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1-0.0 GENERAL INTRODUCTION

This manual describes the organization and hardware operation of the Model 20,
Model 21, 6800, and 101 processors. This section of the manual provides a general
description of the equipment, its purpose, and relationship to other equipment.

Later sections describe the principals of operation, installation, and maintenance
information. Generally throughout this manual, the hardware portion of the Model 20,
Model 21, 6800, and 101 is called the processor. Individual differences of the
various models are described only where the differences affect the service of the
equipment.

1-1.0 EQUIPMENT DESCRIPTION

The basic cabinet configurations of the Model 20/21, 6800, and 101 processors
are shown in the artist's concept on the opposing page. The processors are business-
oriented, stored program digital computers that combine small size, and medium
performance, with the ability to service several independent users simultaneously.

The 6800 system and System Ten 101 are special versions of the basic Model 21
processor, and for service considerations, they can be treated as a Model 21 with
limited memory and IOCs.

The processor hardware can be thought of as four seperate, but interworking units,
Main Memory
Arithmetic and Control Unit (ACU)
File Access Channel (FAC) and
Input/Output Controllers (IOC)..

1-1.1 MAIN MEMORY

The main memory provides random access core storage for a minimum of 10,000 to a
maximum of 110,000 6-bit characters (the 6800 system and 101 processor are limited
to a maximum of 30,000 characters of storage in main memory). Memory modules can
be added to a minimum system in increments of 10,000 characters each until the
maximum capacity of the system is reached. Additional and/or redundant character
storage is available through the file access channel to magnetic disc or tape units.
All transfers into or out of the main memory are performed by the arithmetic and
control unit. )

The main memory is electrically divided into user areas (called partitions) that
correspond to one IOC for each partition. The size of each partition is determined
by hardware jumpers on its IOC card, and can be from 1000 characters to 10,000 char-
acters each. However, the total of all memory allotments cannot exceed the amount
of memory that is contained in the system.

In addition to user partitions, the main memory has a common portion that is
available for use by any of the partitions (IOCs). The size of common memory is
governed by jumpers on the RBA/RBX card within the ACU, and is adjustable from
1,000 characters to 10,000 characters for the Model 20, 29,000 characters for the
6800 and 101 systems, and 65,000 characters for the Model 21. The Model 21 can be
patched for a greater number, but is limited by software standards to 65K. All par-
titions are serviced in sequence, and only one character at a time can enter or
exit main memory.

9-1-73 1-3 43-0302-100
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1-1.2 ARITHMETIC AND CONTROL UNIT

The Arithmetic and Control Unit (ACU) fetches instruction and data from memory,
operates on the data, and stores the results in main memory. The ACU also transfers
data between main memory and the IOCs or FAC. All interface to main memory is
through the ACU. Each user (IOC) is selected by the ACU in numerical sequence, and
monopolizes the unit for a short time. The ACU limits this monoply to 37.5 ms,
after which time, the first successful branch in the software program will cause
a switch to the next partition. During power up and power down, the ACU stores the
necessary information to allow normal processing to continue without re-loading
program after each power interruption.

The block diagram below shows the relationship of the ACU to main memory, the IOCs,
and the FAC. Each system will vary greatly in requirements, and only the general
elements are shown in the illustration.

CENTRAL PROCESSOR UNIT
(cpu)
INPUT-0UTPUT CHANNELS FILE AC((:ESS)CHANNELS
10C FAC
TELEPHONE MAXIMUM: 20 N
JEpp—
0,/ FROM sca PARTITION 19
REMOTE MODEM  p—4— 10C19
ZOMPUTER |
5 | EACH PARTITION MAY |
BE FROM 1K TO 10K
A | CHARACTERS IN SIZE |
1T - (INCREMENTS OF 1K)
DEVICE  fe DEVICE  frmmm g & TELEPHONE
: LINES
MOTS T0C .= " - PARTITION 3 | TO/FROM
1003 [oai] MAIN HEMORY oLcA MODEM REMOTE
S (FROM 10K TO COMPUTER
110K CHARACTERS
IN INCREMENTS
OF 10K )
PARTITION 2
DEVIRE  |—ri DEVICE  f—ri .
e DIGITAL
CLOCK
SWITCHING 10 2 A PARTITION 1
UNIT P -
EXT. CLOCK —J =
-
COLLEC- PARTITION @ e || TRRE | TAPE
DEVICE DEVICE |—— TERM TADATA 30 / CONTROL —  TRANS- TRANS-
10C 1 4 PORT PORT
1 4
COMMON AREA
FROM 1K TO 10K CHAR. DISC
DEVICE LINE (INCREMENTS OF 1K) DRIVE
9 UNIT J 9
1 |
| |
H ! :
! .
DISC
DEVICE LINE DRIVE
1 UNIT EACH 10C 1
-1 s prion o
ITS OWN ARITHMETIC & CONTROL ACCESS FAC DEVICES
PARTITION UNIT
OR COMMON (Acv) ) DISC
DEVICE LINE AREA. DRIVE
9 UNIT 1
302-77 -

EXAMPLE OF A SYSTEM CONFIGURATION
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1-1.3 INPUT/OUTPUT CONTROLLERS

The input/output controllers (IOCs) provide communication between the ACU and
the various peripheral devices, or through communication lines to remote computers.
The type of IOC that is used for a partition depends upon the user device that is
needed. A general list of the currently available I0Cs is given below; a detailed
description of each IOC is given in a later section of this manual.

Circuit Card
I0C Type Identification User Device(s)
Multi-terminal | CH1, CH2 Workstation (typebar printer or GRT), Card
10C (MTIOC) Reader, Paper Tape Reader, Line Printer,
Card Punch, Paper Tape Punch.
MDTS IOC CX3, CX4 Retail Terminal, Manufacturing Information
(CH3, CH4) System.
Synchronous CH5, CH6, CH8
Communication |(CH7 if auto dial)|Remote computer or other synchronous device.
Adapter (SCA) Must use modem if long distance is involved.
Asynchronous AC1, AC2, AC4 Remote asynchronous devices, including
Communication [(CH7 if auto dial)|computers. Must use modem if long distance
Adapter (ACA) is involved.
Asynchronous TA1l, TA2 Model 7102 or similar OEM devices.
Terminal (CH7 if auto dial)| ™ol 30, T7TY 33
Adapter (ATA)
Digital Clock CL3, CL4 External Clock Interface and/or Terminal
switching Unit.
Collectadata 101, 102 Collectadata 30 Terminals.
30 10C

Each IOC is capable of addressing any character within its memory partition, or
the common area of memory. IOC partition size is determined by hardware jumpers
that are located on one of the IOC cards (see the individual IOC description for
patching procedures). Partition size is always 1,000 to 10,000 characters, in 1K
increments. Common area in the Model 20 is limited to 10,000 characters, but the
6800, and 101 systems can have all memory as common, except for the minimum 1K for
each IOC that is installed. The Model 21 hardware follows the same rules, but
because of software limitations, should not be patched for a common size that is
greater than 65K.

. The Model 20 has a Priveledged area of common memory that, if patched by jumpers
on the RBA card, allows only those IOCs that are patched for Priveledged access into
that portion of memory. This feature applies only to the Model 20, and does not
apply to the Model 21, 6800, or 101 systems.
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MODEL 20/21 PROCESSOR

INTRODUCTION

l1-1.4 FILE ACCESS CHANNEL

The File Access Channel (FAC) provides interface to magnetic disc storage and
magnetic tape storage. The FAC contains the controllers that direct and control
the magnetic storage devices under direction of program and the ACU. Data is trans-
ferred to disc units in groups of 100 characters each, preceded by a leader and
track ID, and followed by a trailer. Magnetic tape transfers are not limited to
a specific number of characters, and may vary considerably in data field length,
with controlling or identifying characters preceding and following the data.

In some processors the FAC may also include an on-line communication adapter
(OLCA) that is used for synchronous communication to another computer. This device
may be cabled to the other computer if local, or it may have a modem that inter-
faces to either a leased line or the dial telephone system.

1-2.0 EQUIPMENT CONSTRUCTION

The Model 20/21 processor is physically a main frame that houses up to seven
modules and two power supplies. The 6800 and 101 systems have only three modules
and one power supply. The figure on the opposing page shows the module arrangement
for the processor main frame. The 6800 and 101 processor modules are confined to
the area above the large dotted line. And because of the limited need, the 6800
and 101 have only one power supply. The general construction of the modules provides
for up to 22 circuit cards to be installed into rear connectors that directly inter-
face to the motherboard. The modules are interconnected by cables that connect to
designated card slots (shown by dotted lines on the illustration). The four basic
modules are:

ACU module
Expansion module
FAC module

Power supply

1-2.1 ACU MODULE

The ACU module contains nine circuit cards that comprise the ACU (including the
Test Panel), five cards that make up the minimum memory (10K storage and the assoc-
iated circuits), two expansion cable slots, and one IOC position (two slots). The
I0C within the ACU module is partition zero, the only partition that is capable of
performing the SET MODE instruction.

1-2.2 EXPANSION MODULES

Expansion modules are used to increase the total capacity of the processor.
Each expansion module can add 20K more memory, and four IOCs. The memory capability
can be added in 10K units, but should be placed in the lower addresses first (M,P,
S,T and U). 1In the full size processor (model 20/21) the memory should be added to
the lower numbered expansion modules first.

The I0Cs have no direct effect on the memory expansion, and can be installed at
random. However, the partition number that is assigned to an IOC is determined by
the physical position within the processor. If an IOC position is left open, and
filled at a later time, all higher partitions are moved up in memory, making it
necessary to re-load the programs in those higher partitions.
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MODEL 20/21 PROCESSOR

MEMORY USE, INSTRUCTION AND DATA FORMATS
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MEMORY USE, INSTRUCTION AND DATA FORMATS
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on ASCII chart

Provide BCD value of

numeric characters;

Determine rows on
ASCII chart

(This figure shows the letter U.)

CHARACTER STRUCTURE

INTERNAL CODE

9-1-73
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MODEL 20/21 PROCESSOR
MEMORY USE, INSTRUCTION AND DATA FORMATS

2-1.0 MEMORY USE, INSTRUCTION AND DATA FORMATS

The Arithmetic and Control Unit (ACU) performs arithmetic operations, manipulates
data, and provides access to main memory by the I0Cs and FAC. These operations are
directed by instructions that are stored in memory and retrieved by the ACU. The
instructions are executed in sequence except for branch instructions that may cause
the ACU to begin operation at a different memory address. Under the control of a
stored program and/or hardware, the ACU can commence or stop executing any program
in storage, it .may alter an instruction or replace the entire program, it may request
additional inputs or perform subroutines called for by condition codes, or may pro-
vide abnormal condition indication (status). During the instruction fetching portion
of the ACU operation, the ACU examines the contents of memory in groups of ten char-
acters (actually two groups of five each). It is because of this that all instruct-
ions (words of ten characters each) must begin at an address that is evenly divisable
by ten. Other than this restriction, program and/or data can reside anywhere in the
I0C partition of memory, or anywhere in common memory, except the protected area.

2-1.1 CHARACTER USE AND STRUCTURE

The ACU uses and stores in memory a six-bit character. Since the ASCII code is
a seven bit code (plus parity), the IOC device must convert the incomming characters
to the internal ASCII sub-set, and the outgoing characters back to the full ASCII
equivalent. The ASCII chart on the opposing page has been modified to show the
conversions that are made for the ACU hardware.

Normally, the 6- and 7- bits of the processor internal code are opposite for the
alphabetic characters. Therefore, when characters are entered into main memory, the
6-bit is dropped. The result is the loss of distinction between upper and lower
case letters, and the loss of the control characters in columns O and 1.

Characters that are transfered from memory to an IOC device are reconstructed by
inverting the 7-bit from storage, and placing that bit in the 6-bit position. The
7-bit remains unchanged, and the character is recognized as the upper case letter
of the ASCII code that was stored. When an instruction calls for a (WRITE) control
code, the 6-bit is created as for a normal character, but then the 7-bit is forced
to zero. This causes characters that were stored in memory as those in columns 4
and 5 to be recognized as the control codes from columns O and 1. (Example: a WRITE
Control C transmits an ETX)

The lower four bits of a character provide a numeric value from O to 15, corres-
ponding to the sixteen rows of the ASCII chart. The 5- and 7- bits determine the
column within the chart, and are called zone bits.

The use of a character determines its structure and categorizes it into one of
two types: data or instruction. A data character is the basic unit of a word or
field that is meaningful to the operator; an instruction character is the basic unit
of a ten-character word and/or a many word program that is meaningful to the ACU
hardware. Data words may be entered at any selected location within the partition
or common area of memory, and may vary greatly in length. Instruction words are
always stored at an address that is evenly divisible by ten, and they are always
ten characters long. All memory addressing is by character position. The six
individual bits of the character are addressed simultaneously, and are considered
as one memory location.
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MODEL 20/21 PROCESSOR
MEMORY USE, INSTRUCTION AND DATA FORMATS

2-1.2 DATA WORD AND FIELD

A data word or field consists of one or more contiguous (continuously-adjacent)
characters that are treated by an instruction as a single unit. A data field or
word can be located anywhere in the memory that is available to the I/O device, and
has no hardware restrictions that require an even or divisable-by-ten address. It
is addressed by the leading character position which resides at the lowest numbered
character position in memory. As the field is read (or written into) the ACU incre-
ments the internal addresing structure one count for each character. In an arith-
metic instruction, the data word is a decimal number, with the leading character as
the most significant digit. In that case, the ACU adjusts the addressing before
the number is read so that the least significant digit is acted upon first. In an
arithmetic instruction, the internal memory addressing is counted down as the word
is read.

2-1.3 INSTRUCTION WORD

Instruction words are the basic units that comprise the computer program. The
address of each instruction word must be evenly divisable by ten (this is unlike
the data word which can have its leading character at any location). One other
condition is imposed upon all instruction words: The lower four bits of any character
within an instruction word must not represent a BCD value that is greater than a
decimal nine. Specific details of the instruction word operation and conditions
are given in section 3 of this manual.

An instruction word is always ten characters long, and causes the processor to
perform the specified operation. To perform this operation, the ACU will step
through hardware routines that resemble response to software instructions. However,
these routines are internal, and are performed without the aid of external program.
Each instruction word consists of modular groups of bits which identify data fields,
define what is to be done with the fields, set up the conditions under which the
operation will be performed, and specify the location into which the answer or
result will be placed.

The figure at the right shows a composite block of the instruction word bits.
The basic units of the instruction word are expanded upon in the surrounding
blocks.

The basic portion of the instruction word is the Function Code (also called the
Operation, or "Op'" Code) that sets up the initial conditions for the operation that
is to be performed. During the operation, the hardware sequencing will change the
internal function code many times. Each ACU function, such as READ, WRITE, BRANCH,
etc., is performed under hardware direction that is implimented by changing the
internal function code. These internal changes are completely automatic, and depend
upon the original function code, and the conditions that are encountered during the
performance of the instruction.

Data that is involved in the performance of an instruction is usually identified
by the A and B addresses. The exception to this is the disc instruction, where the
B address tells the location of the disc address in memory. The AC and BC bits
indicate whether the A or B address is in partition memory or in common memory. In
all of the processors except the model 20, there is the possibility of an A5 and B5
character. These are the MSD or 10K digit of the address, if the address is in the

9-1-73 2-4 43-0302-100
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MEMORY USE, INSTRUCTION AND DATA FORMATS

IA
SET MODE
0 0 CLEAR INHeSW
0o 1B
Vo
SET MODE
ALL OTHERS A ADDRESS INDEX LOCATION 00 NO RESET
) NO INDEXING NOTE : 01
Indexing is limited v 0 }1/0 RESET
L oo - 0014 10 10K for each -
1o 0021 - 0024 partition.
. ALL OTHERS B ADDRESS INDEX LOCATION
FUNCTION 1 0031 - 0034
CODE < © 0 NOmDEXING NOTE:I |
F3 F2 F1 FQ 0 1 0011 - 0014 ndexing is limite
mm[__]m AS AC T 0 oozt - o002 voml'?::w each
| | o nann [ 0031 - 0034 s "
0 0 0 0 READ BCD VALUE
0 0 0 1 WRITE A ADDRESS Moso‘;r IN com;aou 0= A ADDRESS IN PARTITION
= 10K DIGIT BIT -
0 [ . ) 0 INVALID (NOT USED) 12 NO 10K DIGIT BITS 1= A ADDRESS IN COMMON
0 0 1 1 MOVE ADDRESS*
0 1 0 0 ADD —
6 1 0 1 DIVIDE IDA
o 1 1 0 MULTIPLY @ 0= B ADDRESS IN PARTITION
’ 1= B ADDRESS IN COMMON 88
0 ' 1 1 SUBTRACT 0= INDIRECT ADDRESSING \
' 0 0 0  MOVE CHARACTER FOR A ADDRESS - nann
1.0 0 1 MOVE NUMERIC 12 NO INDIRECT ADDRESSING BIT 7 oo 3C] BCD VALUE
FOR A ADDRESS / B ADDRESS MSD IF IN COMMON
1 1o
0 SET MODE BIT s [i A5 . 0B 86 010K DIGIT BITS
1 0 1 BRANCH 12NO 10K DIGIT BITS
11 0 o EDIT 8IT 4
1 1 0 1 FORM NUMERIC FIELD BIT 3 TFB
V) 1 0 COMPARE T N @ v
BIT 2 /
11 1 1 EXCHANGE 4
0= INDIRECT ADDRESSING
BIT1 R W FOR B ADDRESS
LA 1 =NO INDIRECT ADDRESSING
FUNCTION  PURPOSE OF LA FOR B ADDRESS
8 READ/WRITE  DEVICE 1.D. NO.
4 ;?v::g:s B3 B2B1 B®
> WULT LENGTH OF FUNCTION TJ::(::E'AOFTLI 8
FORM NUMERIC| A FIELD N
1 FIELD A3 A2AT AQ LB ot a -
MOVE ADDRESS
MOVE CHAR EIN 8 8  NOEFFECT >
MOVE NUM 108 DIGIT 12 NON-FILL
Eoi "o OF FIELD 4 N 4 reaomwrite 4 |osFILL
COMPARE LENGTH 2 NN 2 2 |1*CONTROL OPERATION 1
R 0% NON-CONTROL FUNCTION  PURPOSE OF B ADDRESS
BRANCH VARIANT 1 1 % 1 1%10C ACTIVITY v
(CONDITION) 0=FAC ACTIVITY READ ADDRESS of DISC ADDRESS or
ADD WRITE NEMBER OF CHARACTERS IN
* MOVE ADDRESS IS NOT READ/WRITE e LENGTH OF B FIELD (10K digit may be added to this number
A VALD NSTRUCTION A FIELD ADDRESS IN PARTITION MULTIPLY it in commen
N THE MODEL. 20. OR FORM NUMERIC ADD 0000 TO 9999 DIGITS OF
0000 TO 9999 DIGIT OF A ADDRES: MOVE ADDRESS suUB B FIELD ADDRESS AND ANSWER
IN COMMON MOVE CHAR MULT* FROM MATH OPERATION
e UNIT DIGIT OF DIV * Refer to instructions for MULT/DIV
ALL OTHERS Conpang FIELD LENGTH MOVE ADDR
ADDRESS OF A FIELD EDIT © MOVE NUM
VARIANT EXCHANGE 0000 TO 9999 DIGITS OF
| B FIELD ADDRESS
BRANCH (CONDITION) COMPARE
FORM NUM
FIELD
BRANCH 0000 TO 9999 DIGITS OF
BRANCH ADDRESS

common area of memory.

Notice that unlike the main portion of the address, the A5

and B5 characters are structured laterally within the instruction word.

The Model 20 processor is limited to 10K addressing, even in common, because of

a requirement that the 5 bits of all characters in an instruction must be ls.

The

Model 20 hardware will set a data check condition if this requirement is not met.
A data check will be set in all models if the lower four bits of any instruction
character exceed a binary 9.

The LA and LB characters identify the device number when performing a READ or
WRITE operation, specify BRANCH conditions, or the length of field for other instr-

uctions.
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MODEL 20/21 PROCESSOR

MEMORY USE, INSTRUCTION AND DATA FORMATS

2-1.3 INSTRUCTION WORD (Continued)

The index codes, IA and IB, direct the hardware to one of three automatically
located addresses in memory. The numeric portion(lower four bits) of the four
characters at the specified location are then added to the A and/or B address (as
specified by IA and IB) before the A and B addresses are used. The four-character
areas of memory that are located automatically by the IA and IB bits are considered
to be registers, even though the area is not restricted by hardware to that use.
The index register areas of memory can be used for data or instructions, without
restrictions (other than the normal restrictions that apply to all memory).

2-2.0 MEMORY ORGANIZATION

The figure below is a graphic representation of a portion of the processor memory.
The large divisions represent the partitioning into common and individual user areas
of memory. The small blocks within the individual partitions represent the index
‘register areas of that partition. The address of these registers is hardware assig-
ned relative to the zero address of the partition. For example, the first index
register within a partition begins at the eleventh character position, and includes
the characters to the fourteenth character position. If the size of a lower number-
ed partition is changed, or if the size of common is changed, the physical location
of the index register is changed, but the relationship to the zero address of the
partition remains the same.

PARTITION 1
ay Ad A3 A2 Al AG
CHARACTER  , RISC["ToTol 0]AC \ INDEX REGISTERS P ADDRESS PLACED HERE
A4 MACK: A5G ————= _. AFTER CHECK CONDITION
I (IP SS gs 88 33/ RELATIVE
4
LoweR FOUR (INHDEVAL 1 0 ooREss nfinlanlinl ADDRESSES
BITS TAPE | INHDEV 3 "N B
ACCESS MASK ) \NH DEV 2 pcd PARTITION #
INH DEV 1 FORMAT— INDEX REGISTERS P ADDRESS PLACED HERE
———m——
ADDRESSES e 9 S =< =3 =3 o3 AFTER CHECK CONDITION
SHOWN AREFOR  §\g & & & 8§ 88 33 33 RELATIVE
PARTITION 4 N \ afnfafal ADDRESSES
B4 B3 B2 B1 B \ \
ofofofofBci\ _
ZONE BITS T35 pToIT N\ b--Aprivenepeen area moveL 20 08| SRUER
ACTIVE P11 1K TO 110K
) ‘B'ADDRESS; \ (LIMITED TO
NON-FILL IN BCD 65K BY
B4 ! — N
CHARACTER] CONTROL! t ORMAT— \\ Sg)FTWARE)
FUNCTION 1 1 N (10K max in
ADDRESS SHOWN = = = === ™ o 20
= 5 =272 - - P TED,
IS FOR PARTITION2 8 © 8 & & —— ___ A ADDRESSES 0200 0299 AREA L OWEST
Pl PS ~—] B ADDRESSES 0100 -0199
P4 P3 P2 PI = 300 CHARACTERS
e P ADDRESSES 0000 —0099
oA"Fy"'c-"'%Pc 0123456780910N121314151617 1819
g —
P4 CHARACTER 1] PspiciT EACH PARTITION HAS ONE A,ONE B,
INDICATES THE 4 l / AND ONE P PROTECTED AREA.
PARTITION SIZE P'ADDRESSH
PATCHING : N Bo /
FORMAT—
1 i Vg
ADDRESSSHOWN 888 S 3
IS FOR PARTITIONO 8 88 8 8
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MODEL 20/21 PROCESSOR

MEMORY USE, INSTRUCTION AND DATA FORMATS

2-2.1 PROTECTED AREA

The first three hundred character positions in memory are called the protected
area. This area is contained within the Common area of memory, and is used by
the ACU as a temporary storage area for pertinent information about the instruction
that is in progress in each partition, or the instruction address that will be
used when the partition is next serviced by the ACU.

The protected area can be examined by any partition, but can only be altered by
entry from the Test Panel, or by partition zero under the SET MODE instruction.
Normally the protected area is used only by the ACU as a placemarker for partitions
that are not being serviced. If the processor power is failing, the information
from the active partition is placed into protected memory. Because the program
addresses for all the other, inactive, partitions are already stored, processing
begins again after a power failure without a loss of data.

The A and B addresses are stored in the protected area during Read and Write
operations. The stored A and B addresses are used by the ACU during Interrupt
cycles of the Read or Write operation. Each time an A or B address is used in this
way, it is advanced by one number, placing the next character address in position
to be used for the next interrupt cycle. This procedure is explained in greater
detail under Read and Write, in section 3 of this manual.

Each I/0 channel is assigned a partition in memory (by the physical position of
the I/0 cards), and is also associated with one A address, one B address, and one
P address in protected memory. The explanations that follow for the A, B, and P
addresses describe the uses within one partition. The uses and restrictions apply
equally to all partitions.

A ADDRESS

The A address area (0200 to 0299) contains a series of five-character A addresses,
one for each I/0. The A address, as mentioned above, is from the A portion of a
READ or WRITE instruction word. However, the first character (A4) of the protected
A address is the FAC Protect Character. This character (A4) is not altered by the
ACU (except by special operator or program intervention) and controls which of the
FAC magnetic tape or magnetic disc devices can be used by the associated partition.
The A4 character can be examined by addressing a one character WRITE from: the partit-
ion number times five, plus 200 (with the AC bit active). The A4 character is
entered into protected memory, either from the Test Panel, or from partition zero
under a SET MODE instruction. If the A4 character is any other than a space ccde
(all zero bits) one or more of the FAC devices is restricted from use by the par-
tition. The example below shows the meaning and restrictions that are contained in
the five-character A protected area.

DISC ACCESS ALLOWED
FAC PROTECT
FULL ACCESS CHARACTER AC BIT

Ad A4 A3A2A1 AQ
A5 CHARACTER
ST L MSD OF ADDRESS

READ ONLY- / DISC ACCESS MASK{f BIT5 |F THE AC BIT
IS ACTIVE

BIT7
BIT S

—

INHIBIT MAG TAPE 1 BIT 4
READ/WRITE FROM INHIBIT MA((: TAPEE 2 BIT 3
COMMON AREA ONLY IFBITIS1

INHIBIT MAG TAPE 3 BIT 2
NONE INHIBIT MAG TAPE 4 BIT 1

EREEEEER

~
ADDRESS FROM A" PORTION
OF INSTRUCTION WORD
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MODEL 20/21 PROCESSOR
MEMORY USE, INSTRUCTION AND DATA FORMATS

2-2.1 PROTECTED AREA
A ADDRESS (Continued)

Most of the characters in the A protected area are from the instruction word,
and follow the rule that the lower four bits cannot exceed a binary nine. The A4
character is an exception to this rule, and can be any value, and is not checked
by the ACU for a data fault. A-protected is not used by an FAC instruction.

The A address example that is shown below illustrates the bits that might be
SRR, used in a customer situation. From the location of the charac-
;T ters in the protected area, it is determined that the user, in
this case, is partition 2. The device or devices on this partit-
ion are allowed full access to the disc storage within the system.
However, only magnetic tape drive number 2 is available to this
partition. The type of instruction cannot be determined from
the A protected area, but the active data in the instruction
is located at 3941 in the Common area of memory. Notice that
the 5 bits in the AO, Al, A2, and A3 characters are all 1ls. In the 6800, 101, and
model 21, one or more of these bits may be zero. In that case, the zeros represent
the binary value of the 10K digit of the A address (providing the AC bit is a 1 as
it is in the example). :

N
&
0
0
1
1
0
1

&
1
1
0
0
0
1

—- N Wb 0 Ng

B ADDRESS

The B address area (0100 to 0199) contains a series of five-character B addresses,
one for each I/0. The B area of protected memory will accomodate 20 such addresses,
but abbreviated systems such as the 6800 and 101 can only use a portion of these.

The B-protected area is used during an IOC READ or WRITE to store the remaining
number of characters (less one) that are yet to be transfered. This number is
decremented with each character transfer until a borrow condition is created, and
the LAST flip-flop is set, terminating the operation. The conditions under which
the characters are transfered are controlled by the B4 character of the B-protect
area of memory. ..

The B4 character contains the I/0 channel control bits. These bits are loaded
from several sources, and are not the same as the B4, or LB, portion of the instr-
uction word. Bit 1 comes from F@ (showing a READ or WRITE condition), bits 2 and 3
come from LB bits 2 and 3, and bit 4 is placed by the ACU as a status retrieval
flag. Bit 4 causes status to be read by the ACU after an I/0 instruction has been
completed.

The B address area in protected memory is also used at the termination of an FAC
Read or WRITE instruction to store any residual count (less one). A disc instruction
that ends in normal status leaves a count of 9999 (one less than zero). A disc
instruction that ends in FAULT leaves a residual count of 0099 (one less than 100).

ADDRE
B4 B3 B2 B1 BO COMMON AREA AD SS

BIT GRRGR
|[E7}20NEB|TS FHFS
B5 DIGIT | 5 B4 B3B2B1 B0
ACTIVE BIT 4) B ADDRESS FROM ojojojojol7
NON-FILL BIT 3 LINsTRUCTION WORD T [[7]s
CONTROL BIT 2 ACTIVE BIT [1 0|10 f0]4
FUNCTION BIT 1 NON-FILL BIT [0]0|0]00]3
CONTROL BIT [0]1]0]00]2
B-ADDRESS BIT STRUCTURE runenion s FeteTettel
‘ EXAMPLE OF B ADDRESS
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MODEL 20/21 PROCESSOR
MEMORY USE, INSTRUCTION AND DATA FORMATS

2-2.1 PROTECTED AREA
B ADDRESS (Continued)

The B-protected number that is recorded after a Mag Tape WRITE instruction (from
memory to tape) is always 9999. A Mag Tape READ instruction that is filled or ex-
ceeded will also record 9999 in the B-protected area. A Mag Tape instruction that

is terminated before the field is filled (the usual programming procedure) will leave
a residual count in B-protected that is one count less than the number of characters
that would be required to fill the remainder of the field.

The example shows that partition 9 is busy with a normal (not CONTROL) read instr-
uction that needs 2811 additional characters to complete the specified field. If
the operation is terminated before that number of characters is received, the rest
of the field will be filled with blanks (SPace codes).

P ADDRESS

The P area of protected memory contains a series of five-character addresses
that are mostly used to direct the ACU to the proper program location when the
partition is serviced. The lower four bits of the P4 character are a read-out of
the P-LIM jumper settings on the I/O card. The read-out is only an indication to
the system operator, and is not used by the ACU in any other way.

The 7-bit in the PP character is the PC bit, indicating that the P address is in
the common area of memory if it is a 1. The lowest order bit of the P} character is
set to a @ each time the ACU begins to service the partition, and restored to a 1
when the ACU leaves the partition (except when the ACU leaves to service an INTerrupt
on a cycle stealing basis). The 7-bits of the P1, P2, and P3 characters indicate
the status of the condition flip-flops when the ACU switched partitions. These bits
are used to re-establish the states of the condition flip-flops when the partition is
serviced again. The condition flip-flops are used to direct a conditional BRANCH,
if that is the next instruction that is pulled.

The P address bit structure is shown in the illustration below, along with an
example of a P address that could be found in memory. The example shows the address
for partition 5, which has the P-LIM jumpers set to a partition size of 7K, or 7000
characters. The last instruction in that partition ended normally, and the next
instruction to be used is at location 24060 in the common area of memory. The new
instruction address does not include the active bit of the P} character. This
example would be impossible in a Model 20 processor, because the zero (the 10K digit)
in the 5-bit area would have caused a data check, causing a program restart.

)
L COMMON AREA ADDRESS
T A P P D P
[T Fd S Syr
P5 DIGIT IDDERE
SKE v a]u] v 1{1]0]1]1v(5
P-LIM s PPalpalp2lrilre 0{ojolo]o]4
earTiTIoN s1izE) 2k [T LT L 1 1 T o]7]0] 3
T4 B N ACTIVE BIT 1{ofo[1]0]2
e TTofolol1]1
ADDRESS OF
NEXT
INSTRUCTION
P ADDRESS BIT STRUCTURE EXAMPLE OF P ADDRESS
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MEMORY USE, INSTRUCTION AND DATA FORMATS

2-2.2 INDEX REGISTERS

There are three locations of four characters each within each partition that can
be automatically accessed as index registers. These index registers are not devices,
but are character addresses at fixed positions within the relative partition location.
Indexing bits within the instruction word cause the characters that are stored at
the specified index register location(s) to be retrieved and temporarily added to
the A and/or B address portion of the instruction. The index registers are relative
to the partition, and are at the same relative positions within each partition.
Indexing allows up to 9999 to be added to the instruction address, and can cause
address errors if the modified address is greater than the partition size.

There is no restriction that reserves the index register area exclusively for
indexing. Data and/or program instructions can be written into any or all of the
index register areas in memory.

LOCATION 40

Location 40 within each partition is essentially an error register for storing
the P count when an error is detected. The P (program) count is the memory location
of the next instruction, or the next character in a READ or WRITE transfer. When
the ACU hardware detects an error, the CHECK flip-flop is set, causing the contents
of the (hardware) P register to be stored along with the P-LIM value into locations
0040 through 0044 in partition memory, rather than into the P protected area of
memory. The P-LIM value is a single digit from 1 to : (:=10K) representing the 1K
increments of the partition size patching. If an error is made during the character
transfer portion of an I/0 (input/output) instruction, the P count will be one count
greater than the address where the error occurred. Any other error will cause the
P count to be eleven (one instruction word + 1) greater than the error causing
instruction. In the case of a branch instruction to a location that is greater than
the partition (or common) limit, the branch will be completed before the error is
discovered, and the stored P count will only reveal the branch destination, and not
the source of the error.

Normal data or program can be placed into the location 40 area with no restrictions
other than the regular conditions of data and program entry. However it is not
advisable to place data at this location, because it will be destroyed and replaced
if an error is made. Detectable errors that will cause the P address to be stored
at location 40 are of three basic types that are listed below.

Address Error
® An address that is greater than the partition size.
® An address that is greater than the alloted common size.
e In the Model 20 only, an attempt to address the priveledged area of memory
from a partition that is not patched for priveledged entry.
®An attempt to change data in protected memory (except through SET MODE).

Invalid Function Code
® Binary 3 (0011) used in an instruction word.
® Binary 2 (0010) used in a Model 20 instruction word.
® Binary 10 (1010) used when the SET MODE enable jumper is not installed (on
the LIF card).
Data Fault
® Lack of a 1 in the 5-bit position of any character in a Model 20 instruction.
® Lack of a 1 in the 5-bit position of a disc address (the six-character

data field at the B address).
® A binary value greater than 9 in the lower four bits of an instruction charac-
ter, character used for indexing, or a disc address character (except for the

disc unit number in all models o;her than Model 20).
9-1-73 2-10 43-0302-100
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MODEL 20/21 PROCESSOR

ARITHMETIC & CONTROL UNIT

3-0.0 ARITHMETIC & CONTROL UNIT

The Arithmetic and Control Unit (ACU) is the central logic and time sequencing
for the entire processor. All program instructions and data manipulations (to and
from memory) are processed by the ACU. Automatic operations that are caused by
certain instructions and conditions are controlled by the ACU. User (partition)
sequencing and time sharing is also controlled by the ACU.

The ACU services information from only one user at a time, even though service
appears to be simultaneous by quickly switching from one operation to the next. The
ACU hardware is exclusively available to the partition that is being serviced, but
may be released for short periods between instructions to allow INTerrupt memory
cycles. Most I/O controllers process data transfers to and from peripheral devices
(or communication lines) independantely from the ACU, requesting memory cycles on
an INTerrupt basis. Before fetching a new instruction in the active partition, the
ACU may momentarily leave the working partition to service these INTerrupt requests.
Each operation, including the INTerrupt memory cycles, is performed in sequence, one
at a time.

The ACU simplified block diagram on the opposing page shows the general organiz-
ation and signal flow within the ACU. Data or instruction characters that come
from either an I/0 device, an FAC device, or from memory, enter the ACU on the
INP-DATA lines. Timing signals from the ACU clock circuits gate the information
from the INP-DATA lines into the M and N registers, one character at a time.

The M and N bus, a series of six data lines, routes each character to the inputs
of the various registers within the ACU. As each character is entered into the M
and N registers, ACU timing and enabling conditions cause the bits to enter the
appropriate hardware registers (most of the timing and qualifying inputs for the
registers are omitted from the block diagram). The general data flow of data within
the ACU is summarized below.

® Characters are gated into the M and N registers, and thus onto the M and N bus.

® Each bit is gated into an appropriate register, where it will be acted upon
or stored until required.

® The processed data is gated from the outputs of the registers, one character
at a time, onto the S bus.

® TInput gating clocks the characters from the S bus into the M and N reglsters,
and onto the M and N bus.

® The data output gates are enabled, sending characters onto the OUT-DATA lines,
and to an I0C device, an FAC device, or to memory.

3-1.0 DATA AND INSTRUCTION REGISTERS AND COUNTERS

The ACU contains many registers, flip-flops, and counters that temporarily store
instruction and data bits, and provide sequencing for many of the ACU operations.
Some of these registers and counters are named for the portions of the instruction
word that they store or control. For example, the LA portion of the instruction

“word is stored in the LA register. Other registers are for data manipulation, and
the names do not relate to their operation.

11-1-73 3-3 43-0302-100
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3-1.0 DATA AND INSTRUCTION REGISTERS AND COUNTERS (Continued)

The instruction word is literally taken apart as it is received from memory, and
placed into hardware registers. The overall and specific content of the hardware
registers determines the character, or operation, of the ACU for the duration of
the instruction. The ACU will pass through many internal functions during the
completion of an instruction, but is always guided and directed by the bit content
of the instruction word, and the conditions that are encountered during the progress
of the instruction.

When service begins in a partition, the ACU is working under the internal func-
tion BEGIN. The P count is recalled from protected memory, and that position in
memory is addressed. The first five characters are ''pulled" from memory, one at a
time. A series of checks for data fault, branch, etc. are made, and if none of
these conditions are present, the second five characters of the instruction word
are pulled. The Q counter is used as the clocking source for the instruction
pulling routine. The Q counter is a five-count device (Q for quinary) and is des-
cribed later in this section.

As the instruction word characters are pulled from memory, the bits are placed
into registers that assemble the various portions of the instruction. Each portion
is completed as a seperate item, and in some cases, can cause major actions before
the entire instruction word is drawn from memory. For example, a five-character
BRANCH will cause a change of address without pulling or examining the second half
of the instruction. A five-character branch is explained in a later portion of
this section. Some of the bits from the incomming instruction word are placed into
more than one register. This duplication may be for overlaping duties of the bits,
‘or it may be a temporary storage in the event of a special condition such as an FAC
cycle or a five-character branch. The listing below shows where the instruction
word bits are placed as they are pulled from memory. The listing on the following
page is a general summary of all of the hardware registers, their use, and location.

CHARACTER | STATE LOWER 5BIT | 7BIT
(Q COUNT) | FOUR BITS

Ist BG3(Q=#)| LA,J,LB | IDA F3

£

2nd BG3(Q=1)| A3,B3 [A5(BITI)| F2

E ESTINA
REGISTER DESTINATION 3d |BG3(Q=2)| A2,B2 NS(BIT?)| FI
OF INSTRUCTION BITS

#h |BG3(Q=3)| Al, Bl |ASBIT3) FA

*

5th BG3(Q=4)| Ad,BF |A5(BIT4)|AC,BC
6th BG4 (Q=04)| LB,K DB 1Al

7th  [BGAQ=1)| B3  [BSBITI) 1A
sth  |BG4(Q=2)| B2  |Bs5BITH| Bl
9%th  |BG4(Q=3)| Bl  (B5(BIT3)| IBS
0th |BG4aQ=4| B  [BS(BIT4)| BC

* The A and B 5-bits are deserialized in a shift register
and strobed to the proper register as a complete character.
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3-1.0 DATA AND INSTRUCTION REGISTERS AND COUNTERS (Continued)

HARDWARE REGISTER DESCRIPTION

REGISTER| LOCATION DESCRIPTION FUNCTIONS
(P.C. CARD)
A RAD Flve decimal counters Hardware storage for the A address
from the Instructlon word
AC RAX D flip-fiop Hardware storage for AC bit
. U o L - S
B RAD Five decimal counters Hardware storage for B address
i from mstructlon word
BC [ RAX D flip-fiop Hardware storage for BC blt
D RDA One decimal counter Hardware storage for the A mput to the
adder in A-_{-_ B operations
E RDA One D fllp-tlop and one Hardware storage for zone bits
cross-coupled latch
F RBA Four cross- COUPIEd latches Stores functron code from Instruction word
H RDA One declmal counter Stores the B input to adder tn AtB
operations.
LT —— e . P —
1A RBA Two cross-coupled latches. Storgs 1Ag and IA1 from the Instruction
word.
B RBA Two cross coupled latches. I §{&§§T§o and IB1 from the Instruction
wor
1D LIX D flip-flop Stores the IDA bit in BG4
S IS B and the 1DB bit in BGS.
J TMN One decimal counter. Stores ‘fower 4 bits of B4 (from protected)
or alternate storage for LA
K TMN One decimal counter. Alternate storage for LB data buffer,
______ . ~ 1 quotient accumulator; multrplier storage.
LA RDA "One decimal counter Stores LA from tnstructron word.
LB RDA One declmal counter Stores LB fro |n tructlon word
R R SR R i .
M TMN Four cross-coupled latches. Stores the M bits, which are the lower four |
o o L bits of character.
N TMN Two cross coupled latches. Stores the N bits, which are the zone bits
P RAD Five decimal counters Stores the P (next instruction) address
‘ from protected memory.

PC RAX D flip-flop Stores the PC bit from the P protected
S o ... | __address. ]
Q RAD One quinary (5-state) counter. Clocks five-part operatlons, provfdes part

of addresslng for protected memory.
X RBA " One decimal counter and Addresses 10Cs. (SEL DIGIT and ]
one D flip-flop. SEL GROUP); part of protected
o o 1 | memory : address i
Y RBA One binary counter (fOUf bltS) and Stores base address of the workrng partltron
R R _two decimal counters. S . ]
Zz RBA Three decimal counters Stores base address of partltron using
the FAC.

11-1-73

3-5

43-0302-100



MODEL 20/21 PROCESSOR
ARITHMETIC & CONTROL UNIT

3-1.1 TIMING AND SEQUENCING

Basic timing for the ACU is derived from a 9mHz oscillator that is located on

the TMN card.

From this, and other qualifying logic, comes the State Clocks,

Function Clocks, and a series of sub-divided timing signals that sequence the various
logic operations.

The figure below shows some of the more significant timing signals in the ACU.
One of the major timing sources is the State Clock, refered to as State. A State
only exists during the time that the State Clock signal is active. Between states,
there is a ''dead" time when no state exists. A normal state time is 777 ns, but
the time is extended to 3.33 us for either a core cycle (in or out of memory) or for

an FAC cycle.

The Functions and Steps are the main timing and qualification for the various
operations that are required to complete an instruction. The Function and Step
Code register contents can be changed during an active State Time, but the change
will not be decoded and become effective until the next dead time between states.

The complete ACU requires and generates approximately 150 logic control signals.
These signals are listed, along with a short definition, in the Reference section
of this manual. Normal processing is directed by the State Decoders, that are fed
by the Function and Step counters (and buffers). However, the Jump logic can cause

direct entry
signals.

11-1-73

into a specific function and step, and takes presedence over all other
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SIMPLIFIED BLOCK DIAGRAM OF BASIC CONTROL LOGIC
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As was mentioned before, the basic 9mHz oscillator frequency is modified by
counters, flip-flops, and gates to arrive at the needed control timing.

MODEL 20/21 PROCESSOR
ARITHMETIC & CONTROL UNIT

TIMING AND SEQUENCING (Continued)

The

figure below is a timing chart of some of the major timing signals within the ACU.
The chart shows examples of a normal ACU cycle, a memory cycle, and an FAC cycle.
The signal levels that are shown on the timing chart are given in a relative state,
and do not necessarily show the +5v or Ov state of the signal.

Notice that the CYCLE-REQuest signal stops STATE CLOCK, suspending all "normal

ACU operation.

NORMAL CYCLE

9 MHz Osc

rAT

BT

ot

* STATE-TIME |

CYCLE REQ
» STATE-CLK
* M,N STROBE
.27
= 3T

» LOAD(FC/sC)!
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SCB-STR
FAC-STROBE
CM-CYCLE

* CLEAR M&N

* CORE READ

+ CORE WRITE
INHIBIT TIME

- READ STRB
FAC-CLK

an usoc).

MEMORY CYCLE

(333 usec) |

NORMAL CYCLE

'(i.l-l usec).{

FAC CYCLE

It is during the "dead" time that is created by the STATE CLOCK

(3.33 :JSOC)
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E, ] 777
{ LI 1 1 NELD _Far e .-
1 | 1 | | J 1
W | L |
I W ign! J 1 J
! LOAD] |$’ L_J
|L' lNCR/DE% r LOADQ OVERRIDES INCR/DECR
L | ==} J L=
I g W
T — — —
I ; i (g 4
i J T 1 B I R |
% I e T
; I AR R | | D e I
1 1
1 1 1 1] 1 1 i
ACU BASIC TIMING SIGNALS
suspension that the FAC memory cycle is performed. The FAC memory cycle can occur
between any of the steps of the INTERRUPT function, and involves a large number of
logic decisions and steps. These steps and decisions are explained further in the
later paragraphs covering INTERRUPT and READ/WRITE, FAC.
3-7 43-0302-100
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3-1.1 TIMING AND SEQUENCING (Continued)

FUNCTION AND STEP COUNTERS

The Function Counter and Function Count Buffer, in conjunction with the State
Decoders, provide the states, or steps, within each function. The number of de-
coded steps within each function is unique to that function, but may coincidentally
contain the same number of steps as some other function. Each function has a seper-
ate State Decoder, and because of the great number of steps that are required in’
READ/WRITE, INTERRUPT, MULTIPLY, and DIVIDE, two decoders are provided for each of
these functions. The figure below shows the major portions of the function and
step logic. A change in function or step can be developed during an active state
time, but the change will not be loaded into the buffers until the SCB-STR sgignal is
given at the start of the next state time.

STATE CLK_ FCB L
FIToFE

J/B FCB H
D
FCB 4
DS
—————en cB 2
F1 TO FC —

FCB 1
Fc Fcs
3T T7FESE |, N
c [Ac
L L _[ U D
SCB STR —q
J/STEP 6
J7STEP 3 J7STEP 3

J7STEP 0-

scs8

J/STEP 6

SC DECR —¢

SIMPLIFIED LOGIC DIAGRAM OF CONTROL LOGIC

When no increment, decrement, or jump signals are developed, the step counter
will increment at the end of each state, unless an INHIBIT-SC signal is present to
block the increment. An SC-DECR signal overides both the increment and the inhibit
signals, and a jump (L/SC) takes presedence over all other signals.

The figure on the opposing page is a simplified block diagram of the ACU control
logic. Notice that the functions that are to take place on a particular card are
decoded on that card.
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3-1.1 TIMING AND SEQUENCING (Continued)
X COUNTER

The X COUNTER is a twenty state binary counter that is located on the RBA card.
It always counts in an ascending progression, starting again at zero when a count
of 19 is reached. The decoded number that is in the x counter represents the par-
tition that is being addressed by the ACU.

The binary output of the x counter is decoded into select digit (SEL-DIGIT) and
select group (SEL-GROUP) signals that are used to address a particular I0C (partition).
The figure on the opposing page shows the addressing scheme that is used to select
only one IOC at a time. The illustration is for a Model 21 with the full 20 par-
titions, but the scheme applies to the 6800 and the 101 models as well.

The x counter is also used by the ACU to address the common area of memory. The
X1 output directly addresses the 10s digit of the protected address, and the X(
output qualifies with the Q counter to address the unit digit of the address. The
figure and table below show the X Counter (simplified) and the counts that are used
for partition selection and protected memory addressing.

TO INTERNAL
HARDWARE  pECODING
LOGI

A >
L

‘ o 9 seLecT
_Eg r2 DIGIT
=4
X-INCR —=~{ X0 =
X1
DFF
D-CNTR u
LoAD-BRSE ["Cu D % GROUP
B i
-
10C ADDRESSING X COUNTER PROTECTED
X1 Xp MEMORY ADDRESS
10s . . )
PARTITION SEL-DIGITISEL-GROUP 814]2]1 Digit| Units Digit
o {0 | w_ jojojojo} 0 ojoj1j2]3t4
1 0 X 900071 0567789
2 o Y fojojortfo pf 1 Tojrlala)a
3 0 z  Jofojof] 1|s]é|7]8]9
4 1 W 0fO0}T]of O jfl 210f1|2]3]|4
5 s X fojofrfol v il 2516)7|8]9]
6 1 Y opof11p o 3jol1y2134
7 ! z ojojrl 1 315]6|7(8]°9
8 2 W 10f1foj0p 0 {j 4f0j1}12:3]4
9 2 X of1fofo0f 1 41516171819
A B Lo 1| e
10 2 Y Cl1joj1y o | 540j11213}4]
L 2 z oprjop 1 |l 55161718} 9]
12 3 W Op1frjo) O fl 640j112}3)4]
BEN El X Jefifafo] T (Tefsfe|7]elo
14 3 hd Op oz el ry2)3)4]
15 3 z ojrfrfrp V7 ys|el7|8)9
16 4 W 1{o]ofol o glol112]3]|4
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17 4 X Tjojojop 1 1 8)5|617(8)9]
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11-1-73 3-10 43-0302-100



MODEL 20/21 PROCESSOR
ARITHMETIC & CONTROL UNIT

—— —— —— —
| CARD POSITION B
5G X 90>——SEL GROUP' X
——5GZ 266> SEL GROUP 2
SGW —>81 SEL GROUP W
SGY —3 80> SEL GROUP Y
sb3 91> SEL DIGIT 3
<—sD1 — 389> “Et g:g:x_ 1 From A SOvNT er
_——5Da4 »87>——S 4
o —sb2 385 SEL DIGIT 2 DECoD IN? 1/0 SELECT LINES
S} —spe—; %BE—SEL DIGIT 0 J-O /e
b CH®
8 | (&= acu mopuLe Vi
N -_ -_—
0 —— e e
‘2 ' CARD POSITION I
B A
I~ sex—>90 90 e SGX
SGZ—>86 86 Gz
Ih—-5s6W—>a 81€— SGW N
oSG Y——>s0> 80< SGY
| 83 € sD
5 <8o¢ 6———SGX ph
p—————————< 90 ©
- ] 86¢ $GZ—) 2
81 €——SGW. g
P’ 80 € 5G Y —J o
b Nt 49} P: = |-
[>——sD4a—>87 91 € Zba-—\ |
N SD2—385 —<89 €————5D2 o
N——SDp——>83 87€ spp—] |<¢
1] ‘ (3]
chi{s v
I cHz| EXPANSION MODULE | w
'8
cha (ST NO. 1 =
cral3 | J 3
— e—— — <
W
PART OF AMPLIFIER CABLE ASSY. 9000867 o
-
— —— Om—— —— m P—— —— — ———— ——— ——
CARD POSITION | < | CARD POSITION ]
c B A c B A
N 5G X—3 90> 9—<90 [N——5G X—3 90 >——————9—<90
N——SGZz—>36 86 l N—sGcz—386 86 l
SN SGW—3 81 <81 SGW—> 81 <81
N———5G Y—>30> —<80 tscv—-—)eo <80
83 <83 l
89 | I 89
90 € S G X 4 190 €—————5G X—
<86 € SG Z— <86 < SG Z—)
JB', SGW— I ~< 81 € SGW
N——sD4—> 91 }gg:—————sg:ﬂ —>91 732@. SEY—
SD2—>69 > <83 < sp2—J [N——sDs—> 89> <83 €& SD4—|
SDg—>87 —~< 91 € SD@—J —>87 <91 €&—
SD3—> 85> <89 & SD3— —>85 89 €—
SD1—> 83> 87 € $BD1—J ——sD3—> 83 <87 ¢ 53—
crs { 7 l crHis |
puw -
CHG‘ - EXPANSION MODULE ICH““ - EXPANSION MODULE |
cn7| 0T NO. 2 cHis{ 4 NO. 4
cHe{ e |CH|6(
PART OF CABLE ASSY. 9000864 PART OF CABLE ASSY. 9000864
P — e —_——— —— — —
l CARD POSITION | CARD POSITION
N Cc B A  cox C B A I
0 90 SG 90 >——ee @t 9 0
222”"_,35’_""‘—*"&6 N ez D8 86
——SsGW—>8i> <ai N——scw—>81 81
N——s5GY—>80 <80 | N——5G Y-—>80 8o |
< <
89 ~<89
— <90 ¢——— <90
——<86 . | <86
<81 <81
<80 —<80
[~ spg—s3 01 <85 I 91 <85
[~ sps—>895% <83 89> — <83
SD1—3 87 >— <91 N——SDa3—>g7» <91
[ ~—304—>8s5> 4:3 gg‘ ':79
SD2——>83%— < SD4—> —
cHe (3T cHi7{ 2]
- -]
cHof T EXPANSION MODULE I cHis| 3 EXPANSION MODULE I
cri{ 3] NO. 3 cHiof ST NO. 5
- NOT § @l
'C"”Z{‘—-——-— useo! |

11-1-73 3-11 43-0302-100



MODEL 20/21 PROCESSOR
ARITHMETIC & CONTROL UNIT

3-1.1 TIMING AND SEQUENCING
X COUNTER (Continued)

The x counter must be at zero for the SET MODE instruction to be performed. This
limits the SET MODE instruction to partition zero (in the ACU module).

In BEGIN (), the ACU tests for INTerrupts. If the INTerrupt flip-flop is set, the
ACU must leave for a short time to service the request, or requests. As the ACU
leaves BEGIN, the D and H counters are cleared, and incremented along with the
x counter. When the interrupts are serviced, the D and H counters are at an unknown
value. To find the partition that was active before the interrupt, H (and X)
is incremented until the value of 20 is reached (D2). The x counter is now setting
at the partition that was left for the INTerrupt.

Q COUNTER

The Q counter is a five-state (quinary) counter on the RAD card. It is a special
arrangement of a D-counter and decoding gates. The Q counter is used to address the
unit digits of the index register locations in partition memory (also the location
40 register), and to address protected memory (qualified with the x counter). The
Q counter is also used for stepning through 4 cr 5 part operations of hardware
sequences.

The Q counter (simplified) is shown below. The Q counter is loaded with zero
value by the SYS-RES/7 signal at the start of processor operation or whenever the

DECIMAL|

SYS-RES/7 COUNTER[™]

LO
L_‘C

Q-INCR/3 o

STATE-CLK/S o
3T/5

X
Dl =y

Up=Q-INCR ® STATE-CLK (3T +1-BIT)
Down = (3T+ 1-BIT) * Q-DECR

Both up and down inputs are normally a logic 1. When the
conditions are met, the U or D input changes momentarily
to a logic 9. The counter is incremented or decremented

by the trailing edge of the U or D pulse.
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3-1.1 TIMING AND SEQUENCING
Q COUNTER (Continued)

logic is reset by that signal. All other Q counter activity comes from the inputs
to the Up and Down count logic. The U and D inputs to the D-counter are normally
at a logic 1 (+ v). 1In order to increment or decrement the counter, the input must
be qualified to a logic O, then allowed to return to logic 1. The actual count is
made when the input returns to the logic 1 state. Because of the feedback and
decoding configuration, it takes two counts into the D-counter to move the Q count
up or down one number when the counting direction is reversed. The inset shows counts
that can be contained in the D-counter for
Q COUNTER TRUTH TABLE the various Q counts. The Q counter is made
DCTR BINARY VALUE to count up (Q-INCR) in BEGIN (BG), BRANCH
INCREMENT DECREMENT | QCOUNT|  (BR), INTERRUPT (IT), POSITIONING (PO), READ/
T LA N - - WRITE (RW), and SWITCH (SW), but is only
made to count down (Q-DECR) in INDEX (IX).

Timing for the Q counter is shown in the
illustration below. Notice that the Q-INCR/3
input can remain at logic O while the counter
is incremented through all five counts. However,
the Q-DECR/2 input must switch to a logic 1
for each down count. Then, when the Q-DECR/2
signal goes low again, the D input to the
decimal counter is returned to logic 1 for the
IGNORED IGNORED increment.

When Q-INCR/3 and STATE-CLK/5 are both active (both low), either the presence of
a 1-bit from the D-counter, or the absence of the 3T/5 signal will cause a logic O
at the U input to the counter. 1If the last input to the counter was a down count,
the 1-bit will have an output, and the 3T/5 signal must be removed twice to incre-
ment the Q count; if the last input to the counter was an up count, the first time
that the 3T/5 signal is removed, the Q count will increment.

Q—INCR/3-1 I

Q-DECR/2 ] l_, f_J—_-‘_____

STATE-CLK/5|_ I [ L 1 [mml I m J—L——f = ] r
i I e I e B e e e e e )

S N e (N T o T N o S N e Tf
® Nore: I e BN N
TS S W M M ml 5/ L]
rmT T L [ 1 JF [
4-BIT I 1 e I
8-BIT 1 l'__'”'_—_”———_l____
Q= [ _Q=1_1 Q=2 ] Q=3 ] Q=4 ] o;ﬂ | jrf Q=4 ] Q=3

*NOTE: Waveforms shown in dotted lines occur ofter a system reset, or after a previous up count.

Q COUNTER TIMING DIAGRAM
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3-2.0 MEMORY ADDRESSING

Addressing within each partition is relative to the beginning of that partition.
The A and B addresses that are used by the programmer are placed into the A, B, and
P registers and provide the majority of relative addressing. The Q counter and the
IA and IB registers provide the relative addresses for the active index registers.
The location 40 register (essentially an error register) is derived from a combina-
tion of the Q counter and the x counter. The 1, 10, and 100 digits of a relative
address. is given to the memory matrix in a4 twelve-wire BCD form. The 1000 digit is
added to the base address by the Base Adder (as an internal operation of the ACU) to
arrive at the actual location in memory, called the absolute address.

In the extended Common area addressing of the models 21, 6800, and 101, the 10K
digit is decoded from the base adder by logic on the RDX card, and passed directly
to the memory select system (R-BUS-K).

3-2.1 ADDRESS ERROR

An address error occurs because the instruction expects the ACU to address a
position in memory that is greater than the allotted partition (or common) size.
In the case of a 10K (exactly) partition, an overrun at address 9999 causes thc
next character to be entered at address 0000. This makes it impossible for a 10K
partition to have an address error within the partition. However, when a 10K par-
tition is working in the common area of memory, an address error can be made in the
same way as any other partition.

A simplified example of an address error is shown below. The instruction is
asking to read (enter into memory) ten characters, starting at a relative partition
address of 6992. However, the partition is only patched for 7K, allowing only eight
characters to be entered. When an attempt to enter the ninth character is made, an
address error occurs.

A = 6992

B = 0010

Partition size 7K

6992 6993 6994 6995 6996 6997 6998 6999
[plrfaf[nf[=e]afn] E ]}

Address ERROR

In the next example, ample space was allowed for the intended message, but too
much spillover room was specified. The intended message was entered into memory,
but an address error occured because the instruction must complete the specified

number of characters.
A = 3988 (AC)
B = 0014
Common size 4K

3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999

IPILlAlNISPIAIHIEIA_I_Q’IBLANKIBLANVI_]

Operator terminates
Address ERROR still occurs

An address error can be made with no characters entering memory if an address is
specified that is greater than the partition or common size. The relative address
is checked against partition (or common) size and the base address before each
memory cycle, and if the address is too large, the cycle does not take place. The
limit circuitry is located on the RBA/RBX card.
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3-2.2 RELATIVE ADDRESSING

All addresses within a partition are relative to the beginning point for that
partition. The base adder converts the relative address to a true, or absolute,
address by adding the size (total) of common memory, and the patched sizes of all
lower numbered partitions to the relative address. For example, if a relative
(instruction) address of 2304 is given in partition 4, and the lower partitions are
patched for 2K, 5K, and 3K, with a common of 2K, the absolute address is 14,304.
The absolute address is the position that the ACU must find for the memory transac-
tion.

Knowledge of the true address can be an aid in troubleshooting and isolating a
memory problem.

3-2.3 COMMON ADDRESSING

Common area addressing does not use the Base Adder, and the R-BUS-COM/3 signal
that is generated by a common area address forces a logic zero into the Base Adder.
With the base adder inhibited, the thousands digit of the specified address becomes
the thousands digit that is applied to the memory select circuits. This digit is
also compared to the common area limit (which has been gated onto the R-BUS for the
comparason), and if the thousands digit is greater than the common area limit, an
error condition is set.

If the common area address is less than 300 (indicating that it is within the
protected area) the function code is checked. Any READ instruction with an address
less than 300 must also be accompanied by the inhibit switch condition (either from
the test panel, or through the SET MODE instruction) or an address error will be set
by gates on the TMN card. These checks make it impossible to enter characters into
protected memory except through inhibit switch.

Any address error condition causes the ACU to preset CHECK, and decrement P1]
(marking the partition inactive), and the character transfer that is in progress
is terminated.

3-2.4 BASE ADDER

The base adder adds the patched size of the common area, and the size of all
lower numbered partitions to arrive at the base address of the working partition.
The base address of the partition is added to the relative (instruction) address
when a character is to be located in memory. The upper limit of the common area,
and consequently the base address of partition zero, is determined by the patches
on the RBA card. The base address of succeeding partitions is determined by the
patches on the IOC cards of all lower numbered partitions.

As the ACU steps from one partition to the next, the base adder establishes the
new partition's base address (the 0000 relative address location). Normally when
the ACU is working in a partition the base address is stored in the Y and Z reg-
isters. During an FAC cycle, the ACU will answer INTerrupt requests by other

partitions until the FAC device is actually ready to transfer characters. The
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3-2.4 BASE ADDER (Continued)

working partition address (the one in which the FAC cycle is to take place) is
retained in the Z register while the Y register is incremented to find INTerrups.
When the FAC device is ready for a character transfer, the CYCLE-REQuest signal is
raised, causing the ACU to suspend all other operations (at the end of the active
step) and perform the FAC cycle during the '"dead" time between states. This process
is nearly instantaneous, requiring an immediate base address for the (FAC) working
partition, which is available from the Z register. When the FAC cycle is complete
(in a disc operation, CYCLE-REQuest is held until all 100 characters are transfered)
the CYCLE-REQ signal is dropped, allowing STATE CLOCK to become active, and the ACU
proceeds to the next step of INTerrupt as if the cycle request had never existed (use-
ing the Y register for the base address of the interrupting partition).

The choice of which register the base address should come from is determined by
the mode gates (see the illustration below) that are triggered by either an IOC or
an FAC operation.

GATES I'

ZT«—VA U
—
5Ra2— INCR-BASE] T J_- N
X INCR— c/ves Ym Yl Zl ADDER
TTF §CNTR DEC MEMSEL-0
} wag LICNT -{ I
B [T [ w MEM-SEL-9
- 8| C/F TO MEMORY
—~ MODULES
FROM .
T P2 iy
e | ODE GATES DRCQDE
Eg'}l c
! AT ES
MEM-SEL-10
z-oufr
L/vp (FACH Y MEM-R-80K
:gﬁL EXTENDED To TEII!MEM-R-AOK
- PANE MEM-R-20K
fg&l ‘ c L MEM-R-10K
4 o ADDER '\ \1.r-08K
FROM 10C — ADDER MEM-R-04 K
P-LIM-8K -CR | Tals L wa MEM-R-02 K
piivzd Manl | [FZ0YT CORR MEMRIoLK
P-LIM-1K LIMIT] add 6 £ Yu Zﬂ APPER ¥ TfoB‘Sf.‘é’?Y
ﬂWNS‘§ t>° )
‘ pec||,|pEc| |2
“ENTR T ENTH |2
ADDER COMMON AREA LIMIT OUT Cr——————‘Llo LIM-ERR :‘.T-MN-“-:
1 1
LIMIT BUS ADD GR30e/4§RROR ', Lo
ADDER INH SW/1 TO RAD
g-:g:-gﬁ FILE_I;ATES: LRW,LI’F
- - R RAD ‘IEca
R-B US-2 K FROM WR |
R-BUS-1K ! !
]
N

BLOCK DIAGRAM BASE ADDER
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3-3.0 LOGIC OPERATION

The ACU performs all major functions by entering hardware routines that are con-
trolled by function codes. These function codes are placed into the F register,
and at the proper time, strobed into the function code buffer. The hardware gener-
ates some functions as a normal part of power up, power down (or power fail), and
partition switching (time sharing). As an example, the power up point is in the
SWitch function, and under normal conditions, the ACU jumps to BEGIN to pull the
software instruction from memory. Once the instruction is pulled, and placed into
the proper registers, the future course of action is determined by the function
code that is part of the instruction.

Even though the general course of action is set by the instruction word function
code, the ACU must step through many states and jump functions many times to perform
the various checks and duties that are necessary to complete an instruction. The
sequence of steps and functions is different for each sortware instruction, and is
modified or cancelled if certain conditions, such as a data error, an inactive per-
ipheral, or a busy disc drive are found.

The table shown below is a listing of both the hardware generated (internal)
functions and the software (instruction) functions.

F REGISTER
INSTRUCTION | FUNCTION [ESTF2[FI[F3] MNEMONIC
8]14f2]1
READ READ/WRITE |0/ 0(|0]| 0 RW
WRITE READ/WRITE 0] 00| 1 RW
(not used) INTERRUPT 0] 0(1]0 IT
MOVE ADDRESS SWITCH 0011 SW
ADD ADD/SUB 0j]1j0/0 AS
DIVIDE DIVIDE 0j1]0/(1 DV
MULTIPLY MULTIPLY 0j1j1(o0 MU
SUBTRACT (not used) 0111
MOVE CHARACTER TRANSFER 1/0({0]|0 TR
MOVE NUMERIC INDEX 1/]0/0( 1 1X
SET MODE BEGIN 1{0{1(0 BG
BRANCH BRANCH 1{0/1]1 BR
EDIT EDIT 1{1/]0(0 ED
FORM NUM FIELD|FORMNUM FLD{1 [ 10/ 1 FN
COMPARE COMPARE 11111]0 co
EXCHANGE POSITION 1111 PO

During an input/output operation (READ/WRITE) the ACU sets up the necessary
conditions within the IOC by presenting it with a Select Character that contains
most or all of the information that is needed by the I0C. A similar FAC character
is given to the controllers within the FAC module if the READ/WRITE is to or from
an FAC device. In the case of the IOC, the partition is switched, and the relatively
slower IOC is allowed to make the preparations for character transfers. When the
I0C is ready to transfer a character, it raises an INTerrupt signal to the ACU. An
IOC that is in the process of completing an operation is marked IO BUSY, by a flip-
flop that was set by the ACU when the Select Character was presented. When the ACU
first switches to service a new partition, and again before each new instruction is
pulled, the ACU will answer any requests for a character transfer by detecting the
INTERRUPT signal, and switching partitions until the INT-REQ signal is found. When
the interrupt requests are satisfied, The ACU then checks for failing power and if
the 1I0C is busy, and will not pull an instruction in the partition if either of
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3-3.0 LOGIC OPERATION (Continued)

these conditions are present.

If the I0C is busy,

the ACU switches to the next

partition and begins by checking for INTerrups again; if the power is failing the
function code is also changed to SWITCH, but a routine is initiated to store the
the P count, etc. from the active pertition into the protected area of memory.

A summary flow chart of the ACU actions is located as the last page (foldout) of
Portions of that chart are shown with individual function explanations.

this section.

3-3.1 READ CONTROL (LOAD REQUEST)

Load request is a READ instruction that has certain CONTROLs and conditions for
placing the ten character software instruction 'bootstrap' into the memory core.
The load condition can be called for by an IOC (although some IOCs cannot load
program), or it can, and will, be forced by the ACU if a CHECK condition (instr-

uction error) is detected.

The only difference between the two situations (as far

as ACU operation is concerned) is that when the CHECK condition is present, the

ACU performs some extra steps before the LOAD-REQuest operation.

These steps, and

the LOAD-REQeust operation are described in the following text, along with the
various states that are excerpted from the Algorithms to show the logic action.
The complete state is sometimes not shown, orly the action that is refered to in

the text.

In BEGIN 3 and 4, the ACU pulls the ten character instruction from the address
If the lower four bits of any of the characters
The Model 20 (only) makes an
additional check for a 5-bit (N1); the combination of these two checks in the Model
20 is called a DATA FAULT.

that is specified by the P count.
is greater than a binary nine,

the ACU sets CHECK.

3 Fetch P-ouT
Characters | READ Q=¢ : L/E1
@-4 of L/F (3T)
Instruction | L/A (Q=@) .Load F:
L/B (3T) Load LA,J,LB,F3
Q-INCR
P~INCR Q=1: Load A3,B3,F2
1f (Q=4): SC-INH Q=2: Load A2,B2,Fl
wead | ITf M >9-3T: P/CHECK
If (Q=4).M>9-CHECK* |Q=3: Load Al,Bl,F¢
El+ (BR-0%) :J/BRAKCH
BEGIN If (Q=4):INST-STCP(3T) Q=4: Load :cé:gg
If Q=¢: L/E1 _ A5 BS
If Q=4+E1-CHECK: C/ID | El=In