 

23 

..------1 MEMORY------~ 

B 

1 
MODULE I 

L-----.J 

0 23 

Next Sequence State 1 

MAB 

A, 13 
I 

14 

z 

p 

SPB BLOCK DIAGRAM 
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CLOCK (10 me) 

DlTLPE (11) 

FlSC04 (17.1) 

FlSCOl (17) 

DlPINl, 2 (88) 

FlXRMF (92) 

GOMXOO (105) 
(Address Cell 1) 

DlUPAU (53) 
(P->PAU) 

DlUIOU (53) 
(I/0-+PAU) 

DlBAUL,AUU (39) 
(PAU->B) 

GOSTOR (19) 

FlWPMT (121) 

DlSAMI (21) 

DlPXIP (88) 

FlMTRM (119) 

4022A-5 

I I I I I I I I I) f I I I 

_Jl n ~TLPl MRLS· CMAN· TLPE 
{ TLPE TLPX 

r-l--~ SC04 SSS4 · TLPE · SCLK 

r----;-- SCOl SSSl · TLPE · SCLK 
L---

PINl,2 = PIC2 

I \--i_ XRMF DSPB·XSCl·TLPE·ECLK 
XRMF GlXRMF · TLPE · ECLK 

MXOO DSPB · SC04 

"------------{ 1 ___ UPA2 = UC04·UDC1·UI20·TSCA 

UIOU UPA2 1---

-----J.--'--...L.-..1...-L.-__________ 
1 
l;--- BAU2 TSCA · TSCB · DAU4· BCLK 

S---.~--~ STOR SC04 · STOl 

---------- WPMT TSCC · TSCA · WCPM · 
------------ ...._----------J I ECLK 

-----:5 {--,--- SIA3 
I 

PXIP 
r ~,---

= XRMF · SCOl · MTRP · 
MAMV 

CIPA · SCOl · MSSI · TSCC · 
TSCB · TSCA · XRMF 

If SPB is Result of 
MTRM MCK2 · TLPE · MTRM 

- -- GlMTRM SC04 · DSPB · (SPil + 
NEXT MTRP) 

STATE 4 ---~14-sTATE 1-.j 

SPB TIMING DIAGRAM 

ARITHMETIC UNIT SPB-3 



STA - STORE CONTENTS OF A 

1

23 
FULL OPERAND . 32 

STA places the contents of the A Register into memory 
location Z. The contents of the A Register are un
changed. 

A non-indexed ST A command is executed during Se -
quence Control State 4 (SC04). Memory location Z is 
addressed from IA 13-0 (DlSAMI) during State 4. The 
B Register is clea~ed (BCLR) and then the contents of 
the A Register are gated (UAAU), via the Adder Unit, 
to the B Register (BA UL, U). From the B Register, the 
data from the A Register is transferred to the memory 
module where it is stored in location Z. Following Se
quence Control State 4, Sequence Control State 1 is en
tered to "fetch" the next command. 

r-----., 
C (A) I CORE I 

1 MEMORY I 
1 MODULE 1 1... _____ .J 

BCLR 

23 B 23 

BAUL,U C(A) 

ADDER 

UAAU 

23 
A 

y 

Non - Indexed 2 (Sl, S4) 
Word Times. 
Interruptable 

Yes Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 

J4-0 

Memory z C (A) 

COMMAND CHARACTERISTICS 

z 

MAB 

SAMI 

I A, 13 0 

0 

STA BLOCK DIAGRAM 

4022A-5 ARITHMETIC UNIT STA-1 



CLOCK (10 me) I I I I I I ) I I I I I I I I 551 I I 

DlTLPE (11) 

FlSCOl (17) 

F1SC04(17.1) 

DlSAMI (21) 

MUDlMDRY 

DlBCLR (39) 

DlUAAU (52) 
(A-+PAU) 

DlBAUL, (39) 
(PAU _.B) 

GOSTOR (19) 

GlSMRQ (22) 

MUDlMRLS 

DlPINl, 2 (88) 

STA-2 

n n TLPl 
_j ~1--~~~~~~.....,,____J L- TLPE 

MRLS · CMAN · TLPE 
TLPX 

SCOl 
~ ~SCOl 

SR14 · TLPE · SCLK 
SSll · TLPE · SCLK 

~ 

~ 

-----.{~~ 

~§ 

~~__._1~1~5~1~1~1~~~-(~~~ 

~ r------1 

_J s~r----1 

_ll__,s r---fl_ 

-----'I~!'-

STATE 4 

STA TIMING DIAGRAM 

ARITHMETIC UNIT 

SSll 

SC04 
SSS4 

SIA! 

SC04 · DUST· HTTF · MSSI 

SSS4. TLPE · SCLK 
= SS4 l · SMDV · DBIS · MSSI 

= MAMV · DGNS · SC04 · DXST · 
DMDQ· SAil 

BCL2 = TSCA . TSCC · DST A · BMRQ · 
BCLK 

UAA3 = UC04 · UMDV · UI20 · I23S · IR19 · 
IR18·UMAV 

BAU2 = BCLK · TSCA · TSCB ·DAU 4 

STOR = ST03 · ST02 

SMRQ = DG12 · SRQl · [ (SRQ2 · MRLS) + 
(TSCA)] 

PIN!, 2 = PIN4 

4022A-5 



STQ - STORE CONTENTS OF Q 

1

23 
FULL OPERAND . 44 

STQ places the contents of the Q Register (memory lo
cation 108) into memory location Z. The contents of 
the Q Register are unchanged by the STQ command. 

Sequence Control States 3, 4, and 5 are required to 
execute the STQ command. During State 3, memory is 
addressed from IA 13-0 and the contents of memory lo
cation Z are gated to the B Register, but this is only 
used to detect a Memory Protect Error. Following 
State 3, State 4 is entered. During State 4, memory lo
cation 108 is addressed by enabling GOMX03. The con
tents of cell 108 (Q Register) are gated to the B Regis
ter. Following State 4, State 5 is entered. During State 
5, memory is addressed from IA 13-0 (SAMI) and the 
contents of the B Register are stored in memory loca
tion Z. In this manner, the contents of the Q Register 
are stored in memory location Z. 

r-----., 
C(Q) I CORE I Cell 108 

MEMORY I 
: MODULE 1 .... _____ .J 

MAB 

BMEM SMQl 

23 B 0 123 I IA, 13 01 

Sequence State 4 

r-----., 
c (Q) I CORE I z 

1 
MEMORY I 

1 MODULE 1 .... _____ .J 

MAB 

SAMI 

23 B 0 23 I A, 13 0 

Sequence State 5 

STQ BLOCK DIAGRAM 

4022A-5 ARITHMETIC UNIT 

y 01 . Z = f (X,':', Y) 

Non-Indexed 4 (Sl,S3,S4,S5) 
Word Times. 

Interruptable Yes 
Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 

3
4-0 

Memory z C (Q) i.e. , memory cell 10
8 

COMMAND CHARACTERISTICS 

("Fetch" 
STQ Command 

eMI Used Only To Detect 
Memory Protect Error 

[Address cell 108 C (Q)-.B 

CAMI 
C (B)-.z 

c "Fetch" Next 
Command 

ST0-1 



CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

FlSC03 (17) 

FlSC04 (17. 1) 

F1SC05 (17. 1) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 

GOMX03 ( 105) 

GOSTOR (19) 

DlPINl, 2 (88) 

STQ-2 

111 I I l~I 11 I I I l1l I 11 11 11 l>ll 111 I 11 15sl I 11 111 lsl 11 111 IJlLLL 

~---r---lL---,s--_.,~.<r-----<.~ TLPE = MRLS · CMAN · TLPE 

~~~~~~~~}--~~----s ~ 

__J"5 ~ f--

~ ~ r--

~ s---i_ 

$ I 5 s:---

~ ~> ff--

l____,s ~~ 

~ ,___ 

I.__ ST A TE 3 -+I.__ ST A TE 4 --+I.__ ST A TE 5 --+I 

STQ TIMING DIAGRAM 

ARITHMETIC UNIT 

SCOl 

SC03 
SSS3 

SC04 
SSS4 

SC05 
SSS5 

SAMI 
SAMI 

= SC05 · TLPE · SCLK 

= SSS3 · TLPE · SCLK 
= SS31 = SCOl · SMDV · DNDX 

= SSS4 · TLPE · SCLK 
= SC03 · MSSI 

= SSS5 · TLPE · SCLK 
= DUST·MVDA·SC04 

= SMDV · SC03 · MAMV 
= DQRT · SC05 

BMEM = BMRQ · BCLK · STOR · 
MDRY 

MX03 = SC04: SMQl 

STOR SC05 

PINl, 2 = PIN4 

4022A-5 



STX - STORE X LOCATION INTO Z 

1
23 

FULL OPERAND _ 06 

STX stores the contents of the indicated X core cell into 
memory location Z. The STX command may not be 
automatically modified since bits 15, 16, and 17 are 
used to specify the X cell to be stored. If no index ad
dress is indicated, the STX command is executed as a 
DMT command. 

The STX command is executed during Sequence Control 
States 2, 3, and 4. During State 2 memory is addressed 
from IA, 13-0 for detection of a Memory Protect (op
tional) violation. Following State 2, State 3 is entered. 
During State 3, memory is addressed from Il 7-15 
(GlSAMX) and the contents of the addressed X cell are 
gated to the B Register. Following State 3, State 4 is 
entered. During State 4, memory is addressed from 
IA 13-0 and the contents of the B Register are stored in 
memory location Z. In this manner, the contents of the 
addressed X cell are stored in location Z. 

BMEM 

23 B 

r-----, 
C (X) I CORE I 

1 MEMOR~ I 
1 MODULE 1 
L-----.J 

x 

MAB 

0 23 18 17 15 A, 13 
I 

Sequence State 3 

r-----, 
C (X) I CORE I z 

1 
MEMOR~ .,.I._ ____ ___, 

1 MODULE 1 
L-----.J 

MAB 

SAMX 

0 

SAMI 

23 B 0 23 I A, 13 0 

Sequence State 4 

STX BLOCK DIAGRAM 

4022A-5 ARITHMETIC UNIT 

y 01 . Z = f (Y, *) 

Word Times. 4 (Sl, S2, S3, S4) 

Interruptable Yes 
Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +l 

FlWPMT 

FlUOFL 

FlETST 

3
4-0 

Memory z C (X) 

COMMAND CHARACTERISTICS 

ST04 

STOl 

(
"Fetch" 
STX Command 

{

Used Only For 
Memory Protect 
Purposes 

(AMX 
l C (X)-.B 

(AMI 
l C (B)_.Z 

("Fetch" Next 
l Command 

STX-1 



CLOCK (10 me) 11111 ~sj 111111 U 111111 lssl 11111 lJ 111111 lsJ 1111111 lilJ_l 

DlTLPE (11) ~ ~s ~ ~TLPE MRLS · CMAN · TLPE 

FlSCOl (17) ~ ~SCOl SSSl · TLPE · SCLK 

F1SC02 (17) __r--5 1--s SC02 SSS2 · TLPE · SC LK 
j--------&S--- SSS2 = HTTF · DDSX · MSSI · SCOl 

F1SC03 (17) ~ ~ 
SC03 SSS3 · TLPE · SCLK 

~SSS3 = SS31 = SSTX · SC02 

F1SC04 (17. 1) ,__! ~SC04 = SSS4 · TLPE · SCLK 
SSS4 = SC03 · MSSI 

MUDlMDRY ~ ~ ~5--

DlBMEM (39) ---< _....__ _ _...,!i-__ ___,,
5
,,__.....I _ _. .,_--~r---~>-- BMEM = BCLK · BMRQ · STOR · MDRY 

GlSAMX (19) 

GlSAMI (21) 

GOSTOR (19) 

DlPINl, 2 (88) 

STX-2 

-------<; ---~ ~r----~r--SAMX 

~.~~ 
r----, SAMI 

LSAMI 

~---~r-f STOR 

I.__ STATE 2---...j.--STATE 3---.1..- STATE 4---...1 

STX TIMING DIAGRAM 

ARITHMETIC UNIT 

SSTX · SC03 

SIA3 = SC02 · SLXD · MAMV 
SIAl = MAMV · DGNS · SC04 · 
DXST · DMDQ · SAU 

= SC04 · STOl 

4022A-5 



SUB - SUBTRACT Z FROM A 

1
23 

FU LL OPERAND . 31 y 01 . Z = f (X,':', Y) 

Non-Indexed 2 (Sl,S4) 
Word Times. 
Interruptable 

SUB performs algebraic subtraction of the contents of core cell Z from 
the contents of the A Register. The result of the subtraction is stored 
in the A Register. If the result is too large to be stored in the 23 bits 
of A (i.e. , more negative than -223 or more positive than 223 _1), the 
Overflow flip-flop (FlUOFL) is set. 

Following Execution? 
Yes 

CHANGES FOLLOWING EXECUTION 

A non-indexed SUB command is executed during Sequence Control State 
4 (SC04). Memory location Z is addressed from IA 13-0 (D18AMI) 
during State 4. The contents of memory location Z a~e gated to the B 
Register by DlBMEM during the Clock pulse of Memory Data Ready 
(MUDlMDRY). From B, the complement of the contents of memory lo
cation Z and the Enable Carry signal (GlUENC) are gated to the Adder 
Unit. The Enable Carry signal adds 1 to the complemented contents 
of core memory cell Z forming the 2 1 s complement of Z. The contents 
of the A Register are also gated to the Adder Unit where the sum -
mation of A and the 2 1 s complement of Z occurs. The result is gated 
(DlAAUL, U) back to the A Register. This is the difference between 
the contents of the A Register and core cell Z. 

A23-0 

Q23-0 

p 14-0 

FlWPMT 

FlUOFL 

F1ET8T 

J4-0 

Memory 

C (A) - C (Z) 

C (P) +1 

Set if Overflow Occurs 

z 
If arithmetic overflow - either positive or negative occurs during the 
summation, the Overflow flip-flop (FlUOFL) is set. The following 
examples illustrate (a) a positive overflow, and (b) a negative overflow. 
For simplicity, five bit registers are illustrated. Consider the most 
significant bit as bit 23, and the next most significant bit as bit 22. 

COMMANDCHARACTERIBT~8 

Consider: 

(A = +8) - (Z = -11) = +19. Nineteen is too large to 
be contained in 4 bits plus a sign bit; thus, the 
Overflow flip-flop is set. 

Contents of Z 1 0101 ( -11) 

11 s Complement of Z 0 1010 

+Enable Carry 1 ( +1) 

2 1 s Complement of Z 0 1011 

+ Contents of A 01000 ( +8) 

Total 10011 Overflow Set = 
238 · 23C · 22C. 

(a) Positive Overflow. 

Consider: 

(A = -7) - (Z = +13) = -20. Negative twenty is too 
large to be contained in 4 bits plus a sign bit; thus, 
the Overflow flip-flop is set. 

Contents of Z 0 1101 (+13) 

1 1 s Complement of Z 1 0010 

+ Enable Carry 1 ( +1) 

2 1 s Complement of Z 10011 

+Contents of A 11001 ( -7) 

Total 01100 Overflow Set = 
238 · 23C · 22C. 

(b) Negative Overflow. 

4022A-5 ARITHMETIC UNIT SUB-1 



CLOCK (10 me) 

DlTLPE (11) 

F lSCOl (17) 

F1SC04 (17. 1) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 
(MDR_.B) 

DlUBNA (50) 
(B_.PAU) 

GlUENC (51) 
(1_.PAU) 

DlUAAU (52) 
(A_.PAU) 

DlAAUL, U (62) 
(AU _.A) 

GlSMRQ (22) 

MUDlMRLS 

FlUOFL (54) 

DlPINl, 2 (88) 

SUB-2 

BMEM 

23 

FlUOFL 

1 0 

I I I I I I SS I I I 

B 

r-----, 
C(Z) I CORE I Z 

1 MEMORY I 
1 MODULE 1 
L------' 

0 23 

C(Z) 

UAAU 

C(A) 

23 
A 

I A,1:3 

UENC (+1) 

AAUL,U 

0 

SUB BLOCK DIAGRAM 

I I I 1$1 1 I I I 

~;1--------r----Il-
TLPl 
TLPE 

SCOl 
~"-------~1---~l SCOl 

SSll 

~ Lsco4 
SSS4 

~ LsIAl 

--~---
BMEM 

~ L 
UBNA 

~ L UENC 

~ L 
UAA3 

AAUl 

_J SMRQ 

MRLS · CMAN · TLPE 
TLPX 

SR 14 · TLPE · SCLK 
SSl 1 · TLPE · SCLK 
SC04 · DUST· HTTF · MSSI 

SSS4 · TLPE · SC LK 
SS41 · SMDV · OBIS · MSSI 

MAMV·DGNS·SC04·DXST·DMDQ· 
SAil 

MDRY·STOR·BMRQ·BCLK 

UC04 · UAMV · I23S · IR21 · UI20 · 
UI19 · IR18 

UBNA 

UC04·UMDV·UI20·I23S·UAA5 · 
UAMV 

ECLK · MRLS· DLCl · AUA5 

DG12 · SRQl · [ (SRQ2 · MRLS) + 
(TSCA)] 

ECLK · MRLS · SC04 · UASB 
UFLl = ADIV · ( (U23S · U23C · 
U22C) + (U23S · W23C · U22C)] 

PIN!, 2 = PIN4 

STATE 4 

SUB TIMING DIAGRAM 

ARITHMETIC UNIT 4022A-5 



TIM/TOM - TABLE INPUT TO MEMORY /TABLE OUTPUT FROM MEMORY 

The Table Input to Memory (TIM) and Table Output from 
Memory (TOM) is an optional capability that provides a 
faster I/O rate and eliminates the normal software 
"housekeeping" chores required when using GEN 2 com
mands. This is a semi-direct to memory I/O scheme 
where data flow is from the I/O Device, to the B Regis
ter, to memory, or from memory, to the B Register to 
the I/O Device. The TIM/TOM method of input/output 
does not disturb the A, P, Q, J, or Index Registers. 

TIM/TOM is not an instruction in the true sense of the 
word (i.e. , such as GEN 2). It is a hardware sequence 
that is activated by an interrupt from the I/0 Device. 
Each TIM or TOM channel is operated in conjunction 
with a unique interrupt that is activated by the device 
using the TIM or TOM function. Each of these interrupts 
is wired to a matrix board which determines the device 
code and the operation, TIM or TOM, for that device. 

When an interrupt from an I/O Device using the TIM/ 
TOM function occurs, the word stored in the interrupt 
response address is "fetched" from memory. The word 
stored in this address will be a TIM/TOM Control Word. 
This Control Word is used to define how the data is to 
be organized (i.e. , how many characters or bytes are 
contained in each 24 bit word), where in the first 16K of 
core memory the table of words is located or to be lo
cated, and how many words are to be transferred. The 
format of the TIM/TOM control word is shown below: 

y 

N Field - Word Count: 

This field contains the current number, in l 1 s com -
plement form, of words remaining to be read (TOM) 
or written (TIM). The maximum number of words 
is 63. 

C Field - Character Count: 

This field specifies at any given point its time, the 
number of characters still to be packed (TIM) or 
unpacked (TOM) in the word being operated on. 
Initially, C is normally set equal to P. 

P Field - Packing Mode: 

This field specifies the number, in 2 1 s complement 
form, of characters to be packed or unpacked in 
each word. 

00 4 characters per 24 bit word 

01 3 characters per 24 bit word 

10 2 characters per 24 bit word 

11 1 character per 24 bit word. 

Y Field - Starting Address: 

This field initially specifies the starting address 
(-1) of the data table. This field is then incremen
ted to address the word being operated on at any 
given point in time. 

NOTE 

Because the N field may specify up to 63 
words and 1, 2, 3, or 4 characters may 
be packed or unpacked in each word, the 
number of characters that may be trans
ferred in a block is 252 six-bit charac
ters, 189 eight-bit characters, 126 twelve
bit characters, or 63 twenty-four-bit 
characters. 

As many as 48 different TIM/TOM channels may be 
included as an option in the 4022A System. Each chan
nel has a defined interrupt response address. Associ
ated with each interrupt response address, is a de
fined device code and input or output enable. The device 
code and the input or output enable is obtained from 
a wired matrix board. Therefore, individual inter
rupts are required for each TIM and each TOM chan -
nel. 

Each TIM/TOM function requires 12. 7 or 30. 7 µs to 
execute depending on whether a high-speed or low -speed 
channel (K3 = 7) is used. Therefore, burst mode trans
fer rates of up to 62, 000 words or characters per sec
ond is possible. 

BASIC OPERATION 
Although the TIM and TOM methods of inputting and out
putting data are very similar, the general operation of 
TIM and TOM are listed separately to provide a clearer 
understanding. 

TIM 

1. The program loads the assigned API Response 
Address with the Control Word. 

2. When an interrupt occurs from the input device, 
a matrix board generates the associated device 
code and enables the input function. 

3. The Control Word is "fetched" from the inter
rupt response address. The C field (bits 16 and 
17) of the Control Word is compared with the P 
field, and if they are equal, the Y address field 
is incremented by one. The C field is always 
incremented by one to indicate that one charac -
ter will be transferred during this cycle. If a 
carry occurs from the C field (C incremented to 
00) it is applied to the N field. A carry will oc -
cur from the C field during the cycle that the 
last character of a word is read in from the de
vice. In this manner, the word count is incre
mented when the last character of a word is re
ceived. When the last character of the last word 
is received, the N field is incremented to 77 8 
and an "Echo" interrupt is generated. When C 
is equal to 00, C is set equal to the P field 
to prepare for the next word. 

4. The updated Control Word is stored back in the 
API response address. This updated Control 

4022A-5 ARITHMETIC UNIT TIM/TOM-1 



Word will be addressed when the next interrupt 
occurs. 

5. The contents of the Y Address specified by the 
Control Word is gated from memory to the B 
Register. If this is the first character of this 
word to be obtained, the B Register is cleared. 
If more than one character is to be stored in the 
word, the B Register is then shifted left in a 
circular fashion. That is, if 2 characters are 
to be stored in this word, B is shifted left cir
cular 12 places; if 3 characters are to be 
stored in this word, B is shifted left circular 8 
places, etc. 

6. The contents of the B Register are gated to the 
Parallel Adder where the character from the 
device is ORed into the least significant bits. 
The result is then gated back to the B Register. 

7. The contents of B are then stored back into the 
memory location specified by the Y field of the 
Control Word. 

8. The above sequence will occur each time the in
terrupt occurs until the proper number of words 
have been read. When the proper number of 
words have been read, an "Echo" interrupt is 
generated, as described in step 3. After the 
"Echo" interrupt is generated, the program will 
normally load the interrupt response address 
with another TIM control word in preparation 
fo!' the next input function. 

TOM 

1. The program loads the API response address 
with the Control Word. 

2. When an interrupt occurs from the output de
vice, a matrix board generates the associated 
device code and enables the output function. 

3. The Control Word is "fetched" from the inter
rupt response address. The C field of the con
trol word is compared with the P field and if 
they are equal, the Y address is incremented. 
The C field is always incremented by one to in
dicate that one character will be transferred 
during this cycle. If a carry occurs from the 
C field (i. e. , C is incremented to 00), it is ap
plied to the N field. A carry will occur from 
the C field during the cycle that the last charac -
ter of a word is transferred to the device. In 
this manner, the word count is incremented 
when the last character of a word is transferred 
to the device. When the last character of the 
last word is transferred, the N field will be in
cremented to 77 8 and an "Echo" signal is gener
ated. Whenever the C field is equal to 00, the 
C field is set equal to the P field, to prepare for 
the next word. 

4. The updated Control Word is stored back in the 
API response address. This updated Control 

Word will be addressed when the next interrupt 
occurs. 

5. The contents of the Y Address specified by the 
Control Word is gated from memory to the B 
Register. If more than one character is con
tained in a word, the B Register is then shifted 
left circular. That is, if 2 characters are con -
tained in a word, the B Register is shifted left 
circular 12 places; if 3 characters are con
tained in the word, B is shifted left circular 8 
places, etc. 

6. The contents of the B Register are gated to the 
Adder where the least significant bits (1 char
acter) is transferred to the addressed output de
vice. As previously mentioned, the device ad
dress (code) is generated by a matrix board 
from the interrupt input. 

7. The contents of B are then stored back in the 
memory location specified by the Y Address of 
the Control Word. 

8. The above sequence will occur each time the 
interrupt occurs, until an "Echo" interrupt is 
generated, as described in step 3. After the 
"Echo" interrupt is generated, the program will 
normally load the interrupt response address 
with another TOM control word in preparation 
for the next function. 

To further illustrate the operation of the TOM function, 
the following example is provided. This example illus
trates the organization of data to be transferred, how 
the Control Word is updated, and the general sequence 
of events during a TOM operation. 

TOM Example: 

This example illustrates the basic operation of using a 
TOM capability to type out the words MARY JANE coded 
and previously stored in memory. 

API Control 
Word= 

Location 
1000 = 

Location 
1001 = 

23 18:17 16115 14:13 Y-l 0 
N I C p I 

11 11 01 I 00 00 1 7778 

l L !~~~e:~~ 
10008 

Packing Mode 
4 Character/Word 

Character Count 

Total Number of Words = 2 

123 18 117 12111 615 
01 M I A I R y 

I 

123 18 117 12111 6 15 
01 J I A I N 

I E I I 

TIM/TOM-2 ARITHMETIC UNIT 4022A-5 



1st INTERRUPT: 

Update Control 
Word 

23 18 17 16 15 14 13 
11 11 01 01 00 

Store Control Word in API Location 

Contents of 123 18117 12Ii1 
1000s _.B A R . Y 
Shift B Left Circular 6 Places 

Simulate OUT 
Store Shifted Word in 10008 

2nd INTERRUPT: 

0 
lOOOa 

615 M 01 

L. 
To 

Typer 

Update Control 123 18,i 7 16 ,15 14,13 
word . 11 11 01 . 10 . oo . 10008 
Store Control Word in API Location 

Contents of 123 18 li7 12111 
1000a-+B R Y . M 
Shift B Left Circular 6 Places 

Simulate OUT 
Store Shifted Word in 10008 

3rd INTERRUPT: 

Update Control 
Word 

23 18 17 16 15 14 13 
11 11 01 11 00 

Store Control Word in API Location 

615 A 01 

L. 
To 

Typer 

0 
10008 

~i;~;~;f 123 y 18117 M 12111 A 615 R 01 

Shift B Left Circular 6 Places l 
Simulate OUT To 
Store Shifted Word in 1000s Typer 

4th INTERRUPT: 

23 18 17 16 15 14 13 0 Update Control 
Word 11 11 10 00 00 10008 

Store Control Word in API Location 
Bit 14, 15 --. Bit! 6 , 1 7 

Contents of 123 18117 12111 R 615 y 01 
lOOOa-+B --~M~~.__~A~--'-~~~-'-· ~~-l. 
Shift B Left Circular 6 Places l_. 
Simulate OUT To 
Store Shifted Word in 10008 Typer 

5th INTERRUPT: 

Update Control 23 18 17 16 15 14 13 
Word 11 11 10 01 00 

Store Control Word in API Location 

Contents of 123 18117 12111 
lOOla-+B A N . E 
Shift B Left Circular 6 Places 

Simulate OUT 
Store Shifted Word in lOOla 

0 
10018 

615 J 01 

L. 
To 

Typer 

6th INTERRUPT: 

Update Control 23 18 17 16 15 14 13 
Word 11 11 10 10 00 
Store Control Word in API Location 

Contents of 123 18117 12111 
1001a-+B N . E . J 
Shift B Left 6 Places 

Simulate OUT 
Store Shifted Word in 10018 

7th INTERRUPT: 

23 18 17 16 15 14 13 

0 
10018 

615 A 01 

L. 
To 

Typer 

0 Update Control 
Word 11 11 10 11 00 10018 

Store Control Word in API Location 

~~;i;~;f 123 E 18117 J 12111 A 615 N 01 
Shift B Left 6 Places L. 
Simulate OUT 
Store Shifted Word in 10018 

8th INTERRUPT: 

To 
Typer 

Update Control 23 18 17 16 15 14 13 O 
Word 11 11 11 00 00 10018 
Store Control Word in API Location 

Bit14,15-+Bit16,17 GENERATE ECHO 

Contents of 123 18li 7 12 ,i1 
10018 -+B J . A . N 
Shift B Left 6 Places 

Simulate OUT 
Store Shifted Word in 10018 

615 E 01 

L. 
To 

Typer 

The ECHO signal generated, because this is the last 
character of the table, causes another interrupt. If de
sired, this interrupt will change the Co~1trol Word for 
additional data outputs. If, however, another interrupt 
occurs for the Control Word shown above, the operation 
will be terminated before data is transferred. 

THEORY OF OPERATION 

The TIM/TOM function is initiated upon receipt of an in
terrupt at an interrupt channel wired for the TIM/TOM 
function. This interrupt is wired to a matrix board to 
define the operation of TIM or TOM (S bit = 5 or 4) and 
to define the device code (K3, K2, Kl, and KO) address 
of the device causing the interrupt. The TIM or TOM 
function is then executed in Sequence Control States 1, 
3, 4, and 5. Fig. TIM/TOM. 1 illustrates the basic 
functions performed in each of these Sequence States. 
A detailed flow chart of the TIM/TOM function is con
tained in Fig. TIM/TOM. 2. Refer to these aids during 
the following discussion. 

4022A-5 ARITHMETIC UNIT TIM/TOM-3 



Terminate 

TIM/TOM 

AUTOMATIC 
PROGRAM 

INTERRUPT 

SCOl 

Address API Response Location 
Control Word-.B 

Adjust Control Word Increment Character Count (C) ( 

If C = P, Add 1 to Y 

If Carry from C, Increment Word Count N 
Adjusted Control Word _.I 
Adjusted Control Word--. B 

YES 
If Word Count N = 77 8 and Carry from C Occurs, Generate ECHO 

Carry from N Field 
or N = 77s & C Carry 

NO 

SC05 

Return to 
Interrupted 
Program 

{ 

( 

Address API Response Location 
If C = 00, Gate p__. C 
Adjusted Control Word-.API Response Location 
Preset TIM/TOM Counter if P =/ 10 
Clear I2 3 _15 Register (Simulates LDA Command) 

Address Memory from I 
Gate Contents of Y--. B 
Clear B if 1st Character of TIM 
Shift B Left Circular (12, 8, or 6) if Required, i.e., P =/ 11 
If TIM, Simulate GN2 IN Command - ORed Data __.B 
If TOM, Simulate GN2 OUT Command 

Address Memory from I 
Store Contents of B---. Y 

Fig. TIM/TOM. 1. Sequence State Flow Chart 

Device Code Matrix 

A diode matrix board (RTTAl) is used to generate the 
device and operation code from an interrupt input de
fined for use as a TIM or TOM function. This ma
trix board is shown on sheet 133 of the Arithmetic 
Unit logic. 

K bits of the device code. Also, all input drivers used 
for TIM functions will have a diode wired to enable 
N1HT12. The following list of inverters illustrates the 
K bit decode pattern. This K bit decode corresponds to 
the device code specified by the GEN 2 commands. 

Each TIM and TOM interrupt is wired to one of the input 
drivers, DOHLOl through DOHL24 (future expansion will 
provide an additional 24 input drivers). From each of 
these drivers, diodes are wired to enable only the in
verters (NlHTOO through NlHTll) corresponding to the 
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NlHTOO 
NlHTOl 
N1HT02 

NlHT03 
N1HT04 
N1HT05 

} KO 

} Kl 
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N1HT06 ) N1HT07 K2 
NlHT08 

N1HT09 

) NlHTlO K3 
NlHTll 

NlHT12 ) s 

As an example of the operation of the diode board, con
sider that a TIM function for a device having a device 
code (K3 - KO) of 1100, has an interrupt line connected 
to DOHLOl. Diodes would then be jumpered from the 
output of DOHLOl to enable N1HT09 and N1HT06. Since 
it is an input function (TIM), a diode will also be jump
ered from DOHLOl to enable NlHT12. GOHTTA is en
abled when any TIM or TOM interrupt occurs and is 
used to control the Arithmetic Unit for the TIM/TOM 
function. 

With HT09 and HT06 enabled and all other device code 
inverters disabled, the device code of K3 - KO = 1100 is 
enabled, in the same manner as decoding for GEN 2 
commands. Refer to logic sheets 99 and 100. 

Any TIM operation enables N1HT12. N1HT12 is then 
used in S bit decoding to enable an S = 5 (IN) function. 
Whenever N1HT12 is disabled, during a TIM/TOM func
tion, an S = 4 (OUT) function is enabled indicating a 
TOM operation. 

Sequence State 1 

Block and timing diagrams of State 1 operation are con
tained in Figs. TIM/TOM. 3 and 4. During State 1, mem
ory is addressed from the API (DlSAMW) and the TIM/ 
TOM Control Word from the interrupt response address 
is gated to the B Register. The I Register is cleared 
(DOICUl,CUL). If C (bits 16 and 17) is equal to P (bits 
14 and 15), a "one" is set in Io. A "one" is uncondition
ally set into I15. The contents of I U15 = 1 and Io = 1 if 
C = P) are gated to the Adder (UIAU ,LA). The contents 
of B (Control Word) are also gated to the Adder 
(DlUBBU) where it is summed with the contents of I. 
The result of this summation will then add 1 to C, add 1 
to N if a carry results from C, and add 1 to Y if C was 
equal to P. The result of this summation is then gated 
to both the I and B Registers. 

If during the summation, a carry resulted from C 
(PAU17) causing N to be incremented to 773, an Echo 
signal (Gl WEKO) is generated to indicate that this is 
the last character of the last word to be transferred. 
This Echo signal is then used by the program to deter
mine that the transfer is complete and that a new Con
trol Word must be stored in the Interrupt response ad
dress if further data transfers are desired. 

If during the summation, a carry resulted from PAU23, 
indicating that N was incremented beyond 773, or if N 
is equal to 77 8 and no carry results from C (i.e. , 
PAU 17) the operation is terminated (GlHSTP). This 
indicates that an interrupt occurred after the last 
word specified by the Control Word was transferred. 

TIM/TOM 

INTERRUPT OCCURS 

SCOl 

ADDRESS API RESPONSE LOCATION 
CONTROL WORD- B 

First 
Character YES -------'L------

P FIELD = C FIELD 

INCREMENT Y 1------- NO 

INCREMENT C FIELD 
C CARRY-N FIELD 

UPDATED CONTROL 
WORD-+J AND B 

CARRY FROM N FIELD 
OR N = 77 AND C CARRY 

NO 

Number of Words 
Specified by N 
Have Already 

Been Transferred 
~ 

YES Terminate 
GlHSTP (135) 

Last Character } 
of Last Word 

YES 
1------.CENERATE ECHO 

SC03 

PRESET SHIFT 
COUNTER ACCORDING 

TOP FIELD 

NO 
...__ ___ _, ( Last Character of Word 

YES 

SET C FIELD = P FIELD 

STORE UPDATED CONTROL 
WORD IN API ADDRESS 

"FETCH" WORD FROM Y ADDRESS 

YES 
IS IT TIM AND 1st CHARACTER 

1-------..i 
NO 

SHIFT B LEFT 
CIBCULAR 12 

SHIFT B LEFT 
CIRCULAR 8 

SHIFT B LEFT 
CIBCULAR 6 

B-+AU 
I/0-AU 
AU-+B 

r OR I/-;; Data \ 
With C (B) 

NO 

SC05 

{2 Characters Per Word 

( 3 Characters Per Word 

(4 Characters Per Word 

NO .---------. 
B-+ADDER-+ I/O 

STORE B IN LOCATION Y 

Return to Interrupted Program 

Fig. TIM/TOM. 2. TIM/TOM Flow Chart 
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23 

r-----., 
Control Word I CORE I 

1 MEMORY I 
1 MODULE 1 
'------.J 

Interrupt 
Response Address 

MAB 

BMEM HI16 SAMW 

B 0 23 

BAUL,U 

UBBU 

ADDER 

IJOO if 
c = p 

PAU23-o 
c + 1 

/Y+lifC=P 
....._ _______ -1 N + 1 if C Carry 

Fig. TIM/TOM. 3. State 1 Block Diagram 

CLOCK(lOmc)_.__l_._l_.__.__._-L.-1-I ssl I I I SS 1 

Dl TLPE (11) Jl"--------<~-------~· r---IL TLPE 

FlSCOl (17) _j 

DlSAMW (20) _j 

DlHTTF (134) _j 
DOICU l,CLL 
(ClearI23-o) (81) 

DlBMEM (39) 

DlUBBU (50) 
(B2 3 -0---. PA U) 

GOHI16 (136) 
(1---. I 16) 

I I ~SI 

s----1 

L SCOl 

SAMW 

HTTF 

SS ICUl 
ICLL 

BMEM 

H L UBBU 

HI16 
HCA4 

IJOO 

TLPl 

SSSl · TLPE · SCLK 

sco1. SWPI 

HTTE + F 1 HTTF 

TSCB · TSCC. ICKl · ICU3 
ISCA · TSCB · ICKl · ICLl 

BMRQ•MDRY·BCLK·STOR 

UBBl = UBB3 · SCOl · TSCA 

HCA4 HCLK 
HCOl·HTTF·TSCC·TSCA 

ICK2 · HCA5 · HCA4 GOIJOO (82) 
(1-. Io) :IfC=P HCA5 (C = P) i.e.' B14 = B1s· B15 = B17 

•IfC = p HCFA SCOl · TSCA • HCLK 
1... - - - - - -- - - - - - - HCF A HCLK·HCA5·HCA4·HTTF 

FlHCFA (137) _J 
~5 DlUIAU ,LA (51) 

(I 23 _0 -.PAU) ~ UIAU ,LA = UIA4 = SCOl • TSCA • UTTF 

DlIUIU ,L,LI (80) n IUIU = HUil = HMAN • MRLS· HUIU 
(PAU23-o -.I) ---------<<o-----------<r---.l L IUIL,LI = IUI 2 ·MRLS 

GlWEKO (135) r-------- - ------, WEKO U23C · TSCB • TSCA • WEK2 
N = 778 ·Carry from c-.: ' WEK2 = SCOl. HECO 

HECO = Hl 7C · H77X 

DlBAUL, U (39) ---------<.,_ _______ ____...._ _ _.._ BAUL, U BC12 · TLPE • BCLK 

Fig. TIM/TOM. 4. State 1 Timing Diagram 
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Termination is implemented by holding sequencing in 
State 1 and allowing the interrupted program to continue. 

Following State 1, State 3 is entered. 

Sequence State 3 
Timing and block diagrams of State 3 operation are con
tained in Figs. TIM/TOM. 5 and 6. During Sequence 
State 3, the C field (I17 16) is examined and if it is 
equal to 00, the C field' is set (GOHU 7, 16) equal to 
the P field (I15 A). This indicates that this is the last 
character of the' present word and presets the C field 
for the next word. The contents of I (updated Control 
Word) are then gated to the B Register via the Adder. 
Memory is addressed from the API Module (DlSAMW) 
and the updated Control Word is stored back in the API 
Response Address. The next time an interrupt occurs 
for this address, this Cont~ol Word will again be used. 

~3 - • A is cleared (DOICUl). Clearing r23 - 1-s-A simulates 
an L\jA command for use during the next Sequence State. 

Also during State 3, the TIM/TOM Counter (FlHCFA-E) 
is preset, if required, to control the number of shifts 
required to position the data word. A discussion of this 
control is provided later in this section. 

Following State 3, State 4 is entered. 

Sequence State 4 
Block and timing diagrams of State 4 operation are con
tained in Figs. TIM/TOM. 7 and 8. During State 4, the 
actual data transfer occurs. To accomplish this func
tion, the duration of State 4 is extended in the same 
manner as are GEN 2 commands. 

r-----, 
Control Word I CORE I 

1 
MEMORY I 

1 MODULE 1 
L-----.J 

MAB 

ICUl 
SAMW 

23 B 0 23 0 

UIAU ,LA 
.-------------------------. 

ADDER 

Fig. TIM/TOM. 5. State 3 Block Diagram 

During the first portion of State 4, an LDA command is 
simulated, except that the contents of the AU are not 
gated to the A Register. This is accomplished because 
the Op Code portion of the I Register was cleared during 
State 3. Memory is addressed from Y and the contents 
of the memory cell are gated to the B Register. This is 
the contents of the memory cell that data is to be trans
ferred from (TOM) or that data is to be transferred to 
(TIM). 

If this is the first character of a TIM word, the B Reg
ister is cleared (DlBCLR). Clearing of B is necessary 
since the data bits received from the input device are 
ORed with B in the Adder. 

CLOCK ( 10 me) _._I ...... l_...._I -'-I --1...-~l __.l..___.__I ~i.........t--1 __,_I __.l.__._~11---1-I 

DlTLPE (11) _n _________________ ll_ TLPE TLPl 

FlSC03 (17) _J 

DlSAMW (20) 

DOICUl (81) 
(Clear I2r 15• A) 

DlUIAU, LA (51) 

GOHil 7 (136) 
U15-+I17) 

GOHI16 (136) 

(IA-+ It6> 

;IfB16·B17 = oo, i.e., c = oo 

L SC03 
SSS3 

SAMW 

ICUl 

SSS3. TLPE. SCLK 
SS31 = HTTF · SECO ·SCOl 

HTTF· SC03 

TSCB · TSCC · ICU 3 · ICK 1 

UIAU,LA = SC03·UTTF 

HI17 

HI16 

HBl 7 · HB16 · HCLK · HTTF · SC03 · 
TSCA · TSCC · llU5 

HCLK · HB16 · HBl 7 · HP16 

DlBAUL,U (39) ________ __,, __ ...._.....__.__.,__If __ B~l~6-·_B~1~7-= __ 0_o ______ __ 
BAUL, U = HBAU = HB16 · HBl 7. HCLK • 

SC03 · TSCB · TSCA · HTTF 

GOSTOR (19) SC03·HTTF 

Fig. TIM/TOM. 6. State 3 Timing Diagram 
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,------, 
I CORE 

MEMORY -------
1 MODULE I 

L---- _ _: 

· BCLR if 1st 
Character * TIM 

MAB 

BMEM 
BSLl,L,U 

23 
00 

I A, 13 23 

UBBU 

ADDER fl)A fi/B 
K DECODE 

TOM TIM 

:- -- ------·-~---1 . 
! I/0 DEVICE ;.---- NGS4- TOM 
~-------- ------·J NGS5- TIM 

Fig. TIM/TOM. 7. State 4 Block Diagram 

Time 6 Envelope is then entered. The basic timing of 
Time 6 is the same as that for an IN (TIM) or' OUT 
(TOM) command. First, the data word must be posi
tioned so that the character to be transferred is either 
in the least significant bits of the B Register or that 
space is reserved in the least significant bits of the B 
Register for the character to be received. This posi
tioning of the B Register is accomplished by shifting the 
B Register left in a circular fashion, the number of bit 

positions that a character requires. This operation is 
described below. 

After the shifting is complete, data is transferred from 
B to the output device via the Adder (TOM) or the data 
received from the input device is gated to the Adder 
where it is ORed with the least significant bits of the B 
Register. In either case, the contents of the Adder are 
gated back to the B Register. · 

DlTLPE (11) 

F 1 SC 04 (1 7 . 1) 

I I I I I Is I 

en" .fr 
• $,., 

Jl :;s8 ~ 
1.-----.....(~-------------.-~~o oP CLI 

CLI 8 '"C 
.------{'r-------------""'\r-1--....._ $,., CLI 

_J 'O:;so..c:rii 
CLI 1-1 - +' :;::l 

DlSAMI (21) 

$i8:;s.B~ 

_J.-------1~--------------r ~ · E:: $,., CLI ,__ __ 
Ul - CLI '"C 

Ul bl) ..... ..... . ,.. Z CLI 8 
$,., ~ 1-1 p:: .,_, 
CLI 0 N '"C 

------~~--'-------------;$ ~ z ~ ;i----
l'lll CLl lil~E 

DlBMEM (39) 

DlUBBU (50) 
(B23-o -+PAU) 

_J~----H---------------\~~ ~ $ E 
-P::ro='o 

t:Q .. E C) 

ll~~Ui8 
+>~::;!oo 0P F1TT6E (8) ...... ""' .... 
CLI =' 'O $,., 

E ~ "1 s::: o 

L 
L 

DlBCLR <39> TIM· 1st Character • • :;::: M .-1 E Z 
(Clear B2 3 -0) -------<'-----------------t ~ ~ 'g S ~ ---

D lBA UL, U (39) :5 M°' ro 8 :5 bD$ .-! .. _ .... 

(PAU-.B) ------4~---------------..S =' .-1 ~ o 
$,., e .. Q S::: 

8·8~~~ 
F 1SC0 5 (1 7 . 1) _J 

Fig. TIM/TOM. 8. State 4 Timing Diagram 
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TLPE TLP2 

SC04 SSS4 · TLPE 

SAM! SIAl 

BMEM BMRQ· MDRY · 
BCLK· STOR 

UBBU UBBl 

TT6E TSCl · MRLS · TCK2 

BCLR = HCLB 

BAUL, U = HAU7 
HAU7 TIM· TBFF · TT6E · 

TAFF 
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Following State 4, State 5 is entered to store the data 
word back in memory location Y. Prior to discussing 
State 5, however, a discussion of positioning the char
acter in the B Register is provided. 

NOTE 

When a TOM function is executed specifying 
4 characters per word (i.e.. P = 00). the 
complement of bit 5 of the data word is trans
ferred to bit 6 of the output device by Xl ND06 
(sheet 101). This feature is primarily used 
by the paper tape punch. Using this technique, 
ASCII coded tape may be punched from six bit 
characters. Examination of the ASCII charac
ter code reveals that the seventh bit is always 
the complement of the sixth bit. This gating 
structure, therefore, conserves memory 
space by generating a seven bit ASCII code 
from six bits stored in memory. For example: 

6-bit code to be punched 

7-bit ASCII code punched 

X1ND06 = 
G1NGN5 

NGN5 
Nl NG N5 • Nl N05S 

Character Positioning 

0 1 0 1 0 1 

f't10101 

Since more than one character may be contained by a 
word, the B Register must be positioned so that the 
character being operated on will be in the least signifi
cant bits. This is accomplished by shifting the B Reg
ister left circular the number of placed that the charac
ter contains, except when one character is equal to 
a word. The P field of the Control Word specifies 

Sl S3 S4 MRLS 

FlHCFE (137) 

FlHCFD (137) 

FlHCFC (137) 

FlHCFB (137) 

FlHCFA (137) 

GlHBCE (137) 

the number of characters in a word. This value is used 
to determine the number of shifts required. 

P 11 - 1 character per word, no shifting re-
quired. 

p 10 - 2 characters per word, 12 shifts required. 

P 01 - 3 characters per word, 8 shifts required. 

P 00 - 4 characters per word, 6 shifts required. 

The TIM/TOM Counter (FlHCFA-E) provides control of 
the number shifts. During State 3, the Counter is pre
set, if necessary. During the first clock pulses of Time 
6 Envelope of State 4, the B Register is shifted, if re
quired. At each shift of B, the TIM/TOM Counter is 
incremented. When the required number of shifts have 
occurred, further shifting is inhibited by the TIM/TOM 
Counter. 

Figs. TIM/TOM. 9, 10, 11, and 12 contain timing 
diagrams and logic equations of the shift control 
logic. 

Sequence State 5 

During Sequence State 5, the contents of B (word being 
operated on) is stored back in memory location Y, as 
specified by the Control Word. Figs. TIM/TOM. 13 and 
14 contain block and timing diagrams of the operation of 
State 5. 

During State 5, memory is addressed from I (DlSAMI), 
and the contents of the B Register are stored in mem
ory location Y. The TIM/TOM flip-flop (FlHTFF) is 
cleared to end the TIM/TOM operation. 

S5 

T6E 

!----

}----

}----

HCFD 

HCFA 
HRS4 

HCDl 
HSCA 

HC03 · BR14 · BR15 · 

HRS4 · HCFD · HCLK 
SC04 · MRLS · HTTF 

GOHCE 1 (137) Inhibit B Shift 
r--

HCEl HCFA + TT6E 

Fig. TIM/TOM. 9. P = 11 - 1 Character/Word Timing Diagram 

4022A-5 ARITHMETIC UNIT TIM/TOM-9 



Sl S3 S4 MRLS • • + + 
1 2 3 4 5 6 7 8 9 10 11 12 

FlHCFE (137) 

FlHCFD (137) ~~~~~~~~-----n~~-n~----
F lHCFC (137) ~~~~~~~--n ~ 
FlHCFB (137) 

-------------------~ 
FlHCFA (137) ~ 

GlHBCE (137) 

GOHCE 1 (137) .____S~h~i~ft~B"'--_12 __ P~la~c~e~s~------~~ 

S5 

+ 

1-
f--

--------- T6E ---------

CD HCFE HCFA·TT6E·HCLK·HCFE 
HCFE HCFA·TT6E·HCLK·HCFE + SCOl · HCLK 

® HCFD = HCFE · HCFC · HC LK 
HCFD = HCFE · HCLK + SCOl · HCLK 

G) HCFC 
HCFC 

© HCFB 
HCFB 

® HCFA 

© HBCE 

0) HCEl 

FlHCFE (137) 

FlHCFD (137) 

FlHCFC (137) 

FlHCFB (137) 

FlHCFA (137) 

GlHBCE (137) 

GOHCEl (137) 

HCFE·HCFD·HCLK 
HCFE·HCFD·HCLK + sco1. HCLK 

HCFC·HCFE·HCLK 
HCFE·HCFC·HCLK + SCOl · HCLK 

HBCE·HCLK 

HCFB·HCFC·HCFE 

HCFA · TT6E 

Fig. TIM/TOM. 10. P = 10 - 2 Character/Word Timing Diagram 

Sl S3 

+ • S4 

+ 
MRLS 

+12345678 

- - - - - - - - - - - - - - - - - - -. 
Shift B 8 Places r 

S5 

+ 

1~~1------~T6E -------1~ 

CD 
0 
0 

G 
0 
0 
(j) 

TIM/TOM-10 

HCFE = HCFA · TT6E · HCLK · HCFE 
HCFE = HCFA · TT6E · HCLK · HCFE + SCOl · HCLK 

HCFD = HCFE · HCFC · HCLK 
HCFD = HCFE · HCLK + SCOl · HCLK 

HCFC BR15 · HB14 · SC03 · HSCB + HCFE · HCFD· HCLK 
HCFC HCFE · HCFD · HCLK + SCOl · HCLK 

HCFB HCFC·HCFE·HCLK 
HCFB HCFE·HCFC·HCLK + SCOl · HCLK 

HCFA HBCE·HCLK 

HBCE HCFB·HCFC·HCFE 

HCEl HCFA·TT6E 

Fig. TIM/TOM. 11. P 01 - 3 Character/Word Timing Diagram 
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Sl S3 S4 MRLS 

+ + + +12 34 56 

FlHCFE (137) 

FlHCFD (137) 

FlHCFC (137) 

FlHCFB (137) 

FlHCFA (137) _--_-_-_--_-_-_-_--_-_-_-_--_-_-1..L.--_ ___.r 
GlHBCE (137) 

GOHCEl (137) 

CD HCFE 
HCFE 

0 HCFD 
HCFD 

0 HCFC 
HCFC 

© HCFB 
HCFB 

® HCFA 

0 HBCE 

0 HCEl 

I Shift B 6 Places I 
1-~---T6E 

HCFA·TT6E·HCLK·HCFE 
HCFA · TT6E · HCLK · HCFE + SCOl · HCLK 

HCFE·HCFC·HCLK 
HCFE · HCLK + SCOl · HCLK 

HCFE·HCFD·HCLK 
HCFE · HCFD · HCLK + SCOl · HCLK 

BR15 · BR14 · HSCB · SC03 + HCFC · HCFE · HCLK 
HCFE·HCFC·HCLK + SCOl·HCLK 

HBCE·HCLK 

HCFB·HCFC·HCFE 

HCFA·TT6E 

Fig. TIM/TOM. 12. P 00 - 4 Character/Word Timing Diagram 

r-----, 
I CORE I y 

~---' .. 
1 

MEMORY •1 1------~ 
1 MODULE 1 1... _____ .J 

MAB 

SAM! 
23 B 0 23 I A, 13 0 

Fig. TIM/TOM. 13. State 5 Block Diagram 
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CLOCK (10 me) I I I I I I I I I 
DlTLPE (11) n IL TLPE = TLPl 

F1SC05 (17. 1) _J L SC05 = SSS5 · TLPE · SCLK 
SSS5 = HTTF · SC04 

DlSAMI (21) SAMI = SIA2 = HTTF · SC05 

FlHTTF (134) HTTF = SC05 · MRLS · NCLK 

GOSTOR (19) I I STOR = SC05 

Fig. TIM/TOM. 14. State 5 Timing Diagram 
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TXH - TEST X HIGH OR EQUAL 

1

23 
FU LL OPERAND . 24 

TXH sets the Test flip-flop (FlETST) if the contents of 
the specified X cell (bits 14-0) are greater than or equal 
to the value K. If the contents of X14-0 are less than K, 
the Test flip-flop is cleared. Bits 15, 16, and 17 of the 
TXH command specify the address of the X cell to be 
compared. The K value of the TXH command must be 
specified in 2 1 s complement form. The value of the in
dex cell contents may vary between 0 and 32, 767. The 
value of K may range between 16,383 and 1. The con
tents of the addressed X cell are not changed by the 
TXH command. If the value of K is zero, the Test flip
flop cannot be set. If bits 15, 16, and 17 are "zero", 
the command is undefined, i. e. , an X cell address must 
be specified. 

During Sequence Control State 1, the TXH command is 
"fetched" from memory in the normal manner. How
ever, as bits 13-0 of the command are gated from B to 
the Adder Unit, a "one" is forced to Adder Unit bit 14 
by GlUB14. The result is then transferred from the 
Adder Unit to IA 13-Q. In this manner, bit IA is forced 
to a "one". ' 

During Sequence Control State 2, memory is addressed 
from I17-15 (GlSAMX) and the contents of the addressed 
X cell are gated to the B Register (DlBMEM). The con
tents of the X cell are then gated from the B Register to 
the Adder Unit (UBBU). At the same time, the contents 
of IA 13-0 are gated to the Adder Unit (UILA). The Test 
flip-flop is unconditionally cleared by the TXH command 
during Time 4 Envelope. At the Clock pulse of Memory 
Release (MUDlMRLS), the Test flip-flop is set if the 
summation of B (contents of X) and IA 13-0 (-K) results 
in a carry output from bit 14 of the Ad,der Unit. 

The following examples are provided to illustrate that 
only when the contents of the addressed X cell are equal 
to or greater than the value K, is the carry output of 
Adder bit 14 true. For simplicity, a 5 bit K value and a 
6 bit X value is used. Assume the most significant bit 
of the summed values to be PAU14. 

4022A-5 ARITHMETIC UNIT 

-K 

Non-Indexed 2 (Sl,S2) 
Word Times. 
Interruptable 

No 
Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 C (P) +1 

FlWPMT 

FlUOFL 

FlETST 
Set if K :S C (X) 
Reset _if K-2 C JXl 

J4-0 

Memory x 

COMMAND CHARACTERISTICS 

(a) X = K = 5: 

2 1 s complement of K 1011 
Forced "one" bit 1 
C (X) 00101 

..------- 00000 

PAU 14 Carry Test flip-flop 
set. 

(b) K = 5: 
x = 4: 

2' s complement of K 
Forced "one" bit 
C (X) 

1011 
1 
00100 
11111 

Test flip-flop 
remains cleared. 

TXH-1 



TXH-2 

BMEM TXH Command 

B 

UBAU 

IULI 

IA 13 0 
I : ' 

* G1UB14 (49) = ETXN · UIXR ·USIA 

Sequence State 1 

.-----, 
c (X) I CORE x 

MEMORY 
1 MODULE! 
L------' 

MAB 

BMEM 

23 0 23 18 17 15 A,13 
B I 

C (X) IA, 13-0 

UILA 

23 0 

MRLS·ERTF 

Sequence State 2 

ET4E · MSSI · 
SC02· EDTX 

TXH BLOCK DIAGRAM 

ARITHMETIC UNIT 

SAMX 

0 
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CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

FlSC02 (17) 

GlSAMX (19) 

MUDlMDRY 

DlBMEM (39) 
(MDR_.B) 

DlUILA (51) 
(IA, 13-0_.PAU) 

DlUBBU (50) 
(B_..PAU) 

DlPINl, 2 (88) 

FlETST (89) 

4022A-5 

I I I I I ts I I I I I I I 

~---------l>Jl_ TLPE 

SCOl 

--i__5,1-----------<r-----l SR14 
SCOl 

~SC02 
SSS2 

~SAMX 

TLPl 

SR14 · TLPE · SCLK 
DNDX·HTTF·MVDA 
SSSl · TLPE · SCLK 

SSS2 · TLPE · SCLK 
= HTTF · DNDX · MSSI· SCOl 

= SC02·DLDX·DDSX 

-----~~-~----~·r----
BMEM = MDRY · STOR · BMRQ · BCLK 

S----, VILA 
L UIA5 

r----i__ UBBU 
UBBl 

= UIA5 
= SC02 · ULSX 

= UBBl 
SC02 · UDCl 

__Jl__~,r---------H---- PINl,2 = PIC2 

____________ 1 wn ETST = ECTF 

------<P---------~-is~ ECTF = ET4E · MSSI · SC02 · EDTX 
ETST = MRLS · ECLK · ERTF 

STATE 2 ERTF = Ul4C · DTXH · SC02 

TXH TIMING DIAGRAM 

ARITHMETIC UNIT TXH-3 



XEC - EXECUTE 

1
23 

FU LL OPERAND . 04 

XEC indicates the address Z of the next instruction to 
be executed. Program control does not change, that is, 
the P Register is not incremented and the program con
tinues in sequence after executing the instruction loca
ted at the effective operand address. All instructions 
including XEC, may be executed. If the object instruc -
tion (contents of cell Z) is relative addressed, the effec
tive operand of the object instruction is computed from 
the location of the object instruction rather than from 
the contents of the P Register. 

Two successive Sequence Control State 11 s are re
quired to illustrate the operation of the XEC command. 
During the first State 1, a normal "fetch" cycle oc
curs, except that at Last Pulse Envelope the Execute 
flip -flop (F lXEXC) is set. During the next State 1, 
memory is addressed from IA 13-0 (DlSAMI) and the 
normal ''fetch" cycle for the object instruction occurs 
except that at Last Pulse the Execute flip-flop is 
cleared. Sequencing then continues to execute the ob
ject instruction. 

BMEM 

23 

r-----, 
XEC Command I CORE 

B 

UBAU 

1 MEMORY I 
I MODULE I L. _____ .J 

0 

ADDER 

First Sequence State 1 

r-----, 

MAB 

Object Instruction I CORE I z 
1 MEMORY I 
1 MODULE 1 
L.-----.J 

BMEM 

23 
B 0 

IXBI 

UBBU 

ADDER 

Second Sequence State 1 

XEC BLOCK DIAGRAM 

4022A-5 ARITHMETIC UNIT 

y 01 . Z = f (X,':', Y) 

Non-Indexed 1 (Sl) 
Word Times. 
Interruptable No 
Following Execution? 

CHANGES FOLLOWING EXECUTION 

A23-0 

Q23-0 

p 14-0 

FlWPMT 

FlUOFL 

FlETST 

3 4-0 

Memory z 

COMMAND CHARACTERISTICS 

0 14 p 0 

MAD 

XEC-1 



CLOCK (10 me) 

DlTLPE (11) 

FlSCOl (17) 

DlSAMP (20) 

DlSAMI (21) 

MUDlMDRY 

DlBMEM (39) 

DlUBAU (50) 

DlIBXI (81) 

DlIULI ) (80) 
DlIUIL 

FlXEXC (95) 

DlUBBU (50) 

XEC-2 

I 1111 lsJ 11111 lsl I 11111 IJLWJillill 

~~r-Il--'W-~j -~!Jl 
TLPl 
TLPE 

MRLS · CMAN · TLPE 
TLPX 

~~-~.~___,,_..~~---~·r-i 

_J !._Inhibited by ~ •. DBIS · DNDX 

~ 
SAMP = MAMV· MTRP· SCOl· XRMF· SEXC · 

SPil 

SAMI SIA3 

~t sJl SS--

j I f I s~ BMEM MDRY·STOR·BMRQ·BCLK 

~~~ UBAU UBA3 = SCOl · TSCA · UBBl · UAMV 
)r--

---s~ ~r---
IBXI GOIBXI = ISAV · TSCB · HTTF · MSSI · 

SCOl · TSCA · TSCC 

n JL IULI) = GOIULl = IUI2 · MRLS 
----'is-----'>·r--'~r---~ IUIL 

~ S:--, XEXC XXEC · XSSI · ICOl · TLPE · ICKl 
---~--r---J L XEXC = DXEC · ICOl · XQUA · TLPE · ICKl 

~s-, 
L UBBU = UBBl = UBB3 · TSCA · SCOl 

I._ STATE 1 -.14-- STATE 1 -+I 

XEC TIMING DIAGRAM 

ARITHMETIC UNIT 4022A-5 
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INTRODUCTION 

The 4015A Core Memory is a high-speed digital storage 
device capable of storing 24 (24 data and 1 parity) bits of 
information ins. 192 or 16~ 3S4 randomly accessible 
locations. Data is stored in arrays of 30 mil OD x lS 
mil ID ferrite cores, and selection is accomplished with 
three-wire, coincident-current techniques. A full 
memory cycle requires only 1. 6 microseconds. 

Features of the core memory are as follows: 

• Type - coincident current, destructive read. 

• Capacity - S, 192 (SK) or 16, 3S4 (16K). 

• Word size - 24 data bits plus 1 parity bit. 

• Communications - Parallel 

• Temperature range - 0° C to 50° C ambient. 

• Basic clock frequency - 10 megacycles. 

• Error checking - Odd parity. 

• Operating Modes -
Read - Regenerate 
Clear - Write 
Read - Modify - Write 

• Multiplexed User Devices -
Up to 4 (4022 Arithmetic Unit and any com
bination of from 1 to 3 Drum Couplers, and/ 
or Disc Couplers and/ or Peripheral Control
ler Couplers). 

The 4015A Core Memory consists of the 4015A Memory 

4022A 
ARITHMETIC 
UNIT 

UP TO 
3 USER 

DEVICES* 
{ 

...._ ..... 

...._ .... 

.... ....-

...._ .... 

...... 4015A .. 
MEMORY 

_.. CONTROL UNIT .. 
_.. ...... (6SC972375) .... ... 

i.._ .... 

Control Unit (GE Drawing 6SC972375). one or two 
ICM-40 Core Memory Modules, and a MP40 Power 
Supply. The ICM-40 Memory Module is manufactured 
by Computer Control Company, Inc. Framingham, 
Massachusetts. The MP-40 Power Supply is manufact
ured by Ault Incorporated, 3501 4Sth Ave. North, 
Minneapolis, Minnesota. A basic block diagram of an 
SK and 16K memory system is contained in Fig. INT. 1. 
The 4015A Memory Control Unit establishes priority of 
the user devices, multiplexes data and addresses to/ 
from the user devices, checks or generates parity, and 
provides timing and operation control of the memory 
module. The ICM-40 Memory Module contains the 
ferrite cores for data storage, address decoding for 
selecting the addressed location, and the timing and 
control required to read and write data. Two ICM-40 
Modules are required for 16K words of memory. When 
two ICM-40 Modules are required, the upper module 
contains bits 1 thru 15 and the lower module contains 
bits 16 thru 25 of the data word. The MP-40 Power 
supply provides operating power of +24vdc, +6vdc, and 
-6vdc to the ICM-40 memory module(s). 

LOGIC SYMBOLS AND NOMENCLATURE 

This section illustrates the logic symbols and nomen
clature used in the logic drawings for the ICM-40 Core 
Memory Module. Since the logic symbols for this logic 
differs from the standard General Electric drawings, 
a thorough understanding of these symbols is required 
to understand the operation of the ICM-40. Logic for 
the ICM-40 is contained in appendix A of this section. 

MP40 
ICM-40 ...._ 

..... POWER SUPPLY 
CORE MEMORY 

...... MODULE .. 
(2S bits, 3 unused 

SK each) 

(a) SK BLOCK DIAGRAM 

4022A 
ARITHMETIC 
UNIT 

UP TO 
3 USER 

DEVICES* 
{ 

...._ ....-

...._ ..... -
...._ ....-
...._ .... 

ay be * The 3 user devices m 
any combination of from 
Drum Coupler and/or D 
Couplers and/ or Periph 
Controller Couplers. 

1 to 3 
isc 
er al 

__.. --.., 

_.. ... 
_.,,. ...... 
..... ... 

ICM-40 
CORE MEMORY 

MODULE 

4015A 
(Bits 1-14, 

i.... ...aJ 16K each) .... P"I ...._ 
MEMORY ~ 

CONTROL UNIT 

i.... 
i.... _.. ICM-40 -... 

(6SC97237 5) .... P"I 
CORE MEMORY 

MODULE 

(Bits 15-25, 
16K each) 

(b) 16K BLOCK DIAGRAM 

Fig. INT. 1. 4015A Memory System, Block Diagram 

4015A-1 CORE MEMORY 

MP40 

POWER SUPPLY 

INT-1 



Each logic symbol used is presented in the following 
figures. Included with each symbol is the logic function 
and truth table for the symbol. Using these aids, little 
difficulty should be encountered in interpreting these 
symbols. 

Positive logic with a binary "one" equal to positive 6 
volts and a binary "zero" equal to zero volts is used 
within the ICM-40 logic. Binary "ones" applied to the 
ICM-40 from the Memory Control Unit are amplified 
from the 3. 5 volt level to the 6 volt level. Binary 
"ones" at 6 volt level from the ICM-40 are applied 
through dropping resistors for application to the 
Memory Control Unit at the 3. 5 volt level. 

F-02, QUAD NANO Gate 

A. Logic Symbol 

INPUT A 

INPUT B 

B. Logic Function 

C =AB 

C. Truth Table 

INPUT A 

0 

0 

1 

1 

O = GROUND 
1 = +6V 

c = ]ill"" 

INPUT B OUTPUT C 

0 1 

1 1 

0 1 

1 0 

F-01, DUAL NANO Gate 

A. Logic Symbol 

INPUT A 

INPUT B 

INPUT C 

B. Logic Function 

D =ABC 

ifDOUTPUTD 
NODE (expansion point) 

C. Truth Table 

-
INPUT A INPUT B INPUT C OUTPUT D 

0 0 0 1 

0 0 1 1 

0 1 0 1 

0 1 1 1 

1 0 0 1 

1 0 1 1 

1 1 0 1 

1 1 1 0 

Paralleled NANO Gates with Common Load Resistors 

A. Logic Symbol 
LOAD 

INPUT A 
}-------------OUTPUT E 

INPUT B 

LOAD 

INPUT C 

INPUT D 

B. Logic Function 

E = AB+ CD 

c. Truth Table 

INPUT A INPUT B INPUT C INPUT D OUTPUT E 

0 0 0 0 1 

0 0 0 1 1 

0 0 1 0 1 

0 0 1 1 0 

0 1 0 0 1 

0 1 0 1 1 

0 1 1 0 1 

0 1 1 1 0 

1 0 0 0 1 

1 0 0 1 1 

1 0 1 0 1 

1 0 1 1 0 

1 1 0 0 0 

1 1 0 1 0 

1 1 1 0 0 

1 1 1 1 0 
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Type F-03 Power Amplifier Equivalent Logic Symbol 

A. Logic Symbol 

INPUT A 

INPUT B 

INPUT C 

B. Logic Function 

D =ABC 

C. Truth Table 

INPUT A INPUT B 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

Type F-04 Flip-Flop 

A. Logic Symbol 

DC SET 

DC SET 

SET CONTROL 

SET CONTROL 

CLOCK 

RESET CONTROL 

RESET CONTROL 

DC RESET 

DC RESET 

DC RESET 

B. DC Operation 

OUTPUT D 

INPUT C OUTPUT D 

0 1 

1 1 

0 1 

1 1 

0 1 

1 1 

0 1 

1 0 

10 SET OUTPUT 

12 RESET OUTPUT 

NOTE: PIN II IS CONNECTED 
TO GROUND AND PIN 4 IS 
CONNECTED TO +6 v. 

1. Logic Diagram 

SET OUTPUT 

ReSILT OUTli'UT 

2. Truth Table and Boolean Equations 

Sn 

0 

0 

1 

1 

Sn - AND result of the de set inputs. 
SD= S1 . S2 

Rn - AND result of the de reset inputs. 
RD = Rl . R2 . R3 

F - state of the flip-flop (set output) 

F' - previous state of the flip-flop 

RD F 

0 (Both set and reset outputs are O's.) 

1 1 

0 0 

1 F' (no change) 

3. Timing Diagram 

DC SET 
{ 

0

1 

SET OUTPUT {
I _J 

0 
RESET 

OUTPUT { ~I .... __ ~ 

C. AC Operation 

1. Logic Diagram 

SET 
CONTROL 

{ '1 

'2 
CLOCK 

{ r I 
RESET 

CONTROL r 2 

SET OUTPUT 

ALL DC SET AND RESET 
INPUTS MUST BE LOGIC ONES. 

4015A-1 CORE MEMORY INT-3 



2. Truth Table and Boolean Equations 

Sc - AND result of the set control inputs, 
Sc = s1 · s 2 

RC - AND result of the reset control inputs, 
Re= rl . r2 

F' - previous state of the flip-flop 

F - state of the flip-flop after the clock pulse 

s R F F 

0 0 0 0 
NO CHANGE 

0 0 1 1 

0 1 0 0 

0 1 1 0 
RESET 

1 0 0 1 

1 0 1 1 
SET 

1 1 0 1 

1 1 1 0 
COMPLEMENT 

3. Timing Diagrams 

COMPLEMENT ING 

SET CONTROL G 
RESET CONTROL G 

CLOCK {~ 
SET OUTPUT {6 L 

SET 

SET CONTROL {6 
RESET CONTROL c 

CLOCK G 
SET OUTPUT G 

RESET 

SET CONTROL { 6 -------------------
RESET CONTROL { ~ 

CLOCK 

SET OUTPUT 

NO CHANGE 

SET CONTROL 

RESET CONTROL 

CLOCK 

SET OUTPUT 

Logic Nomenclature 

Fig. INT. 2 illustrates a portion of the ICM-40 logic 
drawings and the meaning of the nomenclature used. 
Appendix A and B of this section contains a nmemonic 
dictionary of the logic signals, an input/ output connector 
list, a circuit board location map, detailed information 
on each circuit card, and the ICM-40 logic. 

Signal nmemonics contain the designation - (minus) to 
indicate that the signal function is true when at the zero 
volt level or the designation + (plus) to indicate that the 
signal function is true when at the + 6 volt level. 

BASIC CORE THEORY 

Information is stored in a three-dimensional array of 
18 x 30 mil ferrite cores. Each core may be individually 
set to one of two possible magnetic states thereby re
presenting one bit of binary information. Nonvolatile 
storage is made possible by core B-H characteristics 
which approximate a rectangular hysteresis loop. The 
core state is identified by the polarity of flux within 
the toroid structure. The switching mechanism may be 
qualitatively understood by examination of the B-H loop 
shown in Figure INT. 3. 

The H represents magnetizing force proportional to cur
rent magnitudes linking the toroid, and B symbolizes 
magnetic flux density within the core. The device charac
teristic is useful since the B-H relationship is extremely 
nonlinear and irreversible. For example, if a core is 
initially in state 0, as magnetizing force is increased, 
Bis only slightly affected until H approaches Hl· As 
H increases from Hl to H2, total flux reversal occurs 
(path a). At H2, the core may be considered saturated 
in the opposite state such that an additional increase in 
H cannot significantly alter B. Irreversibility is 
shown by the fact that B returns to state 1 rather than 
starting point 0 as H is relaxed from H2 to O. However, 
state 0 may again be realized by applying sufficient H of 
opposite polarity to traverse path b. 

The threshold characteristic of the device permits its 
use in a coincident-current selection scheme as shown 
in Figure INT. 4. Each core in the array is linked by 
an X- and Y- drive line. Subscripts R and W refer to 
read and write, and+ and - are polarity (direction) in
dicators. The current magnitude of IY or IXR corres
ponds to Hl, or less, and their sum corresponds to a 
field exceeding H2. Currents of this magnitude entering 
a core from the same side will produce a field exceeding 
H2. Currents entering from opposite sides will have 
mutually cancelling fields resulting in H = 0. Currents 
IXR and IXw have the same amplitude but opposite 
polarity, as do IY+ and IY-. 

Each X- and Y- drive line links two cores in one bit 
array. The X-drive line is common to all bits. How
ever, each bit has its own Y-drive lines. The prefixes 
01 or 05 on the Y-drive lines correspond to bit 1 and 5, 
respectively. Bits 01 and 05 are used in this example 
since they. are physically located in the top and second 
planes in 4K and BK memories. 
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z .... 
I 

"' 

LOGIC SHEET WHERE 
SIGNAL ORIGINATES\ 

(Sheet 1) 

CONNECTOR LOCATION 
AND PIN NUMBER ~ 

E6C-48 

XRRC

SIGNAL MNEMONIC / 
- = 0 volts when functio~ 

is true 
+ 6 volts when function 

MBSY-B 

is true TG-335 

E6C-46 E28 

RMWC+ 

TG-335 
CIRCUIT CARD LOCATI0~28 

E6C-44 

xcwy 
EXTERNAL CONNECTOR 

CBSY

ERAD

EWAD

WYCF-

DL-335 

E47 

DL-335 

~ DL-335 

crn6UIT 
DESIGNATION 

ON CARD 

SRCY-

MBSY+ 

RRCF+ 

Ml 

6 

8 

Cl 

3 
0 
0 
n 
s C24 

7 

8--o 

9 ---0 

10----o 

11 ---0 

CIRCUIT CHIP PIN NUMBER 

CIRCUIT CARD LOCATION 

E51 

CM-003 

CIRCUIT CARD MODULE, 
MODEL NUMBER 

RCYF-

~-~i--- JUMPER CONNECTION PIN. 

~~23 

r~:: 
~-L21 

iP-5 
l~l 
14~L3 

~~- 30 
14~ 

:?-26 

C INDICATES INPUT FROM 
CONNECTOR Cl -C24. 

RSKA+ 

RXSW+ 

RYSW+ 

DRDY+ 

ERAD+ 

ERCY+ 

MBSY-A 

MBSY-B 

STRB-

CIRCUIT CARD PIN 
NUMBER 

12 11 10 

F-08 

(TOP) 

COlV.IlVION PIN TG-335 
~ CIRCUIT CARD MODULE, MODEL NUMBER 123456 7 

CHIP PIN NUMBERS 
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J· 
B=O 

0 

H 
----+ 

H=O Ht 

Fig. INT. 3. Typical B-H Characteristics 

If one X-drive line and one Y-drive line are energized, 
only one core in the entire array will see a magnetic 
field strong enough to cause it to change state. For 
example, if Xl and 01 Yl are energized with IXR and 
IY+, core C11l+ will be switched to the clockwise 
magnetic state (if it is not already in that state). Core 
C1 l l- is subjected to a net field of zero and all other 
cores linked by 01 Yl or Xl are subjected to half 
currents. Consequently, a unique core address can be 
selected by energizing an X-drive line and one Y-drive 
line per bit. 

Consider a read operation with all cores in array one 
(bit 1) in the counterclockwise magnetic state (ONE) 
and ¥1 cores in array five (bit 5) in the ZERO state. 
Assume IY+ drive currents flow in lines 01 Yl and 
05Yl and IXR current flows in line Xl. Core C1 l l+ 
is switched to the ZERO state and the resultant flux 
change appears as a differential voltage at the sense 

winding terminals (SWOl). This voltage is amplified, 
strobed, and standardized, setting the corresponding 
data register stage to a ONE. If the direction of the 
Y-drive current is reversed (IY-), core c 111- will be 
switched. Core c511+ was in the ZERO state so the 
currents drive the core further into saturation. This 
results in a flux change too small to set the associated 
data register flip-flop. Core C5 ll- is subjected to a 
net field of ZERO. 

After the read operation, both cores at the selected 
address have been interrogated and stored information 
has been transferred to the data register. Although the 
read-out was destructive, the stored information may 
be reinserted during the write portion of the cycle. The 
data register flip-flop controls the Y -drive currents. 
Bit-1 currents IXw and IY- flow but there is no current 
in 05Yl because the bit-5 data register is in the ZERO 
state. The result is that core C1 ll + is switched to the 
ONE state and core C51l+ is left in the ZERO state. 
All other cores in the array remain in their original 
state. 

The memory shown in Fig. INT. 4 can be expanded to 
an array of 8192 cores comprising one bit of an 8192-
word memory. There are 256 X-drive lines and 16 re
entrant Y-drive lines, each Y-drive line linking 512 
cores. The array of 8192 cores has two sense windings, 
each of which links 4096 cores in conjunction with 128 
X-lines. One core plane consists of four arrays on a 
5 x 9 inch printed circuit board. The core stack con
sists of one plane for every four bits stacked together 
with the X-lines threading all arrays. In addition to 
the core planes, printed circuit boards are located on 
the top (X-selection diode Flat Packs) and bottom (X
selection bus wiring) of the core stack. 

In a 16K core stack, two 8K bits are used as one 16K 
bit. This is accomplished in the wiring of the decoding 
and selection circuitry. The 16K core stack contains 
one plane for every two bits. Four sense windings per 
bit are used according to the bit location. Since 25 bits 
are required for each word, two ICM-40 Memory 
Modules are used for 16K words of memory. 
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SYSTEM DESCRIPTION 

A functional block diagram of the memory system is con
tained in Fig. SYS. 1. As shown in the diagram, as 
many as 3 devices, in addition to the Arithmetic Unit, 
may com:nunicate directly with the memory. These 3 
devices may be any combination of from one to three 
Drum Couplers, and/or Disc Couplers, and/or Peri
pheral Controller Couplers. 

The user device applies a memory request signal, the 
operation (read or write) to be performed, and the 
memory location address to be affected to the Memory 
Control Unit. If more than one device requests memory 
at the same time, the Memory Control logic determines 
which device has priority and grants access to that de
vice only. The device connected to the Channel 1 input 
has priority over the Arithmetic Unit or devices connect
ed to Channel 2 or Channel 3 inputs. Channel 2 devices 
have priority over the Arithmetic Unit and the Device 
connected to Channel 3. Channel 3 requests have prior
ity over Arithmetic Unit requests. 

The Arithmetic Unit has the lowest priority since its 
operation speed is the fastest. The Memory Control 
Unit applies a device granted signal to the Device that 
obtains priority. 

After the access priority has been established, a signal 
is applied to the core memory module to indicate the type 
of operation and to begin the memory cycle. The Arith
metic Unit always initiates the Read-Modify-Write oper
ation within the memory regardless of a read or write 
operation. Other user devices initiate the Read-Regen
erate mode if it is a read operation or initiate the Clear
Write mode if it is a write operation. 

If the operation is write into core. the data transferred 
from the user device is gated through the Multiplexer 
Data Gates. The parity bit, if required, is generated 
and the data is transferred to the Data Register of the 
memory module. The address of the core location to be 
affected is multiplexed from the user device to the Ad
dress Register of the memory module. The address is 
decoded and the corresponding X and Y lines are enabled. 
Enabling the X and Y lines will cause the cores in this 
memory location to clear. Since this is a write into core 
operation, the data contained in this location is not used. 
The "one" data bits contained in the Data Register then 
controls the decoded Y lines to set the corresponding 
data bits of the addressed location. Setting the core 
cells of the addressed location to the configuration of 
"one" bits in the Data Register completes the memory 
cycle. When the Arithmetic Unit has access to memory, 
a Memory Release signal is applied from the Memory 
Control logic to the AU at the end of the cycle. 

Read or bring from core memory operations require the 
same determination of priority after receipt of the 
memory request signal. The multiplexed address is again 
decoded to clear the bits of the corresponding memory 
location. The data sensed during this clearing operation 
is strobed through the sense amplifiers into the Data 
Register. The data contained in the Data Register is 
then used to control the Y lines and, thereby, store the 
same data back in the addressed location. The data in 
the Data Register is also applied through the Memory 

Input Buffer for application to the user device. A Data 
Ready signal is provided by the Memory Control Unit to 
set this data in the user device. The data read from 
core is checked for odd parity. If a parity error exists, 
a parity error signal is provided. This parity error 
signal lights the Parity Error indicator on the console, 
provides for program detection of the error (JNP), and 
may be optionally used to halt further accesses to 
memory by the AU using the Stop On Parity switch. If 
the user is the Arithmetic Unit, a memory release signal 
is applied to the Arithmetic Unit upon completion of the 
memory cycle. 

MEMORY MODULE ARRANGEMENT 

Fig. SYS. 2 illustrates the physical organization of the 
ICM-40 Memory Module. The Memory Module coordi
nates are marked for identification of printed circuit 
boards and component locations. 

Fig. SYS. 3 illustrates the organization of the memory 
stack for both an SK and a 16K memory system. An SK 
memory system consists of one ICM -40 Memory Module 
with 8K words of storage. The SK core stack consists 
of 7 planes of data bits. Each plane contains 4 bits of 
storage for SK words. Therefore, 7 planes provide for 
storage of up to 2S bit words. The 4015A Memory 
System only utilizes 25 of this bits. providing a 24 bit 
data word plus a parity bit. Two additional planes are 
required by the stack; one X-Diode Board and one X
Bus s Board. 

A 16K memory system requires two ICM-40 modules. 
One module has a stack containing 14 bits of 16K words 
and the other module has a stack containing 12 bits of 
16K words. The 14 bit stack contains data bits 1 thru 
14 and the 12 bit stack contains data bits 15 thru 24, a 
parity bit, and one bit is unused. 

PRIORITY ACCESS 

The Memory Control logic (6SC97237 5, sheet 7) contains 
the logic required to enable access to memory of Channel 
1 requests over AU, Channel 2, or Channel 3 requests; 
Channel 2 access to memory over AU or Channel 3 re
quests; and Channel 3 access to memory over AU re
quests. The Arithmetic Unit requests have the lowest 
priority for access to memory due to its operational 
speed. Channel 1, 2, and 3 requests are assigned as a 
system option for the devices (Drum, Disc, etc.) used 
by the system. 

Requests from the user devices are applied to the Prior
ity Request flip-flops FlMPRl thru F1MPR4. Request 
from the Arithmetic Unit (GlSMRQ) are applied to 
F1MPR4. With no other request present, or at the last 
clock pulse of a previous memory cycle, the priority 
flip-flop corresponding to the channel request input is 
set. Priority of the Priority Request flip-flops is then 
established in gates GOMBRl thru GOMBR4. Only one 
of these gates will be enabled according to the priority 
scheme ... 
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GOMBRl 

GOMBR2 

GOMBR3 

GOMBR4 

FlMPRl 

F1MPR2 · FlMPRl 

F1MPR3 · F1MPR2 · FlMPRl 

F1MPR4 · F1MPR3 • F1MPR2 • FlMPRl 

Enabling one of these gates starts the memory cycle and 
enables access to memory for the corresponding device. 
Address and data control of the memory is then allocated 
to the user device granted access. 

A detailed description of the operation of the memory 
system for an Arithmetic Unit request and a User Device 
request is contained in this section. Both a read and a 
write operation of each request is discussed. 

ADDRESS DECODING AND SELECTION 

The memory location address from the device granted 
access to memory is multiplexed viaGlMAOO thruG1MA13 
of the Memory Control logic (6BC972375, sheets 14, 15) 
to the Address Register of the ICM-40 Memory Module. 
These logic elements invert the address bits providing a 
"one" input for each "zero" address bit from the user 
device. The Address Register (See Appendix A, sheet 
A-6) bits are numbered from 1 thru 14 instead of 0 thru 
13 as labled in the Memory Control logic. Therefore, 
Memory Control address bit 0 is applied to Address 
Register bit 1, etc. When examining the address de
coding, these two variations must be kept in mind. 

Fig. SYS. 4 illustrates a simplified diagram of the ad
dress decoding and selection for a typical bit (bit 1) of 
an BK memory. The address bits are applied from the 
Memory Control logic to the Address Register in single
ended fashion and gated into the register at the start of 

MEMORY 
CONTROL 

a memory cycle by the SRCY - signal. The Address 
Register outputs are double-ended and used to control 
the X and Y selection circuits. 

Each Address Register output line shown represents a 
binary bit. Four bits are transferred to the X-switches 
and four others go to the X-sinks. The X-switches 
uniquely enable one of 16 read/write output pairs going 
to the diode matrix; the X-sinks select one of 16 read/ 
write buses. The selected bus enables one end of 16 
drive lines, only one of which has its other end connect
ed to an enabled diode matrix. Thus, only one of the 
256 X-drive lines will be selected. 

The Y-selection is accomplished in a similar manner but 
with the inclusion of a read-write interchange, which is 
the operation of changing the polarity (direction) of read 
and write Y-currents with respect to X-currents. This 
saves decoding circuitry and is accomplished by having 
the read and write timing inputs a function of AR07. 
Selection of one of 32 effective Y-drive lines is made 
by selecting one of 16 wires. When the AR07 flip-flop 
is reset, the SWRW+ and SKRW+ signals are +6v during 
the re ad portion of the cycle and the SWWR+ and SKWR+ 
signals are +6v during the write portion. If the AR07 
flip-flop is set, SWWR+ and SKWR+ are +6v at read 
time and SWRW+ and SKRW+ are +6v at write time. An 
X-drive line intersects with a Y-drive line at two cores 
as shown in Figure INT. 4. The relationship of X- and 
Y- currents (controlled by AR07) defines which of the 
two cores is addressed. 

The 16K decoding and selection method is similar to 
that for the BK, except two Y-switches are used per bit 
to select one of 32 Y-lines in 16K systems. 
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1--'c:_:_:_::--'-----l~ ~~~~~~XB~0~3-----------------·-------------r-1"1 
f-----'-=------1 3 CMI06 µ_!XB~0~4----------------------

XB 16 

GIMAOI 

MBE3 GlMA13 
USER 3 ADDRESS 

MBE4 
AW ADDRESS 

MACI! ----
MA07 

MA06 

ADDRESS 
STROBE 
SRCY 

MA09 

MAIO 

2 
CM005 

"ACS 

24 
PA335 
CKTS 

L___ 

,& The address bits are 
complimented in the 
Address Multiplexer 

4015A-2 

1-=~----.-1--j ~-n_n {> C:E~:A-=----- # 1f 
~=-:..=----;-I-ix DIODE xz 

41

lot·~·~.· : -------- lot TJ I 
I MATRIX X3 lot. It_ lot .._ if_-lt_ i... 

1----------:-1-,z D~P:EESI x4 "it_~\_ ~ ========"1t_ i-_ Jl I I 

'------

r--- XDO I 

x X002 

SWITCHES XD03 
I CM006 XD04 
3CM106 I 32F08 X256·lot.·.lot.·lot·~·lot.., ----- lot~· i l li I 

'-----Jl-(l-'-'6'--"RE~A-D-/W-R-IT-E--C--1--1....___ t 41 4' (16 X LINES/BUS) 

,..--- ~%'ii~) I r-- I 
XD32 

AR09 l--O_IY~D2~--~' -;y DIODE~ I 
AR08 SWITYCHES OIYD3 I MATRIX I 

1--------; I 2 OIODESI Y3 

A R07 I CM006 OIYD4 2L~~~ Yl6 I 
OIYDB 1 1 1 r : : : 1 , : TT T : _J 

~ (~?y~tWRITE L~---+---+-·tt1--jJ--H-------
'-- y OIYB2 J l ~ 

ARIO 

l-
_A_R_l_l_--1 1~~~56j..._CO~l~YB~3~--------------+-t---<f>--t---+-j-----1 

OIYB4 

Fig. SYS. 4. Address Decoding and Selection 

CORE MEMORY SYS-5 



Table SYS. 1 shows the address decoding and X-drive 
line selection for SK and 16K memories. The table 
shows the X-switch (XD01-XD32), sink (XB01-XB16) 
and drive line (Xl-X256) selected by a given address. 
The stack location that is shown refers to the core 
stack drawing (Figure SYS. 3). 

For example, if address register flip-flop outputs 13, 
5, 2, 1 are in the "one" state (+6v) and 12, 6, 4, 3 are in 
the "zero" state (Ov), read switch XD31 (stack location 
N2S01) and sink XBOl (stack location WlAOl) are acti
vated and X read current flows in drive line X242. 

Table SYS. 2 shows address decoding and Y-drive line 
selection for 4K, BK, and 16K memories. The plane 
locations are the connections of the Y-selection switch 
and sink outputs to the Y-core plane. The stack con
nections for a given bit can be determined from the de
coding tables and the bit location diagrams (Figure 
SYS. 3). For example, read switch YD07 and sink YB03 
are selected in bit 5 of an SK memory by address ARl 1 +, 
ARlO-, AR09+, AR08+, and AR07- (10 110). Activating 
switch YD07 (stack location Ql UOl) and sink YB03 
(stack location Ql T03) selects drive line Y19. 

Figure SYS. 5 is a simplified diagram of the Y-selection 

.&. X-Sw1tch Stack 
AR lXDJ Location 

13 5 2 1 Read Write Read Write X-Drive Line 

0 0 0 0 1 2 N2B01 02 1-- 2 4 6 8 
0 0 0 l 3 4 N2C01 02 t-- 18 20 22 24 
0 0 l 0 5 6 N2D01 02 t-- 34 36 38 40 
0 0 l 1 7 8 N2E01 02 t-- 50 52 54 56 
0 1 0 0 9 l 0 N2F01 02 t-- 66 68 70 72 
0 1 0 1 11 12 N2G01 02 1-- 82 84 86 88 
0 1 1 0 13 14 N2H01 02 t-- 98 100 102 l 04 
0 1 1 1 15 16 N2J01 02 1-- 114 11 6 118 120 
1 0 0 0 1 7 18 N2K01 02 .- 130 132 134 136 
1 0 0 1 19 20 N2L01 02 1--1 146 148 150 152 
1 0 1 0 21 22 N2M01 02 1--1 162 164 166 168 
1 0 1 1 23 24 N2N01 02 .- 1 78 180 182 184 
.l 1 0 0 25 26 N2P01 02 .- 1_2_4 f:§:6 1:-§:8 200 
1 1 0 1 27 28 N2Q01 02 .- 210 212 214 216 
1 1 1 0 29 30 N2R01 02 .- 226 228 230 232 
l 1 l 1 31 32 N2S01 02 .- 242 244 246 248 

AR_&. X-Srnk Stack 
12 6 4 3 (XB) Location 

0 0 0 0 l WlAOl 
0 0 0 1 2 WlA02 
0 0 1 0 3 WlA03 
0 0 1 1 4 WlA04 
0 1 0 0 5 WlAOS 
0 l 0 l 6 W1A06 
0 l 1 0 7 W1A07 
0 1 1 l 8 W1A08 
1 0 0 0 9 WlA09 
l 0 0 1 10 WlAlO 
1 0 1 0 11 WlAll 
1 0 1 1 12 WlA12 
1 1 0 0 13 WlA13 
1 l 0 l 14 W1Al4 
1 l 1 0 15 WlA15 
1 1 1 1 16 W1Al6 

.& When using the multiplexer in the Memory Control Unit, 
these address bits are the complement of the address 
from the Arithmetic Unit or User Device. 

logic for one SK bit. The selection switches are con
trolled by read and write timing inputs SWRW+X and 
SWWR+X, while the sinks are controlled by SKRW+X 
and SKWR+X. The enabling signals for the selection 
switches and sinks are ENSW+X and ENSK+X, respec
tively. The address inputs are decoded by the power 
amplifier (PA) circuits. The WDXX+ input controls the 
Y-switches as a function of the state of the data regis
ter flip-flop, while the PLXX+ input is used for parti
tioning. 

Assume that the address levels are decoded so that the 
ENSK+X signal enables Y-sink power amplifier PAl 
and the ENSW+X has enabled a similar Y-switch power 
amplifier. During the read portion of the cycle SKRW+X 
causes current to flow in the transformer associated 
with PAL The secondary of the transformer turns on 
transistor Q4, and charging current flows in drive lines 
Yl, Y5, Y9, and Y13 to -V. Shortly after SKRW+X 
becomes +6v, SWRW+X occurs and turns on Ql (assum
ing PLXX+ is +6v). Read current flows from +V, 
through R2, Ql, CR2, Yl, and Q4 to -V. Because of 
the way in which the core is oriented, only the core on 
the A-half of drive line Yl switches. The output of the 
selected core is sensed and ultimately sets the data 
register to a "one". 

10 12 14 16 1 3 5 7 9 11 13 15 
26 28 30 32 17 19 21 23 25 27 29 31 
42 44 46 48 33 35 37 39 41 43 45 47 
58 60 62 64 49 51 53 55 57 59 61 63 
74 76 78 80 65 67 69 71 73 75 77 79 
90 92 94 96 81 83 85 87 89 91 93 95 

106 108 11 0 112 97 3_9 101 103 l 05 l 07 l o-:2" 111 
122 124 126 128 113 115 11 7 11::§: 121 123 125 127 
138 140 142 144 129 131 133 135 137 139 141 143 
154 156 158 160 145 147 149 < 1_51 153 155 157 159 
1 70 1 72 1 74 l 76 161 163 1~5 1~7 l~ 1 71 1 73 1 75 
186 188 190 192 l 77 179 181 183 185 187 189 191 
202 204 206 208 1_2__3 13._5 1_2__7 1__2_2_ 201 203 205 207 
218 220 222 224 20_2_ 211 213 215 21 7 219 221 223 
234 236 238 240 225 227 229 231 233 235 237 239 
250 252 254 256 241 243 245 247 249 251 253 255 

Table SYS. 1. X-Decoding and Selection 
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AR~ Y-Switch Plane 
J_YDJ. Location 

09 08 07 Read Write Read Write Y-Drive Line':' 

AR& Y-Switch Plane 
JYD) Location 

09 08 07 Write Re.std Read Write Y-Drive Line':":' 

0 0 0 1 2 1 U03 07 t- 2 30 26 6 0 0 0 1 2 3U06 08 23 11 15 19 

0 0 1 2 1 1 U07 03 t- 4 32 28 8 0 0 1 2 1 3U08 06 21 9 13 17 

0 1 0 3 4 1 U08 06 t- 10 22 18 14 0 1 0 3 4 3U03 07 31 3 7 27 

0 1 1 4 3 1 U06 08 I- 12 24 20 16 0 1 1 4 3 3U07 03 29 1 5 25 

1 0 0 5 6 1 U04 02 I- 3 27 31 7 1 0 0 5 6 3U02 04 30 6 2 26 

1 0 1 6 5 1 U02 04 I- 1 25 29 5 1 0 1 6 5 3U04 02 32 8 4 28 

1 1 0 7 8 1 UOl 05 f-- 11 23 19 15 1 1 0 7 8 3U05 01 22 10 14 18 

1 1 1 8 7 1 U05 01 f-- 9 21 17 13 1 1 1 8 7 3U01 05 24 12 1 6 20 

AR& Y-Sink Plane AR & Y-Sink Plane 
11 10 (YB) Location 11 10 (YB) Location 

0 0 1 1 TO! 0 0 1 3T04 I---

0 1 2 1 T04 0 1 2 3T01 

1 0 3 1 T03 1 0 3 3T02 

1 1 4 1 T02 1 1 4 3T03 

*Use table for 4K and 8K bits 1, 2, 5, 6, 9, 10, 13, 14, 17, 18, 
21, 22, 25, and 26 and 16K bits 1, 3, 5, 7, 9, 11, 13A, and 14A. 

**Use table for 4K and 8K bits 3, 4, 7, 8, 11, 12, 15, 16, 19, 20, 
23, 24, 27, and 28 and 16K bits 2, 4, 6, 8, 10, 12, 13B, and 14B. 

,&when using the multiplexer in the Memory Control Unit, 
these address bits are the complement of the address 
from the Arithmetic Unit or User Device. 

Table SYS. 2. Y- Decoding and Selection 

The address levels and enabling inputs ENSK+X and 
ENSW+X do not change during the write portion of the 
cycle. When timing inputs SWWR+X and SKWR+X are 
generated, transistors Q2 and Q3 are turned on. This 
reverses the polarity of Y-drive current and write cur
rent flows from +V through Q3, Yl, CRl, Q2 -and R3 to 
-V. The coincidence of X- and Y-write currents re
sults in the generation Of a II One 11 in the Selected COre. 

Write Y -drive current flows only if the data register 
is a "one". If a "zero" was read out of the selected 
core during the read portion of the cycle, the Y-switch 
is prevented from turning on during write time by the 
WDXX+ input. The selected core receives only an X
write current so it remains in the "zero" state. 

If AR07 is in the set state, read current flows through 
R3, Q2, CRl, Yl, and Q3 and write current flows 
through R2, Ql, CR2, Yl, and Q4. This results in 
the selection of a core in the B-half of Yl. 

The selection method shown in Figure SYS. 5 is used for 
X- and Y-selection in 8K and 16Kmemories. Y- and 
X-selection is the same for 8K and 16K memories but, 16K 
memories use more Y-selection switches than 8K 
memories. 

The following statements summarize the X and Y line 
selection and control. 

• Address Register bits 13, 5, 2, and 1 control the 
selection of the X Switch Lines (XD). 

• Address Register bits 12, 6, 4, and 3 control the 
selection of the X Sync lines (XB). 

• Address Register bits 8 and 9 control the selec
tion of the Y Switch lines (YD). 

• Address Register bits 10 and 11 control the se
lection of the Y Sync lines (YB). 

• Address Register bit 7 is used to control the 
direction of current flow in the Y Switch (YD) 
and Y Sync (YB) lines. 

• During a write into core cycle, the Y lines are 
controlled by the corresponding bits of the Data 
Register. Only those Y lines corresponding to a 
"one" in the Data Register are enabled to flip the 
core to the "one" state. 

ARITHMETIC UNIT ACCESS 

The Arithmetic Unit utilizes the Read-Modify-Write 
mode of memory operation. The timing and basic opera
tion of the memory for both a store (write) or read 
operation is the same (See Fig. SYS. 6, 7). In either 
a write or read operation the addressed memory loca
tion is cleared and the data contained therein is strobed 
through the Sense Amplifier into the memory data re -
gister. If it is a read operation (store), this data is 
gated to the Arithmetic Unit B Register (DlBMEM). The 
contents of the B Register are then written back in the 
memory location during the write portion of the memory 
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cycle. If it is a read operation, the contents of the B 
Register is the data read from the addressed core 
location. If it is a write operation, the data from 
memory is not gated to the B Register and the B Regis
ter contains the new data to be stored in the addressed 
core cell. During a read operation, the data read from 
the addressed memory location is checked for odd 
parity. If an odd number of one bits is not read from 
memory an error indication is provided and the word 
read is stored back with incorrect parity. If the 
operation is write, the data to be stored from the B 
Register is checked by the parity generator. If an 
even number of ones is contained by the B Register 
data, a one parity bit is generated. Therefore, an 
odd number of data bits is always stored in the addres
sed location during a write operation. 

Memory Control Timing 

0 volts • 11 111 data bit Fig. SYS. 8 contains a timing diagram with logic equa
tions of the memory control unit for an Arithmetic Unit 
memory access operation. The memory control unit 
timing is initiated by a memory request signal from the 
Arithmetic Unit (AUGlSLVIRQ) and operates independent 
of the ICM -40 Memory Module. The Memory Control 
unit applies control signals to the ICM-40 to control 
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the Read-Modify- Write cycle (D 1MBE4) and to start 
the read (GOMROW) and write (GOMRQW) portions of 
the cycle. 

The first clock pulse following GlSMRQ is used to de
termine the priority of memory access. If no other re
quests are present, F1MPR4 is set and DOMBR4 is 
enabled. DOMBR4 enables D1MBE4. D1MBE4 is applied 
to the ICM-40 to enable the Read-Modify-Write mode of 
operation. D1MBE4 also gates the memory location 
address from the Arithmetic Unit through the multi
plexer (GlMAOO - G1MA13) to the Address Register of 
the ICM-40. DOMBR4 also enables D1MAE4 to gate 
the contents of the B Register thru the multiplexer 
(GlMDOO - G1MD23) to the Data Register of the ICM-40. 

After the Arithmetic Unit has been granted access to 
memory, the memory time counter (FlMTCl, 2, 3, 4) is 
enabled and the read signal (GOMROW) is applied to the 
ICM-40. The memory time counter is a binary counter 
incremented by the 10 megacycle clock pulses. The 
Time Counter controls the timing within the memory 
cycle. 

After a count of one, the time counter disables the read 
control signal (GOMROW) to the ICM-40. When the 
counter is incremented to a count of six, a Data Ready 
signal (DlMDRY} is applied to the Arithmetic Unit indi
cating that the addressed memory location has been 
read out and sequencing can continue in the AU. The 
next clock pulse following Data Ready enables GOMRQW 
to start the write portion of the memory cycle in the 
ICM-40. When the time counter has been incremented 
to a count of 17s, a Memory Release signal (FlMRLS) 
is applied back to the Arithmetic Unit to indicate the 
end of the memory cycle. This Memory Release signal 
may be used by the AU to end the current Sequence 
State and to enable a new Memory Request (GlSMRQ) 
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for the next Sequence State. 

The operation of the Memory Control unit described 
above applies to either a store (write) or read (store.) 
memory request. 

ICM-40 Memory Module Operation 

Timing diagrams of the memory module control signals 
are contained in Figures SYS. 9 and 10. Figure SYS. 9 
compares the time duration and control signal levels 
required for the ICM-40 operation with the actual con
trol signals provided by the memory control logic. Fig. 
SYS. 10 illustrates the relationship of the various con
trol signals and the delays encountered. This drawing 
illustrates the timing of the memory as close as possible. 
The exact memory timing will vary slightly from unit to 
unit. The strobe delay setting that provides optimum 
operation of each memory is labled on the memory mo
dule. Refer to these timing diagrams and the ICM-40 
logic contained in Appendix A during the following 
discussion. 

The Arithmetic Unit access granted signal, D1MBE4, 
is applied to the Read-Modify-Write input, RMWC+, of 
the memory module. The read control signal, GOMROW, 
is applied to the Read-Regenerate control input, XRRC-, 
of the memory module. This XRRC- signal is inverted 
and then ANDed with the memory busy not signal, MBSY - . 
Assuming that the memory is not busy, since the memory 
control logic will not permit a request until after the 
previous memory cycle would be completed, the Start 
Read Cycle signal, SRCY-, will be enabled. SRCY-
sets the Read Control flip-flop, RCYF. SRCY- also 
enables the Reset Data Register pulse, RDRP-, to re
set the Data Register flip-flops in preparation for the 
data to be read from the memory cells. SRCY- also 
gates the memory location address to the Address Re
gister, ARO! - AR14. XRRC+ and MBSY- also sets the 
Read-Regenerate Control flip-flop RRCF. 

With the Read Control flip-flop set, RCYF- is at zero 
volts. This signal is applied to the input of a 300 nan
osecond delay line. The delay line has 24 taps each of 
which are 12 nanoseconds apart. Fig. SYS. 10 indicates 
the typical connections of this delay line. Tap C6 of 
the delay line is connected to M4 pin 2 enabling ERAD+ 
for approximately 72 nanoseconds. ERAD+, in conjunc
tion with RSKA+, RYSW+, and RXSW+, are used to 
enable decoding of the address, enable the Read X and 
Y Switches, and enable the Read Sink to flip the addres
sed core cell bits to the zero state. The RSKA+, RYSW+, 
and RXSW+ signals are generated by delaying RCYF-
in the delay line and jumpering the outputs to the gates 
as shown in Fig. SYS. 10. 

The Strobe signal, STRB-, is generated from the 300 
nanosecond delay line and a 50 nanosecond delay line to 
provide more precise increments for strobe adjustment. 
The delayed signal is ANDed with RRCF+ (Read-Regen
erate) which was enabled by XRRC+ and MBSY-. The 
exact setting of the strobe is labled on each memory 
module. The strobe signal gates the "one 11 bits sensed 
from the addressed core cell into the Data Register, 
DRXX, causing the Data Register bit to set. 
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From the Data Register, this data is applied thru the 
Memory Input Buffer of the Memory Control logic. If 
this is a read operation (Store) the data is gated to the 
B Register (DlBMEM). If this is a store operation, 
DlBMEM is inhibited and the B Register contains the 
new data to be stored in the addressed cell. The data 
read from the addressed cell is lost. During read 
operations, the data read from the addressed cell is 
checked for a parity error. Parity checking is discussed 
at the end of this section. 

Following this read portion of the Read-Modify-Write 
memory cycle, the memory control logic applies a Re
quest Write control signal (MRQW) to the Clear Write 
input (XCWC-) of the ICM-40 module. This XCWC
signal sets the write control flip-flop (WCYF) and re
sets the Read Regenerate Control flip-flop (RRCF). 
Setting WCYF and resetting RRCF generates LLDR 
which is used to gate the contents of the B Register 
into the Data Register. The Data Register will contain 
the data to be stored in the addressed memory location. 
The Enable Write Address (EWAD+), Write Sink Acti
vate (WSKA+), Write X Switch (WXSW+) and Write Y 
Switch (WYSW+) signals are enabled by delaying the 
WCYF- signal. Fig. SYS. 10 indicates the delay line 
connections and timing relationships associated with 
these signals. During this write cycle, the Y lines 
are controlled (WDXX+) by the data bits in the Data 
Register. Each data bit in the Data Register that is 
a "one" enables the corresponding addressed Y line to 

set the core in the "one" state. "Zero" bits in the Data 
Register inhibit the Y line (WDXX+) leaving the corres
ponding core in the "zero" state. After the data bits 
are stored in the addressed location, the memory cycle 
is ended. 

USER 1, 2, 3 ACCESS 

User 1, 2, and 3 devices may include from one to three 
Drum Controllers, and/or Disc Controllers and/or 
Peripheral Controller Couplers. When a user device 
is accessing core memory to store new data in a se
lected cell, the ICM-40 Memory Module operates in the 
Clear-Write mode. The addressed memory cell is first 
cleared and then the new data to be stored controls the 
Y Switch to flip those cores corresponding to the "one" 
data bits. When the user device is accessing core 
memory to obtain data (read), the ICM-40 module oper
ates in the Read-Restore mode. The addressed memory 
cell is cleared and the "one" bits sensed from the cell 
set the corresponding Data Register flip-flops. This 
data is then transferred to the user device and is also 
used to control the Y Switch to restore the core cells 
back to their original configuration. Figures SYS. 11 
and 12 illustrate the basic operation of the read and 
write operations. 

Parity is checked during all read operations and parity 
is generated, if required, during all write operations. 
A detailed discussion of parity checking and generation 
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is provided later in this section. 

Memory Control Timing 

Fig. SYS. 13 illustrates the basic timing of the Memory 
Control unit (68C972375) for a Device 1, 2, or 3 access 
to memory. This basic timing of the Memory Control 
Unit for a user 1, 2, or 3 access is very similar to that 
of an Arithmetic Unit access. The differences exist 
primarily in the control signals applied to the ICM-40 
Memory Module. If the user device is requesting a write 
operation, signals (GOMWRQ and GOMRQW) are genera
ted and applied to the ICM-40 to enable the Clear-Write 
operation. If the user device is requesting a read 
operation. signals (GOMRRQ and GOMROW) are genera
ted and applied to the ICM-40 Module to enable the Read
Regenerate mode of operation. 

The Memory Control Unit timing is initiated by the re
quest signal from the user device. The first clock pulse 
following the request signal is used to determine the 
priority access. If no other higher priority access is 
present, FlMPRl, 2, or 3 is set. Setting FlMPRl, 2, 
or 3 enables the corresponding access gate GOMBRl, 2, 
or 3. This signal is inverted (DlMAEl, 2, 3 and 
D lMBE 1, 2, 3) and used to gate the memory location 
address from the device through the multiplexer 
GlMAOO - G1MA13) to the Address Register of the 

CORE 

STACK 

ICM-40, and gates the data from the device through the 
multiplexer (GlMDOO - G1MD23) to the Data Register of 
the ICM -40. This data will only be set in the Data Re
gister, however, if a write pperation is requested. 
DlMBEl, 2, or 3, is also AND with the READ/WRITE 
signal from the device. If it is a read request, 
GOMROW and GOMRRQ are enabled to control parity 
checking and to initiate the Read-Regenerate mode of 
operation within the ICM-4,0. If it is a write request, 
GOMRWQ and GOMRQW are_ en?bled to control parity 
generation and to initiate the Clear-Write mode of 
operation within the ICM-40. 

After access has been granted, the Memory Time Counter 
(FlMTCl, 2, 3, 4) is allowed to increment at each clock 
pulse. This time counter provides control of the dura
tion of the GOMROW and GOMRQW control signals so as 
not to exceed 300 nanoseconds. When the time counter 
is incremented to 7, a Data Ready (GOMRDl, 2, 3) signal 
is enabled. This 'signal is applied to the user device 
indicating that the request signal may be terminated and 
that if this is a read operation, the data read from core 
is available. 

The time counter continues to be incremented in a binary 
manner until it is equal to 17 8 . When the time counter 
is equal to 17 8, the memory cycle is complete. 
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ICM-40 Memory Module Operation 

Timing diagrams of the primary control signals within 
the ICM-40 Memory Module are presented in Figures 
SYS. 14 and 15. These timing diagrams illustrate the 
timing for both a Read-Regenerate and a Clear Write 
mode of operation. The differences between these two 
modes involve the Strobe (STRB-) and the Load Data 
Register (LDDR-) signals. The strobe is enabled only 
during the Read-Regenerate mode. This strobe signal 
gates the data sensed from core into the Memory Data 
Register for a read operation. During a write (Clear
Write) operation, the strobe is inhibited and the data 
sensed from core is lost. The load data register signal 
gates the new data to be stored into the Memory Data 
Register during a write operation. During a read oper
ation, the load data register signal is inhibited to retain 
the data sensed from core so that it may be restored in 
the addressed core cell. 

Fig. SYS. 14 illustrates the timing limits of the ICM-40 
module control signals and relationship of the actual 
control signals from the Memory Control Unit. 

Refer to these aids as well as the ICM-40 logic con
tained in Appendix A at the end of this section. 

Read-Regenerate Mode 

The Read-Regenerate Mode of operation within the 
ICM -40 is initiated by the GOMROW signal from the 
Memory Control Unit. As previously described, this 
signal is enabled within the Memory Control Unit when 
a user device has been granted access for a read from 
core operation. GOMROW is applied to the Read-Regen
erate control input, XRRC-, of the ICM-40 Module. 
This XRRC- signal is inverted and then ANDed with the 
not busy signal (MBSY-) to set (SRCY-) the Read Con
trol flip-flop (RCYF) and to set the Read-Regenerate 
Control flip-flop (RRCF). Due to the timing of the 
Memory Control Unit, the ICM -40 will not be busy when 
the Read-Regenerate control signal is applied. RRCF+ 
is used to enable the Strobe pulse (STRB-) and to dis
able the Load Data Register pulse since this is a read 
operation. 
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Fig. SYS. 14. ICM-40 Timing, USER 1, 2, 3 
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CKT TAP SIGNAL TIME IN NANOSECONDS 
PIN NO. NAME 

0 50 100 150 J!.Oo t"ill 3003&<> ~ ~'i£) ;t".)d ~!I"ll ~at'> ;so 700 50 AeJO 1.50 -'OO_j.5'0 1000 1050 

(Read) 

XRRC~""-+--1-~~ 
- xcwc-

(Write) 

SRCY-

READ CM003 (E51) 
M 1-8 
M 4-1 
M 4-2 

C-24 
20 

C-6 

M 2-1 C-2 
M 2-2 C-11 

M 3-7 C-12 
M 3-8 C-6 

RCYF+ 

ERAD+ 

RSKA+ 

RYSW+ 

M 2-6 C-14 RXSW+ 
M 5-8 C-23 
M 6-1 C-4 STRB-ffi. 
M 6-7 C-26 

M 3-1 C-24 DRDY+ 

~ I 1 _......~--+--+--+---+--+--+--+--+--+---+--1---+---+--+----+--+----1 Start Re ad Cycle 
I~ 

"'\,.__-+----+---+---+---+----+~~+--+--4--+---4---+-~ Enable Read 
"'\ Address 

'l---+--+--+--+---+--+---+---+--+----+--+----1 Decoding Signal 

"'\l'--+----+--+--+--+--+-+--+--+---+--1 Read Sink 
Activate Signal 

'-,~~ .......... 1---+----+--1---+--+--+--1--+--+---1 Read 'Y' 
Sw. Signal 

i---+--+---.i----i--~ "'\j~-1---1,---1--+--+--+--+--+---~I __, Read 'X' 
c lxr i Sw. Signal 

i-R~-17 
~ i STROBE 

I 

~'--',___....._----1,__-1-----1,__..-___ Data Ready 
Signal 
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_....-+---+--1--1--+--1---+---1 Signal 

~ Start Write 
Start Pulse 

- - SWCY-
1 
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M 3-7 C-17 
M 3-8 C-9 
M 6-2 C-20 
M 6-7 C-13 
M 4-14 C-9 
M 4-1 22 
M 4-2 9 
M 5-14 C-11 
M 3-1 7 

EWAD+ 

WSKA+ 

WXSW+ 

WYSW+ 

LDDR-

I 
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1 
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1''-+---+-~ Address Decoding 
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~, _ _.______. Write Sink 

Activate Sig. 

1'--.+- Write X Sw. Sig. 

~ Write Y Sw. Sig. 
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"'+----' 

Load Data 
Reg. Pulse 
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TIME IN NANOSECONDS 
NOTES: TIMING IS SET FOR EACH MEMORY 

f. TO GIVE OPTIMUM OPERA TING MARGINS. 
~ TAPS AND TIMING ARE NOMINAL AND MAY 

VARY SLIGHTLY FROM THE VALUES SHOWN. 

(CLEAR WRITE/READ REGENERATE TIMING) 

Fig. SYS. 15. ICM-40 Timing, USER 1, 2, 3 
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The SRCY - signal, enabled by XRRC+ and MBSY - , also 
gates the memory location address from the Memory 
Control unit into the Address Register of the ICM-40 
and resets the Data Register (RDRP). 

Setting the Read Control flip-flop RCYF generates a 
series of pulses to enable the X and Y drive lines. 
These pulses (ERAD+, RSKA+, RYSW+, and RXSW+) 
are timed by jumpers from the 300 nanosecond delay 
line. Fig. SYS. 15 illustrates typical timing and delay 
line connections. Each tap of the delay line provides 
12 nanoseconds delay. The precise timing of these 
signals may vary slightly from one module to another. 
Each module is stamped with the optimum setting of the 
Strobe pulse. 

The Strobe pulse samples the core signal during this 
read portion of the cycle. A "one" signal output ex
ceeds the threshold of the sense amplifier providing an 
output to set the associated Data Register flip-flop 
(DRXX). A "zero" readback will not exceed the sense 
amplifier threshold, and the Data Register flip-flop 
will remain reset. The contents of the Data Register 
are applied thru the Memory Input Buffer of the Memory 
Control to the user device. 

The trailing edge of End Read Cycle signal (ERCY+). 
generated from the RCYF signal through the delay line, 
enables the SWCY - signal to set the Write Control flip
flop (WCYF). The WCYF signal, in conjunction with 
the 300 nanosecond delay line is then used to enable the 
addressed X and Y lines. The X and Y lines are also 
controlled by the contents of the Data Register during 
this portion of the Read-Regenerate cycle. Enabling 
these X and Y lines, restores the data back in the 
addressed memory location to complete the memory 
cycle. 

Clear-Write Mode 

The Clear-Write mode of memory operation is enabled 
by GOMRQW from the Memory Control logic. This 
signal is enabled at the start of the memory cycle when 
a write (store) into memory request from a device is 
provided access. GOMRQW is applied to the Clear
Write Control input, XCWC-, of the ICM-40. 

Operation in the Clear-Write mode is the same as that 
described for the Read-Regenerate mode except that 
the Read-Regenerate Control flip-flop (RRCF) is reset 
by the XCWC+ signal. With RRCF reset, the Strobe 
pulse (STRB-) is inhibited and the Load Data Register 
signal (LDDR) is enabled. This results in a loss of 
data from the addressed location and gates the data to 
be stored from the user device into the Data Register. 
This data then controls the Y lines and flips the cor
responding cores to the "one" state. 

The SRCY - signal used to start the read cycle is 
enabled by the AND of XCWC+ · RMWC- ·MBSY-. 

PARITY GENERATION 

Parity generation, in conjunction with parity checking 
provides a means of detecting if a stored data word has 

gained or lost a bit. The parity generation logic ensures 
that an odd number of "one" bits are stored in memory 
during any write operation. The parity checking logic 
ensures that an odd number of "one" bits are read back 
for each data word. If an odd number of "one" bits are 
not read back, a parity error signal is provided to light 
the Parity Error indicator on the computer console, 
enable the running program to detect the parity error 
(JNP), and to optional inhibit further access to memory 
by the Arithmetic Unit (Stop on Parity switch). 

As shown in the AU Write Block Diagram of Fig. 
SYS. 7 and the User 1, 2, 3 Write Block Diagram of 
Fig. SYS. 12, data bits from the multiplexer are applied 
to the parity generator. The parity generator then 
enables a "one" to bit 25 of the ICM-40 Data Register 
if an even number of one bits are contained by the 24 data 
bits. 

Fig. SYS. 16 illustrates in block diagram form the logic 
used in generating a parity bit. This diagram is made 
from sheets 1 7 thru 21. 1 of the Memory Control logic, 
GE Drawing 68C972375. As shown in Fig. SYS. 16, 
most of this logic is also used in cheeking for parity 
errors during a read operation. Parity Checking is 
discussed immediately following this discussion of 
parity generation. 

The data bits to be stored in memory are gated from the 
user device thru the multiplexer by DlMAE 1, 2, 3, or 
4 when memory access has been granted. These data 
bits are applied to the ICM -40 Data Register as well as 
the inputs of the parity generation logic (GOPOGl thru 
GOPOGS). 

GOPOG 1 thru GOPOGS each sample three data bits and 
if an odd number of "ones' 1 are contained by these three 
data bits, a "zero" output signal is provided. If an even 
number of 11 one 11 data bits are contained by the three 
inputs, a "one" output is provided. The outputs of 
GOPOGl thru GOPOGS are applied to GOPOSl, G1POS2, 
and GOPOS3. The output from these gates are applied 
to GlPOFS. The output from GlPOFS is then a "one'' 
if an odd number of data bits was detected from the 
multiplexer or a 11 zero" if an even number of ir one" data 
bits was detected from the multiplexer. 

The output of GlPOFS is then ANDed with the Write 
Request signal (MWRQ) in GlMl.VIPB. A "one" output 
from G 1 MMPB is provided only if a 11 zero" is provided 
~rom GlPOFS indicating an even number of "one" data 
bits. This 11 one" output from GlMMPB is applied to 
Data Register bit 25 of the ICM -40 Module and stored in 
the addressed memory location along with the other data 
bits. In this manner, an odd number of bits are stored 
in the addressed memory location. 

PARITY CHECKING 

During a read operation from memory, the data read 
from the addressed core cell is checked to determine 
if it contains an odd number of "one" data bits. Since 
the parity generation logic ensured that an odd number 
of 11 one" bits were stored in the memory location. if an 
even number of 11 ones" is read back, a bit has been 
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MD18 - MD15 ....., MD12- MD09......, MD06......, MD03- MDOO......, MD21 -

MD22-, 

MD23 

MD19......, MD16 - MD13 - MDlO - MD07 ...., MD04 - MDOl ....., 

J 
MD20 J MD17J MDl~ ~11_] ~08] MDO~ MD02J ...-------

GOPOG8 GOPOG7 GOPOG6 GOPOG5 GOPOG4 GOPOG3 GOPOG2 GOPOGl 

0 = odd 

/ 

l 
GOPOS3 

0 = odd'2.. 

WRITE REQUEST (MWRQ) -

l 
GOPOS2 GOPOSl 

~1 =odd ~o =odd 

l l 
GlPOFS 

-- TO PARITY ERROR 1------------------ DETECTION DURING 
- ._.1 = odd 

READ REQUESTS 

O=odd 

? 

GlMMPB 

~ ~ 1 = generate parity bit 

DR25 

Fig. SYS. 16. Parity Generate 

gained or lost and an error condition exists. When an 
error condition is detected, the Parity Error flip-flop 
(FlPPER) is set and the data word is restored in the 
memory location in the same form that it was read. 

Setting the Parity Error flip-flop performs the fallowing 
functions: 

• Applies a signal to the Arithmetic Unit 

• 

(A UGONPER) where the status may be checked 
by the JNP command. 

Applies a signal to the Stop On Parity switch 
(CSWSOP) to stop Arithmetic Unit sequencing 
when a parity error occurs and the Stop On 
Parity switch is in the Stop position. 

o Sets FlPPED to light the Error indicator on the 
Computer Console. 

The Parity Error flip-flop may be cleared by a JNP 
command, the Clear Alarm. switch on the Computer 
Console, or by Initializing the system. The only method 
of clearing FlPPED is by pressing the Clear Alarm 
switch on the Computer Console. Therefore, if a parity 
error occurs, the Error Indicator on the Computer 
Console will remain lighted until the Clear Alarm switch 
is pressed. 

As shown in the AU Read Block Diagram of Fig. SYS. 6 
and the User 1, 2, 3, Read Block Diagram of Fig. 
SYS. 11, the data transferred to the user device is gated 
back through the Multiplexer to the parity check logic 
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ICM-40 
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GlPOFS 
MRQR 
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GOPPE2 

A 

GlPPER 

MCK2 
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MRRQ 
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MEMORY 
CONTROL 
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Cycle 

>-----------............ ------ PPEC = CLEAR ALARM 
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Fig. SYS. 17. Parity Check 
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along with the parity bit (DR25) read from memory. 
The data read is applied back through the multiplexer 
by the MBEl, 2, 3, or 4 signal being true throughout 
the memory cycle. 

Fig. SYS. 17 illustrates the logic associated with parity 
checking. This logic compares the status of the parity 
bit read back from memory with the status of GlPOFS. 
As described in the parity generation portion of this 
discussion, the output of GlPOFS is a "one" when the 
24 data bits contain an odd number of "ones". 

GlPOFS is ANDed with the parity bit read back from 
memory in GOPPEl and GOPPE2. GOPPEl is enabled 
if an odd number of "one" bits was contained by the 
data word and the parity bit is a "one" indicating that 
an extra "one" bit was read back from memory. 
GOPPE2 is enabled if an even number of "one" bits was 
contained by the data word and a 11 zero" was read back 
for the parity bit, indicating that a "one" bit was lost. 

GOPPEl POFS·MPBT 0 MTl6.MRQR 

--- ---
GOPPE2 POFS ·DR25 .MT16 ·MRQR 

Enabling either GOPPEl or GOPPE2 will cause the 
Parity Error flip-flop (FlPPER) to set at the next 
clock pulse. As previously described setting FlPPER 
applies a signal to the Arithmetic Unit for JNP checking 
and to the Stop On Parity switch to halt sequencing 
within the Arithmetic Unit. Setting FlPPER also sets 
FlPPED to light the Console Error indicator. As a 
system option, the Parity Error flip-flops may be used 
to light other indicators or enable other system test 
gates. 

FlPPER PPER ·MCK2 

GlPPER PPEl + PPE2 

The Parity Error flip-flop may be reset by executing a 
JNP corrmand, pressing the Clear Alarm switch, or 
Initializing the system. 

FlPPER = (TT5E • NCPE) + PPEC +MINT 

FlPPED is cleared by pressing the Clear Alarm switch. 

WIRE 
VOLTAGE COLOR CODE 

-6v White 

+6v Red 

24v+ Yellow 

24v- Green 

de gnd Black 

FLT Violet 

RT Red & Black 

*Not used on all circuit cards. 

Clearing FlPPED extinguishes the Alarm indicator. 

FlPPED = PPEC 

TRANSMISSION PARITY ·ERROR CHECKING 

If a "one" data bit is lost or gained while receiving data 
from the Model 4511 Peripheral Channel Multiplexer 
during a write operation, a parity error signal will be 
applied back to the 4511. The state of the parity bit 
from the 4511 is compared with the status of G 1 POFS 
in GOPERD. GlPOFS, as previously described, pro
vides a '1one" output when the 24 data bits contain an 
odd number of "one" bits. GOPERD is enabled, signi
fying a transmission parity error, when an odd number 
of "one" bits is contained by the data word and the 
parity bit is a "one11 or when an even number of "one" 
bits is contained by the data word and the parity bit is 
a "zero11

• The output of GOPERD is applied back to the 
4511. Refer to the 4511 description for the effect of 
this parity error signal. 

GOPERD = POFS ·MEDP ·"MRRQ + 
P<.J'.F'S ·MRRQ ·Parity Bit 

ICM-40 DC POWER 

The MP-40 Power Supply (PR36) manufactured by Ault 
Incorporated 3501 48th Ave. North, Minneapolis, 
Minnesota 55429, is used to provide de power to the 
ICM-40 Memory Module. A detailed description of this 
power supply is provided in a separate instruction 
manual provided with each system. 

A power cable from the power supply connects +6 volts, 
-6 volts. +24 volts, -24 volts and ground to the memory 
module as listed in Table SYS. 3. Fig. SYS. 2 illustrates 
the power connections at the ICM-40. 

The de chassis grounds are isolated from each other. 
The 24 volt floating supply is referenced to ground by 
two resistors. The -24 volt and +24 volt outputs are ap
proximately one-half the nameplate value when measured 
to ground (e.g •• the +24 volt output is approximately +11 
volts to ground and the +24 volt output is approxi
mately -11 volts to ground when the 24 volt setting is 
22 volts). 

MEMORY 
TERMINALS PIN NO. 

D6906 32* 

Dl006 34 

C2902, D6902 2* 

C2904, D6904 1 '!< 

D1004, D6906 33 

NOT USED 

NOT USED 

Table SYS. 3. Memory DC Power 
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MEMORY RETENTION 

The magnetic core array does not require power to pro
vide its static memory capability. A pulse of power is 
required to switch cores from one state to the other but 
the pulse is not necessary to hold cores in their respec
tive states. All cores remain in the state to which they 
have been switched because of the retentivity of the core 
magnetic material. If power is removed or lost, the 
magnetic core array retains stored information indefi
nitely. 

The MP-40 power supply turn-on sequencing is designed 
so that the drive voltage ( 24v) remains off until the +6v 
and -6v logic supplies are stabilized. Similarly, the 
24v supply is turned off before the logic supplies. This 
ensures that no currents can flow during the power sup
ply turn-on and turn-off transients, and change data 
stored in the core array. 

Memory Wrap Around 

The Memory Address Multiplexer inputs are wired with 
only the address bits required to address the implement
ed core size. That is, if an 8K memory module is im
plemented, only address bits 0 thru 12 are wired to the 
address multiplexer, etc. Using this technique, when 

the user device addresses a core cell above the imple
mented size, a corresponding location within the im
plemented memory will be addressed or zeros will be 
fetched from core. 

The following chart illustrates the 4K memory block 
addressed and the corresponding 4K block affected for 
the various implemented memory sizes. 

Addressed Implemented Memory 
4K Block 4 8 12 16 

0-4K 0-4 0-4 0-4 0-4 

4-8K 0-4 4-8 4-8 4-8 

8-12K 0-4 0-4 8-12 8-12 

12-16K 0-4 4-8 * 12-16 

16-20K 0-4 0-4 0-4 0-4 

20-24K 0-4 4-8 4-8 4-8 

24-28K 0-4 0-4 8-12 8-12 

28-32K 0-4 4-8 * 12-16 

*Zeros are read with no parity error. A write operation 
will go undetected unless Memory Protect is used. 
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MAINTENANCE 

This section contains preventive and corrective main
tenance procedures for the 4015A Memory System. 

RECOMMENDED TEST EQUIPMENT 

In addition to the test equipment recommended for the 
GE-PAC>.'< 4020 System, Table MAINT. 1 lists the test 
equipment that is unique to the 4015A Memory. 

Description Type 

Worst Case Core Test 68A976868 

Card Extender PAC 3C XP - 330 

µ-PAC Extractor Tool 3C B008428 

Resistor 4. 7K ±.1 %. l/2w 

Table MAINT. 1. Recommended Test Equipment 

RECOMMENDED SPARE PARTS 

Table MAINT. 2 and 3 lists the recommended spare 
parts for the ICM-40 Memory Module and the MP-40 
Power Supply. Spare parts for the 4015A Memory 
Control Unit are included in the recommended spare 
parts for the GE-PAC 4020 System. 

ICM-40 CIRCUIT BOARD 
HANDUN-G -AND-REPAIR 

The following paragraphs de scribe the handling and 
repair procedures for the ICM-40 circuit boards 
(µ-PAC). Handling of the circuit cards in the 4015A 
Memory Control Module is described at the beginning 
of the System Maintenance Manual. 

Inserting and Removing 

The µ-PAC connector is polarized to protect against 
incorrect PAC insertion. µ-PAC removal from the 
memory is accomplished by engaging the two holes in 
the handle of the PAC with the µ-PAC extractor tool. 
Do not remove or insert printed circuit cards without 
turning off the de power to the unit. 

Troubleshooting 

The Extender PAC, Model XP-330, can be used to gain 
access to points on the µ-PACs. Signals on the pins of 
the µ-PACs may be ascertained from the PAC descrip
tion or logic contained in Appendix A and B. 

Component Checking 

Many µ-PACs have identical channels. Components 
can be checked by resistance comparison with parts on 
other channels or other µ-PACs. 

Component Replacement 

When replacing defective components, use a small 
soldering iron and rosin core 60/40 solder. Remove 
excess solder from the printed circuit board. Care 
should be taken to avoid lifting the etch. 
>:< Registered Trademark of General Electric Company 

Insert the leads of the new component through the drill
ed hole or eyelet, clip off excess wire, and solder to 
the printed circuit etch. A Flat Pack should be placed 
squarely on the etched area, using an insulator between 
it and the µ-PAC. (An insulator should not be used on 
F-06 Flat Packs.) The leads should then be cut to the 
proper length and soldered. Examine the PAC care
fully for excess solder. Remove rosin deposits with 
a commercial cleaning solvent and wipe the PAC clean 
with a dry lint-free cloth. 

OPERATIONAL CHECK 

Operation of the 4015A Memory System is checked by 
running the Worst Case Core Test. General Electric 
68A976868. Using this test, errors or failures are 
typed out to assist the Maintenance Engineer in isolat
ing the probable cause. 

CALIBRATION PROCEDURES 

Drive Voltage Calibration 

The drive line currents are determined by the setting 
of the 24-vdc supply and the precision resistors which 
are mounted on the resistor boards. The 24-v supply 
(MP-40) is temperature compensated by a thermistor 
which is mounted near the core stack. The 24-v supply 
calibration should be periodically checked according 
to the following procedure. 

a. Turn off the ac power to the MP-40 Power Sup
ply. Disconnect the thermistor by removing the 
leads going to the power supply Rt terminals. 
Connect a fixed 4. 7K ±.1 %, 1/2w resistor to the 
Rt terminals of the MP-40 using a T and B RB-
250 terminal (provided with the power supply) 
attached to each lead of the resistor. 

NOTE 

A detailed description of the MP-40 
Power Supply is provided in a separate 
book supplied with each system. This 
book contains detailed theory of opera
tion, adjustment procedures, and sche
matic diagrams for the MP-40 Power 
Supply. 

b. Turn on the ac power to the MP-40. Use a volt
meter with at least ±.3% accuracy to set the 24-v 
supply to the value shown on the core stack 
nameplate. 

The nameplate value is the optimum voltage set
ting of the power supply at 25° c. using a 4. 7K 
resistor instead of a thermistor to eliminate 
calibration temperature dependence. It was de
termined prior to shipment by setting the MP-
40 to the voltage which gives the best operating 
margins. replacing the thermistor with a 4. 7K 
resistor and recording the resultant voltage. 
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c. Turn off the MP-40 Power Supply. Remove the 
4. 7K resistor and replace the thermistor leads. 
The voltage will change as a function of memory 
stack temperature (decreases 0. 5% for a 1° C 
rise in temperature) but will be at the proper 
value for best memory operation. The 24-v 
supply can vary typically .±5% without causing 
memory errors. 

Logic Voltage Calibration 

The +6v and -6v MP-40 supplies are not temperature 
compensated, so they can be calibrated in the conven
tional manner. The +6v and -6v logic supplies may be 
monitored at the MP-40 terminals using an accurate 
voltmeter or the front panel meter, if provided (100% 
reading corresponds to +6v and -6v). The +6v and -6v 
supplies should be set to their nominal values (-6. Ov 
and +6. Ov). They can vary typically ±.5% from their 
nominal values without causing memory errors. 

Strobe Timing Calibration 

The timing of the sense amplifier strobe pulse is set for 
each unit to give optimum operating margins. The core 
stack nameplate shows the time between the leading edge 
( 1. 5v point) of the RXSW+ and STRB+A signals. It 
should not be necessary to adjust the strobe timing. If 
a change in timing is required to obtain proper memory 
operation, the associated PACs should be checked (e.g., 
CM-006, CM-007, and PA-335) before a timing change 
is made. The CM- 003 description in the appendix should 
be referred to if a timing change is required. Fig. SYS. 
10 and SYS. 15 shows the delay line jumpers for a typi
cal system. 

CORRECTIVE MAINTENANCE 

Corrective maintenance procedures consist of electrical 
and mechanical inspection and memory system trouble
shooting. Troubleshooting procedures for the MP-40/ 
MP-40E power supply are covered in the power supply 
instruction manual. 

Corrective Maintenance Inspection 

Before beginning troubleshooting procedures, a thorough 
inspection of the system should be performed. Check 
that the system is not physically damaged and that no 
wires have been torn accidentally from the equipment. 
Make sure electrical connectors and circuit cards fit 
firmly in their sockets. 

Troubleshooting Procedures 

Malfunctions within the memory system are best isolat
ed using the Worst Case Core Test (68A976868). Using 
the symptoms provided by the Worst Case Core Test, 
memory failures may generally be isolated into one 
of the following types. 

• Operation failures which are caused by faulty 
timing and control circuits. Operation failures 
are indicated when there is no apparent response 
to commands applied to the memory, or when 
faulty operation occurs at all addresses. Refer 

• 

• 

• 

to Table MAINT. 4 for a list of the possible 
causes of operation failures. 

Partial data word failures which are caused by 
a faulty sense amplifier, data register flip-flop, 
data multiplexer logic elements, or data regen
eration circuits. Partial data word failures are 
indicated when one or more bits at all addresses 
fail. Refer to Table MAINT. 5 for a list of the 
possible causes of partial data word failures. 

Address failures which are caused by address 
register, address multiplexer, or address se
lection circuits. Address failures are indicated 
by faulty memory operation at particular addres
ses only. Refer to Table MAINT. 6 for a list of 
the possible causes of address failures. 

Parity errors which are caused by faulty parity 
check and generate circuits. Parity error faults 
are indicated by parity errors when the data bits 
read back are the same as the data bits stored. 

In many cases, spare circuit cards or identical circuit 
cards may be interchanged with a suspected faulty 
board to isolate or correct the problem. All circuit 
boards may be interchanged with a similiar board ex
cept the Timing Distribution PAC, CM-003, which has 
Jumper wires for delay line timing. Once a defective 
circuit card has been found, refer to the circuit card 
drawing. Many defective components may then be 
found by resistance comparison with an identical channel 
or an identical circuit card. 

MAGNETIC CORE STACK MAINTENANCE 

Under normal operating conditions, it is unlikely that 
troubles will occur within the magnetic core stack. How
ever, continuity measurements of the sense and drive 
windings will enable maintenance personnel to check 
core stack wiring. Exercise caution in taking these 
measurements to avoid damaging the matrix windings. 

Sense Windings 

a. Turn off memory power. Remove the Data Re
gister PAC (CM-007, CM-107, or CM-207 de
pending on word capacity) associated with the 
sense windings to be checked. 

b. Place the ohm1neter leads across the sense 
winding inputs (SWX:X+ and SWXX-) to the Data 
Register PAC as determined from the logic dia
gram of Appendix A. One sense winding links 
4, 096 cores. For 8, 192- and 16, 384- word 
memories, two and four sense windings, respec
tively, must be checked for continuity. 

c. Resistance re actings should be approximately 1 0 
ohms for all sense windings. The resistance 
readings for all bits should agree within ±.1 Oo/o. 

Drive Windings 

a. Turn off memory power. Remove the CM-006 
and CM-106 Selection Switch PACs associated 
with the X- and Y-drive line to be checked. This 
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can be determined from the logic diagrams by 
relating the bad address to a sink and switch 
output for both X- and Y-coordinates. The 
drive winding connections to the core stack are 
shown in Tables SYS. 1 and 2. 

b. Drive line resistance is a function of the core 
stack characteristics (number of bits, type and 
gauge of wire, and core spacing). The actual 
drive line connections are located on the printed 
circuit board of the core stack planes. The se
lection switch outputs are isolated by a diode 
from each drive line so that the resistance read
ing of any drive line will include a diode forward 
drop. The Y-drive line resistance is the same 
for all size memories (nominally 1. 6 ohms) 
while the X-drive line resistance is a function of 
word length only (nominally 3 ohms for a 24-bit· 
memory). 

c. Measure continuity by referring to the simplified 
selection diagram, Fig. SYS. 5. For example, 
to check the continuity of drive line Yl, put one 
ohmmeter probe on the corre spending sink out
put (emitter output of transistor Q3) and the 
other ohmmeter probe on the proper switch out
put (collector of transistor Q2). A low resis
tance (one forward diode drop plus a drive line 
resistance given in the preceding paragraph) in
dicates continuity for both diodes and the drive 
line. It may be necessary to reverse the probes 
to obtain the correct polarity to forward-bias 
the selection diodes. The continuity of the cur
rent path for the opposite drive polarity should 
be similarly checked by moving the probe from 

the collector of Q2 to the collector of Ql and re
versing the polarity. A high resistance reading 
in both drive current polarity paths indicates an 
open drive winding or drive bus. If a drive bus 
is open, the other drive lines connected to the 
same bus will also have a high resistance read
ing. A high resistance reading in only one of 
the read or write current paths indicates an 
open F- 08 Flat Pack diode. 

POWER DISTRIBUTION 

AC Power 

The memory power furnishes ac power to both cooling 
units. Each cooling unit is individually fused by a 1/2 
amp slow-blow fuse. A separate ac power cord is 
used for the MP-40 Power Supply. The MP-40 Power 
Supply instruction manual contains information on ac 
power requirements. 

DC Power 

The memory de power cable connects the memory to 
the MP-40 Power Supply. The de power is distributed 
through the memory via laminated power buses, except 
for -6v which is wire wrapped to those PACs requiring 
this voltage. The de and chassis grounds are isolated 
from each other. Fig. SYS. 2 shows the memory de 
power terminals. The 24v floating supply is referenc
ed to ground by two resistors. The 24v- and 24v+ out
puts are approximately one-half the nameplate value 
when measured to groung (e.g •• the 24v+ output is 
+llv to ground and 24v- is -llv to ground when the 24v 
setting is 22v). 
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PART NUMBER 

CM-003 

CM-005 

CM-006 

CM-106 

CM-007 

CM-207 

DI-335 

DL-335 

PA-335 

TG-335 

XD-335 

F-08 

930 011 146 

68A8519P14 

68A 7002P00101 

932 215 009 

130 217 018 

932 300 004 

68C998339Pl 1 

MAINT-4 

COMPUTER CONTROL CORP. MEMORY ICM-40 

GENERAL ELECTRIC 68A8659P2 (8K) and 68A8659P3 or 68A869P4 (16K) 

DESCRIPTION 

Timing Distributor PAC 

Address Register PAC 

Selection PAC 

Selection PAC 

Data Register P-1\~ 

Data Register PAC 

NAND Type 1 PAC 

NAND Type 2 PAC 

Power Amplifier PAC 

Transfer Gate PAC 

Line Driver PAC 

Flat Pack 

Capacitor, MlCA, 
510PF ±_5% lOOv 

Fuse, 1/2 AMP, Slow Blow 

Resistor 

Resistor, 
53 ohm .±.1 %, 5w 

Capacitor, 
3. 3µf .±.20%, 35v 

Thermistor, 4. 7K at 
25° C .±_20%, O. 6w 

Fan 

TaJ:,le MAINT. 2. ICM-40 Recommended Spare Parts 

CORE MEMORY 

RECOMMENDED 

SPARES QUANTITY 

8K 16K 

1 1 

1 1 

4 6 

2 4 

2 2 

- 2 

1 1 

1 1 

1 2 

1 1 

1 1 

4 4 

1 1 

5 5 

1 1 

5 5 

1 1 

1 1 

1 1 

4015A-3 



AULT INCORPORATED MODELS PR36-A2 & PR36-Bl 

COMPUTER CONTROL CORP. MODELS MP40 & MP40E 

GENERAL ELECTRIC #68A8659P5 & P6 

PART NUMBER DESCRIPTION MANUFACTURER MFG. PART NUMBER RECOMMENDED 
SPARES QTY. 

080-2409 Circuit Board Asm. Ault Inc. 080-2409 1 

080-2410 Circuit Board Asm. Ault Inc. 080-2410 1 

400-1243 Capacitor, 5000 mfd, 2 
10 Volt DC 

400-1244 Capacitor, 1200 mfd, 1 
50 Volt DC 

400-1269 Capacitor, 48, 000 mfd, 1 
20 Volt DC 

400-1272 Capacitor. 2 2, 000 mfd, Sangamo 539-3764-402 2 
50 Volt DC 

400-1362 Capacitor, 38, 000 mfd, Sangamo 539-3765-02 1 
10 Volt DC 

406-1312 Capacitor. 5 mfd, General Electric 49F4344 2 
660 Volt AC 

580-4123 Resistor, WW, 5 Watt 1 
250 ohm, 5% 

580-5359 Resistor, WW, 10 Watt 2 
0. 25 ohm, 10% 

580-5360 Resistor, ww. 10 Watt 1 
O. 1 ohm, 10% 

580-6546 Resistor, ww. 25 Watt 1 
O. 5 ohm, 5% 

580-6601 Resistor, ww. 25 Watt 1 
O. 1 ohm, 10% 

600-1029 Rectifier 1 

601-1131 Transistor RCA 2N3055 3 

601-1161 Transistor RCA 2N3054 1 

603-1191 Rectifier RCA 40209 1 

603-1194 Rectifier RCA 40109 1 

603-1198 Rectifier RCA 40208 2 

603-1200 Rectifier RCA 40211 2 

606-1031 Rectifier Asm. Motorola SDA-10121 1 

626-1022 Switch 1 

626-1031 Switch, Toggle 1 

12A6275Pl Lamp General Electric NE51 5 

68A8519P10 Fuse Bussman MDL 1/4 5 

876B216Pl Fuse Bussman AGC-5 5 

876B216P4 Fuse Bussman AGC-15 5 

876B216P5 Fuse Bussman AGC-20 5 

68C998339Pl 1 FAN Rotron Sentinel 1 

Table MAINT. 3. Recommended Spare Parts-Power Supply 
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MAINT-6 

SYMPTOMS PROBABLE FAULT 

No apparent response to commands 1. DC Voltage 

2. CM-003 PAC 

3. MBSY-, SRCY-, ERCY+, SWCY-signals in 
ICM-40 

4. Priority Access circuits in Control Unit. 

5. Memory Time Counter in Control Unit. 

Unable to read from any address 1. Read and write CM-003 PACs interchanged 

2. DAEL-signal at GND 

3. 24-v supply 

4. STRB+ signal 

5. GOMROW 

6. AUPlBMEM 

Table MAINT. 4. Operational Failures 

SYMPTOMS PROBABLE FA ULT 

Failure o{ one bit (ZERO or ONE) 1. Data register PAC 
at all addresses 

2. Y-switch or sink PAC 

3. TG-335 circuit 

4. Sense windings 

5. Data Multiplexer gate 

Failure of one bit at particular addresses 1. Data register PAC 

2. Y-switch or sink PAC 

3. Sense winding 

4. Y-drive line 

5. Y-selection diode 

Failure of one bit at one address 1. Marginal data register PAC 

2. Marginal core 

Failure of four bits at particular addresses 1. Y-switch PAC or back plane resistor 

Table MAINT. 5. Partial Word Failures 

SYMPTOMS PROBABLE FA ULT 

All bits fail as a function of particular 1. X- i:;witch or sink PAC 
address bits 2. CM-003 PAC 

3. X-drive line 

4. CM-005 PAC 

5. X-selection diode 

6. Address Multiplexer gate 

Table MAINT. 6. Address, Decoding, and Selection Failures 
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4015A 

DESIGNATION 

AROl +to AR14+ 

CBSY-

DABL
DRDY-A 
DROl+A to DR25+A 

EDCY
ENSK+ 
ENSW+ 
ERAD+ 
ERCY+ 
EWAD+ 

LDDR+ 

MAOl+ to MA14+ 
MBSY+ 
MDOl+ to MD28+ 

RCYF+ 
RDRP+ 
RMWC+ 
RRCF+ 
RSKA+ 
RTOl 
RXSW+ 
RYSW+ 

SKRW+ 
SKWR+ 
SRCY
STRB+ 
SWCY
SWRW+ 
SWWR+ 
SWOl+A to SW28+A 
SWOl +B to SW28+B 

WSKA+ 
wxsw+ 
WYSW+ 
WDOl+ to WD28+ 

xcwc
XRRC-
XDOl to XD32 
XBOl to XB16 

01 YDl to 01 YD8 
01 YBl to 01 YB4 

Table. 1. 

APPENDIX A 

IDENTIFICATION 

Address register flip-flop outputs 

Signal forming the center of MBSY+ 

Selection disable signal 
Data ready output signal 
Data register output signals 

End cycle (NOT USED) 
Selection sink enable signal 
Selection switch enable signal 
Enable read address decoding signal 
End re ad cycle signal 
Enable write address decoding signal 

Load data register pulse 

Memory address input signals 
Memory busy signal 
Memory data input signals 

Read cycle flip-flop signal 
Reset data register pulse 
Read-modify-write control 
Read-regenerate control flip-flop signal 
Read sink activate signal 
Thermistor 
Read X-switch signal 
Read Y- switch signal 

Sink read-write control 
Sink write-read control 
Start read cycle pulse 
Sense amplifier strobe pulse 
Start write cycle pulse 
Switch read-write control 
Switch write-read control 
Sense windings, A half of core stack 
Sense windings, B half of core stack 

Write sink activate signal 
Write X-switch signal 
Write Y- switch signal 
Write data signals 

Clear-write command 
Read-regenerate command 
X-selection switch outputs 
X-selection sink outputs 

Y-selection switch outputs, bit 1 
Y- selection sink outputs, bit 1 

ICM-40 Mnemonic Signal List 

APPENDIX A A-1 



CONNECTOR 

Pin No. E6A E6B E6C E6D 

1 MDOl+ DROl+A MAO!+ 
2 GND GND GND GND 
3 MD02+ DR02+A MA02+ 
4 GND GND GND GND 
5 MD03+ DRQ3+A MA03+ 

6 GND GND GND GND 
7 MD04+ DR04+A MA04+ 
8 GND GND GND GND 
9 MD05+ DR05+A MA05+ 

10 GND GND GND GND 

11 MD06+ DR06+A MA06+ 
12 GND GND GND GND 
13 MD07+ DR07+A MA07+ 
14 GND GND GND GND 
15 MD08+ DR08+A MA08+ 

16 GND GND GND GND 
17 MD09+ DR09+A MA09+ 
50 GND GND GND GND 
18 MDlO+ DRlO+A MAlO+ 
19 GND GND GND GND 

20 MDll+ DRll+A MAll+ 
21 GND GND GND GND 
22 MD12+ DR12+A MA12+ 
23 GND GND GND GND 
24 MD13+ DR13+A MA13+ 

25 GND GND GND GND 
26 MD14+ DR14+A MA14+ 
27 GND GND GND GND 
28 MD15+ DR15+A MD26+* MBSY+A>:< 
29 GND GND GND GND 

30 MD16+ DR16+A MD27+* SPARE 
31 GND GND GND SPARE 
32 MD17+ DRl 7+A MP28+* 
33 GND GND GND GND 
34 MD18+ DR18+A PTZl+** DRDY-A>'~ 

35 GND GND GND GND 
36 MD19+ DR19+A PTZ2+>:<* EDCY+A* 
37 GND GND GND GND 
38 MD20+ DR20+A PTZ3+** DR26+A* 
39 GND GND GND GND 

40 MD21+ DR2l+A PTZ4+>!<* DR27+A No 
41 GND GND GND GND 
42 MD22+ DR22+A SPARE DR28+A 
43 GND GND SPARE GND 
44 MD23+ DR;23+A xcwc- DRRC-* 

45 GND GND GND GND 
46 MD24+ DR24+A RMWC+ 
47 GND GND GND GND 
48 MD25+ DR25+A XRRC-
49 GND GND GND GND 

* Not Used 
** Inputs must be grounded if option is provided but is not being used. 
11 +11 +6 volts true 
11 

-
11 0 volts true 

A = amplified signal 

Table. 2. ICM-40 Input/Output Connector List 
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A 

XSK CMI06 

xsw £ CM106 

XSK CM006 

xsw & CMI06 

XSK CMI06 

xsw CM106 

XSK CMI06 

xsw _GM006 

4015A 

B c D E 

A B c 
DR-03/04 LK CM007 DR-11 /12 fl\ CM007 DR-19120::&: cM001 

YSK-03 CM006 YSK-11 CM006 YSK-19 CM006 

YSW-03 CM006 YSW-11 CM006 YSW-19 CM006 

YSK-04 CM006 YSK-12 CM006 YSK-20 CM006 

YSW-04 CM006 YSW-12 CM006 YSW-20 CM006 

DR-07_L08:&_ CM007 DR-15/l&fil CM007 DR-23/24 L'(\ CM007 

YSK-07 CM006 YSK-15 CM006 YSK-23 CM006 

YSW-07 CM006 YSW-15 CM006 YSW-23 CM006 

YSK-08 CM006 YSK-16 CM006 YSK-24 CM006 

_X_D33 5 

-'I£r!L- OJL C:MOQ_Q_ YBW-1_6 C:M006 YSW-24 _C_M006 C:M003 

DR-2'U_28 & CM007 DI-335 

YSK-27 CM006 DL-335 

PA-335 

YSW-27 CM006 PA-335 

PA-335 & 
YSK-28 CM006 TG-335 

TG-35~ 

YSW-28 CM006 CM003 

DR-25/26 & CM007 CM005 

YSK-25 CM006 CM005 

YSW-25 CM006 

l.Y_sK-26 C:MOQ_Q_ 

YSW-26 CM006 

DR-01_.L02 & CM007 DR-Q.2[1 o_fil_ CM007 DR-17/18 fil CM007 TG-335 

YSK-01 CM006 YSK-0..1_ CM006 YSK-17 CM006 PA-335 

~-01 CM006 YSW-Q.2_ CM006 YSW-17 CM006 PA-335 

YSK-02 CM006 YSK-10 CM006 YSK-18 CM006 

YSW-02 CM006 YSW-10 CM006 YSW-18 CM006 

DR-05/06 ffi CM007 DR-13/14__&. CM007 DR-21/22 ""&: CM007 

YSK-05 CM006 YSK-13 CM006 YSK-21 CM006 

YSW-05 CM006 YSW-13 CM006 YSW-21 CM006 

YSK-06 CM006 YSK-14 CM006 YSK-22 CM006 

YSW-06 CM006 YSW-14 CM006 YSW-22 CM006 

& Replace with CM! 07 in a 4K Memory 

/!::. Not used rn a 4K Memory 

PAC Layout as viewed from wiring side 

8 18-28 bits only 

Table. 3. Standard ICM-40, PAC Layout Diagram 
(Sheet 1, 4K/28, SK/28) 

APPENDIX A 

D 

..E...I.ll. 

WTD 

F 

ICM-40 I/O 
Connec..tors 
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A 

..XSK CM106 

XSW_ CM106 

XSK CM006 

xsw CM106 

XSK CM106 

xsw CM106 

XSK CM106 

XS'/IL CM006 

A-4 

B c D E 

A B c D 

SA-02_1_04 CM207 SA-06/08 CMl.07 SA-10/12 CM207 

YSW-02 CM106 YSW-06 CMl06 YSW-10 CM106 

YSW-04 CM106 YSW-08 CMI06 YSW-12. CM106 

DR-02/04 CM007 DR-06/08 CM007 DR-10/12 CM007 

YSK-02. CM006 YSK-06 CM006 YSK-10 CM006 

YSW-02 CM006 YSW-06 CM006 YSW-10 CM006 

YSK-04 CM006 YSK-08 CM006 YSK-12 CM006 

XD-335 :& 
-"IB_W-_Q_4 .CMD06 ..Y_SW-08 CM006 YSW-12. CM006 CM003 ...R..I.D.. 

ISA-131\d. r ,Ann? _ill_..33_5_ 

DL-335 

PA-335 

YSW-11 CMl06 PA-335 

~___.&_____, 

DR-01/03 CM007 DR-05/07 

YSK-01 CM006 YSK-05 

W-01 CM006 YSW-05 

YSK-07 

~-0..l 

SA-01 /03 CM207 SA-05 I 07 

-.YSW-01 CM106 [X?W-05 

YSW-03 CMI06 YSW-07 

L1_ ICM-40 Memory only 

& 10, 12, and 14 bits only 

TG-335 

YSW-14 CMl06 CM003 

DR-;31_14 CM007 CMOOS 

YSK-13 CM006 CM005 

YSW-13 CM006 

YSK-14 CM006 

YSW-14 CM006 

CM007 TG-335 

CM006 

CM006 PA-335 

CM006 

C_M..006 YSW-11 CM006 

CM207 

CM106 

CMI06 YSW-11 CM106 

PAC Layout as viewed from wiring side 

Table. 4. Standard ICM-40, PAC Layout Diagram 
(Sheet 2, l 6K/ 14) 

APPENDIX A 

WTD 

F 

ICM-40 I/0 
Connectors 
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I c 
)( ,.. 

E6C-4B 

(MUGOMRO~ XRRC

SKUT 8 

(Muo1M11EY) RMWC+ 

SltUT a 

(MUGOMRQ~ xcwc-

SUE&:T 10 

ERCY+ 

A 

CBSY- 22 + 
ERAD- 19 
EWAD- I 7 2 0D----t~"-'-1 
WYCF- 15 

c D 

MBSY-B DL • 335 

_g!_ 

RMWC-

E 41 

xcwc+ SWCY-

RDRP+ 

RRCF-

10---0 

LDDR-

.!.£ 

WRIT&. COWTROI-

NOTE: THIS LOGIC APPLIES TO EACH 8K OF 
CORE MEMORY 

+ = 6 VOLTS = TURE 
- = 0 VOLTS= FALSE 

E G 

lli 

WCYF+ STRB +A 

WCYF- STRB+B 

PA-335 

ill 
EWAD+ STRB+C 

STRB+D 

wxsw+ PA-335 
ill 

WYSW+ 

::::=: [sKitET '11~ 
PA-335 

LDDR- m 

WSKA+ ENSK+A 

LDDR +A 

LDDR +B 

EDCY-

Fig. 1. ICM-40 Logic (Sheet 1) 

H 

.ill. 

RYSW+ ~ __ CBSY-

t/ 

AR07+ 

TG-335 

ll!! 

RRCF+ WYSW+ 
TG-335 

ill 

AA07-

RRCF- 6 

ill 

WSKA+ 

AR07+ 

TG-335 

ll!! 

RSKA+ SKRW+A 

AR07-
8 

SKRW+B 

ENSW+A 

SKWR+A 9 
ENSW+B 

AR07+ SKWR+B 

ENSW+C 
ill 

10 
ENSW+D 

Aft<n-

ENSW+E 

ENSW+ F 
11 

TITLE 
ICM - 40 

coMPUTER coNTRoL coMPANv,1Nc TIMING a CONTROL 
FRAMINGHAM MASS ' WS ANGELES 64 CALIF 

DR H eoo10 DATE 4K, SK AND 16K 
ENG H BODIO 9/28/65 

REV 

£ 
NEXT ASS'Y APP, ~ ROTHENBERG 12/21/65 SIZE DWG NO 

l---'A'""o.::..12,_3.:::;24::::....:-+"PR'"'o-'-JE-'c""T"'"N""'o'"""'""'s""3""22""'a'-'-"="-=--1 C 0 0 9 5 2 I 



A c D 

(GIMAOO) ARO&-

51!EET 11. AROI-

E6C-03-

(<>IMAOI) MA02+ AR02+ 

SHU.T lfo AR02-

E6C-05 

(GJM>,02.) MA03+ 
AR03+ 

SHE&.T" AR03-

ESC-07 

(GIMAo3) MA04+ 
AR04+ 

SMUT If. AR04-

E6C-09 

(GIMAO'f) MA05+ AR05+ 

.SHEET 16 AR05-

E6C-l I 

(C.11\\A05) roos+ AR06+ 

SMEET It. AR06-

E6C- 13 

(GIM"'O') MA07+ AR07+ 

.Stlli._T It. AR07-

SRCY-

Sl!EET I 

AODRES.S REG. 

J> .,, .,, 
m £57 z c £6C-t5 x (G!MA07) MA08+ 

AR08+ 

J> SMEE< 15 AR08-

E6C-17 

(GIMA08) MA09+ AR09+ 

SllEET 15 AR09-

E6C-18 

(ei1MA09) MAIO+ ARIO+ 

Sf/E.E.T IS 
E6C-20 

(GIMAIO) MAI I+ ARI I+ 

SWEET IS" ARI I-

E6C-22 

(GIN\Al/) ARl2+ 

SHEET IS ARIZ-& 

E6C-24 

(GtMA12.) MAl3+ ARl3+ 

SHEET 1$ ARl3-&. 

(GIMA13) ARl4+ 

si<i>eT IS ARl4-& 

ADDRESS REG 

k BK !!AS _\HO! TIIHlJ Al-U:!, !OK !JAS AHO! T!JRU AH14. 

+ = f, VOLTS= THLE 
- = (J \OLT':> = l ALSE 

~ 
0 

(JI 

> 

G 

AR08+B AR09+B 

AROB+C AR09+C ARIO-

AR08+D AR09+o 

AR08+E AR09+E 

AR08+F AR09+F 

AR09 +G 

AR08- 8 AR09-B 

ARO&- C AR09+ ARQ9-C 
ARIO+ 

AR08-D AR09-D 

AR09- E 

AR09-F 

AR08-G AR09-G 

> w u j 
"' 

-;;-
z i~ 0 "' (ii z<> 

~ "' 
31:Z .... 

0 o:"' 

~~ 'I. 
VI>< f) 

Fig. 2. ICM-40 Logic (Sheet 2) 

H 

ARIO+B 

ARIO+ C 
ARI I-

ARIO+o 

ARIO+E 

ARIO+G 

ARl4-
ARl4+A 

ARl4+ B 

ARll+ 

PA·335 

~ 
COMPUTER CONTROL COMPANY, INC 

FR.\"ll'iGHAM M.\"S LOS A~GELES64 CALIF 

DR S DEAN DATE 10/65 

ENG H eoo10 10/65 

NEXT ASS'Y APP 0 L ROTHENBERG 12/65 

AOl 2324 1 PROJECT NO 

ARll +B 

ARll+ C 

ARll + D 

ARll+E 

ARl4+ 

PA-335 

ARI 1-8 

ARll-D 

ARll-E 

ARll-F 

ARIT-G 

TITLE 
ICM-40 

L 8 D NO 
80.02 

ARJ4-A 

ARl4-B 

ADDRESS REGISTER 

4K, 8K AND 16K 

SIZE DWG NO 

c 009520 

4 

6 

8 

9 

IO 

11 

REV 

c 



> :a m z 
c x 
> 

A 

wxsw + 
AR05 -
ARl3 -

ARO I -
AR02-

[MP-~ tJ :.1::::.C 
06W,±20% 
932300004 

ENSW+D 

24V+ 24V+ 
(llP-40) 

100..J\.. 
2W 

:!:5 °lo 

100-l'L. 
2W 

:!:5% 

24V- 24V-
(llP-40] 

WSKA + 
RSKA + 

ARO& -
AR 12 -

AR03 -
AR04 -

AR03 + 

AR04 + 

ENSK +C 

.!!2.IlL 

B 

A51 

A 113 

& PACS NOT USED FOR 4K MEMORIES. 

c 

XBll 

X812 

XDOI 
XD02 

XD03 
XD04 

XD05 
XD06 

XD07 
XD08 

D 

AR05+ 
ARl3-

AR06 + 
AR 12 -

E 

A 17 

Cll-1011 El5 

23 

II 19 
21 2 

£ COMPONENTS MOUNTED ON RESISTOR BOARD IR,s53.I\. t 1%, 5W,932215009, Ca=510pt:!:5%,IOOV ,930011146) 

&. AROI TO ARl3 INPUTS FROll PAGE 80 02, OTHER INPUTS FROll PAGE 90 Ot 

& PINS 9 1 3,24,AN05 EACH HAVE A 3.3tc±s%, V4W RESISTOR TOGND (4'TOTAL PER MEMORY} 

& Rd IS 560A:!:5%,"'4W, USED IN 4K MEMORIES ONLY 

Fig. 3. 

G H 

XBl5 

XBl6 

AR05-
ARl3+ 

XD09 
XDIO 

XDll 
XDl2 

XDl3 
XDl4 

XDIS 
XDl6 

AH 

XB03 

XB04 

XDl7 
XDll 

XDl9 
XD20 

XD21 
XD22 

XD23 
X024 

AR05+ 
AR 13+ 

A 57 

LBD NO 
80.03 

24V+ 
24V-

(HVGND) 

Cll-108 

E" 

Cll-108 El5 

23 23 

II 19 II 19 
21 

AR06-
AR I 2 + 

X805 

XB06 

XB07 

& 

ICM-40 Logic (Sheet 3) 

2 

AR06+ 
AR 12+ 

XB09 

XBIO 

X Bl I 

XB12 

COMPUTER CONTROL COMPANY, INC 

FRAMINGHAM IASS / WS ANGELES 84 CAUF 

DR s DEANE DATE 9/65 
ENG H 80010 9-29-65 

21 2 

31 

XBl3 

X814 

XBl5 

XBl6 

TITLE 

ICM-40 X DRIVE LINE 
DECODING 
4K,8K a 16K 

NEXT ASS'Y APP D L ROTHENBERG 12/21/65 SIZE DWG NO REV 
t-=Ao"'1'--23"'2:..:c4-'-il-"PR"'"'o-J""'Ec""'T'"'N""o"'"""=63"'"2""2a....a:.::.c==~ C 00 9 5 2 2 D 
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> I • 

> 
=I 
!Z 
0 
)( 
> 

A 

(sffl!e:r_y STRB+X 

& swxx+e 
SWXX -B 

.&. MDXX+ 

[sMa&rr .!J LDDR+X 

~HE£T 3 RDRP-X 

c 

ORXX+ 

DRXX-

fil PAC LOCATIONS £, TG-335 

BIT CM-007(8K) CM-006 CM-006 DRXX- WYSW+ 
(XX) CM-l07(4K) YDl-YDS YBl-YB4 INPUT INPUT 

Ol B28 B25 827 E42-04 E42-06 

03 868 B65 867 E43-25 E43-29 

05 818 815 817 E43-04 E43-06 

07 858 855 857 E42-25 E42-29 

09 C28 C25 C27 E42-05 E42-06 

ll C68 C65 C67 E43-2l E43-23 

13 Cl8 Cl5 Cl7 E43-05 E43-06 

15 C58 C55 C57 E42-2l E42-23 

17 D28 D25 D27 E42-l4 E42-l3 

19 D68 065 D67 E43-22 E43-23 

21 DIS 015 Dl7 E43-14 E43-l 3 

23 D58 D55 D57 E42-22 E42-23 

25 D38 D35 D37 E42-l5 E42-l 3 

27 D48 D45 D47 E43-15 E43-13 

NOTES 

& SENSE WINDING INPUTS ARE FROM CORE STACK 
CM- l 07 REPLACES CM-007 FOR 4K MEMORIES. 

& ADDRESS INPUTS ARE FROM LSD NO. 80 02. 
TABLE SHOWS LAST LETTER (X) IN SIGNAL NAME 

& R = 53 OHMS ±1%, 5W (MOUNTED ON RESISTOR BOARD) 

~ SEE TABLE FOR PAC LOCATION 

D 

WDXX+ 
OUTPUT 

E42-02 

E43-28 

E43-02 

E42-28 

E42-07 

E43-l 9 

E43-07 

E42-l9 

E42-l2 

E43-20 

E43-l2 

E42-20 

E42-l 7 

E43-l 7 

21 

WYSW+ 

[sHU.T D 
TG-335 

£ DATA INPUTS 

CONN. CONN. 
E54 & E55 E6A & E6C 

E55-0l E6A-Ol 

E55-03 E6A-05 

E55-05 E6A-09 

E55-07 E6A-l3 

E55-09 E6A-l7 

E55-ll E6A-20 

E54-0l E6A-24 

ORXX-A £ ~H&J.T ~ SWRW+ X 

~H&:'T ~ SWWR + X 

AR08-X 

A~-X 

AR08+X 

ENSW+X 

[sHEET D 

G 

[sHeEr d SKWR + x 
~M,RT 1 SKRW +X 

ARll -X 

& 

ENSK+ X 

[swm il 

~ DATA OUTPUTS ffi LAST LETTER (X) IN SIGNAL NAMES OF PA-335 OUTPUTS 

CONN. CONN 
E56 &E57 E6B & E60 

E57-0l E6B-Ol 

E57-03 E6B-05 

E57-05 E6B-09 

E57-07 E6B-l 3 

E57-09 E6B-l7 

E57-l l E6B··20 

E56-0l E6B-24 

SKRW+X, SKWR+X, LDDR+X 
SWRW+X, SWWR+X, RDRP-X 

A 

B 

A 

B 

A 

A 

AROS, AR09 
ARlO, ARl I 

D 

c 
c 

STRB+X 

D 

ENSK+X 
ENSW+X 

A 

c 

B A 

c c 
A 

LB D NO 
80.04 

HV GND 

E54-03 E6A-28 E56-03 E6B-28 B D 8 
E54-05 E6A-32 E56-05 E6B-32 A G A 

E54-07 E6A-36 E56-07 E6B-36 

E54-09 E6A-40 E56-09 E6B-40 A 

E54-l I E6A-44 E56-l l E6B-44 B 

E55-l 3 E6A-48 E57-13 E6B-48 A G 

E54-13 E6C-30 E56-l 3 E6D-40 

SEE TABLE FOR PAC LOCATION AND PIN NUMBERS. 
SEE TABLE FOR 1/0 CONNECTIONS FROM 4015A MEMORY CONTROL 
(68C972375 Sheets 11-14). 
TABLE SHOWS LAST LETTER (X) IN BUFFERED SIGNAL; e.g., 
STRB+X IS STRB+C FOR BIT 11. 
SEE TABLE FOR I/O CONNECTIONS TO 4015A MEMORY CONTROL 
(68C972375 Sheets 23-26). 

c 
A 

c 
A 

c 

OUTPUTS ARE TIED TO CORRESPONDING OUTPUTS AND A RESISTOR (1. BK, 5%, 1/4W) TO GRD FOR THE 
FOLLOWING GROUPS OF BITS: 1, 2, 5, 6; 3, 4, 7, 8; 9, 10, 13, 14; 11, 12, 15, 16; 17, 18, 21, 22, 

19, 20, 23, 24; 25, 26, 27, 28. 

Fig. 4. ICM-40 Logic (Sheet 4) 

COMPUTER CONTROL COMPANY INC 

FRAMINGHAM USS LOS ANGELES &4 CALIF 

DR DATE 
ENG 

TITLE 

ICM-40 4K a BK 
REGENERATION LOOP 
ODD BITS 

APP SIZE DWG NO 
1--A-o-12_3_24~+P-R~OJ-E-CT~N0~-4-96-I0-3~~~--1 C: 

9 

10 

11 

R V 



A B c 

f:i>1EE.T 1] STRB+X 

.&, swxx+e 
swxx-e 

DRXX+ 

& MDXX+ 

~MEET I~ LDDR+X DRXX-
SM&U I RDRP-X 

& PAC LOCATIONS £. TG-335 

BIT CM-007(8K) CM-006 CM-006 DRXX- WYSW+ WDXX+ 
(XX) CM-107(4K) YD1-YD8 YB1-YB4 INPUT INPUT OUTPUT 

02 B28 B21 B23 E42-08 E42-06 E42-10 

04 B68 B61 B63 E43-32 E43-29 E43-30 

06 1118 Bl 1 B13 E43-08 E43-06 E43-10 

08 B58 B51 B53 E42-32 E42-29 E42-30 

10 C28 C21 C23 E42-0l E42-06 E42-03 

12 C68 C61 C63 E43-27 E43-29 E43-31 

14 C18 Cll C13 E43-01 E43-06 E43-03 

16 C58 C51 C53 E42-27 E42-29 E42-31 

18 D28 D21 D23 E42-16 E42-13 E42-18 

20 D68 061 D63 E43-24 E43-23 E43-26 

22 Dl8 Dll D13 E43-16 E43-13 E43-l 8 

24 D58 D51 D53 E42-24 E42-23 E42-26 

26 D38 D31 D33 E42-11 E42-13 E42-09 

28 D48 D41 D43 E43-11 E43-13 E43-09 

NOTES 

& SENSE WINDING INPUTS ARE FROM CORE STACK. 
CM-107 REPLACES CM-007 FOR 4K MEMORIES. 

& ADDRESS INPUTS ARE FROM LBD NO. 80. 02. 
TABLE SHOWS LAST LETTER (X) IN SIGNAL NAME. 

& R = 53 OHMS, ±1%, 5 W (MOUNTED ON RESISTOR BOARD). 

& SEE TABLE FOR PAC LOCATION. 

D E G H 

22 HV GND 

~M«&T 'n SWWR+X 
SM~&T I SWRW+X 24V+ rH"T ~ SKRW+X 

SHtS.T I SKWR +X 

16 

DRxx-A& 
AR08-X ARIO-X 
AR09-X ARll -X 

£ .& 

21 AROl+X ARIO+X 

AR09+X ARll+X 

WYSW+ 
WDXX+ 

~llQTIJ 
TG-33' 

fr. fr. 
ENSW+X [sMm· 1] ENSK+X 

[swc&r !] 

~ DATA INPUTS £ DATA OUTPUTS In LAST LETTER (X) IN SIGNAL NAMES OF PA-335 OUTPUTS 

CONN. CONN. CONN. CONN. SKRW+X, SKWR+X, LDDR+X AR08, AR09 
E54 & E55 E6A & E6C E56 & E57 E6B & E6D SWRW+X, SWWR+X, RDRP-X AR10,AR11 

E55-02 E6A-03 E57-02 E6B-03 A B 

E55-04 E6A-07 E57-04 E6B-07 B D 

E55-06 E6A-11 E57-06 E6B-l l A c 
E55-08 E6A-15 E57-08 E6B-l 5 B c 
E55-10 E6A-18 E57-10 E6B-18 A B 

E55-12 E6A-22 E57-12 E6B-22 B D 

E54-02 E6A-26 E56-02 E6B-26 A E 

E54-04 E6A-30 E56-04 E6B-30 B c 
E54-06 E6A-34 E56-06 E68-34 A G 
E54-08 E6A-38 E56-08 E6B-38 B F 

E54-10 E6A-42 E56-10 E6B-42 A E 

E54-12 E6A-46 E56-12 E6B-46 B F 

E55-14 E6C-28 E57-14 E6D-38 A G 

E54-14 E6C-32 E56-14 E6D-42 B F 

SEE TABLE FOR PAC LOCATIONS AND PIN NUMBERS 
SEE TABLE FOR I/O CONNECTIONS FROM 4015A MEMORY CONTROL 
(68C972375 Sheets 11-14). 

STRB+X ENSK+X 
ENSW+X 

B A 

D c 
B B 

D D 

B A 

c c 
A B 

D D 

A F 

c E 

A B 

c E 

A F 

c E 

TABLE SHOWS LAST LETTER (X) IN BUFFERED SIGNAL; e.g., STRB+X IS STRB+C FOR BIT 12. 
SEE TABLE FOR I/O CONNECTIONS TO 4015A MEMORY CONTROL 
(68C972375 Sheets 23-26). 
OUTPUTS ARE TIED TO CORRESPONDING OUTPUTS AND A RESISTOR (1. SK, 5%, l/4W) TO GRD FOR THE 
FOLLOWING GROUPS OF BITS: 1, 2, 5, 6; 3, 4, 7, 8; 9, 10, 13, 14; 11, 12, 15, 16; 17, 18, 21, 22; 19, 20, 23, 24; 

25, 26, 27, 28. 

-s- TITLE 

LBD NO 
80.05 

HVGND 

24V+ 

XXYBI 

XXVB2 

XXY83 

0 ~ z ~ 

"' ... 
i 

COMPUTER CONTROL COMPANY, INC 

PllA•IRGRAm HSS /LOS AllGILIS 114 CAUF 

DR DATE 

ICM-40 4K a 1K 
REGENERATION LOOP 
EVEN BITS 

ENG. 
z., 
3'., 

=~ " ~! p 

NEXT ASS'Y APP. SIZE 0WG NO. 
i--;.:.:,Ao=12~sz=4~PPRO....,_J~-T-N0--4-96-I0-3....__ __ --lc 

Fig. 5. ICM-40 Logic (Sheet 5) 
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> 
is A B c D G H 

LB D NO 
80.06 

IA 
f.SMHT ~ SWWR + X 
5M~E't I SWRW+ X 

& A A 
swvv+A 

22 £ IA HV GNO SWVV- A HV GND 

R& tSHEET ~ SKRW+X 
[sHsET ~ STRB + X 

24V+ SMUT I SKWR ... X 

24V-

In 
swvv ... a 

VVYDI VVYBI 
VVYD2 ZZYBI 

SWVV-B 

6 6 
£ 

MDXX ... 21 VVYD3 ARIO+X 
rsHHT ~ LDDR ... X VVYD4 

tSHE~T I RORP- X 

E42 

VVYD5 VVYB3 

& ORXX- VVYD6 ZZYB3 
WDXX+ 

SWZZ+A (:;MEET ~ WYSW + 
SWZZ-A 

VVYD7 VVY84 

~HECT~ STRB+X 
VVYOI ZZYB4 

~llE£T ~ ENSK ... X 

& PAC LOCATIONS STACK £ TG-335 (E42-43) £ DATA INPUTS &-, DATA OUTPUTS /D, LAST LETTER (X) IN SIGNAL NAMES OF PA-335 OUTPUTS 

BIT CM-007 CM-207 CM-006 CM-006 CM-106 vv zz INPUT INPUT 
xx YDl -YD8 YBl -YB4 A B 

01 B-28 B-18 B-25 B-27 B-15 01 05 04 06 

02 B-58 B-68 B-55 B-57 B-65 07 03 25 29 

05 C-28 C-18 C-25 C-27 C-15 09 13 05 06 

06 C-58 C-68 C-55 C-57 C-65 15· 11 21 23 

09 D-28 D-18 D-25 D-27 D-15 17 21 14 13 

10 D-58 D-68 D-55 D-57 D-65 23 19 22 23 

13 D-38 D-48 D-35 D-37 D-45 25 27 15 13 

NOTES 

& TABLE SHOWS STACK LOCATION OF SENSE WINDINGS (SWW & SNZZ) 
AND SELECTION OUTPUTS (WYD1-VVYD8, ZZYD1-ZZYD8, VVYBl-WYB8 
AND ZZYB 1-ZZYB4) FOR EACH BIT 

ill ADDRESS INPUTS ARE FROM LBD NO. 80. 02 
TABLE SHOWS LAST LETTER (X) IN SIGNAL NAME 

& R = 53 OHMS, ±1%, 5W (MOUNTED ON RESISTOR BOARD). 

& SEE TABLE FOR PAC LOCATIONS 

&. SEE TABLE FOR TG-335 PIN NUMBERS 

OUTPUT 
c 
02 

28 

07 

19 

12 

20 

17 

CONN. CONN. CONN CONN. SKRW+X, SKWR+X, LDDR+X, AR14, AR08, AR09 STRB+X ENSK+X 
E55 E6A E57 E6B SWRW+X, SWWR+X, RDRP-X ARlO,ARll ENSW+X 

E55-0l E6A-Ol E57-0l E6B-Ol A B A 

E55-02 E6A-03 E57-02 E6B-03 c D D 

E55-05 E6A-09 E57-05 E6B-09 A 8 A A 

E55-06 E6A-l l E57-06 E6B-ll B c c D 

E55-09 E6A-l7 E57-09 E6B-l 7 A G A 

E55-l0 E6A-l 8 E57-l0 E6B-l8 B c 
E55-l3 E6A-24 E57-l3 E6B-24 A G c 

SEE TABLE FOR I/O CONNECTIONS FROM 4015A MEMORY CONTROL 
(68C972373 Sheets 11-14). 
TABLE SHOWS LAST LETTER (X) IN BUFFERED SIGNAL; e.g., STRB+X IS STRB+C FOR BIT 06. 
SEE TABLE FOR I/O CONNECTIONS TO 4015A MEMORY CONTROL 
(68C972375 Sheets 23-26). 
OUTPUTS ARE TIED TO CORRESPONDING OUTPUTS AND A RESISTOR (1. SK, 3"'o, 1/4W) TO GRD 
FOR THE FOLLOWING GROUPS OF BITS: 01 & 03; 05 & 07; 09 & 11; 13 & 14; 10 & 12; 06 & 08; 
02 & 04. 

COMPUTER CONTROL C:OMPANV INC 

FR .. INGHAM IASS 1.0SANGELES64 CALIF 

DR DATE 
ENG 

TITLE 

ICM 40 16K 
REGENERATION LOOP 
BITS 1,2,5,6,9,10,13 

NEXT ASS'Y APP SIZE DWG NO 
l--~~-r-~-OJ~EC~T~N0~4-96-10-3~~-jc 

Fig. 6. ICM-40 Logic (Sheet 6) 
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A 

& 
SWVV+A 
swvv-A 

[SHEET r] STRB + x 

SWVV+B 

swvv-e 

& 
MDXX+ 

[.sHEET ~ LDDR+ X 

[.sHf£T ~ RDRP- X 

& 
SWZZ+A 

SWZZ-A 

[SHUT ~ STRB+x 

SWZZ+B 
SWZZ-B 

c 0 

DRXX-

[.sHEET ~ WYSW+ 

& 
[s11f1T ~ SWWR+X 
[SHa&T ~ SWRW+X 

ARJ4- X 
r----i 

& 
DRXX-A 

woxx+ 

G 

24V-

H 

CM-106 El9 
23 A 

11 15 ~.SMEEf j SKRW+ X 
21 2 $HUT I SKWR+x 

31 

~ 
ARIO- X 
ARll- X 

ARIO+ X 

ARll + X 

[suur 1] ENSK + x 

CM-006 El9 
& 

23 

II 15 
21 2 

LB D NO 
80.07 

HVGND 

24V+ 

24V-

VVYBI 
ZZYBI 

& 

VVYB2 

ZZYB2 

VVYB3 
ZZYB3 

VVYB4 
ZZY84 

& PAC LOCATIONS & STACK & TG-335 (E42-E43) Lt DATA INPUTS & DATA OUTPUTS /t::, LAST LETTER (X) IN SIGNAL NAMES OF PA-335 OUTPUTS 

BIT CM-007 CM-207 CM-006 CM-006 CM-106 vv zz INPUT INPUT 
xx YD1-YD8 YB1-YB4 A B 

03 8-28 8-18 B-21 8-23 8-11 02 06 08 06 

04 B-58 B-68 8-51 8-53 B-61 08 04 32 29 

07 C-28 C-18 C-21 C-23 C-11 10 14 01 06 

08 C-58 C-68 C-51 C-53 C-61 16 12 27 29 

11 D-28 D-18 D-21 D-23 D-11 18 22 16 13 

12 D-58 D-68 D-51 D-53 D-61 24 20 24 23 

14 D-38 D-48 D-31 D-33 D-41 26 28 11 13 

NOTES 

& TABLE SHOWS STACK LOCATION OF SENSE WINDINGS (SWW & SWZZ) 
AND SELECTION OUTPUTS (WYD1-VVYD8, ZZYD1-ZZYD8, WY81-WYB8 
AND ZZY81-ZZY84) FOR EACH BIT. 

& ADDRESS INPUTS ARE FROM LBD NO. 80. 02. 
TABLE SHOWS LAST LETTER (X) IN SIGNAL NAME. 

& R = 53 OHMS, ±1%, SW (MOUNTED ON RESISTOR BOARD). 

£ SEE TABLE FOR PAC LOCATIONS. 

OUTPUT 
c 
10 

30 

03 

31 

18 

26 

09 

CONN CONN CONN CONN SKRW+X, SKWR+X, LDDR+X, AR141 AR08, AR09, STRB+X ENSK+X 
E55 E6A E57 E6B SWRW+X, SWWR+X, RDRP-X ARIO, ARll ENSW+X 

E55-03 E6A-05 E57-03 E68-05 A B B A 

E55-04 E6A-07 E67-04 E68-07 B c D D 

E55-07 E6A-l 3 E57-07 E6B-13 A B A A 

E55-08 E6A-15 E57-08 E6B-15 B c c D 

E55-11 E6A-20 E57-11 E6B-20 A G A F 

E55-12 E6A-22 E57-12 E6B-22 B F. c E 

E55-14 E6A-26 E57-14 E6B-26 A G c F 

SEE TABLE FOR TG-335 PIN NUMBERS 
SEE TABLE FOR I/O CONNECTIONS FROM 4015A MEMORY CONTROL 
(68C972375 Sheets 11-14). 
TABLE SHOWS LAST LETTER (X) IN BUFFERED SIGNAL; e. g., STRB+X IS STRB+C FOR 13IT 08. 
SEE TABLE FOR I/O CONNECTIONS TO 4015A MEMORY CONTROL 
(68C972375 Sheets 23-26). 
OUTPUTS ARE TIED TO CORRESPONDING OUTPUTS AND A RESISTOR (1. 8K, 5%, 1/4\V) TO GRD FOR 
THE FOLLOWING GROUPS OF BITS: 01 & 03; 05 & 07; 09 & 11; 13 & 14; 10 & 12; 06 & 08, 02 & 04. 

NEXT ASS'Y APP SIZE DWG NO . 
l-=AO~l2=32=4~PRO~J-~-T-N0-.-4-96-10-3~---ic 

w> 
a~ -s. 

(J) :c ~ 
z I-
0 ~ i~ u; 

~ ~ 
if; z~ 
0 ~ .. 
u 4:c 

w ~~ .... 
x"' Ii 

TITLE 

COMPUTER CONTROL CDMPA~.INC ICM 40 16K 
FRAllNGHAIHSS, WSANGIL!SMCAUF REGENERATION LOOP 

DR ATE BITS 3,4,7,8,11,12,14 
ENG 

Fig. 7. ICM-40 Logic (Sheet 7) 
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APPENDIX B 

TIMING DISTRIBUTOR PAC, MODEL CM-003 

GENERAL DESCRIPTION 

The Timing Distributor PAC, Model CM-003 (Figures 1 and 2), 

provides accurately timed pulse sequences for use in timing and control 

applications. The CM-003 contains one control flip-flop, a 300-ns long delay 

line with 12 ns taps, a 50-ns long vernier delay line with 6 ns taps, and nine 

inverting power amplifier output circuits. 

The PAC consists of two double-sided printed circuit boards sand

wiched together for ease of mounting in a µ-BLOC. Board A, which plugs 

into the connector, contains the four delay lines (DLl through DL4) and five 

F-03 microcircuit power amplifiers. The delay lines are positioned between 

the two circuit boards to expose the etched side of board A for timing jumper 

adjustment. 

Board B contains an F-04 microcircuit flip-flop, discrete drivers, 

and termination loads. 

NOTE 

The CM- 003 PAC occupies two slots in a taper
pin BLOC and three slots in a solderless-wrap 
BLOC, or the end slot (position 1) in either. 

CIRCUIT FUNCTION 

Delay lines DLl through DL3 can be tapped and jumpered to the out

put power amplifiers and the vernier delay line, DL4, to provide accurately 

timed output pulses. Input connection points for each amplifier are located 

on the PAC to facilitate timing flexibility. Refer to Table 1. 

The de reset of the flip-flop may also be tapped from any point 

along DLl through DL3 to allow recirculation of the opposite driving edge, 

thereby establishing fixed pulse widths. An ac set, a de reset, and the two 

outputs of the flip-flop are brought to the PAC connector. 

Delay line DL4 and its associated output power amplifiers may be 

interconnected to provide pulses with a 6-ns delay resolution. 

4015A APPENDIX B 8-1 



SPECIFICATIONS 

B-2 

Input Loading Delay Line (DLl through DL3) 

Flip-flop de reset: 2/3 unit 
load 

Flip-flop ac set: 1 unit load 

Power amplifiers: 2 unit 
loads each 

Circuit Delay 

Flip-flop: 

Length: 
300 ns ±5%, 24 taps, each 
12. 5 ±1 ns 

Minimum pulse width: 
85 ns 

Maximum pulse width: 
330 ns 

Vernier Delay Line (DL4) 

Length: Set input to set output or 
reset input to reset output 50 ns ±5%, 8 taps, each 6 ±1 ns 
65 ns (typ); 80 ns (max) 

Set input to reset output or 
reset input to set output 

4 5 ns ( ty p); 6 0 ns (max) 

Power amplifiers: 

24 ns (typ); 3 0 ns (max) each 

Delay to first tap (Cl): 

60 ns (typ); 80 ns (max) 

Output Drive Capability 

Flip-flop set: 

Flip-flop reset: 

8 unit loads 

4 unit loads 

Power amplifiers: 25 unit loads 
each 

NOTE 

Current Requirements 

+6v: 

-6v: 

175 ma 

4 ma 

Power Dissipation 

1. 1 Ow (max) 

This document contains the information stated in 
Revision A of 3C Document No. BOl 0797. 
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C24 

C!5 
C30 

C6 

C31 

C7 

C32 
ca 

DL4 

AJSZI 

4015A 

Parts Location 

Board A 

Cll Cl2C21 C20 Cl3 Cl4 Cl9 

Cl6 

Cl7 
DL3 
DL2 
OLI 

M6 
C2!5 
Cl 
C26 
C2 
C27 
C5 
C28 
C4 
C29 

M!5 M3 

Board B 

C34 Ml QI R2 RI 

R3 

02 

CR2 

CRI 

R8 

R7 

Figure 1. Timing Distributor PAC, Model CM-003, 
Parts Location and Identification (Sheet 1 of 2) 
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Electrical Parts List 

Ref. 
Oesig. Description 

Ml MICROCIRCUIT: 
F-04, flip-flop integrated circuit 

M2-M6 MICROCIRCUIT: 
F-03, power amplifier integrated circuit 

Cl-C24 CAPACITOR, FIXED, MICA DIELECTRIC: 
120 pf ±2%, 100 vdc 

C25-C32 CAPACITOR, FIXED, MICA DIELECTRIC: 
29 pf ±2%, 100 vdc 

C33, C34 CAPACITOR, FIXED, PLASTIC DIELECTRIC: 
0. 033 µf ±20%, 50 vdc 

CRl, CR2 DIODE: 

DL1-DL4 COIL, DELAY LINE: 

Ql 

Q2 

Rl 

R2 

R3 

R4-R6 

R7 

R8,R9 

TRANSISTOR: Replacement Type 2N3011 

TRANSISTOR: Replacement Type 2N3012 

RESISTOR, FIXED, COMPOSITION: 
820 ohms ±5%, 1I4w 

RESISTOR, FIXED, COMPOSITION: 
1 00 ohms ±5%, 1/4w 

RESISTOR, FIXED, COMPOSITION: 
1. 8K ±5%, 1I4w 

RESISTOR, FIXED, COMPOSITION: 
33 0 ohms ±5%, 1I4w 

RESISTOR, FIXED, COMPOSITION: 
51K ±5%, 1 /4w 

RESISTOR, FIXED, COMPOSITION: 
180 ohms ±5%, 1 /2w 

3C Part No. 

950 100 004 

950 100 003 

93 0 004 219 

930 004 204 

930313016 

943 088 001 

943 722 001 

943 721 001 

932 007 047 

93 2 007 025 

932 007 055 

932 007 037 

932 007 090 

932 004 031 

Figure 1. Timing Distributor PAC, Model CM- 003, 
Parts Location and Identification (Sheet 2 of 2) 
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Cl5 

C3 

Cl6 

C2 

Cl7 

Cl 

C26 
C25 

Ml-8 

A3320 

4015A 

Figure 2A. Timing Distributor PAC, 
Model CM-003, Test Points 
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C24 

C31 

M4-2 

M4-1 

M2-7 

M2-6 

M4-14 

M2-8 
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DC SET 

AVAILABLE 
CONNECTOR 
PINS 

+6V 

i-+----1 22 6DtPUT 
DLI DL2 

+6V 

RI 
820 

R2 
100 

.--------~20 

INPUTS 

~ 

8 PIN NUMBER OF PAC 

-12--j PIN NUMBER OF MICROCIRCUIT 

M3 REFERENCE DESIGNATION OF 
MICROCIRCUIT 

F-04 TYPE OF MICROCIRCUIT 

+sv 

NOTES 

-6V 

Cl 

M3 
F-03 

C2 

r---1 
~ 
~i~ 
I I 

I I 

DL4 

----h C25 R9 
THRU 180 

1 C32 T 
29PF 

}OUTPU~S = = 

SCHEMATIC 

TAP DESIGNATIONS REFER TO CIRCUIT COMPONENTS 
EXAMPLE: Cl TO TAP ATCI; 3-8 TO TAP AT M-3, 
PIN 8, 10 TO TAP AT PIN 10 OF PAC 

REFER TO TASLE I FOR DELAY 
LINE DELAYS IN NANOSECONDS 

cs C9 Cl6 

Cl-C24 
120pf 

~+6V 
C33 j_ '-./ 
o~r3 T ~ 
~GND 

C34 L--€) 
0.033 32 -6V 

uf 

Fig. 2. Timing Distributor PAC, Model CM- 003 1 

Jumper Interconnection Diagram, 
Schematic Diagram, and Logic Symbol 

DL3 

Cl7 C24 

CM-003 

DC SET 4 
22 SET OUTPUT 

DC RESET 6 20 RESET OUTPUT 

~ :B>t23 
3 14 

0 25 

0 !~29 
27 

C24 !~5 
7 --0 l:E>r 14 
8 ---<> 3 

~~30 OUTPUTS 
INPUTS 9 --0 14 

10--0 :~26 
11--0 

16 

14 
INPUT 

LOGIC SYMBOL 



Table 1. 
Delay Line Tap Points with Corresponding Delay Line Delays 

(Refer to Figure 2) 

Delay Line Jumper Delay Line Delay Delay Line Jumper Delay Line Delay 
Connection (ns) Connection (ns) 

Cl 12 Cl9 228 

CZ 24 czo 240 

C3 36 C21 252 

C4 48 C22 264 

cs 60 C23 276 

C6 72 C24 288 

C7 84 

CB 96 

~9 108 

Cl 0 120 

Cl 1 132 C25 6 

Cl 2 144 C26 12 

Cl3 156 C27 18 

Cl4 168 C28 24 

Cl 5 180 C29 30 

Cl 6 192 C30 36 

Cl 7 204 C31 42 

Cl 8 216 C32 48 
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ADDRESS REGISTER PAC, MODEL CM-005 

GENERAL DESCRIPTION 

The Address Register PAC, Model CM-005 (Figures 1 and 2), 

utilizes nine F-02 quad NAND gate microcircuits prewired to form seven 

bistable circuits, each with a single-to-double rail conversion input. A 

common drop-in strobe input and a common reset input are also provided. 

CIRCUIT FUNCTION 

The basic bistable circuit consists of two cross-coupled NAND 

gates. Each gate is connected to another NAND gate so that drop-in is accom

plished by collector-pulling the cross- coupled pair. Inputs to the collector

pulling gates include the address and inverted address signals, and the com

mon buffered strobe signal. The common reset of the cross-coupled pair 

does not involve collector pulling. 

SPECIFICATIONS 

8-8 

Frequency of Operation 

DC to 5 me 

Input Loading 

DC inputs: 2 unit loads 

Common strobe: 1 unit load 

Common reset: 7 unit loads 

Circuit Delay (measured at 
1. 5v) 

Reset input to set output: 
60 ns (max) 

Strobe input to set or reset 
output: 

85 ns (max) 

NOTE 

Output Drive Capability 

3 unit loads and 30 pf stray 
capacitance 

Current Requirements 

+6v: 250 ma 

Power Dissipation 

1. 5w (max) 

This document contains the information stated in 
Revision A of 3C Docum~nt No. BOl 1156. 
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Cl M9 

Ref. 
Desig. 

Ml-M9 

Cl 

4015A 

Parts Location 

M3 M2 

M8 

Electrical Parts List 

Description 

MICROCIRCUIT: 
F-02, quad NAND gate integrated circuit 

CAPACITOR, FIXED, PLASTIC DIELECTRIC: 
O. 033 µf ±20%, 50 vdc 

Figure 1. Address Register PAC, Model CM-005, 
Parts Location and Identification 

APPENDIX B 

Ml 

~M4 

3C Part No. 

950 100 002 

930 313 016 

B-9 



STROBE 
INPUT 

L _ _J 
~~m 18 .___ _______ ... 

Ml 
F-02 

SCHEMATIC 

MS 
F-02 ,--, 

I 

Address Register PAC, Model Cl\I-005, 
Schematic Diagra.rn and Logic Symbol 

M2 
F-02 

CI 
0033 J{f 

_r--@ +sv 

1--@GND 

LOGJC SYMBOL 

LEGEND 

0 PIN NUMBER OF PAC 

-i2--j PIN NUMBER OF MICROCIRCUIT 

M3 REFERENCE DESIGNATION OF 
MICROCIRCUIT 

F- 04 TYPE OF MICROCIRCUIT 



SELECTION PAC, MODEL CM-006/106 

GENERAL DESCRIPTION 

The Selection PAC, Model CM-006/l 06 (Figures 1 and 2), contains 

eight transformer driven transistor switches connected as four (read-write) 

switch pairs. The CM- 006 utilizes two F-03 microcircuit power amplifiers 

with decoding inputs for two address bits and a decoding enable input. An 

F-06 microcircuit multi-emitter gate provides timing (read-write) and 

matrix enable inputs. The PAC may be used as an 'X' or 'Y' selection 

switch or sink. 

The CM-106 PAC does not contain the F-03 integrated circuits for 

address input decoding but is otherwise similar to the CM-006. 

CIRCUIT FUNCTION 

Two binary address inputs are decoded to select one of the four 

F-03 integrated circuits. , When the decoding enable input is a ONE (+6v), 

the output of the selected F-03 circuit will be at Ov. The multi-emitter cir

cuit is turned on when the timing and matrix enable inputs are at +6v. Cur

rent flows through the primary of the transformer which is connected to the 

enabled F-03 and F-06 circuits. The output transistor is turned on by the 

secondary of the selected transformer. 

The basic selection scheme of the CM-006 can be expanded by 

jumpering pins 3 5, 9, and 24 to the corresponding pins on the CM-106. 

Decoding of the two address inputs will then be common to both PACs. Fur

ther expansion is possible by using the common F-03 and F-06 circuit inputs. 

SPECIFICATIONS 

Input Loading 

Timing (read-write) inputs: 1 unit load 

2 unit loads 

3 unit loads 

4 unit loads 

Ma tr ix enable inputs: 

Address inputs : 

De coding enable inputs: 

4015A APPENDIX B 8-11 



SPECIFICATIONS (Cont) 

B-12 

Output Characteristics 

Turn- on delay (1. 5v of timing input to 
10% of output current): 40 ns (max) 

Turn- off delay (1. 5v of decoding enable 
input to 90% of output 
current): 90 ns (max) 

Rise time (10%-90%): 80 ns (max) 

Fall time (90%-10%): 80 ns (max) 

Current: 425 ma (max) 

Voltage: 

Pulse width: 

Duty cycle: 

30v (max) 

400 ns (max) 

45% (max) 

Current Requirements Power Dissipation (400 ma output 
current) 

CM-006: 

CM-106: 

+6v 100 ma (max) 

+6v 65 ma (max) 

NOTE 

CM-006: 

CM-106: 

1. 5w (max) 

1. 3w (max) 

This document contains the information stated in 
Revision B of 3C Document No. BOl 1157. 
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Parts Location 

TB T6 Cl RI T3 M2 Ml 

T4 

Tl 

R5 

Q2 

03 

QI 

04 3304 

MI ANO M2 ARE USED ON CM-006 ONLY 

Electrical Parts List 

Ref. 
Desig. Description 3C Part No. 

Ml,M2 

M3 

Cl 

pi-as 

lfll, R2 

~3-R6 

Tl-TS 

4015A 

MICROCIRCUIT: 950 100 003 
F-03, power amplifier integrated circuit 

MICROCIRCUIT: 950 100 006 
F-06, multi- emitter integrated circuit 

CAPACITOR, FIXED, PLASTIC DIEL EC TRIG: 930313 016 
O. 033 µ£ ±20%, 50 vdc 

T~ ANSIS TOR: 943 723 003 

RESIST 1"i\, FIXED, FILM: 932 114 029 
150 ohmo ±2%, 1I4w 

RESISTOR, FIXED, COMPOSITION: 932 007 035 
2 70 ohms ±5%, 1I4w 

TRANSFORMER, PULSE: 938 018 001 

Figure 1. Selection PAC, Model CM- 006/106, Parts Location 
and Identification 
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)> .,, .,, 
m z c x 
Gt 

DECODING 
ENABLE 
INPUT 

ADDRESS 
INPUTS 

TIMING 
INPUT 

+6V 

*Ml ANDM2 USED ONLY ON CM-006 

M3 
F-06 

------, 

I 
I 

R4 
270 

19 

R6 
270 

15 

R3 
270 

23 
R5 

270 

F-03 OUTPUT 

OUTPUT 

F-03 OUTPUT 

OUTPUT 

F-03 OUTPUT 

OUTPUT 

SCHEMATIC 

Fig. 2. Selection PAC, Model CM-006/106, 
Schematic Diagram and Logic Symbol 

LOGIC SYMBOL 

+6V 

GND 

0 PIN NUMBER OF PAC 

--j 2 -.j PIN NUMBER OF MICROCIRCUIT 

M3 REFERENCE DESIGNATION OF 
MICROCIRCUIT 

F-04 TYPE OF MICROCIRCUIT 



DATA REGISTER PAC, MODEL CM-007/107/207 

GENERAL DESCRIPTION 

The Data Register PAC, Model CM-007 (Figures 1 and 2), consists 

of two channels with associated sense amplifiers, an information register 

flip-flop, and a line driver. The sense amplifiers, monostable multivibra

tors, and strobe gates are contained in four F-07 microcircuits. The data 

registers are contained in three F-02 quad NAND gate microcircuits and the 

line driver is an F-03 microcircuit power amplifier. 

The CM-107 is identical to the CM- 007 with the exception that only 

one sense amplifier is associated with each data register. The CM-207 is 

similar to the CM-007 except that data registers and a line driver are not 

provided on the CM-207 PAC. 

CIRCUIT FUNCTION 

A differential input signal of sufficient amplitude will trigger the 

monostable multivibrator if the strobe inputs are a ONE. The multivibrator 

provides a standard output width with variable input widths. The strobe 

inputs prevent noise present at times other than read-out time from being 

mistaken for information signals. 

The negation outputs of up to four sense amplifiers can be connected 

together as an OR circuit to set the data register. Inputs to each flip-flop 

include data, inverted data, data drop-in and reset signals. One line driver 

input is normally externally connected to the data register output. An input 

is provided to disable both line drivers. 

SPECIFICATIONS 

4015A 

Input Loading CM- 007 

Strobe input: 4 unit loads 

Strobe enable input: 2 unit loads 

Reset input: 

Data input: 

1 unit load 

2 unit loads 

APPENDIX B 

CM-107 

2 unit loads 

1 unit load 

1 unit load 

2 unit loads 

CM-207 

4 unit loads 

2 unit loads 

B-15 



----------------~~----.. --·-·- .... - -·. -- --------- ---------

SPECIFICATIONS (Cont) 

B-16 

Input Loading CM-007 CM-107 CM-207 

Data drop-in input: 1 - 1 I 2 unit loads 1-1 I 2 unit loads 

Line driver input: 2 unit loads 2 unit loads 

Line driver disable 
input: 

1 unit load 1 unit load 

Sense Input 

Input impedance, common mode: 

Input impedance, differential mode: 

Minimum ONE signal: 

Maximum ZERO signal: 

Maximum common mode voltage: 

Monos table Output 

Pulse width (1. 5v): 150 ns (typ) 

Circuit Delay (measured at 1. 5v) 

Sense input to monos table output: 

Strobe input to monos table output: 

Set input to set output: 

Reset input to set output: 

150 ohms 

250 ohms 

45 mv 

30 mv 

±l.5v 

100 ns 

80 ns 

30 ns 

60 ns 

(max) 

(max) 

(max) 

(max) 

Data drop-in input to flip-flop output: 60 ns (max) 

Line driver input to output: 30 ns (max) 

Output Drive Capability 

Flip-flop outputs: 3 unit loads 

Line driver outputs: 93-ohm coaxial or twisted-pair cables 
up to 10 ft in length terminated with 
l unit load 

Current Requirements CM- 007 

+6v: 275 ma 

-6v: 80 ma 

Power Dissipation 

CM-107 

215 ma 

40 ma 

NOTE 

CM-207 

120 ma 

80 ma 

CM-007: 2w. 

CM-107: 1. 4w 

CM-207: 1. 2w 

This document contains the information 
stated in Revision D of 3C Document No. 
B011158. 
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M7 

c:s 

Cl 

A:SS2.2 

Ref. 
Desig. 

Ml,M2 
MB 

M3-M6 

M7 

Cl, CZ 

C3-C6 

R3, R6, 
R9, Rl2 

R2 

R4, RS, R7, 
RB, RlO, 
Rl 1, Rl3, 
Rl4 

Rl5-RlB 

Parts Location 

C4 Rl6 M5 M4 

M6 

C6 

Rl4 

Rl:S 

Rl2 

R3 R4 R5 R6 R7 RS R9 RIO 

Electrical Parts List 

Description 

MICROCIRCUIT: 
F-02, quad NAND gate integrated circuit 

MICROCIRCUIT: 
F-07 

MICROCIRCUIT: 

MJ 

F-03, power amplifier integrated circuit 
CAPACITOR, FIXED, PLASTIC DIELECTRIC: 

0. 033 µf ±20%, 50 vdc 
CAPACITOR, FIXED, CERAMIC DIELECTRIC: 

47 pf ±5%, 100 vdc 
RESISTOR, FIXED, COMPOSITION: 

62 ohms ±5%, l/4w 
RESISTOR, FIXED, COMPOSITION: 

2K ±5%, l/4w 
RESISTOR, FIXED, COMPOSITION: 

300 ohms ±5%, l/4w 

RESISTOR, FIXED, COMPOSITION: 
150 ohms ±5%, l/4w 

Ml 

C2 

3C Part No. 

950 100 002 

950 100 007 

950 100 003 

930 313 016 

930 007 020 

932 007 020 

932 007 056 

932 007 036 

932 007 029 

Figure 1. Data Register PAC, Model CM-007/107 /207, 
Parts Location and Identification 
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)> .,, .,, 
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OJ 

STROBE ENABLE 
INPUT 

SENSE IN PUTS { ' 

SENSE AMPLIFIER 
STROBE INPUT 

STROBE ENABLE 
INPUT 

SENSE INPUTS {' 

NOTE 

RI I 
300 

RIO 
300 

RS 
300 

R7 
300 

R5 
300 

R4 
300 

CM-007- NO COMPONENTS OMITTED 

CM-107- R3-R5, R9-Rll, Rl5-Rl7, 

C3, C5, M3 S M5 ARE OMITTED 

CM-207- RI, R2 1 Ml, M2, M7 6 M8ARE OMITTED 

l 

M6 
F-07 

Rl7 
150 

M4 
F-07 

L__ -
RIG 
150 

Rl5 
150 

+6V 

Rl2 

R9 2 K C6 SENSE 

,.-----------! 5 ~~~~lf+ER 2K 

7 -~+GV 

~i__.,-6V"" 
I 

91 
I 

M2 
F-02 

,-~+6V 
I 1-;--i 

Is J -=-
~----''---~16"-' 7 

I SET 
OUTPUT 

----' ~~~~BE 2411-------1--* 
INPUT 

----~ 

ll,+6V 
5i-----l 

31-~-Gv"" 
91 

I 
7 __J 

7~+6V 
5~ 
3r-sv"" 

DATA 
INPUT 

DATA 
INPUT SET 

OUTPUT 

l SENSE 

r9'-;-l------;------------------------l10 ~~~~~fEP 

_J r-----:}-o+sv 
--- I 11 f----i 

g~~~~~f I = 

47 PF 

~+6V 
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=r-GV"" 

91 

I 
7 _I 

INPUT 

ORI VER 
INPUTS 

Cl r----@ +av 
o~~3T 

.J' C2 1 @GND 

0033 I ~ 
UF ~-GV 

Fig. 2. Data Register PAC, Model CM-007/107/207, 
Schematic Diagram and Logic Symbol 
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J.':TAND TYPE 1 PAC, MODEL DI-335 

The NAND Type 1 PAC, Model DI-335, Figures 3-10. 1 and 3-10.2), contains 10 in

dependent 2-input NAND gates. Each gate performs the NAND function for positive logic 

(+6v =ONE, Ov = ZERO). For negative logic, it becomes a NOR gate. 

Two of the 10 gates have separate load connections available at the PAC terminals. 

Outputs of these gates can be tied together, using a single load resistor, without loss of output 

drive capability. 

A detailed description of the basic NAND circuit appears in Section II. 

INPUT AND OUTPUT SIGNALS 

Inputs. -- When both inputs to a gate are +6v or not connected, the output is at 

ground. When any input is at ground, the output is +6v. 

Load. - - This point is internally connected through a collector load resistor to +6v. 

Collector Output. - - The collector output must be connected to at least one load 

resistor, either internal or external to the module. 

Output. - - Each output terminal is internally connected to a collector load resistor. 

If an output is connected to load points or other outputs, the output drive capability of the 

structure is reduced. 

SPECIFICATIONS 

Freguency of Operation (System) 

DC to 5 me 

Input Loading 

l unit load each 

Fan-In 

Refer to Section II. 

Output Drive Capability 

8 unit loads each 

Outputs in Parallel 

Refer to Section II. 

APPLICATIONS 

Circuit Delay 

(Measured at + 1. 5v, averaged over two 
stages) 
30 nsec (max) 

Current Requirements 

+6v: 125 ma (max) 

Power Dissipation 

0. 75 w (max) 

Handle Color Code 

Red 

The NAND gates operate on levels, pulses, or combinations of both. Two gates can 

be wired back-to- back to form a de set-reset flip-flop. 

The two gates with separate load outputs form standard NAND gates when the load 

and collector output terminals are connected. When the collector outputs of gates are con

nected in parallel as in Figure 3-10. 3, the AND-OR-INVERT function is performed. At the 

point where the outputs are tied together, an AND operation with logic ONES (OR operation 

with logic ZEROs) takes place. 

'4-01'5A 



INPUT 

INPUT 

a .. 20 

I 
I u----e---,' -"'4 

I 

M2 F-02 ,----1 
..___I ----12 I 

I 

_, - . .. 14 I ~t:@;r:rn 

L ....,,...-:__,...,.,,..j 0 PIN NUMBER f:W p~~ 
1101 

SCHfMATIC 

~ ~ PIN NU"1ij~R Of Ml'?R~61fH~!JIT 
M~ Rl;FF'.fi~l'iH~g ~~§!~~AT19N ~F 

t9'!6R@61~~UIT 

F-Q4 TYPE eF MIGROCIR!?µIT 

INPUT [72 
2 I OUTPUT 

INPUT 24 
A 

{)1-335 

[} 
DI- 33 5 

& 
Dl-33 5 

i) 
Dl-335 

v 
DI- 33 5 

[7 
Dl-3~5 

& 
& 

Dl-335 

i)
l-OAD 

8 

ll\IPUT 
COLLECTOR 

INPUT OUtPDT 

Jfigu:q~. 1. N.1\.NP Type l PA.Ci Moq~l PI-3§5, 
Sehematic Dia.gram af).d Logie Symbol 

APPENDIX 8 4015A 



Cl 

:528 

Ref. 
Desig. 

Ml, M2 

M3 

Cl 

4015A 

Parts Location 

M3 M2 

Electrical Parts List 

Description 

MICROCIRCUIT: 
F-02, quad NAND gate integrated circuit 

MICROCIRCUIT: 
F-01, dual NAND gate integrated circuit 

CAPACITOR, FIXED, PLASTIC DIELECTRIC: 
0. 033 µf ± 20%, 50 vdc 

Figure 2. NAND Type l PAC, Model DI-335, 
Parts Location and Identification 

APPENDIX B 

Ml 

3C Part No. 

950 100 002 

950 100 001 

930 313 016 
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8-22 

A----1 

B .....----i 

c _ __, _ _, 

o---~ 

E-----1 

F------1 

624 

Figure. 3. NAND Type l PAC, Model DI-335, 
Gates Used in Parallel 
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3-11 NAND TYPE 2 PAC, MODEL DL-335 

The NAND Type 2 PAC, Model DL-335 (Figures 3-11. l and 3-11. 2), contains six 

4-input NAND gates. Each gate performs the NAND function for positive logic, (+6v = ONE, 

Ov = ZERO). For negative logic, it becomes a NOR gate. 

Two of the six gates have separate load connections available at the PAC terminals. 

Outputs of these gates can be tied together, using a single load resistor, without loss of 

output drive capability. 

A detailed description of the basic NAND circuit appears in Section II. 

INPUT AND OUTPUT SIGNALS 

Inputs. -- When all inputs to a gate are at +6v or not connected, the output is at 

ground. When any input is at ground, the output is at +6v .. 

Load. -- This point is internally connected through a collector load resistor to +6v. 

Collector Output. -- The collector output of any gate must be connected to at least 

one collector resistor, either internal or external to the module. 

Output. -- Each output terminal is internally connected to a collector load resistor. 

If an output is connected to load points or other outputs, the output drive capability of the 

structure is reduced. 

SPECIFICATIONS 

Frequency of Operation (System) 

DC to 5 me 

Input Loading 

l unit load each 

Fan-In 

Refer to Section II. 

Output Drive Capability 

8 unit loads each 

Outputs in Par all el 

Refer to Section II. 

APPLICATIONS 

Circuit Delay 

(Measured at+ 1. 5v, averaged over two 
stages) 

30 nsec (max) 

Current Reguirements 

+6v: 75 ma (max) 

Power Dissipation 

0. 45w (max) 

Handle Color Code 

Red 

The NAND gates operate on levels or pulses, or combinations of both. Two gates 

can be wired back to back to form a de set- reset flip-flop. 

The two gates with separate load outputs form standard NAND gates when the load 

and collector output terminals are connected. When the collector outputs of such gates are 

connected in parallel as in Figure 3-11. 3, the AND-OR-INVERT function is performed. At 

the point where the outputs are tied together, an AND operation with logic ONEs (OR opera

tion with logic ZEROs) takes place. 
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Figure. 1. NAND Type 2 PAC, Model DL-335, 
Schematic Diagram and Logic Symbol 
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Parts Location 

Cl CRI CR2 CR3 CR4 CR5 CR6 M3 M2 

529 

Ref. 
Desig. 

Ml-M3 

Cl 

CR1-CR6 

4015A 

Electrical Parts List 

Description 

MICROCIRCUIT: 
F-01, dual NAND gate integrated circuit 

CAPACITOR, FIXED, PLASTIC DIELECTRIC: 
0. 033 µf ± 20%,. 50 vdc 

DIODE: Replacement Type 1N914 

Figure. 2. NAND Type 2 PAC, Model DL-335, 
Parts Location and Identification 

APPENDIX B 

Ml 

3C Part No. 

950 100 001 

930 313 016 

943 083 001 
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B-26 

A----i 

B----

c----
o----

G=AB+CD+EF =(AB)•(CD)•(EF) 

E----t 

F----

618 

Figure. 3. NAND Type 2 PAC, Model DL-335, 
Gates Used in Parallel 
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TRANSFER GATE PAC, MODEL TG-335 

The Transfer Gate PAC, Model TG-335 (Figures 3-27. 1 and 3-27. 2), contains four 

independent functional gate structures. Two of the structures have four 2-input NAND gates, 

one input on each gate being common to the four gates. The remaining two structures have 

three 2-input NAND gates, one input being common to the three gates. (See Figure 3-27. 3.) 

The PAC can be used for the common transfer control of up to 14 data signals, the 

data when transferred is inverted in polarity. 

INPUT AND OUTPUT SIGNALS 

Common Input. - - This input acts as a control or strobe input to each gate in the 

structure. The signal is active when at logic ONE. 

SPECIFICATIONS 

Frequency of Operation (System) 

DC to 5 me 

Input Loading 

Input: 

Common input: 

1 unit load each 

3 or 4 unit loads 
(equal to the 
number of gates 
in the structure) 

Output Drive Capability 

8 unit loads 

APPLICATIONS 

Circuit Delay 

(Measured at+ 1. 5v, averaged over two 
stages) 

30 nsec (max) 

Current Requirements 

+6v: 175 ma (max) 

Power Dissipation 

1. 05w (max) 

Handle Color Code 

Red 

Each gate structure can be used for the common transfer control of three or four 

signals (Figure 3-27. 4). A separate line is provided for each output signal. The gates may 

be used separately as inverters when the common inputs are disconnected. 
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Figure. l. Transfer Gate PAC, Model TG-335, 
Schematic Diagram and Logic Symbol 
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Cl 

539 

Ref. 
Desig. 

Ml-M3 

M4 

Cl 

4015A 

Parts Location 

Ml M2 M3 M4 

Electrical Parts List 

Description 

MICROCIRCUIT: 
F-02, quad NAND gate integrated circuit 

MICROCIRCUIT: 
F-01, dual NAND gate integrated circuit 

CAPACITOR, FIXED, PLASTIC DIELECTRIC: 
o. 033 µ£ ±20%, 50 vdc 

Figure. 2. Transfer Gate PAC, Model TG-335, 
Parts Location and Identification 

APPENDIX B 

3C Part No. 

950 100 002 

950 100 001 

930 313 016 
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Figure. 3. Transfer Gate PAC, Model TG-335, 
Gate Structure Logic 
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Figure. 4. Transfer Gate PAC, Model TG-335, 
Controlling Transfer of Three Signals 
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POWER AMPLIFIER PAC, MODEL PA-335 

The Power Amplifier PAC, Model PA-335 (Figures 3-22. 1 and 3-22. 2), contains 

six 3-input NAND gates that can be used for driving heavy loads. Each gate has two elec

trically common outputs to reduce load distribution current on any single wire. Built-in 

short-circuit protection limits output current if the output is accidentally grounded. 

Each gate performs the NAND function for positive logic (positive voltage is a ONE 

and Ov is a ZERO). For negative logic, it becomes a NOR gate. When all inputs to a gate 

are at positive or not connected, the output goes to ground. When any input is at ground, 

the output goes to a positive voltage. 

SPECIFICATIONS 

Frequency of Operation (System) Output Drive Capability 

DC to 5 me 

Input Loading 

2 unit loads each 

Current Requirements 

+6v: 80 ma (max) 

Power Dissipation 

O. 24w (max) static, 

0. 48w (max) at 5 me and with 
250 pf stray capacitance 

Handle Color Code 

Green 

APPLICATIONS 

2 5 unit loads 

Circuit Delay 

(Measured at +l. 5v, averaged over two 
stages) 

30 nsec (max) 

The power gates operate on levels, pulses, or with combinations of both. Two 

gates can be wired back to back to form a de set/reset power flip-flop. 
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Figure. l. Power Amplifier PAC, Model PA-335, 
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Ref. 
Desig. 

Ml-M3 

Cl-C3 

4015A 

Parts Location 

C2 C3 M2 Ml 

Electrical Parts List 

Description 

MICROCIRCUIT: 
F-03, power amplifier integrated circuit 

CAPACITOR, FIXED, PLASTIC DIELECTRIC: 
O. 033 µf ±20%, 50 vdc 

Figure 2. Power Amplifier PAC, Model PA-335, 
Parts Location and Identification 

APPENDIX B 

M3 

3C Part No. 

950 100 003 

930313016 
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INTRODUCTION 

The 4015B Memory Unit is that part of the GE-PAC>:' 
4020 Central Processor used to store the program in
structions and data. The memory is a random access 
device operating at a 1. 6 micro-second memory cycle 
time. One memory cycle is the time from any one event 
in one cycle to the same event in the following cycle. 
Memory sizes of 4096, Sl92, 12,2SS, 16, 3S4, 20,4SO, 
24, 576, 2S, 672, or 32, 76S words are available. 

Each memory word consists of 25 bits of which 24 are 
data and one is used for an odd parity bit. The parity 
bit is generated prior to storing (writing) a word into 
memory and then checked when the word is read from 
memory. The parity bit is used to flag the running pro
gram when a word is read from memory that does 
not contain an odd number of "one" bits. If an odd num
ber of "one 1

' bits is not contained by the word read from 
memory, it indicates an error has occurred in either 
parity check and generate circuits, memory operation, 
or data transfers. If a parity error is detected, a sig
nal is available to either: (1) Stop computer sequencing 
(via the STOP ON PARITY switch) and to set the Parity 
Error flip-flop to light the Error indicator and to pro
vide monitoring by the JNP command, or (2) Just set 
the Parity Error flip-flop to light the Error indicator 
and to provide monitoring by the JNP command. 

The memory unit has the optional ability to communicate 
with as many as four devices, one at a time, using the 
Memory Multiplexer. Using the multiplexer, devices 
such as drum, disc, etc. , in addition to the Arithmetic 
Unit, may communicate directly with the memory. Ac
cess to memory using the multiplexer is on a priority 
basis. Should a device request access to memory while 
the memory is operational with another device, the re -
questing device must wait until the current memory 
cycle is completed. However, any time lost during the 
waiting period is minimal in light of the operational 
speed of the memory. 

Features of the Core Memory module are summarized 
below: 

• Type - 2 1/2 D, Coincident Current, Destruc
tive Read. 

• Capacity - 4096 (4K), Sl92 (SK), 12,2SS (12K), 
16,3S4 (16K), 20,4SO (20K), 24,576 (24K), and 
32, 76S (32K) words. 

• Word Size - 24 information bits plus 1 parity 
bit. 

• Memory Cycle Time - 1. 6 microseconds. 

• Access Time - SOO nanoseconds. 

• Communication - Parallel. 

• Random Access - All memory cells are di
rectly addressable and all require the same 
time for reading and writing. 

':' Registered Trademark of General Electric Company 

• Protection - Word Select currents are disabled 
during AC power failures and power turn-on so 
as to protect core cells from arbitrary data 
de st ruction. 

• Temperature Stability - Temperature control
led core stack allows operation of core at 55°C. 
This is done to maintain operation throughout 
ambient temperature of 0° to 55°C. 

• Operating Mode - Asynchronous. The Memory 
enters a dynamic mode only after it has received 
a request. There may be as many as four chan
nels of communication: The Arithmetic Unit and 
any combination of from one to three Drum Cou
plers and/or Disc Couplers, and/or Peripheral 
Controller Couplers. 

• Timing - The speed of the Memory Clock is 10 
mega - Hertz. 

• Error Checking - Odd parity is employed; all 
words are stored in core containing an odd num -
ber of "1" bits. Bit position 24, the most signi
ficant, is the parity bit. 

• Memory Wrap Around - In a system that uses 
less than maximum memory, instructions may 
be executed with an address greater than imple
mented memory size. 

The model numbers associated with the options of the 
4015B Memory Unit are listed below. 

4015B WXY Z 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
s. 
9. 

2K words 
4K words 
SK words 
12K words 
16K words 
20K words 
24K words 
2SK words 
32K words 

No multiplexer 
With multiplexer 

Requires 6 0 Hz pow er source 
Requires 50 Hz power source. 

MEMORY BLOCK DIAGRAM 

Fig. INT. 1 illustrates the basic components of the 
4015B Memory System. The 4015B consists of the Mem
ory Control Section (6SC9726SO) and the Memory Module 
(6SC972952). 

The Memory Control Module acts as the communication 
link between the user devices, establishes the priority 
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of memory requests, multiplexes the data and address 
bits from the user devices to the memory, and provides 
parity generation and parity error detection. 

The memory module contains the core stack to store the 
data bits, the address register to control the selection 
of the de sired core address, a data register to hold the 
data read from memory or to be stored in memory, and 
the circuits required to retrieve data from, or store 
data into, the addressed memory location. 

There are two basic operational modes of the memory 
module: Read (read/restore) data from memory and 
store (clear/write) data into memory Therefore, to 
access memory the requesting user device must trans
fer, in addition to a request signal, a signal which 

I Address 

I Request 

I Read/Write 

MULTIPLEXER 
ADDRESS 
GATING 

I Access Granted, • 
TIMING 

AND 
CONTROL 

I Data Ready, Release 

I 
USER 
DEVICES I 

Data 

Error • 

Data 

MULTIPLEXER 
DATA 

GATING 

PARITY CHECK 
AND 

GENERATE 

MEMORY 
DATA 

BUFFER 

MEMORY CONTROL 
(68C972680) 

specifies the read or write operation and the bits to spe
cify the desired memory address. Also, if the opera
tion is write, the data bits to be stored in the addressed 
location must be transferred to the memory module. 

Actual operation of the memory is very similar for both 
a read and write operation. The basic differences are: 
(1) Parity is checked during a read operation and parity 
is generated during a write operation, and (2) During a 
read operation, the data sensed from core is gated to 
the data register and during write, the data from the 
user device is gated to the data register. In either 
mode, the contents of the data register are stored in the 
addressed memory location. If it is a read operation, 
this data will be the data previously read from core. If 
it is a write operation, this data will be the data trans
ferred from the user device. 

!nit. 

I 
I 
~ 

TIMING 

l 

ADDRESS REGISTER J 

WORD 
DRIVE 

BIT 
DRIVE 

CORE STACK 

Read 

{£rite bl 
DATA REGISTER ] 

MEMORY MODULE 
(68C972952) 

Fig. INT. 1. Memory Module Block Diagram 
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Read/Restore 

The Read/Restore mode of memory operation is used to 
obtain the contents of a memory word and to leave the 
same data in the memory word. The read/restore cycle 
is initiated by a request from the user device accompa
nied by a read (store) signal from the device. The 
memory control unit determines the priority of the 
request and applies an access granted signal back to the 
device when access is granted. The memory control 
section then sends a signal to initiate the operation of 
the memory module and transfers the address of the de
sired memory word to the memory address register of 
the memory module. Decoding of this memory address 
enables the Word Drive and Bit Drive selection lines to 
switch all cores of the addressed word that are ones to 
the zero state. Switching these cores to the zero state 
induces a voltage in the sense line. This voltage is then 
amplified and gated to the data register. From the data 
register, the data read from the addressed memory 
word is transferred to the user device and parity 
check circuitry via the memory data buffer. If an 
even number of one bits is contained by the data word, 
an error signal is applied to the arithmetic unit. A 
data ready signal is applied from the memory control 
logic to the user device to gate the data to the user de -
vice. The data contained by the data register is also 
applied to the Bit Drive Selection circuitry. During the 
write (restore) portion of the memory cycle, the cor
responding Bit Drive Select line is driven only if a one 
is to be stored in the corresponding bit position. A 
memory release signal is generated by the memory con
trol logic to indicate the end of the memory cycle. 

Clear /Write 

The Clear/Write mode of memory operation is used to 
store new data in an addressed memory word location. 
The Clear/Write mode is initiated by a request signal 
from the user device along with the write (store) signal. 
The priority of the request signal is determined by the 
memory control logic and when access is granted, a 
signal is sent to the user device. The core memory ad
dress is then applied to the memory unit along with an 
initiate signal to start the memory cycle. The address 
is decoded from the address register and enables the 
corresponding Word Drive and Bit Drive selection lines. 
Driving the select lines flips the cores of the addressed 
word to the zero state. Since this is a write (store) op
eration, the voltage induced in the sense lines is not 
used. Instead, the data from the user device to be 
stored in the addressed memory word is gated through 

Induced Flux 
Direction 

Flux Direction 
Around Conductor 

Current 
Flow 

Fig. INT. 2. Flux Induction in a Ferrite Core 

the memory control unit where parity is generated. The 
data word to be stored along with the parity bit is gated 
to the data register of the memory unit. The write por
tion of the memory cycle is then entered. The contents 
of the data register are then used to control the Bit 
Drive select lines. Each one bit in the data register 
will enable the addressed Bit Drive line and set the cor
responding core to the one position. In this manner, 
the data bits from the user device are stored in the ad
dressed memory location. 

BASIC CORE THEORY 
The magnetic properties of ferrite cores make them 
ideal high-speed storage elements. If, as shown by 
Fig. INT. 2, a DC current is applied to a wire threading 
the core, the magnetic flux around the wire induces a 
similar flux pattern in the core. According to the left
hand rule, the direction of the induced flux field depends 
on the direction of current flow in the wire. Thus, the 
core may be forced to a known magnetic state by driving 
current in one direction and this state may be reversed 
by reversing the current. Since the core is capable of 
retaining an induced magnetic field indefinitely, it pos
sesses all the bi-stable characteristics necessary to 
store binary information. 

A certain amount of energy is required to change a core 
from one magnetic state to the other. If flux density 
(8) within the core is plotted as a function of drive cur
rent (h), a graph similar to that shown by Fig. INT. 3 
is obtained. The area bounded by the curve re pre sent s 
the power expended to overcome hysteresis losses in 
the core material; for this reason, the B h curve is 
commonly called a "hysteresis loop". 

(+) Residual 
B 

Point ~ + Saturation 

Knee 

h 

- Saturation .-......L-----T:,:--" 
"~(-)Residual 

I. :.~.1 Point 

Fig. INT. 3. Basic Bh Curve 

Assuming the first drive current applied to the core is 
of sufficient magnitude in the positive h direction, the 
core follows the broken line from the origin to the point 
of positive 8 saturation. When this drive current is 
removed, the core retains most of the induced flux as 
shown by the slight slope of the curve as it returns to 
the (+) residual point of zero h. 
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If current is now increased in the (-h) direction, flux 
density decreases slightly until the threshold point or 
11 knee 11 of the hysteresis loop is reached. At this point 
a slight increase in h is sufficient to cause a rapid re
versal of the magnetic field and the core is 11 flipped 11 

from one state to the other. A similar sequence is fol
lowed when the core is moved from the (-) residual point 
to the (+) saturation point by a (+h) current. Notice that 
a ( +h) current applied to the core has little effect if the 
core lies at the (+) residual point, since it only forces 
the core a little farther into saturation; the same is 
true if a (-h) current is applied to the core which is at 
the (-) saturation point. 

When the core is magnetized to the upper portion of its 
hysteresis loop it is said to contain a 1; if it lies on the 
negative portion of the curve it contains a 0. The 
amount of drive current necessary to flip the core from 
one magnetic state to the other is called a 11 full-select 11 

current. 

In order to read information from the core, an addi
tional wire, called a sense winding, is threaded through 
the core. When information is to be read, a negative 
full select current is passed through the core and the 
resultant change of flux is sampled by the sense winding. 
If the core contains a zero, the flux change is negligible; 
if the core contains a one, how ever, the large change of 
flux as the core flips induces a voltage pulse in the sense 
winding. A high-gain amplifier, called a Sense Ampli
fier, monitors the output of the sense winding to detect 
the presence of a one -bit. Since reading sets the core 
to zero, the stored information is essentially lost; 
hence, the term 11 destructive read 11 is applied to core 
memories. In order to retain information, a complete 
memory cycle must consist of both a read and write op
eration. 

The method of writing a one-bit is simply to drive a 
full-select current through the core. Since the cores 
are cleared by the read current, writing a zero is ac
complished by inhibiting the full select current through 
the core. Therefore, a zero is written into core by not 
writing a one. 

2Y2 D Coincident Current Selection 

In the preceding discussion of Basic Core Theory, se
lection of a memory cell for reading or writing is shown 
to be possible through the aid of a full select current 
applied through a core and a sense wire to detect a 
change of flux in the core. The complexity of selecting 
a core with a single drive line is prohibitive, however, 
in the light of 4096 separate selections necessary for 
even the smallest memory size. 

In order to minimize the address selection logic, each 
core is threaded by two drive windings, designated Bit 
Select and Word Select, as shown in Fig. INT. 4. 

The core is selected by coincident half-select currents 
on the Bit and Word Select lines rather than by a full
select current on the single line previously described. 

Bit 
Select 

Word 
Select 

1/2 Select 

1/2 Select 

Induced voltage when core 
switched from 1 to 0 

\\ 
f"\.; 

i--------- Sense 

(a) Basic 2 1/2 D Read 

Enabled only when 
11 1 '' is to be stored 

Select/Bit 
, ______ Select 

,.__ _____ Word 

1/2 Select Select 

(b) Basic 2 1/2 D Write 

Fig. INT. 4. B3-sic 2 1/2 D Operation 

Fig. INT. 5 illustrates the effect of various combinations 
of half-select currents on a memory core. Notice the 
ratio of the sensed output signal, V sense, for a full
selected current core compared to the sensed output Vh 
for a half-selected memory core. This relationship 
permits one Bit Select line and one Word Select line to 
be threaded through many cores in a matrix. The only 
core affected being the one in which the Bit and Word 
select lines meet with current flowing in the same di
rection. 

During a write cycle, current is reversed in the Bit and 
Word select lines to induce flux in the one direction if a 
one is to be stored. Control of whether a one is to be 
stored or a zero is to be stored is accomplished by en
abling the Bit Select current only when a one is to be 
written. Inhibiting current flow during the write cycle 
in the Bit Select line leaves the core in the zero state. 

Figs. INT. 6 and INT. 7 illustrate two bits of an 8-word 
memory. Fig. INT. 6 illustrates the direction of cur
rent flow in the Bit and Word Select lines to read the 
contents of two different words. Notice that only one 
word (bits 0 and 1) is selected by having both the Bit 
Select and Word Select current in the same direction. 
The locations, 003 and 103, are provided with arbitrary 
addresses to illustrate that by changing the direction of 
current flow through the select lines different addresses 
may be selected. Therefore, when current is flowing in 
the direction of the solid arrows, address 003 will be 
addressed and the bit 0 and bit 1 cores will be flipped, 
if previously a one, inducing a signal in the sense lines 
for interpretation as stored ones in these positions. Ad
dressing cell 103 will cause the bit 0 and bit 1 cores for 
this address to flip, as indicated by the unshaded arrows. 

Fig. INT. 7 illustrates the same 2-bit, 8 word memory 
for writing a one back in both bit positions of arbitrary 
addresses 008 and 108 . Again, the solid arrows indi
cate the current flow for address 00 8 and the unshaded 
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arrows indicate the direction of current flow for address 
10s. Notice that during the write cycle, the Bit Select 
lines are controlled by the desired data bit to be stored 
in each bit position. Current will flow in the Bit Select 

I +> I +' I 

~I 
C) I 
Q) I 

r-1 I r-1 I 

V sense 

Q.l I Q) I 

(fJ I (fJ: 
h 

"""' 
I 'H I 

r-1 I Cd I 

~I :r:: 

WR Word Read current 
BR Bit Read current 
Bw Bit Write Current 
Ww Word Write current 

"l 11 Saturation Point - Reached from @ 
during write cycle when Bw and Ww provide 
current in the same direction. 

11 111 Residual Point - Reached from Q) or G) 
after current is removed. 

Read Half Select Point - Reached from 0 by 
WR or BR. 

11 0 11 Saturation Point - Reached from W or@ 
during read cycle when BR and WR provide cur
rent in the same direction. 

11 0 11 Residual Point - Reached from ©or© 
after current is removed. 

(!) Write Half Select Point - Reached from @)by 
Ww or Bw. 

v 
sense 

Voltage sensed proportional to the change 
in the B axis. 

Fig. INT. 5. Bh Curve, Coincident Current Effects 

line only if a one is to be stored in the addressed bit. 
If a zero is to be stored current only flows in the Word 
Select lines leaving the core in the zero state. 

MEMORY RETENTION 

The magnetic core array does not require power to pro
vide its static memory capability. A pulse of power is 
required to switch cores from one state to the other, 
but the pulse is not necessary to hold cores in their re
spective states. All cores remain in the state to which 
they have been switched because of the retentivity of the 
core magnetic material. If power is removed or lost, 
the magnetic core array retains stored information in -
definitely. 

MEMORY WRAP AROUND 

The Memory Address Multiplexer inputs are wired with 
only the address bits required to address the imple
mented core size. That is, if an SK memory module is 
implemented, only address bits 0 through 12 are wired 
to the address multiplexer, etc. Using this technique, 
when the user device addresses a core cell above the 
implemented size, a corresponding location within the 
implemented memory will be addressed or zeros will be 
fetched from core. 

The following chart illustrates the 4K memory block ad
dressed and the corresponding 4K block affected for the 
various implemented memory sizes. 

Implemented Memory 

4K SK 12K 16K 20K 24K 2SK 32K 

ro_ 4K 0-4 0-4 0- 4 0- 4 0- 4 0- 4 0- 4 0- 4 
'"d 

4- SK 0-4 4-S 4- s 4- s 4- 8 4- 8 4- 8 4- 8 Q) 
w. 
w. 

8-12K 0-4 0-4 8-12 8-12 8-12 8-12 8-12 8-12 Q) 

H 
'"d 

12-16K 4-8 4-8 >:::: 12 -16 12-16 12-16 12 -16 12 -16 '"d 
<c: 
..!G 16-20K 0-4 0-4 0- 4 0- 4 16-20 16 -20 16-20 16-20 
C) 

0 
20-24K 0-4 4-8 4- 8 4- 8 20-24 20-24 20-24 r-1 ,,, 

p:i 

~ 24-28K 0-4 0-4 8-12 S-12 '•' '•' 24-28 24-2S 
'tji 

2S-32K 0-4 4-8 ):::: 12 -16 ):~ )~ '•' 2S-32 
'-

>!< A zero word is read with no parity error. A write 
operation would go undetected unless Memory Protect 
were used. 

DEDICATED MEMORY ADDRESSES 

Certain memory locations are pre-assigned for specific 
use. These memory locations should be used only for 
the purpose intended unless hardware is not included to 
make use of the specific reserved address. The re
served memory locations and the pre-assigned uses are 
listed as follows. 

4015B CORE MEMORY INT-5 



Octal 
Address Specific Use 

00 Primary Bulk Storage Pointer Word 
(Channel 1) 

01 

J i Index Register Words 

07 

10 Q Register Words 

11 

J Additional Bulk Storage (11 2) i Channel 

17 
Pointer Words (12 Channel 3) 

20 Memory Protect Error Exit Location (SPB) 

21 Memory Protect, Saved I Register Word 

22 Not Defined 

23 Not Defined 

24 API Stall Alarm Error Exit Location (SPB) 

25 Not Defined 

26 Not Defined 

Octal 
Address 

27 

30 

31 J ~ 
37 

40 J i 
77 

100 

) i 
177 

Not Defined 

Not Defined 

Specific Use 

Common Peripheral Pointer Words 

Quasi Instruction Branch Vectors (SPB 1 s) 
or Single Word Quasi 

Memory Protect Status Words 

8 to 128 
Automatic Program Interrupt Control 

200 Locations 
i a. Entry Location (SPB 1 s) 

377 b. Tally Control Instructions (DMT 1 s) 
c. l/O Control Words (TIM/TOM Con

trol Words) 

WORD DRIVE SELECTION 

Bit Drive 
Selection 

INT-6 

Read 1
00 8 

Read 1
10 8 

Read 100 
~8 

c==> 
Read 1

10 8 

Read 1
00 

~8 

c==> 
Read 1

10 8 

Word Drive Selection 

Fig. INT. 6. Read Coincident Current 2 1/2 D Selection, Basic Operation 

CORE MEMORY 

Bit 0 
Sense 

f\.._ Line 

Induced voltage 
when addressed 
bit switched 
from 1 to 0 

) 
Bit 1 
Sense 
Line 

4015B 



Bit Drive 
Selection 
(Bit 
Controlled) 

Bit Drive 
Selection 
(Bit 
Controlled) 

4015B 

Write 100 
~8 

Write 110 8 

Write 1
00 

~8 

Write 1
10 8 

Write 100 
~8 

Write 1
10 8 

Write 1
00 

~8 

Write 110 8 

Word Drive Selection 

Word Drive Selection 

Fig. INT. 7. Write Coincident Current 2 1/2 D Selection, Basic Operation 
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Bit 0 
Sense 
Line 

Bit 1 
Sense 
Line 
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THEORY OF OPERATION 

A functional block diagram of the memory system is 
contained in Fig. THEORY. 1. As shown in the diagram 
as many as three devices, in addition to the Arithmetic 
Unit, may communicate directly with the memory. 
These three devices may be any combination of from one 
to three Drum Couplers, and/or Disc Couplers, and/or 
Peripheral Controller Couplers. 

The user device applies a memory request signal, the 
operation (read or write) to be performed, and the mem -
ory location address to be affected to the Memory Con
trol Unit. If more than one device requests memory at 
the same time, the Memory Control logic determines 
which device has priority and grants access to that de
vice only. The device connected to the Channel 1 input 
has priority over the Arithmetic Unit or devices connect
ed to Channel 2 or Channel 3 inputs. Channel 2 devices 
have priority over the Arithmetic Unit and the Device 
connected to Channel 3. Channel 3 requests have prior
ity over Arithmetic Unit requests. 

The Arithmetic Unit has the lowest priority since its op
e ration speed is the fastest. The Memory Control Unit 
applies a device granted signal to the Device that obtains 
priority. 

After the access priority has been established, a signal 
is applied to the core memory module to indicate the 
type of operation and to initiate the memory cycle. 

If the operation is write (Clear /Write) into core, the 
data transferred from the user device is gated through 
the Multiplexer Data Gates. The parity bit, if required, 
is generated and the data is transferred to the Data Reg
ister of the memory module. The address of the core 
location to be affected is multiplexed from the user de
vice to the Address Register of the memory module. 
The address is decoded and the corresponding word and 
bit drive lines are enabled. Enabling the Word and Bit 
Drive lines will cause the cores in this memory location 
to clear. Since this is aw rite into core operation, the 
data sensed from this location is not used. The "one" 
data bits contained in the Data Register then control 
the decoded Bit Address lines to set the corresponding 
data bits of the addressed location. Setting the core 
cells of the addressed location to the configuration of 
"one" bits in the Data Register completes the memory 
cycle. When the Arithmetic Unit has access to memory, 
a Memory Release signal is applied from the Memory 
Control logic to the AU at the end of the cycle. 

Read (Read/Restore) core memory operations require 
the same determination of priority after receipt of the 
memory request signal. The multiplexed address is 
again decoded to clear the bits of the corresponding 
memory location. The data sensed during this clearing 
operation is applied through the sense amplifiers and 
strobed into the Data Register. The data contained in 
the Data Register is then used to control the Bit Drive 
lines and, thereby, store the same data back in the ad
dressed location. The data in the Data Register is also 
applied through the Memory Input Buffer for application 
to the user device. A Data Ready signal is provided by 
the Memory Control Unit to set this data in the user de
vice. The data read from core is checked for odd parity. 

If a parity error exists, a parity error signal is pro
vided. This parity error signal lights the Core Parity 
and Alarm indicators on the console, provides for pro
gram detection of the error (JNP), and may be option
ally used to halt further accesses to memory by the AU 
using the Stop On Parity switch. If the user is the Arith
metic Unit, a memory release signal is applied to the 
Arithmetic Unit upon completion of the memory cycle. 

The Memory Control Unit is capable of controlling up to 
32K words of memory storage. A Memory Module con
tains up to 16K words of memory storage. Therefore, 
if more than 16K words of memory are required, two 
Memory Modules are used as shown in Fig. THEORY. 2. 
These Memory Modules are identical. 

The Memory Control Unit will then initiate the proper 
16K Memory Module addressed by using memory ad
dress bit 14. If memory address bit 14 is a zero, then 
the lower 16K Memory Module operation is initiated. If 
memory address bit 14 is a one, then the upper 16K 
Memory Module operation is initiated. 

CORE STACK ARRANGEMENT 
The core stack is a sealed unit which is maintained at a 
constant temperature - nominally 55°C. The capacity of 
the stack may vary from 4 to 16 thousand words in 4 
thousand word increments. Its physical size is the same 
regardless of capacity - 12. 5'' wide x 20'' high x 3" 
thick (see Appendix A). 

Within the encased unit are the magnetic cores, a 
heater element to hold the temperature constant, ther
mocouples for monitoring the internal temperature, 
and over /under temperature protection sensors used for 
alarming. 

The magnetic stack is arranged depending on the capa
city. It contains from one to four planes, the required 
di.ode matrix, and the connections for the Word Drive 
lines, Bit Drive lines, and Sense lines. Each plane 
contains the magnetic cores required to store 4K (4096) 
words of data. Fig. THEORY. 3 illustrates the organi
zation of the stack for the different stack capacities. 

Fig. THEORY. 4 illustrates a 4K word plane including 
the Word and Bit Drive lines. As shown, a single plane 
contains 4096 cores (. 03 inches in diameter) for each of 
the 25 bits of a word. The cores for each bit position 
are physically separated. 

The 4096 cores for each bit position are organized in a 
16 by 2 56 matrix. To simplify the understanding of ad -
dress decoding, the 16 by 256 matrix for each bit is fur
ther divided into a 16 by 16 group as shown in the figure. 

A close study of Fig. THEORY. 4 will illustrate the 
basic method of addressing one core in each of the 25 
bit positions. Notice that although a signal for selecting 
the Word Line Diode End is common to one of the 16 
lines for each of the 16 groups, only one of these lines 
will be enabled by the Word Line Group End address 
signal. Therefore, the Word Line enabled passes 
through 16 cores of each bit position. Individual Bit 
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Diode Matrix circuits are provided for each bit position. 
The Bit Diode Matrix circuits enable one of 16 lines to 
each bit position. The enabled Bit Line selects the ad
dressed core cell from the 16 cores selected by the 
Word Line. Also, notice that current may flow in both 
directions in both the Word Line and the Bit Line. Cur
rent flows in one direction to read the contents of the 
addressed cell and current flows in the other direction 
to set the addressed core cell to the "one" position. 

A detailed discussion of address selection is provided 
later in this section. The previous discussion is pro
vided only as a basic understanding of the core stack or
ganization and interconnections of the drive lines. 

4K 

SK 

12K 

16K 

NOTE: Appendix A lists the location and pin connections 
of the Bit (N02) and Word (N03) Matrix connections. 

UPPER 16K 
: MEMORY 
IAR14 ~ _. 

MODULE .... 

MEMORY L - - - (68C972952) 

CONTROL 
UNIT 

(68C 972680) LOWER 16K ,- --
MEMORY 

1~i.- -. 
I 14 MODULE 

(68C972952) 

Fig. THEORY. 2. 16K - 32K Word Memory, 
Block Diagram 

Bit Matrix (N02) Connections 

Plane 1 - 1st 4K 

Word Matrix (N03) Connections 

Bit Matrix (N02) Connections 

Plane - 1st 4K 

Plane 2 - 2nd 4K 

Word Matrix (N03) Connections 

Bit Matrix (N02) Connections 

Plane 1 - 1st 4K 
Plane 2 - 3rd 4K 

Plane 3 - 2nd 4K 

Word Matrix (N03) Connections 

Bit Matrix (N02) Connections 

Plane 1 - 1st 4K 

Plane 2 - 3rd 4K 

Plane 3 - 2nd 4K 

Plane 4 - 4th 4K 

Word Matrix (N03) Connections 

Fig. THEORY. 3. 4K, SK, 12K, 16K Stack Arrangement 

4015B CORE MEMORY THEORY-3 



LWD33P 
r-----1 ...... 
I 

-.. 
I LWD33N ... 

I i....- I 

I I 
I 
I 

I I 

I I 

I I 

:woRDDIODE I 

I 

I MA1RIX 
I 

I I 

I _2.__, 
I LWDOOP I __.. 

I :. I"' 
LWDOON I 

L-~- -- -' 

o r-----------,--' 
G 

D 

D 

I r141. l2*l ; ON1 
_.._J l ' 

OP• .,. 3 ~ I 

r-t-f-*i. 4 I : 
...... ' I ... 5 ' G 

~16I: 
~L1 : 

..._ sI: .... l. 
...... 

2 ... G 9 : 
I ~T10T: 

~111 : 
~ H 

r-f*-i 121: H 

D 

G 3 +I 13 I 

~114~: 
~15 : ~ 
~ 161 : 

D 

* I 

' I 
I 

<. 
k_ 

'I 
k_ 

7 

k.., + ,, 
71 

k_ 

7 

'I 

k_ L 

IL 

'I 

IL_ IL_ 
"I 

lL 

k_'I 

" ,, 
71 

'I 

'1 

'I 
L 7(-
k_ 

'I 

" 71 7 

" "I 

71 'I IL..71 7 

'I ,, 
~ 

'I 'I --, 

71 7 

k_ 
'1 '1 

71 
v 

"I 
lL v 

L k_ It_ 

k_. ~ 
'1 

k_ k.--,f-'I 71 71 

7 

v 
""7 ""7 

71 

v 
71 

k_ 

v ,, 
It... 

71 
k_ 

7j 71 ,, ,, 
k_ 

71 71 ,, ,, 
i, ~ 

'I '1 
lL k_ 

v v It ,, 
k_,, 

v 
'1 ,, 

v v 
,, 71 

IL v 

71 ~· 
i, 

k_ k_ 71 

) 

/ Common to all 16 groups (00-33) 

BIT LINES JUMPERED 

AT FINAL PLANE 

\ 

256 WORD LINES DIODE END 16 TO EACH GROUP 

1 1 1 1 1 1 1 1 1 1 1 
r l l 

1

1 
• • • , , , , , , , , • , , 1 , 

'---<l>---<l>---<l ___ ___._ ___ r .... __.__....~..._.~~.__..____, GOO. GOI • G02 • G03 • GIO • Gii • Gl2 • Gl3 • G20 • G21 • G22 • G23 • G30 • G31 • G32. G33 • 

BIT DIODE MA1RIX 1 
I 

------------- _ _j 

GO= Group 0 

DON = Diode 0 Negative 

DOP = Diode 0 FOs1t1ve 

• 270 Ohms, W1 W, ± 53 

THEORY-4 

WORD LINE GROUP END 

1 of 16 per 4K plane 

BIT LINES 
16 Imes (8 pairs) to each of the 25 Bit posrt1ons. 

These Bit Imes are common to the corresponding 
Bit positions m all 4K planes 

lr~~c;i 

'---l_ 
=..J 

BIT 00 

BIT 01 

BIT 02 

BIT 03 

BIT 04 

BIT 05 

BIT 06 

BIT 07 

BIT 08 

BIT 09 

BIT 10 

BIT 11 

BIT 12 

BIT 13 

BIT 14 

BIT 15 ,_ 

~ ,.---,--
--- _.........., 

BIT 22 

BIT 23 

BIT 24 

16 WORD LINES GROUP END 1 TO EACH GROUP 

Fig. THEORY. 4. 4K Plane Organization and Addressing 

CORE MEMORY 

----~ 
!::::::::,,~ 

4015B 



A single sense line is threaded through all cores of each 
bit position in a 4K plane. Therefore, each plane will 
contain 25 sense lines. Each sense line will be threaded 
through 4096 core cells. The sense windings are 
threaded through the 16 by 256 bit matrix of each bit po
sition in a rectangular fashion with wire transpositions 
spaced at 128 core intervals as shown in Fig. 
THEORY. 5. 

PRIORITY ACCESS 
The Memory Control logic (68C972680, sheet 7) con
tains the logic required to enable access to memory of 
Channel 1 requests over AU, Channel 2, or Channel 
3 requests; Channel 2 access to memory over AU or 
Channel 3 requests; and Channel 3 access to memory 
over AU requests. The Arithmetic Unit requests have 
the lowest priority for access to memory due to its op
erational speed. Channel 1, 2, and 3 requests are as
signed as a system option for the devices (Drum, Disc, 
etc.) used by the system. 

Requests from the user devices are applied to the Prior
ity Request flip-flops FlMPRl through F1MPR4. Re
quest from the Arithmetic Unit (GlSMRQ) are applied to 
F1MPR4. With no other request present, or at the last 
clock pulse of a previous memory cycle, the priority 
flip-flop corresponding to the channel request input is 
set. Priority of the Priority Request flip-flops is then 
established in gates GOMBRl through GOMBR4. Only 
one of these gates will be enabled according to the pri
ority scheme. 

GOMBRl 

GOMBR2 

FlMPRl 

F1MPR2 · FlMPRl 

GOMBR3 

GOMBR4 

F1MPR3 · F1MPR2 · FlMPRl 

F1MPR4 · F1MPR3 · F1MPR2 
FlMPRl 

Enabling one of these gates starts the memory cycle and 
enables access to memory for the corresponding device. 
Address and data control of the memory is then allo
cated to the user device granted access. 

MEMORY CONTROL TIMING 
Fig. THEORY. 6 contains a timing diagram with logic 
equations of the memory control timing (GE Drawing 
68C972680). The memory control unit timing is initiated 
by a request signal from a user device and then operates 
independent of the memory unit timing. Fig. THEORY. 6 
illustrates a request signal originating from the arithme
tic unit (AUGlSMRQ), however, the request signal from 
other user devices would be similar. The memory con
trol timing applies an initiate signal to the memory mod
ule to start memory timing and applies a signal to indi
cate the memory operation, either read (read/restore) 
or write (clear/write). The memory control unit then 
multiplexes the address to the memory module from the 
requesting device and transfers data from the user de
vice to the memory module (write) or transfers data 
from the memory module to the user device (read). 

The first clock pulse following the request signal is used 
to determine the priority of memory access. If no other 
requests are present or if the request is highest priority 
and the previous memory cycle is complete, the associ
ated priority request flip-flop (F lMPR 1, 2, 3, 4) is set 
and the associated busy return gate (DOMER 1, 2, 3, 4) 
is enabled. Enabling DOMBRl, 2, 3, 4 applies an access 

256 Cores-----------------• 
128 Cores 128 Cores 

128 Cores 128 Cores 

C ______ X _________ ) 
NOTE: A sense winding threads 4096 cores of a bit position. 

Fig. THEORY. 5. Sense Winding 
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THEORY-6 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

r - - --
Memory Request .._ ____________ _ 

.-------------------------, r-- F1MPR4 = FOMPR4 · MRQ4 Li_ FOMPR4 SMRQ · MEPR · MCKl + F1MPR4 · MINT 
F1MPR4 MRQ4 · MEPR · MCKl 

MBR4 

MTCE 

'----------------------~~ MEPR 

FlMTCE 
FlMTCE 

MTCl 
MTCl 
MITC 
MPES 

= MPR4 · MPR3 · MPR2 · MPR 1 

MBR4 + MBR3 + MBR2 + MBR 1 

MPR4 + MPR3 + MPR2 + MPRl 

SMRQ + REQ 3 + REQ 2 + REQ 1 

MNRP · MCK2 
MNRP · MEPR · MCK2 

MTCE • MITC · MCK2 · MTC 1 
(MITC + MEND)· MCK2 · MTCl 
MT17 · MPES 
Console Sw. Enable · Stop on Parity · 
Parity Error 

MTC 1 · MITC · MCK2 · MTC2 MTC2 
MTC2 ( (MTC 1 · MITC) + MEND] · MCK2 • MTC2 

-Au Request Only 

MTC3 
MTC3 

MTC4 

MEND 

MTCl • MTC2 · MITC · MCK2 · MTC3 
[ (MTCl • MTC2 • MITC) +MEND] • 
MCK2 · MTC3 

MTCl · MTC2 · MTC3 · MITC • MCK2 · 
MTC4 
MTC 1 · MTC2 · MTC 3 · MITC • MCK2 · 
MTC4 + MEND · MCK2 

MTCl • MTC2 · MTC3 · MTC4 

DlMDRY MTCl · MTC2 · MTC3 · MTC4 · MAE4 

GlMDRY MTCl · MTC2 · MTC3 · MTC4 

11_ MT16 MTCl · MTC2 · MTC3 · MTC4 
---------------------~ 

L MRLS = MT16 · MAE4 · MCK2 
AU Request Only ___. MRLS = MEND . MCK2 ------------------------

MBRQ MTC2 + MTC3 + MTC4 

READ ~RQ Access Granted · Read 

STORE LMWRQ Access Granted · Write 

LMROW MBRQ 

'--------------------~MRQM MRQM 

1'4----- READ---- ---- WRITE-----. 

Fig. THEORY. 6. Memory Control Timing 
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granted signal to the user device, enables the time 
counter enable gate (GlMTCE) and enables the enable 
drivers (DlMAEl, 2, 3, 4 and DlMBAEl, 2, 3, 4). The 
enable drivers DlMA(B)El, 2, 3, 4 are used to gate the 
memory address from the device granted access through 
the address multiplexer (GlMAOO-GlMA14) to the ad
dress register of the memory unit. These enable dri
vers are also used to gate the data from the device 
granted access through the data multiplexer (GlMD00-
GlMD23) to the data register of the Memory Module and 
to select the read/write signal from the device granted 
access. 

The read/write signal from the device granted access 
will enable either the read request gate (GOMRRQ} or 
the write request gate (GOMWRQ). The outputs of these 
gates are applied to the memory module to provide con
trol of the read/restore or clear/write mode of mem
ory operation. The output of GOMRRQ is inverted in 
GlMRRQ and is used to enable the parity check logic 
within the memory control unit. 

The memory time counter (FlMTCl, 2, 3, 4) is a bi
nary counter incremented by the 10 mega-Hertz clock 
pulses to provide control throughout the memory cycle. 
The time counter is enabled following access granted, 
provided there is not a parity error when the Stop On 
Parity switch is in the stop position and provided there 
is not an over/under core temperature alarm. 

An initiate signal is applied to the memory module 
(GlMRQM) for systems having 16K or less of memory 
(GlML(U)Q for systems having more than 16K of mem
ory) when access has been granted to memory. This 
signal is disabled (GOMBRQ} when the memory time 
counter is incremented to a count of two. Applying this 
initiate signal to the memory module starts the memory 
module timing and the read or clear portion of the mem -
ory cycle is started. The memory module then operates 
independent of the memory control timing. The initiate 
signal is applied only to the 16K stack addressed as con
trolled by bit 14 of the address (D1MEL(U)2). 

After the memory time counter has been incremented to 
a count of 1 Og, a data ready signal is applied to the de -
vice granted access. This data ready signal indicates 
to the user device that the data has been read from mem -
ory and may be gated to the user or that the addressed 
core cell has been cleared. 

The memory time counter continues to be incremented 
by each 10 mega-Hertz clock pulse until a count of 17 8 
is reached. At this time the memory module has com -
pleted the write or restore portion of the cycle. There
fore, a new memory cycle may be initiated, i.e. , an
other request may be serviced. If the arithmetic unit is 
the user device, a release signal (F lMRLS) is applied 
to the arithmetic unit to terminate the current sequence 
state. 

MEMORY MODULE TIMING 
Fig. THEORY. 7 illustrates the timing of the memory 
module as the signals would appear on an oscilloscope. 
The points at which these signals may be monitored are 

indicated. Because of the operational speed of the mem -
ory unit, circuit delays become important when consid
ering the memory timing. These delays are taken into 
account in the timing diagram. 

These signals are generated from the initiate signal 
(GlMRQM, GlML(U)RQ) generated in the memory con
trol unit when access has been granted to a requesting 
user device. This initiate signal is ANDed with memory 
busy, buss level monitor, and the 10 mega-Hertz clock 
in GOTIMS. If the memory is not busy and the buss 
level monitor has not detected a power failure, the ini
tiate memory cycle flip-flop (F 1 TIMC) is set. Setting 
F 1 TIMC initiates the memory cycle by applying a pulse 
to the time delay circuits and by setting the memory 
busy flip-flop (F 1 TMBU). 

The timing pulse applied to the delay circuits provide 
precise timing signals for control during the memory 
cycle. Three delay circuits are provided as shown on 
sheet 8 of the memory logic (68C972952). Delay circuits 
1 and 2 provide taps for obtaining delays of the timing 
pulse from 25 nanoseconds to 1650 nanoseconds in 25 
nanosecond intervals. Delay circuit 3 is used to gener
ate the strobe pulse providing more precise delay incre
ments of 5 nanoseconds from the timing pulse previously 
delayed in delay circuit 1. 

The timing signals obtained from these delay circuits 
are wired to the delay tap pins to provide optimum oper
ation of the memory module. These delays should not 
require changing unless component deterioration or 
component replacement occurs. 

Each of the control signals illustrated in Fig. THEORY. 7 
are described as to the function performed in the follow -
ing text. A more detailed understanding of these signals 
will be obtained from the discussion of memory address
ing, and the read/restore and clear/write modes of 
memory operation contained later in this section. 

GlMLRQ - Initiate: 

The initiate signal originates in the memory control 
unit when access has been granted to a requesting 
device. This signal is applied from GlMRQM if the 
memory module contains 16K words or less of mem
ory storage. If the system contains more than 16K 
words of memory, the initiate signal is applied 
from GlMLRQ for OK - 16K addresses or from 
GlMURQ for address between 16K - 32K. In sys
tems with more than 16K words of storage, the ini
tiate signal is applied only to the addressed 16K 
memory module. 

This initiate signal is used to start the memory 
timing by applying a pulse to the delay circuits 
from which the remaining timing signals are ob
tained. 

DONCKl - 10 Mega-Hertz Clock: 

The 10 mega-Hertz clock is the basic system clock 
obtained from the Arithmetic Unit (DONCKl). 
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Dl TGAB - Gate Address, Bit: 

This signal gates address bits 3 through 0 from 
memory control to the address register (F 1AR03 -
FlAROO) of the memory module. These bits are 
decoded to select the bit drive lines. 

At the same time that Dl TGAB is enabled, Dl TGAL 
and Dl TGAU are enabled to gate address bits 4 
through 12 to the lower and upper 8K memory ad
dress register, respectively, of the memory mod
ule. These bits are decoded to select the word 
drive lines. Dl TGAL is also used to gate address 
bits 12 and 13 to the memory address register from 
the memory control unit. These bits are decoded 
to select the sense quad enable signal (DlTSQ0-3) 
corresponding to the 4K plane addressed. 

FOTBRE - Bit Read Enable: 

The Bit Read Enable signal enables decoding of ad
dress bits 3 through 0 to enable the addressed bit 
drive lines for the read or clear portion of the 
memory cycle. FOTBRE controls the time that cur
rent is allowed to flow through the addressed bit 
drive line of the read portion of the memory cycle. 

GOTWSL - Word Switch Enable: 

GOTWSL supplies one input to enable decoding of 
address bits 12 through 4 for selection of the ad
dressed word drive lines. The other enable signal 
required for selecting the word drive lines is the 
word read enable or word write enable signal de
scribed below. 

GOTWRE - Word Read Enable: 

This signal enables selection of the word drive lines 
for the read or clear portion of the memory cycle. 

Fl TWRD - Word Read Drive: 

FlTWRD enables the voltage source for the word 
drive lines. Therefore, current will flow through 
the addressed word drive lines. In conjunction with 
the current flow through the bit drive lines, full se
lect current will flow through the addressed word 
and the core will be flipped to the zero state. 

Dl TSQ0-3 Sense Quad Enable: 

This signal enables the sense amplifier to detect the 
change in flux for a core cell flipped from the one to 
zero state. Only the 4K plane addressed by address 
bits 12 and 13 will be enabled. The output from the 
enabled sense amplifier will be strobed to the mem
ory data register if the operation is read. 

Dl TST0-3 Strobe: 

This signal will gate data into the memory data reg
ister. The data gated will be the data sensed from 
the addressed core cell during a read/restore oper
ation. During a clear/write operation, the data 

gated to the memory data register will be the data 
from the user device that is multiplexed through the 
memory control unit. In either case, the data con
tained in the data register following the strobe will 
be the data to be written or restored in the memory 
location. 

Dl TBSL - Bit Switch Enable: 

DlTBSL gates the contents of the memory data reg
ister to the bit matrix for controlling the bit drive 
lines during the write or restore portion of the 
memory cycle. Only the addressed bit lines cor
responding to one bits in the memory data register 
will be enabled. This will flip the addressed cores 
corresponding to ones in the memory data register 
and leave the remaining cores in the zero state. 

FOTBWT - Bit Write Enable: 

FOTBWT enables the decoding of address bits 3 
through 0 for selection of the bit drive lines for the 
write portion of the memory cycle. 

FOTWWE - Word Write Enable: 

FOTWWE enables decoding of address bits 12 
through 0 for selection of the word drive lines for 
the write or restore portion of the memory cycle. 

FlTWWD - Word Write Drive: 

This signal enables the voltage source for the se -
lected word drive lines and, therefore, allows cur
rent to flow through these lines. Therefore, with 
current flowing in the word drive lines and in the bit 
drive lines for those cells in which a one is to be 
stored, full select current flows in these cells flip
ping them to the one state. 

Fl TMBU - Memory Busy: 

This signal inhibits initiation of a memory cycle un
til the present cycle is completed. In this manner, 
protection is provided from destroying desired data. 

Current Signals: 

These signals are provided to illustrate the current 
waveforms on the drive line. 

MEMORY ADDRESS SELECTION 
The following text describes the word drive line and bit 
drive line selection logic used to enable full select cur
rent to flow through the core cells of the addressed 
memory word. Driving specific word and bit drive lines 
is required to read previously stored data from a speci
fic memory location or to store new data in a specific 
memory location. 

The word and bit drive lines driven,correspond to the 
memory address specified by the user device granted 
access to memory. As shown in Fig. THEORY. 8, the 
15 bits of the memory address from the user device is 
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multiplexed through the memory control unit when ac -
cess is granted. Bit 14 of the address is used by the 
memory control unit to determine which 16K stack is 
being addressed. If bit 14 is a one, D1MEU2 is enabled 
and the initiate memory sequence signal is applied to 
the upper 16K stack. If bit 14 is a zero, D1MEL2 is en
abled and the initiate memory sequence signal is applied 
to the lower 16K stack. Since the initiate memory se
quence signal is required to start a memory cycle, only 
the stack initiated will be operative. 

Only the address bits required to address the maximum 
number of implemented memory word storage are wired 
to the multiplexer address gates of the memory control 
unit. In this manner, memory wrap around occurs when 
an address exceeding the implemented memory size is 
attempted. The Introduction portion of this description 

>16K 

UPPER/LOWER 
16K STACK 
CONTROL 

14 
DEVICE ADDRESS 

MBE-

MULTIPLEXER ADDRESS 

lists the locations addressed when addresses exceeding 
the memory size are attempted. 

From the multiplexer address gates of the memory con
trol unit, address bits 13 through 0 are applied to the 
memory module for decoding. Fig. THEORY. B lists 
the control provided by each bit. 

Refer to the memory block diagram contained on sheet 
5 of the memory logic (6BCB72952) and to the 4K Plane 
Organization drawing, Fig. THEORY. 4, during the fol
lowing discussion. 

Bit 13 of the memory address is used to determine if 
the upper or lower BK portion of a 16K stack is being ad
dressed. Separate, identical decoding of each BK por
tion of the stack is provided. 
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Bits 13 and 12 are used to determine which 4K plane is 
being addressed. From these bits one of four sense 
quad enable signals will be generated to gate the data 
sensed from core during the read portion of the cycle 
through the sense amplifiers. Since each bit position of 
each 4K plane contains a separate sense line, the sense 
quad enable signal enables the sense amplifier corres
ponding to the sense line of the addressed plane. 

ADDRESS REGISTER 

Bits 12 through 4 are decoded to enable the addressed 
word drive lines. 

Bits 3 through 0 are decoded to enable the addressed bit 
drive lines. During the write (restore) portion of the 
memory cycle the addressed bit drive lines are also 
controlled by the data bits to be stored in core. 

Fig. THEORY. 9 lists the word drive line circuits en
abled for all combinations of address bits 12 through 4. 
Both the group end and diode end circuits enabled are 
shown. Table THEORY. 1 lists the bit drive line circuits 
enabled for all combinations of address bits 3 through O. 
Notice that in addition to the read or write portion of the 
memory cycle, the bit drive line circuits enabled also 
depend on whether even or odd numbered bits are being 
selected. The bit drive circuits enable current to flow 
in opposite directions for odd and even bits. This ar
rangement aids in preventing interaction between adja
cent bit positions. 

Fig. THEORY. 10 illustrates, in block diagram form, 
the address selection circuits affected for even and odd 
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bits of memory location 000003. This diagram illus
trates the direction of current flow and the correspond
ing circuits enabled for both the read and write portions 
of the memory cycle. 

Notice that current flowing in both the bit and word drive 
lines provide full select current through the cores shown. 
During the read portion of the memory cycle, current 
flows in a direction that will flip cores in the one state 
to the zero state. The resultant flux is induced in the 
sense line, amplified by the sense amplifier and if the 
memory operation is read/restore, a one is strobed in
to the memory data register. If the memory operation 
is clear/write, this data bit will not be strobed into the 
memory data register. Instead, the data from the user 
device is gated to the memory data register. In either 
case, the read portion of the memory eye le will place 
all bits of the addressed memory location in the zero 
state. 

Following the read portion of the memory cycle, the 
write portion of the cycle is entered. Current is en -
abled in the opposite direction during the write portion 
of the cycle to flip the cores, corresponding to one bits 
in the data register, to the one state. Only the bit drive 
lines corresponding to one bits in the memory data reg
ister are enabled. 

Figs. THEORY. 11 and THEORY. 12 illustrate the de
tailed circuit operation of the read and write cycle, re
spectively, for the bit and word drive lines associated 
with memory address 000008 , bit 0. These circuit 
drawings illustrate the on or off condition of the various 
transistors, the relative potential, plus or minus, at the 
output of the circuit areas, and the direction of current 
flow. Using these diagrams, the operation of any word 
and bit drive line circuits may be determined. 

Appendix A contains a list of the pin connections at the 
core stack for both the word and bit drive lines. 

READ/RESTORE OPERATION 
The read/restore mode of memory operation retrieves 
data previously stored in a memory location and re
stores the same data back in the addressed memory lo
cation. The read/restore mode is initiated when a user 
device has been granted access to memory and the read 
(store) mode is specified by the device. 

The read/write or store signal from the user device is 
at zero volts for a read operation. This read/write sig
nal is applied to the memory control unit where GOMRRQ 
is enabled and GOMWRQ is disabled for the read/restore 
mode. GOMRRQ enables the parity check function of the 
parity check-generate logic. GOMRRQ applies a "one" 
to the memory unit enabling the read cycle enable gate 
Dl TRCE. Dl TRCE enables the data sensed from core 
to be gated to the memory data register for transfer to 
the user device and for control of the bit drive lines dur
ing the write portion of the memory cycle. 

Fig. THEORY. 13 illustrates the data flow for the read/ 
restore memory operation. During the read portion of 
the memory cycle, the bit and word drive lines are 

enabled according to the memory address specified by 
the user device. These drive lines provide full select 
current to flip the addressed core cells that are in the 
one state to the zero state. Flipping these cores to the 
zero state induces a voltage into the sense lines. The 
sense quad enable signal (Dl TSQ ) is enabled corres
ponding to the 4K plane addressed. This sense quad 
enable signal gates the sense winding signal for each bit 
through the sense amplifiers. The sense amplifiers 
convert the sense winding signals to logic levels. From 
the sense amplifiers, the data read from core is strobed 
into the memory data register since this is a read/re
store operation (i.e. , Dl TRCE is enabled). 

The data contained by the memory data register is then 
used to control the bit drive lines during the write por
tion of the memory cycle to restore the contents of the 
memory location addressed. Bits 23 through 0 of the 
memory data register are also transferred to the user 
device. Transfer to the user device occurs through the 
memory input buffer of the memory control unit if the 
system contains more than 16K words of memory or di
rect to the user device if less than 16K words of mem
ory are contained by the system. The data ready signal 
generated within the memory control unit is used by the 
user device to gate the data to the user device input/ 
output data register. Bit 24 of the memory data regis
ter is applied to the parity check circuitry of the mem -
ory control unit. 

The data gated to the user input/output register is ap
plied back through the multiplexer (or direct from the B 
Register in systems not requiring the multiplexer) to the 
parity check logic. In this manner, transmission parity 
is also checked. A detailed discussion of parity check
ing is provided later in this section. 

As mentioned above, the data in the memory data regis
ter is used to control the bit drive lines during the write 
portion of the memory cycle. If a one is to be stored 
into a core cell, full select current is passed through 
the cell in a direction opposite to that of the read portion 
of the cycle. If the core is to remain in the zero state, 
no current flows in the bit drive lines, only one-half 
select current flows through the core from the word 
drive lines, and the core remains in the zero state. 

CLEAR/WRITE OPERATION 
The clear/write mode of memory operation stores new 
data in a memory location address. The clear/write 
mode is enabled when the user device granted access to 
memory specifies the write or store mode of operation. 

The clear/write mode of memory operation is very sim
ilar to that of the read/restore mode of operation. The 
basic differences are that the parity generate logic is 
enabled in the clear/write mode and the data sensed 
from core during the read portion of the memory cycle 
is not strobed to the data register in the clear/write 
mode. Instead, the data to be stored from the user de -
vice is strobed to the data register. 

The user device specifies the clear/write mode by ap
plying a binary one read/write or store signal to the 
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memory control unit. This signal enables GOMWRQ and 
inhibits GOMRRQ. GOMRRQ, when inhibited, enables the 
parity generation portion of the parity check-generate 

logic. GOMWRQ, when enabled, enables the write cycle 
enable gate (Dl TWCE) in the memory module. This sig
nal is used to gate the data from the user device to the 
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memory data register for storage in the addressed mem -
ory cells during the write portion of the cycle. 

(clear) portion of the memory cycle, the bit and word 
drive lines are enabled according to the memory ad
dress from the device. All cores in the one state are 
flipped to the zero state, how ever, the resultant sig
nals induced in the sense windings are not gated to the 

Fig. THEORY. 14 illustrates the data flow for the clear/ 
write mode of memory operation. During the read 
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memory data register. Therefore, the read (clear) por
tion of the memory cycle is used to place all addressed 
cores in the zero state. 

The data to be stored (written) in the addressed core 
location is gated through the multiplexer of the memory 
control unit to the data register and to the parity gener
ation logic. The parity generation logic then generates 
a one, if required for odd parity, and applies this one 
to bit position 24 of the data register. The parity and 
data bits are then strobed in the memory data register. 
The contents of the memory data register are then used 
to control the bit drive lines during the write portion of 
the memory cycle. A one in the data register will en
able current through the corresponding bit drive line. 
This current through the bit drive line, in conjunction 
with the current through the word drive line, will flip 
the core to the one state. A zero in the data register 
will inhibit current flow in the bit drive line. The half
select current through the word drive line will not be 
sufficient to flip the core and it will remain in the zero 
state. In this manner the cores of the addressed mem
ory location will be placed in the configuration of the 
data bits in the memory data register. 

PARITY GENERATION 
Parity generation, in conjunction with parity checking, 
provides a means of detecting if a stored data word has 
gained or lost a bit. The parity generation logic ensures 
that an odd number of "one" bits are stored in memory 
during any clear/write operation. The parity checking 
logic ensures that an odd number of "one" bits are read 
back for each data word during read/restore operation. 
If an odd number of "one" bits are not read back, a 
parity error signal is provided to light the Parity Error 
and Alarm indicators on the computer console, enable 
the running program to detect the parity error (JNP), 
and to optional inhibit further access to memory by the 
Arithmetic Unit (Stop on Parity switch). If a parity er
ror occurs when the core temperature is out of limits, 
memory operation is halted. 

As shown in Fig. THEORY. 14, data bits from the multi
plexer are applied to the parity generate logic of the 
memory control unit during the clear/write mode of op
eration. The parity generate logic then enables a one 
to bit 24 of the memory data register if an even number 
of one bits is contained by the 24 data bits. 

Fig. THEORY. 15 illustrates, in block diagram form, 
the logic used to generate the parity bit. The logic as -
sociated with parity generation is contained on sheets 
17 through 22 of the memory control logic (68C972680). 
Most of this logic is also used in parity checking as de
scribed immediately following this discussion of parity 
generation. 

The data bits to be stored in memory are gated from the 
user device through the multiplexer by DlMAEl, 2, 3, 
or 4 when memory access has been granted. These data 
bits are applied to the memory data register as well as 
the inputs of the parity generation logic (GOPOGl 
through GOPOG8). 

GOPOGl through GOPOG8 each sample three data bits 
and if an odd number of "ones" are contained by these 
three data bits, a "zero" output signal is provided. If 
an even number of "one" data bits are contained by the 
three inputs, a "one" output is provided. The outputs 
of GOPOGl through GOPOG8 are applied to GOPOSl, 
G1POS2, and GOPOS3. The output from these gates are 
applied to GlPOFS. The output from GlPOFS is then a 
"one 11 if an odd number of data bits was detected from 
the multiplexer or a 11 zero 11 if an even number of "one 11 

data bits was detected from the multiplexer. 

The output of GlPOFS is inverted in GOPOFS providing 
a 11one" output to bit 24 of the memory data register if 
an even number of 11 one 11 bits is contained by the data to 
be stored in memory. This parity bit is gated to the 
memory data register by the strobe at the same time 
the remaining data bits from the multiplexer are gated 
to the memory data register. 

PARITY CHECKING 
During a read/restore operation, the data read from 
the addressed core cell is checked to determine if it 
contains an odd number of "one 11 data bits. Since the 
parity generation logic ensured that an odd number of 
''one 

11 
bits was stored in the memory location, if an even 

number of ' 1ones
11 

is read back, a bit has been gained or 
lost and an error condition exists. When an error con
dition is detected, the Parity Error flip-flop (FlPPER) 
is set and the data word is restored in the memory loca
tion in the same form that it was read. 

Setting the Parity Error flip-flop performs the following 
functions: 

• Applies a signal to the Arithmetic Unit 
(AUGONPER) where the status may be checked 
by the JNP command. 

• Applies a signal to the Stop On Parity switch 
(CSWSOP) to stop Arithmetic Unit sequencing 
when a parity error occurs and the Stop On Par
ity switch is in the Stop position. 

• Sets FlPPED to light the Core Parity and Alarm 
indicators on the Computer Console. 

• If the core temperature is out of limits, mem -
ory operation is halted. 

The Parity Error flip-flop may be cleared by a JNP 
command, the Clear Alarm switch on the Computer Con
sole, or by Initializing the system. The only method of 
clearing FlPPED is by pressing the Clear Alarm switch 
on the Computer Console. Therefore, if a parity error 
occurs, the indicators on the Computer Console will re
main lighted until the Clear Alarm switch is pressed. 

As shown in Fig. THEORY. 13, the data obtained from 
memory during a read/restore operation is gated to the 
user device and from the user device back to the multi
plexer of the memory control unit. From the multi
plexer, this data is applied to the parity check logic. 
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Fig. THEORY. 16 illustrates the logic associated with 
parity checking. This logic compares the status of the 
parity bit read back from memory with the status of 
GlPOFS and GOPOFS. As described in the parity gener
ation discussion, GlPOFS and GOPOFS are enabled when 
the 24 bit data word contains an odd number of "one" 
bits. 

GlMPBT enables the parity bit read from the addressed 
memory cell depending upon which stack was addressed. 
This gate is enabled (GOMIAD) when memory wrap 
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of GlPOFS and GOPOFS in GOPPEl and GOPPE2 at mem
ory control time 16 8 when in the read/restore mode. 
GOPPE 1 is enabled if an odd number of data bits are 
contained by the word read from memory and the parity 
bit is a one. GOPPE2 is enabled if an even number of 

MD09 ---., MD06 ---., MD03 --, MDOO -
MDlO MD07 MD04 MDOl 

- - _, --, 

MDll MD08 MD05 MD02 

l ] J J 
GOPOG4 GOPOG3 GOPOG2 GOPOGl 

0 = 

\ Odd 

,-----< 

l 
GOPOS3 GOPOS2 GOPOSl 

NOTE: 
If the system does not contain 
a multiplexer, the polarities 
are reversed and the output of 
GlPOFS is applied to the MDR. 

4015B 

O =Odd 
~ 

1 =Odd O =Odd 

GlPOFS 

To Parity Error 
------------~- Detection During 

.--z- 1 =Odd 
Read Requests 

GOPOFS 

=Set MDR 24 

To Bit 24 of MDR 

Fig. THEORY. 15. Parity Generate 
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LOWER 16K 

MDR BIT 24 

UPPER 16K 

MDR BIT 24 

MEMORY 

MEMORY CONTROL 
GOMIAD':< 

DlMELl 

D1MEU2 

Read/Restore (MRQR) 

0 = Even Data Bits 
(GlPOFS) 

A 

GlMPBT 

MT16 

Odd Number of Data Bits GOPPE 1 
and Parity Bit Enables~ 

GOMPBT 

Read/Restore (MRQR) 

= Even Data Bits 
(GOPOFS) 

GOPPE2 Even Number of Data Bits 
..--z.- and Parity Bit Enables 

GlPPER 

-,- This signal is enabled 
simulating a parity bit when 
all zeros are read from core 
because of memory wrap 
around. 

JNP Gate 
Stop On Parity 

MCK2 

JNP 

A 

FlPPER 
r----------~-- Clear Alarm 

0 Initialize 

Parity Error 
Indicator 

Alarm Indicator 
Parity Stop 

Fig. THEORY. 16. Parity Check 
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data bits are contained by the word read from memory 
and the parity bit is a zero. 

Enabling either GOPPEl or GOPPE2 will cause the Par
ity Error flip-flop (FlPPER) to set at the next clock 
pulse. As previously described setting FlPPER applies 
a signal to the Arithmetic Unit for JNP checking and to 
the Stop On Parity switch to half sequencing within the 
Arithmetic Unit. Setting FlPPER also sets FlPPED to 
light the Console indicators. As a system option, the 
Parity Error flip-flops may be used to light other indi
cators or enable other system test gates. 

FlPPER PPER · MCK2 

GlPPER PPEl + PPE2. 

The Parity Error flip-flop may be reset by executing a 
JNP command, pressing the Clear Alarm switch, or 
Initializing the system. 

FlPPER = (TT5E · NCPE) + PPEC + MINT. 

FlPPED is cleared by pressing the Clear Alarm switch. 
Clearing FlPPED extinguishes the Console indicators. 

FlPPED = PPEC. 

TRANSMISSION PARITY ERROR CHECKING 

If a "one" data bit is lost or gained while receiving data 
from the Model 4511 Peripheral Channel Multiplexer 
during a write operation, a parity error signal will be 
applied back to the 4511. The state of the parity bit from 
the 4511 is compared with the status of GlPOFS in 
GOPERD. GlPOFS, as previously described, provides 
a "one" output when the 24 data bits contain an odd num
ber of "one" bits. GOPERD is enabled, signifying a 
transmission parity error, when an odd number of "one" 
bits is contained by the data word and the parity bit is a 
'
1one" or when an even number of 11one" bits is contained 

by the data word and the parity bit is a "zero 1
'. The out

put of GOPERD is applied back to the 4511. Refer to the 
4511 description for the effect of this parity error signal. 

GOPERD = POFS · PEDP · MRRQ + POFS · 
MRRQ · Parity Bit. 

CORE HEATER 
The core stack is an enclosed unit maintained at approx
imately 55.:1 C by heating elements within the stack. Over 
and under thermorelays are provided within the stack 
to indicate when the temperature is within a range of 
45°C to 60C>C. If the temperature of the stack is outside 

If more than 16K of memory is provided 

j in the system, over and under therm ore lays 

4015B 

for the upper 16K stack are connected in series. 

GND ----5 f-"i ~------1 
Closed Below Closed Above 

45°C -- -- 65°C 

Core Parity 
Error 

GlNPLR GlNCTR 

GONPSO 

Halt Memory Operation 

GOMCOT 

GlNALM 

ALARM 
Indicator 

Fig. THEORY. 17. Core Heater Alarm Circuitry 

CORE MEMORY 

MEMORY UNIT 

MEMORY CONTROL 

ARITHMETIC UNIT 

Pl NC TB 

External 
Alarm 

Display 

CORE 
TEMP 

Indicator 
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Millivolts 0.00 o. 10 0.20 0. 30 0.40 0. 50 0.60 0. 70 0. 80 o. 90 

0.00 0.0 3. 7 5.2 7.7 10. 3 12. 8 15. 4 17. 9 20. 1 22.8 

1. 00 25. 3 27.7 30. 1 32.6 35. 0 37. 4 39. 8 42. 1 44. 5 46.8 

2.00 49. 2 51. 5 53.8 56. 2 58. 5 60. 8 63.0 65. 3 67. 6 69. 9 

3.00 72. 0 74. 3 76. 5 78. 7 81. 0 83. 1 85.4 87. 5 89. 7 91. 9 

4.00 94. 1 96.2 98.3 100. 5 102. 6 104.7 106. 9 109. 0 111. 1 113. 2 

5. 00 115. 3 117. 4 119. 5 121. 5 123.6 125. 6 127. 7 129. 8 131. 8 133. 8 

Table THEORY. 2. Thermocouple Conversion Chart (°C) 

these limits, the CORE TEMP and ALARM indicators 
on the computer console are lighted and if a parity error 
is detected when the temperature is out of limits, mem
ory operation is inhibited. Two copper-constantan ther
mocouples are provided within each stack for monitoring 
of the nominal stack temperature. If the stack exceeds 
approximately 75°C, operating power of 28V AC is re
moved from the heaters. 

The core heater control and associated circuitry is 
shown on sheet 21 of the memory logic (68C972952). 
Fig. THEORY. 17 illustrates the core heater alarm cir
cuitry associated with over and under temperature con
ditions. 

The core heaters are designed to maintain the internal 
temperature of the stack at approximately 55° C over an 
environmental temperature range of 0° to 55°C. Envi
ronmental temperature changes of up to 15° C per hour 
can be compensated. The 55° C temperature is reached 
within 1. 5 hours from an ambient temperature of 25°C. 
The core heaters are positioned to maintain all cores at 
a uniform temperature ~ 3°C. 

Appendix A illustrates the pin connections and heater 
circuits contained within the core stack along with a 
brief adjustment procedure for the heater circuit. Table 
THEORY. 2 provides a millivolt to temperature conver
sion chart for the copper-constantan thermocouples. 
Using this chart the temperature within the stack may 
be determined using the thermocouples. 

OPERATING POWER 
Operating power of ~ 12V DC, +5V DC, and 28V AC is 
supplied to the memory and memory control unit by the 
4780 Power Components (GE Drawing 68C972410). De
tailed theory of operation of these components is pro
vided in the Power Distribution section of this book set. 

POWER FAILURE OR SHUTDOWN 
Removal of operating power, either during normal shut
down or by a power failure, is detected by the Buss 
Level Monitor circuitry contained within the 4780 Power 
Components (GE Drawing 68C972410). The Buss Level 
Monitor, described in the Power Distribution section of 
this book set, provides three control signals to prevent 
destruction of data stored in core memory during power 
loss. 

The timing of these three signals, BLM 11A 11
, BLM "B 11

, 

and BLM 
11
C" is illustrated in Fig. THEORY. 18. All of 

these signals must be at the +5 volt level for a memory 
cycle to be initiated. Once a cycle is initiated, the 
cycle may be completed. BLM 11C 11 does not go to zero 
volts until approximately 3 milliseconds after a shut
down has been detected so a previously initiated cycle 
may be completed. 

The BLM "A" signal when at zero volts, clears the ini
tiate memory cycle flip-flop (Fl TMTC), clears the 
Memory Busy flip-flop (FlTMBU), and sets the initial
ize flip-flop (F 1 TINT). 

The BLM 
11
B 11 signal when at zero volts, inhibits any 

initiate signal generated from a request in GOTIMS. 

The BLM 11C" signal when at zero volts, inhibits the 
word read and write drive currents by disabling 
DlUWEN, DlUREN, DlLWEN, and DlLREN. 

Memory Cycle May Be 
Initiated 

" r-f ---~~~~-~ s 
BLM 

11A~ 

BLM 

BLM 

11B" I I 
~~ 

"c" : I 
-i-5 ~ 

1
100 I ___. ms .___ 

nom 

TURN 
ON 

NOTES: 

----.1 
3. 0 
ms 
nom 

L 

L 
I._ 

SHUT 
DOWN 

1. BLM "A 11 at zero initializes memory and inhibits 
initiating a memory cycle. 

2. BLM 11B 11 at zero inhibits initiating a memory 
cycle. 

3. BLM 11C" at zero inhibits word read and write 
drive current. 

Fig. THEORY. 18. Buss Level Monitor 
Control 
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FUNCTION GO Gl G2 G3 DON DOP DIN DIP 
t---·--- ·---1 -

00 N02B6 N02B9 N02B7 N02B8 N02Cl N02Cl4 N02C2 N02Cl3 

01 N02C4 N02Cll N02C5 N02Cl0 N02C6 N02C9 N02C7 N02C8 

02 N02Dl N02Dll~ N02D2 N02Dl3 N02D3 N02Dl2 ~;02n4 N02Dll 
;~ 

03 N02D6 N02D9 N02D7 N02D8 N02El N02El4 N02E2 N02El3 

04 N02E4 N02Ell N02E5 N02El0 N02E6 N02E9 N02E7 N02E8 

05 N02Fl N02F14 N02F2 N02Fl3 N02F3 N02Fl2 N02F4 N02Fll 

06 N02F6 N02F9 N02F7 N02F8 N02Gl N02Gl4 N02G2 N02Gl3 

07 N02G4 No2Gll N02G5 N02Gl0 N02G6 N02G9 N02G7 N02G8 
. 

08 N02Hl N02Hl4 N02H2 N02Hl3 N02H3 N02Hl2 N02H4 N02Hll 

09 N02H6 N02H9 N02H7 N02H8 N02Jl N02Jl4 N02J2 N02Jl3 

10 N02J4 N02Jll N02J5 N02Jl0 N02J6 N02J9 N02J7 N02J8 

11 N02Kl N02Kll~ N02K2 N02K13 N02K3 N02Kl2 N02K4 N02Kll 

12 N02K6 N02K9 N02K7 N02K8 N02Ll N02Ll4 N02L2 N02Ll3 

13 N02L4 N02Lll N02L5 N02Ll0 N02L6 N02L9 N02L7 N02L8 

14 N02Ml N02Ml4 N02M2 N02Ml3 N02M3 N02Ml2 N02M4 N02~Gi 

15 N02M6 N02M9 N02M7 N02M8 N02Nl N02Nl4 N02N2 N02Nl3 

16 N02N4 N02Nll NO?NS N02Nl0 N02N6 N02N9 N02N7 N02N8 

17 N02Pl N02Pl4 N02P2 N02Pl3 N02P3 N02Pl2 N02P4 N02Pll 

18 N02P6 N02P9 N02P7 N02P8 N02Ql N02Ql4 N02Q2 N02Ql3 

19 N02Q4 N02Qll N02Q5 N02Ql0 N02Q6 N02Q9 N02Q7 N02Q8 

20 N02Rl N02Rl4 N02R2 N02Rl3 N02R3 N02R12 N02R4 N02Rll 

21 N02R6 N02R9 N02R7 N02R8 N02Sl N02Sl4 N02S2 N02Sl3 

22 N02S4 N02Sll N02S5 N02Sl0 N02S6 N02S9 N02S7 N02S8 

23 N02Tl N02Tl4 N02T2 N02Tl3 N02T3 N02Tl2 N02T4 N02Tll 

24 N02T6 N02T9 N02T7 N02T8 N02Ul N02U14 N02U2 N02~Tl3 

Stack Bit Matrix Pin Designations 
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FUNCTION PIN .NO FUNCTION PIN NO 

LWGOO N03Cl LWDOON N03D4 
LWGOl N03Cl4 LWDOOP N03Dll 
LWG02 N03C2 LWDOlN N03D5 
LWG03 N03Cl3 LWDOlP N03Dl0 
LWGlO N03C3 UlD02N N03D6 
LWGll N03Cl2 LWD02P N03D9 
LWG12 N03C4 LWD03N N03D7 
LWG13 N03Cll LWD03P N03D8 
LWG20 N03C5 LWDlON N03El 
LWG21 N03Cl0 LWDlOP N03El4 
LWG22 N03C6 LWDllN N03E2 
LWG23 N03C9 LWDllP N03El3 
LWG30 N03C7 LWD12N N03E3 
LWG31 N03C8 LWD12P N03El2 
LWG32 NOJDl LWD13N N03E4 
LWG33 N03Dl4 LWD13P N03Ell 

LWD20N N03E5 
LWD20P N03El0 
LWD21N N03E6 
LWD21P N03E9 
LWD22N N03E7 
LWD22P N03E8 
LWD23N N03Fl 
LWD23P N03Fl4 
LWD30N N03F2 
LWD30P N03Fl3 
LWD31N N03F3 
LWD31P N03Fl2 
LWD32N N03F4 
LWD32P N03Fll 
LWD33N N03F5 
LWD33P NOJFlO 

Stack Word Matrix Pin Designations, 1st 4K 
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FUNCTION PIN NO FUNCTION PIN NO 

LWGOO N03Cl LWD40N N03F6 
LWGOl N03Cl4 LWD40P N03F9 
LWG02 N03C2 LWD41N N03F7 
LWG03 N03C13 LWD41P N03F8 
LWGlO N03C3 LWD42N N03Gl 
LWGll N03Cl2 LWD42P N03Gl4 
LWG12 N03C4 UID43N N03G2 
LWG13 N03Cll LWD43P N03Gl3 
LWG20 N03C5 LWD50N N03G3 
LWG21 N03Cl0 LWD50P N03Gl2 
LWGZ2 N03C6 LWD51N N03G4 
LWG23 N03C9 LWD51P N03Gll 
UJG30 N03C7 LWD52N N03G5 
LWG31 N03C8 LWD52P N03Gl0 
LWG32 N03Dl LWD53N N03G6 
I.WG33 N03Dl4 LWD53P N03G9 

LWD60N N03G7 
LWD60P N03G8 
LWD61N N03Hl 
LWD61P N03H14 
LWD62N N03H2 
LWD62P N03Hl3 
LWD63N N03H3 
LWD63P N03H12 
LWD70N N03H4 
LWD70P N03Hll 
LWD71N N03H5 
LWD71P N03Hl0 
LWD72N N03H6 
LWD72P N03H9 
LWD73N N03H7 
LWD73P N03H8 

Stack Word Matrix Pin Designations, 2nd 4K 
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FUNCTION PIN NO FUNCTION PIN NO 

UWGOO N03Nl UWDOON N03P4 
UWGOl N03Nll'! UWDOOP N03Pll 
UHG02 N03N2 UWDOlN N03P5 
UWG03 N03Nl3 UWDOlP N03Pl0 
UUGlO N03N3 UWD02N N03P6 
UWGll N03Nl2 UWD02P N03P9 
UWG12 N03N4 UWD03N N03P7 
mvG13 N03Nll UTVD03P N03P8 
UWG20 N03N5 mmlON N03Ql 
UWG21 N03Nl0 UWDlOP N03Ql4 
UWG22 N03N6 UWDllN N03Q2 
UWG23 N03N9 UWDllP N03Q13 
UWG30 N03N7 UWD12N N03Q3 
UWG31 N03N8 UWD12P N03Ql2 
UWG32 N03Pl UWD13N N03Q4 
UWG33 N03Pl4 UWD13P N03Qll 

UWD20N N03Q5 
UWD20P N03Ql0 
UWD21N N03Q6 
UWD21P N03Q9 
UWD22N N03Q7 
UWD22P N03Q8 
UWD23N N03Rl 
UWD23P N03R14 
UWD30N N03R2 
UWD30P N03Rl3 
UWD31N N03R3 
UWD31P N03R12 
UWD32N N03R4 
UWD32P N03Rll 
UWD33N N03R5 
UWD33P N03Rll 

S-tack Word Matrix Pin Designations, 3rd 4K 
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FUNCTION PIN NO. FUNCTION PIN NO 

UWGOO N03Nl UWD40N N03R6 
UWGOl N03Nl4 UWD40P N03R9 
UWG02 N03N2 UWD41N N03R7 
UWG03 N03Nl3 UWD41P N03R8 
UWGlO N03N3 UWD42N N03Sl 
UWGll N03Nl2 UWD42P N03Sl4 
UWG12 N03N4 UWD43N N03S2 
UWG13 N03Nll UWD43P N03Sl3 
UWG20 N03N5 UWDSON H03S3 
UWG21 N03Nl0 UWD50P N03Sl2 
UWG22 N03N6 UWD51N N03S4 
UWG23 N03N9 UWDSlP N03Sll 
UWG30 N03N7 UWD52N N03S5 
UWG31 N03N8 UWD52P N03Sl0 
UWG32 N03Pl UWD53N N03S6 
UWG33 N03P14 UWD53P N03S9 

UWD60N N03S7 
UWD60P N03S8 
UWD61N N03Tl 
UWD61P N03T14 
UWD62N N03T2 
UWD62P N03Tl3 
UWD63N N03T3 
UWD63P N03Tl2 
UWD70N N03T4 
UWD70P N03Tll 
UWD71N N03T5 
UWD71P N03Tl0 
UWD72N N03T6 
UWD72P N03T9 
UWD73N N03T7 
UWD73P N03T8 

Stack Word Matrix Pin Designations, 4th 4K 
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o---0 L25C01 

Thermore lay ~ L25Cl4 open below L~s 0 c (Thomas A. Edison Ind. 
100 ma 113°F 292-AAO) 

NOTE 
!.___() L25Cl3 

Thennore lay_ 1---0----c L25C03 

closed below 65°C ~ L25Cl2 (Thomas A. Edison Ind. 
100 ma 149°F 292-AAC) . r-: L25C04 

NOTE 1 
L25Cll 

0 c L25C05 
Thermore lay_ 

7s 0 c [ closed below L25Cl0 
6A 

(Thomas A. Edison Ind. 
--,L25C06 165°F 292-ABC) 

NOTE 1 I') L25C07 c L25C08 

L25C09 

NOTE 1: locate near top of stack on N02 side, 

Temperature Sensors 
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---·- --~----------~-------------

Thermistors 

When pot is turned 
clockwise resistance 
between D03 and DOS 
should increase. 

Bif i lar Heater 
lS ohm + 10% 

Copper Constantan 
Thermocouple 

SK + 20% 

-'\/V\l'---i---0 L2SD01 

[ 
~ L25D14 

SK + 20% -

-J\../\/\!-----0--0 L25D02 

NOTE 2 l L-o L25Dl3 

y 
-.---0 L25D03 

'La L25Dl2 2K 
R 1/2 w 

CL25D04 
G 

L2SD11 

--r:L25D05 
NOTE 3 

L25Dl0 

I c:-~~o. L2sno6 

~ ~ L25D09 

~Lt:L2sno1 
NOTE 2 

L25D08 

Red L27D06 

0 L27D09 

Bl~ O L27D07 
NOTE 2 ro 

L--a L27D08 

NOTE 2: Locate on N02 side 

(Fenwall GB35Jl) 

(Bourns 32571) 

NOTE 3: Locate near L25D and adjustable from outside of stack L panel side 

N02 Side Core Stack Heaters 
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Thermistors 
SK + 20% 

NOTE 4 

y 

T° L28D01 

4 L28Dl4 

0 L28Dl3 

--1: L28D03 
t~1en pot is turned 
clockwise resistance ---~ 2K, l/2i L28Dl2 
between D03 and DOS R 
should increase. 

Bifilar Hea l::er 
15 ohm + 10~~ 

Cqpper Gonstantan 
Thermocouple 

-----0 L28D04 
G 

NOTE 5 

L28Dll 

r--0 L28D05 

4 L28Dl2 

~ -r-° L28D06 

, ~ L-o L28D09 

I 5_, L -c L28D07 
NOTE 4 

L28D08 

, Red~ L27D04 

;~ L-o L27Dll 

,, ~4Blue L L27D05 

NOTE 
--0 L27Dl0 

NOTE-4: Locate on N03 side 

(Fenwall GB35Jl) 

(Bourns 3257L) 

NOTE 5: Locate near L28D and adjustable from outside ·af stack L panel side. 

N03 Side Core Stack Heaters 
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SK 

-::---0 L25D01 L28D01 

L25Dl4 L28Dl4 

L25D02 L28D02 

L25Dl3 L28Dl3 

L25D03 L28D03 

L25Dl2 L28Dl2 

u L25D04 L28D04 

L25Dll L28Dll 

-u L25D05 L28DOS 

L25Dl0 L28D10 

L Short L25D01 to L25Dl4. 

2. Short L28D01 to L28Dl4. 

3. Short L25D02 to L25Dl3 to L25D03 to L25Dl2. 

4. Short L28D92 to L28Dl3 to L28D03 to L28Dl2. 

5. Short L25D04 to L25Dll to L25D05 to L25Dl0. 

6. Short L28D04 to L28Dll to L28D05 to L28Dl0. 

7. Heat stack to s.s0 c. 

Be Set upper pot so that the resistance between L25D01 and L25D05 is 
4100ohm ± 2%. 

9. Set lower pot so that the resistance between L28D01 and L28D05 is 
4100ohm + 2%. 

Temperature Sensor Adjustment 
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Core Stack, Left Side View 

A-12 CORE MEMORY 



> 
I -w 

TMl':'I Al(~A (ON 10:- :::.u~rA<..~) 

~ V'E.NDO~S ~~P\.AiE 

)~~ .. -~ I :~ 
11 I : l·~j r-

00 

I._~_-.:::.:::.:::.::.::.::.::.::.::.::.::.::::_-:.::::.::.::.::::..:! 

!.,. ------11.4C 

1.00 .44 "" 

s .. ~3-r·rto + 5 ~ r·1
s I ... Tiff) IN.S~lr.r.:S _.oo I .~&l .... 1 

--!'"-~ --~~~- j~ 

~:=:1·~~ I 

i 
e • 

I 
I I 

I 

.00 I 
& e 

I 

I 
10.00 

i I .Ff~ I 
G • 

BACK V\EW 

I '!!>YMeot. !.XPlAN~i\ON 50\. THOL':._:'.:~ ~'TY INS=~ 511!.I!. QTY 

~ .. o+ ...... ..J·~ 9 -+i-"i- i2-- , 
-~ -.0:.·2 ----- -'--~--t-· --L d\ I· 281 .... 00-:l It 1'!;0-~ II -· co_o_ 

t4l'.'llf!~: 
L t.t-iCl0'5U2E. Ma..l'l.ft!Al.. TO~£ CLEAft ANODll.f.0 ALUMINUM 

~. Pl!'t'CAU1'IONS AR'f "TO !!>E "TAKl!.W 1~ C!.~t<:;N 10 A"!f>5U1'E TH"T 
t::>t..MAC..~ c .... ....i......:>T occu~ TO JNIERIOK f_LE.CH.'.OMIC'!!> ~y 

~).Cl!S'.$1\1£ P!!NEiflll'"'itO!>l C'F tv\CIU"' I INCj HARDWAF.:E.., -'.. ~ •. 

13\.1,.40 TAPP~D HOLES, r!."TC'· 

----& 
I A 

Ii 0 

8 
t: 

'l 
If 

0 
0 
0 

17. 
...: 

~ 
ti 
'!J 
w 
t: 

14.50 

I 
I0.00 

+ + A 
+ + 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
-+ 
+ 
+ 
+ 
+ 

+ + 

I zo.oo 

!.!O i -t- + 

/t~ u:_1 J 
~M ______ '-50.__I _______.! 

FRONT VIEW 

3. C0"'4WCC:. \O'l.S TC ~~ aONt)t;:t) 10 P-..wt:.L "L:' 
\l\'lH ~'f~OL !:.~O~Y ~elH&?.\VI! ~Q.!!'$.1~ 1 
H'l~ .. OL <ct .... ~-"*f.'2..1~ \ ~.._~t:)~~~, ~'("SOL 
~ ~·L-~"'~O+). 

4 .. \J ~.r;. ~Loi: .. Y \ N ,..-r, 'St:L\! -
L oc. v. \ "-l (:\' f, ~,\ ,..:. \-\ l 1 'i '-· 
l~ ~ t t, ... ¥ ~~ .... 

LOCA'TIOW OF COMN'ECiO\f.! T<\'.'!.S 
(Sl.E. N!:,~:r PhGe: FO.~ c::1Atlt!.) 
(18 i:~Q ~It SIDC ~{; "TOiAL) 

o. tl~t: ~o~-\..OC.~\~~ 

~N'~t::~T .. 

Core Stack, Front/Back View 



8 ;a 
m 

~ 

! -<_ 

I 

(.£QY6.-· - I 
.(;.oo I 

--- . 750 _----J 

0 ~ a 0 0 0 0 - ~ l'O .,. ti) ... ,... 

't ~ ~ 
6 

Q °' C> 

0 0 () 0 D D 

--·-----
., ..... , "'Ot= JUT .ATll"'llt.J 

f 

·°" 
/.IM 

.o~o 

CONNl!C10f!r I 14 ,.,N 

(OIMl!N~ION~ SHOWN 
~~ F'O~ ~!.F'~~~NC~) 

\ 
WAL t.. 01' COP.I!' 
S/A..;X' (RCJ:? 

.200 

L.30o 
NOTE$·. 

t" TRIM O,&'&" ,..c"i ~$H 
I II\.: -~ .f,;)C-.F o' ~e 
I 

..S.CCTIOA/ A-A 

~t!C .. 'tl 
.001'!1' 

'/ {/; r.a>tC 
---~- .2.'1$S 

7"YP/C""'1= COA,.41(/ff~ 

/'tJA.IChl PAJ:T~~ 

i 

I. l=JNGER, MATERIAL.. IS 10 /?>E 

P_;-~ .68A988[0S P.Z. OR r":(j1 118 
/>.,'freRRt:.D. CO/'JAcr f:INCt:.~ s. 
SHALi. bl!! Pl.ATE.DAS /:OLlOW.$ : 
'0000 so" M1tJ Ga!..D ovc.R.. 
• LC'0.3CY...) ''MIN. IJICKt.E. 



D c.. agH ~t.<• 
I 

~:~~ 
( \ I T~ ! ., 00 

Ol 
O't 

--~--i 
01 

Io~ 
0'1 
C:) 

1 O'!i 

s:~--- ,?. 

'n 
14 

·~ l(o ,, 
i 1e 

m·~ 'i.O 
?.I 
tc. 
n 
t ... 

EE3t1 _____ i.a 

> I -U'I 

I 

I 

I 
j 

I 

.,f.t"S4'l't' 

e" l:J \I \?B~-t 

ii t.\ \.. M~ Gr tr t> V fl'H 
S.\.\C~\~~:"; ~O,.\'T \O" 

o? ~-r.out-\""HLt> 
C.Oi'~Nt'.C. \0\Ul. 

G "'\YP\Gfl-.\.. ,.\ti ~~\..OUT 

\... .,._~ c. 0., 
Pio.! !.ii.. t C. o!ll IA II t 

aCNI fa\ t.J 

/VOTES: 

I. !SCI NE:L S L ANO N ,t.\f\"£:. 70 Be 
/vlAfZ:l<E. 0 /N ACCORl)A. NCe 
w1r1-1 T~1s DRAWING. s1Lx: 

SC! .. ~C.E:NING IS .:SilGt~.e.srro 
"-J • • I 

CNA.l?A c 7E. t.:S Al?l:. TC e '3. ,31.ACl< I 

•2''/ltGH. r/N /;r-1 1
) Rl.JA/ IDl£N71/:/-i 

CA{IOI/ /S, iloT J..~."7-Q..!..llRE.D, 

~ et ~ 

~ .. ~ 

1 T a 
u . n 

P"Nll.L. N 
~·~~~--~~~~~ 

Core Stack Panel Arrangement 

\ ~ \... \l ~,. ~"'' \"' <G: ~" 
0 :;_\;W\ f1' "'r \Ot-4 

"1, "TYf-\C."-\.. ~\" Cfli.\..U:,UT 

M O't H oa 
, I t , 

PM~\.. C..0\.U'-'\M j 
G:O"°' ~'" 



TABLE OF CONTENTS 

API MODULE 4032A 

INTRODUCTION 

IN TERR DPT CLASSES 

RESPONSE ADDRESS AND PRIORITY 

ACKNOWLEDGEMENT 

ECHO INTERRUPTS 

APILOCKOUT 

IV1ASK REGISTER 

API TEST 

API TERMINATION 

OPERATION 

Terminology 

IN fEHJWPT DETEC rION 

PRIORITY AND ADDHESS GENERATION 

System With 8 fo 16 API Points 

System With 17 To 64 API Points 

System With 6 5 to 128 API Points 

SEQUENCE CONTROL 

ECHO INTERRUPT GENERATION 

SPECIAL CONTROL 

Initialize Control 

API Lockout Control 

Inhibitable Interrupt Control 

Mask Register Control 

Special Instruction IAI2 

API Test 

LISTOF ILLUSTRATIONS AND TABLES 

Fig. INT. 1. Typical Allocations of API Module Fig. OPR.6. API Sequencing Timing Diagram 
Inputs 

Fig. OPR. 7. Mask Register Timing Diagram 

Fig. OPR.1. API System Block Diagram Fig. OPR.8. Simplified Schematic of Interrupt 

Fig. OPR. 2. API Flow Diagram 
Card on Test Extender 

Fig. OPR.3. Priority Flow Diagram 
Table INT. 1. API 1V10del Numbers 

Fig. OPR.4. Typical Timing of Address Generation 
Relative to Interrupt Initiation Table OPR. 1. Response Address Generation 

Fig. OPR.5. API Card Modules Table OPR. 2. Priority Grouping 

1 ;)-7 



INTRODUCTION 

The GE/PAC>:< 4032A Automatic Program Interrupt Mo
dule is designed to operate with the GE/PAC 4022 Arith
nietic Unit to provide continuous surveillance of critical 
inputs without consuming central processor time and, on 
a priority basis, to execute predetermined instructions 
when these inputs have interrupted the running program. 
These inputs can be either internal or external to the 
central processor. Without this automatic recognition 
feature, the program would have to contain numerous 
checking routines to determine whether or not these 
functions require servicing. After an automatic interrupt 
has been serviced, control is returned to the running 
program without loss of information or sequencing. 

Every interrupt is associated with a memory core loca
tion. An address is generated whenever an interrupt is 
recognized by the API unit. The interrupt is serviced 
by executing the instruction at this address. When the 
core location contains a DMT (decrement m~mory and 
test) instruction, the API can serve the functions of 
pulse counting and accumulation and elapsed time count
ing. If the instruction at the API address is a TIM 
(table input to memory) or a TOM (table output from 
memory) control word, the AU can service external de
vices independent of the program and of programmable 
registers. When used with an SPB (save place and 
branch) instruction, virtually all requirements can be 
serviced by software programs. Figure INT. 1 shows 
typical allocations of API module inputs. 

The API module will establish an address within 0. 5 mi
crosecond from the time an interrupt request is receiv
ed. The memory request and the actual servicing will 
start when the execution of any interruptable instruction 
that may be in progress has been completed. API res
ponse is further determined by signal conditioning delays 
at the input of the API module. 

Interrupts can be either inhibitable or non-inhibitable. 
Inhibitable types are defined as those that are prevented 
from interrupting the program by the IAI1 instruction. 
Both types are inhibited under other conditions. 

The API module can be expanded, in eight point incre
ments, from eight to 128 points. The non-inhibitable 
capability is expandable in four point increments. Echo 

generators, described in a subsequent paragraph, are 
optional and are available in multiples of eight. 

INTERRUPT CLASSES 

External interrupts are generated by peripheral devices 
that request access to the computer. Internal interrupts 
are generated from such sources as the line frequency 
timer, the DMT instruction echo, and the echo interrupt 
from the TIM/TOM function. Both internally and ex
ternally generated interrupts can be either inhibitable or 
non-inhibitable. 

Inhibitable interrupts are locked out by the GEN II in
struction IAI1. Both inhibit able and non-inhibitable in
terrupts can be locked out by a console switch or by use 
of optional instruction IAI2. The mask register, an op
tional feature, controls the allowance of all interrupt 
points in groups of four. 

RESPONSE ADDRESS AND PRIORITY 

Each interrupt in the 4020 system is associated with a 
fixed address known as the interrupt response address. 
This address automatically provides entry into a sub
routine corresponding to the event that caused the inter
rupt. If the program has allowed interrupts, computer 
operation can be interrupted at any time after the com
pletion of an instruction, providing the instruction is in -
terruptable, and prior to the accessing of the next in
struction from memory. 

Of the possible 128 interrupt points, the first group of 
eight is assigned interrupt response addresses of 200

8 
to 207 8 . These are the highest priority interrupts. 
Additional interrupt points are assigned succeeding res
ponse addresses, in the order of decreasing priority, 
up to address 377 3• 

Each level of priority produces an interrupt request for 
a specific interrupt. This permits each interrupt level 
to interrupt the program almost immediately if the only 
other interrupt is of a lower priority. The servicing of 
the lower priority request is temporarily halted while 
the higher order request is recognized. The routine re
sulting from an interrupt will normally: 

4DP4032A0002 

4DP4032A0003 

4DP4032A0004 

4DP4032Al001 

4DP4032A1002 

4DP4032A1003 

4DP4032Al004 

4DP4032A0030 

4DP4032A0040 

Wiring for 8-16 points - with mask register 

Wiring for 8-64 points - with mask register 

Wiring for 8-128 points - with mask register 

Wiring for 1 point - without mask register 

Wiring for 8-16 points - without mask register 

Wiring for 8-64 points - without mask register 

Wiring for 8-128 points - without mask register 

Eight-point printed wiring board - without echo 

Eight-point printed wiring board - with echo 

Table INT. 1. API Model Numbers 

':' Registered Trademark of General Electric Company 
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• Store the contents of the operational registers if 
these registers are to be used in the performance 
of the interrupt routine. 

• Process the interrupt. For example, it could 
read an analog input and compare the data with 
a previous reading. 

• Reload the operational registers upon completion 
of the routine and return control to the main pro
gram 

Some interrupts, such as TIM/TOM input/ output device 
servicing. do not disturb the operational registers. The 
contents of these registers, therefore. do not require 
saving and restoration. 

SIGNAL SOURCE 

PROGRAM LOAD 

AUTOMATIC RESTART 

CYCLES TIMER PULSES 

PULSE SOURCE 

PERIPHERAL 
DATA 
REQUESTS 

TIMER ECHO 

PULSE ECHO 

ANALOG SCANNER READY 

BULK MEMORY TRANSFER READY 

MULTIPLE OUTPUT READY 

PERIPHERAL 
END OF RECORDS 

PROCESS 
CONTACTS 

SPARES 

AP! 

ACKNOWLEDGEMENT 

An interrupt request can be recognized by the central 
processor upon the completion of most instructions. The 
following instructions inhibit the servicing of an interrupt 
immediately upon their completion in order to preserve 
program control: 

• BRU 

• BTS 

• BTR 

• LDP 

• LPR 

Branch unconditionally 

Branch if TSTF is set 

Branch if TSTF is re set 

Load place 

Load place and re store 

PROGRAM EXECUTION 

TIM control of program load 

To recovery routine 

To decrement memory (DMT) 
locations for pulse accumulations 

TIM/TOM control words 

To clock program 

To pulse count program 

To driver programs for scanners, 
controllers and peripherals 

To special action programs 

No operation (NOP) 

FLIP-FLOPS 

Fig. INT. 1. Typical Allocations of API Module Inputs 
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e SPB Save place and branch 

e TXH Test X high or equal 

e XEC Execute 

• Quasi entry instructions 

The LDX instruction is non-interruptable to facilitate 
the memory protect feature. 

In order to preserve the J-counter, the following instruc
tions prohibit interruption immediately upon their com
pletion: 

• CLO Count least significant ones 

• CLZ Count least significant zeroes 

• CMO Count most significant ones 

• CMZ Count most significant zeroes 

• CNO Count nurr1ber of one 3 

• CNZ Count number of zeroes 

The JNR, JCB, and JDR instructions are classified non
interruptable so that when a device is found ready, it is 
serviced immediately. If an interrupting TIM/TOM 
operation was allowed following one of these instructions, 
it would be possible for the program to return to a device 
no longer ready. The JNO instruction is non-interrupt
able only because of the logic used in making the other 
instructions non -inte rruptable. 

Instructions that control the API System are non-inter
ruptable. These are IAI1, IAI2, LMR, LMR 2, PAI, and 
the eight API Test instructions. 

The interrupt request is initiated by the interrupt control 
circuitry which forces execution of the instruction locat
ed at the interrupt response address. This is accom
plished by allowing the API module to specify the address 
from which an instruction is to be fetched rather than by 
the normal CPU function of fetching the instruction. The 
P-register incrementation is inhibited for this one in
struction fetch to ensure that the program count is not 
lost. 

All instructions executed from an interrupt response 
address allow the next instruction to be executed before 
another interrupt can be acknowledged. 

ECHO INTERRUPTS 
Echo interrupts are special interrupts that are caused by 
certain internal or external functions. They are normal
ly used to keep track of time counters and to signal the 
central processor when table empty or table full condi
tions exist. 

The API echo signal may be generated by an interrupting 
DMT or by a TIM/TOM function. The DMT echo occurs 
whenever a DMT instruction is executed from an inter
rupt response address and the count passes from zero 

to minus one. The TIM or TOM echo occurs when the 
word count reaches the table end condition. Echo sig
nals are normally wired into one of the possible 128 
interrupt points. Once an echo signal is wired this way 
it will always generate the same interrupt response 
address. 

API LOCKOUT 
The API lockout switch located on the programming and 
maintenance console is enabled only when the console 
key switch is in the AUTO or MANUAL positions. When 
enabled, depressing the API lockout switch inhibits the 
servicing of all automatic priority interrupt requests. 
However, this does not prevent the API module from de
tecting interrupts and setting the interrupt register. Any 
one interrupt occurring on a given interrupt line will not 
be serviced but it will be remembered. If a second in
terrupt occurs on the same line, however, its incidence 
will not be known because the flip-flop is already set. 
Caution in the use of the API lockout switch should be 
exercised to avoid losing count pulses or data characters. 

MASK REGISTER 
The API mask register is an option that permits the pro
gram to inhibit or allow interrupts as required during 
the course of the program. The mask register is pro
grammed from the contents of the A-register by a GEN 
II command. Each register bit controls four API points. 
Therefore, for a full complement of 128 points, a 32 bit 
mask register is required and two GEN II commands 
(LMR and LMR2) are needed to load it. Each command 
will load the 16 least significant bits of the A-register 
into the mask register. To permit interrupt requests on 
four given interrupt points, the program must load a 
zero into the appropriate bit position of the mask regis
ter. For inhibitable interrupts, the Permit flip-flop 
must also be set. 

API TEST 

A method for semi-automatically testing the API system 
is available with the mask register option. Eight inter
nal GEN II commands are used to simulate interrupts on 
one eight-point card at a time. In addition to the gating 
structure for decoding these comn1ands, a special card 
extender with an attached eight-conductor cable is re
quired. 

Special test programs can be written to cause interrupts 
and to set or reset the mask register and Permit Auto
matic Interrupt flip-flop as required. The test program 
would then determine if the priority and addressing logic 
and all special controls are functioning properly. 

API TERMINATION 
The purpose of optional API termination cards is to 
shape and attenuate interrupt signals that are not other
wise directly suitable for input to the API module. In
terrupts that are generated by equipments housed in ex
ternal cabinets often require this special treatment. One 
API termination card contains the hardware necessary 
to reform 18 interrupt signals. Up to seven API term
ination cards can be included in the central processor, 

for a total API termination capacity of 126. 

4032A-1 API MODULE INT-3 



OPERATION 

The following theory of operation is referenced to the 
logic schematic of GE Drawing 68C972382, to the block 
diagrams of Figures OPR. 1, OPR. 2, and OPR. 3, and to 
the timing diagram of Figure OPR. 6. 

Basically, when an interrupt occurs on an interrupt line, 
it is sensed by a change detector. The change detector 
signal sets the associated Interrupt flip-flop. The Inter
rupt flip-flop signal is ANDed with the No Interrupt Pre
sent signal. With both signals true, the appropriate 
Generate Priority flip-flop is set. 

If the interrupt is not to be inhibited by either the IAI1 
instruction or by the mask register, the correct address 
gates are enabled. Timer action, initiated when the in
terrupt occurred, sequences events so that memory is 
addressed from the API area at the proper time. The 
sequence control circuit also ensures the execution of at 
least one additional instruction before another interrupt 
is serviced. 

Terminology 

Throughout the following theory of operation, signal 

names containing an asterisk(>:<) or symbol (#) are used. 
The asterisk denotes any letter between B and R and re
fers to areas in the 4032 API module. The symbol (#) 
can mean any number between 0 and 7. These devices 
allow the discussion to be general in nature and imply 
that signals in one portion of the overall circuit are 
treated identically to corresponding signals in another 
part. 

Some signal names end with the letter L, meaning lower. 
If the corresponding signal on the upper half of a card 
is acted upon in the same way or at the same time, the 
signal appears ending with L(U). This means either L 
or U. 

Signal names with only six characters originate in the 
API module. With the exception of well known signals 
like SCOl and SCA, all signals originating in the arith
metic unit are listed here preceded by the letters AU. 

INTERRUPT DETECTION 

Interrupt signals are detected by differentiating elements 
that sense when the signals have momentarily changed 

UP TO 128 INTERRUPT LINES .,. 

CHANGE DETECTOR FLIP-FLOPS AREAS B-R 

MASK REGISTER 
OPTION AREA Z 

UP TO 128 ADDRESS 

LINES TO CENTRAL PROCESSOR 

CONTROL LINES 

PRIORITY FLIP-FLOPS AREAS B-R 

PRIORITY AND ADDRESS GENERATION 

AREA A 

SEQUENCING 

CONTROL AREA S 

CONTROL LINES TO 
CENTRAL PROCESSOR 

Fig. OPR. 1. API System Block Diagram 

4032A-2 API MODULE 
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OPR-1 



OPR-2 

HAS AN INTERRUPT OCCURRED 

YES NO 

IS MASK BIT SET 

NO YES 

IS THIS AN 1--N_O __ ___, 
INHIBIT ABLE INTERRUPT 

YES 

YES 
IS PAIF SET 

FETCH AND EXECUTE 
NEXT INSTRUCTION 

-----1 Priority Flow Diagram 
--~ (---_: Figure OPR. 3. 

APIGENERATESCORRECT 
API RESPONSE ADDRESS 

IS INSTRUCTION CURRENTLY BEING 
EXECUTEDINTERRUPTABLE 

YES NO 

SET API MEMORY REQUEST 
FETCH AND EXECUTE 

NEXT INSTRUCTION 

HAS CURRENT INSTRUCTION 
BEEN COMPLETED 

NO 

NO 

API ADDRESSES MEMORY AND 
API SEQUENCING IS FROZEN 

FETCH AND EXECUTE CONTENTS 
OF API RESPONSE ADDRESS 

HAS AN ECHO BEEN GENERA TED 

YES 

FETCH NEXT INSTRUCTION AND 
RESET API SEQUENCING TO .._ ___ __ 

HIGHEST PRIORITY 

SET APPROPRIATE INTERRUPT 

FLIP-FLOP 

Fig. OPR. 2. API Flow Diagram 
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From Figure OPR. 2. 

HAS AT LEAST ONE 

INSTRUCTION FOLLOWING LAST 

INTERRUPT RESPONSE BEEN ALLOWED 

NO YES 

SET PRIORITY 

FLIP-FLOP Fl>!'GP# 

IS A HIGHER PRIORITY Fl'!<GP# IN SAME 

HALF CARD GROUP OF FOUR SET 

YES NO 

IS A Fl':<GP# FOR THE FOUR HIGHER 

INTERRUPTS ON SAME CARD SET 

YES NO 

IS A Fl'!'GP# ON THE HIGHER PRIORITY 

CARD IN THIS GROUP OF TWO CARDS SET 

YES NO 

IS A REQUEST FROM A HIGHER 

PRIORITY GROUP OF TWO CARDS 
WAITING IN ADDRESS GENERATOR 

YES NO 

To Figure OPR. 2. 

Fig. OPR. 3. Priority Flow Diagram 

from 3. 6 volts to zero volts. The negative going spikes 
from the elements cause associated Interrupt flip-flops 
Fl'!<GI# to set. If no previous interrupt is requesting 
address generation. the appropriate Priority flip-flops 
Fl *GP# are set. Several Priority flip-flops may set 
simultaneously if their associated Interrupt flip-flops 
are set due to several interrupts occurring at about the 
same time. 

Fl'!'GP# = Fl*GI# · DOSNIP 

The signal from the set side of each Priority flip-flop is 
ANDed with the clear sides of all preceding Priority 
flip-flops within its own group of four. If no flip-flop of 

a higher priority in the group of four is set, the signal 
is gated to bit 0 and 1 identification gates Gl*GLO and 
Gl*GLl (Gl'!<GUO and Gl'!<GUl for the higher numbered 
side on a card of eight). The decoded bit 0 and 1 signals 
are ANDed with Dl*GBO (Dl*GBl for the higher number
ed side on a card of eight). 

Dl *GBO or Dl>'~GBl will be true if no other Fl *GP# of 
a higher priority within its group of 16 interrupts is set 
and if the particular group of four interrupts is not in
hibited. The status of the outputs of gates GO*GLO and 
GO>!<GLl (GQ>!<GUO and GO"'~GUl for the higher numbered 
side of a card) indentifies which of the four interrupts 
is requesting service and determines the state of bits 0 
and 1 in the response address. 

PRIORITY AND ADDRESS GENERATION 
The highest priority interrupt occurring within a two 
card group is recognized by enabling the appropriate 
driver DO*GBO or DO*GBl for the 16 interrupts involved 
and by enabling bit 0 and 1 gates as required. This is 
accomplished on the Change Detector and Priority Logic 
cards. 

DO*GBO or DQ>:<GBl cause the generation of bits 2 through 
6 as required for the particular API response address. 
See Table OPR. 1. 

Bit 7 is generated whenever memory is addressed from 
the API area (area W). Derivation of bit 7 is explained 
in the theory of operation for the Sequence Control cir
cuit. 

System With 8 To 16 API Points 
In a system with less than 17 API points, all of the ne
cessary priority logic is accomplished on the Change 
Detector and Priority Logic cards. Address generation 
is performed on a portion of the Sequence Control card. 

Any interrupt will enable Lower Request gate GOALRQ: 

GOALRQ = DlABCI 

DlABCI = DOBGBO + DOBGBl + DOCGBO + DOCGBl 

The GOALRQ signal enables the time counter in the se
quence control area and causes the No Interrupt Present 
signal to go untrue: 

DOSNIP = GOALRQ 

DOSNIP prevents a higher priority interrupt that may 
have JUSt occurred from interfering at this time, allow
ing the interrupt that enabled the timing action to gener
ate its response address. Figure OPR. 4 shows typical 
timing of address generation relative to interrupt initia
tion. 

Memory address lines for bits 0, 1, 2, and 3 are connec
ted to the outputs of gates GlABOO, GlABOl, G1AB02, 
and G1AB03, respectively. 

Bits 0 and 1 are generated as required for the parti
cular address: 

GlABOO = GOBGLO + GOBGUO + GOCGLO + GOCGUO 

4032A-2 API MODULE OPR-3 



INTERRUPT 203 

INTERRUPT 210 

INTERRUPT 201 

Gl*CLL(U) n n n_ 
DOS NIP _J lJ lJ L 
GENERATE 203 

GENERATE 210 

GENERATE 201 

Fig. OPR. 4. Typical Timing of Address Generation Relative 
to Interrupt Initiation 

GlABOl = GOBGLl + GOBGUl + GOCGLl + GOCGUl 

Generation of bit 2 is required for any interrupt that 
occurs in the upper half of either area B or C: 

G1AB02 = DOBGBl + DOCGBl 

Bit 3 is generated for any interrupt occurring in area C: 

G1AB03 = DOCGBO + DOCGBl 

System With 17 To 64 API Points 

Granting service to the highest priority interrupting 
group is accomplished on the Priority and Address 
Generator cards. There is only one DO>:<GBO or DO*GBl 
signal, from a two card group of 16 interrupts, true at 
a time. Any one will enable its group Interrupt gate or 
driver. See Table OPR. 1 or OPR. 2 for the two card 
priority grouping. 

DlABCI = DOBGBO + DOBGBl + DOCGBO + DOCGBl 

GlADEI = DODGBO + DODGBl + DOEGBO + DOEGBl 

GlAFGI = DOFGBO + DOFGBl + DOGGBO + DOGGBl 

GlAHII = DOHGBO + DOHGBl + DOIGBO + DOIGBl 

Any of these group interrupt signals will enable Lower 
Request driver DlALRQ. 

DlALRQ = GOABCI + GOADEI + GOAFGI + GOAHIP 

The Lower Request signal enables the time counter in 
the sequence control area and causes the No Interrupt 
Present signal to go untrue. DOSNIP prevents a higher 
priority interrupt that may have just occurred from in
terfering at this time, allowing the interrupt that enabled 
the timing action to generate its response address. Fig
ure OPR. 4 shows typical timing of address generation 
relative to interrupt initiation. 

A group Priority gate is enabled if its associated group 
Interrupt signal is true and there is no higher priority 
group interrupt: 

GOADEP = GlADEI • DlABCI 

GOAFGP = GlAFGI · DlABCI • GlADEI 

GOAHIP = GlAHII • DlABCI. GlADEI · GlAFGI 

There is no group Priority gate for areas B and C be
cause it is the highest priority group and an address is 
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generated from this group first, if an interrupt has 
occurred within it. 

Bits 0 and 1 of the response address are determined by 
which group Interrupt g_ate is enabled. The condition of 
the selected bit 0 and 1 identification gates (GO>!<GLO and 
GQ>!<GLl or GO':'GUO and GO':'GUl) on the Change Detector 
cards is gated to Lower Bit 0 gate GlALBO and to Lower 
Bit 1 gate GlALBl and then to the memory addressing 
control circuitry of the AU. For example, bits 0 and 1 
must both be set for response address 243 8 : 

G lALBO = GOAFGO 

GOAFGO= GlAFGO ·DlAFGP 

DlAFGP = GOAFGP--------:J"--___ ........., 

GOAFGP = GlAFGI • DOABCI ·GOADE! 1 0 0 0 1 1 

GlALBl GOAFGl-------------' 

GOAFGl GlAFGl ·DlAFGP 

Bits 4 and 5 of a response address are generated when 
Lower Bit 4 gate G1ALB4 and Lower Bit 5 gate G1ALB5, 
respectively, are enabled. These gates are enabled 
directly from the group Priority gates. Refer to Table 
OPR. 1. It is seen that bit 5 is required for all response 
addresses originating in areas F, G, H, and I: 

G1ALB5 = GOAFGP + GOAHIP 

Bit 4 is required for all response addresses originating 
in areas D, E, H, and I: 

G 1ALB4 = GOADEP + GOAHIP 

Bit 3 is required for all response addresses originating 
in areas C, E, G, and I: 

Area C G1ALB3 = DOCGBO + DOCGBl 

Area E G1ALB3 = GOAEB3 
GOAEB3 = DlADEP • G1AEB3 
G1AEB3 = DOEGBO + DOEGBl 

Area G G1ALB3 = GOAGB3 
GOAGB3 = DlAFGP • G1AGB3 
G 1AGB3 = DOGGBO + DOGGBl 

Area I G1ALB3 = GOAIB3 
GOAIB3 = DlAHIP · G1AGB3 
G1AIB3 = DOIGBO + DOIGBl 

Bit 2 is required for all response addresses originating 
in the lower priority (higher numbered) half of each card 
or area. Bit 2 is generated as follows: 

Area B G1ALB2 = DOBGBl 

Area C G1ALB2 = DOCGBl 

Area D G1ALB2 = GOAEB2 
or E GOAEB2 = DlADEP · G1AEB2 

G1AEB2 = DODGBl + DOEGBl 

Area F G1ALB2 = GOAGB2 
or G GOAGB2 = DlAFGP • G1AGB2 

G1AGB2 = DOFGBl + DOGGBl 

Area H 
or I 

G1ALB2 
GOAIB2 
G1AIB2 

GOAIB2 
DlAHIP • G1AIB2 
DOHGBl + DOIGBl 

System With 65 To 128 API Points 

The upper 64 API points (lower priority) are also divided 
into two area groups. Each group consists of two cards 
or 16 interrupts. Any upper group Interrupt gate will 
enable the Upper Request gate: 

G lA URQ = GOAJKI + GOALMI + GOANPI + GOAQRP 

Bit 6 is generated if there is an upper group request and 
no request from the lower 64 interrupts is present. This 
makes the starting address 3003 rather than 2008 . 

D1AB06 = GOAB06 

GOAB06 = GlAURQ · GOALRQ 

The GOAB06 signal, signifying an upper request, also 
enables the time counter in the sequence control area. 

A group Priority gate is enabled if its associated group 
Interrupt signal is true and there is no higher priority 
upper group interrupt. The gating structure for deter
mining the highest priority interrupting upper group is 
identical to that for determining the highest priority in
terrupting lower group. 

Derivation of bits 0 through 5 for the upper API response 
addresses is accomplished in the same way that bits 0 
through 5 were derived for the lower addresses. However, 
Upper Bit gates, rather than Lower Bit gates, are enabl
ed. These are GlAUBO, GlAUBl, G1AUB2, G1AUB3, 
G1AUB4, and G1AUB5. 

In systems with more than 64 API points, the memory 
address lines for bits 0 through 5 are not connected di
rectly to the outputs of the Lower Bit gates. They are 
connected instead to bit gates GlABOO through G1AB05. 
These gates can be enabled by either Lower Bit gates or 
Upper Bit gates. For example, bit 4 is generated as 
follows: 

G1AB04 = GOALB4 + GOAUB4 

GOALB4 = G1ALB4 

GOAUB4 = G1AUB4 · D1AB06 

SEQUENCE CONTROL 

An interrupt request from the address generator area 
enables Time Counter Enable gate GlSTCE and causes 
the No Interrupt Present signals to go untrue: 

DOSNIP = GOALRQ + GOAB06 

DOSNil = GOALRQ + GOAB06 

GlSTCE= (GOALRQ +GOAB06). (FlSTCl + F1STC2) 

Drivers DOSNIP and DOSNil serve the lower and upper 
64 interrupts, respectively. Both signals, untrue, prevent 
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a higher priority interrupt that occurs after the time 
counter has been enabled from being serviced before the 
one that enabled the time counter. This is accomplish
ed by prohibiting the setting of additional Priority flip
flops on the Change Detector cards for the duration of 
DOSNIP and DOSNil. 

Time Counter Enable gate GlSTCE arms Time Counter 

flip-flop FlSTCl to set. FlSTCl sets on the next clock, 
arms F1STC2 to set, and clears on the following clock, 
at which time F1STC2 sets. On the third clock, FlSTCl 
sets again. With both FlSTCl and F1STC2 set, GlSTCE 
goes untrue, preventing further timer action. The delay 
of three clock times is necessary to ensure that the ad
dress of the highest priority interrupt has been firmly 
established in the address generator. As interrupts 

Bits Generated Due To 
Do>:<GBO OR DO*GBl 

7 6 5 4 3 2 1 0 OCTAL 
AREA ADDRESS 

B lower 1 x x 200-203 

B upper 1 1 x x 204-207 

c lower 1 1 x x 210-213 

c upper 1 1 1 x x 214-217 

D lower 1 1 x x 220-223 

D upper 1 1 1 x x 224-227 

E lower 1 1 1 230-233 
....... 

E upper 1 1 1 1 ~ 234-237 
l'J 

F lower 1 1 % 240-243 0 
l'J 

F upper 1 1 1 'O 244-247 
c: 

G lower 1 1 1 ro 250-253 
0 

G upper 1 1 1 1 ~ 254-257 l'J 
~*' H lower 1 1 1 0 260-263 l'J 

H upper 1 1 1 1 (f.l ....... 264-267 20 
I lower 1 1 1 1 ro l'J 

l'J % 'O 270-273 

I 
"-' 0 >... 

upper 1 1 1 1 1 o l'J ro 274-277 
Q) 'O u 

J lower 1 1 +.> c: Cf.-! 300-303 2 cU Cil 
J 1 1 1 

(fl 0 ~ 
304-307 upper :>,P ...c: 

l:Q l'J () 
K lower 1 1 1 'O ~~ cU 310-313 

K upper 
Q) 8 fil 

1 1 1 1 .5 c: 314-317 

L lower s 8 ° 1 1 1 H 320-323 
2 

L upper 1 1 1 1 
Q) 

324-327 Cl 

M lower 1 1 1 1 
....... 

330-333 
'O 

M upper 1 1 1 1 1 
i:: 
cU 334-337 

0 

N lower 1 1 1 (f.l 340-343 
+.> 
·~ 

N upper 1 1 1 1 l:Q 344-347 

p lower 1 1 1 1 x x 350-353 

p upper 1 1 1 1 1 x x 354-357 

Q lower 1 1 1 1 x x 360-363 

Q upper 1 1 1 1 1 x x 364-367 

R lower 1 1 1 1 1 x x 370-373 

R upper 1 1 1 1 1 1 x x 374-377 

Table OPR. 1. Response Address Generation 
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occur, the address to be generated continues to change 
to that of the highest priority interrupt until DOSNIP and 
DOSNil become untrue. 

FlSTCl = GlSTCE · CLK 

FlSTCl = GlSTCE · CLK 

F1STC2 = GlSTCE · FlSTCl · CLK 

With FlSTCl and F1STC2 both true, gate GOSTE3 is 
enabled which, in turn, enables G1STE3: 

GOSTE3 = FlSTCl · F1STC2 

G1STE3 = GOSTE3 

One output from G1STE3 provides the optional API 
Watchdog Timer in the AU with a monitor point. If 
FlSTCl and F1STC2 are not cleared within a reason
able length of time, it indicates that a lengthy or con
tinuous loop of non-interruptable instructions has pre
vented acknowledgement of all interrupts for too long 
a period. 

Priority Interrupt flip-flop FlSPil is armed to set at 
T3 of SC04 if the current instruction is interruptable 
at its completion, interrupts are not locked out by con -
sole switch, and the delay time counter has completed 
its count: 

FlSPil = G1STE3 · AUGlWENA • F1SPI2 · CLK 

FlSPil, set, enables drivers DOSPil, DlSCDl, and 
D1SCD2. On the Change Detector Cards, the DlSCDl 
or D1SCD2 signal is ANDed with the group Priority 

LOGIC PAGE AREA PRIORITY RESPONSE ADDRESS 

12, 13 B 1-8 200-207 

14, 15 c 9-16 210-217 

16, 17 D 17-24 220-227 

18, 19 E 25-32 230-237 

20, 21 F 33-40 240-247 

22-23 G 41-48 250-257 

24, 25 H 49-56 260-267 

26, 27 I 57-64 270-277 

28, 29 J 65-72 300-307 

30, 31 K 73-80 310-317 

32, 33 L 81-88 320-327 

34, 35 M 89-96 330-337 

36,37 N 97-104 340-347 

38, 39 p 105-112 350-357 

40, 41 Q 113-120 360-367 

42,43 R 121-128 370-377 

Table OPR. 2. Priority Grouping 

driver signal from the Address Generator. The Inter
rupt flip-flop for the interrupt presently being serviced 
is cleared. No others are affected. 

Signal DOSPil is directed to the P-register control and 
to the sequence control circuits of the AU so that, with 
the setting of F1SPI2, the P-register does not incre
ment and memory is addressed from the API area. 

F1SPI2 = G1STE3 · FlSPil · SCOl · CLK 

Bit 7, to form the API starting address of 2008, is 
forced when memory is addressed from the API area 
(area W): 

AUD1MA07 = AUGOSAMW 

AUGOSAMW= AUGlSWPI • SCOl +TTF · SC03 

AUGlSWPI = FlSPil 

Memory addressing from Wis enabled by: 

AUDlSAMW = AUGOSAMW 

The instruction located at the API response address is 
fetched. At the clock following last pulse of this SCOl 
time, FlSPil clears and drivers DlSCDl and D1SCD2 
go untrue. This allows the Interrupt flip-flop for the 
interrupt that was JUSt serviced to set again if another 
interrupt on the same line occurs. Driver DOSPil also 
goes untrue, disabling the addressing of memory from 
W. 

LPE • SCOl • CLK 

DlSCDl = FlSPil 

D1SCD2 = FlSPil 

DOSPil = FlSPil 

At least one instruction of the normal program is allow
ed to follow an interrupt response instruction before 
another interrupt can be serviced. This is accomplish
ed by holding FlSTCl, F1STC2, and F1SPI2 set during 
the execution of the API response instruction and during 
the fetch of the next instruction. 

Clear Priority signals DOSCPl and DOSCP2 become true 
at SCA of SCOl for the instruction that follows the API 
response instruction. These signals 11 DC clear11 FlSTCl 
and F1STC2. All Priority flip-flops on the Change De
tector and Priority Logic cards are also cleared, allow
ing the No Interrupt Present signal to go true. 

DOSCPl = F1SPI2 · F1SPli · SCOl ·SCA 

DOSCP2 = F1SPI2 · FlSPil · SCOl ·SCA 

FlSTCl = DOSCPl 

FTSTC2 = DOSCPl 

Fl*GP# = Fl*GP# · Gl*PEL(U) 

Gl*PEL(U) = DOSCP1(2)+D1SPAI(2) +AUDONIN2 + 
FOZMxx 

The interrupt cycle is completed when Priority Interrupt 
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flip-flop FlSPl 2 clears at the following clock: 

FlSPl 2 = FlSPil ·SCA · SCOl . CLK 

ECHO INTERRUPT GENERATION 

Any interrupt that occurs on a eight point card equip
ped with optional echo generator gates will cause an 
echo interrupt to occur when all of the following condi
tions are met. 

• The output of the echo generator is wired to the 
input of another change detector. 

• The first interrupt has been recognized as the 
one being processed by the API sequencer. 

• The Generator Echo Interrupt flip-flop, FlSGEI, 
is set. 

For example, the Generate Echo gate for interrupt 227, 
designated GODGE7, is enabled when: 

GODGE7= GlDGP7·DlDGBl·DlADEP·GlDGEU 

The first three signals identify 2 27 as the interrupt 
being processed by the API sequencer in the same way 
the address generator recognized it as the interrupt 
for which to generate a response address. That is, 
G1DGP7 shows that it is the highest priority request in 
its half-card group of four. DlDGBl indicates there is 
no interrupt from the four higher priority interrupts on 
the sarr~e card. And finally, the Group Priority signal, 
DlADEP, from the address generator, has identified it 
as coming from the highest priority interrupting group 
of two cards and that it is the group that enabled the 
time counter in the sequence control area. 

Signal G lDGEU is true when the Generate Echo Inter
rupt flip-flop is set: 

G1 >:<GEL(U) = DOSGEI 

DOSGEI FlSGEI 

Generate Echo Interrupt flip-flop FlSGEI sets if the 
current API response instruction is a DMT and the 
count passes from a zero to a minus one or when the 
API response location contains a TIM/TOM control 
word and the word count reaches a table end condition: 

FlSGEI 

AUGlWEKO 

AUGOWEKl 

AUGOWEK2 

F1SPI2 · AUGlWEKO · CLK 

Al U23C. SCB. SCA. (AUGOWEKl + 
AUGOWEK2 

SC02 · DMT 

SCOl · AUGlHECO (TIM/TOM) 

SPECIAL CONTROL 

Special controls are important factors in the operation 
of the API system. These include initialize control, 
API lockout control, inhibitable interrupt control, mask 
register control, and control to inhibit all interrupts by 
special instruction. The mask register and the special 

inhibit instruction (IAI2) are optional features. 

Initialize Control 

When the computer is initialized, the setting of Interrupt 
flip-flops due to erratic signals on API input lines is 
prevented. Initialize signals also clear all Priority 
flip-flops on the Change Detector cards and 11 DC clear" 
the Time Counter flip-flops, Priority Interrupt flip
flops, and the Generate Echo flip-flop in the sequence 
control area. 

On the Change Detector cards: 

Fl>:<GI# 

GQ>:<INL(U) 

GO~'INL(U) 

AUD1NIN2(3) 

Fl>:'GP# Gl*PEL(U) 

CIT*PEL(U) = GQ>:<PEL(U) 

GO*PEL(U) = AUDONIN1(2) 

In the sequence control area, signal DOSINT clears the 
Time Counter flip-flops, Priority Interrupt flip-flops, 
and the Generate Echo flip-flop: 

DOSINT 

GlSINI 

GlSINI 

GOSPMT 

GOSPM T = INITIALIZE 

The INITIALIZE signal is from gate G lZINI if the mask 
register is provided or from AUD1NIN2 if the mask re
gister option is not specified. 

API Lockout Control 

The API Lockout switch located on the programming and 
maintenance console is enabled only when the console 
key switch is not OFF. The API Lockout switch is 
normally used when performing maintenance procedures. 
The switch is a latching type and when locked in the ON 
position, all interrupts are inhibited. 

Ground from the API Lockout switch causes Enable In
terrupt gate signal AU GOWENE to go untrue. The En
able API signal Gl WENA is disabled: 

AUGOWENE = AUSWCAPI 

AUGlWENA = AUGOWENE 

Priority Interrupt flip-flop FlSPil, in the sequence 
control area, is prevented from setting, thus prohibit
ing the addressing of memory from the API system. 

lnhibitable Interrupt Control 

The Inhibit Automatic Interrupt instruction IAI1 is used 
to prevent critical program routines from interruption 
by low priority interrupts. Only those interrupts clas
sified as inhibitable are affected by the IAI1 instruction, 
Any half-card group of four interrupts is rendered in
hibitable when the appropriate input of the applicable 
Priority Enable gate GQ>:<PEL or GQ>!<PEU is wired to 
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the output of Permit Automatic Interrupt driver DlSPAI 
or D1SPA2. 

Inhibitable interrupts are inhibited when the IAI1 in
struction is decoded which clears the Permit flip-flop 
and causes DlSPAI and D1SPA2 to go untrue: 

DiSPAf = AUFlWPMT 

D1SPA2 = AUFlWPMT 

Inhibitable interrupts are allowed when the Permit flip
flop is set by the PAI (permit automatic interrupt) in
struction. 

Mask Register ·Control 

Half-card groups of four interrupts, whether or not 
wired as inhibitable, can be inhibited as required during 
the course of the running program by using the mask 
register. One register bit, or flip-flop, is needed for 
each group of four interrupts selected for mask register 
controL These flip-flops are located on the Change De
tector cards. There is one flip-flop for the lower half 
of the card and another for the upper half of the card. 

Each mask register flip-flop is controlled by one of the 
least significant 16 bits of the A-register. The mask 
register is loaded by Load Mask Register instruction 
LMR. API systems with more than 64 interrupts, for 
which masking is desired, must also use the LMR2 in
struction which loads the upper 16 mask register bits. 

A 11 one 11 in the appropriate bit position of the mask re
gister will inhibit the particular group of four interrupts 
even if not wired as inhibitable by the IAI1 instruction. 
To permit interrupt requests from a given group of four 
interrupt points, the program must load a zero into the 
appropriate bit position of the mask register. For 
normally inhibitable interrupts, the Permit flip-flop 
must also be set. 

The following logic description of the loading and con
trolling of the mask register by the LMR command 
(25000 3028 ) is referrenced to the timing diagram of 
Fig. OPR. 7. Operation of loading and controlling the 

0 2 3 4 5 6 

CLOCK I l I I I I I I I 
SC04 

sec _J 

LPE n 
D1ZEM1(2) 

DOZCM1(2) l 
----- -- --- - - -- --

FOZMxx 
I 

-- --.J "- - - - - - - - - .. ---... ----

GlZINI _J 

Fig. OPR. 7. Mask Register Timing Diagram 

upper 16 bits of the mask register by the LMR2 command 
is identical, with the exceptions that 25000 3008 is de
coded and corresponding signal names end with the 
numeral two (2). 

The Enable Mask gate, GOZEMl, on the mask register 
control card is enabled during sequence state 4 to re
cognize the GEN II command LMR (250003028 ) and to 
cause the execution of that command. GOZEMl is true 
when all of the following signals are true: 

• GOZKOl-------------------. 

GOZKOl AUGlNKOl 

• G1ZK02 

G1ZK02 = AUNONK02 

• GOZK04 

GOZK04 = G 1ZK04 

G1ZK04 = AUNONK04 

• AUGlDKSO 

• AUD1NK22 

• AUD1NK21 

• GlZGSO 

GlZGSO = AUG1BC12 

G1BC12 = SCOl · SC02 

Enable Mask driver signal DlZEMl becomes true: 

DlZEMl = GOZEMl 

During SCC time of sequence state 4, the Clear Mask 
driver DOZClVll goes true and clears all mask register 
flip-flops for the lower 64 interrupts and halts API se
quencing. 

DOZCMl = GlZCLM 

GlZCLM = GOZCLM 

GOZCLM = (DlZEMl ·A UDl TSCC) + (D1ZEM2 · 
AUDlTSCC) 

A given mask register flip-flop will remain cleared if 
the corresponding bit of the previously loaded A-register 
is a zero. However, if a particular group of four inter
rupts is to be inhibited, a "one" will have been loaded 
into the corresponding bit position of the A-register. The 
A-register bit is ANDed with Enable Mask signal DlZEMl. 
With both signals true, the mask register flip-flop sets: 

FlZMxx = GOZMxx 

GOZMxx = DlZEMl ·A UFlARxx 

The clear side output of each mask register flip-flop is 
wired to an input of its associated Priority Enable gate 
GO*PEL or GO*PEU. If a mask flip-flop is set, the zero 
signal will cause GO*PEL(U) and, in turn, G 1 >:<PEL(U) 
to go untrue, preventing the setting of Priority flip-flops 
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in the group of four interrupts: 

GO>l<PEL(U) = FOZMxx 

Gl>l<PEL(U) = GO*PEL(U) 

API sequencing was halted during the setting of the 
mask register to allow the priority and addressing 
logic to adjust to the highest priority of the interrupts 
to be allowed by the mask register. This is accom
plished by "DC clearing" the Time Counter flip-flops, 
Priority Interrupt flip-flops, and the Generate Echo 
flip-flop with signal DOSINT. 

DOSINT = GlSINI 

GlSINI = GOSPMT 

GOSPMT-= GlZINI 

GlZINI = DOZCMl + DOZCM2 

Special Instruction IAI .2 
The IAI2 instruction inhibits all interrupts, both those 
that are inhibitable and those that are non-inhibitable by 
the IAI1 instruction, provided the Permit flip-flop is 
clear. The decoding and control structure for the IAI2 
instruction, a GEN II internal command, comes as part 
of the control circuit for the optional mask register. 

TEST EXTENDER 

TO API TEST LOGIC 

The Set Inhibit Flip-flop gate, GOZSIF, is enabled during 
sequence state 4 to recognize the IAI2 command 
(250003043) and to cause the execution of that command. 
GOZSIF is true when all of the following signals are true: 

• GOZKOl 

GOZKOl = AUGlNKOl 

• GOZK02 

GOZK02 = G1ZK02 

GlZK02 = AUNONK02 

• G1ZK04 

G1ZK04 = AUNONK04 

• AUGlDKSO 

• AUD1NK22 

• AUD1NK21 

• GlZGSO 

GlZGSO = AUG1BC12 

G1BC12 = SCOl · SC02 

8 - POINT INTERRUPT CARD 

Fig. OPR. 8. Simplified Schematic of Interrupt Card on Test Extender 
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The Inhibit flip-flop sets with GOZSIF if the Permit 
flip-flop is clear: 

FlZINH = GOZSIF 

FOZINH = FlZINH ·AUFOWPMT ·AUDONINI 

All interrupts are prevented from interrupting the pro
gram because API sequencing is halted. This is accom
plished by "DC clearing" the Time Counter flip-flops, 
the Priority Interrupt flip-flops, and the Generate Echo 
flip-flop with signal DOSINT. 

DOSINT 

GlSINI 

GlSINI 

GOSPMT 

GOSPMT = GlZINI 

GlZINI = FOZINH + AUDONINI 

The Inhibit flip-flop is cleared either by the PAI in
struction which sets the Permit flip-flop or when the 
computer is initialized: 

FlZINH = AUFOWPMT + AUDONINI 

API Test 

To use the API test feature, the Change Detector card 
is pulled from its slot and plugged into one end of the 
special test extender. The other end of the extender is 
plugged into the vacated card slot. The nine-pin plug 
on the eight-conductor cable is mated with the connector 
on the rear of the mask register control card. This 
procedure opens the normal API input path and, instead, 
connects the inputs of the change detectors to outputs of 
gates in the API Test logic via the eight-conductor 

cable. All other leads pass directly through the test 
extender. See Figure OPR. 8. 

Each of eight GEN II instructions is used to set one In
terrupt flip-flop on the eight-point card under test. A 
decoded API test instruction enables an associated test 
gate. An interrupt is simulated when the gate's output 
goes from 3. 6 volts to zero volts during the execution of 
the instruction. The list below shows which test gate is 
enabled and which Interrupt flip-flop sets for a given in
struction. 

Octal Code Test Gate Interrupt Flip-flop 

25000210 GOT200 Fl*GIO 

25000220 GOT201 Fl'!<Gll 

25000242 GOT202 Fl*GI2 

25000212 GOT203 Fl>:<GI3 

25000222 GOT204 Fl*GI4 

25000244 GOT205 Fl*GI5 

25000214 GOT206 Fl>l<GI6 

25000224 GOT207 Fl*GI7 

In addition to the decoding logic for the S and K bits of 
the instruction, all test gates are enabled with signal 
AUG1BC12. This inhibits decoding during sequence 
states 1 and 2. Sequence state 2, however, will not 
normally be used because API test instructions are not 
usually indexed. 
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INTRODUCTION 

The Model 4515B/4547B Disk Sub-System connects to 
the GE -PAC* 4020 system and consists of three major 
components: the Model 4DP45 l 5B Disk Coupler; the 
Model 4DP4547B Disk Controller; and either the Model 
4DP4548A 100 (100 tracks) or the Model 4DP4548A200 
(200 tracks) Disk Unit. 

The Disk Unit functions as a high capacity, rapid access 
memory device. Utilizing GEN 2 encoded instructions, 
it is possible to select a starting disk address and trans
fer from 1 to 256 blocks of information between Core 
Memory and the Disk Memory with a single instruction. 
Each block contains 64 24-bit words of information. 
The transfer of information from Core Memory to the 
Disk Memory is referred to as a Write operation, while 
Disk to Core transfer is defined as a Read operation. 
After the initial instruction is issued by the AU, the 
Disk Sub-System communicates directly with Core 
Memory for transfer of control words and data. 

The initial instruction, which determines the type of op
eration to be performed on the Disk Unit, is decoded in 
the Coupler. The Coupler module, located in the same 
cabinet as the Core Memory, receives data from the 
Core Memory during the Write operation and transmits 
data to the Core Memory during a Read operation. It 
also addresses control words, during the Out command, 
which are transferred to the Controller as unit select, 
disk address, starting core address for data transfers, 
and word count information. 

Notification of the type of operation decoded within the 
Coupler is sent to the Controller, located in another 
cabinet, to record the information by setting a flip-flop 
corresponding to that type of operation. (Refer to 
"Program Control11 within the Functional Description 
section for a description of the types of operations.) 
The Controller will then govern the operation, selecting 
the desired Disk Unit and address, using the control 
words provided by the Coupler. A "seek" will be 

------, Data 
~~!--~~~~~~~~~~~~ 

...._ Address Lines 

~ 
Req. & Read/Write Lines 

DRY & Req. Granted 
-----I 

MEMORY 

- Timing Clocks .. 
Instr. & Address Bitl.i .. 4DP4515B 

Core Address Reg. 

Data Collection Reg. 

Data Buffer Reg. 

!+Data 

Command Lines 

initiated, by the Controller, to locate the desired address 
on the disk, and upon locating it, the Controller will re
quest data from Core for a Write operation or transfer 
data from Disk to Core during a Read operation. 

An indication of errors is kept in the Controller and 
made available to a pre-determined Core Address via 
the Read Status command. Upon detecting an error, 
any active Controller operation will be terminated. 

The Disk Unit contains an interchangeable "Disk Pack'', 
upon which the information is recorded, consisting of 
ten recording surfaces located on six disks. Magnetic 
recording is used to store the information on the disks 
and is described under the heading "Basic Read/Write 
Theory 11 within this section. 

The information is recorded on a disk in concentric 
circles (tracks), located at evenly spaced intervals 
from the outer track to the inner track. The outer track 
is referred to as track 00 and the inner track is either 
track 99 or 199, dependent upon whether the Disk Unit 
is a 100 or 200 track model. 

Each recording surface has a corresponding read/write 
head and all ten heads are connected to a common arm, 
which can be moved radially across the disks to position 
the heads over any specific track. The combination of 
the ten recording surfaces, located on six disks with a 
common hub so that they are located one above another, 
will make available ten tracks of information whenever 
the heads are positioned over any given track. This 
arrangement is referred to as a "cylinder" and the in
formation is organized on the disks in such a manner, 
e.g. , information will be written on, or read from, 
cylinder zero (track zero, heads 0-9) before advancing 
to cylinder one (track one, heads 0-9). 

The information is further subdivided into 16 sectors 
within a track of information. The sector will contain 
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the address of that block of information. i.e •• cylinder. 
sector, and head, as well as the block of information (64 
24-bit ~ords). This represents the smallest amount of 
information that can be recorded on the disk by a single 
command. 

DISK SPECIFICATIONS 

• Storage Capacity: 

Model 4548A100 - 1,024,000, 24-bit words 
(100 track) 

Model4548A200 - 2,048,000, 24-bitwords. 
(200 track) 

• Transfer Rate: 

52,200, 24-bit words per second. 

• Access Times: 

• 

• 

• 

Rotational delay 

Track-to-track, min. 
(1 track seek) 

Track-to-track, max. 
(full seek) 

Sub-System Configuration: 

25 ms max. 

30 ms 

165 ms. 

No. of Disk Units/Controller - 4 max. 

No. of Controllers/System - 3 max. 

Disk Record Format: 

Cylinders/Disk Pack 100 
(4548A 100) 

Cylinders/Disk Pack 200 
(4548A200) 

Tracks/Cylinder 10 

Heads/Cylinder 10 

Sectors/Track 16 

Sectors/Cylinder 160 

Words/Track 1,024 

Words/Cy Under - 10,240 

Words/Sector 64 

Disk Pack Specifications (Packs Interchangeable): 

No. of Disks 

Recording surfaces 

Disk diameter 

Disk surface 

6 

10 

14" 

Magnetic Oxide. 

• Validity Checks: 

Address check-sum for address bits. 

Data check-sum for data bits. 

• Disk Unit Size: 

41"H x 36"D x 24"W. 

Weight - 500 lbs. 

• Environment: 

Temperature - 65 - 85°F. 

Relative Humidity - 20 - 80%. 

POWER REQUIREMENTS 
208V AC ± 10%, 3-phase @ 3 amps/phase, 60 or 50 Hz. 
+1%, -2% or 230V AC ± 10%, 1-phase @ 10 amps, 60 
or 50 Hz. +1%, -2%. 

DISK SUB-SYSTEM OPTIONS 
The following description is that of the various options 
provided for the Disk Sub-Systems, along with the re -
spective model numbers relating to these options. The 
model.number of the 4515B Disk Coupler will be con
cluded with four numbers representing the options of 
that module. These numbers are referred to as WXYZ, 
in a general sense, in whose place a number represent
ing a specific option will be substituted. The options 
are as listed below. 

• 4515B Disk Coupler (Option 4DP4515BWXYZ): 

w = 0 

XYZ - Memory Multiplex Channel Options 

X - Channel 
Channel 
Channel 

y - Channel 
Channel 
Channel 

z - Channel 
Channel 
Channel 

2 
2 
2 

3 
3 
3 

Option 
1 

= 0 

Option 
1 

:::; 0 

Option 
1 

= 0 

By utilizing the above combination of XYZ bits, any 
combination of up to three couplers may be assigned 
to a system, with channel 1 receiving highest priority 
and channel 3 receiving the low est. When assigning 
the couplers to channels 1 through 3, the following 
addresses will be assigned to the couplers. 

Channel 1: 

Pointer word address 

Channel 2: 

Pointer word address 

008 

10008 

118 

20008 
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Channel 3: 

Pointer word address 128 

40008 GEN 2 K3K2K1Ko address 

Disk Couplers will be assigned the highest channel pri
ority available, after the assignment of a device such 
as a drum, which would ordinarily receive a higher 
priority assignment. For this reason a Disk Coupler 
may be assigned to any of the above channels. For 
examples of typical priority assignments involving Drum 
and Disk Sub-Systems, refer to the "Out Command" de
scription, under "Program Control" in the Functional 
Description section. 

The Disk Controller and Disk Unit model numbers will 
be concluded with the use of three numbers representing 
the options of the Controller and Disk Unit. The num
bers are referred to as XYZ, in a general sense, with 
the numbers, listing the options, representing these 
bits as shown in the following. 

• 4547B Disk Controller (Option 4DP4547AXYZ): 

x 

Y - Disk Drive Capability 

y 

y 

y 

y 

0 One Disk Unit 

1 Two Disk Units 

2 Three Disk Units 

3 Four Disk Units 

Z - AC Frequency Options 

z 
z 

0 60 Hz. 

50 Hz. 

• 4548A Disk Unit (Option 4DP4548AXYZ): 

X - Disk Storage Size 

X One million words 

X 2 Two million words 

y 0 

Z - AC Power Options 

z 0 208V AC, 60 Hz., 

z 1 208V AC, 50 Hz. , 

z 2 230V AC, 60 Hz., 

z 3 230V AC, 50 Hz., 

PRINT TREE 

• 4515B Disk Coupler (4020 System) 

Model List 

Logic 

• 4547B Disk Controller 

Model List 

Logic 

• 4548A Disk Unit 

Model List 

3¢ 

3¢ 

1¢ 

1¢ 

Assembly Modification Drawing 

4DP4515B 

68C 972617 

4DP4547B 

68C972186 

4DP4548A 

(100 track models) 68A975864Gl 

Assembly Modification Drawing 
(200 track models) 68A975864G2 
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FUNCTIONAL DESCRIPTION 

BASIC READ/WRITE THEORY 
Disk recording utilizes the principal of inducing con
centrated flux fields on the surface of the disk and re
taining these fields for later pickup. The process of 
inducing the fields upon the disk is referred to as writing, 
while the pickup of these fields is referred to as reading. 
The recording medium is a magnetic oxide coated disk 
and the writing and reading is accomplished using a 
time sharing transducer, referred to as the read/write 
head. 
In order to understand the recording principles involved, 
it is necessary to examine the theory of magnetism. All 
magnets have at least two poles, a north pole and a south 
pole. There is a magnetic field around the magnet con
sisting of imaginary lines of force. The lines of force 
emanate from the north pole and enter the south pole, 
returning to the north pole through the magnet itself, 
thus forming a closed loop. (See Fig. FNL. 1.) The 
entire quantity of magnetic lines surrounding a magnet 
is called magnetic flux, while the number of lines per 
unit area is referred to as flux density. 

Fig. FNL. 1. Magnetic Lines of Force 

When a magnet is bent to form a loop without the ends 
touching, as shown in Fig. FNL. 2, there is still a 
north and south pole, but the magnetic field is of shorter 
length and greater concentration than the bar magnet. 

Fig. FNL. 2. "Horseshoe" Magnet Showing 
Concentration of Magnetic Field 

One characteristic of the imaginary lines of force in a 
magnetic field is that they tend to take the path of least 
resistance, or in other words flow through the material 
that has the greater permeability (conductivity for mag
netic flux). Air offers more resistance to the lines of 
force than a piece of iron or steel. 

If a piece of iron is brought in close proximity to the 
gap of the horseshoe magnet as shown in Fig. FNL. 3, 
the lines of force will tend to bend and flow through the 
iron. This is the principle of recording utilized, with 
an electromagnet being used as a magnet. 

Fig. FNL. 3. Lines of Force Inducing Magnetism 

The electromagnet sets up a north and south pole in re
lation to the direction of electron flow through its coil. 
With electron flow in the direction shown in Fig. FNL. 4, 
the magnet will set up a corresponding north/ south pole 
relationship as shown. Reversing the direction of elec
tron flow will, in turn, reverse the polarity of the mag
net. As also indicated by the figure, the induced field 
will be of opposite polarity of the electromagnet. There
by, information may be recorded by varying the direc
tion of current flow through the electromagnet, or in 
this case, write head, as the recording medium passes 
beneath the he ad. 

GAP 

DffiECTION OF MAGNET 
TRAVEL 

Fig. FNL. 4. Inducing Current in a Coil 

Once recorded, the information remains until written 
on again. By removing current from the electromagnet, 
and allowing current to be induced into the coil by ro
tating the disk beneath it and having the recorded infor
mation induce current into the coil in relation to the 
manner of which it was recorded, we may read the in
formation back (see Fig. FNL. 4). The signal is then 
amplified and shaped into pulses to be detected as a 
binary one or zero. 

The write circuitry employs a non-return to zero me
thod of recording, during which there is a constant flow 
of current through the write head. The write current is 
alternately supplied from the two legs of the write am
plifier, through the write head to the grounded center 
tap, as shown in Fig. FNL. 5. An erase head, part of 
the head mechanism, precedes the read/write head as 
the disk spins beneath it. The erase head is enabled 
during a Write operation and erases previously recorded 
information by having a DC current passed through the 
erase head, thereby aligning the disk track flux in a 
constant direction. The write head, positioned behind 
the erase head physically, as well as in time, then 
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Fig. FNL. 5. Write Current Path 

writes data provided by the controller, over the erased for the Disk operation and are ignored by the hardware. 
surface. 

During the Write operation. pulses are sent to the write 
circuitry at regular intervals. These intervals are 
known as clock A 1 s (clock 11 s). At a period halfway be
tween these clocks, another clock is also generated. This 
clock is referred to as clock B (clock 2). During this 
time, the data to be written on the disk is sampled to de
termine its value (binary "one" or "zero"). If the data 
to be re corded is a "one", the pulse is allowed to be re
corded. If the data is a "zero", the pulse is not recorded. 
Whenever the data is read back, it is examined at clock 
B (clock 2) time to determine its value. A sample wave
form of data is illustrated on Fig. OUT 7. 6. 

PROGRAM CONTROL 
Program control of the Disk Unit is accomplished by use 
of the GEN II Command. A breakdown of the command 
structure is shown in the following: 

GEN II Command 

232221201918 171615 141312 11109 876 543210 

OP CODE x l (S) I (K3) I (K2)1 ~~TD 
2 5 X 1 - 7 OPTIONAL 

In the above illustration, bits 23 - 18 equal an octal 
twenty-five, which identifies the command as a GEN II. 
Bits 17 - 15 are not normally used (see manual for AU, 
under "GEN II Commands" for restrictions on using 
these bits) and, therefore, remain an octal zero. The 
next group of bits, 14 - 12, identify the type of operation 
to be performed by this command and are further dis
cussed in the following description. Bits 11-6 constitute 
the K3/K2 address assigned to the Disk Sub-System and 
these bits vary with individual systems. (This address 
may be determined by referring to the individual system's 
I/O Summary). The remaining bits, 5-0, are not used 

The GEN II command, upon execution by the AU, informs 
the Disk Coupler of the type of operation to be performed. 
via the 11 S11 bits. The Coupler, in turn, will transmit 
this information to the Disk Controller, which synchron
izes operations within the Disk Coupler and Disk Unit. 

The Controller remains in a passive condition until it 
receives a command. It will then remain active until 
its operation is successfully completed, it receives an 
abort command, or an error condition is detected. The 
following is a description of acceptable commands, 
whose operation is determined by the 11 S11 bits of the 
GEN II Command. 

e OUT COMMAND (S = 4) - The Out command 
is used to initiate a "seek" operation or to 
perform a read/write operation. There are 
two types of write operations which may be 
performed: a "normal" write; and a "header" 
write. The command instructions are similar 
for both writes, but the Controller differentia
tes between the two by the status of the 
11 NORMAL/HEADER" switch, located on the 
maintenance console. A normal write may be 
executed with up to 256 blocks of information 
being transferred, but the header write should 
be restricted to one track of information at a 
time, i.e. 32 words, to be used to establish 
address and other non-data information on the 
disk. 

The execution of an Out command results in three 
control words being transferred to the Disk Cou
pler from the Core Memory. The contents of 
these control words are illustrated by the fol
lowing: 
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Control Word I 

23 222la:>1918 1716 15141312111098 7654 3210 

~w..:cl IGNORED juNITI CYLINDER IHEADI SECTOR) 

WRITE 

Control Word II 

23222120191817161514 131211109876 543210 

IGNORED I BLOCK COUNT I IBH 

IBH = INHIBITED BY HARDWARE 

Control Word Ill 

23 22 212019 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

STARTING CORE ADDRESS 

The address of the first control word is located in a 
core cell address as specified by the Disk pointer word. 
The pointer word is located in a specific core address, 
determined by individual system organization. Examples 
of typical priority assignments are shown in the follow
ing table: 

DRUM DISK COUPLERS 

UNIT No. 1 No. 2 No. 3 

008 x x x 
008 lla x x 
003 118 128 x 
008 lla 128 138 

008 lla 128 138 

x 008 x x 
x 008 118 x 
x 008 118 128 

x 008 118 128 

Table FNL. 1. Pointer Word Addresses (X =NO UNIT) 

Initially, the Out command presets the Core Address 
Register (CAR), within the Coupler, to the address of 
the pointer word. The pointer word is then addressed 
and the contents transferred to the CAR. The contents 
of the CAR are then used to address the first control 
word from Memory. 

The operation to be performed is determined by bit 23 
of the first control word. Bit 23 equal to a "one" spec
ifies a Write operation, while bit 23 would be a "zero" 
for a Read operation. Also contained in the first con
trol word is the information necessary to determine 
which of four Disk Units is to be accessed (bits 16 and 
17), the starting cylinder address (bits 8 - 15), the 
starting head address (bits 4 - 7), and the starting sec
tor address (bits 0 -3 ). Upon receipt of control word 

one, the contents of the CAR are incremented by one to 
provide the effective address of control word two. Con
trol word two is then addressed and brought from 
Memory. 

Control word two contains a count (bits 0 - 13) repre
senting the number of words to be transferred between 
the Disk Memory and Core Memory. The address con
tained in the CAR is again incremented to obtain the 
address of the third control word, which is then ad
dressed and brought from Memory. 

Control word three is brought to the Coupler and stored 
into the CAR. The information is the starting address 
of the first word of data to be read/written. During the 
read/write operation, the CAR is incremented, with 
each data transfer, through the required number of 
transfers specified by the block/word length of control 
word two. 

Upon receipt of all three control words, the Controller 
directs the Disk Unit to position the heads to the desired 
cylinder, selects a head, and when the correct sector 
arrives under the head, the read/write operation com
mences. The transfer will then continue until the Block/ 
Word Count Register reaches zero (successful comple
tion), an abort command is executed, or an error con
dition occurs. 

Initiating an Out command with a block count equal to 
zero will result in a head movement to the address 
specified in control word one. The read/write operation 
will be ignored as a result of the absence of a block 
count, but the control words will be transferred to in
dicate the desired disk address. The Controller will 
then issue a "seek" signal to the Disk Unit, at which 
time the Controller will go "not busy", while the Disk 
controls the seek. This feature, known as the "seek 
overlap", may be used to advantage by directing a Disk 
Unit to perform a seek operation while another Unit is 
being accessed by the Controller. 

After the heads arrive at the desired address, which 
may take 190 ms after initiating the seek signal, the 
Controller, upon determining address comparison, will 
begin the read/write operation. If the operation continues 
until the last sector of a cylinder, and the word count 
contained in the Block/Word Count Register in the Con
troller has not reached zero, the operation will automa
tically wait until the heads position to the next higher 
cylinder, and address comparison takes place, before 
continuing the operation. Cylinder incrementing may 
continue until cylinder 9910 on the 4548Al00 model Disk, 
or cylinder number 19910 on the 4548A200 model Disk. 
Attempts to address beyond the limits of the Disk will 
result in either a "selected seek" or "limit" error, de
pending upon the Disk model. (See the JNE Test des
cription, under the respective error conditions). 

Execution of an Out command will clear the Status Re
gister. An error check should, therefore, be made be
fore executing an Out command, since the error may 
remain in the Sub-System, which, upon detection, would 
terminate the operation. 
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• READ STATUS (S = 5, GEN II IN COMMAND) 
Execution of a Read Status instruction will re
sult in the Controller Status Register's 10 bits 
being transferred to the least significant 10 bits 
(9 - 0) of the pointer word, located in Core 
Memory. The Status Register indicates whicn, 
if any, errors have occured within the Disk Sub
System. A "one" bit in any of the bit positions 
indicates an error, for which that respective 
bit pertains, has occurred. All of the errors 
are also ORed to the error line to notify the AU 
and API of an error condition. The errors to 
which the bits pertain, along with a brief des
cription of their significance, are described 
under the heading 11 JNE COMMAND". 

• RETURN-TO-ZERO SEEK (S = 2) 
Returns the head mechanism to position over 
cylinder zero. Primarily used to return the 
heads to a known position (cylinder zero) if a 
Disk "seek" error has occurred. This command 
will also clear the seek error flip-flop in the 
Disk. 

• ABORT (S = 3) 
The Abort command will terminate any active 
(Out command) Controller operation as soon as 
possible. The abort flip-flop, in the Controller, 
will record the fact that an Abort command has 
been executed and upon reaching a point in the 
operation where it is possible to terminate, the 
sequence state counter will return to zero and 
the Controller busy line will go "not busy". 

If the Abort command is received during a "seek" 
operation, the seek will be completed, however, 
the busy line will go "not busy" upon receiving 
the Abort command. If the Abort command is 
executed during a Write operation, the operation 
will terminate at the end of the current sector. 
Execution of an Abort command, whenever the 
Controller is not busy. will have no effect. 

e ACTIVATE (S = 1) 
The execution of the Activate command results 
in the Controller's busy line being toggled, if 
the Controller is in a not busy condition. If the 
Controller is busy at the time of the Activate, 
no change will be reflected on the busy line. 

• JUMP IF NO ERROR (S = 7) 
The execution of the JNE command takes place 
within the AU. If the error line from the Disk 
Sub-System indicates an error condition, the 
program sequence (P Register) will be incre
mented by one. If there are no errors present 
at the time of the test, the program sequence 
will increment by two. 

• JUMP IF NOT READY (S = 6) 
The execution of the JNR command also takes 
place within the AU. It samples the condition of 
the busy line from the Disk Sub-System. If the 
Controller is busy during the test, the program 
sequence (P Register) is incremented by two. 
If the Controller is found not busy, the program 
sequence is incremented by one. 

COUPLER FUNCTIONS AND COMPONENTS 
The following is intended as a general description of the 
Model 4DP4515B Disk Coupler; to define its basic func
tions and contents. Further references to the Coupler 
will be included within the command descriptions. 

Functions 

• Instruction decoding 

• Memory addressing of control words and read/ 
write information 

• Data Buffering 

a. Memory to Controller (control words/write 
information) 

b. Controller to Memory (read information/ 
read status bits) 

Components 

• Data Buffer Register (DER) - A 24 bit register 
which buffers control words (from memory to 
DCR/CAR), read data (from DCR to Memory), 
write data (from Memory to DCR), and Read 
Status information (from DCR to Memory). In
formation to/from this register is transferred 
parallel. 

• Data Collection Register (DCR) - A 24 bit regis
ter capable of receiving and transferring infor
mation parallel (from DER), or transferring and 
receiving information serially (to/from Control
ler). 

• Core Address Register (CAR) - A 15 bit register 
used for addressing control words, read/write 
information, and the pointer word. There is 
also control circuitry within the Coupler, to 
direct information to the Controller or Memory. 
Parity checking in the Coupler is not used. In
formation validity is accomplished in the Con
troller by means of a check-sum comparison. 

CONTROLLER FUNCTIONS AND COMPONENTS 
The model 4DP4547B Controller is intended to be used 
to control the operation of the Models 4DP4548A100 and 
4DP4548A200 Disk Units. It receives its control infor
mation and data from the 4DP4515B Disk Coupler. The 
Controller may be located at distances up to 50 feet 
from the Coupler. Control information and data ex
change between the Controller and Coupler is serial. 
Read/write data between the Controller and Disk is also 
serially transmitted. 

The main functions of the Controller, along with a gen
eral description of its main components, are given below. 
Further references to the Controller will be included 
within the command descriptions. 

FUNCTIONS 

• Selects Disk Unit 

• Provides desired address and compares against 
current address 
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• Generates number of cylinders head must be 
moved and direction (obtained from difference 
sum between desired and current cylinders) 

• Buffers data from Coupler and transmits it to 
Disk after retiming it to Disk timing (Write 
operation) 

• Buffers data between Disk and Coupler (Read 
operation) 

• Provides timing to control transfers to/from 
Disk/ Coupler 

• Checks validity of data 

a. Data from Disk during Read operation 

b. Address from Coupler during Write Header 
operation 

• Monitors error status of Disk Sub-System 

COMPONENTS 

Registers 

• Unit Select - Receives and holds desired unit 
information from Coupler. 

• Block-Word Count - Holds the count of the de
sired number of words to be read/written. In
itially loaded during control word two time and 
decremented with each word of data read or 
written on disk. When register is decremented 
from all zeroes, the data transfer is recognized 
as complete. 

• Desired Cylinder - Initially loaded during con
trol word one time. The desired cylinder count 
is incremented by one each time the end of the 
current cylinder is detected during a read/write 
operation and dictates the cylinder from which 
data transfers will be made. 

• Current Cylinder - Initially loaded during con
trol word two time of Out command or Write 
Header operation. The current cylinder address 
is held in a register within the Disk Unit. It is 
read into the Controller and compared with the 
address in the Controller's Desired Cylinder 
Register. The difference sum is then generated 
and placed into the Current Cylinder Register, 
from which it is sent to the Disk to determine 
the amount of head movement to take place. 
Whenever head movement is required, due to 
end of cylinder detection, the current cylinder 
address is again read into the Controller and 
compared against the Desired Cylinder Register 
to determine direction and amount of head move
ment needed. 

• Desired Head Address - Initially loaded during 
control word one time. The register is updated 
under the control of the head update flip-flop, 
FlHHUD. The register is cleared at the end of 
cylinder, if the operation is not complete. Thus, 
the next cylinder starts at head 00. 

• Desired Sector Address - Loaded during control 
word one of an Out command, or during non-data 

portion of a Write Header operation. The re
gister is incremented once, for each sector, 
as the disk spins. The register holds binary 
counts 00 through 15. The actual sector ad
dress is achieved by combining the head and 
sector bits; e.g. head 00, sector 00 would be 
sector address 00, while head 01, sector 00 
would be sector address 208, or 16 10. 

• Read Status - A 10 bit register used to hold a 
record of the occurance of an error condition 
within the Disk Sub-System. By use of the Read 
Status command, it is possible to transfer the 
contents of the register to the 10 lsb 1 s of the 
Disk pointer word. The relevant significance 

Timing 

of the respective bits may be found by referring 
to 11 JNE COMMAND" under the Command De
scriptions. The contents of the Status Register 
may be displayed on the maintenance console in 
the Controller. 

• Sequence State Counter - The primary counter, 
located in the Controller, which governs the 
over-all sequence of operations taking place 
during the operational commands. There are 
eight possible sequence states. The sequence, 
and operations performed during the sequence 
states of the commands, are de scribed under 
the command descriptions. 

• Timing Counter (L pulses) - Counts from 0 
through 23 and designates bit times in relation 
to words on the disk. The L pulses are timed 
from the CK2 (CKB) pulses, during the Write 
operation, and from the data itself, during the 
Read operation. Although the timing counter 
counts through the full 24 pulses, only the re
quired pulses are decoded for use. Also de
coded from the timing counter are timing en
velopes which cover four individual time 
periods. 

• Position Timing - The four timing periods gen
erated from the gray-code counter are used to 
control the transfer of data between the Disk and 
Controller regarding the positioning of the heads. 
They are used when first initiating a read/write 
as well as during a cylinder carry-over. 

• 72 Bit (3 Word) Delay - Used by the Controller 
to time the number of bits written for a gap, e.g. 
tolerance gap before and after data. 

Checking 

• Check-Sum Generate and Compare - In lieu of 
parity checking, a check-sum of data is 
utilized. Each 11 one 11 bit is counted during the 
read (generation) and compared with the 
check-sum read from the disk (compare). An 
error indicates the check-sum differed from the 
count obtained during the read. There is also 
a check-sum performed on the address portion 
transmitted from Core during a Write Header 
operation. This is to verify the information 
received from Core. 
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COMMAND 

The commands are divided into two categories within 
this section: those which require the Controller to 
step through sequence states and those that do not. The 
commands which require sequencing are the Out and 
Read Status commands. The remaining commands are 
grouped under the heading "Non-sequencing commands 11

• 

The Write Header operation, although basically an Out 
command, is listed at the end of the Out command under 
the separate heading: Write Header Operation. The 
Write Header is a "special case" Out command, which 
is differentiated from an Out command, specifying a 
write operation, by the position ofthe "Normal/Header" 
switch located on the Maintenance Console. Although 
the execution of a "normal" write and a "header" write 
are basically the same, the pattern written upon the 
disk differs between the two operations. The write 
portion (SS7) is, therefore, described separately for 
the Write Header operation 

The organization of this manual. is intended to serve both 
trained and untrained personnel dealing with the Disk 

DESCRIPTION 

Sub-System. The descriptions of the commands are 
presented in levels of detail. The general descriptions 
of the command functions are included within the Func
tional Description, under the heading "Program Control". 
The next level of detail (Out and Read Status only) is the 
flow charts, illustrating the sequence of events to take 
place during the com:rr:ands. The flow chart of the Out 
command, Fig. WHD. 7. 4, is folded so that it may be 
extended to the side while referring to the individual 
sequence states of the Out and Write Header descrip
tions. 

The next level is that of the block and timing diagrams, 
which may be used while troubleshooting. The pages of 
the logic and the test points of the individual signals have 
been included to aid this purpose. The illustrations 
depict the functions which take place during the individual 
sequence states and the sequence of these functions. At 
the beginning of each sequence state is a brief summa
tion of the events which take place during that period. 
The greatest detail, then, is contained in the text for the 
individual commands and sequence states. 

4515B/4547B DISK SUB-SYSTEM CMD-1 



OUT COMMAND 550 

During sequence state zero, upon receipt of an Out 
command, the Coupler presets the Core Address Re
gister (CAR) to the address of the pointer word and 
clears the Data Collection Register (DCR). The Out 
flip-flop in the Controller is set to record the type of 
operation to be performed and the busy line goes "busy'. 
The Status Register of the Controller is also cleared. 
The following text refers to Figs. OUT 0. 1 and 0. 2, as 
well as the Coupler and Controller logic. 

Essentially, sequence state zero is a "ready state" in 
which the Disk Controller is passively awaiting a com
mand. The L counter, however, continues to count 
from LOO through L23 under the control of time counter 
increment, Dl TTCI, logic. The timing of TTCI is con
trolled by the 1. 25 MC clock, Dl TCK2. 

Upon execution of an Out command (S = 4), with the K3-
K2 bits of the addressed Coupler (K2 =O), the 5Z)A pulse 
from the AU enables the GOGOUT gate. GOGOUT is 
then inverted and sent to clock driver, DOAPZT, which 
presets the CAR to the address of the pointer word. 
(The correct address of the pointer word may be deter
mined by referring to the Program Control description, 
under the heading "Out Command"). Since transfers 
between the Data Buffer Register (DER) and the DCR 
are "single-ended" transfers, clock drivers DODPZX 
and DODPZT will also be enabled at this time, to clear 
the DCR in preparation of incoming data. 

The decoded Out command, GOGOUT, is also inverted 
and coupled to the Disk Controller to set the Out flip
flop, FlIOUT. The setting of the Out flip-flop enables 
line driver, XOIBSY, to establish that the Controller 
is now in a "busy" state. XOIBSY is sent to the Coupler 
to enable the busy lines to the AU and API and to disable 
GOGOUT, blocking succeeding Out commands from 
being acknowledged while the Controller is in a "busy" 
state. 

Upon receipt of the busy signal in the Coupler, GOGOUT 
was disabled. The Out flip-flop in the Controller, how
ever, set during the period that this gate was enabled. 
As a result of FlIOUT being set, the first L23 pulse to 
occur during SSO steps the sequence state counter to 
SSl, via DlQSCI. 

The existence of any of the ten error conditions 
(see 11 JNE COMMAND", under the Functional Des
cription section) present during SSO would have armed 
the error test line within the AU. Once the Out 
flip-flop is set, the Status Register is cleared on 
the following CKl. For this reason, a check should 
be made of error conditions before the execution of 
the Out command. If the error is still present in 
the Disk Sub-System, the corresponding error will 
again be recognized at its specified time of sampling 
and the operation will terminate. 
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OUT COMMAND SSl 

Sequence state one remains true for at least two word 
times. During this period the pointer word is addres
sed, gated from core to the Coupler Data Buffer Regis
ter (DBR) and finally to the Core Address Register 
(CAR). If, during the memory requests of SSl - SSS, 
the memory is unavailable before the end of the, word 
time in which the request originated, the sequence state 
will be extended until the Coupler gains access from 
Memory. The contents of the pointer word, brought 
from Memory during this sequence state, represent 
the address of the first control word, which will be 
addressed and brought from Memory during sequence 
state three. During the following description, Figs. 
OUT 1. l and 1. 2 as well as the Coupler and Controller 
logic should be referenced. 

This first memory request originates within the Con
troller, with the setting of the FlIMRQ flip-flop. The 
Coupler is subsequently informed of the request through 
the line driver /line receiver combination of XlIMRQ 
and MlDMRQ, by setting FlGMRQ. The "one" side of 
this flip-flop then notifies Memory of the request. 

The core address of the information requested is 
designated by the CAR, which had been preset to 
the address of the pointer word during SSO. This 
address is sent to Memory to select the core 
address of the pointer word. Line receiver, 
MlADWL, which is always enabled until SS7 of 
an Out command, combines with FlGMRQ and 
NlGBUR to generate the clear pulses, DODCLR 
and DODRST, to clear the DBR in preparation of the 

incoming data from Memory. 

The period of elapsed time before data is available from 
Memory will vary with Memory speed and priority avail
ability. Once the priority has been established, the in
puts to the DBR are armed and when data from Memory 
becomes available (DRY), the data is clocked into the 
DBR. The receipt of the data ready signal from Memory, 
inverted through GlGDRY, arms FlGMRQ in the Coupler 
to clear on the next CKl, thereby indicating that the 
transfer of information from Memory has been accom -
plished. GlGDRY is also inverted and coupled to the 
Controller to indicate, by setting FlIDRY, that the 
Coupler has received data from Memory. With FlIDRY 
set, the data transfer pulse, DlIXFR, is enabled at CKl 
of the following L23. This pulse clears the data ready 
and memory request flip-flops in the Controller and is 
also sent to the Coupler to AND with MlAPW3 and 
MlADWL, which are both enabled throughout this sequence 
state, to enable GOARSD. GOARSD is inverted and used 
to clock the pointer word from the DBR into the CAR. 

With the transfer of the pointer word into the CAR, 
the sequence state counter is advanced to sequence 
state three. The sequence state counter is not incre
mented in the normal manner since sequence state two 
is used only during a Read Status command. FlQSBO 
is already set to decode SSl and it only requires the 
setting of FlQSBl to decode SS3. At the trailing edge 
of the IXFR pulse, QSBl is set advancing the Control
ler to SS3. 
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OUT COMMAND - 553 

Sequence state three, as did sequence state one, re
mains true for at least two word times. During this 
period, control wqrd one and control word two are ad
dressed and brought from Memory. Control word one, 
which is the first information loaded into the Data Buf
fer Register (DER) during this state, is transferred 
parallel to the Data Collection Register (DCR) and then 
shifted serially to the Controller. In the Controller, 
the bits are directed to their corresponding registers 
and flip-flop. While control word one is shifted to the 
Controller, control word two is requested from Memory 
and upon receipt of the data ready signal from Memory, 
is gated into the DER. Control word two is transferred 
to the DCR at the L23 following its transfer from Me
mory. Bits 16 and 17 of control word one, which were 
directed to the unit select circuitry in the Controller, 
are decoded to select a Disk Unit. Upon selection of 
the unit, a signal is sent to that unit to gate the data 
from its Cylinder Address Register to the Controller. 
The data is the address of the current cylinder over 
which that Disk Unit's heads are positioned. The data 
will be gated into the Current Cylinder Address Register 
in the Controller. The sequence counter is then incre
mented to SS4. The figures relating to this sequence 
state, Figs. OUT 3. 1 and 3. 2, along with the Coupler, 
Controller and Disk logic should be referenced during 
this description. 

As in the previous sequence state, the memory requests 
originate in the Controller with the setting of FlIMRQ. 
The first request fetches control word one from the ad
dress specified by the contents of the Core Address Re
gister (CAR), which was loaded during SSl. Control 
word one is gated into the DER in the same manner that 
data was gated into the DER during SSl, with the DBPl / 
DBP2 signals arming the inputs and the DBKl /DBK2 / 
DBK3 signals clocking control word one into the register. 
The DER is cleared prior to its loading, as in sequence 
state one, by the DRST /DCLR drivers. At the CKl of 
the L23 following the loading of the DER, control word 
one is transferred to the DCR. The transfer is accom -
plished by arming the inputs to the DCR with the DXFl / 
DXF2 drivers, enabled by the data transfer pulse from 
the Controller (MlDXFR), and clocking the information 
into the DCR with the DCK4/DCK5 /DCK6 drivers, also 
generated as a result of the data transfer pulse from the 
Controller. The data transfer pulse, DlIXFR, genera
ted in the Controller, sets the data transfer flip-flop, 
Fl TDXF, at this time. The data transfer flip-flop now 
controls the serial shifting of data from the Coupler 
DCR to the Controller. With the arrival of the first CK2, 
following the setting of TDXF, control word one begins 
shifting serially to the Controller with each DlICDS 
shift pulse generated in the Controller. The core ad
dress increment line driver, XlICAI, is also enabled as 
a result of the IXFR pulse, to be sent to the Coupler to 
increment the Core Address register to the address of 
control word two. Control word two is then requested 
from Memory, in the same manner as control word one 
and, upon becoming ready, is gated into the Coupler 
DER. 

The serial shifting of control word one from the Coupler 
DCR to the Controller is timed by shift pulses originat
ing in the Controller. These pulses are received at the 

Coupler through line receiver, MlDCSH. The "true'' 
output from this line receiver is inverted and enables 
clock drivers DCS1/DCS2/DCS3 to arm the shifting of 
11 zeroes" into the DCR, while control word one is shift
ed from it. This effectively clears the register for 
receipt of the next word, which in this case is control 
word two. The "true" output of DCSH is also used to 
enable the output of the register, while the 11 false 11 out
put of DCSH is inverted and used to clock control word 
one from the register. Control word one is coupled 
through a line driver /line receiver combination to the 
Controller and emerges through the retime flip-flop at 
11 L" times relative to its bit positions. Bits 00 - 07 are 
shifted from the retime flip-flop during LOO - L07 and 
are directed to the Desired Head and Sector Registers by 
Dl HSLD. These registers are treated as one register 
during this shift. The bits enter the most significant 
end of the Desired Head Register and are shifted through 
to the Desired Sector Register. The Sector Register 
ends up with bits 00 - 03 and the Head Register receives 
bits 04 - 07. During L08 - Ll5, bits 08 - 15 are shifted 
into the Desired Cylinder Address Register under the 
control of DlCLOD. The unit select flip-flops, FlUUBO 
and Fl UUBl, receive bits 16 and 17, respectively, 
under the control of Dl URLD, which is enabled during 
Ll6 and Ll7. 

The data transfer flip-flop, Fl TDXF, set at the time 
the data transfer pulse gated control word one to the 
Coupler, remains set and during the remainder of 
sequence state three,Dl TCWl is enabled. With the 
arrival of the first LOO pulse following the decoding of 
TCWl, the gray-code positioning counter, consisting 
of FlPTOO and FlPTOl, commences counting. The 
counter increments through three counts, which are 
decoded and used for the following purposes: 

• DlPTOl - Read the current cylinder address over 
which the selected unit's heads are 
positioned (during SS3). 

• DlPT02 - Transmit the cylinder difference, cal
culated by the Controller, to the selec
ted Disk Unit (during SS4). 

• DlPT03 - Transmit desired cylinder, head and 
control select information to the selec
ted Disk Unit (during SS5). 

Through this sequence, the Controller reads the cur
rent cylinder address from the Disk Unit, compares it 
against the desired cylinder, and sends the difference 
sum to the Decrement Counter in the Disk and the de
sired cylinder address to the Cylinder Address Register 
in the Disk. It is then possible, by decrementing the 
Decrement Counter each time the heads move past a 
cylinder, to determine when the heads have reached the 
desired cylinder. 

The first of these count~ DlPTOl, ANDs with timing 
envelope five, Gl TEV5, to enable the select unit driver, 
DlUSLU, during Ll8 - L23 of the remainder of SS3. At 
the end of SS3, Dl USLU is held true by FlQSB2, which 
will be true for the remainder of the Out command. 
Dl USLU is used to enable the unit select line decoded 
by Fl UUSl and Fl UUSO, which were loaded during Ll6 
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and Ll 7. The decoded select line is used to select the 
desired Disk Unit on which the operation is to take place. 
When the unit select signal is received in the Disk Unit 
it acknowledges receipt by sending a return signal to 
the Controller. This signal is compared with the origi
nal unit select signal to determine if the correct unit 
has been selected. Compare circuitry is also utilized 
to determine if more than one Disk Unit is selected at 
the same time. If either the wrong unit or more than 
one unit is selected, the unit select error flip-flop, 
FlRUSE, is set. Upon return of the select signal from 
the Disk, if no unit select error is detected, the signal 
DlPTOl enables the read cylinder select signal, XlPRCS, 
to gate the contents of the Cylinder Address Register, 
in the Disk, to the Controller. The lines from the Disk 
are applied to the set inputs of the Current Cylinder 

Address Register in the Controller, which was cleared 
at L16 by DlCCCR. These inputs are gated into the 
register at the end of L22 by DlPCCS. 

Since they are not used, bits 18 - 22 of control word 
one are ignored upon entering the Controller from the 
Coupler. During L23, bit 23 of control word one is 
gated to the write flip-flop, F 1 WDWT. At this point, 
however, the sequence state counter will have incre
mented to sequence state four. Also, at CKl of this 
L23, the data transfer pulse, DlIXFR, is generated to 
gate control word into the DCR. DlIXFR also results 
in the generation of XlICAI to increment the contents 
of the CAR, in preparation of addressing control word 
three. The sequence counter is incremented to SS4 at 
this time by DlQSCI. 
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Fig. OUT 3. 1. Timing Diagram, OUT Command-SS3 

4515B/4547B DISK SUB-SYSTEM OUT 3-3 



0 
c .... 
(,,) • 

DAT A REQUEST 
READY GRANTED 

~~ 

A A 

GlGDRY GlGBUR 

MEMORY 
REQUEST 

~ 

READ FROM 
MEMORY 

~ 
CWl & CW2 FROM CORE 

I' /'--.~---------..-, 

A 

CWl & CW2 
ADDRES§_J'O CORE 

r ~ 

15 Lmes 

CORE ADDRESS REG. 

(ARM SHIFT) 

• 

LD 

XlGDRY 

LR 

MlIDRY 

FlIDRY 

0 

Bit 23 

S FF C 

FlWDWT 

0 

GCK7 

S FF C 

LR FlGMRQ 
LR 

MlDMRQ 
0 

GODXF MlDXFR 

LD 
IMRQ LD 

XlIMRQ 

LA XlIXFR 

DlIXFR 

DESIRED 
SECTOR ADD. 
REG. FlSD03-

FlSDOO 

Bits 00 - 07 
A 

DESIRED HEAD 
ADDRESS REG 

FlIID03-

Fl HDOO 

Fig OUT 3. 2. 

A A 

DlDCSl/ 
D1DCS2/ 

DlDCS3 GODCSH 

Fl WR TM 
0 

DESIRED 
CYLINDER ADD. 

REG. FlCD07-
FlCDOO 

LR 

Ml WR TM 

ICDl 

TDXF 

TCK2 

LR 0 
LD 

Ml DC SH 
XODDCD 

s c 

LD 

XlICDS 

A 

DlICDS 

UNIT SELECT 
FlUUBO 

& 
FlUUBl 

PTOl · TEV5 + QSB2 

Block Diagram, OUT Command-SS3 

~ 
u s 
LR 

MlARIC 

-- --

LD 

XlICAI 

~ 1~ ,~ ~ 
~ ~ E-< ~ 

A TCWl 
TEV4 

DlURLD TCK2 

UNIT 

SELECT 

TO DISK 

~ 
i 

s 
j 
0 

i 



OUT COMMAND - 554 

During sequence state four (SS4), control word three 
(CW3), which contains the starting core address for the 
data transfers, is loaded into the Data Buffer Register 
(DBR) and on the followmg L23, is transferred to the 
Core Address Register (CAR). Control word two (CW2) 
is serially shifted from the Data Collection Register 
(DCR) to the Controller, to be shifted into the Block/ 
Word Count Register. In the Controller, the cylinder 
difference is calculated and if the contents of the Disk's 
Cylinder Address Register are found to differ from the 
contents of the Controller's Current Cylinder Address 
Register, the difference is transmitted to the Disk. 
Reference during this description should be made to 
Figs. OUT 4. 1, 4. 2 and 4. 3, as well as the Coupler, 
Controller and Disk logic. 

The memory request, which originates in the Controller 
with the setting of FlIMRQ, is repeated as in the pre
vious sequence states. When the data from Memory, 
CW3, becomes ready, it is clocked into the DBR. The 
DBR, as before, is cleared prior to its being loaded by 
clock drivers DO DC LR and DODRST. 

Control word two, which was transferred to the DCR at 
the end of SS3, begms shifting serially to the Controller 
at the CK2 of the first L23 of SS4. The shifting process 
is the same as during the CWl period, with line receiver 
MlDDDC, which is disabled during this period, causing 
zeroes to be shifted in the most significant end of the 
DCR, while line receiver MlDCSH enables the contents 
of the DCR to be serially shifted from the least signi
ficant end. The data shifted from the register, as may 
be seen in Fig. OUT 4. 1, is coupled through a line 
driver /line receiver combination to the retime flip-flop, 
FlWRTM, in the Controller. 

The control word two driver, Dl TCW2, is enabled 
throughout SS4. During LOO - L13 of this time, the out
put of the retime flip-flop (bits 00 - 13) is shifted into 
the Block/Word Count Register. The BlockjWord 
Count Register will be used to determine when the de
sired amount of words have been transferred during the 
read/write operation in SS7. Transfers to/from a sec
tor of a disk are made in groups of sixty-four words, 
referred to as a block. To ensure that transfers do not 
carry into another sector, the Block/Word Count Regis
ter should be initially loaded with a count of some incre
ment of sixty-four. The logic guarantees this by clearing 
the least significant six bits of the register on the Ll8 
following the loading of the register. 

CYLINDER DIFFERENCE 

The cylinder difference, which determines the amount 
and direction of head positioning required to reach the 
desired cylinder, is calculated during this sequence 
state. The difference is determined by ring shifting the 
Current Cylinder Register (CCR), located in the Con
troller and loaded from the Disk during SS3, along with 
the Desired Cylinder Register (DCR':<) and subtracting 
one from the other. The subtraction is effectively ac
complished by adding the one's complement of the CCR 
to the DCR':' and correcting the answer during a second 
ring shift of the CCR. The contents of the CCR will be 
considered as the current cylinder prior to the subtraction 

and as the cylinder difference following the subtraction. 
Three possible conditions may result from the sub
traction: the CCR may be equal to, less than, or 
greater than the DCR':'. Examples of these conditions, 
with the results, are included in the following text. 
Fig. OUT 4. 1 is included to aid the description. 

Example 1 CCR = OCR* 
DCR* 

CCR 

1063 

1063 

no carry propagated, 
take one's comple
ment of difference. 

01 000 110 

10 111 001 (CCR is in l's 
complement 
form) 

11 111 111 - FlCEQL re
mains set 

1----.uO 000 000 = 0008 
'--~~~~~~~~--

CCR = Current Cylinder Register 

DCR*= Desired Cylinder Register 

In example 1, the output of the sum gate, GlCSUM, is 
at a true level throughout the first ring shift (LOO - L07), 
as a result of the inverted output of the CCR being ANDed 
with the true output of the DCR':<, at the difference con
trol logic. The equal flip-flop, FlCEQL, which was 
set on the trailing edge of DlPTOl, remains set at the 
end of this shift since there was not a false output from 
the control logic to clear (reset) it. Thus, with CEQL 
set at the end of this shift, the seek complete circuitry 
is informed that a seek operation is not needed in the 
Disk. The current cylinder address is, in this case, 
the same as the desired cylinder address and therefore 
requires no seek. The correction cycle, in this ex
ample, will complement the results of the first addition. 
This is accomplished by gating the one's complement of 
the CCR through the difference control logic during LOS -
L15. 

Example 2 CCR < OCR* 
DCR* 

CCR 

carry is propagated, 
add +1 

01 000 110 

10 111 111 (CCR is in 1 's 
complement 
form) 

..--/00 000 101 
--.OO OOO 0~clear FlCEQL 

00 000 110 = 0063 

In example 2, the output of the DCR>:< and the inverted 
output of the CCR are ANDed, as in the previous ex
ample, at the difference control logic. During the 
second shift (LOI), the output of CSUM is false,clearing 
the equal flip-flop. Upon completion of the first ring 
shift, the current stage carry gate, GlCCSC, indicates 
a carry. This results iR the setting of the add-one 
flip-flop, FlCADl which was cleared by PTOl. 
Therefore, the second ring shift (LOS - L15) gates 
the true output from the CCR, but one will be added 
to the contents as a result of the previous stage carry 
flip-flop, FlCPSC, being set from the carry of the 
most significant addition of the first ring shift. 
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Example 3 CCR> OCR* 

DCR* 01 000 110 

1 0 110 001 - (CCR is in 1' s 
complement 

no carry propagated, 11 110 111 form) 
take one's comple- " Q '---clear F 1 CE L 
ment of difference ,___ __________ ----.oo 001 ooo = 01 Os 

The output of the DCR':' and the inverted output of the 
CCR are ANDed, as in the previous examples, during 
LOO - L07. During L03, in this example, a false output 
is detected from the difference control logic and the 
equal flip-flop is cleared. During the final addition of 
the first shift (LOO - L07), the output of the current 
stage carry gate, G 1 CCSC, is false and the complement 
flip-flop, which was cleared by PTOl, is set. This re
sults in the contents of the CCR being complemented 
during the second ring shift (LOS - L15). This is ac
complished as in example one. 

The direction of head movement necessary is determin
ed by the results of the first ring shift of the registers. 
As may be seen in the examples, if the CCR was less 
than the DCR':', the add-one flip-flop would be set, indi
cating a forward seek is necessary. If the contents of 
the CCR were greater than the DCR':', the complement 
flip-flop would be set, indicating a seek backward opera
tion is necessary. However, ifthe registers were equal, 
both drivers, DlLSBW and DlLSFW, would be disabled 
and no seek would take place. The transmittal of head 
movement information to the Disk is described in SS5. 

The concept of the complementing cycle is relatively 
simple, since the inverted contents of the CCR are 
merely gated through the difference control logic. How
ever, the add-one cycle is a little more complex, so an ex
ample is given in the following text, along with the outputs 
of relevant gates and flip-flops involved duringthe shift. 

As may be seen in the example, the bit being shifted 
from the CCR is inverted when there is a carry indicated 
by either the current stage carry gate, GlCCSC, or the 
previous stage carry flip-flop, FlCPSC. Assuming a 
carry from the most significant bit of the first ring 
shift, which places the Controller in an add-one cycle, 

DESIRED CYLINDER 

ADDRESS REGISTER O 

CURRENT CYLINDER l 1----+-
ADDRESS/CYLINDER 

DIFFERENCE REGISTERo 

CCSC is true at the first bit time of the shift. This 
causes the previous stage carry flip-flop, FlCPSC, to 
set at L09 time. This results in the inversion of the 
first two bits shifted from the CCR. The remaining bits, 
since no more carries are generated, are gated through 
the logic in their true form. Therefore, the result gated 
back to the CCR is one greate"' than what was gated from 
it. 

Example: 10011101 
+1 

10 011 110 

' I L time CCR CCCA ccsc CPSC CSUM 

LOS 1 0 1 1 0 

L09 0 1 0 1 1 

LlO 1 0 0 0 1 

Lll 1 0 0 0 1 

Ll2 1 0 0 0 1 

L13 0 1 0 0 0 

L14 0 1 0 0 0 

Ll5 1 0 0 0 1 

If the results of the difference sum indicate that the CCR 
was not equal to the DCR':', the difference select line 
driver, XlPDFS, is enabled during LlS and Ll9, to gate 
the contents of the Cylinder Difference Register to the 
Disk's Decrement Counter. The gray-code counter, in
cremented on the trailing edge of the L23 at the begin
ning of this sequence state, is decoded at a count of 
D1PT02, which dictates the period during which the dif
ference sum is sent to the Disk. If the difference sum 
indicates that the CCR and DCR':' had been equal, FlCEQL 
would disable GlPTCl, which would prevent the gener
ation of the difference select strobe, XlPDFS. 

On the trailing edge of the IXFR pulse, which is sent to 
the Coupler and enables GOARSD, control word three is 
clocked into the CAR. At the same time, the sequence 
state counter is incremented to SS5. 

TO SEEK 
COMPLETE 

~ 8 8 Ci 
u E-< E-< ~ 
u 0... 0... u 

Fig. OUT 4. 1. Cylinder Difference Calculation 
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During sequence state five, the count contained in the 
Block-Word Count Register is ring shifted and one sub
tracted from it. The head select and control select in
formation is gated to the Disk. The cylinder select in
formation is also gated to the Disk, if it was determined, 
in 884 that the heads were not already positioned over 
the desired cylinder. If the operation is determined to 
be a write, i.e. the write flip-flop was set at the begin
ning of 884, a memory request is made for the first 
data word at the end of 885. If the results of the sub
traction of one from the Block-Word Count Register re
veal that it had contained all zeroes, the terminate flip
flop sets during this sequence state. The operation 
would then terminate at the beginning of 886, after init
iating a 11 seek operation" within the Disk. Since there 
are two possible sequences resulting from the subtrac
tion of the Block-Word Count Register, there are two 
timing diagrams relating to this sequence state. Fig. 
OUT 5. 2 relates to block-word count equal to zero, 
while Fig. OUT 5. 3 refers to a block-word count not 
equal to zero. The basic block diagram, Fig. OUT 5. 1, 
refers to bath conditions. The Coupler, Controller and 
Disk logic should also be referenced as an aid to this 
description. 

In the timing diagrams, it can be seen that the Block
Word Count Register is shifted during the time period 
of LOO - L13, by the word count shift signal, DlBWCS. 
As the bits are shifted from the register, they are 
sampled at the clear side of the carry flip-flop, FlBCRY 
and also at the AND inputs to the subtract gate, G1B8UB. 
The carry flip-flop was preset on the trailing edge of 
SS4. The one ( 1) side output of the Block-Word Count 
Register is gated through the gate, GlBSUB, as long as 
the carry flip-flop is set. This results in an inversion 
of the bit as it is shifted back into the register. If there 
is a 11 one" bit shifted from the register, the carry flip
flop is cleared and each remaining bit shifted from the 
register, after the first 11 one11 detected, is gated back 
in its true form. This, effectively, decrements the 
register by one. 

BLOCK/WORD COUNT = 0 

If, during the ring shifting of the register, no ' 1ones11 are 
detected, the carry flip-flop remains set at the end of 
the shift. This indicates to the Controller logic that the 
register contained all 11 zeroes11

• This identifies the Out 
command as a 11 seek only11 and results in the terminate 
flip-flop, Fl TTRM, being set at Ll6, as is shown in 
Fig. OUT 5. 2. The carry flip-flop, FlBCRY, will be 
cleared on the trailing edge of L22 in this example. On 
the trailing edge of the CKl of L23, the sequence state 
counter is incremented to 886. At this time, the output 
of the terminate flip-flop is ANDed with 886 to cause 
GOQRBl to go true. GOQRBl is inverted and ANDed 
with the following CK2 to enable the reset busy driver, 
DlQRBY, which clears the sequence state counter. This 
results in the Controller returning to SSO, and a 11 not 
busy" condition. 

The enable time counter flip-flop, Fl TETC, clears on 
the trailing edge of 885, and remains clear during the 
brief period while the Controller is in 886. Once the 
sequence state counter has returned to 880, as mentioned 

above, NOIB8Y goes false and is ANDed with the next 
CKl to again set Fl TETC, which enables the time 
counter to begin counting again. During the period 
while TETC is cleared, the zero (0) output from the 
flip-flop is ANDed with CK2 1 s to clear the timing counter 
during each CK2. 

BLOCK/WORD COUNT '! 0 

A count of some increment of sixty-four in the Block/ 
Word Count Register indicates that the Controller must 
execute some transfers, which will take place in 887. 
Therefore, the operation will not terminate in 886. As 
is shown in the timing diagram relating to a block/word 
count not equal to zero, Fig. OUT 5. 2, the carry flip
flop, FlBCRY, clears (resets) upon detecting a 11 one11 

being shifted from the BlockjWord Count Register and 
the terminate flip-flop, Fl TTRM, does not set. The 
sequence state counter advances to 886 at the CKl of 
L23, and the enable time counter flip-flop, Fl TETC, 
clears (resets), disabling the timing pulses. 

The other portions of 885 are identical to both conditions 
of the block count. Although the core data shift pulses, 
DlICDS, are enabled throughout S85, they are not effec
tively utilized. They do result, as in the two previous 
sequence states, in the shifting of the contents of the 
Coupler 1s DCR through the Controller 1s retime flip-flop. 
However, the output of the retime flip-flop is not gated 
to any of the registers, so the data contained in the DCR 
is lost. The data in this case was all 11 zeroes", since 
the DCR was filled with 11 zeroes11 during the shift in 884. 
During this shift in 885, the DCR is again filled with 
11 11 zeroes . 

Information relating to the desired cylinder, the desired 
head, and other control information is sent to the Disk 
during this sequence state. This information transfer is 
under the control of the last count, DlPT03, of the posi
tion timing counter. The first information transmitted 
during this sequence state, the desired cylinder, will only 
be transmitted to the Disk if the current cylinder was not 
determined to be equal to the desired cylinder during 884. 
If they were not equal, the cylinder select gate, GlPC8G, 
will be enabled during the period of LOO - L05. GlPC8G 
enables the output of the Desired Cylinder Register (OCR>:') 
to be gated onto the 11 Controller-to-Disk11 bus lines. 
GlPC8G is also ANDed with Dl TCOl to generate XlPDF8, 
during L02 and L03, which gates the bus lines into the Cy
linder Address Register in the Disk. 

The other two items of information are transmitted un
conditionally to the Disk. This consists of the head 
select and control select information. 

The head select gate, DlPHSG, is enabled during LOS -
Ll3, and gates the output of the Desired Head Register 
onto the 11 Controller-to-Disk11 bus lines. DlPHSG ANDs 
with Dl TCOl to generate XlPHDS, which gates the bus 
lines to the Head Address Register in the Disk during 
LlO and Lll. 

The last group of information is the control select bits. 
Through these lines the operation (read or write), seek 
direction (forward or reverse) and the erase informa
tion (write only) are transmitted to the Disk. The return 

4515B/4547B DISK SUB-SYSTEM OUT 5-1 



to zero and head advance information is not normally 
transmitted at this time. The previously mentioned 
information is gated onto the bus lines from L16 - L21, 
by DlPCTG. DlPCTG also ANDs with Dl TCOl to en
able XlPCTS during Ll8 and L19, to gate the bus lines 
into their correspondmg logic in the Disk. The read, 
write and erase information is not used by the Disk at 
this time, but the seek direction will be utilized in the 
following sequence state to control direction of seek 
and is, therefore, used in the Disk logic to clear the 

~ - -----~---------------~--- -----------------------· 

stop flip-flop and determine if the reverse flip-flop 
should be set. The read, write and erase information 
will be enabled during SS7, as mentioned under the des
cription for that sequence state. 

If the write flip-flop, Fl WDWT, was set at the beginning 
of SS4, a memory request will be made on the trailing 
edge of this sequence state. This will place the first 
word of information on the Coupler DCR during SS6, so 
that it will be available for transfer to the Disk in SS7. 
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Sequence State 6 is an asynchronous sequence state, 
whose time period is determined by the distance the 
heads must travel to reach the desired cylinder. This 
sequence state may be entered from SS5, during the ini
tial sequencing of the command, or from SS7 when the 
end of a cylinder is reached before the block/word count 
has reached zero. These two sequences are described 
individually in the following text. 

INITIAL SEQUENCING (SS5-SS6) 

During this period the Controller is awaiting a "seek 
complete" signal from the Disk. The actual signal 
which initiated this seek was generated during SS5, in 
the form of a 11 seek forward" or 11 seek backward" signal. 
When the Disk arrives at the desired cylinder, during 
SS6, it generates the "seek complete" signal, which 
advances the Controller to SS7. 

DESIRED CYLINDER INCREMENT (SS7-SS6) 

If, during a transfer operation in SS7, it is determined 
that it is necessary to continue the operation past the 
end of the cylinder, a desired cylinder increment is 
needed. Since this involves a head movement operation, 
it is necessary for the Controller to return to SS6, dur
ing which address seek information is sent to the Disk 
and the "seek" to the next succeeding cylinder takes 
place. A timing diagram, Fig. OUT 6. 1 is provided as 
an aid to this description. The Controller and Disk 
logic should also be referenced. 

As may be seen in the timing diagram, the desired cyl
inder increment driver, DlCDCI, is enabled during L14 
of the head update cycle at the end of the cylinder. The 
head address is incremented once each time the Desired 
Sector Register reaches a count of 151o· This is ac
complished by settingthe head update flip-flop, FlHHUD, 
which enables the head advance signal, NlLHAD, to be 
gated to the Disk during SS7. This signal increments 
the Head Register in the Disk to advance the data trans
fers to the next sequential track on the cylinder. When 
the Head Address Register in the Disk reaches a count 
of 1010, indicating that the last head of a cylinder is being 
utilized, an end of cylinder signal, (Ml YEOC) is sent to 
the Controller. When the last sector of that cylinder 
has been addressed, the desired cylinder increment 
signal, D 1 CDCI, is generated to return the Controller 
to SS6 and move the heads to the next sequential cylinder. 

The desired cylinder increment signal, Dl CDCI, also 
starts the timing of the gray-code positioning counter 
which governs the transfer of control information to 
the Disk. The first count, initiated by CDCI, is 

DlPTOl. During this time, from L14 to L23, the 
read cylinder select signal, DlPRCS, enables the 
inputs from the Disk-to-Controller bus lines to the 
Current Cylinder Address Register (CCR). The sig
nal, XlPRCS, is enabled at the same time to gate 
the contents of the Cylinder Address Register, in 
the Disk, to the bus lines. The current cylinder 
address of the Disk is, therefore, read into the Con
troller's CCR. During L16 of this period, the CCR 
is cleared, but the address from the Disk is enabled 
at the input of the CCR until L23. 

Upon the incrementing of the gray-code counter at 
the end of L23, D1PT02 is decoded. This signal is 
enabled until the following L23. During LOO - L15, 
the CCR is ring-shifted twice, and the cylinder dif
ference sum calculated as described under 11 Cylinder 
Difference", in SS4. From Ll 6 until L21, the out
put of the CCR, which now contains the difference 
sum, is gated onto the Controller-to-Disk bus lines 
by DlPDSG. XlPDFS is sent to the Disk during L18 
and L19 to enable the lines to be gated into the De
crement Counter in the Disk. 

The gray-code counter is again incremented at L23, 
and decodes the count D1PT03. During LOO - L05, 
DlPCSG gates the output of the Desired Cylinder Re
gister to the Controller-to-Disk bus lines. This ad
dress was incremented by one, by signal DlCDCI, 
just prior to leaving SS7. XlPCYS is enabled during 
L02 and L03 to gate these lines into the Disk Cylin
der Address Register. 

The desired cylinder increment pulse, DlCDCI, also 
clears the contents of the Desired Head and Sector Re
gisters, so that the operation to take place during the 
next cylinder will begin at the first track and sector, 
of that cylinder, i.e., head 00, sector 00. The outputs 
of the Desired Head Register are gated onto the Controller
to-Disk bus lines from LOS to L13 by DlPHSG. 
XlPHDS then gates them into the Disk's Head Address 
Register during LlO and Lll. 

The seek direction is determined by the difference sum 
calculation, as in SS4. The seek forward driver, 
DlLSFW, is therefore enabled throughout D1PT03. 
Its condition is sensed at the Controller-to-Disk bus 
lines during L16 - L21, while DlPCTG is enabled. 
XlPCTS is enabled at Ll8 and L19 to gate the seek 
information to the Disk. This seek information initiates 
the head movement to the next cylinder. Upon reaching 
that cylinder, the Disk issues a seek complete signal, 
which is received by the Controller. The Controller 
then returns to SS7 to resume data transfers. 
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During sequence state seven the actual read (Disk to 
Core), or write (Core to Disk), will take place. The 
sequence of events followed during this time, is 
governed by whether the operation to take place is 
a read or a write. The detailed description is, 
therefore, divided into two parts: Write operation and 
Read operation. 

Upon entering sequence state seven, the Controller 
awaits the detection of a sector marker pulse, DlSSMP, 
before commencing operation. 

On both the Read and Write operation, the first function 
performed at the beginning of each sector, after syn
chronizing the read circuitry from the tolerance gap and 
sync word, is the address read and comparison. This 
first three blocks of the sector format (see Fig. OUT 
7. 1) are recorded by a "Write Header" operation (Refer 
to "Write Header" description). The first of these 
blocks is the tolerance gap of 72 "one" bits. The next 
block, of sync bits (23 "zeroes" and a "one" bit), serves 
to synchronize the read circuitry in preparation of 
reading the address bits. The "one" bit, which is the 
actual sync bit, is recognized by the Controller logic 
(DlZSRP). Following this bit, the read circuitry is 
enabled to gate the address and address check-sum bits 
to the Controller. 

The address is read from the disk and compared with 
the desired address within the Controller. If there is 
not a direct comparison, the operation will wait for 
another sector pulse and repeat the above procedure. 
(If the address is not detected after a full revolution of 
the disk, an "address compare" error will be indicated). 
Once address comparison is achieved, the read or 
write operation will commence on that sector. 

The first operation to be described is that of a Write. 

WRITE OPERATION 

For the Write operation, a simplified block diagram of 
the data flow is given in Fig. OUT 7. 2. Also included 
to aid the description of the Write operation are two 
timing diagrams: one illustrating the timing relation
ship of the maJOr sequence of events, Fig. OUT 7. 3; 
and the other, Fig. OUT 7. 4, showing in somewhat 
more detail the actual transfer of data to the disk. 

As may be seen on Fig. OUT 7. 3, the non-data portion 
flip-flop, TNDP, is set on the trailing edge of the sector 
marker pulse received from the Disk. As a result of 
TNDP being set, the read gate, LRED, is enabled. This 
signal allows the data being read from the disk to enable 
the time control pulse driver, RTCP. 

Until this point in the operation, the timing counter was 
exclusively under the control of the Controller's 1. 25 
MHz clock oscillator. The synchronization pulse, 
ZSRP, which is detected as a "one" bit following at 
least 16 "zeroes". sets the enable time counter flip-flop, 
TETC. The time counter increment flip-flop, TTIC, 
ANDs with TETC and RTCP, to initiate the increment
ing of the time counter, under the control of the R TCP 
pulses being received from the disk. (This method of 

clocking is described in more detail under the Read 
Operation portion of SS7). During the time that the 
read circuitry is enabled, the address and address 
check-sum bits are read from the disk. 

As the address bits are read from the disk, they are 
compared with the desired starting address in the Con
troller. During timing envelope one, TEVl (LOO - L07). 
the combined Desired Sector/Head Registers are shifted 
through the compare logic, Dl WAEG, as their corres
ponding bits, read from the disk, are shifted through. 
The desired cylinder address is shifted through during 
time count three, TC03 (L08 - Ll 5), along with the cy
linder address which is read from the disk during this 
time. The address equal flip-flop, WAEQ, which is 
set by the ZSRP pulse prior to the arrival of the address 
bits, is cleared if there is not a direct correspondence 
between the contents of the registers and the address 
data being received from the disk. (The check-sum 
portion of the address is used only during the Write 
Header operation). 

If there is not address equality, the Write operation will 
not take place during that sector. The Controller will 
await the next sector and repeat the above procedure. 
Whenever the address readfromthe disk is the same as 
the desired starting address, the address equal flip-flop, 
WAEQ, remains set and the Write operation occurs 
during that sector. 

Once address equality is ascertained, the writing of the 
sector commences. The timing increment control flip
flop, Fl TTIC, clears (resets) at the end of the address 
portion of the sector, which is coincident with Fl THDR. 
With TTIC cleared,, the timing counter is again incre
mented under the control of the basic 1. 25 MHz Con
troller oscillator. The time counter is then incremented 
on the trailing edge of each CK2. 

GlLRED, the read signal for clocking the address from 
the disk, ends with Fl THDR going false. At this time 
the write and erase signals, GlLWRT and DlLERA, are 
enabled to begin writing the tolerance gap. Since the 
erase head is mounted physically ahead of the write 
head, the information will pass underneath the erase head 
before reaching the write head. The write and erase 
currents are turned on at the same time and the area 
passing beneath the erase head is erased prior to its 
passing beneath the write head. 

The first information written, once the write current is 
turned on, is the tolerance gap of 72 "one" bits. The 
control of the number of "one" bits to be written is 
governed by the gray-code counter, consisting of 
FlWDLl and FlWDLO. If there is address equality. 
WDLl sets on the trailing edge of the L23 of the address 
portion. On the trailing edge of the next L23. WDLO 
sets. On the third L23, WDLl clears (resets) and 
WDLO remains set. During these three word times, 
when at least one of these flip-flops was in a set condi
tion, the disk write line gate, Gl WDWL, is enabled. 
Gl WDWL ANDs with the output of the data-to-disk en
able 1 gate, Gl WDDl, which is enabled while THDR is 
false, to enable the "one" bits to be sent to the disk 
through DlWlBE. At the end of these three word times, 
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the gray-code counter ends up with both flip-flops 
cleared, which disables Gl WWDL and terminates the 
writing of the tolerance gap. 

The period following the tolerance gap is that of the sync 
bits. This consists of 23 "zeroes", followed by a "one 11 

bit. The "zeroes" are sent to the Disk, from LOO 
through L22, since the retime flip-flop, Fl WRTM, 
remains cleared. On the trailing edge of L22, the retime 
flip-flop is set and WlBE is enabled during L23, which 
generates the "one" bit for the sync word. 

Following the sync bits are the actual data words, 
written in a continuous stream of 1536 bits. This 
constitutes 64 data words of 24 bits each. A timing 
diagram depicting the relevant sequence of the actual 
data word transfers is shown on Fig. OUT 7. 4. The 
data flow during this time is also given in the basic 
block diagram, Fig. OUT 7. 2. 

The request for the first data word to be written on the 
sector, was actually made during sequence state five. 
The first word of data, therefore, is already contained 
in the Coupler's Data Buffer Register (DBR), when the 
write operation is begun. The data transfer flip-flop, 
Fl TDXF, was set on the trailing edge of L22, during 
the sync word time. At CKl of L23, the transfer pulse, 
DlIXFR, is generated to cause the transfer of the con
tents of the DBR to the DCR. Beginning at the CK2 of 
L23, the Shift pulses (DlICDS) are generated in the Con
troller to shift the contents of the DCR through the re
time flip-flop, in the Controller. After shifting through 
the retime flip-flop, the bits are gated through the line 
driver, Xl WDTD, to the write circuitry in the Disk Unit. 
This path is outlined on the simplified block diagram, 
Fig. OUT 7. 2. 

The data is received in the Disk Unit through a line re
ceiver and fed to a gated toggle flip-flop. The toggle 
flip-flop changes state on the negative going edge of each 
pulse. The output of the flip-flop is then fed through an 
amplifier to a diode isolation card, and to the write head 
to be recorded on the disk. The erase driver is also 
enabled to provide current through the GAA diode board 
to the erase head. The center tap for these heads, 
which supplies the return line, is provided by the head 
select card. One of these head select cards (IOD' s) is 
enabled as a result of a head address being placed ·into 
the Head Address Register during sequence state five. 

As may be seen on Fig. OUT 7. 4, the sixty-fourth re
quest during the sector results in the first word of 
the next sector being loaded into the Coupler DBR. 
The Controller, however, continues to serially shift 
the last data word of the sector to the disk. 

During the write operation, the Block/Word Count Re
gister is ring shifted and decremented during each word 
time. The shifting takes place during LOO - Ll3. The 
carry flip-flop is pre-set at L23, prior to the shifting, 
and during the shift the output of the register is sampled. 
If a "one" bit from the register is detected during L00-
L05 of the shift, the carry flip-flop, FlBCRY, is cleared, 
indicating the word count has not yet reached zero. The 
Controller continues receiving data from the Coupler and 

transferring it to the disk until the word count (bits 00 -
05) are detected as being zero. During this shift, 
F lBCRY will remain set at the end of L05 and at L06 
the header flip-flop, Fl THDR, will set, indicating the 
next information to be written on the disk is the data 
check- sum bits. 

The generation of the check- sum bits is accomplished 
by allowing the output of the retime flip-flop, Fl WRTM, 
to be used as an incrementing signal whenever a 11 one" 
bit is received from the Coupler during the writing of 
data. Through the synchronization/ check-sum count 
driver, ZSCC, the Check-Sum Register is incremented 
for each "one" bit that passes throughFlWRTM during 
the time data is transferred. 

Following the last data word of the sector, the computed 
check- sum is written on the disk. This is accomplished 
by serially shifting the Check-Sum Register, with shift 
signal DlZSCS, and comparing its output at the one-bit 
enable gate, Dl WlBE, during the period following the 
transfer of the last word of data. The time during 
which the check-sum is written on the disk covers 12 
"L" times, LOO - Ll 1. During this time, WDDL gates 
any ''one" bit from the register through the one-bit 
enable driver, DlWlBE. 

Upon completion of the writing of the data check- sum 
bits, D 1 WlBE is held true from Ll 2 - L23 by TEV2 
being false, which enables Gl WDDl. During this time, 
12 "one 11 bits are written on the disk. This period is 
followed by a block of 72 "one" bits, which cover three 
word times and is controlled by the gray-code counter 
and the sync flip-flop, Fl WSYN. 

The gray-code counter flip-flop, WDLl, was set on the 
trailing edge of the L23 that gated the last data bit 
through the Controller to the Disk. The counter enables 
WWDL for the subsequent three word times. This covers: 
the data check-sum (12 bits) ;12 "one11 bits; and two more 
word times of 48 "one" bits. 

At L23 of the count where WDLl is cleared and WDLO 
is set, the sync flip-flop is set. Since the erase gate 
cleared on the L23, after tl:e header flip-flop set for 
the second time in the sector, the sync flip-flop, 
FlWSYN, is permitted to enable DlWlBE, for the one 
word time that it is set. With the clearing of FlWSYN, 
after one word time, the address equality flip-flop, 
Fl WAEQ, is cleared. The clearing of WAEQ causes 
the write gate to go false and terminate writing on the 
disk for the remainder of that sector. The remaining 
portion of the sector would already have been filled by 
"ones" during the Write Header operation. 

When the required number of sectors has been record
ed, the Block/Word Count Register will have decre
mented to zero. Therefore, after writing the last data 
word for the sector, the Block/Word Count Register 
will be ring shifted during the period of LOO - Ll3. 
Since the register contains all "zeroes", FlBCRY, 
which was pre-set at the L23, prior to the shift, will 
remain set throughout the shift. The condition of 
FlBCRY is sampled at Ll6 and since BCRY is set, 
the terminate flip-flop, Fl TTRM, is set, indicating the 
required number of blocks has been written on the disk. 
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SECTOR MARKS 

I 
........... 

\ 

ADD& CHECK 
GAP SYNC CHECK GAP SYNC 

SUM 
DATA SUM GAP GAP 

(DATA} 

A B c D E F G H I 

NO~MAL WRITE 

A. GAP: 72 ONE BITS RECORDED ON "HEADER" WRITE 

B. SYNC: 23 ZEROES, 1 ONE BIT RECORDED ON "HEADER" WRITE 

C. ADDRESS: 

D. GAP: 

16 ADDRESS BITS, 8 ADDRESS CHECK SUM BITS RECORDED ON "HEADER" WRITE 

72 ONE BITS RECORDED ON "NORMAL" WRITE 

E. SYNC: 

F. DATA: 

23 ZEROES, 1 ONE BIT RECORDED ON "NORMAL" WRITE 

64-24 BIT WORDS RECORDED ON "NORMAL" WRITE 

G. CHECK-SUM: DATA-12 BITS RECORDED ON "NORMAL" WRITE 

H. GAP: RECORDED TO 84 ONES ON "NORMAL" WRITE 

I. GAP: TO NEXT SECTOR MARK-RECORDED TO ALL ONES ON "HEADER" WRITE 

Fig. OUT 7. 1. 

With Fl TTRM set. the reset busy driver, DlQRBY,will 
be enabled and on the trailing edge of the sync signal, 
FlWSYN, the sequence counter will be cleared to zero, 
terminating the write operation. 

READ OPERATION 

Visual references regarding the read operation include: 
Sector Format, Fig. OUT 7 .1; Basic Block Diagram, 
Fig. OUT 7.5; and the timing diagrams, Figs. OUT 7.6 
and OUT 7. 7. Figure OUT 7. 5 depicts the general flow 
of data as it is transferred from the read head of the 
Disk to Core Memory. The timing diagram, Fig. OUT 
7. 7 shows the main sequence of events which take place 
during a sector read. Fig. OUT 7 .6 shows, in more 
detail, the data as it is transferred from the read head 
of the Disk to Core Memory. Reference should be made 
to the logic drawings involved: the Coupler, Controller, 
and Disk logic. 

The read enable signal, GlLRED, is enabled throughout 
sequence state seven on a read· operation. The read 
operation begins when address equality has been deter
mined. Upon detection of the synchronization pulse, 
DlZSRP, contained in the sync bits preceding the data 
area, the data transfer flip-flop, Fl TDXF, is set. Dur
ing the time TDXF is set, the information contained on 
the disk will generate strobes to shift the data to the 
Coupler as it is read from the disk. Fl TDXF clears at 
the time of the last data bit being read from the disk. 
Although the data continues to enter the Controller after 
this time, it is not shifted to the Coupler and requests 
to transfer information to Memory are not generated. 
The data is read from the next sector in the same 

Sector Format 

manner. Each sector read results in 64 data words, con
taining 24 bits each, to be transferred to Memory. 
Sector reads will discontinue when the Controller logic 
detects that the requested number of blocks have been 
transferred (block/word count equal to zero}. 

The enable time counter flip-flop, Fl TETC, which had 
been cleared at the end of sequence state five, sets on 
the trailing edge of sequence state six. Therefore, upon 
entering sequence state seven, the time counter incre
ment driver, D 1 TTCI, is enabled and the counter will 
begin counting again. At the arrival of the first sector 
marker, TETC is cleared and the non-data portion flip
flop, Fl TNDP, is set. The read gate, GlLRED, which 
is enabled throughout sequence state seven, allows the 
data to be sensed on the head windings and coupled 
through the read circuitry to the Controller. GlLRED 
is sent to the Disk on the bus lines and is gated into the 
correct circuitry in the Disk by the control select signal, 
PCTS,. which is enabled through-out sequence state 
seven. The read signal is received in the Disk, ANDed 
with the control select signal, inverted, and sent to the 
_OVA zero cross detection circuit, where it is used to 
gate the data through the Disk read circuitry. 

The first information to pass under the read head is the 
tolerance gap of 72 "one" bits. Following the tolerance 
gap are the sync bits. The tolerance and sync bits are 
read in the same manner as during the write operation. 
The address comparison is also identical with the write 
operation. Following the address bits is another group 
of tolerance gap and sync bits, which were written dur
ing the write operation. The read operation reads these 
bits in the same manner as those preceding the address 
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bits and, upon detecting the ZSRP pulse, the time 
counter is again enabled as the Controller prepares to 
receive the data portion of the sector. 

This second ZSRP pulse ANDs with TNDP and WAEQ to 
set the data transfer flip-flop, Fl TDXF. As may be 
seen in Timing Diagram, Fig. OUT 7.6, the setting of 
TDXF permits the shift pulses, DlICDS, to be generated 
by the DlRTCP pulses. Also shown in the timing 
diagram are some representative waveforms of the read 
signals and various control signals pre sent during the 
data transfer from the Disk to the Coupler. The diagram 
is divided into three portions. The first portion is 
at the beginning of the first word to be transferred 
to Memory. It contains a combination of "ones" and 
"zeroes". The second portion of the diagram shows 
"one" bits being transferred atthe end of the word time. 
The final portion of the diagram shows the end of the 
last word in the sector being transferred to Memory. 
This portion illustrates a string of "zero" bits being 
read. 

The output of the selected read head is fed to the input 
of the A TB circuit in the Disk. The input is shifted 
ninety-degrees by the A TB circuit and amplified by the 
EUC circuit. The resulting waveform, from the EUC 
circuit, is fed to the EWA circuit where the zero cross
ings are detected and the output is a square wave 
whose polarity changes are at the point of the zero 
crossings of the input. From the EWA circuit, the 
pulses are sent to the OVA circuit, which generates 
negative pulses for each level change. The input to 
the OVA circuit is enabled by the combination of the 
control select signal and the read signal sent from 
the Controller. The output of the circuit is inverted 
and sent to the Controller through a line driver /line 
receiver combination. The output of the line receiver 
in the Controller is sent to the read recovery cir
cuitry. It is fed to a single-shot which forms nega
tive, 30 ns. pulses from the positive leading edges 
of the input. As may be seen in Fig. OUT 7. 6, these 
negative pulses are at a 2. 5 MHz rate while reading 
"one" bits and a 1. 25 MHz rate while reading "zeroes" 
The output of the single-shot is inverted and ANDed 
with the output of another single-shot, SORDST, at the 
input of GORCLK. When the output of GORCLK is enabl
ed, it sends a 30 ns. pulse, which is inverted to SORDST. 
The output of RDST then goes negative for a period of 
approximately 500 ns. This negative pulse disables 
GORCLKfor this period, thus allowing only the 1. 25 MHz 
pulses to be gated to the single-shot, SORCKP. SORCKP 
forms 120 ns. pulses, which are inverted and clear the 
data flip-flop, FlRDTA, on their trailing edge. FlRDTA 
c~rn only be set by its de input, which occurs when 
GORDTA is enabled, as a result of reading a "one" bit. 
GORDTA is enabled by the inverted output of the single
shot, RDST, and is true during the 500 ns. period fol
lowing the detection of a "zero" bit. The gate, there
fore, detects any "one" bits being sensed in this inter
val. Therefore, the data flip-flop, FlRDTA, is set on 
the detection of a '1one" bit and cleared by the normal 
clock pulses which were written between these bits. 

The shift pulse, to gate the information from the Coupler 
to the Controller, is derived from the databeing received 

from the disk. The clock pulse, RTCP, is generated 
by the 11 zeroes11 which were written on the disk. As 
mentioned in the write operation, the basic clock fre
quency was recorded if there were no 11 ones" to be 
written. This serves as a clock when reading the data 
from the disk. The data, therefore, is self-strobing 
during the read operation. (If there were no pulses 
recorded on the disk, "ones11 or '1zeroes' 1, there would 
be no strobe pulses to gate it to the Controller; and 
since there would be no FlRTCP pulses, no memory 
requests would be made). 

The data is read serially from the disk and sent through 
the Controller to the Coupler to be assembled in the 
Coupler 1 s Data Collection Register (DCR). As mentioned 
previously, the data is shifted into the DCR under the 
control of the DlICDS pulses which originate in the Con
troller. After assembling a complete word in the DCR, 
a transfer pulse (DlIXFR) is generated in the Controller, 
which notifies the Coupler to shift the data parallel to 
the Coupler1 s Data Buffer Register (DBR). The Con
troller1 s memory request flip-flop, FlIMRQ, is set at 
this time, which informs the Coupler through a line 
driver/line receiver combination. With receipt of this 
information the Coupler's memory request flip-flop, 
FlGMRQ, is set, which notifies the memory that a 
cycle is needed to transfer data to Memory. 

Since the data assembled in the DCR was transferred to 
the DBR, the DCR is free to continue receiving data, 
which is the next data word of the sector. This data 
word will be read in the same manner as the one just 
mentioned. 

With acknowledgement of a request, the Memory will 
return a signal (MUGOMBR':') to the Controller. The 
Memory will then write the information, contained in 
the DBR, into Memory. When the next data word is 
fully assembled in the DCR, it will also be transferred 
to the DBR, a memory request made, and upon acknow
ledgement, stored into Memory. 

During the reading of each data word from Memory, the 
Block/Word Count Register is ring shifted (LOO - L13) 
and one subtracted from it. The carry flip-flop, FlBCRY, 
is pre-set at the L23 before this shift. If there is a 
"one11 bit in bits 00 - 05, it is determined that all the 
words (64) of the sector have not yet been read. There
fore, FlBCRY will be cleared and the header flip-flop, 
Fl THDR. will be inhibited from setting at L06 time. 
Once the word count (LOO - L05) reaches zero, FlBCRY 
will remain set through L05 and at L06 the header flip
flop will set. This informs the Controller logic that 
the next group of bits is the data check- sum. 

As the data was being read from the disk, the 11 one 11 bits 
incremented the Data Check-Sum Register via DlZSCC. 
During the reading of the data check-sum from the disk, 
this register is shifted and the count accumulated from 
the incrementing by each 11 one 11 bit is compared with the 
data check-sum being read from the disk. This data 
check-sum recorded on the disk, it should be remem
bered, was recorded as part of the write operation. 
The purpose of the comparison is to check the validity 
of the data read from the disk. The check-sum compare 
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flip-flop, FlZCSC, is pre-set with the "one" bit of the 
sync word which precedes the data. If there was anon
comparison of the check-sum counter and the count read 
from the disk, ZCSC will be cleared. At the next L23, 
the data check-sum error flip-flop, FlRDCS, would be 
set in the Status Register, indicating an error. 

Following the reading of the data check-sum, the read 
circuitry continues to detect information from the disk, 
but will not transfer it to the Coupler until the data area 
of the next sector. 

The above operation is repeated through successive 
sectors until all of the bits (00 - 13) of the block/word 
count reach zero. With this condition, FlBCRY would 
still remain set at Ll6 of the word time and the termi
nate flip-flop, Fl TTRM, would set. Then, with the 
clearing of the header flip-flop, Fl THDR, which is true 
during the data check-sum read, the sequence counter 

would be cleared to zero by DlQRBY. This would ter
minate the read operation. 

If either a read or a write operation is carried to the 
end of a track before the block/word count reaches zero, 
the next successive head must be selected. This causes 
the Controller to go into a head update cycle. This con
dition is detected by the Controller when the Desired 
Sector Register reaches a count of 151 O· The head up
date flip-flop, FlHHUD, is set and the Desired Head 
Register incremented by one. A head register incre
ment pulse, NlLHAD, is also sent to the Disk to advance 
the Disk's Head Address Register by one. The Desired 
Sector Register, in the Controller, is merely incre
mented by one to return it from a count of 1510 to 0010· 

If the head update is on the last sector of the last track 
of a cylinder, a desired cylinder increment cycle will 
result. This will cause the heads to be moved to the 
next successive cylinder, as is discussed in SS6. 

4515B/4547B DISK SUB-SYSTEM OUT 7-5 



0 s 
..... 
0. 

I: MEMORY 

~~t----tl fil G' 
?; ~ 

COUPl.ER 

~ 
c 

FlGMRQ 
1 0 

GlGDRY 

I 
I 

CONTROLLER DISK UNIT 

VOLTAGE 
1-----+---

II 111, OR OPEN, 
MEANS 

CONTROLLER 
OK 

CHECKER 1----_. 
I 

IRDS· IXF3 • TCK2· I I TL23. WDWL I 
IXF3. TCKl· 
TL23· WDWL' I 
IDRY I 

Fig. OUT 7. 2. Data Transfer Path-WRITE 
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DlSSMP CT-41 Jl Sector i 
(A2R-26) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Fl TNDP CT-48 
(AlM-35) 

DlZSRP CT-57 
(AlR-26) 

Fl THDR CT-49 
(AlM-15) 

L23 __ ___,fl ADD. 

Sector i + 1 

® 

Fl WAEQ CT-55 
(A3H-15) ~-------~---- ----------------· CID 

G 1 WWDL CT- 53 
(A2M-25) 

Fl WSYN CT-53 
(A4J-05) 

____ __.] Tol. Gap._! ____ ...,,,,_, __ ___, ~---------~'~<?!·-~':.I?~' ------ ® 

® Fl TDXF CT-49 
(AlM-05) 
FlIMRQ CT- 21 
(A4J-45) TI® 

I- 64 Pulses -.j 
DlIXFR CT-22 
(A4D-26) ~~~~U-1LJL~~~,~~~~~~~~___,~.~~·~~~ 
GlLRED CT-23 
(A3E-26) 

GlLWRT CT-23 
(A3E-38) 

DlLERA CT-23 
(A4Q-46) 
Fl TETC CT-44 
(AOI-07) 

Fl TTRM CT-49 
(AlM-45) 

DlSSMP = SSMP ·QSS7 

Fl TNDP = SSMP 
Fl T'.'WP = THDR• IABP 

DlZSRP = ZC04· TETC• RDTA 

r---------1 
I I 

Fl THDR = TNDP• ZSRP + BCRY· WNWH•QSS7· TL06· TDXF 
Fl THDR = TDXF· TL23 + TNDP· THDR· TL23 

FlWAEQ= ZSRP·TNDP 
FlWAEQ= THDR• TNDP·WAEG• TTCI + WSYN• LERA 

GlWWDL= WDLl + WDLO 

FlWSYN = WEWD 
Fl WSYN = WSYN• TL23 

@ Fl TDXF = LERA· WSYN• TL22 

NOTES: 

Fl TDXF = THDR· TL23 

FlIMRQ 
FlIMRQ 

DlIXFR 

IRDS· IXF3• WDWL. TL23• CK2 
IXFR 

IXF3• WDWL· IDRY • TL23· CKl 

GlLRED = WWID5·QSS7; TNDP 

GlLWRT = LRED· WDWT· QSS7• WAEQ• TNDP 

DlLERA = LERA· LWRT 

Fl TETC = QSS6 + QSS7• ZSRP 
Fl TETC = SSMP· WNWH 

Fl TTRM= TDXF•BCRY•QSS3·QSS4· TL16 
Fl TTRM= IBY2• CKl 

CD Pulse relationships not drawn to scale, intended for sequence reference. 

(2) Dotted Lines Become true upon completion of disk write operation, i.e. Block/Word Count = 0 

@ DlSSMP:::: 800 nsec. 

@) DlZSRP is the one bit following the 23 zero bits. 

Fig. OUT 7. 3. Timing Diagram- WRITE 

4515B/4547B DISK SUB-SYSTEM OUT 7-7 

® 

@ 

@ 



0 
c ... 
~ 
I 
co 

L TIMES 

Fl TDXF CT-4...:__j 
(AlM-05) 

FlTDXF 
FlTDXF 

..------------------------- FlTHDR 
Fl THDR CT-49 (AlM-15) --------~\.,__ ___________ __. 

FiTHiIB 
GllXF2 CT-2~ 
(A3E-46) ~r--------------' 

GlIXF2 

DllXFR CT- 22 n 
(A4D-26) ____J~r-----'•-----------------------------

DllXFR 

Fl WSYN CT-53 I I FlWSYN (A4J-05) 1----'----64_R_e_q_u~e~-st_s ________ I ___________________________ ~ FlWSYN 

FlIMRQCT-2r-----J ~I LJ 
(A4J-45) LJ~ g~f~W~;dr 2nd ~Request for 1st Data Word of Next Sector ~~~:~~ 

FlGMRQ CP-o_s __ ~ll._ _______ _. FlGMRQ 
'---------------------------- FlGMRQ 

GlGDRY CP-08 

GODXFR CP-1~ 

MlDCSH CP-~LJLJLJ 

FlWRTMCT-5~ 
(A3H-05) 

DlWlBE CT-54 nn n 
(A2N-26) __J U LJ L_____, 

GlGDRY 

GODXFR 

Ml DC SH 

FlWRTM 

DlWlBE 

XlWDTDCT-5=4jl II ~1 1~1~1...._,,.l~l~l~l ............. I _1..____,.~l--..1~1~1~1~1~1~!--.J-.1~1~1--.J-.l~l~l--.._.,....l_.,....1~1~1__.l_....l~l~l~l~l~l~l~l-1._..l'--.'1'--o'l......._1 XlWDTD 
(A2B-49, 50)* I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

R400 DSK 1nflflflIU1flJl 
I442DSK ______,1----------------------------------

M415 DSK UlJl.JlJln 
Y409 DSK UlJl.JlJln 
*SHOULD BE SCOPED WITH DIFFERENTIAL PRE-AMP 

CKB CKB CKB 
I 

TRANSMISSION DELAY BETWEEN TOP 
~AND BOTTOM SIGNALS NOT ILLUSTRATED. 

DELAY VARIES WITH DISTANCE THAT DISK 
IS LOCATED FROM CONTROLLER 
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WRITE HEADER OPERATION 

The Write Header operation is a "special case" Out 
command, used to establish essential information, other 
than data, on a sector of a disk. This is accomplished by 
the Controller logic, using information provided by a 
"Write Header" program. The pre-address sync bits, 
the address bits, and the address check-sum bits are 
provided by the program. The remainder of the sector, 
including the data area, will then be filled with "ones" 
by the Controller during the Write Header operation. 

While performing a Write Header operation, the 
"Normal/Header" switch, located on the maintenance 
console, should be in the "Header" position which 
differentiates the "header" write from a "normal" write. 
After the execution of the Write Header• a "normal" 
write should be performed to establish the pre-data 
sync bits for the recorded data. If this is not done, an 
address compare error will be detected the next time 
a Read operation is attempted on that sector. 

The header information is written on a track-by-track 
basis, i.e. the "header" program will write all 16 
sectors of a cylinder under a specific head, referred to 
a track. By this method, a track containing bad header 
information may be re stored. 

The Write Header operation requires two data words 
from Memory during each sector. These words consist 
of: the pre-address sync bits, 23 "zeroes" and a "one"; 
the address bits, 16 bits; and the address check-sum 
bits, 8 bits. The order in which this information is 
recorded on the sector may be seen in Fig. WHD 7. 1. 
Since there are 16 sectors to a track, this will require 
32 data transfers during each track. 

The Write Header operation is essentially the same as 
a "normal" Out command, specifying a write operation, 
until sequence state seven. The block/word count, 
however, should always be loaded with a decimal count 
of 32, in order to fill every sector of the track. Since 
a 3210 word count is needed in the Block/Word Count 
Register, only the five least significant bits (04 - OO)are 
cleared following the loading of the register during 
sequence state four. This differs from a "normal''write 
in which the six least significant bits (05 - 00) are 
cleared., following the loading of the register. The 
starting cylinder address, contained in the control word 
one, will be that of the desired track to be recorded. 

During sequence state seven the operation differs from 
the "normal" write and, therefore, will be described in 
the following text, while references may be made to 
sequence states prior to seven, as described under the 
heading "Out Command". 

References should be made to Figs. WHD 7. 1, 7. 2, and 
7. 3, during the description. The write portion of the 
Out Command flow chart may also be followed. 

During sequence states 1 through 6, the word count and 
address selection information would have been trans
ferred to the Controller. The Controller, in turn, would 
have executed an address search (by the transmittal of 
seek forward or backward to the Disk, if the heads were 
not already positioned over the correct cylinder) and 

upon reaching the desired track would have received a 
"seek complete" from the Disk. Upon detection of the 
index marker from the Disk, the Controller would then 
advance to sequence state seven. 

With the setting of sequence state seven, the Controller 
prepares to begin writing on the disk. The enable time 
counter flip-flop, Fl TETC, sets on the trailing edge of 
sequence state six. The control select signal, DlPCTG, 
is enabled throughout sequence state seven. DlPCTG 
enables the write and erase bus-lines to be gated to the 
Disk to enable the write and erase drivers. The write 
and erase bus-lines are enabled at the beginning of 
sequence state seven by GlLWRT and FlLERA, re
spectively. The non-data portion flip-flop, FlTNDP, 
sets on the trailing edge of sequence state six. 

The first thing written on the disk is a gap of 72 "one" 
bits. The enabling period for these bits is governed by 
the word delay signal, Gl WWDL, which initially goes 
true with the setting of the word delay line 1 flip-flop, 
Fl WDLl. The combination of the two flip-flops, Fl WDLl 
and Fl WDLO, form a gray-code counter which enables 
WWDL for three word times. The counter is incre
mented every L23 time during their count. The counter, 
therefore, enables the writing of "ones", through the 
one bit enable driver, DlWlBE, for a period of three 
word times, or 72 bits. This will be prior to the 
setting of the data transfer flip-flop, Fl TDXF. 

Fl TDXF sets on the trailing edge of the L22, which 
occurs when the gray-code counter is in its third count 
(WDLO • WDLl). At this time the Controller begins 
writing the information, it received from Memory, on 
the Disk. The first request for information from 
Memory, as during a "normal" write, would have been 
made in sequence state five. The first word (sync bits: 
23 "zeroes" followed by a "one") would, therefore, be 
waiting in the Coupler's Data Collection Register (DCR). 

The word is shifted serially from the DCR to the 
Controller, through the retime flip-flop, FlWRTM, as 
during a "normal" write. The shift pulses from XlICDS 
occur at each CK2, during the period that the data trans
fer flip-flop, Fl TDXF, is set. The shift pulses cause the 
word to be shifted to the Controller, where it enables 
WlBE each time it receives a "one" bit from the Coupler. 
As described under the Write portion of the Out command, 
if "zeroes" are to be written on the disk, only CKA' s 
will be gated through Xl WDTD to enable the write 
drivers in the Disk. To write "ones", the CKB's are 
gated also, thus doubling the frequency of the write 
pulse. As mentioned previously, the pattern of data writ
ten duringthisword time is 23 "zeroes" anda 11 one 11 bit. 

At the CK2, following the setting of the TDXF flip-flop, 
the memory request flip-flop, F lIMRQ, is set. The set
ting of IMRQ is detected in the Coupler and a memory 
request generated. This information received from 
Memory (assuming no Memory hold-up, which would 
result in an error) is gated into the DCR. Upon com
pleting the writing of the pre-address sync bits, the 
Controller governs the shifting of the address bits and 
address check-sum bits from the DCR to the Controller. 
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During the time the address bits are gated into the Con
troller, they are also used to increment the check-sum 
counter. The counter is cleared on the trailing edge of 
the synchronization pulse, FlWSYN, which occurs just 
prior to the gating of the address check-sum bits into 
the Controller. As the address bits are gated through 
the Controller. to be written on the disk, they are also 
sampled on one of the OR inputs to the synchronization 
check- sum count pulse, D lZSCC, If the output of the 
retime flip-flop is a "one" during this time, it incre
ments the check-sum counter by one. Since each 11one 11 

bit received increments the counter by one, a count of 
the number of 11 one" bits received will be kept in the 
counter. The increment to the counter is only enabled 
during TC04 of this word time, which is from LOO 
through L15. 

Following the address bits are the address check-sum 
bits, generated by the Write Header program, which 
are gated to the Controller from Ll6 through L23. 
During TC04 (Ll6 -L23) the check-sum count is shifted 
through an "exclusive OR" circuit, to be compared 
with the data arriving from the Coupler. The check
sum compare flip-flop, FlZCSC, was set on the trailing 
edge of the synchronization pulse, WSYN, by DlZRCS. 
During the shift, the bits from the Coupler are checked 
against those of the check- sum counter in the Controller 
and the output of the exclusive OR checking circuit is 
applied to the clear (reset) side of ZCSC. If the check
sum bits compare, the flip-flop remains set. If they 
do not compare, the output of the checking circuitry 
causes the flip-flop to clear, thereby indicating an 
address check-sum error. During the time the check
sum bits are used to verify the address bits, they are 
also gated to the write circuitry to be written on the 
disk, as were the address bits. 

Upon completion of the writing of the a<;ldress bits and 
the address check-sum bits, the header flip-flop, THDR, 
is cleared. This, in turn, causes the non-data portion 
flip-flop, TNDP, and the enable time counter flip-flop, 
TETC, to be cleared. The data transfer flip-flop, 
TDXF, will also be cleared at this time, inhibiting data 
from being requested from Memory to be written on the 
Disk, for the remaining portion of the sector. 

The remaining portion of the sector is filled with "one11 

bits. The "one 11 bit enable driver, DlWlBE, is enabled 
during the period that the data transfer flip-flop, TDXF, 
is cleared. 

On the trailing edge of the next sector mark, the non
data portion flip-flop, TNDP, is again set and the word 
delay gate, WWDL, enabled. This starts the writing 
of information on that sector in the same manner as the 
previous one. The Controller continues to write pre
address sync bits, address and address check-sum bits 
on the disk until the detection of the block/word count 
equal to zero. The sync bits are always the same pat
tern, but the address bits coming from Memory, to be 
written on the disk, will be incremented for each sector 
to correspond to the addresses of that sector. This is 
established by the program when it assembles its data 
to be transferred to the disk. 

If the proper word count (321 o> was used in control word 
two, the terminate flip-flop, F 1 TTRM, is set on the 
trailing edge of the first Ll6 of the data transfer period 
of sector 15. This allows one more sector to be 
written upon. 

At this time, all 16 sectors of the track have been 
written on. Therefore, the next sector will be sector 
00, which has already been recorded. This second pass 
will re-record the gap bits of that sector. The pur
pose for doing this relates back to the arrangement of 
the write and erase heads. Since, on each of the 10 
head assemblies, the erase head precedes the write 
head physically. as well as in time, as the disk surface 
passes beneath, there will be a gap between the heads 
during recording. When the write was initiated at the 
beginning of sequence state seven, the write and erase 
currents were turned on simultaneously. Therefore, the 
portion of the disk surface that had already passed the 
erase head, but had not yet reached the write head 
would have been written on without having first been 
erased. The re-recording of this area corrects this 
situation. 

The second recording of sector 00 is restricted to the 
gap of 72 11 one 11 bits, only. This is accomplished by 
clearing the sequence counter, coincidentally with 
DlWEWD, by DlQRBY. This causes the TDXF and 
TNDP flip-flops to clear early. The disk write line 
goes false, with the disappearance of SS7 and the 
memory request flip-flop, IMRQ, clears with the 
DlIXFR pulse. FlIMRQ will not set again until the 
Controller receives another command. At the time 
of the IXFR pulse. the data ready flip-flop, IDRY, and 
the terminate flip-flop, TTRM, clear. The Controller, 
therefore, is returned to a ready condition. 

23 16 15 c 8 7 4 3 0 

L.._ SECTOR 
r~MARK 

A 

ADDRESS CHECK-SUM CYLINDER ADDRESS 
BITS 

B c:r; 
HEAD 

ADDRESS 

D 

A. GAP: WRITTEN BY CONTROLLER DURING "HEADER WRITE". 

B. SYNC: WRITTEN BY DATA FROM MEMORY DURING 11 HEADER WRITE". 

SECTOR 
ADDRESS 

SECTOR_.i 
MARK _s.-1 

C. ADDRESS & ADDRESS CHECK-SUM: WRITTEN BY DATA FROM MEMORY DURING 11 HEADER WRITE". 

D. REMAINING SECTOR AREA FILLED WITH 110NES11 BY CONTROLLER DURING "HEADER WRITE". 

Fig. WHD. 7. 1. Sector Format After Write Header 
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Fig. WHO 7.4 Flow Chart-OUT Command (ReadjWnte, Seek and Wnte Header Operation) 
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READ STATUS SSO 

During sequence state zero, upon receipt of a Read 
Status command, the Coupler presets the Core Address 
Register (CAR) to the address of the pointer word and 
clears the Data Collection Register (DCR). The read 
status flip-flop in the Controller is set to record the 
type of operation to be performed and the busy line goes 
"busy". The following text refers to Figs. RDS 0. 2 
and 0. 3 as well as the Coupler and Controller logic. The 
flow chart, Fig. RDS 0. 1 may be referenced throughout 
the description of the Read Status command. 

As was mentioned in the description of the Out command, 
the Controller will be awaiting a command during se
quence state zero. The decoding of a Read Status com
mand, which is used to gate the status of the Disk Sub
system's error conditions to the pointer word in Core 
Memory, is detected in the Coupler by its II s" bits equal 
to an octal five. 

At the ~A pulse of the Read Status command, the com
mand is recognized in the Coupler by the enabling of 
GOGRDS. This may only take place if the Controller is 
in a not busy (ready) condition. GOGRDS is inverted 
through DlAPZX, which is used to enable clock driver, 
DOAPZT, to preset the CAR to the address of the point
er word. DlAPZX also enables clock drivers DODPZX 
and DODPZT to clear the DCR. 

The output of GOGRDS is also inverted through GlGRDS 
and transmitted to the Controller to inform the Control
ler of a Read Status command by setting the read status 
flip-flop, FlIRDS. 

With the setting of IRDS, the Controller's busy line goes 
true. This information is sent back to the Coupler 
through a line driver /line receiver combination and dis
ables the read status gate, GOGRDS. The busy line is 
also sent to the AU for testing purposes and to the API 
to indicate the point at which the Controller becomes 
ready. 

Within the Controller, an inverter on the zero (0) side 
of the read status flip-flop is used to disable the error 
test line during the execution period of the Read Status 
command. This inhibits an error from clearing the 
sequence counter to SSO during the Read Status 

HAS A READ ST A TUS 
COMMAND BEEN DECODED 

YES 

BUSY LINE GOES TRUE 
PRESET CO'.JTENTS 

OF ADDRESS REG. TO 
ADDRESS OF POI:~TEH WOIW 

SSl 
TRANSFER CONTENTS 

OF READ STATUS 
REGISTER TO DATA 

BUFFER REG. IN COUPLER 

SS2 

XFER READ ST A TUS INFO. 
TO 10 LSB'S OF POINTER 

WORD IN MEMORY 

BUSY LINE GOES FALSE 

NO 

Fig. RDS 0. 1. Flow Chart, Read Status Command 

command. On the trailing edge of the first L23, after 
the recognition of the Read Status command, the se
quence counter is incremented to SSl. 
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READ STATUS 551 

During sequence state one, the contents of the Controller's 
Status Register will be serially shifted to the Data Col
lection Register (DCR) in the Coupler. At the end of se
quence state one, the transfer pulse, DlIXFR, is gen
erated and s~nt to the Coupler to clock the contents of 
the DCR into the Data Buffer Register (DBR). The se
quence state counter is then incremented to sequence 
state two. References regarding this description should 
be made to the block diagram, Fig. RDS 1. 2; the timing 
diagram, Fig. RDS 1. l; and the flow chart, Fig. RDS 
0. 1. 

The shift signal, DlRSCC, is used to serially shift the 
contents from the Read Status Register. It is enabled 
by CK2's, during the period of LOO - L08 of this se
quence state. As the register is shifted out its least 
significant end, it is presented to line driver, XlIDDC, 
and also at the inputs of the most significant flip-flop of 
the Read Status Register, FlRUSE. The register is, 
therefore, ring shifted at the same time as its contents 
are shifted to the Coupler. The information is received 
in the Coupler by line receiver, MlDDDC, which has a 
two-level output resembling that of a flip-flop. The 

11 
one" and 11 zero11 outputs from DDDC are ANDed with 

DlDCSljD1DCS2/DlDCS3 at the set and clear inputs, 
respectively, of the most significant flip-flop (DC23) of 
the DCR. The information is clocked into the DCR by 
clock drivers, DCK4/DCK5/DCK6, which are enabled 
as a result of the shift pulses sent through the XlICDS/ 
MlICDS combination to the Coupler. Twenty-four shift 
pulses will be generated to fully shift the contents ofthe 
Status Register into the DCR, with the 10 bits of the 
Status Register ending up in bits 00 - 09 of the DCR. 

The outputs of the individual flip-flops of the DCR are 
ANDed with gating signals, DPPS/DPPX/DPPY, to arm 
the inputs of the respective bits of the DBR. The trans
fer pulse, DlIXFR, which originates in the Controller 
at CK2 of L23, is sent to the Coupler to enable clock 
drivers, DCK4/DCK5/DCK6, which clock the bits from 
the DCR to the DBR. 

Also at the end of L23, the sequence state counter in
crement signal, DlQSCI, is generated to step the se
quence counter to SS2. 

L TIME PULSES __J 23,1 0 I 1 I 2 13 14151617 I a 19 L--1 ------------' 

CKl 

CK2 

DlRSCC CT-39 
(A2I-44, 45) 
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MlDDDC CP-1 7 

DlICDS CT-20 
(A4D-21) 

XlICDS CT-20 
(A4C-39, 40)* 

MlDCSH CP-1 7 

DlIXFI CT-22 
(A4D-50) 

DlIXFR CT-22 
(A4D-26) 
XlIXFR CT-22 
(A4C-44, 45)* 

MlDXFR CP-17 

DlDBKl CP-11 
DlDBK2 CP-10 
DlDBK3 CP-9 
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Fig. RDS 1. 1. Timing Diagram, Read Status-SSl 
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READ STATUS 552 

During sequence state two, the request to transfer 
the contents of the Data Buffer Register (DBR) to 
Memory is made. Upon the Memory becoming avail
able, the information is transferred to the least sig
mficant ten bits of the pointer word in Memory. 
With the receipt of the "data ready'' signal from Me
mory, the Controller terminates the Read Status com
mand and the sequence counter returns to sequence 
state zero. References to the following description 
should be made to Fig. RDS 2. 2 and 2. 1 as well as 
the Coupler and Controller logics. Reference may 
also be made to the general flow chart of the Read 
Status command, Fig. RDS 0. 1, included at the be
ginning of the Read Status description. 

The request to transfer the contents of the DBR to 
Memory is originated in the Controller at L06 time with 
the setting of the memory request flip-flop, FlIMRQ. 
This request is recognized in the Coupler with the set
ting of FlGMRQ. The output of GMRQ is sent to Me
mory to request a Memory cycle. Memory is informed 
that the request is for a "write-to-Memory" cycle, by 
the fact that GOADWL is disabled. The disk write line, 
GOADWL, is disabled throughout the decoding of the 
Read Status command in the Controller. 

The information to be stored m Memory had been trans
ferred to the Coupler's DBR as a result of the IXFR 

DlIXFR CT-22 
(A4D-26) 

DlDBKl CP-11 
D1DBK2 CP-12 
D1DBK3 CP-13 

FlIMRQ CT-21 
(A4J-45) 

pulse, generated in the Controller at the end of sequence 
state one. The actual transfer of the information does 
not take place until the beginning of sequence state two, 
due to the delay time of the transfer pulse sent to the 
Coupler. 

The Core Address in which this information is stored 
is specified by the contents of the Coupler's Core Ad
dress Register, which was preset to the address of the 
pointer word during sequence state zero. 

Once Memory priority is established, the data and ad
dress information is accepted by the Memory and the 
"memory write" cycle is executed. At the point of the 
Memory cycle which the actual write begins, a 11 data 
ready" pulse is generated, which is sent to the Coupler. 
This pulse clears FlGMRQ in the Coupler and is also 
sent to the Controller to set the data ready flip-flop, 
FlIRDY. The "one" side of IDRY is ANDed with QSS2 
to enable GOQRBl, which is inverted and ANDed with 
the succeeding CK2 to clear the sequence counter and 
return the Controller to a "not busy" condition. The 
11 zero" side of IDRY is used to clear the read status 
flip-flop, FlIRDS, formed from logic elements. The 
QSSO, IRDS, and IOUT signals, are ANDed and the out
put inverted to disable NOIBYl. NOIBYl is ANDed with 
the next CKl to clear the Controller's memory request 
and data ready flip-flops. 

DlIXFR = IXFD 

DlDBKl) = Al5W3 · DXFR · ADWT 
DlDBK2 
D1DBK3 = DXFR · ADWT 
FlIMRQ QSS2· TL06 
FlIMRQ IBYl • CKl 

FlGMRQ CP-08 ~~~~~~~~~__,f"---i~~~~~~FlGMRQ 
FlGMRQ 

MlDMRQ ·GCK7 
GDRY·GCK7 

GlGDRY CP-08 

GlGBUR CP-08 

GOADWL CP-22 

FlIDRY CT-21 
(A4N-34) 

FOIRDS CT-19 
(A4G-40) 

DlQRBY CT-33 

GlGDRY 

GlGBUR 

..._ _____ GOADWL 

FlIDRY 
FlIDRY 

FOIRDS 

MDR-

MlADWL 

MlIDRY 
IBYl• CKl 

IDRY 

DlQRBY = QSS2· !DRY• CK2 
(A4Q-50) ---~-S-S-l~~~~~~~S-S-2~~,~~~__,, SSO ______. 

I 
---.: ;.---- Timing Dependent Upon Memory speed and availability 

Fig. RDS 2. 1. Timing Diagram, Read Status-SS2 
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NON-SEQUENCING COMMANDS 

RETURN TO ZERO SEEK 

The return-to-zero seek command is normally used 
following a seek-initiating command which results in a 
seek error. The command serves two functions: to 
return the heads to a known cylinder, i. e. cylinder 00; 
and to clear the seek error flip-flop. The major gates 
involved during the presence of the RTZ command are 
shown in the block diagram, Fig. NSC. 1. The timing 
of the generation of these signals during this time is 
shown in NSC. 2. The actual seek operation, which will 
result from this command is shown by the flow chart and 
timing diagram for this command in the Disk Description 
Section. 

COUPtER 

K3 

TO 

The Return-To-Zero Seek command is decoded in the 
Coupler by line driver, XOGRTZ. Phase A (~A) will 
determine the duration of this pulse, which is depen
dent upon the speed of the AU to which this device is 
connected. It can be seen in the block diagram, Fig. 
NSC. 1, that the command is not decoded if the Con
troller is in a busy state. 

With GRTZ decoded, the select unit (USLU), control 
select (PCTG), and bus line bit-six (LB06) gates are 
enabled in the Controller. The select unit driver, 
Dl USLU, enables the unit select information, con
tained in the unit select flip-flops, to be decoded and 
sent to the Disk. The control select gate, DlPCTG, is 

A 
SEEK 

COMPLETE 
T007 IOl 7 

K2. =O 
GlGSW 

I 
AUDONPHA 

A 

GSLU 
A 

GBSY 

4515B/4547B 

FROM 
UNIT DECODE 

LR 

MlIRT 

A 

A 

A 

GOLB06 

I 
I 

A 
DlUSU* 

*:;;;. 0-3 

CLEAR DECREMENT 
COUNTER & CAR 
AND SEEK TRACK 

ZERO 

ROll 

K202 

RTZS K203 
0 

I 
Y241 (HOMECELL) ------. 

I 
1200 

(HOME CELL-DELAYED) 

Fig. NSC. 1. Block Diagram, Return-To-Zero Seek 
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MlIRTZ CT-19 ___l4=Pulse Width Same As PA (Dependent Upon AU Speed)=-! XOGRTZ 
(A3B-41) ......_ __ _ 

Dl USLU CT-50 
(A4Q-36) 

DlPCTG CT-29 
(A3D-21) 

GOLB06 CT-24 
(A2D-42) 

Dl USU* CT-50 

RTZS DK-11 
(A29-TPB) 

SEEK ERROR DK-11 
(C32-TPB) * = 

IRTZ 

IRTZ 

PCTG·IRTZ 

CONT. SEL· R TZS 

0, 1, 2, or 3 

Fig. NSC. 2. Timing Diagram, Return-To-Zero Seek 

also sent to the Disk to gate the data from the bus 
lines to the proper logic. Bus line bit-six is enabled 
to inform the Disk of a Return-To-Zero operation. 

Within the Disk, the unit select signal from the Controller 
is ANDed with a FAULT condition and the control select 
signal. The control information is, therefore, gated 
into the desired Disk Unit. The ANDed signal is inverted 
twice and coupled with the received bus line bit six, to 
set the R TZ flip-flop. The setting of the R TZ flip-flop 
results in a track zero seek being initiated and the 
decrement counter> Cylinder Address Register and seek 
error flip-flop being cleared. 

The unit select line, which was sent to the Disk, 
enables a return line which informs the Controller of 
receipt of the select. By the time the seek complete 
arrives at the Controller, however, the RTZ command, 
and consequently the unit select, is disabled. The 
seek complete is, therefore, ANDed with Unit Selected, 
to generate the seek complete. The seek complete 
interrupt is used to inform the program that the heads 
have settled on the requested cylinder. Since the RTZ 
command does not result in the Controller busy line going 
true, the R TZ should be followed by a programmed time 
delay of at least 155 ms, or should await the seek 
complete interrupt. This will ensure that a seek-initiat
ing command does not begin while the Disk is still in a 
seek operation.. 

ACTIVATE 
The activate interrupt command will cause the busy line 
in the Coupler to go busy for the period of the phase A 
(fJA) pulse, providing the Controller is in a not busy 
condition. If the Controller were busy, the command 
would be ignored. The toggling of the busy line serves to 
cause an interrupt to take the program to the Disk operating 
routine. For a basic block diagram of the Activate com
mand decoding within the Coupler, see Fig. OUT O. 2. 

ABORT COMMAND 
The Abort command makes possible the interrupting of a 
Disk operation without endangering the data recorded on 
the Disk, since it may sometimes be necessary to inter
rupt a Disk operation in favor of a more important one. 

In this case the program should determine the operation 
that was being performed, so that it may be repeated 
upon return to the Disk operation. The following text 
refers to the sequence of events resulting from the 
execution of an Abort command. References should be 
made to the block diagram, Fig. NSC. 3, and the timing 
diagram, Fig. NSC. 4, as well as the Coupler and Con
troller logic diagrams. 

Upon receipt of the abort command, line receiver 
XOGABT, in the Coupler, is enabled for the duration of 
the Phase A <1->A) pulse. XOGABT is then sensed in the 
Controller by line receiver MlIBSY. The Controller 
recognizes the command by setting the logic element 
flip-flop, FlIABT. FlIABT records the fact that an 
Abort command has been executed. 

The setting of !ABT enables the setting of FlIAPB in 
either sequence state six or sequence state seven. If 
the Controller is in sequence state six, (during which a 
seek takes place) the operation will terminate immedi
ately, i.e. the Controller will go 11 not busy11 (ready). How
ever, the seek operation will continue in the Disk. For 
this reason, the program should ensure that a seek
initiating command is not executed within a 155 ms 
interval following an Abort command. 

If the Controller is in sequence state seven at the time 
of the execution of the Abort command, acknowledgement 
will be dependent upon the operation being performed. If 
a read operation was in progress, it will terminate 
immediately. This is accomplished by the abort pulse flip
flop, FlIAPB, being set for one clock time. This pulse 
will enable the reset busy gate, DlQRBY to clear the 
sequence state counter. With the sequence counter 
returned to SSO, the busy line, GlIBSY, will be disabled, 
informing the Coupler, and eventually the AU, that the 
Controller is "not busy" (ready). If a write operation is 
in progress, the operation can terminate any time from 
the end of one sector, WAEQ, until the beginning of the 
write portion of the next sector, TNDP. 

If no operation was taking place at the time the Abort 
was executed, the Controller will not be affected. 
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Fig. NSC. 3. Block Diagram, Abort 

JNE COMMAND 

The JNE command is executed entirely within the AU. 
It samples the error line from the Coupler to determine 
if there is an error within the Disk sub-system. If 
there is an error, the JNE instruction will result in the 
contents of the P register, within the AU, being incre
mented by one. If there is no error, the P register 
will be incremented by two. 

A general description of the conditions causing an error 
is listed below with the logic equations for the setting of 

the error flip-flops. The errors are listed correspond
ing to the bit positions they would occupy in the pointer 
word after a Read Status instruction. 

Bit9 Unit SelectError 
USE = PTOl • TL23 · (UUSD + UUSE) 

The USE may result from one or both of the following 
conditions: 

• UUSE - More than one unit selected. 

- • UUSD - Unit requested was not selected. 
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CKl 

MlIABT CT-19 = XOGABT 
(A3B-44) 
FlIABT CT-19 = MlIABT 
(A4E-42) ---1 I--- The actual time of setting is variable (See Note). 

.. The flip-fl.op will remain set for one clock time. 
F lIAB T = QSSO 

F lIABP C T_-.:.:19;;.._ __ _,! ! = IABO· CKl 
(AlH-45) 
DlQRBY CT-33 n CK2 
(A4Q-50) = IABP. CK2 

GlIBSY CT-20 
(A4G-20) 

= QSSO + IRDS 
~---~---_-_-_--_i-______ T __ r_a_n_s_m_1-·s_s_i_o_n __ D_e_l_a_y_(_V_a_r_1_·a_b_l_e_) ____________________________ +!OUT 

MlGBSY CP-08 = GBSY 

NOTE: The time lapse before FlIABP sets is determined by the type of operation being 
performed at that time. 

1. During a seek (SS6 or read (SS7), it will become effective immediately. How
ever, the seek operation in the disk will continue until completion. 

2. During a write, the setting of FlIABP will await the completion of the current 
sector write. 

The example above is typical of a Read or Seek. A write operation would delay 
the setting of FlIABP by a variable period of time. 

Fig. NSC. 4. Timing Diagram, Abort 

Bit 8 Timing Error 

TME = IMRQ • IDRY ·QSS7 • TL22 

A timing error will result if any memory request during 
sequence state seven is not acknowledged by the end of 
the following L22. 

Bit 7 Selected Seek Error 

SSE = YSSE 

A selected seek error will result if the home cell is de
tected in the Disk unit (heads are at either extreme) 
during a direct seek. A direct seek is all seeks other 
than a return-to-zero, or initial (power up) seek. 

The signal which is sent to inform the Controller of the 
error condition, YSSE, is ANDed with signal RSRE, 
which prevents the setting of the YSSE flip-flop during 
a Read Status operation. This is done on several other 
flip-flops in the register to prevent a flip-flop setting 
during the register shift, which could inject false error 
conditions. 

Bit 6 Pack Not On-Line 

PNL = RPNL 

This error indicates that the Disk unit is unavailable for 
one or more of the following reasons: 

• The selected Disk 1 s heads are not loaded and the 
motor is not up to speed. 

• The Disk Pack is not on the unit. 

• The Disk unit is in the off-line condition. 

These errors are detected as a result of the conditions 
of two switches within the Disk unit. A simplified block 
diagram of the error detecting circuitry is shown in Fig. 
NSC. 5. 

Bit 5 Write Protect Error 

WPE = WDWT · RERE · PT02 · TL22 

A write protect error may be detected in either sequence 
state four or sequence state six. It is generated as a 
result of a Disk write being requested for a Disk that is 
write protected by a switch on the maintenance console. 
It is also inhibited from being set during a Read Status 
instruction. 

Bit 4 Address Check-Sum Error 
ACS = WWHD • IHDR • ZCSC • TL23 

The address check-sum error can only be detected during 
a Write Header operation. The error detects a non
comparison of the count generated by the Controller 
Check-Sum register with that sent following the address 
bits. If the count does not compare with the count sent 
from Memory, the check-sum compare flip-flop, ZCSC, 
will be cleared. This will be detected by the logic and 
result in the setting of the ACS flip-flop. 

Bit 3 Address Compare Error 
ACE = WACE 

This error is generated within the Disk if the heads 
search an entire track twice without having a com
parison of desired address with addresses read 
from the Disk. 
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Fig. NSC. 5. PNL Error Detection 

Bit 2 Lim it Error 
LME = RLME 

The limit error is detected whenever the control word 
specifying the cylinder address contains a count of 200 10 
or greater for a 200 track Disk Unit or 100

10 
or greater 

for a 100 track Disk Unit. 

Bit 1 File Unsafe Error 

FUE = RSRE • YFUS + RIHA 

The file unsafe error indicates either an illegal head 
address has been decoded by the Controller (RIHA) or a 
fault within the Disk unit itself (YFUS). A fault within 
the Disk unit may result from one or more of the follow
ing conditions: 

a. More than one head is selected. 

b. Select read and write exist at the same time. 

c. Select read and erase exist at the same time. 

d. Erase with no write driver selected. 

e. Erase with both drivers on. 

f. One or both write drivers on with no erase. 

g. Select read. write. or erase and not on cylinder. 

h. Bus level monitor signal from Controller. 

i. Voltage monitor circuit within Disk unit. 

Since the detection of the first fault condition listed, item 
a, is relatively simple, only the general manner in which 
it is detected will be described. The detection is ac
complished by monitoring the current flow through the 
head select transistors, whose collector circuits are 
common. If no more than one head is selected, the 
resultant current through the base circuit of Q02 (refer 
to the CDC circuit description of the AND type circuit, 
found in the circuit description manual) of the AND type 
circuit results in Q02 turning-on. As a result of Q02 
turning on, a fault will be detected by the AND circuit 
feeding the input to the Fault flip-flop. 

The detection of items b and c are accomplished by 
ANDing them, at the set input to the Fault flip-flop. The 
detection of items d through fare relatively more com
plex. A description of the manner of detection is, there
fore, given in the following text. As an aid to the des
cription, an equivalent circuit diagram, Fig. NSC. 6, is 
given, with relative components shown. The first ex
ample to be discussed is item d; the detection of an 
erase driver turned-on without a write driver. 

With both write drivers turned-off, point A of the dia
gram will be at a +40V potential. Prior to the turning-
on of the erase driver, point B would also be at a +40V. 
The emitter circuit of Q05, at point D, will therefore be 
at a +40V. The base of Q05 will establish, approximately, 
a 39. 03V potential, through the resistor and diode drop 
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in the base circuit. It is necessary for the base of Q05 
to be approximately 1. 77V negative. with respect to the 
emitter, in order to turn on Q05. (By turning on Q05, 
a fault condition would be indicated.) In this example. 
where the erase driver turns-on, point B will begin to 
drop in a negative direction, due to the current path 
through the erase head and head select transistor. (It 
is assumed that the head select is enabled; otherwise 
no fault condition would be detected. ) As point B drops 
in a negative direction the diode between points B and F 
becomes forward biased. 

As the collector potential of the erase driver continues 
to drop. the voltage at point F will follow. When the 
level drops sufficiently far, so that the level at the base 
of Q05 is approximately 38. 23V, Q05 will turn-on, in
dicating a fault. 

Once Q 05 is turned-on, the collector voltage of the write 
drivers is provided with a current path through Q05. 
The emitter potential of Q05 will, therefore. try to 
follow that of the base but due to the base-emitter drop 
will remain sufficiently high to continue conduction. 

The second example, item e, is that of the erase and 
both write drivers being turned-on. With both write 
drivers turned on, point A will drop at a greater rate 
than will point B. whose drop will be due to the erase 

TO VOLTAGE 
CHECKER 

(SEE NOTE) 

WRITE 
HEADS 

165 

HEAD 
SELECT 

+40V 

100 

Q03C 
WRITE 

DRIVER 

ERASE 
HEADS 

driver being turned-on. Due to the arrangement of 
the diodes, the higher potential, point B, will be seen 
at point D, while the lower potential, point A, will be 
seen at point F. This voltage differential will be 
sufficient to turn-on Q05. Once Q05 is turned-on, the 
fault condition will be detected by the setting of the 
Fault flip-flop. 

The third example. item f, is that of one, or both, 
write drivers turned-on with no erase. The condition 
of one write driver being on with no erase is similar to 
that of item d, erase with no write driver selected. The 
circuit will react in the same manner, with different 
diodes establishing the bias references. In this example, 
the diode between points B and D will hold point D at a 
+40V until the level at point A, which forward-biases 
the diode between points A and F, is sufficiently low to 
turn-on Q05. 

The condition of both write drivers being on with no 
erase is nearly the same. except for the fact that both 
write drivers being turned-on will establish a lower vol
tage level at point A than would the example with one write 
driver turned-on. The fact that the erase driver is not 
turned-on, will establish a +40V potential at point Band 
consequently at point D. As the level at point A drops. 
the level at point F and subsequently point E will follow. 

+40V 

ERASE 
DRIVER 

I 
I 

01 

+40V 

1. 5K 

© 
Q05 

ERROR 
DETECTOR 

NOTE: WHEN THE +20V IS 
LOST, THE CURRENT 
FROM THE WRITE AND 
ERASE HEADS ARE 
SHUNTED TO GROUND BY
p ASSING THE WRITE & 
ERASE HEADS. 

AMF/AMG AND 

Fig. NSC. 6. Write/Erase-Select Error Circuit 
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When the level at point Eis approximately 38. 23V, Q05 
will turn-on, indicating a fault. 

The desired condition of one write driver and one erase 
driver being turned-on, will not generate an error in
dication. The write drivers will switch alternately, in 
a push-pull arangement. Since their collector circuits 
are common, the level at point A will remain close to 
that of a single write driver being turned-on. The 
switching time will have little effect, due to the rela
tively long time constant of the collector circuit. The 
erase driver, which turns-on simultaneously with one 
of the write drivers, will cause point B to drop at a 
rate approximately equal to that of point A, which goes 
negative as a result of a write driver turning-on. The 
levels of points A and B, and consequently points F and 
D, drop at approximately the same rate, which keeps 
Q05 turned-off. 

The capacitors in the collector circuit of the write 
drivers will prevent the generating of a fault indication 
when the erase driver is turned-off prior to the write 
drivers, which occurs during a write operation, to pre
vent erasing of an area which will not be written upon. 
The relatively long time constant in the collector cir
cuit will prevent the level at point A from rising too 
fast. If the write drivers are turned-off soon enough, 
as during a write operation, the level will not change 
sufficiently to indicate a fault. 

The remaining fault conditions, g - i.. are detected 
by logic. Item g is detected at the set input of the 
fault flip-flop by the ANDing of inverters 1220 and 
!448. 

The modification drawing, number 68A975864, should 
be referenced to show the detection of the remaining 
two fault conditions. The Bus Level Monitor (BLM) 
fault is generated if the voltage for the Controller logic 
should vary from prescribed limits. The BLM error 
detection is de scribed in detail under the BUS LEVEL 
MONITOR, THEORY AND MAINTENANCE description, 
publication number 4791A-2. The output of the BLMis 
gate·d to the line driver, XOLPMP, in the Controller 
and the line driver indicates to the Disk unit the status 
of the BLM. 

The remaining fault condition is detected if the power 
supply used for the transmission lines between the Con
troller and Disk should varytothe point where the +20V 

drops below +17. 6VDC or if the -20V gets closer to 
ground than -1 7. 2VDC. The condition is detected by cir
cuit Y408 located on page 15 in the Disk logic. The PWB 
is located at location X02 in the Disk unit. 

Any of the error conditions mentioned in items a through 
g will cause the Fault light on the Disk unit to come on. 
Depressing the light/button would clear the fault and 
turn-off the light until a reoccuring fault condition. 

Bit 0 Data Check-Sum Error 
DCS = TDXF· TNDP• THDR· WNWH• WDWT• TL23· ZCSC 

During a write operation, the bits are sampled as they 
are written on the disk. For each "one" bit of data, the 
Check-Sum Generate Register is incremented ence. 
After all of the data is recorded on the disk, the count 
contained in this register is written on the disk. There
fore, a verification of the data received during a read 
operation is made possible. If the data check-sum, 
generated by the "one" bits being read from the disk, 
does not compare with the data check-sum read from 
the disk following the data, a data check- sum error is 
detected. 

This is accomplished by ring shifting the contents of the 
Check-Sum Generate Register, as the data check-sum is 
being read from the disk, and comparing the contents of 
the register with the check-sum read from the disk. The 
check-sum compare flip-flop is preset prior to the shift 
and will remain set as long as the two check-sums com
pare. If they do not compare, the flip-flop is cleared 
(reset) and upon completion of the shift the flip-flop is 
sampled at the input to the DCS error flip-flop in the 
Status Register. If the flip-flop is reset, an error will 
be indicated by the setting of the RDCS flip-flop. 

JNR COMMAND 

The JNR command tests the condition of the busy line, 
from the Disk sub-system, within the AU. If the line 
indicates that the system is not busy (ready) the JNR 
command will cause the P counter, in the AU, to incre
ment by one. If the line indicates that the sub-system 
is busy (not ready), the P counter will be incremented 
by two. 

The busy line will be true any time the Controller has 
received an OUT, or RDS, command or is in another 
sequence state other than zero. 
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MAINTENANCE CONSOLE DESCRIPTION 

The Disk Sub-System maintenance console serves as an 
indicator for the status of various registers and flip
flops located in the Coupler and Controller. The console 
is mounted above row zero, on the page which contains 
the ContrQller logic. The signals are gated into the 
console through a diode matrix arrangement, which 
selects the inputs according to the enable signals pro
vided by a five position rotary switch, located on the 
console. The selected information is displayed on the 
24 indicators (23 - O), located on the console. The in
dicators and switches provided by the console maybe 
seen in Fig. MCS. 1, and a brief description of these 
is included in the following text. 

SELECTOR SWITCH (CSWlO) 

Position 1 
• Bits 23 - 0 

In this position the console indicators display 
the contents of the Data Buffer Register (DER), 
which is located in the Disk Coupler,and through 
which control words and data pass enroute to/ 
from Memory. Since, during an active Disk 
operation, the information is being transferred 
at a high rate of speed, the contents of the re
gister can only be interpreted when the sub-sys
tem is in a passive state. 

Position 2 

• Bits 23 - 16 

• 

These indicators do not have inputs connected to 
them and are therefore not illuminated in this 
position. The unused indicators in this position, 
as well as those in the remaining three switch 
positions may be utilized to display various out
puts from the Coupler and Controller logic. This 
may be done using a temporary or permanent 
connection, depending upon requirements, be
tween the logic output and the desired tie-point 
on the diode matrix board. The inputs should be 
restricted to the logic levels (+5V tolight and OV 
to turn off). The outputs from the logic should 
be within 100 ft. of the console and connected 
through a 20K ohm resistor to the tie-point of 
the diode matrix board. The tie-point may be 
determined by referring to the table provided on 
sheet 65 of the Controller logic, 68C972186. It 
should be remembered when selecting a point to 
display, that the positive logic level will light 
the indicator while the ground level will not. 

Bits 15 - 0 

These bits display the contents of the Core 
Address Register, contained in the Disk Coup
ler. This information, as did the contents of 
the DER, will vary during an active Disk 
operation (one which requires sequencing of 
the Controller) and can only be interpreted 
when the sub-system is in a passive state. 

Position 3 
• Bit 23 

Indicates the type of operation (read/write) being 
performed (while active) or was last performed 
(while passive). 

• Bits 22 - 18 

Not used. See Bits 23-16 of Position 2. 

• Bits 17 - 16 

Indicates the Disk Unit selected (while active) or 
the last Disk Unit accessed (while passive). 

• Bits 15 - 8 

Indicates the contents of the De sired Cylinder 
Register, located in the Controller. If an active 
Disk operation is being performed on more than 
one cylinder, the contents of this register will be 
varying and cannot be interpreted. If the operation 
remains on a specific cylinder or if there is no 
active operation, the contents of the register will 
indicate the present cylinder over which the heads 
are positioned. 

• Bits 7 - 4 

Indicates the contents of the Desired Head Regis
ter, located in the Controller. Unless an opera
tion is repeated within a track of information, 
which retains the same head address, the contents 
of this register will vary during the operation and 
cannot be interpreted. If the operation is repeated 
on a track or if there is no active operation, the 
indication will be that of the head address being 
selected or the address of the last head used, 
respectively. 

• Bits 3 - 0 

Indicates the contents of the Desired Sector Regis
ter, located within the Controller. Unless a one
block (64 24 bit words, found on a sector) transfer 
is being repeated, the contents of this register 
will vary and cannot be interpreted. If the opera
tion is being repeated on a sector or there is no 
active operation, the indication will be that of the 
sector involved in the transfer or the last sector 
address involved in a transfer, respectively. 

Position 4 

• Bit 23 

When lit, an indication is given that the Controller 
is presently being timed (L pulses) by the infor
mation being received from the disk. When not lit, 
the Controller is being timed by the 1. 25 MHz 
oscillator, located in the Controller. 

• Bits 22 - 2{ 

Not used. See Bits 23-16 of Position 2. 
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• Bits 20 - 18 

Indicates the binary representation of the se
quence state counter. Since the sequence states 
which remain true the longest, during a data 
transfer command are SS6 and SS7, the pre
dominate display during the operation will be an 
octal seven, with bits 20 and 19 being slightly 
brighter. Upon conclusion of the operation, the 
counter will return to SSO, during which time 
none of these indicators will be lit. 

• Bits 17 - 10 

Not used. See Bits 23-16 of Position 2. 

e Bits 9 - 0 

Indicates the contents of the Read Status Regis
ter, located within the Controller. The error to 
which the bit pertains is defined JUSt below the 
indicator. Upon detection of an error, the res
pective flip-flop in the Read Status Register will 
set, lighting the corresponding indicator on the 
console (providing the rotary switch in in posi -
tion 4). Errors may be cleared by execution of 
a Gen II Out command. 

Position S 

• Bits 23 - 14 

Not used. See Bits 23-16 of Position 2. 

e Bits 13 - 0 

These bits indicate the contents of the Block/ 
Word Count Register, located in the Controller. 
The contents cannot be interpreted during an 
active Disk operation, when data is to be trans
ferred. Upon completion of the operation, the 
contents of this register should contain all ones 
and consequently all indicators in bits 13-0 of 
this position will be lit. 

NORMAL/HEADER SWITCH (CSWOS) 

This switch differentiates between the two types of 
Write operations which can be performed as a result of 
an Out command, with a bit 23 in control word two, 
being executed. The two types, as indicated by the 
switch, are: 11 Normal11 and 11 Write Header11

• The 
switch should be left in the 11 Normal11 position for all 

Fig. MCS. 1. 

operations other than a Write Header operation, used 
to restore address and synchronizing information on 
the disk. When the switch is placed in the 11 Header

11 

position, the control logic will respond in a different 
manner than if the switch was in the 11 Normal11 position. 
For this reason, care should be exercised, and the 
switch should be returned to the 11 Normal11 position 
following a Write Header operation. 

MEMORY WRITE PROTECT SWITCHES 

The following switches will protect the areas mentioned: 

CSWOl (Unit 0) - All addresses of Unit 0. 

CSW02 (Unit 1) - All addresses of Unit 1. 

CSW03 (Unit 2) - All addresses of Unit 2. 

CSW04 (Unit 3) - All addresses of Unit 3. 

CSWll (Unit 0, 00 - 37 
8

) - All cylinders from 008 
through 37 8 of Unit 0. 

CSW15 (Unit 0, 00) - All addresses on cylinder 00 
of Unit 0. 

CSW14 (Unit 0, 01) - All addresses on cylinder 01 
of Unit 0. 

CSW13 (Unit 0, 02) - All addresses on cylinder 02 
of Unit 0. 

CSW12 (Unit 0, 03) - All addresses on cylinder 03 
of Unit 0. 

CSW19 (Unit 0, 04) - All addresses on cylinder 04 
of Unit 0. 

CSW18 (Unit 0, 05) - All addresses on cylinder 05 
of Unit 0. 

CSWl 7 (Unit 0, 06) - All addresses on cylinder 06 
of Unit 0. 

CSW16 (Unit 0, 07) - All addresses on cylinder 07 
of Unit 0. 

Any of the above two-positioned switched placed in the 
1'on11 position will prevent that address, to which the 
switch pertains, from being written upon. Placing a 
switch in the 11 0n11 position will enable an AND gate at 
the time when that address or Unit to which that switch 
pertains is selected. This will enable driver, DlREPE, 
which will set the write protect error flip-flop 1 FlRWPE, 
at the beginning of sequence state four, if the active 
command is determined to be a Write operation. 

Maintenance Console 
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INPUT/OUTPUT BUFFER 

The 4202 I/O Buffer provides on-line control and syn
chronization of data transfers between the Central Pro
cessor and the system peripheral device channels. The 
basic buffer, as shown by the block diagram, Fig. I/O. 1, 
includes GEN II instruction decode logic, address drive 
and test line neckdown logic, parity check and generate 
logic, and 14 in/out data and parity transfer gates. The 
entire logic is implemented with integrated circuit ele
ments which are mounted on two PBCAl printed wire 
boards. 

Each I/O Buffer is capable of controlling 16 channels, 
of which a maximum of 7 can be used for input. The 
channels are selectively coded from 00 through 17 octal. 
For the standard I/O Buffer, input channels will always 
start at 008 and output channels will always start at 07s. 
If a tenth output channel is required it will occupy the 
last input channel address (06s). Peripherals such as 
the ASR Teletypewriter Set and the IBM I/O Typer will 
require both an input channel and an output channel. For 
example, the first I/O device which will normally be the 
Typer will use input channel 008 and output channel 108. 

Since the I/O Buffer utilizes the ASCII code, all devices 
other than the Teletypewriter Sets will either operate in 
a free-running mode with blocked format or will be pro
grammed in a record or blocked format. In addition, 
devices such as the IBM Selectric Typer which print a 
character, will require program translation prior to out
putting to the device. Reading or writing a "record" at 
a time, makes more efficient use of the interrupt syn
chronized I/O instructions, TIM/TOM, available on the 
4020, and IDL/ODL, available on the 4050/4060. 

All peripherals operating with the 4202 I/O Buffer 
nominally use the ASCII/ISO character-code set sum
marized by Figs. I/O. 2 and I/0. 2a. Exceptions are: 

• IBM Selectric typers which use the Common 
Peripheral code set summarized by Fig. I/0. 3. 

• Card readers and punches which operate with the 
12-bit column image code (Hollerith). 

• Numerical Machine Tool control devices which 
operate with the EIA RS-244 code summarized 
by Fig. I/O. 4. 

The basic I/O Buffer logic, referenced to GE Drawing 
No. 68C972190, and the GEN II command functions will 
be discussed in this section. The optional channel con
trol and drive logic will be described separately at the 
end of this section. Mechanical and electrical theory, 
maintenance and parts information for the various op
tional peripheral devices will be discussed in subsequent 
sections of this manual qr under separate cover. 

COMMAND DEFINITIONS 
The various operations of the I/O Buffer are controlled 
by six basic commands: OPR, IN, OUT, ABT, and 
variations of JNR and JNE. These commands are all of 
the GEN II format, as shown by Fig. I/O. 5. Specific 
action is determined by the micro-coded "S" and "K" 
bits. The S bits are octally decoded into the various 

command signals before entering the Buffer. One bit 
each from the K3 and K2 positions is connected to the 
Buffer Instruction Decode logic as a select code; the 
basic I/O Buffer of a typical system is assigned address 
7ls. For the 4040, 4050, 4060, the address is lls. The 
Kl = 4s and Kl = 2s bits specify the test lines. The KO 
bits plus the Kl = 1 bit are used to specify a particular 
channel or device address. 

The basic function and decoding of each command is de
scribed in the following text. The particular application 
of the decoded commands are described by the separate 
Device Control write-ups at the end of this section. Re
fer also to the GEN II Command Description in the AU 
portion of Volume I. 

IN - Input From Device 
The IN command transfers data from the addressed in
put channel to the A Register of the AU, in response to 
a "data-ready" interrupt. The data is right justified 
and unused bits of A are set to zero. In the I/0 Buffer, 
IN disables the AU input gates (GlDOXX) which in turn 
enable the channel neckdown gates (GlDIXX) to drive the 
corresponding channel to AU clock drivers (DODBXX), 
providing the K2, K3 bits are present. Also, DlGGIN 
is decoded to cycle the addressed device control logic. 

OUT - Output To Device 
The OUT command transfers data from the A Register 
to the addressed channel in response to a "buffer-ready" 
interrupt. In the I/O Buffer, OUT is or• ed with OPR to 
disable the channel neckdown gates (GlDIXX) which in 
turn enable the AU input gates (GlDOXX) to drive the 
corresponding outputting clock drivers (DODBXX), pro
vided the K2, K3 bits are present. Also, DOGOUT is 
decoded to cycle the addressed device control logic. 

OPR - Operate Channel 
The OPR command sets the addressed channel busy (not 
ready) and transfers the contents of the A Register to 
the channel. This information (least 7-bits) is decoded 
within the device control logic and used as control sig
nals or in some devices it may be interpreted as data. 
The A Register is unchanged. The channel error flip
flop is cleared. Within the I/0 Buffer, OPR enables the 
outputting clock drivers (DODBXX) in the same manner 
as OUT. Also, DOGOPR is decoded and sent to the ad
dressed device control logic. 

JCB - Jump If Channel Busy (Kl = 01) 
If the addressed channel is busy, program control is 
transferred to the second sequential location. If the 
channel is not busy, control is transferred to the first 
sequential location. The command (JNR) is decoded 
within the AU which simply monitors the channel ready 
test point. Within the I/O Buffer, Kl = 2s enables 
DlAK12 which enables the device control logic to output 
the channel-busy API status. The ready status of the 
addressed channel is presented to the AU, via the ready 
test neckdown logic. Refer to the device control logic 
for specific channel ready conditions. Normally, a 
channel is busy when one of the following conditions 
exists: 
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OCTAL CODE = C2 C1 Co 

~ 1 0 1 2 3 4 5 6 7 

00 NUL SOH STX ETX. EOT ENQ ACK BEL 

01 BS HT LF VT FF CR s{) SI 

02 DLE DCl DC2 DC3 DC4 NAK SYN ETB 

03 CAN EM SUB ESC FS GS RS us 
04 SP ! II # $ % & I 

05 ( ) * + - I ' 
06 0 1 2 3 4 5 6 7 

07 8 9 : ; < = > ? 

10 @ A B c D E F G 

11 H I J K L M N 0 

12 p Q R s T u v w 

13 x y z [ \ ] /\ 

14 \ a b c d e f g 

15 h i j k 1 m n 0 

16 p q r s t u v w 

17 x y z c I ) --.., 
DEL 

LEGEND 
Control Characters Graphic Characters 

NUL Null DC3 Device Control 3 Symbol Name Symbol Name 
SOH Start of Heading (CC) DC4 Device Control 

STX Start of Text (CC) (stop) SP Space (normally I Slant 

ETX End of Text (CC) NAK Negative Acknowl- nonprinting) Colon 

EOT End of Transmission (CC) edge (CC) Exclamation Semicolon 

ENQ Enquiry (CC) SYN Synchronous Idle Point < Less Than 

ACK Acknowledge (CC) (CC) " Quotation Marks Equals 

BEL Bell (audible or attention ETB End of Transmission (diaeresis*) > Greater Than 

signal) Block (CC) # Number Sign ? Question Mark 

BS Backspace (FE) CAN Cancel $ Dollar Sign Grave Accent ':' 

HT Horizontal Tabulation EM End of Medium % Percent (opening single 

(punched card skip) (FE) SUB Substitute Character & Ampersand quotation mark) 

LF Line Feed (FE) ESC Escape Apostrophe Opening 

VT Vertical Tabulation (FE) FS File Separator (IS) (closing single Bracket 

FF Form Feed (FE) GS Group Separator (IS) quotation mark; Closing 

CR Carriage Return (FE) RS Record Separator acute accent~') Bracket 

so Shift Out (IS) Opening Parenthesis /\ Circumflex ':' 

SI Shift In us Unit Separator (IS) Closing Parenthesis Underline 

DLE Data Link Escape (CC) DEL Delete ':' *= Asterisk @ Commercial at 

DCl Device Control 1 
+ Plus ( Opening Brace 

DC2 Device Control 2 
Comma (cedilla~') --, Over line 
Hyphen (minus) ) Closing Brace 
Period (decimal I Vertical Line 

(CC) Communication Control. (FE) Format Effector. point) \ Reverse Slant 
(IS) Information Separator. 
Yi< In the strict sense, DEL is not a control character. 

Revised May 19, 1966. 

Fig. I/O. 2. ASCII Characters and Codes 
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TELETYPES 33 AND 35 ANELEX LINE PRINTER 
I 

OCTAL CODE ,. C2C1Co OCT~AlCOOEE = C2C1Co 

C2C1 Co Co 
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

00 SOH STX ETX ENQ VFUo VFUl VFU2 VFU3 VFU4 VFU5 VFU6 VFU7 

01 HT LF CR RED BLK 

02 DCl DC2 DC3 DC4 DC4 

03 

04 SP ! II # $ % & I SP ! II # $ % & I 

05 ( ) * + 
' 

- I ( ) * + 
' - I 

06 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

07 8 9 : ; < ,. > ? 8 9 : ; < = > ? 
10 @ A B c D E F G @ A B c D E F G 

11 H I J K L M N 0 H I J K L M N 0 

12 p Q "R s T u v w p Q R s T u v w 
13 x y z [ \ ] t +-- x y z [ \ ] t +-
14 

15 

16 

17 DEL DEL 

NOTES: V:i:"Uo Slew Paper To VFU Channel 0 

VFU 7 Slew Paper To VFU Channel 7. 

Fig. I/0. 2a. ASCII Characters and Codes 

LOOGING TYPEWRITER, MODEL B 
SELECTRIC TYPER 

(PROPOSED CHARACTER SET) 

OCTAL CODE ,. C2C1Co OCTAL CODE = C2C1Co 

C2C1 Co Co 
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

00 0 1 2 3 4 5 6 7 

01 HT CR RED BLK 8 9 [ # @ : > ? 

02 DC4 SP A B c D E F G 

03 H I & 1 ( < \ 
04 SP $ t J K L M.. N 0 p 

05 * - Q R - $ * ) ; I 

' 
06 0 1 2 3 4 5 6 7 + I s T u v w x 
07 8 9 y z +- % :::: II ! 

' 
10 A B c D E F G CR 

11 H I J K 
~ 

L M N 0 

12 p Q R s. T u v w 
13 x y z 

~ 

14 HT 
15 

1------1 

16 BLK RED 

17 DEL DEL 

Fig. I/O. 3. Typer Common Peripheral Characters and Codes 
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Code For One Character Per Row 
Punched Perpendicular To The 
Longitudinal Axis Of The Tape 

-~ 

• • 0 

• • 1 

• • 2 

• • •• 3 

•• 4 

• •• • 5 

• ••• 6 

•••• 7 

•• 8 

••• • 9 

•• • • a 

•• • • b 

••• • •• c 

•• •• d 

••• •• • e 

••• ••• f 

•• • ••• g 

•• •• h 

••••• • i 

• • • • j 

• • • • k 

• • • • 1 

• • •• m 

• •• • n 

• • •• 0 

• • • ••• p 

• ••• q 

• • • • r 

•• • • s 

• • •• t 

•• •• u 

• •• • v 

• • •• w 

•• •••• x 

•••• y 

• •• • z 

•• •• • • •••• •• ' •• • • I 
••• • + 

• • 
• • Space 

•••••••• Delete 
• • Car. Rot. or End of Block 

• •• • Back Space 
eeeeee Tab 

• • •• End of Record 
• Tape Feed 

Blank Tape 
•••••• Upper Case 
••••• • Lower Case ---- ~ 

Fig. I/O. 4. EIA RS-244 Characters and Codes 

4202A/B-1 

• A data record is being transferred through the 
channel. 

• An Input Demand exists for this channel. 

• The companion channel of a pair of channels 
controlling an input/output peripheral is busy. 

JDR - Jump If Data Ready (Kl =10) 
Input Channel: If the addressed input channel is busy 
and its data-ready test line is true (set), JDR transfers 
program control to the second sequential location. If 
the test line is false, control is transferred to the first 
sequential location. If the channel is not busy, control 
is always transferred to the first sequential location. 
The command (JNR) is decoded within the AU which 
monitors the data-ready test point and accordingly sim
ulates a GEN II IN command, provided the channel
ready API is true. Within the I/O Buffer, Kl = 4s en
ables D1AK14 which in turn enables the device control 
logic to output the "data-ready" status, via the ready 
test neckdown logic. 

Output Channel: If the addressed output channel is 
busy and the "buffer-ready" line is true, JDR transfers 
program control to the second sequential location. If 
the test line is false, control is transferred to the first 
sequential location. If the channel is not busy, control 
is always transferred to the first sequential location . 
The K1=4 8 bit will enable the device "buffer-ready" line 
in a manner similar to the input channel. 

JNE - Jump If No Error 
The JNE command transfers program control to the 
second sequential location if the error API is false (no 
error). Control is transferred to the first sequential 
location if the error API line is true. The command is 
decoded within the AU which monitors the alarm test 
point, via the alarm test neckdown logic. Up to four 
error or alarm lines are available to determine the 
"status" of a specified on-line device: 

• Kl=OOX - Condition Alarm - Device is in halt, 
off - line , etc . 

• Kl=OlX - Device Alarm - Card jam and broken 
tape, etc . 

• Kl=lOX - Operator Alarm - Hopper empty, 
stacker full, etc. 

• Kl=llX - Internal Alarms - Parity error, loss 
of synchronization (data loss, etc.). 

JNE may also be used to sample the Demand flip-flop of 
a specified channel. If set, JNE clears the Demand. 

ABT - Abort O.annel 
The ABT command initializes the addressed channel. 
The ready and error lines are cleared within the device 
logic; therefore, the channel becomes ready. The I/O 
Buffer decodes the command during the phase A clock: 

ABT = S3 · r:/JA · K2 · K3. 
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23 14 

250 

1---' 
i___ _______ CHANNEL ADDRESSES * 

TEST LINE ADDRESS 

1-----JNR (Kl= 01 - JCB 
Kl = 10 - JDR 

ERROR/ ALARM TEST 

{

Kl = 00 - Line No. 1 
.___ ___ JNE 01 - Line No. 2 

10 - Line No. 3 
11 - Line No. 4 

BUFFER ADDRESS 

{

4040' 4050, 4060 = 118 
...._______ 4020 = 71 8 

4020 High Speed GEN 2 = K3 = 7 8 

S = 38 =ABORT 
S = 48 = OUT 
S = 28 =OPERATE 
S = 58 = IN 
s = 68 = JNR (K3 I 0) 
s = 7 8 = JNE (K3 I 0) 

* The channel address is specified by Ko and the LSB of K 1 as follows: 

Ki Ko Channel Ki Ko Channel 

000 000 00 001 000 10 
000 001 01 001 001 11 
000 010 02 001 010 12 
000 011 03 001 011 13 
000 100 04 001 100 14 
000 101 05 001 101 15 
000 110 06 001 110 16 
000 111 07 001 111 17 

Fig. I/O. 5. GEN II Command Format 

INPUT FUNCTION 

Input devices are characterized in that control of the 
physical movement of the data media (tape, cards, key
board) and control of data transmission to the Central 
Processor (CP) are by the device rather than by data 
inputting instructions. Thus, the CP (program) must 
synchronize its data-input commands to the mechanical 
and/or electrical cycle of the peripheral. 

The device' s control logic initiates movement of the 
data medium upon receipt of a media enable code (see 
Table I/O. 1). This code is output from the CP via the 
OPR command and is decoded within the addressed de
vice control and drive logic. The initiating action sets 
the reader' s clutch flip-flop (or equivalent), provided 

the device's ON-OFF switch (or equivalent) and its AC 
power is ON. 

Tape movement on the Teletypewriter Set may be 
started manually by depressing the X-ON key if key
board input is enabled; tape movement may always be 
started by moving the Start-Stop lever on the reader to 
the START position. 

Media movement and inputting of data will continue until 
media-disable and/or data terminate action is initiated 
(see Table I/0. 1). For example, the Card Reader will 
always read at least one card before stopping. The 
Paper Tape Reader will input until the "end of text'' 
character is detected; however, tape movement will 
continue until the media-disable code (238) is detected. 
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Peripheral 
Media-Enable Data-Enable Data-Terminate Media-Disable End of Record Inter-Record 

Action Action Action Action Indication Code 

Digit ronic s OPR of Advent of INPUT of Advent of Advent of CR, LF 
PTR 02 ls Code (DC 1) 0023 Code (STX) 0033 Code (ETX) 0233 Code (DC 3) 023 8 Code (DC3) 

Teletype OPR of Advent of INPUT of Advent of Advent of CR, LF 
PTR 021 8 Code (DC 1) 0023 Code (STX) 003 8 Code (ETX) 0238 Code (DC3) 023 8 Code(DC3) 

NCR OPR of Accomplished by OUTPUT of Accomplished by 0243 Code (DC4) CR, LF 
PTP 022 8 Code (DC2) Media Enable 0248 Code (DC4) Data Terminate Punched 

OPR of Accomplished by OUTPUT of Accomplished by CR, LF Teletype 0248 Code (DC4) 
PTP 022 8 Code (DC2) Media Enable 0248 Code (DC4) Data Terminate Punched 

OPR of Accomplished by OUTPUT of Accomplished by 0243 Code (DC4) None Long Carriage 
Typer 1773 Code (DEL) Media Enable 0248 Code (DC4) Data Terminate Outputted 

Selectric OPR of Accomplished by OUTPUT of Accomplished by 0248 Code(DC4) None 
Typer 1773 Code (DEL) Media Enable 0248 Code (DC4) Data Terminate Outputted 

Teletype OPR of Accomplished by OUTPUT of Accomplished by 0248 Code (DC4) None 
Printer 177 8 Code (DEL) Media Enable 0248 Code (DC4) Data Terminate Outputted 

Line OPR of Line Accomplished by OUTPUT of Any 0248 Code (DC4) 0248 Code (DC4) None 
Printer 177s Code (DEL) Media Enable Control Code Outputted Outputted 

Selectric OPR of Accomplished by INPUT of Accomplished by INPUT of None 
Keyboard 177 8 Code (STX) Media Enable 1008 Code (CR) Data Terminate 1003 Code (CR) 

Teletype OPR of Accomplished by INPUT of Accomplished by INPUT of None 
Keyboard 002 8 Code (STX) Media Enable 0158 Code (CR Data Terminate 0158 Code (CR) 

Card OPR of Advent of End of Card End of Card End of Card None 
Reader OOOOs Code Column 1 Indication Indication Indication 

Card OPR of Advent of End of Card End of Card End of Card None 
Punch 00008 Code Column 1 Indication Indication Indication 

NOTE: Tape movement through the Digitronics reader ceases so that the frame following the DC3 code is positioned 
for reading. Tape movement through a Teletype reader ceases on the second or third frame following the 
DC3 code. In each case, the DC3 code and the codes in the following frames (except the code in the frame 
stopped on) are transmitted to the I/O Buffer. The stopped-on code would be the first code transmitted 
following another clutch-on action. An "inter-record" gap of at least two full frames is required following 
the DC3 code. 

Table I/O. 1. Peripheral Record Control Actions 

Fig. I/O. 6 shows the arrangement of the I/O Buffer 
during an input function. Assuming that the addressed 
channel is set busy and that media movement has been 
initialized, parallel transfer of data between the device 
control buffer register and the computer A Register is 
enabled each time the interrupt synchronized IN com
mand is issued. The channel is set busy by the OPR 
command and remains busy until an "end of record" in
dication is detected. It then becomes ready to signal the 
end of record. The programmed operation of an input 
device, utilizing interrupts, will require the following 
steps: 

• Test the channel-ready line via the JCB com
mand to verify that the channel is not currently 
busy. , 

• Initialize the List (TIM/IDL) control word, spe
cifying a core buff er area large enough to hold 
the entire record of input data. 

• Initiate a programmed diagnostic count-down, 
considering the total elapsed time of the input 
record. 

• Enable movement of the data media using the 
OPR instruction to output the device's media 
enable code. 

• Data is transferred to the core input buffer via 
the TIM, or equivalent, (simulates the GEN II 
IN command) as synchronized by the Data-Ready 
interrupts. 

• Detect the end of record via the channel-ready 
"echo" interrupt. 

• Check for input transmission error using the 
JNE command. 

If the diagnostic countdown underflowed prior to the end 
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6 

5 

12-Bit Inputs 

7-Bit P~~s Parity Inputs~\ 
..... ------------1 x - 12 

I/O 

INTERFACE 

K2------ai 

K3------.. 

85 (IN)----------+----' 

10 

9 

8 

7 

IN 

X-11 

X-10 

x- 9 

X- 8 

8- 7 

7- 6 

6- 5 

5-X 

4- 4 

3- 3 

2- 2 

1- 1 

BUFFER 
OR 

HOLDING 
REGISTER 

82 (OPR)---------+-• 
~--_.,_ __________ ___... ADDRESS 

ODD DECODE 

KO, Kl ----------+----• ADDRESS 
Bits DRIVE 

ALARM 
JNE 4--------~--+------------1TEST LINE---~~ 

API NECKDOWN 

CHANNEL 
JNR ..... -------..----4-------------1TEST LINEs----~ 

API NECKDOWN 

~B _________ __.. 

Device Status 
Data Ready 

Data 
Ready 

Address 

PHASE A 

PHASE B 

Card 
Inputs 

Tape, 
- Keyboard, etc. 

Inputs 

ENABLE 
DECODE 

OPR 

ADDRESS 

TEST 

Input 
Demand 

Initiate 
Device 
Action 

Channel 
Ready 

1/0 8UFfER OMCI CON1'R01. AND DRIVE 

Fig. 1/0. 6. Simplified Diagram of the IN Function 



NO 

4202A/B-1 

ERROR 
Execute JNE For Error Test To Error Subroutine 

Execute JCB For Channel Busy Test 

BUSY 

Execute OPR With NUL Code 
In A Register 

OPR Turns On Reader Clutch, 
Clear Data Ready FF, 

Clear Error Line 1 

Channel Goes Busy 
Program Released To Wait 

For Interru t 

Has A Character Been Read 

BUSY 
Exit 

Set Data Ready Interrupt, 
Program Inputs Character And 
Clears Data Read Interru t 

NO 
Did A Timing Error Occur 

Have Proper Number Of 
Characters Been Read 

Has Light Check Been Made 
(Approximately Column 84) 

NO 

YES 

Was An Alarm Detected 

Channel Goes Not Busy 

Fig. I/O. 7. Card Read Flow Chart 

1/0 BUFFER 

YES 

Set Error Line 1 

YES 

Set Proper Alarm 
Line 

1/0-9 



of record echo, the program will assume device failure 
and alarm this condition. If a transmission error oc -
curred, the program should request manual operation 
so that the data media can be back spaced one record; 
the program should then re-initiate input of the record. 

Programmed operation not utilizing interrupts is suit
able for use only in an off-line non-process environ
ment. The following program steps are necessary: 

• Test for Channel Ready. 

• Reserve a core input buffer. 

• Enable data media movement. 

• Use the JDR instruction to input data. 

• Check for transmission error. 

• Use the JCB instruction to detect the end of 
record. In addition, a character count should 
be maintained to insure that the input does not 
overflow the input buffer. 

In summary, the Input Function enables the following 
action (see Figs. I/O. 8 and I/O. 9): 

• Transfers data to the AU from the channel• s 
buffer. The parity bit (if any) is separated from 
the data. The data is transmitted to the AU. 

• Resets (clears) the channel• s data-ready flip
flop. 

• Sets the channel's data-error flip-flop if the 
data is found to have incorrect parity (charac
ter input devices only); otherwise, the flip-flop 
is left unaffected. 

• Decodes the 0158 or 1008 code (CR) as the key
board input media-disable code. The code is 
sent to the AU and the input channel -busy 
flip-flop is reset (cleared) to indicate "end of 
record". 

OUTPUT FUNCTION 
The operation of output typers or other printing devices 
and paper tape punches is incremental, that is, data 
output and data media movement is controlled by the 
computer (program). Operation of the serial card 
punch is similar to the operation of input devices in that 
the computer must synchronize its output actions to the 
independently moving data media. 

The output device's control logic will enable the re
cording of data on the medium upon receipt of a media
enable code (see Table I/0. 1). The code is not re
corded. However, all subsequent codes, including ad
ditional media-enable codes, will be recorded until a 
media-disable code is received. The media-disable 
code is recorded, with the exception of card media. The 
177 8 code (DEL) is a special "do nothing" code whose 

only effect is to cycle the buffer-ready status of the ad
dressed channel. 

Fig. I/0. 9 shows the arrangement of the I/O Buffer 
during an output function. Assuming that the addressed 
channel is set busy and that media-enable has been ini
tialized, parallel transfer of data between the computer 
A Register and the addressed device control buffer reg
ister is enabled each time the interrupt synchronized 
OUT command is issued. The channel is set busy by 
the OPR command and remains busy until the "end of 
record" is detected via the channel-ready "echo" inter
rupt. Note, that the channel-ready interrupt provides 
(with the exception of paper tape punches), the "end of 
record" echo. TOM/ODL echo generators are provided 
only for the paper tape punches; this echo is the OR of 
the channel-ready test signal and the TOM table full 
echo. The programmed operation of an output device, 
utilizing interrupts, will require the following steps: 

• Test the channel-ready line via the JCB com
mand to verify that the channel is not currently 
busy. 

• Initialize the List (TOM/ODL) control word. 

• Initiate a programmed diagnostic count-down, 
considering the total elapsed time of the output 
record. 

• Enable the data media using the OPR instruction 
to output the device' s media-enable code. 

• Data is transferred from the core output buffer 
via the TOM, or equivalent, as synchronized by 
the buffer-ready interrupts. 

• Detect end of record via the channel-ready 
"echo" interrupt. 

• Check for output transmission error using the 
JNE command (not meaningful to all devices). 

If the diagnostic count-down underflowed prior to the 
end of record echo, the program will assume device 
failure and alarm this condition. If a transmission er
ror occurred, the program should re-output the last 
record. 

Programmed operation not utilizing the interrupts is 
suitable only in an off-line, non-process or test envi
ronment. The following program steps are necessary: 

• Test for Channel Ready. 

• Enable data media. 

• Use the JDR instruction to output data. 

• Use the JCB instruction to detect the end of 
record. 

• Check for output transmission error, if appli
cable. 
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Clear Data Ready Flip-Flop, 
Transmit DC 1 to TTY 

Enable Reader, Disable 
Echo-Net Mode 

I/O Buffer Discards 
With No Action 

Execute JNE for Error Test 

Error 

Execute JCB for Channel Busy Test 

Busy 

Execute OPR with DC 1 in A Register 

Clear Error Line-1 
Channel Goes Busy (Both I~ & Out) 

Program Released To Wait For Interrupt 

Has a Character 
YES 

Been Read 

Error 

Busy 

TTY 

NO 

NO Is This The 
STX Code 

YES 

Enable Data Ready FF, 
Discard STX Code 

NO Has Next Character 
Been Read 

YES 

Set Error 
Line-1 

Set Data Ready Interrupt, 
Program Inputs Character 
Clear Data Ready Interrupt 

YES 

NO 

Did a Timing 
Error Occur 

NO 

NO 

YES 

TTY Only 

To Error Sub-routine 

Exit 

OPR Turns On Reader 
Clutch, & Discards DCl 

Parity Error 

Parity Error 

YES 

Set Error 
Line-1 

YES 

Set Error 
Line-1 

Enable Echo-Net Mode 

NO Is Next Character 
a DC3 

TTY I/O Buffer Turns Off 
Reader Clutch 

,:, In Command 
Sets Error 
Lines If Error 
Exists. 

4202A/B-1 

I/O Buffer Discards 

DC3 Generates End-of-Record 
Interrupt 

Channel Goes 
Not Busy 

TTY 
YES 

Transmit DC3 Code Back 
To Disable TTY 

Disable Echo-Net Mode 

Fig. I/0. 8. Paper Tape Read Flow Chart 
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9 

8 

7 

6 

5 

4 

3 

2 

1 

I/O 
INTERFACE 

K2 

K3 

843 

S2 

KO, Kl 
BITS 

JNA 

API 

JNR 

API 

PARITY 
GEN 

louT 

ADDRESS 
DRIVE 

ALARM 
TEST 

NECKDOWN 

CHANNEL 
TEST 

NECKDOWN 

DEVICE 
STATUS 

ADDRESS 
DECODE 

BUFFER 
READY 

ADDRESS 

Fig. I/O. 9. Simplified Diagram of the OUT Function 
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DEVICE 
ACTION 
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In summary, the Output Function enables the following 
action (see Figs. I/0. 10 and I/0. 11): 

• Data is transferred to the channel• s buffer from 
the AU. 

• The parity bit (if required) is generated and ap
pended to the data. 

• The channel' s buffer-ready flip-flop is reset. 

• Decodes the 1773 code (DEL) as a legal "do 
nothing" output code. It does not affect the de
vice or data media. How ever, the buffer-ready 
signal is cycled and becomes set at the end of 
the output action. 

• Initiates (incremental devices only) one data-
w rite operation followed by a data media move
ment operation. The free running devices util
ize data in the buffer independently of the output 
action. 

• Decodes media-disable codes which cause the 
output channel-ready flip-flop to reset (clear). 

PARITY CHECK AND GENERATE 
The I/0 Buffer parity logic is capable of checking par
ity on input data and generating parity on output data. 
The input parity test is only meaningful if parity is part 
of the data input (e.g. , an even parity bit is included 
with a paper tape character but not with a character 
from a card reader). To limit the error test to devices 
which provide a parity bit, the error signal, DOPPAB 
(area "p"), is routed to the device control logic where 
it is ANDed with the channel address to set the alarm 
flip-flop. 

When parity checking, the eight least significant bits, 
including the channel parity bit of the input data, are 
sampled by the quarter-adder summation circuit. If an 
even number of 1-bits are present, the output will be 
OV (DOPPAB). If an odd number of 1-bits are present, 
the output will be +3. 5V (DOPPAB), indicating parity 
error. 

When outputting, the same logic becomes a parity gen
erator simply by forcing the input parity channel level 
to OV and driving the output parity channel with DOPPAB. 
Note, the input to GODOPT (area "D ") is always ground
ed. The output data is sampled in the same manner as 
for parity checking; however, if the output word (bits 
00-06) contains an even number of 1-bits, DOPPAB is 
enabled and a 0-bit is placed in the output parity chan
nel. Should the output data word contain an odd number 
of 1-bits, DOPPAB will place a 1-bit in the output par
ity channel. 

INPUT DEMAND 
The input demand function allows an operator to manu
ally initiate a data transfer sequence from any input de
vice. An input demand is initiated by: 

• Teletypewriter - Depress the BREAK key on 
the keyboard (ASR, KSR). This action will open 
the transmission line to the device's control 
logic and lock all keyboards on that line. If the 
channel is not busy, the control logic will cycle 
the channel-ready APL 

• Other Input Devices - Depress the Input De
mand pushbutton. If the channel is not busy, 
the device's control logic will cycle the channel
ready APL 

The computer program will recognize the interrupt as 
an input request and enable the input device or print a 
message indicating that keyboard input will be accepted. 

AUTOMATIC PROGRAM INTERRUPTS 
The following interrupt signals provide standard AP! 
communications between the program and the I/0 Buf
fer channels: 

• Input Channels 

- Individual data-ready AP!• s assigned as 
non-inhibitable interrupts. 

- Indivj.dual channel-ready AP!' s assigned 
as inhibitable interrupts. 

• Output Channels 

- Individual buffer-ready API 1 s assigned 
as non-inhibitable interrupts. 

- Individual channel-ready AP!' s assigned 
as inhibitable interrupts. 

The interrupt signal level is such that the interrupt flip
flop is set when the signal is true. The channel-ready 
API functions as the "end of record" echo. The data
ready and buffer-ready AP!' s are used to synchronize 
data transfer between the AU and the addressed device. 

An API input signal from an output-only or input-only 
device is the same as the corresponding JCB test signal. 
The API input signals from an I/O device differ from 
the JCB test signals in that both test signals will indi
cate busy whether either channel is in use; only the API 
for the channel actually in use will indicate busy. 

PACKAGING AND OPTIONS 
There are two basic models of the I/0 Buffer which are 
electrically and functionally identical, but mechanically 
different: 

• Model 4202A - This model is used with the 4020 
computer system. It is packaged in a GEAPS 
(General Electric Advanced Packaging System) 
page-mounting module. The basic buffer con
sists of three 10-inch printed wire boards (PWB) 
plus one or two boards for each attached device. 

• Model 42 02B - This model is specially packaged 
as a GEAPS module for use with the 4040, 4050, 
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and 4060 computers; also with a 4020 com
puter system that requires the I/O Buffer 
module be mounted in a GE/PAC page. The 
4202B has a total capacity of twelve channels 
with a maximum of seven inputs or twelve 
outputs. The module is implemented for five 
spare PWB slots. 

The only I/0 Buffer options is the number and kinds of 
peripheral channels. Each channel has its own buffer 
and drive hardware. In some cases multi-purpose 
boards are used. For example, the drive hardware 
used for the Paper Tape Reader may also be used for 
the Card Reader; however, the corresponding channel 
connectors must be interchanged. 
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Clear Data Ready FF, 
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Transmit DC2 Code 
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NO 

DC2 
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Fig. I/O. 10. Paper Tape Punch Flow Chart 
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Fig. I/O. 11. Printers Flow Chart 
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SPECIAL CHARACTER FUNCTIONS 

In ord.er to control the action (media enable, etc.) of 
the attached peripheral devices, certain special char
acters are recognized by the I/O Buffer drive logic or 
by the device itself. 

Sta rt of Text {STX) 002 

The STX code is used when operating Paper Tape 
Readers and Keyboards. It becomes the data enable 
code when reading paper tape, i.e. , it informs the as
sociated drive that the next incoming character is the 
first data character. In this case STX is discarded by 
the drive logic. 

When keyboard input is requested, the program will 
normally execute an OPR instruction with STX in the A 
Register. The STX character in this case will enable 
the Echo-net mode so that all characters transmitted 
from the keyboard to the I/O Buffer are also sent back 
to the typer to provide the operator with hard copy of 
his data. STX also unlocks the keyboard on the Selec -
tric I/0 Typer. 

End of Text (ETX) 003 

The ETX code is used when operating Paper Tape 
Readers. When decoded, the drive logic will switch 
to Echo-net mode so that the next character received 
(normally a DC3) will be transmitted back to the paper 
tape reader to disable it and prevent further data from 
being read. The ETX character is stored in core (list) 
as the last character of the message. 

Delete Code {DEL) 117 

When OPR or OUT is executed with DEL in the A Reg
ister, it is decoded within the device drive as the chan
nel buffer ready signal for Typers and Line Printers. 
This signal will enable the Data Exchange Ready API 

interrupt. DEL is not transmitted. 

Carriage Return {CR) 015 

The CR code is used with Keyboard input. It is decoded 
by the device drive to enable the End of Record API and 
the non-echo-net mode (after echoing). CR (lOOs) 
locks the keyboard on the Selectric I/O Typer. The 
ASR Teletype receives and decodes CR as the RETURN 
function. 

Device Control - l {DCl) 021 

The DC 1 code is used as the media-enable code for 
Paper Tape Readers. When the OPR instruction is 
executed with DCl in the A Register, paper tape move
ment is enabled. The ASR Teletypewriter receives and 
decodes DC 1 as the X-ON function. 

Device Control - 2 {DC2) 022 

The DC2 code is used as the media-enable code for 
Paper Tape Punches. When the OPR instruction is 
executed with DC2 in the A Register, paper tape feed 
is enabled. The ASR Teletypewriter receives and de
codes DC2 as the TAPE ON function. 

Device Control - 3 (DC3) 023 

The DC 3 code is used as the media-disable code for 
Paper Tape Readers. DC3 normally follows ETX and 
serves as the end of Record APL The drive is 
switched to the non-echo mode after echoing the code 
back to the reader to turn it off. The Teletypewriter 
decodes DC3 as the X-OFF function. 

Device Control - 4 {DC4) 024 

The DC4 code is used with Typers, Paper Tape 
Punches, and Line Printers to generate the End of 
Record API and to turn off the devices. The Teletype
writer decodes DC4 as the OFF function. 
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ASR AND KSR TELETYPEWRITER DRIVE AND CONTROL 

The 4202A/B 061 and 062 Serial Transmitter and Re
ceiver Drives are capable of exchanging recorded com
munications (full or half duplex), with or without Echo
Net, between the computer and ASR/KSR Teletype equip
ment, via the I/O Buffer at a rate of 10 characters per 
second (110 bits per second). The optional drive func
tions include: 

• 061 - 110 BPS, direct drive (no modem) with 
provisions for Echo-Net. Requires one input 
and one output channel. 

• 062 - Same as 061, except no Echo-Net provi
sionso 

Note, on some GE/PAC systems, the 061 drive was 
also used in place of the 060 direct drive for RO Tele
type equipment including Answer Back - only the output 
channel hardware is used. 

For this application and discussion, when the computer 
(CPU) is outputting (OUT), the I/O Buffer drive is trans
mitting and the Teletype Set is receiving. Conversely, 
when the CPU is inputting (IN), the drive is receiving 
and the Teletype is sending. 

Both Teletype Models 33 and 35 (GE/PAC Model 4233C) 
respond to American Standard Code for Information In
terchange (ASCII). This is an 8-level code with an 11-
bit transmission pattern, i.e., one start bit, .seven data 
bits, one parity bit, and two stop bits. The start and 
stop bits ensure synchronization between the sending 
and receiving equipment. 

Since all 4233C Teletype equipment will terminate into 
duplex (two pair) signal lines, the full or half duplex 
option is determined primarily by the software or pro
gram requirements. Full duplex operation permits re
ceiving messages and transmitting them at the same 
time without interference between the two signals. This 
is accomplished by electrically separating the sending 
and receiving loops of the set by changes in the wiring 
on the basic facilities assembly in the electrical service 
unit and connecting the loops to the appropriate duplex 
signal lineso 

The Echo-Net option (061 Drive) enables the I/O Buffer 
to output to the same inputting device, the data which it 
is sending to the computer. For example, when inputting 
from a keyboard, the input data which is serially shifted 
into the message receive register can be immediately 
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Fig. TTY. 1. Simplified Block Diagram - Teletype Drive ASR/KSR 
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(within 9 milliseconds) sent back to the typing unit for 
hard copy. The switching from Echo-Net to Non-Echo
Net mode or vice-versa is via the decoding of special 
characters, inserted by the programmer. 

The ASR/KSR Teletype drive logic, as shown by Fig. 
TTY. 1, is implemented entirely with integrated circuit 
(IC) elements which are mounted on two printed wire 
boards (PWB), PTRA 1 and PCMA5. The following text 
describes this logic and timing, referenced to GE Draw·
ing 68C972157. The GEN 2 instructions, special char
acter codes, and general input/output functions are de
scribed in the preceding basic I/O Buffer section of this 
manual. 

CLOCK TIMING 
. The free-running unijunction oscillator, Ql TCLK (Area 
T), which is implemented for an output of 880 cps, pro
vides basic timing signals for both transmit and receive 
functions, as shown by Fig. TTY. 2. Timing stability 
and frequency division is achieved by driving a 3-stage 
time counter with C LK and then ANDing the output of the 
counter with CLK. Since CSO will toggle at 440 cps, 
CSl at 220 cps, and CS2 at 110 cps, the output of trans
mit clock gate, GOTXCK, is a de pulse (4V peak) with 
a repetition rate of 110 cps. Rl is adjusted so that the 
distance between XCK pulses is 9. 09 milliseconds, one 
bit time. The receive strobe clock, GORSC3 (Area R), 
is generated in much the same manner as XCK. How -
ever, the strobe clock is not free running, but is en
abled only during enable strobe clock (GlRESC) time. 

OUTPUT (CPU TO TELETYPE) 
Initially, for any output operation (punch or print), the 
assigned output channel must be ready (not busy). The 
output channel busy (OCB) flip-flop (Area 0) is normally 
cleared (reset) by the media-disable code (DC4) from 
the previous operation, or by initializing the computer 
or by the Abort device instruction: 

FlOOCB = DC4 + ABT. 

Ql TCLK (880) 

FlTCSO 

FlTCSl 

FlTCS2 

A channel ready test is made by the program via the 
JCB (Kl= 23) instruction. If the channel is not busy 
(ready), the test line 1 gate, GOOTLl, is enabled (OV), 
provided the associated input channel is ready and there 
is no input demand. A demand or Break will make the 
input channel appear busy. With TLl enabled, the pro
gram will step to the next sequential instruction: 

GOOTLl = FlOOCB ·ADDRESS· K12 · GOICRI. 

Media-Enable 
Assuming that a punch paper tape operation is desired, 
the media-enable, special character code, DC2 (022 8), 
is first placed in the A Register, then the OPR instruc
tion is executed. At QB time, GOOOPR will set the 
OCB flip-flop and clear the channel buffer ready (CBR) 
flip-flop. At QA time, the DC2 code is gated into the 
output holding register, FlHDOO-FlHD06 (Area H). 
Note, the polarity of the data bits which are gated into 
this register is such that a 1-bit is OV and the 0-bit is 
+3. 6V. 

CBR will enable the send request line driver, Dl TSRQ 
(Area T), and arm the transmit time line receiver, 
DlTXMT. During QA, the load register gate, GOOLRA, 
besides enabling the clock driver, DlHGDI (Area H), 
to gate the DC2 code into the holding register, also 
clears the delay counter, DCO and DC 1 (Area T) via the 
GOTEDC gate. As shown by the Output Timing Diagram, 
Fig. TTY. 3, the third XCK pulse following QA will load 
the delay counter, enable XMT, and set the output mes
sage envelope flip-flop, OME (Area X). 

At the start of OME, the 4-bit, base-11 counter, 
F 1XSSO-SS3, which is implemented so that it is self
clearing after the count of 10, will always hold a count 
of zero. Since there is no gating element associated 
with the count of zero, the marking gate, GOXMRK, 
will always be disabled at this time. As a result of 
MRK and OME both being positive, the send data gate, 
GOTSDO, is enabled; thus sending the "start" no cur
rent (spacing) pulse. 

*GOTXCK ( 110) LJ. 9. 09 µs -------•u:== 100 ns 

TTY-2 

DlRRCK (880) 

GlRESC 

FlRSCA 

FlRSCB 

FlRSCC 

GORSC3 (110) 

* PROBE - Gll 
SWEEP - INT 
TIME - lµs/CM 
VOLTS - . 5V /CM 

Ui...·------ 9. 09 µs ------·LJ 

Fig. TTY. 2. Transmit/Receive Clock Timing 
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Fig. TTY. 3. Output Timing Diagram 

As shown by the Transmit Control Timing Diagram, 
Fig. TTY. 4, the clock pulses following OME will toggle 
the counter which progressively samples the data, be
ginning with the least significant bit, by enabling the 
associated gate when the data is true. In effect, the 
data bits are shifted serially through the GOXB03 gate. 
At the count of 8, the parity bit (if any) is sampled by 
the GlXPTY gate. At the same time, the data ready 
available gate, GOOD RA, is enabled: 

GlXSTP 

GlXPTY 

GOOD RA 

FlXSSO · FlXSSl 

GlXSTP 

F1XSS3 · GlXPTY · XCK. 

At the count of 9, GlXSTP is ANDed with F1XSS3 to 
hold the output of GOXMRK at OV, generating the first 
"stop" bit. This condition is also true for the second 
"stop" bit, at the count of 10: 

GlXSTP 

GlXMRK 

F lXSSO + F lXSS 1 

G lXSTP · F 1XSS3. 

After transmission of the parity bit, the CBR flip-flop 
is set as a result of DRA which was enabled (OV) with 
the count-of-8 clock. DRA goes positive with the fall 
of the clock and generates the data exchange ready inter
rupt by enabling GOODEI. As a result of the API and/or 
the test line 1 level change (JDR, K1=43), the program, 
at this time, will execute the next output instruction. 

In summary, during XMT, the "start" bit is generated 
and transmitted, followed with each succeeding XCK 
pulse by bits of the DC2 code (least significant bit first) 
and two "stop" bits. This 11-bit transmission pattern 
is received by the Teletype equipment as a series of 
"spacing" (no current flow) and "marking" (current flow) 
pulses, and interpreted as the TAPE function which 
turns on the paper tape punch. 

For a typer operation (print), the logic events are sim
ilar to those described for the punch. However, the 
special character code, DEL (177 3), is not transmitted 
to the Teletype, but is decoded by GOHNOP (Area H) as 
soon as it is gated into the holding register. The output 
of NOP (OV) will simply set the CBR flip-flop which in 
turn enables the data exchange interrupt. Note, as soon 
as NOP loses its positive drive, CBR sets as a result of 
GOIDEC. DEC is always positive except when an input 
OPR with STX (Echo-Net) is in progress. 

Data-Enable 

The OUT instruction which is executed as a result of 
the data exchange ready API, clears the CBR flip-flop 
at QB. At QA, OUT transfers data plus parity from the 
A Register, via the I/O Buffer channel, to the holding 
register. The OUT which follows punch turn on must 
occur prior to the count-of-9 XCK or within 8 millisec
onds of the interrupt. Since XMT and OME can only be 
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cleared coincident with CBR and XCK, they will remain 
positive. As a result, the start bit for the output data 
will be generated with the count-of-zero, or immedi
ately following the last stop bit. 

Data-Terminate and Media-Disable 

For both the punch and typer, output of the DC4 code 
will clear the OCB flip-flop after the code is transmit
ted: 

OCB DC4 

DC4 0248 · DRA 

DRA Count-of-eight · PTY · XCK. 

The Teletype equipment will interpret the DC4 code as 
the !F-A-PB-function which turns off the punch. With DRA 
and OCB, tbe CBR flip-flop will set disabling SRQ and 
XMT. The DEI interrupt will indicate end-of-record. 

A channel test is made by the program via the JCB 
(Kl = 23) instruction. If the channel is not busy (ready), 
the test line 2 gate, GOITL2, isenabled(OV), provided 
the associated output channel is ready and there is no 
input demand. With TL2 enabled, the program will 
step to the next sequential instruction: 

GOITL2 

GO IC RI 

Media-Enable 

ADDRESS · OCB · GOICRI · K 12 

ICB ·BREAK. 

The next sequential instruction would be OPERATE, 
addressed to the input channel, with the appropriate 
media-enable code. OPR sets the input channel busy, 
clears the data ready enable, DRE flip-flop (Area I), 
and disables GOIDEC allowing CBR to clear. For the 
paper tape reader, the DC 1 (0213) code is transmitted 
to the Teletype in the same manner as described un
der "Output Media-Enable". The Teletype decodes DC 1 

HOLDING 
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00 0 I O 2 o 3 o '-I 0 5 06 p 

0 ~00 
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F lXSSl 
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F1XSS3 
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GOXB46 
+----------------' 

G1XB06 

Fig. TTY. 4. Transmit Control Timing Diagram 

INPUT (TELETYPE TO CPU) 
Initially, for any input operation (tape or keyboard), 
both the assigned input channel and output channel must 
be ready (not busy). The input channel busy (ICB) flip
flop (Area I) is normally cleared (reset) by the media
disable code, DC3, for the tape reader, and CR for the 
keyboard, from the previous input operation. The chan
nel is also cleared by initializing the computer or by 
the Abort device instruction: 

FlIICB = DC3 + CBC + ABT. 

as the X-ON function which turns on the reader, i.e. , 
starts tape feed. 

The reader sends the first character code which will 
always be STX (0023). As shown by the Input Timing 
Diagram, Fig. TTY. 5, STX is registered with the 
seventh shift pulse decoded (GODSTX), and used to set 
DRE with the last shift pulse: 

FlIDRE = STX · DlDSHB. 

DRE, in effect indicates that the next character re-
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Fig. TTY. 5. Input Timing Diagram 

ceived from the tape reader will be meaningful data, 
and that an interrupt will be enabled when the character 
is registered. No further use of STX is made. 

For keyboard input, STX is gated into the holding reg
ister, decoded (GOHSTX), and used to unconditionally 
set DRE: 

GO IDES 

FlIDRE 

OPR ·STX 

GOIDES. 

Here again, DRE sets up the input control logic so that 
the next input from the keyboard will generate an inter
rupt. 

Data-Enable 
The next data character or input message following 
media-enable is shifted into the serial receive regis
ter, F lDN00-06 and F lDPTY, as shown for STX (Fig. 
TTY. 5). However, with DRE set, the last shift pulse 
(SHB) will set the data ready, DRY, flip-flop when the 
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last input bit is registered. DRY will enable the API 
drive which informs the computer to execute the IN in
struction. 

Upon receipt of the start (spacing) pulse which precedes 
the next data character, the send data enable line re
ceiver, Gl TSDE (Area T) is enabled (+5V). As a result, 
the input data filter, IDF, flip-flop is set with the free 
running RCK clock. Next, IDF is ANDed with BRK (set 
during IDF) to enable GlRESC which turns on the strobe 
counter, FlRSCA-CC. The next RCK clock will set the 
message, MSG, flip-flop and toggle the strobe counter. 

The third RCK clock following IDF (see Fig. TTY. 1), 
will enable SC3. This first strobe clock will set the 
input message envelope, IME, flip-flop and disable the 
start clock driver, D lRSTR, which pre sets the receive 
register to all ones except for PTY which is cleared. 

With IME and MSG, the next SC3 (9. 09 milliseconds 
later) will generate the first shift pulse, GORSHF, 
which shifts the register to the right one place, PTY 
now holds the least significant bit of the input message. 
The succeeding shift pulses continue to shift in the data 
bits until the "O" bit which was preset in the PTY flip
flop clears NOO. This will always occur with the sev
enth shift pulse. 

As a result of NOO, the ninth SC3 clock clears MSG and 
enables the eighth shift pulse. This shifts the register 
one more time, so that it now contains all of the data 
bits plus parity. The eighth shift pulse also enables 
DlDSHB,,,, which sets DRY. 

FlIDRY = NOO · DRE · ICB · SHB. 

MSG arms the clear side of the IME flip-flop and dis
ables GORSHF so that the tenth SC3 will not generate a 
shift pulse, but will clear IME which then disables 
GlRESC. ESC (OV) unconditionally clears the strobe 
counter and holds it in the clear state, terminating the 
SC3 clock. 

Data ready is ANDed with MSG to enable the data ex
change interrupt, DEI, which then enables the computer 
API drive or JDR test point. The computer program 
responds by executing the IN instruction. 

If for any reason, the MSG flip-flop failed to clear, 
the interrupt is aborted and the alarm gate, GOIALM, 
is enabled. This sets the alarm flip-flop which arms 
the any alarm/error gate, GlIJNA, and provides an 
alarm display output. 

The input channel address bits which accompany the IN 
instruction are decoded to enable DlIADD (Area I) which 
then gates the data out of the receive register, in par
allel, to the computer via the I/O Buffer channel data 
lines. Note that the data off the tape is inverted as it 
is shifted into the receive register and inverted again as 
it is gated out; thus, a hole or "O" bit is seen at the 
I/O Buffer as a OV level or true signal. 

At ~B, IN is decoded to unconditionally clear DRY. 

Also, if an odd number of "1" bits were present during 
parity check, DOPPAB will be disabled, allowing IN to 
set the alarm flip-flop. PAB (3. 6V) indicates parity 
error. The alarm flip-flop, FlIALM, is cleared by 
depressing the console clear switch. 

Data-Terminate and Media-Disable 

Data input will continue until data-terminate action is 
initiated. For the paper tape reader, the ETX (003g) 
code is read off the tape, decoded (GODE TX), and sent 
to the computer as the last character of the message. 
ETX clears DRE with the last shift pulse and uncondi
tionally sets the input echo enable, F lIIEE, flip-flop. 

The next and last character received is the DC3 (023 8). 
This is decoded as GOD DC 3, and used to clear the ICB 
flip-flop which enables the end-of-record interrupt. It 
is not sent to the computer, since DRE is cleared, but 
is echoed back to the Teletype where it is decoded as 
the X-OFF function to turn off the reader. DC 3 also 
clears the IEE flip-flop, after echoing. 

For the keyboard, the operator simply strikes the car
riage return key which inputs the CR (015g) code and 
generates GODICR. ICR clears both DRE and IEE with 
the last shift pulse. DRE is ANDed with IEE to enable 
GOICBC which clears ICB. ICB then enables the end
of-record interrupt. 

Echo-Net 
The input logic is implemented so that the input message 
is sampled by SDO, via the NODPTY gate, as it is 
shifted into the first stage of the receive register. SDO 
transmits this message back to the Teletype, provided 
the enable echo envelope flip-flop, FlREOE, is set. 

The echo-net option requires that the clear side of the 
EOE flip-flop be connected to +3. 6V. This enables EOE 
to set during MSG or IME time (GORTEE disabled), pro
vided the start echo envelope gate, GORSEE, is enabled. 

To enable SEE, the following conditions must be met 
simultaneously: 

1. The OCB flip-flop must be cleared and the CBR 
flip-flop must be set. This will always be true 
during an input function. 

2. The IEE flip-flop must be set. This will only 
occur as a result of ETX, or STX ANDed with 
OPR. 

3. DlRSTR must be disabled (OV). This will oc
cur at the same time that the receive register 
is preset. 

When the preceding conditions are true, EOE will set, 
clearing the delay counter and enabling SDO. Since 
F lDPTY is always pre set to clear, the fir st echo bit 
will always be a start bit (OV out of SDO). Echo trans
mission will continue until GORTEE is enabled as a re
sult of MSG and IME. At this time, EOE will clear, 
disabling SDO which then echoes the stop bits. 
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PAPER TAPE READER CONTROL MODULE 

The 4202A010 control module is used to control, moni
tor, and operate Model 4212C or 4213C Paper Tape 
Readers. Paper tape input operations are performed in 
a record format. The paper tape readers are free
running devices that are started by the program and 
stopped when the End of Record code is detected by the 
buffer. 

INTERRUPTS 
Paper tape readers require two interrupts. A Data Ex
change interrupt is used to signal the processor each 
time a character is available for input. An End of 
Record interrupt is required to signal the processor 
that the record has been completed. The End of Record 
interrupt is caused by the DC3 code on the tape. The 
Data Exchange interrupt is normally non-inhibitable and 
the End of Record is normally an inhibitable interrupt. 

RECORD FORMAT 
The incoming record will contain the following data in 
the format and sequence shown below. 

Name 

NUL 

OPR-DCl':' 

STX 

TEXT 

~ 
TEXT 

ETX 

DC3 

CR 

LF 

DC4 

Octal Code 

021 

002 

003 

023 

015 

012 

024 

Function 

Tape Leader 

Device Enable Code 

Start of Text Code 

End of Text Code 

Device Disable Code 

Inter-Record Code 

Inter-Record Code 

Inter-Record Code 

':' The DC 1 code is not punched in the tape. It is sent 
from the A Register by the OPR instruction. 

SPECIAL CHARACTER DEFINITIONS 
As shown in the record format, several special char
acters are recorded in the tape record. These special 
characters are defined below. 

• NU L - The NU L code is used as tape leader 
and does not get read into memory. 

• DC 1 - The Device Control 1 code serves no 
functional purpose on paper tape input. 

• STX - The Start of Text code enables the Data 
Exchange Ready line which means data is to fol
low. 

• ETX - The End of Text code serves no func
tional purpose on paper tape input. The ETX 
code is read into memory. 

• DC3 - The Device Control 3 code disables or 
turns off the reader and generates the End of 
Record signal. The DC3 code must follow the 
ETX code. 

After the DC3 code is detected, the reader will 
stop, ready to read the next character which is 
the CR code. When the next OPR instruction is 
executed, all characters preceding the next STX 
are ignored by the I/0 Buffer and, therefore, 
serve only as inter-record codes on paper tape 
input. 

• CR-LF-DC4 - Serve as inter-record codes. 

ALARMS 
The following alarm indications can be detected by using 
properly encoded JNE instructions. 

• Alarm 1 - Device off-line. 

• Alarm 2 - Power off, out of tape, or broken tape. 

• Alarm 3 - Not used. 

• Alarm 4 - Parity or timing error. 

Parity is checked as each character is received. 

CONTROL LOGIC DESCRIPTION 
The 4212C and 4213C paper tape readers are capable of 
reading 8-channel (maximum) tape at speeds of either 
100 or 200 characters per second, depending on the mod
el. Characters are read as a result of the IN command. 
One character at a time is gated from the tape to the A 
Register of the AU each time a character passes over 
the photo-diodes of the reader device. This action con
tinues until the media-disable code (DC3) is detected. 
The ETX code that precedes the DC3 code is read into 
memory as data. Tape movement ceases so that the 
frame following the DC3 code is positioned for reading. 

The basic IN command is discussed earlier in this sec -
tion. The 4212C and 4213C readers are fully described 
elsewhere in this manual. The following text is devoted 
to the logic and timing of the reader input cycle, refer
enced to the simplified block diagram of Fig. PTR. 1 and 
to the logic schematics of G-E Drawing 68C972544. 

Initially, the channel must be ready (not busy). The 
channel busy flip-flop, FlCCBY, is normally cleared 
(reset) by the media-disable code (DC3) from the previ
ous input operation. The Abort instruction will also 
clear the channel busy condition. 

A channel test is made by the program via the JNR in
struction. If the channel is not busy, the test line 1 
gate, GOATLl, is enabled and the program will step to 
the next sequential instruction: 

GOATLl CBY ·DEN· K12 ·ADD 

ADD KO 
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DEN = No Manual Demand. 

A demand for an interrupt may also be manually initia
ted by momentarily depressing the READ pushbutton on 
the paper tape reader device. Flip-flop FlDDEN sets, 
the channel busy flip-flop resets, and a channel ready 
interrupt occurs. 

FlDENV 

FlDDEN 

GODRCB 

GOACRI 

Media-Enable 

BlDENV· CLK 

FlDENV· CLK 

FlDDEN·FlDENV·CLK 

F lCCBY · F lDDEN. 

The next sequential instruction is OPERATE, addressed 
to the input channel. The DC 1 code (02 ls), if present in 
the A Register, is disregarded by the reader control 
logic. OPR sets the input channel busy flip-flop, 

F lCCBY; clears the data ready enable flip-flop, 
F lCDRE; sets the clutch flip-flop, F lCCLH, if the de
vice is on-line; and clears test line 1. The program is 
released to await an interrupt. 

FlCCBY 

FlCCLH 

Data-Enable 

OPR·PHB·ADD 

CBY· ONL. 

Relay driver DOCCLH activates the tape feed mech
anism. The sprocket hole associated with each frame 
of information is used as one of the timing signals. All 
inter-record codes prior to the STX code are gated to 
the data register but are discarded because only the 
STX code can set the data ready enable flip-flop which 
is necessary to generate a data exchange interrupt. 

When the STX code passes over the photo diodes of the 
reader, its sprocket signal, RTl at zero volts, sets 

RCB - Reset Channel Busy 

CPL - Control Pulse 

.-------- , 
I 4212C OR 4213C L 

r 

• • 
I PAPER TAPE I 

I READER L 
r 

ON LINE 
l]--4 - ----r DEMAND 

OFF LINE DEMAND 

CLH - Clutch Enable RTl - Sprocket 

~ .. y + STX Code 
, 

i..CDR - Clear Register •- .. .. 
i...._ 
r" ...-

READER CONTROL I.. 
DC3 Code 

DATA REGISTER 
WIN - Set Register 

...- 14" DAT A CONTROL 

AREA C 
i...._PTR - Device ID 

AREA R I... 
ADD - Gate Data In ... ...- AREA D 

1 .. • .. 
DRY - Timing Error Check SEQ J 

PHB - Phase B 
Timing Error Check 

SEC 

ABT - Abort Timing Error Check 

IN J DATA 

OPR 
________ .f_: 

PAB - Parity Error ..i 
Ir • ... 

... ... i...HLT - Device Off-Line 
I t Kl Bits ... 

I/O BUFFER ... TEST AND ALARM I r ... AL 1 (Status) 
I tCLM - Clear Alarm _aJ 

.._ 
r-- No Tape +Power Off L--- -.... AREA A ---- T T 

API Lines 

Fig. PTR. 1. Simplified Block Diagram - Paper Tape Reader Control 
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sequence flip-flop F lDSEQ. Sequence control flip-flop 
FlDSEC sets at the following clock pulse and the data 
register is cleared. Window driver D lDWIN is en -
ab led with the setting of F lDSEQ. 

FlDSEQ RTl • FlCCLH· CLK 

FlDSEC 

DlDWIN 

DO DC DR 

FlDSEQ· CLK 

FlDSEQ 

CLK · F lDSEQ · F lDSEC. 

The STX code (002 8) is gated to the data register. 

DR SET = CODE· DlDWIN. 

The STX code is decoded by gate GOCSTX and the signal 
is inverted by NlCSTX. The data ready enable flip-flop 
FlCDRE sets, indicating that the next data received 
from the reader will be meaningful. 

FlCDRE 

NlDCPL 

NlCSTX·FlCCBY·NlDCPL 

FlDSEC · FlDSEQ · CLK. 

Data ready flip-flop FlCDRY sets at the next control 
pulse, enabling data exchange interrupt gate GOADEI. 
By this time the first data character has set the data 
register. 

GOADEI = FlCDRY· FlDSEC. 

The program is interrupted and either an IN command 
is executed or a TIM operation is started. The data 
is tr an sf erred from the data register, through the I/0 
Buffer, to the AU. Flip-flop F lCDRY is cleared to 
await the next character. 

Each data character, including the ETX code, is trans
ferred to memory in a like manner, i. e. , an interrupt 
and an IN command are required for each character. 

Media-Disable 
When the DC3 code (023g) has been detected by the 
reader and is in the data register, it is decoded by gate 
GOCDC3. Channel busy flip-flop, FlCCBY, and clutch 
flip-flop, FlCCLH, are cleared. With FlCCBY cleared, 
gate GOACRI is enabled and its output goes from 3. 6V to 
OV. This signal is recognized by the AU as the End of 
Record interrupt. 

PARITY ERROR CHECK 
In addition to the seven data characters on the paper 
tape, there is an even parity bit. This bit, like data, 
is gated to the data register and subsequently to the 
I/0 Buffer. If the parity checking circuitry of the I/O 
Buffer detects a parity error, signal DOPP AB will be 
3. 6V. Alarm gate GOAALM is enabled and the alarm 
flip-flop, FlAALM, is set. 

GOAALM = DOPPAB·NlRPTR·NlCOIN. 

TIMING ERROR CHECK 
Alarm gate GOAALM is also enabled if a timing error 
has occurred. 

GOAALM = SEC · SEQ· DRY. 

If, for any reason, the AU has not serviced the Data 
Ready interrupt, the alarm condition can indicate that a 
data character has been lost. 

DlDCLK I I I lrWul lsWsil I I lrrlJ_Lnl I I lssll-LI I I l~J_J_JHI I I lullirJ 
FlCCBY 

FlCCLH 

SPROCKET 

FlDSEQ 

FlDSEC 

DO DC DR 

DlDWIN 

NlCSTX 

GOCDC3 

NlDCPL 

FlCDRE 

FlCDRY 

_J 1$---55 s---1f ff-----f jS---SS }-S5 J5---i 
H-

_J Si-fl s---n Sf----fl J-Sl Sf-----s f s 
---i_sr-

CR ss_r-ssl LF ssS-ss~ss_r-'sl DATA5.r_r-ssl ETX _r-ss~ _r-rr-
J f DC3 fS 

~[_rs_s-1l_,,_r-s[_is_s-55L_s~.rl_,~5l_H

_j's~s5__Jss~~s-iss__Js5--t~J~J~~sf

---r~~ --r ~ ~~~~r-
~l_,s~[_n~~[_ss~;:-L__ss~xLs~3[_s~ 

r--lS----5 l---i 
-----fS---l r:------1f---S J__J L_5 5---H----f>---ss lS-----fS-

-----SS-J l-----<s---5 H---J f---ff----' ss---rs ss-i 
Sf-

~ ~~ 
l$--1 f~S-

-----H'---si----s l'---s 1------s r---s 1------5 s~ssl...__ __ -' fS~ll S~f-

Fig. PTR. 2. Timing Control Diagram 

4202A/B-15 1/0 BUFFER PTR-3 



CARD READER CONTROL MODULE D-7 

The 4202A010 Control Module is used to control, mon
itor, and operate Model 4244C Card Readers and is used 
in conjunction with the Model 4202A/B Input/Output 
Buffer. The card reader is a unit record device. 
Therefore, each 80 column card represents one record 
of information. The card reader is operated on a de
mand basis, i.e., each OPR instruction causes only one 
card feed cycle. 

INTERRUPTS 

Card readers require two interrupts. A data exchange 
interrupt signals the computer each time a character is 
available for input. An end-of-record interrupt is re
quired to inform the computer when the record has been 
completed. The end-of-record interrupt is generated 
when the card reader makes a light check at about 
column 84. The data exchange interrupt is normally 
non-inhibitable while the end-of-record is usually an 
inhibitable interrupt. 

TRANSFER FORMAT 

Data from the card reader enters the central processor 
as illustrated in Fig. CR. 1. Row 9 is transferred to the 
least significant bit of the A-register and row 12 goes to 
the A 11 position. When the TIM function is used, row 9 
goes to either bit position 0 or 12, depending on the 
character packing mode. 

PUNCHED CARD CHARACTER BIT CODES 

A definition of card codes for ASCII characters has not 
as yet been determined by the American Standards Asso
ciation. On an interim basis, the General Electric 
Company recognizes the following minimal subset. Al
though irrelevant in a discussion of the control module, 
the information is given for convenience., 

DODO OD 
0 0 

0 

DD 
D D B 

0 

D 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

0 

Control Module 
Data Register 

Character 

A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 
Q 
R 
s 
T 
u 
v 
w 

Punches 

12-1 
12-2 
12-3 
12-4 
12-5 
12-6 
12-7 
12-8 
12-9 
11-1 
11-2 
11-3 
11-4 
11-5 
11-6 
11-7 
11-8 
11-9 

0-2 
0-3 
0-4 
0-5 
0-6 

Character 

x 
y 

z 
$ 
( 
) 

* + 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

SPECIAL CHARACTERS 

Punches 

0-7 
0-8 
0-9 
11-8-3 
0-8-4 

12-8-4 
11-8-4 
12 
0-8-3 

11 
12-8-3 
0-1 
0 

2 
3 
4 
5 
6 
7 
8 
9 
8-3 

The card reader and control module do not recognize 
any special character codes. The OPR instruction 
initiates the operation that causes one card feed cycle. 
When the OPR instruction is executed, the contents of 
the A-register can be any code. 

ERROR ALARMS 

Each of four OR inputs of gate GOATL2 is used to 
sense a particular alarm condition. The following 
conditions can be detected by using a properly encoded 
JNE instruction. 

11 

10 or 22 

9 ------ 9 or 21 

8 - - - - - 8 or 20 

7 - - - - - - 7 or 19 

6 6 or 18 

5 - - - - - ,) or 17 

4 4 or 16 

3 3 or L) 

2 2 or 1-! 

() l' l :~ 

0 0 l) l' 12 

I/ 0 Buffer A HL'g1s ll' 1· 

Da1 a Drive rs 

Fig. CR. 1. Data Transfer Format 
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Alarm 1 

Alarm 2 

Alarm 3 

Alarm 4 

HALT key activated or device off
line 

Card jam, feed failure, power off, 
or light check failure (bad photocell 
or lamp out). 

Hopper empty or stacker full 

Timing error 

CONTROL LOGIC DESCRIPTION 
The 4244C card readers are capable of reading 80 
column, 12 row cards at speeds of 100, 200, or 300 
cards per minute,, depending on the particular model. 
Characters are read as a result of IN commands; one 
is required for each of the 80 characters. Each time 
a character passes over the photocells of the reader 
deviGe, it is gated from the punched card to the A-

register of AU. This action continues until the entire 
card has passed over the photocells and the end of the 
card is detected. Continuous card reading is made 
possible by properly spacing the OPR instructions in 
the program. 

Model 4244C card readers are fully described elsewhere 
in this manual. The following text is devoted to the 
logic and timing of the reader input cycle, referenced to 
the simplified block diagram of Fig. CR. 2, the timing 
diagram of Fig. CR. 3, and to the logic schematics of 
GE drawing 68C972544. 

Initially, the channel must be ready (not busy). The 
channel busy flip-flop, FlCCBY, normally had been 
cleared at the end of the previous record. The ABT 
instruction will also clear the channel busy condition. 

A channel test is made by the program via the JNR 
instruction. If the channel is not busy, the test line 

RCB - Reset Channel Busy 

CPL - Control Pulse 

.-- .. - ... - - - -, 
I I 

4244C .-
I I 

I CARD READER I 

I I 
r 

ON LINE 
LJ~-4- ~-~1 

DEMAND 

OFF LINE DEMAND 

CLH - Clutch Enable RTl - Clock Belt 

L!_ L!_ ___._ + , 
i.._CDR - Clear Register ~ -*~ -* 

READER CONTROL 
..._CR - Device ID 

DAT A REGISTER 
WIN - Set Register 

DATA CONTROL ~ l'W" 

AREA C AREA R 
ADD - Gate Data In ,... AREA D 

• .. + + DRY - Timing Error Check SEQ J 
PHB - Phase B 

Timing Error Check 

SEC 

ABT - Abort Timing Error Check 

IN 

~ DATA 

OPR 
_ _.__""""' __ I_...., + • • 

• I .._HLT - Device Off-Line 
I ! Kl Bits ... 

I/O BUFFER .J TEST AND ALARM I r .... ALl and AL2 
I ~ CLM - Clear Alarm ..J 

..__ 
I""' 

L------- .... AREA A 

T T 
API Lines 

Fig. CR. 2. Simplified Block Diagram - Card Reader Control 
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gate, GOA TL l, is enabled and the program will step to 
the next sequential instruction. 

GOATLl = CBY • DEN • K12 • ADD 

FlDDEN = No manual or prior demand 

A demand for an interrupt can be manually initiated by 
momentarily depressing the DEMAND pushbutton on the 
card reader device. Flip - flop F lDDEN sets, the 
channel busy flip - flop resets, and a channel ready 
interrupt occurs. 

FlDENV = BlDENV • CLK 

FlDDEN = FlDENV • CLK 

GODRCB = FlDDEN • FlDENV • CLK 

GOACRI = FlCCBY • FlDDEN 

Media Enable 
The next sequential instruction is OPR, addressed to 
the input channel. Any code that may exist in the A
register is disregarded by the reader control logic. 
OPR sets the input channel busy flip - flop, FlCCBY, 
which sets clutch flip - flop FlCCLH, if the device is 
on-line, and clears test line 1. The program is re
leased to await an interrupt. 

FlCCBY = OPR • PHB · ADD 

FlCCLH = CBY • ONL 

Data Enable 
Relay driver DOCCLH activates the reader's card feed 
mechanism. The timing hole on the reader's clock 
belt that is associated with each data column generates 
a signal (DOTCLK) that is used as one of the timing 
signals (RTl) in the reader control logic. 

When the first column passes over the photocells of the 
reader, its clock signal, at zero volts, sets sequence 
flip - flop FlDSEC sets at the following coµtrol circuit 
clock pulse and the data register is cleared. Window 
driver DlDWIN is enabled with the setting of FlDSEQ. 

FlDSEQ = DOTCLK • FlCCLH • CLK 

FlDSEC = FlDSEQ • CLK 

DlDWIN = FlDSEQ 

DODCDR = CLK • FlDSEQ • FlDSEC 

The first data character is gated to anc;:l sets the data 
register. 

DR SET= DATA • DlDWIN 

Data ready enable flip - flop FlCDRE is set continu
ously, the only condition being that the card reader 
device is connected to the control module. Data ready 
flip - flop FlCDRY sets with a control pulse that is 
generated as a result of the spaGe between clock holes 
on the reader clock belt being sensed. Data exchange 

I$\ I llJJ D 1 D c LK w ~5 I ---L-----l..--.---1,...\11 ~I J __,____,___.___,._,__.__.I s W.1 I __L_Jl___J_I -1.....(1 s '-1-\ I _____!__L..,._J__...L__..!~~ ~--'---'----''----'---'--I 
FlCCBY J L 

r---<~ 
FlCCLH __J L 

FlDSE~ 

FlDSEC 

DODCDR 

DlDWIN 

NlDCPL 

FlCDRE 

Lr-
\--

\L 
r---llst Column',~ ._J _so_t_h_C_o_h_im__.1~~\--

1--i_I'----~ \\~\-
~ ~----1\----~ 

----\ :-------~ ~\--·---_, '------< \-------,-

~ ~ 1-

L------1\-

----<1----\~-------I~'--------__ L __ ~-----
----',\------· ....__------~~-------4.-----------H-------~r----

-----l.~-----1------1\--IL'------------(l---Jl--~_\_- I 
':'Reader Signals ___J 
FlCDRY 

Fig. CR. 3. Timing Control Diagram - From Advent of OPR 
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interrupt gate GOADE! is enabled. 

FlCDRY:::: FlCDRE • NlDCPL 

NlDCPL = FlDSEQ • FlDSEC • CLK 

GOADE! = FlCDRY • FlDSEC 

The computer responds to the interrupt with an IN 
command. 'l'he data is transferred from the data 
register, through the I/O Buffer, to the AU. Flip -
flop FlCDRY is cleared to await the next character. 
All 80 characters are transferred to memory in a like 
manner, i.e •• an IN command is required for each 
character. 

4202A/B-16 

Medi~ Disable 

At the end of a ca,rd (approximately column 84), the 
on-iine dem<;i.nd signal DlT.l,)EM goes to zero volts. 
'rh:j.s condition clears the channel busy flip - flop. 
clears the clutch flip - flop, and generates an end
of-record interrupt. The c01;nputer must respond with 
another OPR before the next card will feed. 

TIMING ERROR CHECK 

If. for any reason, the AU fails to service the data 
ready interrupt, alarm gate GOAALM is enabled, 
inP,icating that a timing error has occv.rred and that 
a data character has been lost. 

GOAALM :;: SEC . SEQ • DRY 
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INTRODUCTION 

GENERAL _OE_S_CRIPTION 
The Model 4306A Communications Coupler, operating 
in a sin1plex or half-duplex n1ode, serves the purpose 
of adapting the standard GE/PAC>:< input/ output control 
lines (GEN II Comm3.nds) to the needs of Bell data sets 
(Models 103F, 201A, 201B, 202C and 202D) or other 
equivalent communications modems. It enables the 
GE/PAC central processor, with either 4DP4020A, or 
4DP4022A or 4DP4025A Arithmetic Units, to effect 
one-way or two-way communication with a remotely 
situated modem. Full duplex operation is possible 
when two simplex Model 4306A modules are employed. 

There are nine separate, but inter-related, functions 
performed by the coupler in the course of one complete, 
two-way communication with a modem, as listed below: 

• 

• 

• 

• 

On command (OUT, ODL or TOM) from the 
central processor, receives parallel data in 
its Shift (S) Register. (For the remainder of 
this discussion, OUT command will imply that 
an ODL or a TOM may be used. ) 

Serializes the data, adding start, parity and 
stop bits. 

Transfers data, least significant bit first, to a 
communications modem. 

Receives serial data from the modem, least 
significant bit first. 

• Parallelizes the data in the S register. 

• On com.nand (IN, IDL or TIM) transfers data 
to the central processor. (Henceforth IN also 
implies IDL or TIM.) 

• On command (JNR) from the central processor, 
indicates its Ready status. 

• Provides signals for the Automatic Program 
Interrupt when the coupler transits between 
alternate Ready/Busy states, one each for 
transmit and receive. 

• On command (JNE) from the central processor, 
indicates the presence of an error in the incom
ing data. 

Reference to Fig. INT. 1, Coupler Block Diagram, will 
amplify the above information by providing data and 
control paths in simplified form. 

Function 
The Model 4306A functions as an interface between a 
GE/PAC central processor and a telephone communica
tions Modem (modulator/demodulator). Optionally, 
one-mile line drivers and line receivers may be used 
instead of modems. An OUT command gates the con
tents of the A Register or the adder to the S Register 

'· Heg1stc>red Trademark of General EIPctric Company 

of the coupler, where it is received in parallel and re
tained until a ready signal is received from the modem 
at the near end of the transmission line. The data is 
then serialized and fed to the modem with start, parity 
and stop bits added. After conditioning and modulating 
the string of data and control bits, the near-end modem 
transmits it to the modem at the far end of the com
munications line. 

Conversely, when a signal travels in the opposite direc
tion, it is demodulated by the near-end modem into 
digital information and fed in a serial string to the S 
Register of the coupler. Here it is parallelized, parity 
is checked, and generation of an automatic program in
terrupt causes the execution of an IN command which 
reads the word in the S Register of the coupler into the 
A Register or the adder, of the Arithmetic Unit. It is 
apparent, at this point, that the "half-duplex" mode 
of operation is necessitated by the fact that both seri
alizing and parallelizing are accomplished by the shift 
register of the communications coupler, which can 
perform only one of these functions at a time. Only 
the use of two simplex 4306A modules can provide full 
duplex operation. 

The communications coupler is addressed by two sig
nals, one derived from the three K3 lines and the other 
from the three K2 lines. Data lines, clock lines, 
initialize and clear alarms, and six control lines com
prise the remainder of the interface between the AU and 
the coupler. The control lines are made up of the vari
ous values of the "s" bits which determine the nature of 
the GEN II commands that control the operation of the 
coupler. 

e ACT (S = 1) - When the coupler's GOCODL 
(Sheet 13) is true, ACT forces it false for 5 to 
8 microseconds, and then true again, causing 
an interrupt which generates an OUT in instruc
tion. When GOCIDL (Sh. 12) is true, ACT 
forces it false for 5 to 8 microseconds, and then 
true again, causing an interrupt which permits 
generation of an IN instruction. 

• ABORT (S = 3) - This command terminates 
the coupler's "Request-to-Send" signal to the 
modem. 

• OUT (S = 4) - This instruction transfers data 
from the A Register to the S Register, initiates 
serialization and transmission to the modem 
and forces the Coupler-Busy signal true. 

• IN (S = 5) - This instruction transfers par
allel data from the S Register to the A Reg
ister and forces the "Ready-to-Read" signal 
false. 

• JNR (S = 6) - This instruction is not used 
directly in the coupler, but a test line is made 
available to the AU to sample the ready status of 
the coupler (OV = Coupler-Ready). 
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• JNE (S = 7) - An error line is made avail
able to the AU and the API modules. A zero 
volt signal indicates the presence of one or more 
of several possible types of error. The error 
flip-flop is reset by the JNE command (also by 
initialize or clear alarm). 

Transmission Sequence 

As a condition for transmitting a word to the coupler, 
the program must first ascertain if the coupler is ready 
to accept it. Either a JNR instruction or an ACT (in 
conjunction with "Ready-to-Output" interrupt) will ac
complish this purpose. An OUT command selects the 
coupler (K3K2 bits), causes the Coupler-Busy signals 
to go true, and then initiates the transmission of a word 
of data (previously placed in the A Register) to the 
communications coupler. 

The shift register of the Model 4306A can accept as few 
as five bits or as many as twenty-four, depending on 
option. As indicated by Fig. INT. 2, at the moment of 
transmission of the data to the near-end modem, the 
appending of start, parity and stop bits is a function of 
the 27-flip-flop S Register. The coupler then transfers 
one bit at a time to the modem for modulation and trans
mission, beginning with the start bit and continuing with 
the data bits (least significant first), the parity bit and 
finally the stop bits (one to three, according to option). 
Transmission is in synchronism with the transmit/re
ceive clock (either coupler-local or modem supplied, 
according to option). 

Following transmission of the last stop bit to the modem, 
the Coupler-Busy signals go false and the data output to 
the modem is held in a "mark" condition (true) until 
the next OUT initiates a new transmission sequence. 

NOTE 

The Modem-Clear-To-Send signal must be true 
for the above transmission sequence to take 
place. This condition is initially brought about 
by the first OUT instruction, which activates a 
Request-To-Send line to the modem. The mo
dem 1 s response to this signal is a Clear-To
Send signal which prevails so long as Request 
is held true. Termination of Request-To-Send 
is accomplished by means of a ABORT com
mand (S = 3), which is activated no less than 
1 ms after transfer of the last stop bit of the 
last word to the modem. 

Reception Sequence 
As a condition for reception of a word from a modem, 
the Coupler-Busy signal must be false. Incoming data 
is not permitted to interrupt a current serializing se
quence or to destroy unread data. If this happened, the 
new data would be lost and the error flip-flop would be 
set. Reception begins when the data line from the mo
dem transits from true to false (from Mark to Space). 
This is occasioned by reception of the Start bit, signi
fying that data is to follow. The data line must remain 

false for at least half a bit time for the Start bit to be 
shifted into the parallelizer by the transmit/receive 
clock, thus ensuring that a valid start bit and not noise 
has been received. 

Data bits are clocked serially into the coupler until the 
start bit has reached the last position in the shift re
gister, at which time the "Ready-to-Read" signal goes 
true. This serves to inform the central processor (by 
way of an interrupt or an ACT) that a word has been 
assembled in the coupler. Coincidentally, parity is 
checked on the assembled data bits, and the error flip
flop is set if a discrepancy exists. In the absence of a 
parity error, the execution of an IN instruction (S = 
5) causes the parallel transfer of the data in the S Re
gister to the A Register, and causes the "Ready-to
Read" signal to go false. The format in the S Register, 
immediately prior to read-in, is identical to that shown 
in Fig. INT. 2. 

Errors 

An error test line is made available to the processor 
for sampling by the JNE instruction. The coupler may 
be jumpered to check or generate either odd or even 
parity. Among the list of error conditions tabulated be
low, those preceded by a single asterisk should be fol
lowed by a request to re-transmit. For those with a 
double asterisk, instructions are blocked and the con
ditions described are not permitted to occur. 

• >:< Word/ character parity error, either odd or 
even. 

• ':' Carrier signal disappears before a complete 
word/ character is received and assembled. 

• ':' A new word/ character begins to arrive before 
the word/ character previously received is 
read into the AU (the new word is blocked). 

• ':' Incoming data is not at "mark" when a com
plete word/ character has been received. 
(Phone line opened.) 

• >:< Data-Set-Ready signal goes false while receiv-
ing. 

• Data-Set-Ready signal goes false while trans
mitting. 

• An OUT command is executed while the Data
Set-Ready signal is false. 

• >:<>:< An OUT instruction is executed while receiv
ing. 

• >:<>:< An OUT instruction is executed while seria
lizing. 

• >:<>:< An IN instruction is executed while receiving. 

• *':' An IN instruction is executed while serializ
ing. 
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Options 

The Model 4306A Communications Coupler is available 
in a number of optional configurations, the different op
tions being designated by the values given to the last four 
characters in the model number (4DP4306AWXYZ). 
These represent the number of transferrable data bits 
per word (W and X), three possible transmit/receive 
clock options (Y), and the mode of operation (Z). In 
addition, certain other operational characteristics may 
be selected and implemented by the use of a plug-in, 
jumper printed wire board. Among these are odd or 
even parity, a choice of eight baud rates and one to three 
stop bits. 

• The number of data bits, designated by W and X, 
are limited by the W values of 0, 1, and 2, plus 
the fact that no less than five nor more than 24 
bits may be used. Thus the W and X values in 
the model number vary from 4306A05YZ to 
4306A24YZ. 

• The Y values, which refer to Transmit/Receive 
clock, are available as shown below: 

Y = 0 Asynchronous operation, local 
clock (103, 202) 

Y Asynchronous operation with synch
ronous modem, local clock (201) 

Y = 2 Asynchronous operation with synch
ronous modem, modem clock (201) 

Y = 3 One-mile line drivers/receivers 
(no modems) local clock 

• The Z values, referring to the mode of operation, 
appear in four configurations: 

z 0 2-wire, half-duplex operation 

z 4-wire, half-duplex operation 

z 2 2-wire, simplex transmission ( or 
transmission half of 4-wire, full-
operation) 

z 3 2-wire, simplex reception (or re-
ception half of 4-wire, full-duplex 
operation) 

As an example, a communications coupler bearing the 
model number 4306A2120, would have the following 
characteristics: 

W = 2 2X data bits 

x 
y 

z 

W 1 data bits, or 21 data bits 

2 Asynchronous operation with 201-
type modem, modem clock 

0 2-wire, half-duplex operation 
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OPERATION 

LOGIC ORGANIZATION 
During the ensuing discussion of the operation of the 
Model 4306A Communications Coupler the logic contain
ed in G-E Drawing No. 68C995981 will be used exten
sively. It is understood that possible future alterations 
may change the sheet numbers quoted, but that the cir
cuit paths can easily be traced from the logic mnemon
ics. 

AU Interface 

Clock lines, address lines, control lines and Initialize/ 
Clear Alarm, arriving from the Arithmetic Unit (AU) 
or the I/O Coupler (at ground level in the true condition) 
are developed on Sheet 5. With the exception of certain 
Initialize loads which remain at zero volts, these lines 
are received by MLEA inverters. A second inversion, 
using similar elements, combines the desired clock 
lines (PA and PB) and the address lines (K3 and K2) 
with each of the instruction inputs. In the case of the 
ABORT (S = 3) command, this is accomplished by the 
delay timer TlAlMS. 

A Register Data Lines 

Similarly, data bits AOO thru A23 are brought from the 
A Register and inverted by MLEA elements. Sheet 6 
shows that these bits are received at ground level in the 
true state, groups them according to option and labels 
the loads as FlSSOO thru F1SS23, the Shift (S) Register. 
As noted, this sheet depicts a circuit flow used during 
a transmission sequence (OUT to a modem) and is not 
employed by models in which Z = 3 (receive-only 
models). 

Outputs to A Register 

Data moving in the opposite direction during a reception 
sequence passes through the inverters shown on Sheet 7. 
Here the signals are received at +5V from the S Regist
er, after parity has been checked, and are inverted to 
OV for transfer to the A Register. As with the previous 
sheet, the elements are grouped according to option and 
it is noted that models with Z = 2 (transmit only) do 
not use this logic. 

Timing Sources 

It will be seen in following this logic that many elements 
have alternate inputs and/ or outputs, depending on the 
optional model under consideration. A case in point is 
clock-enable flip-flop. Fl TCLK. shown on Sheet 8. 
One possible set input is FOMCLK, but is only used in 
options having a Y value of 2(synchronous operation with 
a modem clock). The alternate set input is the baud 
counter element Fl T04K and is used in options employ
ing the local (internal) clock. Each sheet of logic, 
therefore, incorporates the necessary footnotes to en
able the reader to apply those areas of logic which refer 
to the option under study, and to reject those which do 
not apply. 

Also on Sheet 8 are pictured the Basic Clock, consist
ing of a temperature-regulated, crystal-controlled clock 
generator (720KC) and two logic-amplifier elements 
(Dl TADV and Dl TOSC), and the Transmit/Receive 

Clock, which is another pair of HLAC elements, 
Dl TCLKl and Dl TCLK2, plus expander elements. The 
basic clock provides the advance pulses for the Baud
Rate Counter, shown on Sheets 9 thru 11, thru its 
D 1 T ADV output, and, in conjunction with PA and PB 
provides clear and set signals to the S Register, the 
transmit control logic and the Preset, Parity and Over
flow flip-flops, thru its Dl TOSC output. This output 
also pulses the modem clock, the First Bit, Error and 
others. 

Baud-Rate Counter 

Jumper board points are provided for selection of the 
baud (bits per second) rate desired. These points are 
shown at the top of sheets 9, 10 and 11 with pin pairs 
lettered between B and L. A table at the bottom of 
sheet 10 contains combinations of pin pairs which can be 
jumpered to obtain eight baud rates ranging from 150 
bits per second to 5000 bps. (Any baud rate that can be 
divided an even number of times into the number 
360, 000 can be obtained by using jumpers.) Note that 
these three sheets of logic do not apply to any option 
with a model number in which Y = 2. These options 
employ a synchronized modem clock, instead of the 
baud-rate counter which functions as a local, or inter
nal, clock. 

Receive /Transmit Control 

Sheet 12 portrays the Busy-Receiving Flip-flop, the 
First-Bit flip-flop and the Enable-Receive flip-flop, the 
major control elements involved in a reception sequence. 
Transmit control elements are pictured on sheets 13 and 
13. 1. Aside from the jumper board LJBA which deter
mines the number of stop bits employed, sheet 13 pic
tures a bit-counter composed of five flip-flops which is 
preset to count data bits in accordance with the WX op
tion selected. This is accomplished by grounding the 
set AND gates as shown in a table at the bottom of the 
sheet (a wired option). 

The set signal DlASET (sheet 5) is derived from the 
OUT instruction and the K3K2 lines which select the 
coupler. It is pulsed by Dl TOSC at Phase B Time. 
Each element of the bit counter which is not grounded 
causes the counter to be preset to a degree dictated by 
its position in the counter. For instance, if the set 
AND gates were grounded on FlC016 and F1C004, then 
F 1C008, 02 and 01 would be preset. The bit counter 
would thus start its count at 12 and continue thru 31. the 
maximum for a 5-element counter, and then drop to 
zero. Since this adds up to 20 counts, this configura
tion fills the requirements for Model ~o. 4306A 19YZ, 
being wired to transmit 19 data bits and a parity bit. 

Shift Register 

Sheets 14 thru 19 illustrate the Shift Register's twcnty
seven flip-flops plus associated logic and footnotes. 
These represent the stop bit, FlSSBI, the parity bit, 
FlSPAR, 24 data bits, F1SS23-00 and the start bit, 
FlSSTB. A table at the bottom of Sheet 14 illustrates 
the relative bit positions occupied by the parity bit in 
each of the allowable options. Associated logic such as 
the Parity Check/Generate flip-flop, the Error flip-flop 
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and the Parity Select jumper board are pictured on 
Sheet 20. 

Data To and From External Devices 

While the Communications Coupler deals mainly with 
modems, it has been mentioned earlier that an option 
is available in which one-mile line drivers and receiv
ers may constitute the external devices with which the 
coupler communicates. Sheet 21 depicts the ready sig
nals, data and clock elements which relate to the use of 
modems. Their purposes are clearly identified in the 
drawing. Sheet 22, Data In/Out, refers to the use of 
other than modems as driving and receiving elements. 
Line connection details are furnished in drawings speci
fically generated for systems in which such devices are 
employed. 

TRANSMISSION OPERATION 
In the ensuing discussion of a complete transmit se
quence, and in the subsequent study of a receive opera
tion, no consideration will be given to the size of the 
word transferred. This is entirely a function of the bit 
counter (sheet 13) which has been preset in accordance 
with the option selected, and its size in no way affects 
the method by which transfer of data is accomplished. 

While it is also true that the selection of one or another 
bit-per-second option does not change the basic method 
of transmission, the operation of the baud-rate counter 
involves so much of the timing and control logic that it 
warrants special discussion. To this end Fig. OP. 1 
presents the timing relationships of the essential ele
ments associated with the baud-rate counter. 

Baud-Rate Counter 

The basic timing is derived from Dl TOSC and Dl TADV 
(sheet 8), elements of the 720 KC clock. Dl TADV pul
ses both set and clear sides of the 13 flip-flops which 

tn co 
Ol Ol 
0 0 
<;Ii <;Ii 

comprise the counter. Dl TOSC arrives at the counter 
by way of DlTZRO and DlTLOD. DlTZRO pulses the 
clear sides of the flip-flops, while Dl TLOD feeds the 
set sides. It will be noted by the timing diagram that 
Dl TLOD is of greater duration than Dl TZRO, permit
ting time for loading (pre-setting) the baud-rate count
er after Dl TZRO (which has cleared it) falls. 

Presetting the baud-rate ccunter for the desired option 
is accomplished by the same means that are used in pre
setting the bit counter, except that instead of wiring cer
tain AND gates to ground, jumper boards are used. 
Thus the baud-rate may be readily changed by arranging 
the jumpers in a new configuration in accordance with 
the table at the bottom of Sheet 10. Presetting the 
counter to a low starting figure, requiring a large count 
to proceed before F 1 T04K sets, results in a low baud
rate. The longer it takes to run through the count, the 
fewer bits per second are transmitted. Conversely, 
starting the count at a high figure requires less time to 
set 04K, thus giving a high baud rate. 

Fig. OP. 1 indicates that the next Dl TADV pulse follow
ing the 4096-count is missing. This occurs because 
ADV (sheet 8) requires the term NOTLOD (sheet 9). 
which is not up during the interval between the fall of 
Dl TZRO and the fall of Dl TLOD, thus inhibiting 
Dl TADV. At the next Dl TOSC, synchronized by 
Fl TPRE, Dl TADV resumes counting since NOTLOD 
is again present and will remain up until inhibited at 
the end of the count. 

Fl TCLK, also shown in Fig. OP. 1, which times the 
setting of FlCXMT, the Transmit flip-flop (sheet 13. 1), 
is set every other time the count reaches 4096. Since 
FlTCLK requires F1T04K, and this flip-flop remains 
clear throughout a full count, Fl TCLK must wait for 
the next count of 4096. Fl T04K, on the other hand, 
is set during every other entire count but can not set 

co 
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0 
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Fig. OP. 1. Baud-Rate Counter Timing 
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immediately after the baud-rate counter has been clear
ed (including 04K) because of the absence of Dl TADV 
and FOTCLK at that time. 

OUT Instruction 

The OUT instruction may be initiated only after it has 
been determined that the coupler is ready for a trans
mission sequence. This is done either by the use of an 
ACT command (S = 1) which activates an interrupt for 
an OUT instruction, or by sampling the JNR test line to 
check the status of GOARTO (sheet 5). The ACT in
struction, arriving in the coupler at OV = true also 
selects the coupler with true K3K2 lines and at Phase A 
time causes GOAACT to emit a true signal to GOCODL 
(sheet 13). If the other input to this inverter is at +5V, 
meaning that there is an overflow in the bit counter and 
NlCHLT is inhibiting transmission, an interrupt is ac
tivated. With NlCHLT outputting OV (FlCOFL clear 
because a transmission is in progress) no interrupt is 
forced until the end of transmission. The JNR instruc
tion (S = 6) is not used in the coupler logic, but serves 
to test the status of GOARTO (Sheet 5, Coupler Ready). 

Examination of the inputs to GOARTO reveals that this 
ready signal involves not only the status of the coupler, 
but of the modem as well. Aside from FOCDEL, the in
hibiting one-bit-time delay, plus NlCHLT .. FOCBRC and 
FOCFIB, it is necessary that the data set be ready 
(M lMDSR) before a transmission can take place. 

A zero volt signal indicating that the coupler is ready, 
an interrupt is generated for an OUT instruction. There 
was, prior to the JNR, a word of data for transmission 
already in the A Register. The OUT command per
forms the prime function of transferring this data to the 
coupler.. though it also initiates serialization in the S 
Register and transmission of data to the modem, and 
forces the coupler's busy signals true. 

Received by N1AS04 at zero volts (sh. 5), the signal is 
inverted and enters GOAOUT coincidentally with the in
verted K3K2 coupler-select signals. After two more 
inversions DlACLR is enabled at Phase A by the OUT 
signal and Dl TOSC, an element of the basic 720KC 
clock shown on sheet 8. DlACLR is a logic amplifier 
used to clear the bit counter, the S Register and the 
Parity Check/Generate flip-flop. Reference to Fig. 
OP. 2 will clarify the relationship between Phase A-B, 
the Dl TOSC pulses and several other timing elements 
involved in the transmit sequence. 

During Phase B, DlASET is enabled by the OUT in
struction, when a receiving or transmitting condition 
does not impose the inhibiting +5V signal, Gl TROX. It 
will be seen ,(sh. 8) that the latter element is derived 
from the Receiving and Transmitting flip-flops, a furth
er insurance against transferring data while the coupler 
is busy. DlASET, now that the S Register has been 
cleared, loads it in accordance with the date transfer
red from the A Register. DlASET merely provides the 
set pulses for the S Register flip-flops during Phase B 
time. Whether any particular FF is set or remains 
clear depends on the value of the corresponding bit in 
the A Register. The data bits arrive by way of 24 

inverters (N1AA23-00) shown on sheet 6, and a logic 
one in any of them will cause the S Register flip-flop 
with the corresponding number to be set by a +5V 
signal. 

DlASET also contributes to loading the bit counter by 
providing the set pulses for those gates which are not 
grounded (according to option). In addition, it furnish
es +5V signals which may set FlCRTS (sh. 13. 1) or 
FlPERR (sh. 20) and will clear the overflow flip-flop 
FlCOFL (sh. 13). Clearing FlCOFL will set the 
Transmit flip-flop (FlCXMT) (sh. 13. 1) when NlCCTS 
and Clock Enable are pre sent. 

The term NlCCTS (Coupler Clear To Send .. sh. 13. 1) 
is not to be confused with the Modem Clear To Send 
(M lMCTS), a related function. Nl CCTS can not be 
enabled without MlMCTS (sh. 21) and FlCRTS (Coupler 
Request To Send), which, when set. also enables 
XlMRTS (Sh. 21). 

Fig. INT. 2 illustrates the composition of the A Regis
ter and the position occupied by the data bits in the S 
Register, after their parallel transfer. Appending the 
Start Bit (FlSSTB, sh. 19), at the least significant end 
of the register, the Parity Bit (FlSPAR .. sh. 14), im
mediately following the most significant bit called for 
in the option, and from one to three Stop Bits (FlSSBI, 
sh. 14) .. is accomplished as the serial transfer from the 
coupler to the modem progresses. The timing chart in 
Fig. OP. 2 illustrates the generation of these bits and 
includes the numbers of the logic sheets containing the 
terms involved. This chart depicts a minimum option 
of five data bits, FlSS00-04, and one stop bit, but may 
be expanded to include the maximums of 24 data bits 
and three stop bits. 

Transmission of the S Register to the modem is syn
chronized with the Transmit/Receive Clock, Dl TCLK1 
(or the modem clock in the Y = 2 option), and when 
completed FlCOFL is set, causing the coupler busy 
signals to go false and halting transmission. The Clear 
To Send signal, however, still prevails and will do so 
until Request To Send, which initiated it, is terminated. 
This is accomplished by a Special Out command (S = 3, 
Abort} .. shown on Sheet 5. The single-shot TlAlMS 
provides a 1 ms delay before clearing FlCRTS, and 
disabling Nl CCTS. 

RECEPTION OPERATION 
As with the transmission sequence, the coupler must 
have completed its previous cycle in order to success
fully receive a word from the modem. Incoming data 
must not be permitted to interrupt a current serializing 
sequence or to destroy a previously received word. In
stead .. if a receive sequence be erroniously initiated .. 
the new word will be lost and the error flip-flop will be 
set. This will be discussed later under Error Detection. 

Reception begins when the date line (M lMLNI, sh. 21) 
transits from mark to space (true to false). This oc
curs with reception of the start bit and signifies that 
data follows. Because of the possibility of noise erro
neously triggering a reception sequence the coupler 
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SH SIGNAL TIMING 

8 Dl TOSC 
111111111111111111111 

5 PHA. A 

5 PHA. B __JL_ 
5 DlACLR _JllL 
5 DlASET _JllL 

13. 1 Fl CRTS 

8 Fl TCLK ~.__JLJL~JLs-LSL~c~JI ___, 
13 FlCOFL 

13. 1 FlCXMT ______, 

8 Dl TCLK1 ~\ 
n n n n n n n 

8 Dl TCLK2 n n n n n n n ------ii 

8 Gl TROX 
-----l 

13 FlCOOl-16 318 I 328 I 338 I 348 I 358 I 368 I 378 I 008 

13. 1 DlCADV n n n n n n n 
13 NlCHLT 

14 FlSSBl 

19 FlSSTB I 00 01 Q2 03 Q1 ,PAB:BIT1 

I START 
I 

PAR·BITISTOP BIT 21 XlMLNO MARK BIT 1 BIT 2 BIT 3 BIT 4 BIT 5 

19 FlSSOO _J 00 01 02 03 04 05 06 SB 

19 FlSSOl m 02 03 0:1 05 06 SB SB 

19 F1SS02 02 03 04 05 06 SB SB SB 

19 F1SS03 03 04 05 06 SB SB SB SB 

19 F1SS04 0:1 05 Q6 SB SB SB SB SB 

14 Fl SPAR 

I If--

I 
I 

20 FlPPCG BIT 1 BIT 2 BIT 3 BIT 4 BIT 5 PAR·GEN. 

21 XlMLXC _rLJLrLJLI'L 
Fig. OP. 2. Generation of Start, Parity & Stop Bits 

only recognizes a signal which remains at ii space ii for 
at least half a bit time, at which time the start bit is 
shifted into the S Register by the transmit/receive 
clock (Dl TCLK). 

As shown on sheet 14 of the logic, the input from 
MlMLNI enters the S Register through the Stop Bit flip
flop, FlSSBI. This serialized string of bits continues 
to shift through the S Register from this point (FlSSBI, 
FlSPAR, and those data positions called out in the 

option, from F1SS23 to FlSSOO) until the start bit ar
rives at F lSSTB. At this point, each affected flip-flop 
(determined by option) will have assumed the value of 
the corresponding bit from the modem, as transferred 
through M lMLNI. This is insured by the fact that the 
transfer has been synchronized with the transmit/ 
receive clock (Dl TCLK) either through the modem 
clock (FlMCLK, sh. 21) or through the baud-rate 
counter synchronize-flip-flop (Fl TSYN, sh. 11) which 
controls the internal clock through the preset-enable 
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RECEPTION SEQUENCE 

SH. SIG'.'J"AL 

FlTCLK I I 

DlTCLK I I 

21 MlMLNI MARK START I MSB 
EXTRA DATAI 

BITS LSB PAR STOP(! to 3 bits) MARK 

DATA 

12 FlCFIB n 
12 FlCNBL 

12 GlCREC ._____ ___ n_n_ 
I 

14 FlSSBI 1~MSB ______ DATA---- LSB I PAR lsToP 

I 
12 FlCBRC 

12 GOClDL INTERRUPT (IF USED) 

5 IN 

------1 r--- ------------- ---
OUT I 1 

'---------------------------------'- - - - - - - - - - - - - - - -
I I 

- --- -1 r--------------
GOAR TO 
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1 

__ (_IN_)_:(~ A NEVv WORD POSSIBLE, ----TRANSMISSION INHIBITED-INSTRUCTIONS BLOCKED 
---------ERROR FLIP-FLOP SET RECEIVE OR TRANSMIT 

Fig. OP. 3. Complete Reception Sequence 

flip-flop (Fl TPRE, Sh. 9). 

At the time of the reception of the start bit, MlMLNI 
also set FlCFIB, the first-bit flip-flop shown on Sheet 
12, which remains set for about half a bit time, enabl
ing GOPCPY (sh. 20) which serves to clear the parity
check/ generate FF and also D 1 TSSR, (Sh. 8) which sets 
the S register to all ones. At the fall of FlCFIB, the 
busy-receiving flip-flop, FlCBRC, is set and remains 
up during the entire receive sequence. Coincidentally, 
the enable-receive flip-flop (F lCNBL) is set and will 
clear at the time that parallelizing is complete. It is at 
this point that parity is checked (F 1 PPCG, sh. 20) and 
an API (if used) is generated, or an ACT instruction may 
activate an interrupt through GOCIDL (Sh. 12). 

During the transfer from the modem to the S register, 
transmission of a new word is inhibited, GODIKL (sh. 12) 
can not be activated so long as FlCNBL is set; GOCODL 
(sh. 13) is inhibited by NlCHLT, and GOAR TO (sh. 5) 
will not give a ready signal to a JNR until one bit time 
after reception is complete (FOCDEL, sh. 12). 

Additional insurance that an OUT will not interrupt the 
reception sequence lies in the provision that GOARTO 
also requires a clear Busy-Receiving flip-flop (FOCBRC, 
sh. 12). Upon the completion of the serial transfer 
from the modem (the start bit is shifter into FlSSTB 
and clears it), FlCNBL is cleared. GOCIDL may now 
be activated by an ACT command (S = 1) and the data 
in the S register (FlSS23-00) may make a parallel 
transfer to the A register, by way of the inverters 
NOAS23-00 shown on sheet 7. when an IN or IDL is 
initiated. Fig. OP. 3, Complete Reception Sequence. 
illustrates the timing relations of the more significant 
logic elements involved in a transfer of data from a 
modem, through the coupler, to the A Register. 

The reception completed, the coupler now reverts to a 
"mark" condition and idles, ready for another recep
tion sequence in which a new start bit may arrive from 
the modem. or an OUT may originate from the central 
processor. Because of the asynchronous nature of the 
remote scanning operation (in which the coupler plays a 
part) the next word may arrive immediately from either 

4306A-2 COMMUNICATIONS COUPLER OP-5 



direction (either Transmit or Receive), or a consider
able lapse of time may occur, during which the coup
ler remains idle and ready, in the mark condition. 
"Space 11 will not occur until a new word is ready for 
transfer, either from the A Register or the modem. 

ERROR DETECTION 
The JNE command (S = 7) enters the coupler (OV = true) 
through the inverter N1AS07 and is inverted back to 
ground potential by GOACER coincident with Phase Band 
the coupler-selecting signals K3 and K2, as shown on 
sheet 5. The OR gate G !ACER receives this OV signal, 
inverts it to +5V and clears the error flip-flop (sh. 20). 
Clear Alarm will also clear FlPERR in the same 
fashion. 

NOAERR indicates a line error when it receives a binary 
one signal from the set side of F 1 PERR. Optionally an 
error display may be activated through IlAERR at the 
same time. NOAERR inverts the +5V set output of 
FlPERR and presents a OV = Error signal for sampling 
by the JNE command. 

Parity Error 
Odd or Even parity is optional, determined by the jum
per board shown on sheet 20, and checked/ generated by 
FlPPCG. Parity is generated during serialization in a 
transmit sequence, and checked at the completion of the 
paralellizing process in a reception sequence. A parity 
error then, is made apparent when all data bits have 
been shifted to their paralellized positions in the S Re
gister. The clear side of the least significant bit 
(FlSSOO, sh. 19) determines the presence or absence of 
a parity error. 

Since the choice of even or odd parity rests with whether 
the set (even) or clear (odd) side of FlPPCG is jumpered 
to feed the set side of Fl PERR through its OR expander, 
the value of FOSSOO (1 or 0) will determine if a parity 
error is present, and whether Fl PERR will be set or 
remain cleared. 

Carrier Disappears 
The modem carrier signal (MlMDCO, sh. 21) must be 
present continuously during the reception and assembly 
of a word. If the carrier should fail, the output of 
NOPDCO (sh. 20) will rise to +5V, and since NlCNBL 
also outputs +5V during a receive sequence, GOPSER 
will be enabled through its OR expander and FlPERR 
will be set through its clear output. 

New Word Interrupts Reception 

When a new word starts arriving from the modem before 
the previously received word is read into the AU, the 
Error Flip-Flop is set. and reception inhibited. The 
start bit FOSSTB (cleared) is emitting +5V when para
lellizing is complete and FlCBRC (Busy Receiving) is at 
the same level. These signals are present at the input 
of an OR expander of GOPSER. So long as MOMLNI re
mains at OV there is no effect at Fl PERR, but when a 
new word arrives (sh. 12) GOPSER is enabled and sets 
F 1 PERR through its clear output. 

DSR False While Receiving 
MlMDSR (Data Set Ready, sh. 21) must be enabled (+5V) 
during a reception sequence. If it goes false, the signal 
NOPDSR (sh. 20) is no longer inhibited and begins to 
emit +5V to an OR expander of GOPSER during a period 
when G 1 TROX (Receiving or Transmitting, sh. 8) is 
also delivering +5V. Once again, Fl PERR is set by 
way of its clear output. 

NOTE 

The foregoing types of errors should be follow
ed, when detected, by a request to re-transmit. 

DSR False While Transmitting 
Setting the Error Flip-Flop when the Data Set Ready 
signal goes false during a transmission is accomplished 
exactly as described in the preceding paragraph. 

OUT While Receiving 
DlASET (sh. 5), a function of the OUT command, ap
pears as an input to the set AND gate of the Error Flip
Flop (sh. 20). A positive signal here, together with a 
positive signal at the other input (FlCBRC, sh. 12, 
which is set during a reception sequence) will set 
FlPERR. Thus, if an OUT command should be execut
ed while the coupler is receiving, a line error will be 
indicated to the JNE instruction and the optional dis play 
will light. Insurance against the possibility of this con
dition arising lies in the fact that Gl TROX outputs +5V 
when the coupler is either receiving or transmitting, 
and as a result G lAOUT is inhibited, which disables 
both DlACLR and DlASET and prevents clearing and 
loading the S register with the new word. 

OUT While Serializing 
The OR gate GlPIOO, shown on sheet 20, has a zero 
volt input from GOAOUT (sh. 5), a function of the OUT 
command. The OR gate, Gl TROX (sh. 8), receives a 
zero-volt signal from FOCXMT when FlCXMT is set, 
a condition which prevails when the coupler is serializ
ing. These two signals meet, at a +5V level, at the 
AND gate of GOPSER, and if an OUT command should be 
executed during serializing, F 1 PERR would be set at 
Phase A time. Insurance against this possibility exists 
in the fact that both GOAR TO (Ready to OUT, sh. 5) and 
GOCODL (ODL or OUT, sh. 13) require that NlCHLT 
output +5V in order that a JNR or an ACT may initiate 
either an OUT or an ODL. Since FlCOFL is cleared 
during a transmission, NlCHLT is disabled, outputting 
zero volts. 

IN While Receiving 
The Error Flip-Flop will be set if an IN command 
should be executed while the coupler is engaged in a re
ception sequence. As in the preceding paragraph, this 
is accomplished by the coincidence of G 1 PIOO and 
G 1 TROX. In common with the previous two error sit
uations, this condition should not be permitted by the 
program to happen. Since F lCNBL is set during recep
tion. and NOCNBL is outputting ov. GOCIDL is presenting 
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a busy signal for the ACT instruction. 

IN While Serializing 

The coincidence of GlPIOO and Gl TROX will also set 
Fl PERR should an IN command be executed while the 

coupler is serializing. As insurance against such an 
occurance# GOCIDL is held in a busy state by the fact 
that FlCBRC is clear during a transmit sequence and 
therefore provides a OV signal from its set side# rather 
than the +5V required to activate an interrupt or initiate 
an IN or IDL. 

4306A-2 COMMUNICATIONS COUPLER OP-7 



REMOTE SCANNER 4307 A 

INTRODUCTION 

GENERAL DESCRIPTION 

Analog Inputs 

Digital Inputs 

Digital and Analog Outputs 

Peripheral Buffer Inputs and Outputs 

Timed Contact Outputs 

FUNCTION 

Reception Sequence 

Transmission Sequence 

Errors 

Options 

OPERATION 

LOGIC ORGANIZATION 

Timing 

TABLE OF CONTENTS 

INT 

OP 

Clock 

Control 

R Register 

Test Panel 

Module Interface 

Stall Alarm 

RECEPTION OPERATION 

TRANSMISSION OPERATION 

ERROR DETECTION 

Unsuccessful Compare 

Data Carrier Disappears 

DSR False While Receiving 

Word Parity Error 

Erroneous Reception 

Phone Line Open 

DSR False While Transmitting 

Module Errors 

LIST OF ILLUSTRATIONS 

Fig. INT.1 Data Transfer, Remote Scanner INT Fig. OP. 2 Module Interface Plug Board 

Fig. INT. 2 

Fig. INT.3 

Fig. OP.1 

Reception Format-Module 
Addresses 

Transmission Format 

Test Panel 

Fig. OP. 3 Timing Chart, Reception/ 
Transmission 

Fig. OP. 4 Transmission Sequence -
OP Analog Scan. 

6-7 



INTRODUCTION 

GENERAL DESCRIPTION 
The Model 4307A Remote Scanner (Remote Scanner Con
troller) serves its purpose in the GE/PAC* Computer 
family when communication between a centrally-located 
computer and remotely-located input/ output modules is 
required. It operates in a half-duplex mode, using a 
four-wire system. 

The scanner utilizes a pair of modems (devices which 
modulate an outgoing signal and demodulate an incom
ing signal). One of these is situated adjacent to the 
central processor and the other is adjacent to the re
motely-situated modules. There is literally no limit 
to the distance between them, aside from the require
ment that telephone lines must connect them. However, 
the distance usually regulates the maximum baud-rate 
permissible. The scanner is capable of controlling the 
operation of one, all, or any combination of the below
listed controllers. The only limitation is that only one 
of each type may be operated by one remote scanner 
controller. 

• Model 4100 Analog Input Controller, together 
with a Model 4130 Analog to Digital Converter. 

• Model 4400 Digital Input Controller. 

• Model 4300 Multiple Output Controller. 

• Model 4302 Timed Output Controller . 

• Model 4201B Peripheral Buffer. 

The scanner interface is comprised of a Model 43 OBA 
Communications Coupler, a pair of modems (one at 
each end of the communications line) and a Model 4307A 
Remote Scanner Controller. The coupler is described 
under Publications No. 4306A and GE Drawing 
68C99581. The remote scanner is of modular design 
and will accomodate any or all of the listed controllers. 
The printed circuit boards required are shown on sheet 
2 of GE Drawing 68C972150, Card Arrangement. As a 
field retrofit, it is thus possible to add any one or all 
of the drive and control hardware necessary to operate 
each additional controller. 

Incorporating a Communications Coupler and a Remote 
Scanner Controller into a GE/PAC system permits the 
system to perform as described below and illustrated 
in Figure INT. 1, Data Transfer, Remote Scanner. 

Analog Inputs 

The analog input function operates in a manner essen
tially similar to that which prevails when the Model 
4100 Analog Controller is attached directly to the cen
tral processor. It is, however, slower in operation 
and the scanner command format is compressed and 
merged with the module address. Also at variance with 
the standard method of operation is the treatment of 
matrix overload and converter overflow. Instead of 
combining these signals in bit 00 of the converter's C 
register, they are handled separately and their indica
tion is returned instead of data if they should occur. 
A maximum of 512 analog input points may be scanned. 
'~ Reg1stPred Trademark of General Electric Company 

The Model 4101 Analog Input Controller with automatic 
group advance is not used with the remote scanner. 

Digital Inputs 

Because of the necessity for conserving line time, the 
digital input function operates differently in a remote 
scanning configuration than when attached directly to 
the central processor. The input function operates in 
conjunction with the analog scanner and also separately, 
and in either mode will read a maximum of eleven con
tacts (plus validity) per group. In those options which 
include the Digital Input Controller, the remote scanner 
provides the line receivers for digital inputs. A maxi
mum of 64 groups of eleven contacts each (plus validity) 
may be scanned. 

Digital and Analog Inputs 

With the exception that the command word is compress
ed and merged with the module address, digital and 
analog output functions operate essentially the same as 
they do when the Multiple Output Controller is connect
ed directly to the central processor. Digital outputs 
are restricted to a maximum of 32 groups. 8 bits per 
group. Analog generators are restricted to eight (10-
bit) for each remote scanner. These generators are 
assigned the first eight addresses. If only (8-bit) ana
log generators are required, they are treated as nor
mal 4ms digital outputs. 

Peripherial Buffer Inputs and Outputs 

The Peripheral Buffer (Model 4201B) only operates ln 
a manner resembling its operation when connected 
directly to the central processor~ but is subJect to 
several restrictions. Speeds are slower; device types 
are limited to those which are incremental in nature 
(TTY ASR, KSR and the 4242 card reader excluded) and 
separate module addresses are required for input and 
output. Further. outputs are limited by line speed and 
program. Slower devices, therefore, should be em
ployed in a remote scanner operation. 

Timed Contact Outputs 

The timed contact output function is reduced in speed 
and employs a compressed command word format, 
merged with the module address. Normally, the Model 
4302 Timed Output Controller employs eight bits to hold 
the count received from bits 16 through 23 of the A re
gister (eight bits). In a remote scanner operation the 
count is restricted to the six least significant of these 
bits. The contact address, normally held in the six 
bits AO through A05 (64 maxin1w11 address) is reduced 
to 32, or five bits. Aside from the foregoing minor 
differences, the Model 4302 operates as if it were 
attached to the central processor. 

FUNCTION 
The Remote Scanner Controller was designed primarily 
to adapt the standard GE/PAC input/ output controllers 
so that they could operate l/O devices in a remote 
location, employing communications moderns to act as 

interconnectors between the locally-situated central 
processor and the remotely-situated devices. 
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CENTRAL PROCESSOR 

PARALLEL 
TRANSFER 

MODEL 4306A 
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TRANSFER 
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ANALOG CONVERTER 

MODEL 4400 
DIGITAL INPUT CONTR. 

MODEL 4302 
TIMED OUTPUT CONTR. 

MODEL 4307A 

REMOTE SCANNER CONTROLLER 

MODEL 4100 
ANALOG CONTROLLER 

MODEL 4300 
MULTIPLE OUTPUT CONTR. 

MODEL 4201B 
PERIPHERAL BUFFER 

FIG. INT. 1. Data Transfer, Remote Scanner. 

The items listed below constitute a summary of the 
functions performed by the remote scanner controller: 

• Receive data in serial form from a communica
tions modem and transfer it in parallel form to 
an input/output controller, generating its own 
simulated GEN II instruction. 

• Receive data from a controller in parallel and 
transfer it in serial form to a data communica
tions modem. 

• Indicate in the return message the source of the 
data and the status of the controllers. 

• Decode the module address and provide the 
necessary timing and sequencing to operate any 
and all of the attached input/ output controllers. 

• Send an error message whenever line data is 
received containing a parity error or other line 
errors. 

• Send an error message if there is a check-fail
ure on a repeated command word. 

• Generate and transmit parity with each word 
transferred to the modem. 

• Initiate action of any I/0 Controller manually, 
by means of an optional test panel which permits 
visual observation of the data generated. 

Reception Sequence 

The successful reception of a word from the modem 
requires that the scanner have completed the receive
reply (replies) sequence. It is not permissible for 
incoming data to interrupt the current serializing se
quence, nor may a previously received word be destroy
ed. Should a new word be processed prematurely (be
fore the reply has been transmitted) it would be lost and 
the error flip-flop set. 

As with the Communications Coupler, Model 4306A, 
reception from the modem begins when the date line 
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transits from true to false ("mark" to "space">. an 
event which accompanies the reception of the "start" bit,, 
indicating that data is to follow. Because of the possible 
presence of noise-initiated pulses of short duration .. the 
scanner is capable of distinguishing a start bit by refus
ing to recognize a change from mark to space which en
dures for less than one-half bit time. The valid start 
bit is shifted into the parallelizer (R Register) by the 
transmit/receive clock. It is important to note here 
that the same register performs the function of parallel
izer during the reception, and that of serializer during 
transmission. For this reason it is an unacceptable 
condition for transmission and reception to occur simul
taneously in one scanner. 

The start bit .. entering the R Register by way of the most 
significant bit position,, continues to shift right with each 
clock pulse .. followed by the rest of the new word,, until 
it reaches the least significant bit position. At this time 
a signal is generated to inform the control logic that a 
word has been assembled in the scanner. Parity is now 
checked on the data bits and the error flip -flop is set if 
a discrepancy exists. 

The assembled word is also checked to confirm that the 
scanner is properly addressed,, after which (if the scan
ner is in an ON-LINE mode) it decodes, addresses an 

r-------------------PARITY(ODD) 
,--~--~------REPEAT 

,-------REMOTE SCANNER ADDRESS (L3= K3) 

17 16 

L-3 

ANALOG-DIGITAL IN
PUTS 

DIGITAL INPUT ONLY 

PERIPHERAL BUFFER 
OUT 

PERIPHERAL BUFFER 
IN 

MO CONTR. (10-BIT 
ANALOG OUT) 

MO CONTR. (DIG. OUT -
4ms) 

MO CONTR. (DIG. OUT -
75ms) 

TIMED OUTPUT CON
TROLLER 

MODULE ADDRESS AND MODE (L2= K2) 

L-2 

I 
1 Ll = Kl 1 

L-2 I LO= KO I 
(OCTAL) I I 

----- 1\/1,---,~W--~M~,--N~l-P~l-Q~,-G-A-IN_,, 
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0 
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C><I L-1 I L-0 [)<J 

I L-i I L-o I f~ifs I 
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DATA 
8 BITS 

DATA 
8 BITS 

IADDR.I 
3BITS 

I ADDRESS' 
5 BITS 

I ADDRESS! 
5 BITS 

ADDRESS 
5 BITS 

FIG. INT. 2. Reception Format - Module Addresses 

I/0 module .. and initiates a simulated GEN II command. 
(The interface between the scanner and the controllers 
is equal to the GEN II outputs from the AU of the central 
processor. ) The situation at this point in the reception 
sequence is analogous to that of the Communications 
Coupler at the parallelization-complete stage of its re
ception sequence,, with certain format difference illus
trated in Fig. INT. 2. 

Though there is little correspondence in the positions 
they occupy in the various formats,, the "L11 areas serve 
the same functional purposes as the similarly numbered 
K bits of the GEN II command. Depending upon the 
module addressed,, the control will assume one of three 
modes during the GEN II instruction. 

• Outputs (non-data response required) 

• Digital or Peripheral Buffer Input 

• Analog Input (initiates a digital input first) 

Assuming that the control is in the ON-LINE condition,, 
the address and status bits are set and a transmission 
is initiated following the completion of the GEN II com
mand. 

Transmission Sequence 

A transmission (as oriented in this discussion) is defin
ed as the transfer of the contents of the R register of the 
scanner controller to the remote modern .. which trans
mits to the near modern .. through the communications 
coupler, to the central processor. From the standpoint 
of the coupler, this would involve the Reception Sequence 
described in the Model 4306A discussion. Fig. INT. 1 
clarifies the two points of view and the interchangeable 
terminology .. whereby a coupler transmission is a signal 
going out from the central processor,, while a scanner
controller transmission is a signal travelling toward the, 
central processor. The words "near" and "remote" as 
applied to the two modems always mean "near to" and 
"remote from" the central processor. 

Prior to transmission,, data has been loaded into the 
serializer as illustrated in Fig. INT. 3,, except in the 
instance when a repeat is being returned .. in which case 
it is an exact duplicate of the command word. The R 
register is now loaded and one start bit, odd parity and 
three stop bits are appended to the data,, address and 
status information.. and the entire register is transferr
ed .. one bit at a time,, to the modem. This serial trans
fer begins with the start bit and progresses in synchro
nism with the transmit/receive clock. 

At this point.. there are two possible conditions which 
may exist. Either the scanner-controller is finished 
with the reception/reply sequence, or it waits for 
completion of an analog conversion to initiate an 
additional reply. In either case,, the data output to 
the modem will be held in a mark condition until the 
next transmission sequence is initiated or a new re
ception sequence begins. 
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MULTIPLE OUTPUT CONTROLLER READY. 

I 

PERIPHERAL BUFFER READY. 
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.____. __________ OVERLOADS 
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FIG. INT. 3. Transmission Format. 

Errors 

Errors which are detected in association with the opera
tion of the remote scanner controller are listed below. 

The errors shown below are detected in the I/O Control
lers and are indicated as separate bits in the Non-data 
response format: 

• Unsuccessful "compare" between two receptions 
of the same command word. 

• Word parity error. 

• Data-carrier signal disappears before a complete 
word has been received and assembled. 

• Incoming data is not at "mark" when a complete 
word has been received. (Phone line opened. ) 

• Data-Set-Ready signal goes false while receiving. 

• A new word starts arriving in the parallelizer 
before the previously received word is acted 
upon and its transmission response completed. 
The new word will be lost. 

• Data-Set Ready signal goes false while transmit
ting. This should cause an error on the received 
data at the computer. 

• Timed Output overload. 

• Multiple Output overload. 

• Analog Scanner overload (error and no overflow) 

• Peripheral Buffer error. 

• Converter overflow (error and overflow) 

Options 

The Model 43 07 A Remote Scanner is available in a 
number of optional configurations, the different options 
being designated by the values given to the last three 
characters in the model number (4DP4307AXYZ), These 
represent the method of communications between the 
Communications Coupler and the Remote Scanner (X), 
the digital input accomodations (Y) and the presence or 
absence of the Stall Alarm and Test Panel (Z), In addi
tion, certain other operational characteristics may be 
selected by the use of a plug-in jumper printed-wire 
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board. Among these is a choice of eight baud rates and 
four terminal addresses. 

• Method of coupler-scanner communications: 

X = 1 Standard, 19-bit controller for use 

y 

y 

1 A 16-group Digital Input Controller (4400B) 
and line receivers. 

2 A 64-group Digital Input Controller (4400B) 
and line receivers. 

Y 3 Line Receivers only (for use with the 
4400A, not included). with the successive approximation 

analog to digital converter (Model 4130A) 
and a pair of data sets (modems capable 
of more than one -mile transmission). 

• Test Panel, Stall Alarm (Deadman): 

• 

4307A-1 

x 2 Same as X = 1 except that this option 
uses line drivers and receivers capable 
of transmission up to one mile, instead 
of data sets (special private cabling 
necessary). 

Digital Input Accomodations: 

Y = 0 No Digital Input Controller or line 
receivers at the remote end. 

REMOTE SCANNER 

z 

z 

z 
z 

0 No test panel, no stall alarm. 

1 No test panel, but stall alarm built into 
controller to supply drive to relay when
ever valid data is not received for 0-5 
seconds. 

2 Test panel, no stall alarm. 

3 Te st panel, stall alarm. 
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OPERATION 

LOGIC ORGANIZATION 
During the ensuing discussion of the operation of the 
Model 4307A Remote Scanner Controller, the logic 
contained in GE Drawing No. 68C972150 will be used 
extensively. It is understood that possible future alter
ations or minor adaptations applicable to specific sys
tems may change the sheet numbers quoted, but in either 
case the circuit paths can be easily traced from the 
logic mnemonics. 

Timing 

The operation of the scanner is timed from two main 
sources, the basic clock illustrated on sheet 4 and the 
baud-rate (bits per second) counter shown on sheet 5-7. 
The basic clock consists of a temperature-regulated, 
crystal controlled, 720 KC clock generator and two 
logic-amplifier elements, DlTADV and DlTOSC. Direct
ly or indirectly this clock provides the timing pulses for 
every function performed by the scanner, including that 
of the baud-rate counter. 

The baud-rate counter, though dependent on the basic 
clock, performs a fundamental function in its control of 
the speed of the serial transfers which comprise a large 
part of the scanner's operation. 

Clock 

Also shown on sheets 5-7 are various control elements 
associated with the baud-rate counter. FlTPRE, the 
Preset-Enable flip-flop, controls Dl TZRO which clears 
the counter, and Dl TLOD, which loads the counter. The 
choice of available baud rates is shown at the bottom of 
sheet 6. Fl TSYN, the Synchronize flip-flop, ensures 
that the incoming data is synchronized with the internal 
clock (baud-rate counter). 

Control 

As with the timing area, the control area of the logic 
deals with practically every phase of scanner operation. 
Most of the control elements, however, are grouped on 
sheets 8 through 12. FlCFIB (First Bit flip-flop, sh. 8) 
is set at the same time that the start bit of the new word 
enters the R Register. Falling. FlCFIB sets FlCNBL, 
which, at the end of the word shift, affects FlCCWH 
(Control Word Here), FlCSEL (This Terminal Selected), 
GOCCL2 (Clear L2 Buffer) and N1CLL2 (Loan L2 Buffer). 
The precise interaction of these control elements will be 
discussed later under Reception Sequence Operation. 

Control elements involved in a transmission sequence 
are shown on sheets 11 and 12. The Transmit Flip-flop, 
FlCXMT, is always set during a transmission sequence. 
FlCLDR, DlCCLR and DlCSET are also involved in the 
parallel loading of the R Register, preparatory to the 
serial transmission to the modem. DlCNDR, DlCPBR, 
DlCAIR, DlCDIR and FlCCNV, however, only feature 
in those transmissions in which they have been specific
ally called for by the command word from the central 
processor. DlCNDR (Non-data response) provides such 
information as multiple output, timed output and analog 
scanner overloads, peripheral buffer and line transmis
sion errors, and converter overflow. DlCPBR (Periph
eral Buffer Response} .. DlCAIR (Analog Input Response} 

and DlCDIR (Digital Input Response) are utilized in data 
transmissions by way of the indicated controllers. 

The Transmit/Receive Bit Counter, pictured on sheet 12 
is preset by GlCPBC in accordance with the signals 
received by its OR gate inputs. During a transmission 
sequence, the bit counter is governed by the clear side 
of the Load R Register flip-flop, while during a receive 
operation FOCFIB provides the presetting control. One 
set AND gate on both FlC004 and FlC016 are grounded, 
providing the 19-bit capability of both the X = 1 and the 
X = 2 controller options. 

R Register 
The next area of logic consists of the 23 high-speed flip
flops and associated expanders which comprise the R 
Register. It is equipped to receive serial data from a 
modem, check parity, decode, address, generate a 
simulated GEN II command and transfer data in parallel 
to any one of five remote modules. It can also accept 
incoming data from one of tnese modules in parallel, 
generate start, stop and parity bits and transmit the 
entire contents of the register serially to the modem. 
Stop and parity bits are pictured on sheet 13, and sheets 
14 through 17 contain the nineteen status and data bits, 
ending with the least significant bit of the register, 
FlRSTB, the start bit. The inputs to this register are 
many and varied, though they fall into a few specific 
groupings. In the area of data bits (FlRR00-12). the in
puts N1MC06-1 7 (A/D Converter Register). NlMD00-10 
(Digital Input data bits) and NlMN00-11 (Peripheral Buf
fer data bits) are present. Whether or not any certain 
group is being transferred at any particular moment is 
determined by the nature of the command being processed. 

DlTCLK1 supplies the clock pulses; DlCCLR, the clear 
inputs; DlCSET loads the register, while NlMMOR, 
NlMTOR, and NlMDVR provide ready signals. There 
are also inputs indicating error conditions, as shown 
under Non-data Responses and Peripheral Buffer Input 
in Fig. INT. 3, Transmission Format. This illustration, 
as well as Fig. INT. 2, Reception Format, are invaluable 
as references in following the logic of the Remote Scan
ner Controller. The entire operation of the scanner is 
inseparably involved, both in its capability and its limita
tions, with the content of these formats. They represent 
the content of the R Register in all of its functions as 
serializer, parallelizer, transmitter, receiver, gener
ator or checker of parity bits, controller of remote 
modules and devices, et cetera. 

Test Panel 

The Parity Check/Generate flip-flop, FlPPCG, the 
Error flip-flop and other error detection elements 
shown on sheet 18 will be discussed later in this publi
cation. The test panel, furnished in options in which 
Z = 2 and Z = 3, provides the means for manually 
operating a remote scanner controller and observing the 
data generated. This option first appears in the 
68C972150 logic on sheet 8 where the panel's on-line 
switch may either permit or inhibit the setting of 
FlCCWH by FlCNBL. The status of this switch also 
controls the loading of the L2 Buffer by GOCLL2. 
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Modules may be addressed manually by setting the Func
tion Selector Switch on the test panel to the desired ad
dress and loading the data by way of the 13 data switches 
on the panel. The addresses selected correspond to the 
L2 (K2) values shown in Fig. INT. 2, and are to be found 
in the logic as inputs to the L2 Buffer on sheet 1 O. The 
Function Selector.,. shown near the lower left corner of 
Fig. OP. 1, can be positioned for any one of eight ad -
dresses, listed octally below: 

• 0 MO Short (Multiple Output, 4ms delay) 

• 1 MO Long (Multiple Output, 75ms delay) 

• 2 AO (Analog Output) 

• 3 TO (Timed Output) 

• 4 DI (Digital Input Only) 

• 5 PBI (Peripheral Buffer Input) 

• 6 A & DI (Analog and Digital Input) 

• 7 PBO (Peripheral Buffer Output) 

FIG. OP. 1. Test Panel 

Repeat and Execute Peripheral Buffer signals from the 
panel are shown on sheet 10, while sheet 13 displays the 
indicator gates which enable the display of the R Register 
data and several non-data indications on the panel. 

Module Interface 

Because the remote scanner may utilize only one input/ 

output module, or as many as five, a plug board is used 
as a flexible means of interconnection. This board 
shown in Fig. OP. 2, also simplifies the retro:...fit of 
additional modules in the field. Sheet 20 lists the R 
Register outputs to the plug board. It is noted in this 
area that when the remote scanner is situated on the 
same page as the output modules, the plug board is not 
used. In this case, the outputs shown are wired directly 
to the indicated module terminals. 

The SD-2 plug board appears throughout Area M of the 
logic, wherever MO, TO and SC outputs are shown. 
Sheet 21 features the K3K2, Phase A-B and GEN II 
drives to these modules, as well as Peripheral Buffer 
and Digital Input Controller drives. Status signals in
volving all modules are pictured on sheet 22. The out
puts of these elements confirm the previous observation 
that Figures INT. 2-3 are the keys to understanding the 
operation of the remote scanner. As examples, the in
verters NlMSCE and NlMCOF handle the "scanner error" 
and "converter overflow" signals respectively. Their 
outputs are bits 10 and 9 of the R register. Reference 
to Fig. INT. 3 reveals that these bits in the non-data 
response format hold the scanner error and converter 
overflow signals. Scanner overload is indicated by 
scanner error with no converter overflow. Similarly 
the format at the top of the illustration places the ready 
signals in bits 18-16, which correspond to the outputs 
of NlMMOR, NlMDVR and NlMTOR. 

The module interface area continues through sheets 23-
25, featuring the digital input data bits on sheet 23 and 
the inputs from the peripheral buffer and A/D converter 
on sheet 24, I/0 typer and change detection buffers on 
sheet 25. Note that while there are 12 data bits from 
each of these modules, those from the analog converter 
are C Register bits 17-06, but the buffer transfers N 
Register bits 11-00 (the 5 most significant all zeros, 
except when inputting from the card reader). These are 
shown in pairs on sheet 24, each pair outputting to the 
R Register bit which corresponds to the similarly num
bered buffer bit. 

Stall Alarm 

This option, sometimes called "Deadman", is the stan
dard Model 4091 and features an indicator lamp on the 
test panel in scanner options in which Z = 3. The alarm 
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FIG. OP. 3. Timing Chart, Reception/Transmission. 

is a timing device utilizing a single-shot MSSA element. 
It has the property of being set under a no-alarm condi
tion and only resets (alarms) when permitted to complete 
a timing cycle. Normal programming procedures pro
vide the issuance of the Set Stall Alarm command (OUT 
or IN) at short intervals, shorter than the one-to-four
second delay for which the stall alarm is adjusted. 

RECEPTION OPERATION 
Discussion of the operation of the reception sequence will 
require frequent reference to the logic contained in GE 
Drawing No, 68C972150 and also to the timing chart,. 
Fig. OP. 3. The timing relationships between the various 
terms shown are accurate with regard to sequence, though 
space limitations make a true scale drawing impractical. 
In both this discussion and that of the transmission se
quence to follow, consideration will be confined to those 
areas peculiar to the operation of the remote scanner 
controller. The functions of the basic clock and the 
local clock (baud-rate counter) are described in the 
Model 4306A Communications Coupler publication, and 
since they operate in essentially the same manner in the 
scanner, these descriptions will not be repeated. 

The term MlDLNI, the first element in the scanner to 
receive the incoming start bit from either the modem or 
1-rn ile line receiver, appears on sheets 26 and 27. The 
loads on these elements, however, are identical. Since 

the uses of the line-driver/receiver option are limited, 
the modem option will be explored in this discussion. 

As the start bit arrives, MlDLNI goes down, since the 
start bit is always a zero. The data line has changed 
from a true (mark) condition, to false (space). F lCFIB 
(sh. 8) sets at the next Dl TOSC (no more than 1. 38µs 

later), provided MlDDSR (data set ready, sh. 26) and 
MlDDCO (carrier on, sh. 26) are true. This sets 
FlCNBL, which delivers OV from its clear output, en
abling GlCRCV and NOCRCV (receiving a word), plus 
Gl TROX and NOTROX (receiving or transmitting, sh. 4). 
The prime purpose of the last two elements is to enable 
the transmit/receive clock (Dl TCLKl, 2). 

FlCNBL cannot be cleared until the bit counter (sh. 12) 
has completed its count at the end of the serial transfer 
of data into the R Register, and is cleared, causing 
NOCHLT to put out +5V. At this time FlCNBL goes 
down and sets FlCCWH (control word here, sh. 8), if not 
inhibited by the test panel's "On-Line" switch. Setting 
FlCCWH enables GOCCL2 which clears the L2 Buffer 
(sh. 9), and approximately 1. 3µs later FlCSEL (terminal 
selected) is set, disabling GOCCL2. This enables 
GOCLL2 and N1CLL2, loading the L2 Buffer with the 
contents of bits 15-13 of the R Register (the module ad
dress). 

Two other critical functions occur at this time, either of 
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which may stop the reception sequence. The first began 
when FlCFIB set and caused FlPPCG (Parity-Check/ 
Generate, sh. 18) to clear. As the line is shifted into 
the R Register, every binary one shifted from the mo
dem (MODLNI to NlDLNI to FlPPCG/FOPPCG) toggles 
this flip-flop. This includes the binary one which re
presents the first stop bit. Starting cleared, an odd 
number or' toggles (correct parity) leaves the flip-flop 
cleared. But if there should be an even number of ones, 
FlPPCG is set at the end of reception and the error 
flip-flop is also set (through its set input). This occurs 
when N1CLL2 goes true. 

The second critical function is the scanner address 
check. Bits Rl 7 and 16 (sh. 14), jumpered through the 
LJBA board shown on sheet 8 (according to the code at 
the bottom of the sheet), are brought into an OR expan
der of FlCSEL (This-Terminal-Selected). Should the 
wrong scanner address exist in Rl 7-16 at the time 
parallelization is complete, FlCSEL would remain 
clear, TlCPHA would not be enabled, and there would 
be no transfer to a module. In effect, the reception 
sequence would be terminated. 

Assuming that the selected module is ready (GlCRDY, 
sh. 10), FlCCWH is cleared. Also assuming that 
FlCCNV (Analog-Scanner-Converting, sh. 11) is not 
set, NOCCNV is delivering +5V to the OR expander of 
TlCPHA (Phase A, sh. 10). If FlCCNV were set, 
NlMSCC would be true (FlCSEL is true in both cases) 
and TlCPHA would be enabled through its AND gate. At 
the end of 20µs TlCPHB is triggered by TlCPHA and it 
also produces a 20µ s signal. These signals are gener
ated immediately following completion of the "load L2 11 

function, which places them within that period of time 
after the end of the serial reception of the control word 
during which a simulated OUT command may initiate a 
parallel transfer to the MO, TO or analog scanner. To 
initiate a transmission sequence, an IN command may 
also be generated during this period. The contents of 
the L2 Buffer, plus the status of the converter, will 
determine the choice (GOMS04, GOMS05, sh. 21). 

Also of interest on sheet 21 are the gates which furnish 
the K3K2 drives for the various controllers. Each has 
a separate gate directed to GOCRDY, the Selected-Mod
ule-Ready signal. Note that these are ORed so that 
GlCRDY provides a +5V signal to the clear side of 
FlCCWH only if the selected controller is in a ready 
state. This insures that the GEN II instruction is not 
executed until the addressed module is ready. Note that 
NOMS07 is not enabled at this time. 

Since a zero volt = true signal is required for the inputs 
of the controllers to which the R Register's data output 
is directed, bits R12-00 are fed through the inverters 
shown on sheet 20. It will be noted that when in a man
ual mode, the signals arriving from the optional test 
panel are already at zero volts and are not inverted. The 
interface for these signals may be found on the test 
panel drawing, 68C972191, sheet 3. 

TRANSMISSION OPERATION 
A transmission sequence always follows a reception 

sequence, even though it may be confined to a response 
involving only status information. In one instance, 
when L2 = 68, a second transmission will take place 
before a new word arrives from the modem. The first 
transmission is a digital input and the second is an ana
log conversion. 

Non-data responses are required when the scanner is in 
an output mode. This occurs when the module address 
equals octal 0, 1, 2, 3 or 7 (Fig. INT. 2). As the format 
(Fig. INT. 3) indicates, overload, overflow and error 
information is transferred in parallel to the R Register, 
from the module addressed, via the medium speed in
verters shown on sheet 22. These signals are fed di
rectly and are not part of the scanner's error detection 
logic. 

The transmit cycle is initiated when FlCLDR (sh. 11) 
sets. This occurs in the interval between the end of a 
reception sequence and the beginning of a transmission 
sequence, since it is required that the scanner be doing 
neither (NOTROX, sh. 4, outputting +5V). Armed by 
NOTROX, FlCLDR is set during Phase B, by Dl TOSC, 
enabling NlCLDR by way of the zero volt output of its 
clear side. This results in the setting of F1RSB2-1 
(stop bits, sh. 13), at the same time clearing FlRPAR 
(parity bit) and the Parity Check/Generate flip-flop, 
FlPPCG (sh. 18). 

Since the reception sequence is finished, no repeat oper
ation can be in progress, and therefore FlCCMP has 
been cleared. FOCCMP and FlCLDR enable DlCCLR, 
clearing the R Register. DlCSET, having been enabled 
by DlCCLR, remains up for about . 4µs after DlCCLR 
falls, being held by its own +5V output, ANDed with 
Dl TOSC. It is during this brief period that the parallel 
loading of the R Register is accomplished. F1RR18-15 
are set directly from DlCSET, while F1RR14-00 are 
loaded via DlCDIR (digital input response). DlCAIR 
(analog input response), DlCPBR (peripheral buffer 
response) or DlCNDR (non-data response), whichever 
has been selected. 

Reference to Fig. OP. 4, Transmission Sequence, reveals 
that when FlCLDR falls at the end of Phase B, FOCHLT 
rises. This occurs via GlCPBC (preset bit counter, sh. 
12), which puts out +5V to clear FlCHLT when it receiv
es a zero volt signal from FOCLDR. FlCXMT (trans
mit flip-flop, sh. 11), now armed by FOCHLT, needs 
only a clock pulse to set, in the case of the 1-mile line 
driver/receiver option. The modem option, however, 
also requires a Clear to Send signal (MlDCTS, sh. 26) 
from the modem. 

Setting FlCXMT begins the serial transfer to the mo
dem. The start bit (FlRSTB, sh. 17) is now added to 
the least significant end of the data field and is the first 
bit transferred, followed by the data bits (FlRR00-12), 
the address bits (F1RR13-14), the status bits (F1RR15-
18) and finally the three most significant bits (which 
were generated during NlCLDR), FlRPAR (parity bit, 
0 = odd) and the stop bits, FlRSBl-2. These signals, 
one by one, pass through the Data Phone Interface ele
ment, XlDLNO (line out, sh. 26), and then to the modem 
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FIG. OP. 4. Transmission Sequence - Analog Scan. 

For transmission. After the last bit has left XlDLNO, 
the remote scp.nner is, with one exception, finished with 
the receive-respond cycle, and is ready for the next re
ception sequence. The exception exists when the pre
vious reception sequence carried an address of octal six 
(analog and digital input). In this case the scanner has 
only completed one-half of its transmission sequence 
(the digital input half) and must wait for a conversion
complete signal (NlMSCC, sh. 22) to initiate a second 
transmit sequence. 

For an analog input to be made, it is necessary that 
FlCCNV (Scanner-converting, sh. 11) be set. This oc
curs during the coincidence of F1CL22 and DlCDIR, 
which is enabled by NlMDIK (DIC K2 drive, sh, 21), an 
inverter that needs F1CL24 set and F1CL21 cleared. 
This condition only exists when the L2 buffer is in aq. 
octal six configuration. In the same figure FlCSEL is 
shown to remain set, after an analog scan request, 
through the entire first reply and doesn't clear until the 
analog conversion has been completed and the digital 
result transferred to the modem .. 

ERROR DETECTION 
There are two main areas of error detection to be con
sidered. The first, comprising those errors directly 
associated with the operation of the scanner, sets the 

error flip-flop and returns a non-data response with bit 
07 carrying a binary one. (See Fig. INT. 3). These are 
line transmission errors and will. be handled as indicated 
below. The second error area is composed of module 
errors, which are detected in the I/0 controllers. These 
also return a non-data response. 

Unsuccessful Compare 

An unsuccessful comparison between two receptions of 
the same command word causes the Line-Error flip-flop 
(FlPERR, sh. 18) to set. Detection is enabled during 
the normal ring-shifting of the R Register when the Com
pare-Control-Word flip-flop (FlCCMP, sh. 10) is set by 
the presence of a binary "one" in bit R18. A one in R18 
(Repeat, Fig. INT. 2) is placed by the program and 
causes comparison of bits ROO through Rl 7 of the contvol 
word just received (containing R 18 = 1) and a second 
reception of the same word. 

During comparison~ the clear side of FlCCMP, putting 
out zero volts, inhibits GOMFHA and GOMPHB (GEN 2 
Phase A-B drive), preventing transfer to the module. 
At the end of the successful comparison FlPERR re
mains clear, which premits NOPERR to put out +5V and 
GOMPHA-B are ena,bled. If unsuccessful, FlCCMP is 
set and at the next clock pulse GOPSER(sh.18)is enabl
ed through its OR gate and sets FlPERR. This has the 
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effect of enabling a non-data response, but inhibiting 
digital input, analog input and peripheral buffer respon
ses. (DlCNDR, DlCDIR, DlCAIR and DlCPBR, sh. 11). 

The mechanics of the comparison involve two groups of 
expanders feeding the OR input of GOPSER(sh. 18). As 
the second reception of the control word is routed 
through NODLNI or NlDLNI (dependent on the value of 
each bit), the first reception (which had been ring-shift
ed back into the R Register at the same time that it had 
been returned to the computer) is entering the two cir
cuits from FlRSTB/FORSTB. FlCCMP, FlCNBL and 
Fl TCLK are shared by both circuits. If simultaneous 
"ones" are arriving, FlRSTB is at +5V, and NODLNI is 
true(zero volts). At the same time NlDLNI( +5V) is true 
while FORSTB supplied zero volts. GOPSER is inhibited. 
The same occurs when both bits are zeros. If dissimilar 
binary values are present, however, GOPSER is enabled 
and sets FlPERR through its clear output. 

Data Carrier Disappears 

Should the Carrier-On signal (MlDDCO, sh. 26) go false 
before a complete word is received and assembled, the 
Error flip-flop will be set. Although FlCNBL delivers 
a +5V signal to the set input of FOPERR (via its expand
er) during the entire reception sequence, NOPDCO de
livers zero volts so long as the carrier remains on. If 
the carrier fails, the expander sets FlPERR. As in all 
cases when FlPERR is set, a non-data response is en
abled, but digital input, analog input and peripheral 
buffer responses are inhibited. 

DSR False While Receiving 

When the Data-Set-Ready signal (MlDDSR, sh. 26) goes 
false while receiving it delivers zero volts to the input 
of the inverter NOPDSR (sh. 18L This signal, coinci
dental with GlCLNE (sh. 8) and Gl TROX (sh. 4), both of 
which are true when on-line and receiving, will set the 
error flip-flop, via GOPSER. A non-data response is 
initiated to indicate a line error. 

Word Parity Error 

Parity is checked during a reception sequence by the 
Parity-Check/Generate flip-flop (FlPPCG, sh. 18) at 
the completion of paralellization. All bits in the R Re
gister have been shifted to their paralellized positions 
before a parity error becomes apparent. FlPPCG is 
either set (parity error) or cleared (odd parity) at this 
point, depending on the number of bits that have passed 
through (and toggled) the flip-flop. If a parity error 
exists it will be set and together with Nl CLL2 (true at 
this tirne) will set the error flip-flop through its set 
input. A non-data response will be returned indicating 
a line error. 

Erroneous Reception 

Should a new word start to arrive before the previous 
word is acted upon and its response completed, the 

error flip-flop will be set and the new word lost. The 
modem line, in a mark condition since reception of the 
previous word, drops to "space" with the arrival of the 
zero-volts start bit. NODLNI (sh. 26) now puts out +5V, 
and together with FlCSEL (still set) and the next 
Nl TCLK, sets FlPERR through its set input. It will be 
noted that the resultant non-data response cannot occur 
until after the response to the previous word has been 
transmitted back to the central processor, because 
FlCLDR (sh. 11) can not set until after reception/trans
mission is complete (NOTROX). 

Phone Line Open 

When the incoming data is not at "mark" (true) when a 
complete word has been received, it is usually an indi
cation than an open has occurred in the telephone line 
during reception. NODLNE, now at +5V ("space" con
dition) is ANDed with TlCPHA and NOCCNV, also at 
+5V because conversion can not begin until after a digi
tal response, setting the error flip-flop. A non-data 
response is returned, after the phone line has been re -
stored. This is insured by the Clear-To-Send (MlDCTS) 
input to FlCXMT (sh. 11). This signal, originated in 
the remote modem as a result of Request-To-Send from 
the near modem, will be present after the line is re
stored. 

DSR False While Transmitting 

When the Data-Set-Ready signal (MlDDSR, sh. 26) goes 
false while transmitting, it delivers zero volts to the 
input of the inverter NOPDSR(sh. 18). This signal, 
ANDed with GlCLNE (sh. 8) and Gl TROX (sh. 4), both of 
which are true when the scanner is on-line and trans
mitting, sets the error flip-flop. This error, occurring 
during transmission to the central processor, should 
(but not necessarily) cause a parity or other error to 
show in the received data. 

Module Errors 

Overload, overflow and peripheral buffer errors are 
detected in the I/O modules themselves and are return
ed in the non-data response format, as shown in Fig. 
INT. 3. Received from the modules by the inverters 
NlMMOO, NlMTOO, NlMSCE and NlMPBE shown on 
sh. 22, these signals deliver +5V to the individual R 
Register flip-flops indicated in the format. The ground 
level signal as received from the controllers, however, 
is also ORed in GlIMER (Module Error, sh. 19) which 
provides an indication to the optional test panel and also 
sets FlCCLO (Clear-Module-Error, sh. 10). 

Fed by its own set output and the term FOCX.;\l T (this 
occurs in1mediately before the transmit-sequence) 
FlCCLO clears and triggers T lCPHB, v. hich generates 
an extra Phase B and routs it to the driver GOl\IPIIB 
(phase B drive, sh. 21). This signal, at zero volts, is 
ANDed within the addressed module with the zero-volt 
output of NOMS07 (GEN II S7 Drive, sh. 21) '" hich serves 
to clear the n1odule error in the addresSL'd module. 
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