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CHAPTER 8 

PULSE AND LEVEL NOTATION 

8-1 INTRODUCTION 

This chapter will discuss the kinds of pulse and level notation used in the following 

chapter s . This notation is the kind that is found on the TX - 2 block schematic drawings . 

There are several types of computer notation . However , certain forms of notation appear 

over and over again and serve as the basis for the pulse and l evel notation . 

First , all the physical parts of the computer are identified , i . e . , the flip - flops, registers, 

memories , etc . are given names . These names, wher ever possibl e, are in the form of mnemonic 

abbreviations . However, since single letters are used to name registers, the mnemonic 

derivation is not always obvious. 

Cons i der a typ i ca l build up of names and abbreviations . Normally the P register contains 

the address of the next instruction and the Q register the address of the next operand. PK 

(the P counter) distributes time levels during the instruc t ion cycle and QK (the Q counter) 

distributes time levels during the operand cycle . Now consider the PKIRCF register. The 

roots of the abbreviation f or t his r egister are: PK (P counter), IR (instruction register), 

and CF (configur ation). A "free" translation of the abbreviat i on might be: "The register 

in which t he conf iguration bits are stored during the instruction cycle . " 

Once the significance of the PKIRCF abbreviation is known, it is natural to guess that PKIR
O

p 

is the register i n which the operation code bits (OP) are he l d during the instruction cycle . 

Similarly, QKIROP is the r egister in which t he operation bits ar e held during the operand 

cyc l e . In this way a sizeable nomenclature is buil t up from a relatively small number of 

r oots . 

These names f or the registers are in turn used as the roots in naming logical variabl es whose 

truth values depend on the state of associated registers, flip - flops, etc . For example, 
1 

PKIRCF i s the name of the logical var iable which is " true " (i . e . , has the logical value 
1 

"ONE" ) when the first flip-flop in the PKIRCF register is a ONE . Assuming the significance 

of PKIRCF is known, it is only necessary to understand the effect of adding the subscript 

1 and the superscript 1 on the PKIRCF root to form a comprehensive understanding of the full 
1 

PKIRCF abbr eviation . 
1 

The truth value of a variable can be determined in the computer by measuring the voltage on 

a wire whose voltage represents this variable , as described in Chapter 3 . The relationship 

between the variable and the voltage is indicated in the following figure by labeling the 

wire with the variable and placing an arrowhead on the wire . If the arrowhead is hollow, 

then ground voltage on the wire corresponds to truth value for the variable. Similarly, a 

sol id arrowhead indicated - 3 volts on the wire corresponds to t r uth value for the variable. 

8-2 March 1961 



1 
PKIRCF 

1 

Still another type notation identifies the dynamic processes occurring in the computer . 

These processes are usually represented physically by 0 .1 microsecond wide pulses on the 

wires which are labeled by this symbology . (Chapt er 3 describes these dynamic processes.) 

For .example, the following symbology is used to identify the process of jamming the contents 

of the PKIR0p register into the QKIROP register and is represented by a 0 .1 microsecond wide 

negative pulse on the associated wire . 

This pulse is usually the output of a register driver . The symbol is interpreted as the RD 

pulse which causes the contents of PKIROP to be jammed (copied) into the QKIROP' i .e., the 

symbology "names " the pulse . This symbology brings up a convention which should be clari-

fied . Normally the content of a register ( ) is symbolized by 

However, what should be symbolized by 

is frequently simplified to 

The jargon used to describe the computer and its operation is based on the types of symbology 

just described . 

Specifi cally, this chapter will discuss the notation for: 

8 - 2 REGISTERS AND FLIP-FLOPS 

Register and Flip-Flops 

Pulses 

Flip -Flop Levels 

Logic Net Levels 

RD Logic Equations 

Most of the parts in the computer that are given logical identities are either flip - flops 

or assemblages of flip - f l ops . The assemblages are general ly call ed registers . 
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Normally, the individual flip-flops never have single letter abbreviations . The mnemonics 

used to identify the flip -flops gi ves some hint of their function and sometimes indicates 

the type or subclass the flip-flop belongs to. Thus, 

ST STatus contr ol flip-flop found in In-Out contr ol units . 

PI
3 

ins truction cycle (P) interlock (I) flip -flop . Since ther e are more than one 

of these , the subscript indicates that this is the number three PI inter lock . 

EB - ~ r egister ~usy interlock flip-flop. Since there is only one of these , no 

subscript is required. 

The identification of flip-flops within a register is quite straightforward . The data 

registers such as A, B, C, D, E, etc . have ordered quarters and ordered bits wi thin the 

quarter . The order reads from right to left . Fig . 8-1 shows the E bit symbology . The i . j 

flip-flop in this register, i .e. , Ei.j' is t he j - th flip- flop in the i - th quarter. 

The counter registers are not quartered, so a single number ordering is sufficient . Most 

counters are made up of both an alpha and beta register . These are identical registers 

except the flip-flops in one are pulsed by alpha gated clock pulses and the flip - flops in 

the other are pulsed by beta gated clock pulses . PKa.
3 

and PK~ _
3 

are typical examples of 

flip-flops in the alpha and beta PK counter r egisters , r espectively . 

8-3 GENERAL PULSE NOTATION 

There ar e t hree basic types of pulses : 

1) Clock pulses. 

2 ) Register driver pulses ( gated clock pulses) . 

3) Gated r egister drive r pulses (the pulse inputs that SET, CLEAR, and COMPLEMENT 

flip-flops). 

8-3.1 CLOCK PULSES. These occur as a t rain of negative going pulses at 0 . 4 microsecond 

intervals . The~ (beta) train of pul ses lag t he a (alpha) t rain of pulses by 0 .2 

microseconds. No identifying distinction is made between one alpha pulse and another 

or between one beta pulse and another . The notation for clock pulses is 

a 

It is important to realize that t he alpha implies an uninterrupted t r ain of alpha 

pulses and , simil arly, that the beta implies an uninterrupted train of beta pulses. 

8-3 ,2 REGISTER DRIVER PULSES . The pulses from any register driver occur at a specific time 

and initiate a specific process. For this reason, the symbol for the register driver 

pulse generally indicates, at least partially, the process initiated by the pulse . 

Register driver pulses ar e always negative. Two common types of register driver 

pulse notation are used depending on whether t he process initiated does or does not 

involve an informat i on t r ansfe r . Thus, 
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M ------ E - is a pulse which t ransfe r s in some way the content of M 

into E. 

) ► E - is a pulse which SETS ( ~ ) , CLEARS ( ~ ) , 
COMPLEMENTS ( ~ ), or PERMUTES ( u_) the content 

of E. 

The following are specific examples of register dr iver pulses taken from the TX - 2 

block schematics or from the timing charts in Chapter 17: 

M ~ E copies the contents of those flip - flops in the M register 

which contain ONES into the corresponding flip - flops in 

the E register, i.e . , initiates a ONES transfer . 

M ~ E 

M __ o_,_1_► E 

M ~ E 

- initiates a ZEROS transfer. 

- is really the symbol fo r two r eg i ster driver pulses having 

the same input register driver logic, i.e., both register 

driver pulses are fired off at the same time even though 

they originate f r om differ ent register dr ivers. The 

pulses initiate a ZEROS-ONES transfer . 

- initiates a jam (ZEROS, ONES) transfer . 

Sometimes the type of input logic on the register driver producing the pulse is more 

completely identified by a subscript under the arrow . The subscript serves the 

additional function of hint i ng at the process in wh i ch the register driver pulse is 

used. Some specific exampl es of this are : 

C 
► se 

M 
0,1 
a 

p 

E 

E 

- complements E "under sign extension control" . 

- copies the content of Minto E "under permuted activity 

control" . These pulses are used in the configuration 

process . 

In these examples, the words "sign extension control" and "permuted activity control" 

are only meaningful when the per son using the symbols has a detailed knowledge of the 

sign extension process and the configuration process (in which permuted activity 

takes place). These processes are discussed in detail in Chapter 13. Both sign 

extension control and permuted activity cont r ol take into account the configuration 

specified by the instruction. Fracture, activity, and permutation information a r e 

decoded from t he configuration (CF) bits and combined with information decoded from 

the operation (OP) bits to generate configuration contr ol levels. These levels find 

their way into the sign extension and permuted activity control nets . The output 

from these nets in turn find their way into the register driver logic initiating the 

pulses fired off during these processes . 
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Subscripting in the register abbreviations is used to indicate the specif i c quarters 

affected by the pulse. Fig . 8 - 2 shows how this notation is used in the permutation 

process . 

8-3.3 GATED REGISTER DRIVER PULSES . These are the pulse inputs to the flip-flops themselves. 

Unlike the register driver pulses, these are positive going pulses . Usual ly these 

pulses are not distinguished by a name or notation of their own. They can be iden

tified by examining the logic on the block schematics that produced them. Fig . 8-3 

shows two examples . 

8-4 GENERAL LEVEL NOTATION 

Two basic types of level notation are used : one type identifies levels associated with 

flip-flops; the other type identifies levels associated with the output of logic nets. In 

the first type a superscript O or 1 is used to indicate the truth value of the variable, 
0 1 e.g . , Pr
3 

or PI
3

. In the second type the truth values are expressed by abbreviations with 

and without overbars, e .g . , AEJ is an "Arithmetic Element Jump" level, while AEJ is a "not 

Arithmetic Element Jump" level. (The overbar is read as "not". ) Logically, the overbar 

indicates the converse of the level represented by the abbreviation alone. 

8-5 PULSE AND LEVEL NOTATION EXAMPLES 

Typical examples of computer pulse and level notation are given below . 

8 - 5 .1 REGISTER DRIVER PULSES . 
1 

PKIRCF --
5 

PAD .. 

SELECT 
~-N=D--<> roe 

N - if PKIRCF contains a ONE, its contents are 
2.9-1 . 5 

5 

8-6 

transferred into N
2

_
9 

_ 
1

_
5 

By means of 

this pulse, the sign bit of PKIRCF is expanded 

to fill 14 bits in N. 

- initiates a "partial add" (PAD) which effects 

the i-th quarter of the A and C registers. 

- clears the 1st, 2nd, and 4th quarter of the N 

register. 

- in the In-Out Element, O. 4 microsecond levels 

are pulses, hence the notation . The ND 

indicates that the pulse will go only to the 

specific IO unit determined by the output of 

the N Decoder, i.e., NJ determines the sequence. 

IOC is an abbreviation for " In-Out Control". 

SELECT hints at the function of the pulse . 
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8- 5,2 LEVELS . 

(PI~ · PKIBIND + Pit) ~ XAS) - this is a somewhat unusual notation. 

Basically, the truth value of the statement on 

the left is copied into the XAS flip-flop . 

When either one of the terms in the bracket is 

true , XAS is set to ONE; if both are false, 

XAS is cleared to ZERO . (See Fig. 8-4.) 

PK j + 1 - PK indexes the PK counter by one , i . e ., one is 

added to the contents of the PK counter by t he 

pulse. 

PK j + 1 - PK does not index the P counter by one, i . e . , the 

register driver pulse is not fired off . This 

notation is used to indicate inhibitory register 

driver logic. 

24 24 .. PK - presets the P counter to the PK time level 

state from whatever state it is in. 

A
1 

indicates the content of the i - th q_uarter of A is "all ONES ". 
i 

fi indicates the fracture decoded from the configuration bits. There 

are four fractures : f 0 (36), f 1 (18,18), f 2 (27,9) and f
3 

(9 ,9,9,9). 

FD . indicates the count is "finished" in the i - th q_uarter of D. 
l 

IV indicates t he sign q_uarters of the subwords in the Arithmetic Element. 

In this case, the roman numeral indicates q_uarter 4 is the sign q_uarter. 

if either an f
1 

or f
2 

fracture is specified, this level will be 

decoded, during t he operand cycle, frcrn the contents of the QKIR 

register. 

is generated by t he instruction word (N) parity (P) check circuit . 

The subscript indicates that the parity count is taken over 38 bits . 

Whether an odd or even (ev) level is generated depends on the parity 

of the information in N. 

IocJlORMAL is an abbreviation for an in-out - control-mixer level . The superscript 

is one of several and hints at the logical function of the level . The 

level is associated with the In-Out Element and is bound on the IOCM 

Bus . 
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is an alpha PK time decoder . 

is a beta PK time decoder . 
02CX 

It occurs 0 .2 microsecond after PK . 

is an interlock level associated with the instruct i on cycle . 

Specifically, it is one of two start interlock l evels involved in 

the logic for starting the PK counter. 

is generated when the number of the new sequence specified by the 

output of the J coder is the same as the number of the current sequence 

specified by the contents of the K register . 

8-6 REGISTER DRIVER LOGIC EQUATIONS 

Bool ean algebra equations are used to describe the way in which levels gate pulses in 

regis ter drivers. 

Consider the equati on : 

ex • PlAIT ( Pi 2cx PIO + PK23cx · CSK11cx) 
~ -----2---....---

CLOCK PULSE LEVEL LOGIC 

RD INPUT LOGIC 

I 24 
~ PK 

RD PULSE 
OUTPUT 

An alpha clock pulse is ANDed with assorted level l ogic . When this level logic is satisfied, 

the clock pulse will be gated and given the name ~PK. Note that in this equation both 
=wi'IT 

the alpha pulse and t he PI level are necessary conditions for generating 24 PK . The 

The equality sign ( = ) indicates that when one side of the equation is true, the other side 

of the equation is also satis fied. 

Consider now how the above equation can be broken down into two other equations. 

24 .__ __ ___..,► PK 

-' 2-
4 
_ __..,. PK 

In this case an implication sign ( :::, ) is used instead of an equality sign ( = ). The 

f act that the left hand side of the equation is sat isfied " implies " that the right hand side 

is also satisfied, i.e ., the fact that the l eft hand s ide of the equation is true is 

sufficient to make the right hand side also t r ue . But, in this case the converse is not 

true, i.e . , the fact that the right hand side of the equation is true is not sufficient to 

make the l eft hand side also true . 
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8-7 SUMMARY 

It is important to realize that the significance of a given pulse or level lies strictly in 

the specific logic that produced it . The notation tries in a systematic way to hint at this 
CH SEQ . . . . logic. E.g ., PI can be interpreted as an instruction interl ock level calling for a 

change of sequence, but the full significance of PICH SEQ can only be determined by examining 

the logic that produced the level . Similarly, the function of the level can only be 

determined by examining a l l the logic in which the l evel is used . 
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CHAPTER 9 

COMPUTER DYNAMICS 

9 - 1 INTRODUCTION 

This chapter will develop a detailed picture of the dynamic operation of the computer . The 

occur rence of events, i .e. , pulse i nputs to flip - flops, is determined by the occurrence of 

counter time levels . Bar graphs will be used to express the dynamic picture of counter 

activity . The bar graphs will show the operation and interlocking of the control counters 

which generate the time levels . 

Two types of dynamic pictures are of interest: one type shows in detail the counter activity 

required to execute a specific instruction ; the other type takes a broader view and l ooks at 

the counter activity occurring while a sequence of instructions is executed . In the process 

of developing these two kinds of pictures the chpater will answer the following types of 

questions : 

1) During a given instruction, what specific counters will run? When will they 

start? How long will they run? What specific time states will the counters 

pass through? 

2) When , during the execution of the current instruction, can the next instruction 

begin? What effect does the memory location of the instruction word and operand 

word have on this decision? 

3) Where in the current instruction are decisions made that determine whether the 

computer will : (a) go on immediately to the instruction in the current sequence, 

(b) wait for awhile before going on in the current sequence, (c) change 

immediately to a different sequence , or (d) wait and then change to a different 

sequence? What specific factors determine these decisions? 

4) What types of decisions does the computer make if the current ins truction is held 

up because the execution logic requires some part of the computer that is cur

rently busy with a previous instruction? E . g ., what does the computer do if the 

Arithmetic Element is tied up executing a MULtiplication at the time an ADD 

instruction desires to use the Arithmetic Element? 

This chapter wil l first classify all the operation codes according to the basic counter 

activity pattern required by the execution logic of the operation code. This picture 

establishes what counters are used by what operation codes and when the counters start with 

reference to the running of other counters. 

Next , the effect of the memory location of the instruction word and operand word on the 

counter activity pattern will be discussed . 

A third type picture will show the counter activity pattern for a sequence of instructions . 
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With these types of general pictures established, the chapter will then discuss in detail 

the logic that specifically detennines the pattern of counter activity . First, the starting 

logic for each counter will be discussed. Then the logic detennining the synchronization 

delays and change of sequence processes will be discussed . 

The chapter will conclude with an example showing the pattern of counter activity for a 

specific sequence of instructions. 

Logical definitions and descriptive discussions of the interlock levels used in this chapter 

can be found in Chapter 10 . 

9-2 INSTRUCTION CLASSIFICATION BY COUNTER ACTIVITY. 

I t is convenient to think of all the instructions as belonging to one of three basic classes, 

depending on the use they make of the PK and QK counters . The operation codes detennine the 

class of instructions in that they detennine the use of the counters. The use of the counters, 

and the corresponding operation codes are shown in Fig. 19-1 -

9-2.1 CLASS A INSTRUCTIONS. These instructions are characterized by having no operand 

memory cycle, i . e . , a QK cycle does not occur . A further peculiarity of this class 
. . 31a 24a 25 is that the PK cycle always tenninates in PK , instead of PK States PK 

through PK31 are called the "execute instruction" , or PKEI states. The execution 

l ogic for the jump instructions, 

this PKEI cycle. (Note that all 
00 22 

extends from PK through PK , 

which for the most part make up this class, requires 

three classes have a memory or PKM cycle which 
24 

and an added state PK . ) 

9-2.2 CLASS B INSTRUCTIONS. These instructions are like the Class A instructions in that 

they have a PKEI cycle . They are unlike the Class A instructions in that an operand 

word is obtained from memory during a QK cycle. Except for TSD, these are skip type 

instructions . Thus , most Class A and B instructions involve a possible change in 

the contents of the P register during the PKEI cycle . 

9-2 . 3 CLASS C INSTRUCTIONS . This class contains the majority of instructions. In these 

instructions, PK tenninates in PK
24 

and an operand word is obtained from memory by 
' a QK cycle . 

9 - 2.4 SUBCLASSIFICATION OF INSTRUCTIONS. The three classes can be usefully broken down 

into subclasses which bring out i n greater detail the activity of the PK, QK, FK, 

XWK, AK and ASK counters . This has been done in Fig . 9 - 2 . 

14 
It should be noted that all instructions, except SKM and QPR, which use XWK at PK 

and do not again use XWK, use the contents of the X register for address modification . 

Also , all instructions, except FLF, FLG, SPG and SPF, which use FK use the contents 

of QKIRCF for standard configuration control. 
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The usual times for starting XWK and FK are PK14 and QKoo, respectively . 

CLASS A 

Class Al (JMP, SKX , JPX, JNX). The XWK counter is not started until PK31 

in these instructions . Note that if PKIRC1 , the execution logic for JMP 
F2 

does not require XWK at this time . None of these instructions uses the 

FK counter. 

Class A2 (IOS) . The XWK counter is started at the usual time . PK must 

wait in PK25 for EBO in this ins truction . 

Class A3 (AOP) . AOP starts the AK counter in PK26 . Because the instruction 
26 25 uses the Arithmetic Element beginning at PK , PK must wait in PK until 

the Arithmetic El ement is free, i . e ., the AEB condition exists. The last 

AK state used depends upon the Arithmetic Element instruction specified 

by the AOP . 

Class A4 (JOV, JPA, JNA) . This class uses FK, which can be started at 
13 PK . FK is started by an interlock start condition, and might not start 

13 immediately at PK . XWK is started at the usual time . PK must wait in 

PK
25 

until the waiting condition is satisfied . 

CLASS B 

Cl ass Bl (SKM) . XWK is started at the usual time . SKM does not use the 

FK counter. PK must .wait in PK25 until QK reaches QK14
. 

Class B2 (TSD). XWK and FK are started at the usual times . PK must wait 
25 01 1 __ 20 0 

in PK until QK reaches QK , if PI4, or~ , if Pr
4

. 

Class B3 (SED). XWK and FK are started at the usual times . PK must wait 
25 14 

in PK until QK reaches QK . 

CLASS C 

Cl ass Cl (LD-, ST-, DPX, ADX , ITA, ITE, UNA, EXA, INS, COM) . These are 

"typical " instructions in that the PK cycle terminates in PK
24

; a PK and 

a QK cycl e occur; and XWK and FK are used and started at the usual times . 

Note that QK is loosely interlocked with PK
24 

(dashed line) . The dashed 
24 

line indicates that PK is the earliest time at which QK can begin. It 

is possible that QK may not actually start until later when certain other 

conditions are satisfied; e.g., QK may not have completed its cycle from 

the previous instruction when PK
24 

occurs in the current instruction . 
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Class C2 (SPF, SPG) . XWK is started at the usual time . FK is started at 

QK:
13 . FK is not used for configuration control. The length of the FK cycle 

is determined by the operation code . 

Class C3 (FLF, FLG) . XWK is star ted at the usual time . FK is started at 

PK
13 . FK is not used for configuration control. Note that QK is interlocked 

with FK and PK. 

Class C4 (DSA, ADD, SUB) . This Class is l ike Class Cl, except that the AK 
. 14 counter is started at QK . 

Class C5 (CY-, SC -, NO-, DIV, MUL, TLY) . This class is like Class 4, except 

that the ASK counter is used as well as the AK counter . AK makes several 

iterated subcycles . With the exception of the CYcle and SCale instructions, 

the number of subcycles is determined or limi ted by ASK . (The operation of 

the ASK counter is described in Chapters 10 and 14 . ) 

Class c6 (AUX, RSX , EXX). This class is like Class Cl, except that an XWK 

cycle occurs in the QK cycle as well as in the PK cycle . The interlocks 

set by XWK can be the crucial factor determining when the next instruction 

can begin . 

While Fig . 9-2 shows the general pattern of counter activity for the different classes 

of instructions, the specific picture depends on a variety of conditions that will be 

pointed out as the chapter develops . 

9 - 3 EFFECT OF MEMORIES ON PK AND QK COUNTER ACTIVITY 

The locations in memory of the instruction and operand words have an impor tant effect on 

computer timing . This section will examine this effect . 

The two basic situations that can exist are: (1) the operand words and instruction words 

are stored in the same memory, or , (2) conversely, the operand and instruction words are 

stored in different memories . In the first situation no overlap can exist between the 

operand and instruction cycles, while in the second situation an over lap is permitted . 

9 - 3 .1 MEMORY OVERLAP . Fig . 9-3 shows t he effect of memory overlap on Class Cl instructions. 

It should be noted that "memory overlap" refers to the overlap of the memory cycle 

for the next instruction word with the memory cycle for the current operand word, and 

not to the overlap of the current operand wor d with the current instruction word. 

In Fig. 9-3(a) , the instruction and operand words are stored in different memories. 

For this reason, the PK cycle of the next instruction can begin before the QK cycle 

of the current instruction ends . In Fig. 9-3(b), the instruction and operand words 
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are stored in the same memory (or the No Overlap interlock flip-flop is set to 

ONE (N0
1

)) . Note that a sequence of i nstruction cycles are considerably more 

compressed in time in Fig. 9 - 3(a) than in Fig . 9 - 3(b) . 

9-3.2 MEMORY CYCLE TIME. We shall now examine in some detail the operand and instruction 

word cycles. The following general facts should be kept in mind: 
T 1) Each of the four memories, i.e., S , T, VFF and V , have a basic instruc tion 

and operand word memory cycle time . Except for the V memories, the basic 

instruction and operand memory cycles for each memory are the same . How

ever, the memory cycles differ among the memories . For example, the basic 

T Memory cycle is "faster" than the S Memory cycle. Fig. 9 - 4(a) tabulates 

the basic memory cycle times for each memory. 

2) The actual elapsed PK and QK time is a function of the instr uction itself 

as well as the memories used to store the instruction and operand words . 

This is the reason for speaking of a "basic " memory cycle time . The basic 

memory time is the time required to read a word out of memory and write the 

same word back into memory . Time may be consumed in the PK and QK cycles 

performing non -memory functions required by the execution logic of the 

instruction. Note that in the case of the PK cycle, this non -memory time 

always comes after the PKM cycle, i.e . , after PK22 . In the case of the QK 

cycle, the non -memory time always comes in the middle of the QKM cycle, 

resulting in an "extended" QKM cycle . This time must be added to the basic 

memory t ime. Fig. 9 - 4(b) and 9 - 4(c) show the actual PK and QK time levels 

required as a function of memories and instructions. 

The PK and QK counters proceed by a sort of "hop and skip" process . E.g ., once the 

PK counter begins counting it hops from state to state because of the PK + 1 PK 

register driver pul ses. Suppose that the instruction is stored in the S Memory; 

PK will hop from PKOO on up to PK06 . At PK
06

, inhibitory logic will cause a 

PK + 1 PK condition to exist. PK can now proceed only by skipping into a 

"preset" s tate . In this case, a 09 PK pulse skips PK into PK09. The bold face 

states on Figs. 9 - 4(b) and 9 - 4(c) indicate the "preset " states of t he counter (see 

Chapter 10). Skipping always occurs into these "preset " states. 
16 16 

hopping from state to state up to PK It then skips from PK 
22 24 (usually) then skips again from PK to PK . 

The rules governing the skipping of counter time states are : 

1) All skips are made to preset time states. 

PK now continues 

to PK
22 

and 

2) The skip is always in the forward direction (unless the execution of an 

instruction is abandoned and a change of sequence cycle occurs) . 

3) Skips are usually to the next preset state . 
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These r ules are not inviol abl e, as indicated by the dashed l ines on Figs . 9 - 4(b) and 

9 - 4(c) . 

9 - 3 .2.1 PK CYCLES . The variations possible during PK cycles are i llus t rated in 

Fig. 9-4(b) . When an instruction word is obtained from memory, PK performs 

t he basic memory cycle (PKM) as it runs from PKOO through PK22 The 

succession of states followed is determined entirely by the memory involved . 

For example, if the instruction word is obtained from the A register, then 
V 

a PKM FF cycle is performed which is made up of PK states 00, 01, 02, 09, 
10, 11, 12, 13, 14, 15 and 22 . Thus the cycle lasts for 4 . 4 microseconds. 

Different PKM cycl es are required by the other memories. If deferred address 

words are required by an instruction, then PK will go through similar cycles. 

The last deferred address word memor y cycle will be f ollowed by one more 

final PK cycle which does not use any memory and during which PKAO This 

final cycle always uses states 00, 01, 09, 10, 11, 12, 13, 14, 15 and 22 . 

After the instruction word memory cycle, if no deferred addresses are 

required, or after the final deferred address cycle (the one which does not 

use any memory), if deferred addresses are required then PK will attempt to 
24 22 

enter PK from Pr . Two situations can then occur: 

1) Interlock conditions may require that the computer abandon the 

attempt to execute the instr uction and instead perform a change of 
22 00 

sequence cycle . In this case PK will go from PK back to PK 
V -- 02 

(A similar situation may arise during any PKM FF cycle at PK 

In this case PK goes from PK02 back to PK00 .) 

2) On the other hand, PK may have to wait before a decision can be 

made as to whether to proceed executing the current instruction or 

to abandon the current instruction, i.e ., perform a change of 

sequence cycle . In this situation PK goes from PK22 to P~3 and 

waits in this state while the delay synchronization counter (DSK) 

performs a number of cycles . If, eventually, a change of sequence 

cycle occurs, PK will go from PK23 back to PKoo _ In this case the 

instruction is not executed and is abandoned . On the other hand, 

if the interlock control decides that PK need wait no longer and 

no change of sequence is required, then PK will finally proceed 
23 24 

from PK to PK . 

\ 23 24 
In the one case where PK can proceed from PK to PK , and in the other 

case where interlock conditions permit PK to proceed directly from PK22 to 
24 

PK without any complications, the computer finally r eaches a state from 

which it can proceed to execute the remainder of the instruction. Up to 

this point, all decisions have been made without regard to the class of the 

instruction. However, decisions about the succession of counter states are 

hereafter strongly influenced by the class of the instruction . 
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9 - 3 -2 .2 QK CYCLES . The var iations possible during the QKM cycle are illustrated 

in Fig . 9 - 4(c) . Note that the QK cycle always terminates in QK31 . 

The basic QKM cycle for the VFF memory invol ves states 00 , 01 , 02, 03 , 09 , 
10, 11, 13, 14, 21, 22 , 23 and 31. The other memor ies require differ ent 

QKM cyc l es , which are again further modified by the requirements of the 

instruction being executed . In a memory modification type instruction, 

such as COM, the basic memory cycle may be "extended" by the insertion of 

intermediate states . This all ows the word read out of memory to be modified 

before it is written back into memor y . 
LOAD 

For example , in all non-load (QKIR ) 

instructions involving the Sand T memories, QKM is extended o .8 microseconds 

by QK
24 

and ~ 5 . QKM can also be lengthened by the QKo3 waiting state 

conditions. These can arise only when the operand word is located in the 

VFF memory . 

9 - 3-3 EXAMPLES OF ELAPSED INSTRUCTION TIME Af3 A FUNCTION OF MEMORY LOCATION AND INSTRUCTION 

TYPE. Three examples will be given illustrating the elapsed time r equired by a 

program consisting of a repetition of identical i nstr uctions . 
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Figs . 9 - 5(a) and 9 - 5(b) show a repe tition of LOAD type instructions . In these two 

cases the PK cycle time is equal to the PKM time (see Fig . 9 - 4(a)) plus 0.4 micro 

second for PK
24

, while the QK cycle time is simpl y the basic QKM time . 

In Fig. 9-5(a) the instruction words a re located in the T Memory and the operand 

words are located in the S Memory . In this case (PKMT + 0 .4) ~' since 

PKMT 4 . 4 microseconds and QKMT = 6 . 4 mic r oseconds . Note that QK cycles continu -
00 

ously, i.e . , QK (which is the normal r esting state) lasts only o . 4 microsecond. 
00 00 

PK, on the other hand, rests in PK at the end of each PK cycle waiting for QK to 

occur . Note, also, that the first instruction time (4.8 microseconds) is shorter 

than the succeeding instruction times ( 6 . 4 microseconds ) . 

In Fig . 9 - 5(b) the instruction words are located in the S Memory and the operand 

wor ds are located in the T Memory. (The converse of the case shown in Fig . 9 - 5(a)) . 

In this case P~ + 0 . 4 QKMT, since P~ = 6.4 microseconds and QKMT = 4 . 4 micro 

seconds . Note that in this case, PK cycles continuously, while QK r ests in QKOO 
24 

waiting for PK to occur . Each instruction , including the first one, takes 6 .8 

microseconds . 

The saving in time realized by storing t he instruction wor ds in the T Memory and 

the operand word in the S Memor y, r ather than vice versa , is thus appr oximately o.4 

micr osecond per instruction . In either case, however, 6 . 4 microseconds is saved 

when compared with the case where both instr uctions and operands ar e located in the 

S Memory . 
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( ) 
. S T . Fig. 9-5 c i llustrates the case where pia,r + o.4 = QKM, i .e., where the PK and QK 

cyc l es ar e the s8Jlle length , by a sequence of INSert instructions. In t he ex8Jllple, 

pK1f = 6.4 micr oseconds and QKMT = 6.8 mic roseconds. Note t hat both PK and QK cycle 

continuously and that each i nstruction t akes 6.8 microseconds to execute . It can 

also be deduced from Fig. 9-4 t hat a series of INS i nstructions in which the 

instruction words were stored in the T Memory and t he operand word were stored in 

the S Memor y would r equire 8 .8 microseconds per instruction . 

9 -4 SEQUENCE DYNAMICS 

Thus far in the chapter counter activity patterns have been established for individual 

instr uctions (or at most for an uninterrupted succession of instructions in t he s8Jlle sequence). 

This section will take a broader view and consider all the basic possibilities for getting 

from one instruction to the next , and the next instr uction in the s8Jlle sequence or in another 

sequence. 

Fig . 9 - 6 shows the four basic possibilities for proceeding from one instruction to the next . 

The normal situation is for the current instr uction to be fol lowed by another instruction in 

the same sequence. By the end of the current PK cyc l e a definite decision has been made to 

continue in the curr ent sequence. As was pointed out earlier in the chapter, this does not 

necessari l y mean that the next PK cycle will begin as soon as the current PK cycle is 

comple ted , i .e., PK wi l l wait in its res ting state, PKoo, until all the necessary interlock 

conditions for continuing a r e satis fied . 

The second possibility is that a decision to change sequence will be made during the current 

instr uction . The current instr uction may or may not be completed before the change of 

sequence cycle begins . In any event, the change of sequence cyc l e cannot begin until the 

PK counter is in its PKOO resting state. 

The third and fourth cases result from two different basic situations. Either some inter

lock condition has forced the PK counter to wait in PK02 
or PK23 , or the current instruction 

00 
has dismissed the sequence and PK is wai ting in its PK resting state until a decision can 

be made as to whether to begin another instruction in the current sequence or to change 

sequence . During this waiting period a series of delay synchronization cycles are executed 

which examine the interlock conditions upon which the decision is based. 

In case thr ee, a decision is eventuall y made to go on in the current sequence . PK will 

either complete the current instr uction or, if the current instr uction has been completed , 

begin the next instruction in the current sequence . 

In case four , a decision is eventually made to change sequence . If PK is in either t he 

PK0
2 

or PK23 waiting states , the current instruction will be abandoned . In this case PK 
00 

will go back to PK and a change of sequence cycle will occur. If the del ay synchroniza-
00 

tion cycle occurs while PK is in PK , the delay synchronization cycle in which the change 

of sequence decision is made will simply be followed by a change of sequence cycle , while 

PK remains in PKoo _ 
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9-5 COUNTER DYNAMICS WHEN NO CHANGE OF SEQUENCE (CSK) OR DELAY SYNCHRONIZATION CYCLE(S) (DSK) 

ARE INVOLVED 

This section wi l l discuss Case 1 in Fig. 9-6 in detail, i . e . , the case in which a series of 

instructions in t he same sequence is executed . The counter activity patterns for the 

instructions themselves can have any of the forms shown on Fig . 9 -2 . It is necessary to 

examine only the counte r star ting conditions for PK, QK , XWK, FK and AK to determine the 

specific relat ive starting time of each counter for all the instr uction variations . In 

order to establish an exact counter activity pattern, it is necessary to know (in addition 

to the counter starting conditions) the PK and QK time states used by the instruction and 

the time states in PK and QK in which waiting can occur . 

Fig . 9-4 shows the PK and QK time states required as a function of i nstr uction and memory . 

Waiting can occur in PK
02

, PK25 and QK03 . The conditions under which simple waiting occur s 

in these states will be examined i n this sec t ion . (Waiting can a l so occur in the 00 r esting 

s t a te of the PK and QK counter s , but this is r eflec ted in the PK and QK counter star t 

interlock logic . ) 

9-5 ,1 COUNTER STARTING CONDITIONS . Fig . 9-7 shows the interlock start conditions for PK, 

QK, XWK, FK and AK. In this section, the following assumpt i ons are made: 

Mar ch 1961 

1 ) The PI~ · CSK~ interlock condition is satisfied . PI
3 

and CSK4 are only of 

importance when a change of sequence or de l ay synchronization has just 

previous l y occurred . This will not be the case in this section . 

2) All the alarm and pushbutton control conditions are satisfied, i .e . , AL, 

START1 PKSO and PKSO . 
2 ' 1 2 

Fig . 9-8 shows the times at which the various interl ocks involved in the counter 

s tarting condi t ions are set and clear ed . The setting and clearing times are given 

as a function of instruction and counter . The time at which an interlock of interest 

is set or cleared is given at the intersection of t he interlock column and the 

i ns t ruction row. 

Even though all the interlock start conditions are satisfied, a counter will not 

start a new cycle until it is in its 00 resting state . Conversely , even though the 

counter is in its 00 res ting state, it will not start a new cycle until the interlock 

start conditions are sat i sfied . 

9- 5,1,1 PISTART1 _ 

for (PI~) 

PK begins counting when either an instr uction word is called 

and the PISTARTl conditions ar e satisfied or when a deferred 
1 START 

address word is called for (PI2 ) and t he PI 2 conditions are satisfied. 

The deferred addr ess situation will be considered a special topic and 

discussed a t t he end of t he chapter . The primary interlocks of interest 

are PI
1

, XB and QB . 
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The assumption in this section is that this interlock 

condition is satisfied. 

PI~ PI1 is set during the PK cycle in those instruc tions that 

have an operand (QK) cycle . It is then cleared in the 

QK cycle t hat follows. For most instructions, PI
1 

is 
00 cleared to ZERO in QK . Some of the instructions that 

use the X and F memories for special purposes clear PI
1 

later in the QK cycle. This is done in these cases to 

prevent the PK cycle from starting until the current QK 

cycle is finished with the X and F memories. 

o 12a 
XB XB is set in the PK cycle at PK and, in a few 

13a instructions, in the QK cycle at QK . The X write 

cycle that follows clears this interlock at XWKo2a. 
0 

XB predicts that the X register will shortly be free . 

PK cannot start until there is assurance (XBO) that the 

X Memory will be free at the time that it is required 

in the PK cycle. 

QBO - For those instructions that have an operand (QK) cycle, 

QB is set at QJCoo _ It is then cleared in these instruc-
31a 1 

tions at QK . QB prevents the PK cycle from starting 

until the current QK cycle is completed unless the 

computer is allowed to operate in the memory overlap 

condition, i.e., Nob (P8 · Q8 +PT .QT+ PU.TU+ pV · QV) _ 

The remainder of the logic in the PISTARTl level is normally satisfied . It 

is covered in detail in Chapter 10. 

Q 
START 

9-5-1.2 I . This is the start interlock level for the QK counter when an 

operand word is called for. The primary interlocks of interest are PI1 
and FI . 

1 

This interlock is always set at 

tions that call for an operand. 

above.) 

PK2
2a in those instruc

(See PIO discussion 
1 

FI FI is cleared in the JPA, JOV, JNA, FLF, and FLG 

instructions in PK13a at the time the FK counter is 

started. It is then set during the FK cycle. FIO 

prevents QK from starting if the FK counter is not 

available for configuration control during ordinary 

operand cycles. 

9-12 March 1961 



The remainder of the logic in t he QISTART l evel is normall y satisfied. It 

is covered in detail in Chapter 10. 

9- 5. 1. 3 START XWK . 14a 
XWK is normally started at PK when the base address indexing 

process occurs . In certain of the jump ins t r uctions that use the X Memory 
31a for a different purpose, XWK is started at PK , i.e., at the end of the 

PKEI phase of the PK cycle. XWK is also started in the AUX, RSX and EXX 

instructions during the operand (QK) cycle when the contents of an X Memory 

register is being changed . 

9 - 5 .1 .4 START FK . 00 
FK is normally started at QK as part of the configuration 

control process. In SP? and SPG , where the F Memory is used for non -
13a 

configuration purposes, FK is started at QK . In FLF, FLG , J0V, JPA and 

again used for non - configuration purposes, FK JNA, where the F Memory is 
13a 

is started at PK . In this last case , FK starts because FI is cl eared at 
0 13a 

PK . Note that the E register must be free (EB) before FK starts because 

the execution logic of these instructions uses the E register in the same 

process in which the F Memor y is used . 

QK
14a 

9 - 5 .1 -5 START AK . AK is normally started at in those instructions that use 

t he AK counter in their execution logic . In the A0P instr uction, AK is 
26a 

started at PK . 

9-5.2 SIMPLE PK AND QK WAITING LOGIC . In addition to the normal waiting that can occur in 

the 00 res ting state of the PK and QK counters, waiting can occur in PK
02

, PK25 and 

QK03 . The interlock logic that causes this waiting is shown on Fig . 9-9 - The basic 

reason for waiting is that the current cycle of the computer wants to use a part of 

the computer tha t is not currently availabl e . The cycle waits in the "waiting state" 

unti l the cycle can go on . Note in these cases that there is no question of whether 
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the cycle will or will not go on . 

PK waits in PKo2a if the selected 

The only question is when the cycle can proceed . 

word is located in the E register (PKMVFF · VMDAE) 
1 

and either the E regis ter is busy (EB) or the operand cycle associa ted with t he 

(QBl) 0 . QB0 .. previous instruction is not completed . When the EB condition is satis -

fied , PK proceeds to PK09a _ A wait also occurs in PK0
2 

if the instruction word is 
V AE 

located in the Arithmetic Element (PKM FF · VMD ) and the Arithmetic Element is 

still performing a previous instruction . In this case PK waits in PK02 until 

AEB · QBO occurs . A similar situation occurs in QKo3a_ QK cannot go on if the 

operand is located in the Arithmetic Element and the Arithmetic Element is busy with 

a previous instruction (QKMVFF · VMDAE · AEB). Waiting can also occur in PK25a 

when non -operand type instructions (Class A) are executed . The actual waiting state 

logic in this case depends on the instruction executed . (See Chapter 17 for a 

discussion of the terms used in t his logic in each instruction . ) 
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9-6 COUNTER DYNAMICS WHEN A TRANSITION TO OR FROM A CHANGE OF SEQUENCE (CSK) OR DELAY 

SYNCHRONIZATION CYCLE ( DSK) IS INVOLVED. 

This sec t ion will discuss i n detail Cases 2 , 3 and 4 shown on Fig . 9-6, i . e . , t he cases 

where t r ansit i ons to or f r om de l ay synchroni zation or change of s equence cycl es a re invol ved . 

The i nterlocks t hat determine these transitions ar e PI
3 

and CSK4. Fig . 9 - 10 shows t he 

transition possibil ities and the s t ates of PI
3 

and CSK4 required for t he t r ansitions to 

occur . 

By examining t he cond itions which set and clear PI
3 

and CSK4, it wi ll be pos sible to 

es t ablish the conditions which cause t he t r ansi t i ons. 

9 - 6 .1 DECISION AND WAITING LOGIC . Cer t ain spec i f i c s tat es in the PK cyc l e ar e called 

"decis i on s t at es " . The f ollowing alter native t ypes of decis ions are made in these 

s t a t es : 

1) To immediate l y go on i n the current sequence ( or, more spec ificall y, in 

some cases t o go on in the current ins t r ucti on ), subject onl y to the inter

l ock conditions jus t described in Section 9 - 5, 

2 ) To immediatel y abandon the current i ns truction and pe r form a change of 

sequence . 

3 ) To wait until the cond itions for making a decis i on to go on with instructions 

in the current sequence ar e available . 

4) To wait until the condi tions f or making a decision to change sequence ar e 

ava ilabl e . 

If the deci s ion to wait is made , PK will go into a "waiting s t ate" associated with 

t he PK "decision s tate" . In this case , the decision to go on i n the current sequence 

or to make a change of sequence wil l be made during a de l ay synchronization cycle(s), 

i . e ., the decision will now be made by having the DSK count er sample the condit ions 

on which the decision i s based . 

Fig . 9 -11 summarizes this PK and DSK decision logic . 
02 

If the ins t ruction word i s 

l ocated in the VFF memor y, PK becomes a dec is ion state . 
02 Note that at PK , the 

i nstr uction wor d has not yet been placed in the N register . Thus t he basic question 

on wh ich a decision must be made i s whether i n f act the instr uction wor d can be read 

out ,of memory and placed in N. Thi s will occur if the logic for going on to PK09 is 

satisf ied , i . e ., f f the instruction wor d is in a r egister that is current ly access 

i bl e . If t h is decision cannot be made immediately, CSK4 is set to ONE and a delay 
02 

synchr onization cyc l e(s) occurs. PK waits in PK until DSK cl ears CSK4 to ZERO . 
00 I f at the same time , PI

3 
is set to ONE and PK is set back to PK , a change of sequence 
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cycle will occur . The change of sequence cycle will always clear PI
3 

so that it can 

be followed by a PK cycle . If PI
3 

is not set to ONE, PK will wait until the other 

conditions for go i ng on to PK09 are satisfied (see Sect . 9 - 5) . 

Note in this case that the PK decision state and waiting state are the same, i.e . , 

PK
02

. Al so note that the current sequence cannot be abandoned until after at least 

one delay synchronization cycle occurs . 

22 
PK is another decision state. Note that in this case the instruction word has 

already been placed in the N register . Thus the basic decision is whether to continue 

on in the current instruction or to abandon the instruction and perform a change of 

If the "wait" conditions are not generated, PK will immediately go on to sequence . 
24 

PK . If the "leave sequence" conditions are generated , PI
3 

will be set to ZERO 

and PK set back to PKoo, i . e . , the current instruction will be abandoned and a change 

of sequence will occur . If the "wait" condition occurs, but the " leave sequence" 

condition is not generated , CSK4 will be set to ONE and PK will wait in PK23 while 

the delay synchronization cycle(s) sample the "wait" and "leave sequence " conditions. 

If at some time the "not wait" conditions occur, PK will go on to PK
24

. On the other 

hand, if the leave sequence conditions are generated, PI
3 

will be set and PK set 
00 back to PK , i .e., the current instruction will be abandoned and a change of sequence 

will occur. Note that the flag of the current sequence can be dismissed (i .e ., 

lowered) during a TSD in PK
22 

This will occur if the IO buffer is busy or the QK 

cycle of a previous TSD is going on . This decision is made independently of the 

s tatus of the hold bit on the TSD . 

In PK24 all the PKIBDIS instructions (i.e., all the Class C instructions) will cause 
00 

PK to go ahead to PK 
24 

be set to ONE in PK . 

If the change sequence conditions are satisfied, PI~ will 

If the instruction has a PKEI cycle, i . e ., is a PKIR IS 
31 24 

instruction which terminates in PK , PI
3 

will similarly be set in PK (so long as 

it is not an IOS instruction). In this case , the instruction will be completed 

before the change of sequence called for by the PI~ condition occurs . The decisions 
25 31 DIS made in PK and PK occur only in PKIR type instructions. These instructions 

II • II ( DIS REQ) II are of t wo basic types : those that dismiss PKIR and those that do not 

dismiss " (PKIRDIS REQ) . Consider first the PKIRDIS REQ class. If the conditions 

for changing sequence are satisfied in PK31 , PI
3 

will be set to ONE and the current 

PK cycle will be followed by a change of sequence cycle when PK reaches PKOO_ If 

the conditions for changing sequence are not satisfied, the current instruction 

will simply be followed by the next instruction in the current sequence. 

DIS REQ 
Conside r now the instructions that can dismiss (PKIR ). While the JX type 

instructions are in this class, the logic requires that they be treated separately 

and they will, for the moment, be ignored . If the conditions for dismissing are 

satisfied in PK25 , the flag of the current sequence will be lowered. Note that in 

the case of TSD , which falls in this class, the flag may be dismissed twice during 

9-15 



the instruction, once in PJ?
2 

and again in Pi!5. In PK31 a decision will be made to 

se t CSK4 to a ONE if the dismiss conditions are satisfied and no sequence requests 

attention . This means that the current PK cycle wil l be followed by a de lay synchro 

nization cycle(s) . If the conditions for changing sequence ar e satisfied in PK31 , 

PI
3 

will be set to ONE and the current PK cyc l e wil l be followed by a change of 

sequence cycle . 

I n t he case of the JX type i nstructions , CSK4 is set to ONE (if it is to be set) in 

Pi!5 instead of PK31 and the change sequence conditions are sampled only in Pi2
4 . 

Note t hat , except for the JX and IOS instructions, the change sequence conditions 
24 31 31 are sampled at both PK and PK during those instructions tha t terminate in PK . 

PKOO is the waiting state associated with the PK
24

, PK25 and PK31 decision states. 

o4cx 
PI

3 
is always cleared during a change of sequence cycle at CSK , i .e., the CSK 

cycle is usually followed by a PK cycle . Onl y when a "trap" occurs on a sequence 

meta bit can two CSK cycles occur in succession . See Chapters 10 and 15. All the 

l ogic for setting and clearing PI
3 

and CSK4 has now been discussed . 

The logical definitions of the factors and terms used on Fig . 9 -11 are described in 

detail in Chapter 10 . 

The starting conditions for the CSK and DSK counters will now be examined . 

9 - 6 .2 CSK AND DSK COUNTER STARTING CONDITIONS . The interlock start conditions for the DSK 

and CSK counte r are shown on Fig . 9 -12 . Note that CSK and DSK are physically the 

same counter. Which interpretation is given depends on the state of CSK4, CSK~ 

implies a change of sequence cycle, whil e CSKt implies a delay synchronization cycle . 

The interlocks that are set and cleared by the DSK and CSK counter are shown on 

Fig. 9-13, 

9 - 6 .2.1 CSISTART _ CSK begins counting when a change of sequence is called for . CSK 

cannot s tar t counting until PK is in its PKOO resting state and CSK4 is 

cleared to ZERO. It is assumed that the START~ pushbutton condition is 

satisfied. 

X',/O This interlock is set and cleared in the X',lK counter cycle . 

Since t he change of sequence cyc l e uses the X Memory, the 

CSK counter cannot start unti l X',/
0

. 

XBO (See discussion earlier under PISTARTl). CSK cannot start while 

the X Memory is in use . XB
1 

covers such periods until X',/
1

. 

9-16 March 1961 



Pil 
3 

EBO This interlock is set and cleared in the QK cycle, except 

in the SPG instruction when it is cleared during the FK 

cycle . Since the change of sequence cycle uses the E 

register for temporary storage, there must be assurance that 

the E register is free (EBO) before the CSK cycle can start . 

This interlock condition was discussed earlier in this 

section . 

9-6 .2 .2 DSK STARTING CONDITIONS. DSK begins counting when a delay synchronization 

cycle is called for . DSK cannot start counting unless CSK4 is set to ONE. 

The conditions for CSKt were discussed earlier in this section . DSK will 

count only if the XWK counter is in its 00 resting state and PK is in one 

of its waiting states, i .e., PK02, PK23 or PKOO 

9 -7 DEFERRED ADDRESSING CYCLES 

When the computer is ready for a new instruction, a PK cycle is used to read the instruction 

out of memory . If t his instruction calls for a deferred address word, PK goes through 

another cycle , during which it reads out the deferred-address word from memory . If this 

deferred-address word calls for still another deferred-address word, the cycle is repeated. 

Finally, a deferred-address word is obtained which does not call for another deferred

address word . PK now performs the so-called ultimate deferred-address cycle, during which 

the final base address is computed and the index register specified by the instruction word 

is placed in X. 

This section will examine the PK counter activity pattern during the deferred addressing 

process. The interlocks of primary interest are PI
2 

and PI
5

. The times at which these 

interlocks are set and cleared will determine the sequence of cycles. 

Fig . 9 -14 shows the basic deferred-address cycle and the times at which PI2 and PI
5 

are 

set and cleared . 

The latest time at which the instruction is strobed into N during a PK cycle is PK
11

~. The 

defer bit (N
2

_
9

) is then examined at PK13a . If a deferred address is called for (N! _
9

), 
PI is set to ONE . Assuming the instruction is defined (PKIRDEF), PI will in turn be set 

2 14a 1 1 5 
to ONE in PK . The conditions (PI ·PI) for an intermediate-deferred-address cycle to 

2 5 
follow the current PK cycle have now been set up. 

Once the instruction word memory cycle (PKM) is completed, PK is ready for an intermediate

deferred- address cycle . During the instruction word memory cycle, the instruction word's 

configuration, hold and OP code bits are placed in the PKIBCF and PKIBOP registers . 

information will remain in these registers all during the succeeding intermediate and 

ultimate deferred cycles . 
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START 
When the PI 2 conditions are satisfied, t he fi r st intennediate-deferred address cycle 

will begin . These cycles will continue until a deferred address word is read out which does 

not call for another defer r ed addr ess word, i.e . , N~ 
9

. The latest time at which this occurs 

i s PK11~ · NO causes PI to be cleared to ZERO in PK14a Pio
5 

insures that PK will execute 
2 .9 5 

next an ultimate deferred- addr ess cycle. 

The ultimate deferred-address cycle does not involve a memory , but simply the computation 

of the final deferred- address . Note that the PI ~ · PI~ interlock condition detennines that 

no memory cycle is involved . PI
2 

is cleared to ZERO in PK13a::. The balance of the PK cycle 

is then like any nonnal instruction word cycle . The instruction is completed using the 

address computed in the ultimate cycle and the operation called for by the original instruc

tion word . 

9-8 IN-OUT TIME CONSIDERATIONS 

Earlier in the chapter the effect of the In-Out Element on the interlocking decisions was 

implicitly examined . For example , the effect of levels like PIWAIT, PICH SEQ, PILV SEQ, 

etc . on interlock decisions was analyzed . These levels are based on infonnation from the 

Sequence Selector . This inf onnation, in turn, refl ects events that have occurred in the 

In-Out Element . However, these events in the In-Out Element are generally initiated by the 

central computer . The time between the event in the central computer and the interlock 

condition in the central computer that reflects the chain of events in the In-Out Element 

initiated by this event can be considerably more than 0 . 4 microsecond . 

Three types of central computer pulses can initiate action affecting the In-Out Element . 

These are : (1) IOI clock pulses, (2) IOS mode and select pulses, and (3) TSD data transfer 

pulses . A minimum of 1 .6 microseconds must elapse before the interlock levels affected by 

these pulses can be sampled . The only other events occurring in the In-Out Element that 

can affect the central computer are events such as MISIND alanns, EIA alann levels generated 

by switches , etc . 

IOI clock pulses can be generated only at PK
01

, P~2 and CSK11 . The decision and waiting 

states that occur at least 1 .6 microseconds after these IOI clock pulses can be used to 

sample the interlock conditions affected by these pulses . Note that for this reason a 

decision to change sequence cannot be made in PK02 until after at least one delay synchron-
. 01 ization cycle occurs, i.e . , until at least 1.6 microseconds has elapsed since PK Since 

PK
22 

occurs at least 1 .6 microseconds after PK12, a decision to change sequence can be made 

in PK22 . 

26 The IOS mode and select pulses are generated at PK . These pulses can raise and lower 

flags in the Sequence Selector directly or change the mode of the In-Out Element, so that it 
CH SEQ 

in turn changes the status of flags in the Sequence Selector . The PI interlock level 

affected by these events cannot be sampled until at least 1.6 microseconds after PK26 . The 

interlock condition is in fact sampled at PK31 (see Fig . 9-11). PI
3 

is not sampled at PK
24 
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by an IOS (see Fig . 9 -11). This sampling is inhibited until after the IOS has a chance to 

change the mode of the In-Out Element , i .e. , until after PK26a. 

The buffer busy level (Ioci-f3B) is used in the "wait" and "leave sequence" logic as well as 

i n the FLAG dismissing logic i n PK22 This l evel is affected by the TSD data transfer pul ses 

that occur in QK:
20

. For this reason decisions based on Ioci-f3B cannot be made until 1.6 

microseconds after QK:
20

. 

9 -9 PROGRAM EXAMPLE 

A specific example of the counter activity that occurs during a short program will be given . 

This example is designed to illustr ate the effect of the interlock contr ol on computer 

dynamics . 

The assumption is made that the instruction word is stored in the S Memory and that the 

operand is stored in t he T Memory . The program will consist of the following instructions : 

DSK 

CSK 

TSD (H
1 

= hold) 

(CF1 dismiss r equested) 
JMP 5 

(CF1 XWK at PK31 ) 
2 

DSK 

Fig . 9-15 shows the counter activity pattern for this program . 

Assume that the initial DSK cycle starts while PK is in the PKOO resting state (a result of 

the previous i nstr uction dismissing itself ) . Assume also that during this DSK cycle, CSK
11 

ATT REQ eq JC 00 11 
samples a SS · (K + KD ) condition. This condition at CSK causes PI3 to be 

set to ONE and CSK
4 

to be cleared to ZERO (see Fig . 9 -11) . This insures that a change of 

sequence will follow (see Fig . 9-l O(b)). Note that all the CS ISTART conditions are now 

satisfied. (It is assumed that X'vl, XB, EB and PI
1 

were cl eared to ZERO previously .) 

The CSK cycle cl ears PI
3

, sets XB and starts XWK ( see Fig . 9-13). XWK in turn clears XB in 

XWK02 (see Fig. 9-8) . XBO is the crucial interlock in the PISTARTl level. PK starts 

counting as soon as XB is cleared . 

During t he TSD, the PK cycle sets XB and starts XWK counting . PK also sets PI1 to ONE in 

PK22 . All t he QI START conditions are now satisfied (see Fig . 9 -4) and QK begins counting . 

Note that the conditions t hat start QK are sufficient, in t his case , to star t FK counting. 
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START QK immediately clears PI
1 

to ZERO, so that the PI 1 condition is again satisfied. How-

ever, PK must finish the current TSD instruction before beginning the JMP instruction . 

If the TSD instruction had dismissed instead of holding, PK may have had to wait in PKOO 

whil e DSK examined the conditions for going ahead in the program. The fact that the hold 
START 

bit was a ONE, meant that the PI 1 conditions are immediately generated and that PK 

will go on to the next instruction in the current sequence. 

The JMP instruction has no operand cycle . In the case chosen (CF~ · CFt ) , the instruction 

dismisses. Fig. 9-2 and Fig. 9-8 show that an XWK cycle starts at PK31 in this instruction . 
31 . . . 0 ATT REQ . PKIRDIS REQ PK in the JMP instruction sets CSK4 to ONE because the PKIRH · SS 

condition is satisfied at that time (see Fig . 9-11). 1 CSK4 places the CSK counter in 
08 

the CSK state, i.e . , the DSK resting state. DSK must wait in this state until XWK com-

pletes its cycle and returns to i ts XWKOO resting state. At that time delay synchronization 

cyc l es start being executed, and continue until some sequence again requests attention . 
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10-1 INTRODUCTION 

CHAPTER 10 

CONTROL ELEMENT 

This chapter will discuss the logical design of the Control Element. Chapter 6 gave brief 

functional descriptions of most of the components in the Control Element and indicated how 

the Control Element itself was related to the rest of the computer. While this chapter is 

organized in much the same way as Chapter 6, i.e., it covers the following general topics : 

Start-Stop Control 

Interlocks 

Interlock Levels 

Counter 

It i s unlike Chapter 6 in that it deals with these topics at the level of TX-2 Block 

Schematic information. 

This chapter is also complementary to Chapter 9 which discusses the dynamics of the 

computer in terms of counter interlocking . 

An el ementary view of the needs the Control Element fills is given in Chapter 5, which 

discusses in broad terms the general timing and control problem. 

10-2 START-STOP CONTROL 

10-2 ,1 GENERAL DESCRIPTION. The output of the Start-Stop Control is a set of levels which 

enter into the interlock start level logic. 

The start - Stop Control system is divided into two subsystems: (1) a start control , 

and (2) a stop control . 

The start control takes into account the factors which influence whether or not 

the computer runs, i . e ., the state of the start-stop buttons on the console, and 

the condition of the alarms and the alarm suppress buttons. (The alarms, a larm 

controls , and the alarm delay counter (ADK) will be discussed in Section 10-2.5.) 

The stop control takes into account the factors which influence the effective speed 

of operation of the computer, i,e., the modes of operation (high speed, low speed 

and low speed repeat), and the various stop buttons and switches. 

The start system generates a level which is used by all the interlock start levels. 

The stop system generates individual levels for each of the interlock levels . 
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10-2.2 START CONTROL. The start control system is shown in Fig. 10-1. It consists 

primarily of two flip -flops that are used as a synchronizer . These flip-flops are 

START
1 

and START2 . 

March 1961 

STAR~ is a necessary condition for the generation of the interlock start levels. 

Wnen the PB START pulse is generated, the START1 f l ip-flop will be set to ONE if 

the ADK counter is in its resting state . (ADiJO indicates that no alarm conditions 

exist .) The START
2 

flip -flop is then synchronously set to ONE afterD~he START1 
flip-flop is set , again providing that the ADK counter is in its ADK resting 

state . 

The START
1 

flip-flop is cleared when the PB STOP push button is actuated or when 

the AL · AUTO START condition exists. The START2 flip-flop is cleared when the 

START
1 

flip-flop is cleared or when the AL condition exists . 

condition is present. (See Sect . 10-2.5 . 6 .) 

AL indicates an alarm 

Note that in all cases the START2 flip-flop changes state synchronously with the 

a (alpha) timing pulses . 

10-2 . 2 .1 AL· AUTO START CONDITION. When the START pulse is generated (see Fig. 

10-1), the START
1 

flip-flop is set. At the next a timing pulse, the 

START2 flip-flop will be set. With both START flip-flops set, the 

computer will operate . If both the AL and AUTO START lEJVels exist, then 

both the START
1 

and START
2 

flip-flops will be cleared . In this situation 

the computer will not start again until the alarms which generated AL 

h~ve been cleared and the START push button i s pressed again. 

10- 2 . 2 . 2 AL· AUTO START CONDITION. If when both START flip-flops are set the AL 

and AUTO START levels occur, only the START2 flip-flop will be cleared. 

This stops the computer, but leaves the START
1 

flip-flop set. This 

condition continues to exist until the ADK counter returns to ADif0 . At 

that time, the START2 flip -flop is set again. This permits the computer 

to restart automatically after a delay equal to the duration of the 

operation of the ADK counter cycle. 

l0-2.2.3 PB STOP PUSH BUTTON CONDITION. If, while the STARr flip-flops are set , 

the PB STOP push button is actuated, the START1 flip-flop will be cleared. 

At the next a timing pulse, the START2 flip-flop will also be cleared 

and the computer will stop running. 
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10-2 . 3 STOP CONTROL . The stop control system is shown i n Fig . 10-2 . It consist s primaril y 

of two flip -flops used as a synchronizer . These flip-flops are STOP1 and STOP2 . 

The system also includes the push button mode flip-flops, and the four flip-flops 

which stop or prevent an operand (QKS), change of sequence (CSKS), instruction 

(PKS
1

) and/or a deferred addJ:'ess (PKS2 ) cycle from starting . The condition of 

these "stop " flip-flops determines which mode the computer will stop in when the 

computer is running . 

The STOP
1 

flip-flop is set when the PB START push button is actuated and the ADK 

counter is in its ADifO resting state . The STOP
2 

flip-flop is then cleared by an 

a pulse after both the STOPi and START~ conditions occur and certain other conditions 

are satisfied. These other conditions are that either the computer is not in the 

Low Speed Repeat (LSR) mode, or, if it is, that a Low Speed Oscillator (LSO) level 

is present. STOP~ clears all of the stop flip-flops , i . e., CSKS, QKS, PKS
1 

and 

PKS
2

• 

The STOP
2 

flip-flop is set by an a pulse as soon as it is cleared if the computer 
1 is in either low speed mode. STOP
2 

sets those stop flip-flops that have corre-

sponding stop toggle switches on the console actuated. Since the stop flip-flops 

enter into the interlock start levels and inhibit these levels when they are set, 

it is clear that the stop system affects the operation of the computer only when 

it is in the low speed mode . 

The mode of operation flip-flops are set by actuating push buttons on the console. 

10-2 . 3.1 LOW SPEED PUSH BUTTO~ MODE STOP CONTROL . When the low-speed-push-button

mode push button is actuated, the LSPB flip-flop is set. Note that STOP
2 

will be set at this time if it was previously clear. If the PB START 

push button is then actuated, the STOP
1 

and START
1 

flip-flops will be 

set . The following events will then be initiated by a succession of a 
pulses: 

- START
2 

flip-flop set 

- STOP
2 

flip-flop cleared 

- All stop flip-flops and STOP
2 

cleared 

- The one interlock start level which has been generated 

allows the corresponding counter to start. At the same 

time, all the stop flip-flops are set which have the 

corresponding STOP switches set . 

Thus the interlock start levels which correspond to the set STOP switches 

are inhibited. The counters corresponding to the interlock start levels 

cannot then be started until the START button is again actuated . 
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10-2 . 3 . 2 LOW SPEED REPEAT MODE STOP CONTROL. When the low- speed-repeat -mode push 

button is actuated, the LSR flip -flop is set . When the START push button 

i s then pressed, the operation of the computer is identical to the Low 

Speed Push Button mode , except that STOP2 will not be cleared until an 

LSO level occurs and that STOP1 will not be immediately cleared by the 

next a pulse . The r esult is that STOP2 is cleared for o.4 microsecond 

whenever an LSO l evel occurs and that o. 4 microsecond later all the stop 

flip-flops ar e cleared for o.4 mi crosecond. Immediately afterwards those 

stop flip -flops are set which correspond to set stop switches. The 

computer is hence able t o run only until it tries to use an inhibited 

counter cycle . Since START2 remains set until the STOP push button is 

actuat ed, the computer is essentially started every time the LSO level 

occurs . 

Low Speed Oscillator (LSO). The low speed oscillator consists of 

two variable delay units, LS01 and LS02, coupled together so as to 

form an oscillator . When one uni t turns itself off , it turns the 

other unit on . The two unit s are each set to be on for approximately 

the same amount of time. Although the two units as coupled together 

tend to oscillate by themselves, one of the units (LS01 ) is set 

whenever the Low Speed Repeat push button is pressed in order to 

guarantee osci l l ati on . The output LSO level i s generated once each 

complete cycle by the LSOi · LSO~ condition . The frequency of 

oscillation can be vari ed over the range 0 - 500KC by two knobs on 

the console . 

10-2 . 3 . 3 HIGH SPEED MODE STOP CONTROL. The inputs to the LSR and LSPB flip-flops 

are arranged so that both flip -flops cannot be set at the same time. If 

both fl ip-flops are set when the power i s turned on, the LSR flip -flop 

will be cl eared by the first a pulse that occurs. If one flip -flop is 

set and the corresponding mode push button is pressed, both flip - flops 

will end up cleared . If one flip -flop is set and the push button for the 

other is pressed, then the first flip -flop is cleared and the other is 

set . If one flip-flop is set , then the computer is said to be in the 

corresponding low speed mode . If neither is set , then the computer is 

said to be in t he high speed mode. When the computer i s in the hi gh 

speed mode and the PB START push button i s actuated, t he STOP1 and 

START1 flip -flops are set . The following events will then be initiated 

by a successi on of a pulses : 

START
2 

is set 

STOP2 is cleared 



an+2 - The stop fli p-flops CSKS, Q.KS, PKS1 and PKS
2 

are 

cleared . These stop f lip -f l ops r emain cleared and the 

oper ation of the computer is under control of the 

START
2 

f l ip -f l op . 

10-2 . 4 SYNC SYST:EM . The Sync System provides the computer operator with a means of 

generating a pulse when certain specified states occur in parts of the computer . 

These states are specified by the position of selection switches on the Sync 

System control panel . The control panel and the computer console contain other 

switches which determine what effect the output pulses from the Sync System will 

have . 

10-2 . 4 . 1 OUrPUT CONTROL SWITCHES. There are two sets of 31 selection switches on 

the Sync System control panel. Each set gates the same set of 31 input 

levels, but permits the operator to choose two different combinations 

of the levels . All the input levels selected by each set are separately 

"AND"ed . The two results are then "OR"ed in several ways to generate 

output pulse . Thus , if the input levels are designated by 1
1

, ... , 1
31

, 

and the two sets of selection switches are designated by s
1

, . .. , s
31

, 

and T
1

, . . . , T
31 

then the logical quantit ies 

~ 
and 

~ 

are formed . 

An output pulse from the system can be used to stop the computer. Two 

different switches on the computer console, SYNC STOP
1 

and SYNC STOP
2

, 

determine , via two SYNC STOP flip -flops , which of the above two quantities 

will stop the computer . Specifically, the quantity 

SYNC STOP SYNC STOP~ · ~+ SYNC STOP!· A
2 

is used to clear the START synchronizer and to generate a SYAL. After 

such an alarm the computer can be restarted by pressing the CALACO 

button . 

The output pulse from the Sync System can also be used to sync test 

oscilloscopes . In this case two switches, called SELECTED SYNC
1 

and 

SELECTED SYNC
2 

determine directly which of the above two quantities will 

generate a sync pulse . Specifically, the quantity 

SELECTED SCOPE SYNC 

10 -8 

SELECTED SYNC
1 

+ SELECTED SYNC
2 
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is sent to vari ous output BNC connectors on the main hori zontal bar of 

the computer frame . The sync input to a test scope can then be easily 

connected so as to receive a sync pulse when specified states occur in 

the computer . 

One of the output BNC connectors is connected dir ectly to the Trap 

Sequence (No . 42 (o)) . An output pulse can then be used to raise the 

f l ag of the Trap Sequence , as described in Chapter 15 . 

10- 2 . 4 . 2 INPUT SELECTION SWITCHES . Sixteen of the thirty-one switches in each 

set of selection switches gate levels received from BNC connectors of 

the main horizontal bar of the computer frame. These levels are called 

Bl , B2, cl , c2 , Dl , D2 , El , E2 , Fl , F2 , MTl, MT2, MT3 , MT4, IOil, and 

IOI2 , where the names indicate the section of the frame of the computer 

which cont ain t he BNC connectors . 

The other fifteen inputs correspond to wired in nets which detect 

coincidence between the state of a particular part of the computer and 

a corresponding set of toggle switches on the Sync System control panel , 

These fifteen i nputs are PJS, PKOP (PKIR0p) , PKCF (PKIRCF) , PJSr (PKIRH), 

P, ~ ' QKOP (QKIROP) , Q, N4 . lO ' M4 . lO ' Nj , ~ ' AKOP (AKIROP) , ASK and 
x2 _

9
. For exampl e , a coincidence net determines whether the five PKa 

flip-f l ops agree in value with the settings of the five PJS toggle 

swit ches . If so , then the cor respondi ng input level to the selection 

switches is generat ed . 

All f i fteen of these nets are simi l ar , aside from the number of switches 

and flip -f l ops invol ved, except for N4 _10 and M4 _10 . In these two cases 

the addit i onal switches are somewhat redundant since only the "ONE" value 

of the corresponding flip -flop can be detected by the coincidence net . 

Not e , however , that either state of x2 _
9 

can be selected. 

10 -2 , 5 ALARMS AND ALAR~ INDICATORS . The general function of the various alarms was 

described in Chapter 6 . In addition to the al arm flip -f l op indicators , each alarm 

has an associated flashing indicator , which flashes each time the corresponding 

alarm condition occurs . The flashing indicators are variable delay unit s which 

clear themselves automatically after a 70 milliseconds delay . The clearing logic 

for the a l arm flip -f l ops , as well as the l ogic for generating the alarm conditions, 

is shown on Fi gs . 10- 3, 10 -4 and 10- 5 , 
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An al arm fli p -flop (and the associated f l ashing indicator) is set immediately when 

the corresponding a l arm condition i s generated . However , individual alarm 

suppr ession switches in the console determine whether the alarm conditions affect 

t he operation of the computer . 

10 -9 



All suppressed alarms are cleared when t he PB Clear Suppressed Alarms push hutton 

is pressed . The pulse generated by the button sets a variable delay unit , C"2 , 

which generates a o . 4 microsecond l evel. This l evel is ANDed with the console 

alarm suppress switch l evels to clear the corresponding a l arm flip-flops . For 
1 example , PSAL is cleared by a· CA2 PSALSUP' In this way all the suppressed 

alarms are cleared simultaneously . 

All unsuppressed alarms are cleared when the Alarm Delay Counter (ADK) reaches 

state AD0° . For example , PSAL is cleared by a · AD0° • PSALsUP · The occurrence 

of any unsuppressed alarm causes the generation of the AL level . AL stops the 

computer and starts ADK, When ADK reaches state AD01 , it will not proceed to 

state AD0° unless one of the following two conditions are satisfied: 

1) The AUTO START switch is turned on . 

2) The PB Clear Unsuppressed Alarms push button is pressed . 

The presence of the Auro START level permits ADK to proceed through state AD0° to 

state ADif0 , whereupon the computer is promptly allowed to restart. On the other 

hand, if the AUTO START switch is not turned on, so that the computer stops , and 

the PB Clear Unsuppressed Alarms is pressed, then the C~ flip-flop will be set . 

The next a pulse after C~ is set will clear both C~ and AD\ . The computer then 

pr oceeds as in the first case . Note that C~ acts as a synchronizer so that ADK 
will not be affected by the pulse generated from the push button except when ADK 
i s in state AD01 . 

10 -2 , 5 ,1 MEMORY SELECTION ALARMS. (See Fig . 10 - 3 , ) 

P Memory Cycle Selection Alarm (PSAL) . The PSAL flip -flop is set 

whenever a memory cycl e is performed in which Pis used as the 

memory address register and the address in P does not r efer to any 

of the memories logically connected to the computer at the t i me 

(PI<rfEGAL) . The a l arm occurs at pif9<X duri ng instruction cycles . 

Q Memory Cycle Selection Alarm (QSAL) . The QSAL flip -flop is set 

whenever a memory cycle is performed i n which Q is used as the 

memory address register and the address i n Q does not refer to any 

of the memories logically connected to the computer at the time 

( --- .LEGAL) . _ _09(): 
!./,KM The alarm occurs at P~ during deferred address 

cycl es and at ~9(): duri ng operand cycles . 
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10-2 , 5,2 IN-OUT ALARMS . (See Fig , 10- 3 ,) 

In-Out Selection Alarm (IOSAL). The IOSAL flip -flop is set whenever 

an IOS instruction is performed which tries to change the mode 

(IOS 3XXXX) or sel ect a new drive (IOS 6xxxx) of an In- Out unit 

which is in the maintenance mode , The a larm occurs at PJ<:24a of the 

IOS instruction . 

In-Out Miss Indication Alarm (MISAL) . The MISAL flip-flop is set 

by the Iocw4ISIND l evel . The a larm indicates that some In-Out unit 

has missed a line of data . 

10 -2 , 5 . 3 OPERATION CODE ALARM (OCSAL) . (See Fig . 10- 3 , ) The OCSAL flip-flop is 

set whenever t he computer attempts to execute an instruction with an 

undefined operation code. The alarm can occur if an instruction word 

with an undefined OP code is read out of memory or if an AOP instruction 

specifies an undefined OP code in bits N2 _6 _ 2 _1 . In the first case, 

the alarm is generated at pJ2-5a of the PK cycle in which the OP code is 

interpreted, i, e ., when PI~- (PI~ indicates that no deferred address 

cycles remain to be performed.) In the second case , the alarm occurs 

at the t ime the AK counter is started during the AOP, i , e ., when the 

content of AKIROP is being interpreted. 

10-2, 5 ,4 MEMORY PARITY A:LABMS, (See Fig. 10-4 , ) 

M Parity Alarm (MPAL). The MPAL flip-flop is set whenever the 

parity check circuit in the M r egister indicates that the operand 

word just read out of memory into M has an even parity . 

The a larm is generated 1,2 microseconds after QJ2-1~ (~
1

~ is the 

latest time at which a str obe can occur during a QK cycle) and 

hence occurs at varying QK states depending on the instruction 

being executed. The 4 MPAL logic determines the time at which 

the parity is checked . Note that the a l arm is not generated when 

a QSAL is generated (i , e ,, when ~GAL) , nor when the V Memory 

is used. 

N Parity Alarm (NPAL) . An NPAL is generated whenever an instruction 

word or defer red address word which has an incorrect parity is read 

out of memory i nto the N register. This al arm is generated in a 

manner simi l ar to the MPAL discussed above . However , in this case 

Pi3a al ways occurs 1 . 2 microseconds after Pi1~. (Pi1~ is the 

l atest strobe time . ) 
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F Parity Ala.rm (FPAL). An FPAL is generated whenever a word is 

read out of the F Memory into the QKIRCF register that has an 

incorrect parity. The parity check is made 0 . 5 microseconds after 

a word is strobed into QKIRCF' Only one readout occurs during a 

normal FK cycle but four readouts occur during a FLG . Note that 

during SPF and SPG instructions, and when register 00 is selected, 

the words readout are not used , In these cases the parity is not 

checked . 

X Parity Alarm (XPAL) . The XPAL flip-flop is set whenever the 

parity check circuit in the X register indicates that the X Memory 

word just read out of memory into the X register has an even parity. 

The alarm is generated at PJ2-5a or csif4a. This is never less than 

o.8 microsecond after the word is strobed into the X register from 

the X Memory . Note that, although a zero word is placed in the X 

register whenever X Memory register 00 is selected, the parity of 

the word is correct since XP is set . 

10-2.5 . 5 MISCELLANEOUS ALARMS (See Fig . 10-5 , ) All the previous alarms have 

virtually i denti cal design, except for the individual a l arm condition 

logi c which dist inguishes them. The following a l arms have few similar 

features, although each has an alarm flip-flop and can stop the computer. 

T Memory Selection Alarm (TSAL) . This alarm is designed to protect 

the circuitr y in the T Memory by turning off the read-write currents 

whenever the TSAL a l arm flip-flop is set . This occurs whenever a 

voltage transition takes place on one of the memory address MAST 

lines while the read-write currents are turned on . The TSAL flip -
1PRESEr flop can be cleared only by a • CE level . There is no 

flashing i ndicator associated with this alarm and it cannot be 

suppressed, but on the other hand the alarm does not stop the 

computer . 

Synch System Alarm (SYAL) . This a l arm is generated whenever the 

Synch System generates a SYNCH STOP pulse. This l evel sets both 

the SYAL a l arm flip -f l op and a flashing indicator . The flip-flop 

can be cleared only by pressing the CLEAR UNSUPPRESSED ALARMS push 

button . This alarm stops the computer , but does it directly by 

clearing the START
1 

f lip-flop , rather than by starting the alarm 

delay counter ADK. 
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Mousetrap Alarm (Mousetrap). This alarm is used to detect and 

remember various malfunctions of the computer . Currently it 

determines whether the S Memory read-write flip -flops SRU and SRV 

are cleared at a time when they should remain set during an S 

Memory cycle . Such an event will generate a ~ MOUSETRAP level . 

There is neither a flashing indicator nor a suppression switch 

associated with the Mousetrap alarm , When the alarm is set it will 

always stop the computer in the same way t hat a normal unsuppressed 

alarm would, It is also cleared in the normal manner . 

10-2 . 5 .6 ALARM LEVEL (AL) . (See Fig , 10-6 . ) Most of the alarm conditions which 

stop the computer do so by generating the AL level. This level clears 

the START
2 

flip -flop in the start control system and starts the alarm 

delay counter ADK, It will al so clear the START1 flip -flop if the AUTO 

START switch is not turned on , so that the computer will not restart by 

itself when ADK returns to ADi<°0 . 

The AL level is simply the OR of the MOUSETRAP alarm and all of the 

following alarms which are not unsuppressed: PSAL, QSAL, MISAL, IOSAL, 

OCSAL, MPAL, NPAL, FPAL and XPAL, The AL level can be removed only by 

clearing all the set alarm flip-flops which generate it . Note that SYAL 

can also stop the computer , but it doesn't use the AL level to do this . 

10-2 . 5 .7 CHIME CONTROL. Two different audibl e i ndications of an alarm condition 

are generated using a two - tone chime . One tone indicates that a sup

pressed a l arm, i . e ., one which does not stop the computer, has occurred . 

The other tone indicates that an unsuppressed alarm, i . e ., one which 

stops the computer (at least momentarily), has occurred . Each of these 

audible indications can be suppressed by switches on the console. 

Chime on Suppressed Alarms . As shown on Fig. 10-7, this chime is 

generated by the flashing indicators associated with the alarm flip 

flops . Only QSAL, PSAL, MISAL, IOSAL, OCSAL, MPAL, NPAL, FPAL and 

XPAL can generat e this indication, and then only when the Suppress 

Chime on Unsuppressed Alarm switch is turned off . 

Chime on Unsuppressed Alarms . This chime is generated when either 

the ADK counter has been started or when a SYAL has been generated. 

In the first case the chime level lasts as long as ADK is in state 

ADi<°1 , which i s determined by ALD1 , whenever a MOUSETRAP or an 

unsuppressed QSAL, PSAL, MISAL, IOSAL, OCSAL, MPAL, NPAL, FPAL or 

XPAL occurs. In the second case the level is generated directly by 

the flashing i ndicator associated with SYAL . 
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10-2. 5 .8 ALARM DELAY COUNTER (ADK). This counter is started whenever an AL alarm 

l evel is generated . After it has started no other PK, QK or CSK cycle 

can begin unti l it has returned to its resting state . The purpose of 

the counter is to stop the computer, and then after the necessary 

operations have been performed,to allow the computer to be started again 

in a controlled manner. The counter uses variable delay units to slow 

down its rate of counting to about O.l seconds per cycle. 

10-3 INTERLOCKS 

The logic of the counter is illustrated in Fig . 10 -8 . The AL level sets 

the first delay unit ALD
1

. ADIS_ is then set and the counter remains in 

the ADx:°1 state until ALD
1 

clears itself synchronously with an a pulse . 

During this time the CHIME ON UNSUPPRESSED ALARMS is sounded. Presumably 

transient conditions , which might have caused the AL level, have by then 

had a chance to disappear. 

The counter next enters the ADJ<"1 state by setting ADJS, and also sets 

the second delay unit, ALD2 . While ALD2 is set the first delay unit 

recovers. During this time the computer simulates the pressing of the 

STARTO.vER push button, if the PASOFA switch is on, and simulates the 

PRESET button, if both the PASOFA and the AUTO START switches are on. 

Note that in the latter case only the Control Element exclusive of the 

start - stop control is preset. 

When ALD
2 

cl ears itself the counter will wait in the ADI<"1 state until 

the CLEAR UNSUPPRESSED ALARMS button is pressed unless the AUTO START 

switch is on . The CA1 flip -flop is set when this button is pressed . 

When either cis or the AUTO START switch is on, ADK can proceed to state 

ADI<"O wherein the unsuppressed alarms which generated the AL level are 

cleared, and then to state ADx:°0 where it remains until AL is generated 

again . 

Note that C~ and ADK
2 

together act as a synchronizer for CLEAR UNSUP

PRESSED ALARMS ~u.lses. 

10-3-1 GENERAL DESCRIPTION. The general function of the various interlock flip-flops was 

described in Chapter 6. This chapter will discuss the specific logic that sets and 

clears these interlocks. 
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I n certain cases two or more interlocks will have a related function. The times 

at which these interlocks are set can overlap . To cl arify the time relation of 

the i nterl ocks, figures will be given to show the relative times at which these 

interl ocks are set and cleared in terms of the basic counter cycles. 

10-3 ,2 INSTRUCTION INTERLOCKS 

March 1961 

10- 3 -2 , l INSTRUCTI ON INTERLOCJS_ (PI1 ). This interlock determines whether a PK 

instruction word or QK operand word memory cycle can occur. 

The logic for setting and clearing PI1 is shown in Fig . 10-9, A graphic 

illustration of the duration of Pii is shown in Fig. 10-10. 

PI1 is set if an instruction requires a QK cycle . It is then cleared 

after the QK cycle starts , thereby indicating that the next instruction 

(PK) or change of sequence (CSK) cycle can begin . (See also PI
3 

dis 

cussion. ) PI1 is always set at essentially the sa~e time during a PK 

cycle, but it is cleared at various times during the QK cycle that 

follows. The specific time depends on the kind of operation being 

performed . Thus PI ~ provides additional timing information about when 

the next PK or CSK cycle is permitted to start . 

PI1 is set during instructions which require QK cycles either at the end 

of the instruction word PK memory cycle or, if deferred address is 

required, at the end of the PK ultimate cycle . The set pulse occurs at 

plf2CX if the computer can proceed with the execution of the instruction, 

i . e ., if the PIWAIT level exists, or P!f3a if the computer has been forced 

to wait before the decision is made to continue . 

PI1 is usually cleared as soon as the QK cycle begins, i . e ., when QK is 

in the QifO state and the QI start level exists. However, any lX (AUX, 

RSX, EXX, ADX, DPX or SKM) or LF (SPF or SPG) operation code postpones 

clearing PI1 until later during the QK cycle . For example , in the case 

of ADX, PI1 is not cleared until ~6a. In the case of SPF and S?G, 

PKIRCF is protected from the effects of the next PK or CSK cycle until 

the FK cycle is finished with it, In the case of SKM, NJ is protected. 
l In the remaining instructions PI1 helps protect the N2 ,

1 
input to the 

X Adder until the XA output has been used. Note that although in some 

cases PI1 is cleared twice during a QK cycle only the first of such 

pulses has any affect on the interlock . 
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l0-3.2 . 2 INSTRUCTION INTERLOCJS (PI2 ). PI2 is set during a PK instruction word 

memory cycle whenever def erred address cycl es are required, It then 

remains set , and serves to distinguish subsequent PK cycles which are 

associated with the deferred addresses . It is not cleared until the 

ultimate deferred address cycle (the one which does not obtain a word 

from ~emory) . 

The logic that sets and cl ears PI
2 

is shown in Fig . 10-11, Note that 

the term csif7a · SSCH SEQ is present only for r easons of wiring con

venience and has no effect on the operation of the interlock . (See also 

PI
5 

discussion . ) 

l0-3 . 2 . 3 INSTRUCTION INTERLOC~ (PI
3

) . This interlock determines whether a PK 

instruction word memory cycle or a CSK change sequence cycle is to occur 

next. The logic that sets and clears PI
3 

is illustrated in Fig . 10-12 . 

~1
3 

must be set before a change sequence cycle can begin. It can be 

cleared during normal operation only at csif4a of a CSK cycle . 

On the other hand, there are three kinds of occasions at which PI
3 

can 

be set: 

1) One of these times is simply at csif7a during a change of 

sequence cycle . A change of sequence always takes place to 

the highest priority sequence which wants attention and usually 

no flags can be set during the CSK cycle . Thus the SSCH REQ 

level usually exists at csif7a when the CSK cycle is ending . 

However , if the sequence meta bit on the program counter of the 

new sequence is set , and the Trapping Sequence is trapping on 

such bits (see Chapter 15), then the flag of the Trapping 

Sequence will be raised and SSCH REQ might exist at csif7a_ 

In this case PI
3 

is set and the change of sequence is followed 

by another change of sequence , this time the change of sequence 

is to the Trapping Sequence. 

2) The second class of timing covers the situations when PK is in 

a waiting state and the delay synchronizer counter DSK is 

running . In these cases DSK will stop when interlock conditions 

determine either that PK can continue from where it was stopped 

when DSK started or that PK must go to pifO (if it is not already 

there) and a change of sequence cycle should start . There are 

three such situations: 
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a) PK can already be in pifO whi l e DSK i s counting if an 

instructi on dismissed the curr ent sequence at a time 

when no sequence wanted attention. In this case DSK 

cycles until some sequence wants attention (SSATT REQ) 

at csi<-1a. At that time , PI
3 

is set and a change of 

sequence occurs next . Two special situations must be 

taken into account . One situation i s that if the 

highest priority sequence which wants attention is 

sequence zero (KDOO) then the change of sequence will 

always occur , even though the computer is already in 

sequence zero . This means that sequence zero will , 

once it has been dismissed, start up again at the TSP 

address when its flag is raised again. The other sit 

uation is that if the highest priority sequence which 

( . ..eq JC)' wants attention is the current sequence K then , 

with the above exception about sequence zero, PI
3 

will 

not be set since no CSK cycl e is required. 

b ) PK can be waiting i n Pf
2 

while DSK is counting if the 

Arithmetic El ement is busy when PK attempts to obtain 

an i nstructi on or deferred address word from it . In 

t his case PI
3 

will be set i f the PIAE CH SEQ level 
. J_ua AE CH SEQ . . 

exists at csr . PI indicates , as we will 

shortly see , that a hi gher priority sequence wants 

attention and the l ast instruction executed did not 

"hold". 

c) PK can be waiting in P!f3 while DSK is counting if 

either a TSD instruction t r ies to use an In- Out unit 

which is not ready (IocJ3B) or because an instruction 

tries to use the Arithmetic Element while it is busy 

(AEI) . In either case , PI
3 

will be set if the PILV SEQ 

level exists . 

3) The thi rd class of time covers the situations when PK is 

counting and a change of sequence condition occurs . 

One of these conditions can occur at the end of the PK 

memory cycle at Pif
2 

and covers the same situations which 

are covered at P!f3 above and again involve the PILV SEQ 

l evel. 
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The others occur either at P~4a or PK3ia of instructions 

which do not hol d or whi ch dismiss. If a sequence which 
. CH SEQ has its flag up can generate the PI l evel , then PI

3 
i s set and the PK cycle of the instruction is followed by 

a CSK change of sequence cycle . 

l0-3 . 2 . 4 INSTRUCTION INTERLOCK4 (PI4 ) . PI4 simply remembers the hold value of 

the last instruction executed . The logic that sets and clears PI4 is 

shown in Fig . 10-14. 

Since the decision to execute an instruction is indicated at the earliest 

by the decision for PK to advance to state Pi4a, this is also the earliest 

t i me at which the PI4 flip-flop can be changed . Whatever hold value is 

then placed in PI4 is held until the next time a decision is made to 

execute an instruction. 

The PI4 interlock is used in the interlock level logic to decide whether 

the SSCH REQ l evel can contribute to sequence change decisions. 

l0-3 . 2 . 5 INSTRUCTION INTERLOCis (PI
5

) . PI
5 

is similar to PI2 in that it is set 

during a PK instruction word cycle whenever deferred address cycles are 

required . The logic for setting and clearing PI
5 

is shown in Fig . 10 -14. 

However , there are two kinds of deferred address cycles : (1) the deferred 

address cycles which r equire memory words, and (2) the ultimate deferred 

address cycle which does not require a memory word . 

PI2 and Pr
5 

serve to distinguish the three kinds of PK cycles, as shown 

in Fig . l0 -15 . 

Initially both PI2 and PI
5 

are zero during the instruction word cycle . 

If the instruction word requires a deferred address , i . e ., ~2 9
, then 

_ _i2a _l4a . 
PI2 is set at Pr and PI

5 
at Pr . Both interlocks remain set during 

subsequent deferred address memory cycles until finally a deferred address 

word is obtained in which N~.
9 

At PJ2-4a during this cycle, PI
5 

is 

cleared . The next PK cycl e is then identified as the "ultimate" cycle , 

since the PI! and PI~ interlock condition exists at the beginning of the 

cycle . PKA (see Chapter 11) then remains cl eared throughout this PK 

cycle so that no memory is selected and no memory word is read out . 

During the first part of the ultimate PK cycle the sum of the base address 

and the selected index register in the last deferred address is placed in 

N2, 1 The index bits from the original instruction word are retrieved 

from QKIRCF and placed in N
3

_6 _ 
3

_1 . 
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The logic performed in the ultimate cycle after PI2 is cleared at Pi2-3a 

i s , aside from memory logic, identica l to the logic which would have been 

performed after P03a in the initial instruction word memory cycle if no 

deferred addresses were required . This can be seen by examining the logic 

performed in Pi2-4a through PJ<22a; nearly all of the logic will be seen 
0 to contain a factor of PI2 . 

After the ultimate cycle , PK continues on with the execution of the 

instruction using the final effective base address . 

10-3 -3 ARITHMETIC ELEMENT INTERLOCKS . Registers in the Arithmetic Element can be used 

either as Memory Element flip -f~op storage registers or as storage registers for 
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the intermediate and final results of arithmetic computations. The instructions 

involved in this second case can be divided into two classes : (1) the simple load 

and store type instructions, and (2) the more complex add and shift type instructions. 
. OPR AK 

The m8re complex instructions generate either the PKIR AE or QKIR levels (see 

Chapter 14), and make use of a variety of Arithmetic Element interlocks. 

l0-3.3.1 ARITHMETIC ELEMENT BUSY INTERLOCK LEVEL (AEB). This interlock level 

simply indicates whether or not the Arithmetic Element control counter 

AK is in its AKOO resting state . This is shown in Fig. 10-16 . When the 

AEB level exists, i . e ., AK is in its PJ<?O resting state , then it is 

permissible for immediate use to be made of the flip -flop registers in 

the Arithmetic Element. 

Note that AEB is an interlock control level and not an interlock flip

flop. It is discussed here instead of Section 10-4 only for convenience 

in grouping together the Ari thmetic Element interlock conditions. 

l0 - 3 . 3 . 2 ARITHMETIC ELEMENT PREDICT INTERLOCK FLIP-FLOP (AEP). The AEP flip -flop 

optimizes the speed 9f the Arithmetic Element instructions by predicting 

when the current use of the Arithmetic Element will end . The logic 

setti ng and clearing this flip -flop is shown in Fig . 10-17-

The interlock is set whenever an instruction which might use both the AK 

and ASK counters starts to make use of the Arithmetic Element . This occurs 

at PJ<26a in all AOP instructions and at QJ<"4a in all other instructions 

which use both AK and ASK. 

The interlock is then cleared at some time during the AK cycle of these 

instructions . This time is at most 2 .8 microsecond before the end of the 

AK cycle , i. e ., at most 2 .8 microseconds before the AEB l evel occurs. 
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l0-3 . 3 . 3 ARITHMETIC ELEMEN'r INTERLOCK LEVEL (AEI). This interlock level i s 

discussed here , rather than l ater to keep it in the context of the two 

other Arithmetic Element interlocks , AEI i s generated by the logic 

shown on Fig , 10-16 . During AOP instructions, AEI is simply equal to 
1 AESK __ _o1a, 

AEP, but during QKIR instructions i t starts with~ earlier then 

Q~4a. 

l0-3 . 3 . 4 ARITHMETIC ELEMENT INTERLOCK DURATIONS . The duration of the Arithmetic 

Element interlock levels during QKIRAE instructions is illustrated in 

Fig . 10-18. Since AEP i s needed only to help generate AEI , it will be 

ignored i n the following discussions . 

AEI is used in the various PK decision states of a subsequent instruction 

in order to help determine whether or not the PK cycle should continue . 

The PK cycle of a subsequent instructi on can begin as early as o . 4 micro 

seconds aft er the QK cycle of a QKIRAK instruction begins . The earli est 

PK decision state occurs at Px°2CX. Hence the AEI level must be generated 

earlier then the Q04a time at which AEP is set . For this reason, the 

AEI level is started, as indicated by the logic, with QJf1
a . Also , the 

logic of the PK decision states is designed with a bias towards continuing 

the PK cycles , rather then towards causing a change of sequence. For this 

reason the AEI level ends when AEP is cleared, before the AEB level occurs . 

In all cases when the new instruction tries to make use of the Aritl'L~etic 

Element before the Arithmetic Element is actually free for a new use, the 

AEB level is itself used in waiting state logic to hold up the new in

struction . However , the AEB level itself is never used by a new PK cycle 

unti l late enough in a new instruction so that it doesn ' t need to be 

generated before ~4a when AK is started . 

The duration of the Arithmetic Element interlock levels during an AOP 

instruction is illustrated in Fig . 10 -19 , In this case AEI is simply 
1 

equal to AEP AEB and AEI are again used to influence the same PK 

decisions just described . Here , though, the levels reflect a different 

situation since AOP does not require a QK cycle and AK is started directly 

by PK during the execution of the AOP instruction . Both the AEB and AEI 

levels begin when AK is started . This is adequate for interlocking 

purposes since no subsequent PK cycle can begin until after the current 

PK cycl e has ended, i.e ., after the two levels have been generated . The 

termination of the levels is the same as in the previous case , since the 

levels end in a manner which is independent of whether the operation 

being performed in the Arithmetic Element was originated by an AOP or an 

ordinary OP code. 
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Note, however , that an AOP can call for an operation which does not 

use ASK, nor even AK. This can occur since the full six bits in 

N
2

_
6 

_ 
2

_
1 

of the AOP specify the operation . Some of these , the 

llXXXX ·ADD· SUB • DSA, are just like the corresponding Q,KIRAESK 

operati ons whi ch us e both AK and ASK, others , ADD+ SUB+ DSA, use AK 

but not ASK. In these , AEP i s cleared as soon as AK starts , so that AEI 

ends before the PK cycle ends . Finally, the llXXXX codes are not defined 

and do not actually use AK, Hence, neither AK or ASK is used and both 

the interlock l evels end before the PK cycle ends. In thi s last case , 

however, an OCSAL alarm is also generated at the present time. 

10-3 , 4 MISCELLANEOUS INTERLOCKS 
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10 - 3 , 4 ,1 E REGISTER BUSY INTERL08K (EB) . The EB interlock indicates when the E 

register is busy during an operand cycle and can not yet be used for a 

new purpose . The logic for setti ng and clearing EB is shown in Fig . 10 -20. 

EB is set whenever a QK operand cycle starts , since the E register is 

used by all instructions which require an operand . 

The i nterlock is then cleared as soon as the register is no longer needed 

during the operand cycle . This occurs at ~la during all store type 

instructions which are not placing the operand in the VFF Memory . All 

other instructions , except SPG, use the E register until QJ<.23a , at which 

time EB is cleared . SPG alone clears EB during a non - QK state . This 

situation will be understood after it is discussed in Chapter 16 . 

EB need be set only during operand cycles , and not during other uses of 

the E regi ster, since conflicting demands for the use of the E register 

can arise only when one of these demands already is an operand cycle use 

of the E register . 

l0-3.4 . 2 Q REGISTER BUSY INrERL08K (QB ). The QB interlock indicates when the Q 

r egister is busy Quring an oper and cycle . The logic for setting and 

clearing QB is shown in Fig . 10-21, and simply shows that QB is set when 

a QB cycle begins , and is cleared when i t ends . As in the case with EB, 

if these are conflicting demands for Q, one of them always already 

involves an operand cycl e . 

Note that QB also indicates whether the M register is busy, since nearly 

all QK cycles require the use of M until QK3ia_ 

The relative durati ons of EB and QB are graphically illustrated in 

Fig . 10 - 22 , 
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10-3.4 . 3 F MEMORY INTERLOCK (FI ). Before any SF (FLF or FLG) or JA (JPA, JNA and 

JOV) i nstructi ons can be executed, the F Memory interl ock FI must be in 

a cleared state . Fig , 10- 23 shows the logic for setting and clearing 

the FI interlock . 

FI is cleared when a JA or SF type instruction is executed. This occurs 

at PKl-3a either during the instruction word memory cycle if no deferred 

address cycles are re~uired or during the ultimate deferred address cycle . 

The FI flip -flop is set at F~ during an FLF or a JA type instruction . 

During a FLG instruction, FI is set at FK7a . 

The FI interlock permits the contents of the F Memory registers to be 

obtained during the execution of these instructions earlier than they 

would otherwise be . 

Note that FI is set during FLF and FLG in such a manner that FI can 
. START contribute to the QI level . 

l 0-3. 4 . 4 X REGISTER BUSY INTERLOCK (XB) . The XB interlock serves two functions. 

The first is to indicate that the X Memory i s busy with a READ-WRITE 

cycle . This is done by setting it whenever an X Memory READ cycle is 

initiated, and then clearing it when the WRITE cycle is performed. Thus 

XB is set whenever XR is set, and it is cleared during the XWK cycle. 

(See Fig . 10- 24 . ) 

The second function of the interlock is to predict , by 1 . 6 microsecond 

when t he X Memory WRITE cycle will end . This prediction ability enables 

a PK cycle to start that much time before the WRITE cycle ends . Thus , 

XB is cleared at xmf2a, 1 . 6 microsecond before XW is cleared at xmf6a. 

l0-3 . 4 . 5 X WRITE REGISTER INTERLOCK (XW) . This flip -flop is described more 

throughly in Chapter 12 in the section on the X Memory . XW is used as 

an i nterlock to indicate when an X Memory WRITE cycle has ended. The 

flip -flop is set at xmf2a to turn on the X Memory write current and is 

cleared at xmf6a. (See Fig. 10-25,) 

10 - 4 INTERLOCK CONTROL LEVELS 

10-4 .1 INTRODUCTION . The general function of the various interlock levels was described 

in Chapter 6 . This section will examine their function in greater detail by 

examining the logic that generates these interlock control levels , 
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10-4.2 PK, QK AND CSK INTERLOCK START LEVELS . The following interlock start levels 

determine when instruction word, deferred address word, operand word and change of 

sequence counter cycles can begin , These are the basic counter cycles in the 

computer and are the only such start l evels which are influenced by the console 

stop-start controls . The logic that generates these interlock start levels is 

shown on Fig . 10 -26 . 
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10- 4 . 2 . 1 INSTRUCTION MEMORY CYCLE INTERLOCK START LEVEL (PISTARTl) . The logic 

governing t he start of a PK i nstruction word memory cycl e depends on the 

Pis·:rARTl level . The fact that such a PK cycle is required is indicated 
0 by the fact that PI2 . 

The logi c first of all requires that the stop-start system permit such 

a cycle . This is indicated by STAR~· PKSi · AL. Also , there must be 

neither a CSK nor a DSK cycle required, i.e ., the PI~ · CS~ condition 

must be sati sfied . The QK operand cycle , if one is required by the 

previ ous instruction, must have already started and progressed to the 

point where PI
1 

is cleared . Also, any previous use of the X Memory (or 

X Adder) must be almost over (XB0 ) . Finally, the memory overlap conditions 

must be settled . The memory selected by P from which the instruction 

will be obtained must not be the same memory used by the previous QK 

operand cycle , i. e ., the (P5Q8 
+ ··· + PV · QV) condition must be 

sati sfied and the No Overlap switch must be off (No0 ). If these overlap 

conditions are not satisfied the previous QK cycle must be over (QJ3°) . 

The PISTARTl level is used by PK when it attempts to start an instruction 

word memory cycle , and also by the Memory Address Selector in order to 

turn on the selected memory (see Chapter 11) . 

10-4. 2.2 DEFERRED ADDRESS MEMORY CYCLE INTERLOCK START LEVEL (PISTART2) . The 

logic governing the start of a PK deferred address word memory cycle 
START 

depends on the PI 2 level . The fact that such a PK cycle is required 
1 is indicated by the fact that PI2 . 

The stop-start control must permit such a cycle , i.e., the s·:rART~ · PKS~ 

condition must be satisfied . The XWK cycle initiated by the previous PK 

cycle must be almost finished (XB0 ), and the Q register must be available 

(QJ30). 

The PISTART2 level is used both to start PK and to turn on the selected 

memory in all the intermediate deferred address cycles . However, during 

the "ultimate " cycle it i s used only to start PK. In this case only the 

stop-start control conditions are really relevant as start conditions . 

Note that PI~ during all intermediate cycles and that PI~ during the 

ultimate cycle . 
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10-4.2.3 OPERAND MEMORY CYCLE INTERLOCK START LEVEL (QISTART). The logic governing 

the start of a QK operand word memory cycle depends on the QISTART l evel . 

1 0 
The stop -start control must permit such a cycle , i.e., the START2 · QKS 

condition must be satisfied . A QK cycle must be required (Pii), and, in 

the case of SPF and SPG, the FK counter cycle must be almost over (FI
1

). 

The QISTART level is used both to start QK and to turn on the selected 

memory. 

10-4 . 2 . 4 CHANGE OF SEQUENCE CYCLE INTERLOCK START LEVEL (CSISTART). The logic 

governing the start of a CSK change of sequence cycle depends on the 

CSISTART level. 

The stop -start control must permit such a cycle, i.e., the START!· CSKSO 

condition must be satisfied. Any QK cycle required by a previous in

struction must have already started (PI~), and PK must be in its pfOO 

resting state. Also, since CSK makes immediate use of the X Memory and 
. 0 0 0 

the E register, these must both be available, i.e ., the XW · XB and EB 

conditions must be satisfied, respectively. 

The CSISTART level is used only in the starting of CSK when a change of 

sequence cycle is required. 

10-4 . 3 SEQUENCE CHANGE INTERLOCK LEVELS. These interlock levels are used in the "decision" 

states of PK (see Chapter 9) , and also in the DSK cycles, to determine whether the 

computer should continue executing instructions in the current sequence, or change 

to a new sequence . 

The logic generating these sequence change interlock levels is shown on Fig. 10-27. 

10-4 . 3 . 1 CHANGE SEQUENCE INTERLOCK LEVEL (PICH SEQ) . Towards the end of the PK 

cycle of each instruction executed the decision must be made whether to 

execute the next instruction in the current sequence. A change of sequence 

is made usually when either the current instruction does not hold (PKIR~) 

and some other sequence of higher priority wants attention (SSCH SEQ), 

or when the current instruction dismisses (PKIR~ · PKIRDIS REQ) and any 

other sequence wants attention (SSATT REQ). The Sequence Selector levels 

can also indicate other reasons for changing sequences, as described 

earli er and in Chapter 12. 
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10-4 .3.2 ARITHMEI'IC ELEMENT CHANGE SEQUENCE INTERLOCK LEVEL (PIAE CH SEQ) . If 

the computer attempts to obtain an instruction, deferred address or 

operand word from an Arithmeti c Element flip -flop r egister and the 

Arithmetic Element is performing a QKIRAESK type instruction , indicated 

by the AEI level , then the computer is forced to wait and perhaps to 

make a change of sequence . 

The PIAE CH SEQ level reflects the conditions for changing sequence . If 

the last instruction executed did not hold (PIE) and some higher priority 

sequence wants attention (SSCH REQ) while the Arithmetic Element is busy 

(AEI) , then the level i s generated . 

10 -4.3.3 LEAVE SEQUENCE INTERLOCK LEVEL (PILV SEQ) . The PIAE CH SEQ level alone 

i s used in the PK0
2 

decision state . In the Pi2/ 23 decision state a more 

complex situation exists for determining whether to change sequences . 

Here the change will occur if , when the PIAE CH SEQ l evel exists , the 

computer is attempting to execute an instruction which requires the 

Arithmetic El ement (PKIRAE) or obtains an operand from the Arithmetic 

Element (PKIRQK · XAAE) . The change will also occur if the computer is 

attempting to execute a TSD and either the selected IO unit is not 

available (IocJlB) or the QK cycle of a previous TSD is not finished 

(QKIRTSD · QB
1 ) when some other sequence wants attention (SSATT REQ) . 

10-4.3.4 INTERLOCK WAIT LEVEL (PIWAIT) . The computer can arrive in the Pi2/ 23 

decision state and be unable to change sequence (PILV SEQ) and also be 

unable to continue to execute the i nstruction . This latter condition is 

indicated by the PIWAIT level . In fact , the instruction cannot be executed 

WAIT unless the PI level exists. 

It can be seen that PIWAIT is similar to PILV SEQ except for the absence 

of the Sequence Selector flag information (see Fig . 10 -27) . PIWAIT 

simply indicates that the computer is attempting to perform an instruction 

which can not be done at the moment and that no sequence change condition 

exists either . 

10-4. 4 MISCELLANEOUS COUNTER START INTERLOCK LEVELS . The FK, XWK, AK, ASK and DSK counters 

are slaved to the PK, QK and CSK counters in the sense that their start conditions 

are usually generated at particular t imes during PK, QK and CSK cycles and last for 

onl y 0, 4 microseconds . Hence , t hese count ers usually must be in their resting states 

and must st art immediately when t he st art conditions are generated . FK is t he only 

one of t hese counters t hat uses an i nt erlock f l ip-f l op in i t s start l evel and even 

t hen only in a re strict ed cl ass of start situations. 
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None of the start conditions for these counters directly reflect the console stop

start control s . 

ADK was discussed earl ier in the chapter in Sect. 10 -2 . 5 .8 . 

10-4 . 4 .1 F MEMORY COUN'rER START LEVEL ( I START.,, FK) . The logic governing the 
START FK level logic is shown on Fi g , 10 -28 . 

Normally FK is started when the QK cycle star ts during the execution of 

instructions which use the F Memory in order to obtain a configuration 

word . The two instructions which specify configurations (SPF and SPG) 

do not start FK until Q03O after the new configurations have been placed 
JA 

in the E register . The Arithmetic Element jump instructions (PKIR ) 

and the instructions which file configurations (PKIRSF) start FK by 

clearing the FI interlock in P03O and wsiting for EB to be cleared . In 

these cases , FK then starts as soon as it returns to Fif
0

. Note that the 

QK cycles of FLF and FLG wait in ~O until FI is set . Similarly, the 

PKEI cycles of JOV, JPA and JNA wait in Pi5O until FI is set. 

10-4 . 4 . 2 X MEMORY WRITE COUNTER START LEVEL ( I START .,, XWK) . The XWK counter is 

started only when a word is to be written in the X Memory . The logic 

for starting the counter is shown in Fig . 10 -29 , 

The cmmter is always started at P04a in a deferred address cycle (Pr;) , 

and in the same state during instructions which do not make special use 

of the X Memory (PKIRXM) during a PKEI cycle . These PKEI instructions 
31a . all start XWK at PK , unless execution of the instruction is abandoned 

at Pi2/ 23 because a PILV SEQ level occurs . 

During the Q.~ cycle of QK instructions which change the contents of an 

X Memory register , XWK is started as soon as the new word is placed in 

the X register . This occurs at ~
20 

for RSX and EXX and at QK31O for 

AillC . Note that in all these instructions XWK goes through an earlier 
_ _i4a 

cycle started at PK . This extra earlier cycle is performed so that 

the X Memory register read out during the PK cycle is not left in the 

cleared state in case the stop -start or alarm controls inhibit the QK 

cycle of the instruction . When the Q.~ cycle does occur the X register 

is cleared out again at ~ 3a in preparation for the QK XWK cycle . 

XWK is also started in change of sequence cycles at csif40 in order to 

store t he ol d program counter in the X Memory . 
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10-4.4. 3 ARITHME'TI C ELEMENT COUNTER START LEVEL ( !START ., AK) . The loglc for 
26cx . this level is shown in Fig . 10 -30 , AK is star ted at P~ during AOP 

and at Ql<"4cx for all QJCIRAK instr uctions . 

10 - 4 . 4 . 4 ARITHMETIC ELEMENT STEP COUN'rER S'rART LEVEL (ASK I + 1 ---- ASK) . The 

logic for this level is shown in Flg . 10 - 30 . 1~is counter counts only 

during QJCIRAESK instructions . It does not count in the usual manner 

(every o . 4 microseconds) s i nce it counts once each time AK goes through 

a subcycle during Q'(IRAESK instructions . It starts from the state it 
PRESET 

was preset to by the ASK condition, and advances to state zero 

by this ASK count l evel . 

10 -4 . 4 . 5 DELAY SYNCHRONIZATIO:N COUN'rER START LEVEL ( I START., DSK) . The delay 

synchronization counter is started only when the computer cannot continue 

executing i nstructions in the current sequence and no change sequence 

condition exists . In these situations t he DSK counter is started in 

order to synchroni ze s i gnals ar riving in the Sequence Selector from the 

In- Out Element . 

CSK
4 

can be set in any of the "decisi on" states of PK, but PK must be in 

one of the associated waiti ng states before DSK can start counting . These 

waiting states are Pt2cx, Pl3cx and Ptocx _ XWK must also be in state 

zero when DSK starts counti ng . 

The logic gener ating t he DSK start l evel is shown on Fig . 10 - 31 -

10-5 COUNTERS 

10-5 -1 GENERAL DESCRIPTION . The general function of the various counters was discussed 

in Chapter 6 . In thi s section, the function of each counter will be discussed in 

gr eater detail . The actual count logic for each counter will a l so be discussed . 

The dynamic i nter locki ng of che counters is discussed in Chapter 9 . 

10-5, 2 INSTRUCTION COUNTER (PK) . The count logic for the PK counter is of two types . 
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One type i s used during the memory cycle when an instruction or deferred address 

word i s obtained from memory . This i s the part of the PK cycle which extends from 

Pt 0 t o Pi<2
2

. The second type of count logi c i s used in Pi3/ 24 and in the addi 

t i onal PK stat es (PKEI) used i n the execution of special instructions . T'ne memory 

PK count l ogic i s shown on Fi g . 10- 32 and the special instructi on PK count logi c 

is shown on Fig . 10-33 · 
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Basically, one of three types of action can occur during the PK cycle : 

1 ) PK can count i nto the next state . 

2) PK can skip to some "preset " state . 

3) PK can "wait " in a state until a decision to go on can be made . 

The PK memory cycl e carries the PK counter from pf0
, when the appropriate start 

condition is satisfied, through to p/2 . Skips occur from states 01, 02 or 06 to 

state 09, and from states 15 or 16 t o 22, depending upon the memory selected. 

During the "ultimate" deferred address cycle (PKAO) a similar sort of cycle occurs 

except that no memory i s selected . The starting condition used when PK is i n state 

zero depends upon whether an instruction cycle (PI~) or a deferred address cycle 

(Pr!) i s to occur . 

Only one decision state occurs during a PK memory cycle . This is at Pf
2a during 

a VFF cycle where the AEI level is examined if the selected register is in the 

Arithmetic Element . 

When PK finishe s the instruction and all the deferred address cycles by arriving 

at p/2a with PI~ another decision must be made about whether to execute the 

instruction . At this time , the PIWAIT and PILV SEQ l evel s are examined . PK can 

not advance to p/4 and actually go on to execute the instruction until the ~ 

exists . 

Once PK reaches state p/4 
the computer is committed to executing the new instruction . 

This usually does not involve further use of PK. All PKIRDIS instructions send PK 

back to state zero from state 24, and start a QK cycle . The PKIRDIS instructions 

send PK through a PKEI cycle from state 25 through to state 31, and start a QK 

cycle only if they r equire an oper and from memory. 

Some of the PKIRDIS instructions can make PK wait in state 25 if certain interlock 

conditions are not satisfied . The interlock involved is usually EB, but can also 

be QK, AEB or FI . 

10-5-3 OPERAND COUNTER (QK) . The count logic for the QK counter , like that of the PK 

counter , is of two types . One type is used during the memory cycle while an operand 

word is obtained from memory . The second type of count logic reflects the special 

timing r equired by the execution logic of certain instructions . Unlike the PK 

count logic , the two QK types of count l ogic overlap, i . e ., the type that reflects 

the instruction requirements usually occurs in the middle of the memory cycle and, 

in part , at the same time as some of the memory count logic. 

Tne memory count logic i s shown on Fig . 10 -34 and the instruction count logic i s 

shown on Fi g . 10-35 -

10-28 March 1961 



The QK counter can skip and jump states , and wait in states , as i n the case of t he 

PK counter . However , there are no "decision II states in QK, and waiting can occur 

only in Ql3 . 

The memory count logic is primarily a function of which memory is selected . QK 

waits in state zero until the QISTART level is generated , From ~Oto Q03 the 

succession of states is determined entirely by the memory selected . The counter 

then enters the instruction section . The memory section of the QK cycle does not 

occur until Q.:f1 . From ef1 to ~l the count logic i s again det ermined by the 

memory selected, except that QKIRLOAD type instructions can cause QK to skip states 

22 and 23 . 

The only waiting state in QK, other than Qf0
, is ~ 3 when the operand is located 

in the VFF Memory . QK wil l wait in Qf3, if an Arithmetic Element register is 

selected, until the AKS level indicates that the Ari t hmetic Element is available 

for use . 

A jump to ~ 3a :from ~la takes pl ace i:f the operand is in the V Memory, since no 

( 
__ J.3a 
lel,K is used primarily to allow time for the parity parity check is r equired . 

check circuits to stabilize . ) 

The instruction section of the QK cycle does not depend on the memory selected but 

rather on the particular instruction (or class of instructions) being executed . 

(See Fig . 10 -35 , ) The instructions involved are: TSD, INS, SKM, ST-, LD-, FLF, 

FLG and COM . Each o:f these instructions requires QK to go through a different 

sequence of states in the instruction section of the QK cycle . 

10 -5. 4 CHANGE SEQUENCE COUNT~R (CSK) . The change o:f sequence counter actually functions 

as two counters , as described in Cnapter 6. One of these is the change of s equence 

counter whi ch uses states zero through seven . This counter is usually referred to 

as the CSK counter . The other counter is the delay synchronization counter which 

uses states 8 through 11 . This counter is referred to as the DSK counter even 
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~ 03a _ _llCX 
though the states are labelled c~JC" through csr . This point of view can be 

better under stood, as illustrated in Fig . 10 -36, by considering CSK as a three 

stage counter and CSK4 as an interlock flip -flop. The logic controlling the counter 

is shown i n Fig . 10 -37 • 

When CSK~, the counter can perform a change of sequence cycle when the CSISTART 

level occurs and CSK is in state csf0a . Since the CSISTART level inhibits the 

counter only when CSK is in its csfOCX resting 

will run t hrough to state csif7a and then back 

Note that the essential interlock condition in 

cycle is PI1 
3· 
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state , the counter , when started, 

to state csfOCX without interruption. 
START CSI for a change of sequence 



CSK4 is never set u.~less DSK is to perform a delay synchronization cycle. In thi s 

case the count logic does not permit DSK to count , once CSK4 is set , until XWK is 

in state zero and PK is in state 02 , 23 or 00 . The count logic again inhibits the 

count when CSK4 is cleared in CSJ<"1a , since the CSK count circuit on CSK inhibits 

the carry from csis to CS1J when CSJS so that the next state of CSK is csif
0

a . 
. . ~ iw iw D8a 

Hence , if CSK4 remains set in Cur , DSK counts from CSK to CSK , and if 

CsK4 is cleared in CSl<"1a then D3K counts from csJ2-1a to CSKooa _ 

CSK4 is set in any of the PK decision states when the computer is unable to decide 

whether to continue executing the instruction or to make a change of sequence . 

In pif2a this occurs when the computer is attempting to obtain an instruction from 

an Arithmetic Element flip -flop register and the AEI level i s present . At least 

one DSK cycle is performed befor e the PIAE CH SEQ level is examined . 

In P!f2a, CSK4 is set when the PIWAIT level is present and the PILV SEQ level is 

not . PK then enters P!f3a where D3K cycles occur . CSK4 can not be cleared until 

either the PIWAIT or PILV SEQ level occurs . 

Instruction which dismiss (PKIR~ · PKIRDIS REQ) cause CSK4 to be set during the 

PKEI cycle if no other sequence wants attention . This occurs at PK3ia for most 

of these instructions . However , it occurs at P!f5a for JPX and JNX because the 

PKIRDIS REQ level does not exist after P!f5a during these i nstructions . DSK then 
ooa 

PK~ and CSK4 is then clear ed when some sequence begins to cycle when PK reaches 
. ATT REQ wants attention (SS ) . 

Note that CSK4 is cleared and the interlock condition examined only when DSK is in 
11a 

state csr . Note also that when another DSK cycle i s to follow the l evel 

10 ~ • 

~ CSK4 is used to generate IO clock pulses . 

10-5 -5 X MEMORY WRITE COUNTER (XWK) . The JSTART ► XWK level causes the XWK counter to 

start counting by setting XWJs_ , as shown in Fig . 10 - 38 . The counter will then 

continue to count through to XWKo7 and then back to xwif0 . 

While XWK is counting the X Memory parity compute circuit first stablizes and then 

the X Memory write current is turned on and off via XW. 

l0 - 5 . 6 F MEMORY COUNTER (FK) . The FK counter logic is shown on Fig . 10 - 39 · The FK 

counter will start counting, when the JSTART ► FK level occurs , if it i s in its 

FKOO resting state and the FK8 flip-flop is c l eared . 
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If the counter is not executing a FF type instruction (SPG or FLG) , the counter 

will cause one complete F Memory read-write cycle while it is counting through to 

state FJ?2a and then back to FJ?Oa _ 

_Doa 
Wnen either a SPG or FLG instruction is performed, FK counts from FK- through to 

FKo7a and through one extra state , in which FK81 · FJ?Oa _ In the process FK 

executes four complete read-write cycles. 

As shown in Fig. 10 -40 , FK is only a 9 state counter even though it has four stages . 

The special FK8 flip -flop of the counter is set when the computer reaches state 

FJ?7a , and then is cleared on the next a pulse while the other stages remain 

cleared . 

10-5 -7 ALARM DELAY COUNI'ER (ADK). See Sec . 10 -2.5 .8 for a discussion of this counter. 

10-5 -8 ARITHMETIC ELEMENT COUNTER (AK) . AK differs from all the other control counters 

in that it is actual ly a shift register and the flip -flops of the counter are used 

directly to generate the AK control time levels . Thus AK is in state AKo3a when 

A~_
3

. The logic for the counter is shown in Fig. 10 -41 . 
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ooa 
AK is placed in state AK , before it is started, whenever an operation code is 

placed in AKIR . This also occurs whenever a preset level or a Synch System AE 

Stop condition is generated, or whenever an undefined AKIR operation code occurs 
(AKIRAOP). 

The counter is also cleared at the end of the various AK instruction cycles . For 

ADD, SUB and MUL this occurs at A!?9a, for DIV at A01a , and for DSA at A!?3a_ 
For TLY it occurs in AJ?2a when ASK has reached state zero (AS~ · AS~). For NOA, 

NOB and NAB it occurs in AK04a when ASK reaches state zero in the case where the 

number being normalized is zero . If the number being normalized is not zero or if 

a SH type instruction (SCA, SCB, SAB, CYA, CYB or CAB) is being performed, a dif 

ferent clearing logic is used. In all these NOR and SH type instruction the clear 

pulse occurs in Ai?4a, but in the case of the NOR type instruction only when all 

the numbers being normalized are actually normalized and in the case of the SH type 

only when all the counts in Dare finished. 

AK starts counting from AJ?Oa when the I START • AK level occurs . It then continues 

to count until either a skip or waiting state is reached or the counter returns to 

Ai?Oa and there is no Synch System AE Stop condition. During NOR and SH type in 

struction AK simply counts through to AJ?4a where it remains until AK is cleared 

as described above . During DSA, AK counts through to AJ?3a (and then returns to 

Ai?0a). In the case of ADD, SUB or MUL, AK counts until it reaches either AKo3a 
or AK09a _ These instructions return AK to AJ?Oa from A,_,()9(:f,, but the Ai?3a situation 

varies and will be covered below. 
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DI V and TLY are more complex . 

states A'lf2a , A"If3a , A"If9C1- or 

Bot h of t hem stop the AK count pulses when AK is in 

AI<1a , or when ASJS; · AS~, or when AK is in state 

o8a and AS~ - Note that AK is not cl eared unti l AK reaches AI<"
1

a during a DIV, 
.. 02a 

but that during a TLY AK is cleared at rue- . Hence in the latter case none of 
. 02a 

the logic in AK states l ater than AK- apply. 

As will be seen in Chapter 16, AK can jump forwards or backwards in ADD, SUB, MUL 

and DIV. This state jumping is covered in the j PRESEI'., AK logic, Note that this 

preset l ogic never places AK in state Aroa. 

In the case of ADD and SUB, AK jumps from A"If3a to either state AKo5a or A"If6a 

depending on the length of the subword in the Arithmetic Element . The amount of 

t ime allowed for carries to propagate in the carry circuits is controlled in this 

manner. 

During a MUL, AK waits in Ar3a until AS~ , while the multiplication is performed, 

and then jumps to A"If5a or A"If6a to do the final carry, 

. . 05a .. o6a 
During a DIV, AK jumps ahead to rue- or rue- in order to enter the subcycle in 

which t he divide steps are performed . This subcycle extends from A"If5a or A"If6a 

through to A"If9C1- . After the s ubcycle is first entered, AK jumps back to A"If5a or 

A"If6a from AKO':)Ci until AS~ . ASIS . AS~ in Ar8a . AK then jumps ahead out of 

the subcycle to AI<"oa from A"If8a (and continues on to Ai<1a before returning to 
AKooa) . 

10 - 5 ,9 ARITHME:rIC ELEMENT STEP COUNTER (ASK) . ASK is used to control the number of times 

a subcycle in AK is repeated during most of the QKIRAESK and AOP instructions . 

The ASK counter logic is shown in Fig . 10 -42. 

ASK is cleared when the I START ., AK level occurs. It is then preset to some 
. 01a negative number at AK . This value is dependent on the length of the l ongest 

active subword in the Arithmetic Element and on whether the instruction uses single 

(AKIRN) or double (AKIR2N) length subwords , 

An ASK count pulse is generated whenever AK performs a subcycle . These subcycles 

can be only one AK state long so that AK simply waits until the ASK count is 

"complete". Usually this completion of the ASK count occurs when ASK goes positive, 

i.e . , when ASJ<:., becomes a zero . During some instructions , however , ASK can end 

with a positive number as large as two . 

During NOR and SH type instructions, ASK counts while AK waits in A"If4a . Note 

that the content of ASK does not influence the number of AK subcycle repetitions 

during SH type instructions . 
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During MUL, ASK counts once in AK"' , and then counts each time AK goes through 

the subcycle in AIP3a . Thus , the subcycle is repeated one less time than the 

length of the subword . 

During TLY, ASK counts each time AK goes through the suocycle in Af2a . 

During DIV, ASK counts each t ime AK goes through the subcycle which passes through 

AIP7a . Note that this subcycle actuall y begins in Af3a or Ax°4a and goes through 
oBa 

to AK"' • 

10 -33 
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11-1 INTRODUCTION 

CHAPTER 11 

M:EMORY ELEMENT . 

The primary function of the Memory Element is to store programs and data while they are not 

being used. 

The Memory Element consists of four separate memories. Three of these are magnetic core 

memories (S, T and U). The fourth, or V Memory, is divided into two groups: a static 

memory called VFF (or VT) which can be altered manually only; and a flip-flop memory 

called VFF which can be altered by the machine. The VFF Memory consists of several 

different devices: plugboards, toggle switch registers, .a shaft encoder and a real time 

clock. The VFF Memory consists of the A, B, C and D r egisters in the Arithmetic Element 

and the E register in the Exchange Element. The general structure of these memories was 

discussed in Chapter 4. 

There are several units in the Memory Element,each designed to control some aspect of the 

over-all memory cycle. The more important of these units are shown in Fig. 11-1. Since 

there is more than one memory in the Memory Element, it is necessary to have a unit that 

determines which memory is selected and when. Both of these questions are answered by the 

Memory Address Selector. There is also the problem of determining which register in the 

selected memory is selected. This is determined by the address decoder associated with 

each memory. The S, T and U memories each have read-write units that control the READ and 

WRITE processes in these memories. A Memory Strobe Selector is used to read out the content 

of the selected register and similarly a Memory Inhibit Selector is used to write information 

into the selected register. Finally, there are two parity check circuits: one on the N 

Memory buffer register and the other on the M Memory buffer register. 

11-2 MEMORY ADDRESS SELECTOR 

The function of the Memory Address Selector is to select the proper memory during an 

instruction, deferred address, or operand memory cycle. The Memory Address Selector i s 

made up of the Memory Address Digit Selector and the Memory Address Control. The leftmost 

bits in the P and Q registers are used by the Memory Address Control; while the remaining 

bits in the P and Q registers are used by the Memory Address Digit Selector. 

The Memory Address Digit Selector is made up of 16 similar stages. The i.jth stage is 

associated with the i.jth bits in the P and Q registers. A typical stage is shown in 

Fig. 11-2. The output levels (MAS) of each stage of the selector are routed to the address 

decoders of the memories. There are usually four outputs from each stage, one for each of 

the four memories, s, T, U and v. The exception is that not all 16 bits in the P and Q 

registers are used by each memory. The S Memory uses 16 bits; the T and U memories each 

use 12 bits; and the V Memory uses only 7 bits. 
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Ther e are two s ituat i ons which generate MAS l evels . The first situation occurs during an 

instr uction memory address cycle , when the contents of the P register are combined in the 

Memory Address Digit Selector with a PMS(T, U or V) level to generate a set of MAS levels. 

The PMS(T, U or V) levels are generated by the logic shown on Fig. 11- 3- This logic 

invol ves the state of the PKA. and DFA interl ocks and the state of the lef tmost bits in the 

P regi ster. PKA. must be set to ONE . This occurs at the start of either an instruction 

cycl e or an i ntermediate deferred address cycl e. (See Fi g. 11-4 . ) DFA must be cleared to 

ZERO. This occurs at the start of an i nstr uction cycle . (See Fig. 11- 5- ) PKA.1 and DFAO 

t hen allow a PMS(T, U or V) level to be gener ated . 

The second situation arises duri ng an operand address cycle or during a deferred address 
. S(T u or v) cycle . Either kind of cyc l e wi l l generate QM ' level s . These l evels are then 

combi ned in the Memory Address Digit Selector with the content of the Q register to generate 

a set of MAS levels . The QMS(T , U or V) levels are generated by the logic shown on 

Fig . 11-6 . This logic invol ves the state of the QKA., PKA. and DFA interlocks and the state 

of the leftmost bits i n the Q register . 

ONE at the start of t he operand cycle . 

If an operand cycle is executed, QKA. is set to 

(See Fig . 11-7 -) QKA.1 is one of the interlock 
. . S(T u or v) conditions that allows a QM ' level to be generated . Only the different states 

of the QKA., PKA. and DFA interl ocks distinguish between an operand address and a deferred 

address . In a deferr ed address , both the PKA. and DFA interlocks are set to ONE. The PKA. 

int erl ock is set when either starting an instruction cycle or executing an intermediate 

deferr ed address cycle (see Fig . 11-4). The DFA interlock is set to ONE when a deferred 

address cycle is executed (see Fig. 11- 5)- PKA.1 and DFA1 is another interl ock condition 

that allows a QMS(T , U or V) level to be generated . 

S(T U or V) S(T U or V) 
Another set of levels , PKM ' and QKM ' are formed in a manner similar 

to t he PMS(T, U or V) and ~(T, U or V) levels. The former levels control the function 

of t he read-write , strobe and inhibit selectors during the execution of an instruction, 

operand or deferred address cycl e . Generally speaki ng, these levels control the occurrence 

of events during the operation of the specified memories by the indicated control counter . 
s 

E. g. , PKM is used to control events during an S Memory read-write cycle that uses the PK 

counter (thi s would be either an instruction or deferred address cycle) , and QKM8 is used 

to control events during an S Memory read-write cycle that uses the QK counter (this would 

be an operand cycle) . 

. S(T U or V) The logic that generates the PKM ' levels is shown in Fig. 11-8 . There are two 

situations which generate these levels. The first situation occurs in an instruction cycle 

and requires that PKA. be set to ONE and DFA be cleared to ZERO. In this case , the content 

of the P register is used to select the proper memory. The second situation occurs in a 

deferred address cycle and requires that both PKA. and DFA be set to ONE. In this case the 

contents of the Q register are used to select the proper memory. 

The logic that generates the QKMS(T, U or V) levels is shown in Fig. 11-9 - The logic 

requires that QKA. be set to ONE. The contents of the Q register are used to select the 

proper register . 
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V V The QKM level (and simi l arly the PKM level) used for t he V Memor y i s further divided into 

levels for the VFF and ~F memories. The VFF Memory level QKMVFF is for med by ANDing the 

VMDFF level and the QKM level. The VFF memory level QKMVFF is formed by ANDing the VMDFF 

level and the QKMV level . 

11- 3 STROBE SELECTOR 

The Memory Strobe Selector determines whether i nformation corning out of the selected Memory 

should be strobed into the Mor N registers . The selected register depends upon whether an 

instr uction, operand, or defer red address cycle is being executed . Fig . 11-1 shows the 

information flow paths involving the computer and the Memory Strobe Selector. 

The Memory Strobe Selector is basically a double gating circuit. A typical stage for one 

memory is shown in Fig . 11-10, Four such gating circuits are used, one for each memory. 

The first gate routes the information corning from the memory sense amplifiers to the Mand 

N pulse gate inputs . Which specific strobe pulse then occurs depends on the memory selected 

and whether an instruction, deferred address , or operand cycle is being executed. 

During instruction or deferred address cycles, a memory strobe pulse routes information 

from the selected memory into the N register. The logic governing the memory strobe pulses 

is shown in Fig . 11-11 , The pulse which transfers ONES usually consists of two pulses, one 

for each pair of quarters . The pulse which transfers ZEROES occurs in the third quarter 

only. The first , second and fourth quarters of the N register are usually cleared at pJ2-0a _ 

For the S Memory, the strobe pulses occur at PJ2-0~ during the READ cycle of the instruction 

or deferred address cycle (i . e . , when the PKMS level exists). They occur at pJ2-la for the 

T, U and V memories . 

During an operand cycle , the operand strobe pulse routes information from the selected 

memory into the M register . The logic governing the memory strobe pulse is shown in 

Fig . 11-12. The pulse which transfers ONES usually consists of two pulses, one for each 

pair of quarters . The whole M register is usual ly cleared at ~9CX. For the S Memory, 

the strobe pulses occur at ~O~ during the READ cycle of the operand cycle . For the T, 

U and V memories, these pulses occur at PJ2-1~ during the READ cycle . 

The timing of other pulses during both PK and QK cycles assumes, if there i s any question, 

that the last memory strobe pulse will occur in the ll~ state of both counters. 

Note that the Strobe Selector does not influence memory read- outs from the VFF Memory since 

there are no strobe pulses per se when this memory is selected. 

11-4 INHIBIT SELECTOR 

The Inhibit Selector is used to route inhibit currents to the memory cores in the selected 

memory. A read- out from core memories is destructive , i . e ., all the bits in the selected 
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memory register are left cleared by the reading process . During the WRITE part of a read

write cycle , inhibit currents are generated in the cores in which ZEROES are to be written . 

The inhibit currents prevent the core from changing state during the writing process. As 

we shall see , the Inhibit Selector effectively routes information from the buffer register 

to the selected memory register in order that these inhibit currents can be generated in 

the selected cores. 

The Inhibit Selector consists of 38 similar stages (one for each bit) . A typical stage is 

shown in Fig. 11-13 . There are three possible output levels in each stage , one for each of 

the three memories, S, T and U. The VFF Memory does not require a WRITE cycle , thus no 

inhibit logic is necessary . The corresponding fourth position in the Inhibit Selector is 

used for non-memory purposes. 

There are two situations in which the Inhibit Selector generates S(T or U) . . INH level s . 
l. . J 

The first situation occurs during the execution of an instructi on or deferred address cycle , 

when the contents of the N register are written back into the selected memory register . 

The inputs to the Inhibit Selector in this case are the N . . levels , representing the 
l.. J 

contents of the N register, and the N . . ---<> SM . . levels . 
l.,J l. , J 

The N .. -<>SM .. levels are generated by the logic shown on Fig . 11-14 . The inputs in 
l. , J l.,J s 

this logic are the PKM levels (see Fig . 11 -8) and levels from the SINH flip-flops. Note 

that the SINH . . levels shown on Fig. 11-13 are completel y different from the SIN~ levels 
l. . J 

shown on Fig . 11-14. As we have seen, the latter are used in generating the former . 

Similar logic generates the TINH . . and UINH .. level s , using the N . . ----OTM .. and 
l.. J l. . J l. . J l. . J 

N .. ---OUM .. level, respectivel y . Delay l ines are used in generating the N ----OSM 
l. . J l. . J 

levels only, since the S Memory requires that the N -<>SM levels vary sequentially 

(i . e., "ripple"). The delay line is designed so that the level for each successive bit is 

turned on after a delay step of 0.015 microsecond . 

The second situation occurs during the execution of an operand cycle when the contents of 

the M register are written back into the selected memory register. In this case , the 

inputs to the memory digit inhibit selector (Fig . 11-13) are the M . . levels representing 
l. . J 

the contents of the M register and the M . . ---<>SM .. levels . 
l.. J l.. J 

The M .. ---<>SM .. levels are generated by the logic shown on Fig. 11-15 , The inputs in 
l.. J l.. J 

this logic are QKMS levels (see Fig. 11 - 9) and levels from the SI~ flip-flops . The logic 

generating the M .. ----OSM .. levels is very similar to that generating the N .. ----OSM . . 
l. . J l.. J l. . J l. . J 

levels. 

11-5 S MEMORY 

11-5 ,1 ADDRESS DECODING. The MASS lines from the memory address decoder are channelled 

into four decoders and associated read-write units where they produce four sets of 

10 decoder lines (YU, YV, XU and XV). Each set of decoder lines contains eight 
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lines decoded f r om three MAS lines . Every fourth MAS line is associated with 

either an SRt or SR~ level . These levels are the inputs to the read-write unit . 

This unit generates the remaining two l i nes in each set of 10 . 

Bits MAS 
8 

and MAS are also decoded in the memory stack inhibit selector into 
1 . 1 . 7 

four selection lines . These four selection lines are amplified and split into 

four outputs per selection line . This gives a total of sixteen inhibit selection 

lines. 

11-5 -2 READ-WRITE OPERATION. The read-write units produce levels used by the current 

regulators in the XU, XV, YU and YV switch core drivers . (See Fig . 4- 10, Chapter 4 . ) 

These levels are generated by combining MASS levels and the SRU and SRV flip - flop 

levels as shown in Fig . 11 - 17-

The S Memory read and write flip -f l ops , SRU and SRV, determine when the READ or 

WRITE operation should take place . The READ operation takes place when both flip 

flops are set to ONES . The WRITE operation takes place when both flip -flops are 

cleared to ZEROES . 

The logic for setting and clearing SRU and SRV is shown in Figs. 11- 18 and 11-19 

respectively . Although the pulse setting SRU is generated at pf3~ or QJ<°3~, the 

pulse doesn ' t actually get to the flip -flop until after the delays shown in Figs . 

11-18 and 11-19 -

The logic for setting and clearing the SINH flip-flop is shown in Fig. 11 -20 . 

11 -6 T MEMORY 

11-6 . 1 ADDRESS DECODING . The MAST lines from the memory address selector are channelled 

into four first level decoders as shown in Fig . 11- 21 . Each set of three MAST lines 

is decoded into eight lines. The pair of eight decoder lines generated from the 

MAST lines from 1 . 1 to 1 . 6 become the inputs to a second level decoder that in turn 

generates 64 X selection levels . 64 Y selection levels are generated in a similar 

manner from the MAST lines from 1.7 to 2 . 3. The X and Y levels select the core in 

the T Memory itself . 

11 -6 . 2 READ- WRITE OPERATION. Actually each second level decoder has three inputs: two 

coordinate sel ection level s and a read-write level. (See Fig . 11- 21 . ) All three 

levels must be present before an output l evel is generated . 

Fig . 11 - 22 shows the read-write unit which generates the read-write level . Note 

that this unit contains two read-write generators for each of the X and Y coordinates . 

The inputs to this unit are the TR1 and Tif levels and the 1 -2 and 1 .8 bits of the 

T Memory address selector . If a READ operation is occurring, TR is set to ONE and 
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if a WRITE operation is occurring, TW is set to ONE . Note that the MASTl, 2 and 

MASTl .
8 

lines are used redundantly, i.e . , they are inputs to both the first level 

decoders and the read-write unit, This is done so that the second level decoder 

can be split in half and each half driven by one read-write generator. This scheme 

uses the selection l ogic to reduce the load on each read-write generator. 

The logic that sets and clears TR is shown in Fig , 11- 23 , AT Memor y read pulse is 

generated at pfla and Qf1a. After a time delay of o.4 microsecond, the T Memory 

read flip-flop is set by this pulse. The same pulse clears the flip-flop after a 

delay of 1.6 microseconds. 

The logic that sets and clears TW is shown in Fig, 11-24 . The delay logic is 

similar to that for TR. 

The logic that sets and clears TINR is shown in Fig , 11-25 , It is identical to 

that for TW except for the different time del ays used . 

11-7 V MEMORY ADDRESS DECODING 

The V Memory decoder requires two l evels of decoding to select the proper V Memory. 

The fi r st level decoder is shown in Fig . 11-25 , It consists of two decoders. The first 

decoder decodes bits MASVl, l to MASVl ,
3 

into eight lines plus MAsti.
3 

and MAS~.
3 

The 

second decoder decodes bits MASVl, 4 to MASVl .7 into sixteen lines plus VMDFF. VMDFF is a 

decoding of bits MASVl,
5 

to MASVl ,
7 

only. 

The second level decoder is actually an "AND" circuit which combines the outputs of each 

of the two first level decoders in order to produce levels which will select the proper 

memory or the proper register in the proper memory . The second level decoders for the 

Real Time Clock and the Shaft Encoder are shown in Fig , 11-26 . The second level decoders 

for the other V memories are shown in the figures illustrating those memories . 

11-7 ,1 PLUGBOARD STORAGES A AND B, Each plugboard contains 16 registers of 37 bits each. 

The Plugboard Storage A register-selection is shown in Fig . 11-27 , The registers 

are divided into two groups of eight registers . VMD~:~ selects registers O through 

7 , while VMD~1~ selects register 10 through 17. The specific register within the 

group is selected by VMDXXO through VMDXX7. 

Plugboard Storage B register-selection is shown in Fig . 11-28. It is similar to 

that described above except that VMD14X and VMD15X levels are used to select the 
PBB PBB 

two groups of eight registers . 
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11-7.2 TOGGLE SWITCH STORAGE. The toggle switch storage contains 24 registers of 37 bits 

each. The register selection logic is shown on Fig. 11-29. The registers are 

divided into three groups of eight registers. VMDi;~ selects regi sters O through 

13x 14x 7; VMDTSS selects registers 10 through 17; and VMDTSS selects registers 20 through 

27. The specific register within the group is selected by VMDXXO through VMDXX7. 

Note that only registers 0-17 currently exist. 

11-7.3 SHAFT ENCODER. The Shaft Encoder is a device which converts an analog input into 

a digital electrical representation by means of a dual brush-disc device. The 

output of each Shaft Encoder represents a 9 bit binary number. Four Shaft Encoders 

generate a 36 bit number. A toggle switch is used for the meta-bit. 

The output of the Shaft Encoder is selected by the VMD
020 

level as shown on Fig. 

11-30. 

11-7.4 REAL TIME CLOCK. The Real Time Clock is a 36 bit counter plus a meta-bit. The 

output of the Real Time Clock is selected by the VMD~IO level as shown on Fig. 11-31-

The counter is divided into four quarters. A carry occurs from one quarter t o the 

next with an end-around carry from the fourth quarter into the first quarter. 

The inputs to the counter are a clear pulse, beta clock pulse, and 100 kilocycle 

pulse. 

The outputs of the counter are combined in an output mixer with the VMD~~O level 

from the V Memory decoder to form 36 VMDCK levels. The VMDCK 4_10 level is set by 

a toggle switch. 

11-7-5 INPUT MIXER. The output levels of the various VFF memories are routed through a 

central input mixer. The output of the mixer then communicates with the Mand N 

registers in the central computer in the same manner the Memory Element sense 

amplifiers do. There is one input mixer stage for each bit, making a total of 38 

such stages. A typical stage and its inputs are shown on Fig. 11-32-

11-7.6 VFF MEMORY. The VFF Memory consists of the A, B, C and D registers in the Arithmetic 

Element and the E register in the Exchange Element. Read-out from these memory 

registers is non-destructive. 

March 1961 

When an instruction or a deferred address word is read-out, the contents of the 

selected register are transferred into the N regist~r via the E register as shown 

in Fig. 11-33- Similarly, when an operand word is read-out, the contents of the 

selected register are transferred into the M register via the E register as shown 

in Fig. 11-34. 
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11-8 PARITY 

During these transfers through the E register , the original contents of the E 

register are temporarily saved in the M register until they can be returned to the 

E register . 

The logic governing these transfers is found in the chapters on the elements in 

which the transfers occur. 

The function of the Parity Count circuits is to check the validity of the read- outs from 

the S, T and U memories . All the bits of the full memory word are checked by a parity 

count circuit in the Mor N register . This circuit is made by pyramiding stages of 

individual parity circuits . A typical stage in this pyramid is shown in Fig . 11-35 - In 

a typical pyramid there are 16 such circuits . 

The six bits 4 . 6 to 4 .10 , and 2 . 10 are not in the pyramid . Instead they are tied in as 

shown in Fig . 11- 36 (for the M Parity Count) . 

Two outputs are generated by each parity check circuit . One is a "check parity level" 

which determines the correctness of the parity of the entire word . This level is used to 

generate an alarm when the parity is incorrect . The other level is a "compute parity 

level" . This level determines the parity bit inhibit current when the word in the buffer 

register is wri tten back in memory . This level forces the parity of the word written in 

memory to always be a correct parity . 

The Mand N parity circuits also contain elements which control the value of the bit 

written in the 4 . 10 position, as specified by the Trapping Sequence . This bit is written 

either as a ONE, or according to the contents of the 4 . 10 bit in the buffer register itself. 

The logic is described in Chapter 15. The logic for INHM
4

_
10 

and INHN
4

_
10 

is given below. 

The output of the larger pyramid, along with the output of another pyramid covering bits 

4 . 6 to 4 . 10 and 2 . 10 provide the "check parity level" MP~~N The "compute parity level" , 

MP~~N, consists of the outputs of the larger pyramid and of another pyramid formed from 

bits 4 . 6 to 4 . 9 and the INHM4 _10 (or Mt . lo · SMB · S~) level. 

The N Parity Count circuit , as shown in Fig . 11 - 37 , is similar to the M Parity circuit 

shown in Fig . 11 - 36 but with two incidental differences . The first difference is that the 

tits of the N register are used instead of the M register. The second diff erence is in the 

"compute parity level", NP~~N. The secondary pyramid is also formed by bits 4 . 6 to 4. 9 

. _ _l 1 1 0 1 
and INHN4 _

10 
level, but here INHM

4
_
10 

is (~ _
10

) + (DFA · SMB · SND) + (DFA · SMB · SNI ) . 

11-10 March 1961 



0 

0 

0 

0 

0 

0 

0 

The X Memory parity circuit shown in Fig. 11-38 uses a smaller pyramid with a base of 8 

stages for the 16 bits of the X Memory word. The output of this pyramid is pyramided with 

the output of the stage whose inputs are the 2 .8 and 2.9 bits. The outputs of this final 
. " . " (XPODD XPEV) pyranud are the compute parity levels 18 and 18 . These levels are then fed into 

another parity stage with the outputs of the XP flip-flop to form the "check parity levels" 
ODD EV) (XP
19 

and XP
19

. 
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12-1 INTRODUCTION 

CHAPTER 12 

PROGRAM ELEMENT 

Two basic operations are performed in the Program Element. One operation is the determination 

of the addresses of instructions, deferred addresses and operands, and the subsequent inter

pretation of the instruction and deferred address words after they appear in the N register. 

The second operation is the change of sequence, i.e., the change of program counter in the 

P register, when indicated by the Sequence Selector. 

The results of interpreting an instruction are usually a set of static levels used by the 

remainder of the computer . Since the Program Element can be interpreting as many as three 

instructions at once, there can be that many sets of levels about instructions, as well as 

another set generated about sequence selection. 

This chapter begins by discussing the register pulse logic associated with each of the 

registers in the Program Element. The X and F memory systems are then explained . Next, 

the decoding process, by means of which the data transferred into the Program Element is 

interpreted, is discussed. Finally the sequence selection process is examined . 

12 -2 PROGRAM ELEMENT REGISTER DRIVER LOGIC 

12-2.1 GENERAL DESCRIPTION. The following registers or flip-flops in the Program Element 

are controlled by register drivers: K, P, Q, N, PKIR, QKIR, AKIR, X, X Adder carry 

flip-flop (XAC), X Adder select flip-flop (XAS), and FLAG . The FLAG register is 

discussed in Sect . 12-7,4, The X Adder (XA) is treated as a register even though 

it does not contain any flip-flops and hence does not have any associated register 

drivers. The functions of the Program Element registers and their paths of 

communication with other registers in the computer were discussed in Chapter 2. 

A block diagram of the Program Element was given in Fig . 2-4. This section will 

discuss the register driver and pulse gate control of each of these registers . 

12-2 . 2 N REGISTER REGISTER DRIVER LOGIC . This logic controls the transfer of information 

from the main memory sense amplifiers and from the E register into the N register . 

12-2.2.1 MEMORY TRANSFERS INTO THEN REGISTER. Fig. 12-1 illustrates how data is 

transferred from the memory sense amplifiers into either the Mor N 

register. A word in memory may be an instruction, deferred address , or 

an operand. If the word is an instruction or deferred address, it will 

be transferred into the N register during a PK cycle by a memory strobe 

pulse . This strobe pulse is formed from a PK time level and a memory 

selection level. The memory strobe logic was discussed in Chapter 11, 

but will be briefly reviewed . 
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The l ogic f or the N register strobe pulse is shown in Fig, 12-2 . An 

instruction or deferred address word is strobed out of the memory sense 

ampl ifiers at Pi2-10 . In the case of the S Memory, the strobe pulse is 

routed through a del ay line, Thus even though the pulse is initiated at 

Pi2-0~, it is not finished until Pi2-1~ . 

12-2,2,2 CLEAR N REGISTER LOGIC. (See Fig , 12-3 ,) The N register (with the 

exception of the third quarter) is cleared at Pi2-00 in preparation for 

receiving a word from memory . The "cl ear" pulse is not fired unless the 

sel ection address i s l egal (PI<lfEGAL) or unless this cycl e is the final 

deferred address cycl e . At other times , only quarters 2 and 1 of the N 

regi ster are cleared . For PKIRJX type instructions, the clear pulse is 

fired at P!f50 when PK need no longer wait in p!f50. For QKIRlX type 

instructions (AUX, RSX, SKX, EXX, ADX, DPX and SKM), the clear pulse is 

fired at ~
10

. The cl ear pulse is also fi r ed at csf10 
during a change 

of sequence cycle. 

The third quarter of the N register is never affected by the clear N 

register pulses . All transfers into N
3 

are jammed. This is done in order 

to reduce the amount of noise in the X Memory selection lines decoded 

from the N
3

_6 _ 
3

_1 
bits. 

12-2 , 2 , 3 E REGISTER TRANSFERS INTO THEN REGISTER. The register driver logic for 

these transfer s is shown in Fig. 12-4 . During an instruction or deferred 

address cycl e using the VFF Memory, the contents of the E register are 

transferred into the N register at P010 . During the final deferred 

address cycle , the f i nal base address is copied from E into N. During 

various instr uctions which make use of the X Memory as an operand memory, 

the contents of E2, 1 are transferred into N2, 1 

at Q050 or Qif10. 

These transfers occur 

12-2 , 3 P REGISTER REGISTER DRIVER LOGIC . Information can be transferred into t he P register 

only from the X Adder. In addition to this single transfer path, the P register 

March 1961 

has a counter which can index the contents of the P register by one. Note that 

count circuit does not alter the contents of P
2

_
9

. 

The contents of both quarters of the X Adder (with the exception of XA
2

_
9

) are 

jammed into the P register during jump type instr uctions or during a change of 

sequence. The logic is shown in Fig. 12- 5- For these transfers to occur , the 

computer must be in either an AUTO START or AL (no a larm) condition. 
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The XA ~ P pulse occurs in the following situations : 

1) When PK need no longer wait in Plf5a for EBO and the index jump condition 

is satisfied (XJ). 
2) During a JMP instruction at Pi31a. (This logic has a redundant term due 

to wiring considerations . ) 

3) Whenever the Arithmetic Element jump condition (AEJ) is satisfied at PK31a. 
n4a 4) At csic- when a new program counter is placed in the P register. 

XA is copied into P
2 9 

only in case 4, i.e., during a change of sequence . This 
2 . 9 · 

is the only situation in which the P2 _
9 

bit is altered, since the sequence meta-

bit must be remembered, with the program counter , when the latter is placed in P . 

The indexing circuit on the P register is used to add one to the contents of the 

P register each time an instruction is read out of memory and executed. This 

indexing pulse occurs at Plf4a . During skip type instructions (SKX, SKM and SED) , 

the contents of Pare indexed a second time if the skip condition is satisfied. 

12-2 . 4 Q REGISTER REGISTER DRIVER LOGIC . This logic controls the transfer of information 

from the X Adder into the Q register as shown in Fig . 12-6 . Q can hold the address 

of either a deferred address or an operand . 

The content of the X Adder is jam transferred into the Q register at the beginning 

of the QK operand cycle, i,e., when the QISTART interlock level is present and QK 

is in ~oa_ This jam transfer also takes place when a deferred address cycle 

begins , i . e., when the PISTART2 and PI! interlock levels are present and PK is in 
pifloa_ 

12-2 , 5 K REGISTER REGISTER DRIVER LOGIC . This logic controls the jam transfer of information 

from N
3

. 6 _ 
3

_1 into 1J . 6 _ 
3

_1 . The transfer occurs during a change of sequence 

at csifl3a as shown in Fig . 12-7 , 

12-2 . 6 X REGISTER REGISTER DRIVER LOGIC. The X register is the X Memory buffer register. 

The register driver logic controls the transfer of information from the X Memory, 

X Adder and P register into the X register . This logic also controls the set X 

parity pulse , clear X pulse and complement X pulse . 

12-2 . 6 . 1 X MEMORY TRANSFERS INTO THE X REGISTER . The content of an X Memory 

register is jam-transferred into the X register during either of the two 

situations shown on Fig . 12-8 . 

The first situation occurs at Pl<"3a during the read-out of the X Memory 

register specified by the J bits of an instruction or deferred address 

word . The second situation occurs during the read-out of a new program 

counter in a change of sequence. In neither situation is the content of 

the X Memory register actually placed in the X register if the 00 register 

is specified . 
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If the sel ected X Memor y r egister has the same address as the current 

program counter (i . e ., if the ifq J level is present) , then XPS1 must 

also be present if the memory read-out is to occur . 

12 -2 . 6.2 XPS FLIP-FLOP LOGIC . This flip -flop inhibit s the X Memory strobe pulse 

into X when the r egister sel ected has the same address or the curr ent 

pr ogr am counter , is not regi ster O, and this is the first reference to 

this register since the last sequence change . In this case all the cores 

of the r egister ar e cleared and only " junk" (with a 50-50 chance of a 

bad parity) would be str obed into X. If XPS1 , then a clear pulse is 

substituted for the strobe pulse . 

The flip -f l op is set whenever a sequence change occurs , and is cl eared 

the first time thereafter that the pr ogram counter register is referenced 

during a PK cycle (if ever) . See Fig . 12-8 . 

12-2 .6 . 3 P REGISTER TRANSFERS INTO THE X REGISTER . The content of the P register 

is jam-transferred into the X register in the two situations shown in 

Fig . 12- 9 , 

The first situation occurs at PK3ia during the execution of a PKIRJMP 

instruction, when the content of the P register is placed in the X Memory . 

However , the transfer will not take place unless either the toggle switch 

producing the XPALSUP level is turned on or the XPAL flip - flop is cleared 

(i ndicating that no X parity al arm condi tion exists)-. 

The second situation occurs during a change of sequence at cst4a. Again , 

the transfer will not take place unless the XPAL condition is satisfied . 

12-2 . 6.4 X ADDER TRANSFERS INTO THE X REGISTER. The content of the X Adder is 

jam-transferred into the X register by the logic shown on Fig . 12-10. 

The path through the X Adder is the only one by which data can be trans 

ferred to the X Memory from the Memory Element . The XPAL condition must 

be satisfied before any of these transfers can take place . These transfers 

occur only during SKX, JPX, JNX, RSX, EXX and AUX instructions . 

12-2 . 6.5 CLEAR X REGISTER AND SET X PARITY FLIP-FLOP LOGIC . The clear X register 

pulse serves as a substitute f or the X Memory strobe pulse . For this 

reason , the cl ear pulse also sets the X parity flip -flop to a ONE . This 

guarantees that the X register contains a number with the correct parity . 

Note that the register driver l ogic shown on Fig . 12-11 is , aside from 

the time level gating, the inverse of the strobe pulse logic shown on 

Fig . 12 -8 . The clear pulse occurs if e i ther X Memory register O is 

selected or if the register has the same address as the current program 

counter (ifq J) and XPS1 . 
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12-2 . 6 . 6 COMPLEMENT X REGISTER LOGIC, During a JPX instruction (PKIR~~ · PKIR~:) , 

the X register is complemented twice ; once at PJ2-5a , if PI~ , and again 

at pif5a , if EBO . These complement pulses are the only features which 

distinguish JPX from JNX , 

During a SKX instruction, the X register is complemented at PJ2-5a , if 

PI~ and PKIRCF differs from PKIRCF . The X register is then recomplemented 
3 l 

either at pif7a if PKIR~F , or at PK3ia if 
3 

In both of the above cases , a pair of complement pulses are generated 

which contribute to the computation of the desired result in the X 

register . The PI~ condition per mits the first of the pair of complement 

pulses to occur only in the PKM cycle just before the PKEI cycle of the 

instructions . 

12-2 ,7 X ADDER SELECT FLIP-FLOP (XAS) LOGIC . This logic is shown in Fig , 12-13 , XAS 
l determines whether the output of the X Adder is the sum of N

2
,
1 

and X (when XAS ) , 

or is simply the contents of N2 1 (when XAS0 ) . 

' 
The register driver is controlled only by the PRESET level from the Control Element. 

The remainder of the logic is pulse gate l ogic . 

XAS is set to ONE at PJ2-4a during PK cycl es which call for an indexed base address . 

This occurs during instruction cycles (when no deferred address cycle is called 

for) , or when the final deferred address cycle is reached (PKIRIND · PI~), or 

during al l intermedi ate deferred cyc l es (PI~) . otherwise XAS is left cleared to 

ZERO . XAS is always set during JX type instructions at pif6a in order that the 

increment can be added to the index register . 

During AUX, ADX and all QKIRX type instructions , XAS is set at QJ2-0a_ This pulse 

is not always necessary, but guarantees that the X Adder generates the desired 

output . XAS is cleared at Qi('1a for RSX and EXX, since in these cases the sum is 

not desir ed. 

_D2a 
During a change of sequence cycle , XAS is set at CS~ so that the X Adder output 

is the program counter coming from the X Memory when any index register other than 

number 00 is selected; and is simply N2, 1 (which contains the value of TSP) , if 

register 00 is selected. 

12-2.8 X ADDER CARRY FLIP-FLOP (XAC) LOGIC . The logic is shown in Fig. 12-14. After the 

terms to be summed in the X Adder have been placed in X and N
2

,
1

, setting XAC to 

ONE will "clear" the carry circuit of the X Adder. The carry logic then insures 

that the X Adder output will be the correct ONE ' s complement sum . The pulse gate 
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0 

0 

0 

0 

0 

0 

0 

logic covers the situation when this is desired. The set pulse occurs at PT<4a 

and pj6a during a SKX; at pj5a during a JX type instruction; at ~la for all 

QKIRlX type instructions; and at ~la and QI("oa for AUX and ADX. In the case of 

the last two instructions, the pulse initiated at qx1oa is required since the 

contents of N
2

,
1 

are not set up until after ~la_ XAC is also set at csJP1a. 

XAC is automatically cleared o.4 microsecond after it is set. 

While the sum of a base address in N2, 1 and an index register in Xis being formed 

between PJ<3 and Pr<.22 , the X Adder carry circuit is forced into a "set" condition. 

This causes the sum of an 18 bit number and its 18 bit ONE's complement to be all 

ZEROS, rather than all ONES, if this sum should be formed. The computed address of 

an operand, deferred address, or next instruction then becomes the first register 

of the S Memory (address o), rather than the last register of the V Memory 

(address 377 777 (octal)), when, for example, the base address is 000 004 and the 

index is 777 773. The logic for obtaining this result simply uses the PT<3~ o.4 

microsecond time level to set the X Adder carry circuit at the time that XAC would 

ordinarily have been used to clear it. 

It should also be noted that the N2 _
9 

bit is presented as an input to the 

only when no deferred address cycles are called for. When PI
2

, the input 

X Adder from the N
2

_
9 

position is forced to appear as a ZERO. 

X Adder 

to the 

12-2.9 OP REGISTERS REGISTER DRIVER LOGIC. The operation registers are P!aROP' QKIROP 

and A!CTRop· These registers are used during the process of interpreting an 

operation code. 
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12-2.9.1 P!aROP REGISTER DRIVER LOGIC. This logic is shown on Fig. 12-15- The 

contents of N4 _
3 

_ 
3

_
7 

(OP bits) are jam-transferred into PIC[ROP at P0
2
a. 

Simultaneously the content of N4_
9 

(hold bit) is transferred into P!aRH. 

12-2.9.2 Q!aROP REGISTER DRIVER LOGIC. This logic is shown on Fig. 12-16. The 
__ noa QI START 

content of PIC[ROP is jam-transferred into QKIROP at~ when the 

interlock permits the QK counter to start. 

12-2.9.3 AKIROP REGISTER DRIVER LOGIC. This logic is shown on Fig. 12-17 - There 

are two paths over which information can be jammed into the A!CTROP 

register. The first path is from the N register. During an AOP instruc

tion, the six bits in N2 _6 _ 2 _1 are jam-transferred into A!aROP at P~5a 

(providing that AK is in AJfOa at this time). The second path is from 

the QKIROP register. The content of QKIROP is jam-transferred into A!aROP 

at qx13a during QKIRAK type instructions. 
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12-2 .10 CF REGISTERS REGISTER DRIVER LOGIC . The confi gurat i on registers are P!CTRCF' QKIRCF 

and A!CTRcF · These are registers used during the process of interpreting the CF 

bits in an instruction and the configuration word selected . 

12-2 .10 .1 P!CTRCF REGISTER DRIVER LOGIC. This logic is shown on Fig . 12-18 . The 

contents of the five CF bits N4 _8 _ 4 _4 are jam transferred into P!CTRCF 

at PJ<'3a of the instruction word cycle . 

A counting ci r cuit is incorporated in the P!CTRCF register that allows 

instructions which make use of more than one F Memor y register to address 

four successive F Memory registers . These instructions are SPG and FLG, 

· FF ( "FF" d "F F" t · " ) as indicated by the P!CTR class level enotes our con igura ions . 

The F Memory "master" pulse is generated when FK is in its resting state 

(F~a • FKBO) and the I START • FK level occurs . The master pulse occurs 
2a 4a 6a 

thereafter at o .8 microsecond intervals at Fr , FK and FK (i.e ., 

when F~a · Fi{; _
1

) if certain further conditions are satisfied. These 

further conditions are that the instruction is a SPG or FLG (P!CTRFF) , 
ODD and that either the correct check parity condition exists (FP10 ) , or 

register 00 is used (P!CTR~~) , or that the F parity alarms are suppressed 

(FPALSUP) . This pulse is delayed 0 .1 microsecond, and, if F~a (i . e ., 

when Fifa, FK
4
a or F~) , is used to index PKIRcF · The master pulse 

is also used in other F Memory system logic (see below) . 

12- 2 . 10 . 2 QKIRCF REGISTER DRIVER LOGIC . There are three paths over which infor

mation can be transferred into the QKIRCF register . These paths ar e 

from the F Memory, E register and N register . 

The F Memory strobe pulse is generated (see Fig . 12-19) by delaying 

t he F Memory master pulse 0 . 38 mi cr osecond and gat ing i t with 

(PKIR~~ · PKIRLF), i . e ., t he st robe puls e is permitted only i f register 

00 is not used and the instruction is not a SPF or SPG . The pulse is 

further gated by P!CTRCF , so that account can be taken of the difference 
5 

in polarity of the memory sense amplifier signals from the two halves 

of the F Memory (see 12- 4 . 2) . In every existing use , this strobe pulse 

is really a ONE's transfer, even though it is written as a jam transfer . 

This pulse becomes a jam transfer only when the (unused) Complement 

Mode (FC
1

) of operation of the F Memory is used . 

The path from the E register involves only E
1

. This path is used 

during SPF and SPG instructions (PKIRLF) as part of the route from the 

Memory Element to the F Memory . (See Fig . 12- 20 . ) The logic is 
LF i dentical to the memory strobe pulse logic except for the PKIR factor . 
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Here , of course, the pulse gate l ogic involves E rather than the memory 

sense amplifiers. Note that this pulse causes only a 0NE's transfer . 

is from a compute parity circuit Note also that the input to QKIRCF 
p 

based upon E1 . 

The third path is actually a pair of paths leading from the N register 

into the QKIR regi ster. (See Fig . 12- 21 . ) At pif9CX of the first 
CF 1 0 . . 

deferred address cycle (PI2 · XAS) the N
3

_6 _ 
3

_1 bits are stored in 

QKIRCF for use later in the final deferred address cyc l e. Also , the 
9-4 

contents of N
3

_6 _ 
3

_
5 

are transferred into QKIRCF at ~la during 
2-1 

an SKM instruction . The pulse gate logic here subtracts one from the 

value of the two CF bits . A permutation is then formed from the right 

thr ee bits of QKIR (the rest of QKIRCF is cleared) that allows SKM to 

select the desired quarter of the operand word . 

The clear pulse for QKIRCF is separated into two pulses . The first 

pulse clears bits QKIRCF , whereas the second pulse clears 
P, 9-3 

QKIRCF The l ogic for the two pulses is identical except for an 
2 ,1 

addi tional term in the QKIRCF logic , This term is shown separately 
P , 9-3 

in Fig . 12-22 . The remaining logic is shown for both pulses together . 

The extra term in the clear pulse for bits QKIRCF occurs when the 
9-3 

transfer of bits N
3

_6 _ 
3

_
5 

into QKIRCF takes place during an SKM. 
2, 1 

The .first clear QKIRCF situation occurs by delaying the F Memory master 
LF pulse 0 ,1 microsecond and, in the case of PKIR type instructions 

(SPF, SPG ) , clearing the QKIRCF register in anticipation of . the E1 
0NE ' s transfer . An additional term involving FCO can be neglected since 

the circuitry is wired as if the flip -flop FC does not exist . 

The second clear QKIRCF situation occurs by delaying the F Memory master 

pulse 0 . 5 microsecond so that when register 00 is being read out 
00 

(PKIRCF) , a clear QKIRCF pulse can substitute for a memory strobe pulse . 

The third situation arises when QKIRCF is cleared at pifla of the first 

def erred address cycle (Pr; · XAS0 ) in anticipation of the N
3

_6 _ 
3

_1 
bits being pl aced in QKIRCF ' 

12-2 .10,3 AKIRCF REGISTER DRIVER LOGIC . Information is transferred into AKIRCF 

from both' the N and QKIRCF registers . 
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The contents of N1 _
9 

_ 1 _4 are jam-transferred into the AKIRCF register 

at P~5a during an AOP instruction . The contents of QKIRCF are jam-

transferred into AKIRCF 
9-8 

9-8 
at Q03a during QKIRAK type instructions . 

Also , under these same conditions , the extended activity levels 

QKIREXT ACT are jam-transferred into AKIRCF 
4-1 7 - 4 

12-3 X MEMORY SYSTEM 

12- 3,1 

12- 3 .2 

GENERAL DESCRIPTION . The X Memory system consists of the X Memory, X buffer 

register , register selector , sense amplifiers , digit drivers , read-write drivers 

and J Decoder (JD) . The function and structure of the X Memory system was covered 

in Chapters 2 and 4 . 

The register selector, X Memory and read-write drivers are illustrated in Fig . 12-24 . 

The register selector uses the N
3

_6 bit and the JD levels obtained by decoding 

N
3

_
5 

_ 
3

_1 to determi ne which register (XJ) is selected in the X Memory . The read

write drivers use the outputs of the X Read (XR) and the X Write (XW) flip -flops , 

in conjunction with the state of the N
3

_6 bit , to control when read or write 

currents should occur . 

X MEMORY . The X Memory is a 64 register , 19-bit word magnetic core memory with 

two cores per bit . It is a one-dimensional selection memory with registers 

sel ected by the outputs of a two - stage address decoder . Each r egister selector 

wir e (see Fig . 12-24) is connected to both the read and write drivers. The 

direction and magnitude of the current in this wire depends on whether a READ or 

WRITE cycle is occurring . 

In order to understand the WRITE cycle , it is essential to realize that only one 

of the two cor es per bit may be in the "set" state at any one time . However , both 

cor es may be in a "cleared" state . Before a WRITE cycle is executed, both cores 

must be "clear ed" . Fig . 12-25 illustrates the current flow during the WRITE cycle . 

In any given digit column, the X register flip -flop (or the XP18 level) feeds into 

the digit drivers and determines the direction of the current flow in the digit 

winding. When the write driver is t urned on , the current in the regi ster winding 

induces a field in one of the two digit cores of the selected register in the same 

direction as the flux induced by the current in the digit winding . The core which 

then switches to the "set " state remembers whether a ONE or a ZERO is written. 

The other core does not switch to the "set " state since the flux induced in the 

core by the current in the register winding is in opposition to that of the digit 

winding . The parity digit position uses the output of the parity compute circuit 

to determine the direction of current flow in the digit winding so that a word is 

always written with the correct parity . 
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During the READ cycle (see Fig. 12 -26), a large current flows in the register 

winding in a direction opposite to that that occurr ed during the WRITE cycle . 

This read current is large enough by itself to switch al l the cores of the selected 

r egi ster which are in the "set " state to the "clear ed" state . In the given digit 

column, the change in flux resulting from the switching of a "set " core induces 

a curr ent , or r eally a vol tage pulse, in a direction opposite to the one which 

existed in the digit winding during the WRITE cycle . Thus , if the ONE core was 

switched during the write operation, then a positive pulse will appear in the 

f igure at the l ower right end of the digi t winding . This pulse is fed through 

the differential ampl ifier and appears as a negative gate level on one of the two 

transistors whose emitters are pulsed by the XM ~ X strobe pulse . This strobe 

pulse then can get through to hit the ONE side of the flip -flop . After the READ 

cycle , all the cores in the sel ected register are l eft in the "cleared" state in 

readiness for a new WRITE cycle . 

Note that at all times a current is flowi ng in the digit winding in one direction 

or the other . This curr ent does not infl uence the state of either core in any bit 

position unless a read or write current also exists in the digit winding. During 

a WRITE cycle , the write current is large enough so that one core will switch, but 

not both cores . Duri ng a READ cycle the r ead current is large enough to switch 

whichever core is "set " by swamping out the effect of the digit current . The r ead

out s i gnal itself is observed as a voltage pulse superimposed on the digit current. 

Also , since the register selector is directly connected to the N
3

_6 _ 
3

_
1 

bits , 

some register winding is always selected . In order to reduce the amount of noise 

on these windings caused by selection and deselection, the content of the third 

quarter of N is altered only when a new X Memory register is to be selected . Thus , 

the logic for the thi rd quarter of N is quite different from that for the other 

quarter s of N. 

12- 3 . 2 .1 X MEMORY READ LOGIC . The logic for the X Memory read flip -flop (XR) is 

shown on Fig. 12- 27 - XR turns on the read current in the selected 

register for o.46 microsecond . It is set no sooner than 0.2 microsecond 

after the 

CSKOla in 

register . 

N
3

_6 _ 
3

_1 
bits are changed . It is turned on at Pl<3a and 

order to actually read out the contents of the selected index 

It is turned on at csf4a, and at QJ<3a during AUX, RSX and 

EXX in order to clear the selected register before a word is written in 

the register . 

12 - 3.2 . 2 X MEMORY WRITE LOGIC . The logic for the X Memory write flip -flop (XW) 

is shown in Fig . 12-28 . The write current is turned on for 1 . 6 micro

seconds duri ng XWK cycles . 
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12 -3 -3 X ADDER . The X Adder performs an 18 bit ONE's complement full swn addition. All 

carrys and partial additions are internal and do not require separate pulses . 

The X Adder consist s of 18 bits or stages . Alternating stages of the X Adder are 

identical in construction although all stages have the same function . The last 

stage of the X Adder , stage 2 .9, must take i nto account the special nature of the 

defer bi t whenever N2 _
9 

is interpreted as the defer bit . However , it asswnes the 

function of just another adder stage at all other times . 

A typical pair of X Adder stages is shown in Fig . 12-29 - Each stage contains : 

1) One or two partial add circuits 

2) A carry -out circuit 

3) A carry -in circuit 

4) Either a force - carry circuit or an enable (or kill -carry) circuit 

5) A full swn circuit 

6) A selector and driver circuit for the output 

The stages which contain only one partial -add circuit also contain a force - carry 

circuit . 

The partial -add circuit forms the partial swn of the contents of N
2

,
1 

and the 

contents of the X register . The partial swn logic is : 

PS .. 
l •J 

Xl_ . _ _l + w. . 
l •J l -J 

x? . ( = N. . f X. . 
l •J l •J l •J 

Each stage also generates a carry-out (CYO) which essentially forms the carry 

input (CYI) to the next stage to the left . The carry logic for even nwnbered 

stages (XA2 .8, 2 .6, 2 .4, 2 .2, 1.9, 1.7 , 1 . 5, 1 .3, 1.1) is : 

CYO . . 
l •J 

Xl 
i . j r,1- . + CYI . . · (X .. f N . . ) 

l -J l •J l •J l •J 

The carry logic for odd nwnbered stages (XA ) 2 .9, 2 .7, 2 . 5, 2 .3, 2 .1, 1 .8, 1 .6, 1.4, 1 .2 
is : 

CYO . . 
l •J 

(Xl . + r,1- .) . 
l •J l •J [ en .. + (x .. -J N .. )] l •J l , J l •J 

The two forms for the CYO logic are necessary because each stage acts as an inverter , 

and alternate stages must use dual forms of the logic . 

The carry- in circuit (CYI ) consists of an amplifier and an inverter to provide both 

polarities of the carry level . Since inversion of a level takes a significant 

a~ount of time , the inverted carry level is used only when the delay will not have 

a cwnulative effect on the over -all carry time . 
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In t he odd-numbered stages , the car ry-in circuit i s tied to the enable, or kill - carry 

circuit . The enable or kill -carry circuit turns off (kills) the carry circuit when 

the XAC flip -flop is set . However , the XAC flip -flop clears itself o .4 microsecond 

after being set . (See Fig . 12 -29.) When the XAC flip -flop is cleared, the carry

in circuit is enabled to transmit carry information. 

The full sum circuit takes the outputs of the parti al -add and carry- in circuits 

and completes the addition process . The full sum logic for even numbered stages 

is : 

SUM . . 
l •J 

CYI . . · (X . . f N . . ) + 
l •J l •J l •J 

The ful l sum logic for odd numbered stages is: 

SUM .. 
l •J 

[en . . + (x . . f. N . . )] 
l •J l •J l •J 

CYI . . · (X . . f N . . ) 
l •J l •J l •J 

[ ~ + (X .. = N . . )l 
l •J l •J l •J 'J 

The duality of the circuits as described by these two equations is occasioned by 

the inversion which takes place in each stage of the carry circuit . 

The 2 . 9 stage of the X Adder must take into account the defer bit character of the 

N
2

_
9 

bit . (See Fig. 12- 30 . ) The logic is identical to other similar stages in 

the X Adder, except that the ~ XA2 _
9 

and ~ XA2 _
9 

levels are substituted 

for N~ .
9 

and ~ -
9

, respectively , in t~e adder input s . If the N2 _
9 

bit is a ONE 

during PK cycl es between P03 and pif , this stage of the adder should receive a 

ZERO i n order for correct address modification to occur . At these times PI2 is in 

the ONE state and because of this the ~ XA2 _
9 

input occurs . At other times , 

PI2 is in the ZERO state , and because of this either the ~ ~ -
9 

or the 

~ XA2 _
9 

input is generated, reflecting the value of N
2

_
9

. 

12 - 4 F MEMORY SYSTEM 

12 - 4.1 GENERAL DESCRIPTION . The F Memory system consists of the F Memory , the QKIRCF 

and PKIRCF registers, and the PKIRCF address decoder. The function and structure 

of the F Memory system were covered in Chapters 2 and 4. 
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As shown in Fig . 12- 31 , the value of the five CF bit s in the N register is trans 

ferred into the PKIRCF register . The content of the PKIRCF register is used for 

two purposes . Normally it is interpret ed as an address in the F Memory . However 

in certain instructions it has a special purpose , e g ., it is used to increment 

index (X Memory) registers during JX type instructions . 
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The PKIRCF r egister has an indexi ng circuit which indexes the register during 

execution of SPG and FLG instructions. 

The information r ead out of the F Memory is transferred into the QKIRCF register . 

The content of this register is decoded into activity, coupling and permutation 

informati on . (See Sect . 12 -6 .) 

12-4 .2 F MEMORY . The F Memory is a 32 register , 10 bit word magnetic film memory . It is 

a one -dimensional memory array . Register selection is by a two stage sel ector whose 

inputs are the PKIRCF bits. 

Each word selection line is connected to a switch core selected by the decoder . 

(See Fig . 12-32,) A switch core is turned "ON" when the FR flip-flop is set . The 

five PKIRCF bits then select the decoded register . When the core is switched "ON" 

a current is induced in t he word selection line. When the core is turned off a 

diode in the word selection line prevents an opposite current from flowing . 

During a WRITE cycle , the content of the entire buffer including the parity bit is 

written back into the F Memory . The direction of the current in the digit winding 

determines whether a ONE or ZERO is written (see Fig . 12 - 33) , A ZERO is written 

if the QKIRCF bit is ZERO . The TW flip -flop controls the current in the digit 

windings and permits a ONE to be written during the WRITE cycle when the QKIRCF 

bit is a ONE. 

While the digit current is flowing , a ONE or ZERO is written only if the magnetic 

film spot is pulsed by the flux from the word selection line . If the spot contains 

a ZERO and a ONE is to be written , the digit winding produces a flux in the opposite 

direction to that existing in the magnetic film spot . However , the film will not 

switch unless the external field exceeds a certain threshold . This threshold is 

attained when the field from the pulsed word line is added to the field induced 

by the digit line . If the spot contains a ZERO and a ZERO is to be written, the 

external field induced by the digit winding is in the same direction as that of the 

magnetic film spot and the ZERO remains . 

During a READ cycle as shown in Fig . 12-34, the digit current flows in the same 

direction as in the writing of a ZERO . This occurs since the TW flip -flop is 

turned off . The read is effected when the word current is turned on to aid the 

digit current . This switches the ONES to ZEROS . The ZEROS remain as ZEROS and are 

not read out . To mini mize noise in the sense lines , the sense lines are crossed 

between the two arrays . This occasions a bi-polar output . The output of either of 

the two arrays must be properly interpreted . This is effected by the strobe unit 

which contains a dual transistor strobe circuit . Two gate pulse amplifiers divide 

the strobe pulse according to whether the first or second array is used . The PKIRCF 
5 

bit is used to select the proper gate pulse amplifier. Array No . 1 is selected when 

this flip -flop is a ZERO, and Array No. 2 when this flip -flop is a ONE. 
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Origi nally, a "complement " mode of operation was considered which required an extra 

transistor circuit in the strobe unit on the ZERO output side. Since this feature 

has been abandoned, the complement flip -flop (COMP) output is now tied to the zero 

state at all times . Much of the physical circuitry for this mode is still intact 

but is not used . 

12 - 5 OPERATION DECODING PROCESS 

12 - 5 ,1 GENERAL DESCRIPTION . The paths along which the operation code information flows 

are shown on Fig . 12 -35· The general interpretation of the six OP code bits in 

the instruction word was discussed in Chapters 2 and 7 . 

The op code bits are transferred sequentially during the instruction execution 

from the N register into the PKIROP register ; from the PKIROP register into the 

QKIROP register; and from the QKIROP register into the AKIROP register . However , 

the picture is quite different for AOP instructions . In these instructions , the 

contents of N2 _6 _ 2 _
1 

are transferred directly into the AKIROP register . 

The i nformation in each of these registers is decoded through several levels . 

PKIROP and its associated decoder are used principally during PK cycle operations . 

However , they can also be used during QK and AK cycles. The QKIROP system is used 

principally during QK and AK cycles . The AKIROP system is used only during AK 

cycles . 

The fact that there are three OP registers permits three different instructions 

to be executed simultaneously . An illustration of this situation is shown on 

Fig . 12- 36 . The bar graph in the figure shows the overlapping of several counter 

cycles . 

12 - 5 ,2 OP REGISTER AVAILABILITY FOR DECODING . PKIROP ' QKIROP and AKIROP receive their 

information , and hence are available for decoding at the following times . The six 

OP bits in the N register are transferred into PKIROP at P~2a and are available 

for decoding in the PK cycle after that time . When the QK cycle starts, the 

content of PKIROP is transferred into QKIRop · During QKIRAK instructions , the 
- . .13a _ content of QKIROP is transferred into AKIROP at 1.1,K During AOP instructions, 

the contents of N2 _6 _ 2 _1 are transferred into A!CTROP at P~5a_ Thus when AKIROP 

is decoded depends on the instruction. 

12 - 5 -3 OP REGISTER 1ST AND 2ND LEVEL DECODING . The first level decoding of each of the 

three OP regi sters consists of a complete decoding of each pair of three bits. 

This results in two sets of eight lines. E. g. , the PKIROP 1st level decoder lines 

are : 
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DECODED FROM 
PKIROP 6-4 

PKIROX 
OP 

PKIR7X 
OP 

DECODED FROM 
PKIROP 3-1 

PKIRXO 
OP 

The second level OP decoder combines pairs of outputs f r om the fi r st level decoder 

to generate an OP line . E. g ., 

PKIROX 
OP 

Such OP lines ar e generat ed for each OP register , but only as many lines are decoded 

as are actual ly needed. 

12 - 5 . 4 CLASS DECODERS . The PKIROP class decoder combines the outputs of the PKIROP 

register and the first and second level PKIROP decoders into levels which represent 

specific classes of OP codes. These OP class lines are used in level logic , when 

it is convenient to represent a class of OP codes exhibiting common properties by 

a single level . QKIROP and AKIROP class decoder levels are generated in a similar 

manner . 

12 - 5 . 4 .1 PKIROP CLASS LEVELS . A brief description of each of these levels is 

given below . 

PKIRF (FLF, FLG, SPF , SPG) . These OP codes require the use of the 

content of a register in the F Memory as an operand . 

PKIRFF (SPG, FLG) . These OP codes require the use of the contents 

of four successive registers in the F Memory as operands . 

PKIRLF (SPF, SPG) . These OP codes load the F Memory with Memory 

Element information . 

PKIRSF (FLF, FLG) . These OP codes store F Memory information in 

the Memory Element . 

PKIRXM (JPX, JNX, XXXlXJ},IP , SKX) . These OP codes postpone starting 

XWK until after P04a . These are PKIRQK instructions which use an 

X Memory operand cycle , i . e ., the XWK operand cycle replac es the 

QK operand cycle . other instructions , such as AUX, require a QK 

operand cycle . 
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AE PJG:R (CYA, CYB , CAB, SCA, SCB, SAB, NOA, NAB, TLY , ITA, UNA, EXA, 

DSA, INS, ADD, SUB, MUL, DIV, LDA ( -B, - C, -D) , STA ( -B, -C , - D) , 

JPA, JNA, JOV and AOP) , These OP codes use the Arithmetic Element . 

~ (OPR, JMP , JPX, JNX, JPA, JNA, JOV, SKX and the undefined OP 

codes whose octal numbers are : 00 , 01 , 02 , 03, 13, 23 , 33 , 45 , 50 
51, 52 , 53 , 63 and 73 . These OP require no QK operand cycle , 

PKIROPR AE (AOP), This level is decoded during an OPR instruction 

when no deferred address cycles are requested and N~ . B • ~ .
7

. 

PJG:RIND (LDA ( -B, C, D, E), STA ( -B, - C, -D, -E) ' SPF, SPG, FLF, 

FLG, ITE, ITA, UNA, EXA, DSA, INS, SED, JPA, JNA, JOV, PCM, TSD, 

CYA, CYB, CAB , SCA, SCB, SAB, NOA, NAB , TLY, ADD, SUB, MUL, DIV, 
xxxxlJMP, xxxlxSKX and xxlxxSKX) , These are OP codes in which the 

base address is indexed , 

PKIRI OS (IOS) . Thi s l evel is decoded during an OPR instruction 

when N~. B · ~ .7 . 

PKIRJX (JPX, JNX) , These OP codes specify jump instructions which 

are conditional on the X Memory . 

PJG:RJA (JPA, JNA, JOV) . These OP codes specify jump instructions 

which are conditional on the Arithmetic Element . 

PJG:RDIS (OPR, TSD, JMP, JPA, JNA, JOV, JPX, JNX, SED, SKM and SKX). 

These are OP codes in which PK runs through to PK31a, i.e ., require 

a PKEI cycle. (In PKIRDI S instructions , PK runs through to P14a.) 

PJG:RDIS REQ (TSD, JPX, JNX, JMP , IOS and SKX). This class level is 

decoded during instructions in which a "dismiss request" is generated. 

(The hold bit is not included in the level . ) A "dismiss request" 

occurs : 

1) In a TSD . 

2 ) In an index jump, when the jump condition is satisfied . 

3) In an IOS, which has its dismiss bit set (CF~) and which 

is not raising the flag of the current sequence (IOS 50000 , 
with Keq J) . 

4 ) In a SKX, which has its dismiss bit set and which is not 

raising the flag of the current sequence (xlxxxSKX, with 
Keq J) . 
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PICIRDEF (oo , 01, 02 , 03 , o4, 13 , 23 , 33 , 45 , 50 , 51 , 52 , 53 , 63 , 

73) . This OP code class level is decoded during instructions which 

are not defined . This class includes the OPR code (04) only when 

~ -8" 

The logic generating the PICIROP class levels is shown on Fig. 12-37• 

12-5.4.2 QKIROP CLASS LEVELS. A brief description of each of these levels is 

given bel ow. Note that no undef ined OP codes ever appear in the QKIR
0

p 

register . 

QKIRFL (FLF, FLG) . These OP codes store F Memory information in 

the Memory Element . 

ST QKIR (STA ( -B, - C, -D, -E) , EXA, EXX and DPX) . These OP codes 

perform simple -storing operations in the Memory Element. FLF and 

FLG are not included. 

QKIRLD (LDA (-B, - C, - D, -E) , EXA, EXX , RSX, AUX, ITA, UNA and the 
AK QKIR type OP codes (see below)) . These OP codes perform simple 

loading operations us i ng operands from the Memory Element . Note 

that SPF and SPG are not included . 

QKIRSTORE (ADX, FLF, FLG, INS, PCM, SKM, TSD and QKIRST type 

instructions) . These OP codes include all those which can change 

a word in the Memory El ement . 

QKIRLOAD (QKIRSTORE) . The QKIRLOAD OP code class level reflects 

all the OP codes which do not change a word in the Memory Element 

(i . e. , QKIRSTORE OP codes) . 

QKIRX (DPX, EXX, RSX) . These are OP codes which obtain an operand 

from the X Memory , but which do not use the X Adder for summing in 

this process. 

QKIRAK (SCA, SCB, SAB, CYA, CYB, CAB , NOA, NAB , ADD, SUB, DSA, MUL, 

DIV and TLY) . These are the OP codes which use the AK counter. 
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0 

0 

0 

0 

0 

0 

0 

AESK ) QKIR (SCA, SCB, SAB, CYA, CYB, CAB, NOA, NAB, MUL, DIV and TLY. 

These are the OP codes which use the AE step counter. Note that 
AK 

these OP codes are a subclass of the QKIR class. 

QKIRA (s•rA, EXA and TLY). These are the OP codes which use the A 

register as an operand or data register. 

QKIRB (LDB, STB, INS). See QKIRA above. 

QKIRC (LDC and STC). A See QKIR above. 

QKIRD (LDD, S'I'D, ADD, SUB, MUL, DIV, NOA, NAB, SCA, SCB, SAB, CYA, 

CYB and CAB) . See QKIRA above. 

QKIRE (ITE, LDE, STE and SED). See QKIRA above. 

The logic generating the QKIROP class levels is shown on Fig. 12-38-

12-5.4.3 AKIROP CLASS LEVE~S. These levels are discussed in detail in Chapter 14. 

12-6 CONFIGURATION DECODING PROCESS 

12-6.1 GENERAL DESCRIPTION. The :paths along which the configuration information flows 

are shown on Fig. 12-39· The CF bits in the instruction word are transferred 

from the N register into the PKIRCF register. The content of the PKIRCF register 

is then decoded and used to select a word in the F Memory. The selected word 

is strobed into the QKIRCF buffer register. The content of the QKIRCF register 

is then interpreted by various decoders which specify subword forms, activities 

and :permutations. The general interpretation of the five CF bits in the instruction 

word in terms of subword form, activity and :permutation was discussed in Chapter 2. 

12-6.2 SUBWORD FORM. The subword forms in the A, B, C, D and E register during PK and 

QK cycles are defined by the value of the bits in Q,.'CTRCF
9

, 8 as shown in Table 12-1. 
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TABLE 12 -1 

SUBWORD INTERPRETATION OF QKIRCF
9

, 8 

QKIRCF9, 8 FRACTURE (QKIRfi) SUBWORD FORM 

00 fl 36 

01 f2 18,18 

10 f3 27, 9 

11 f4 9 , 9, 9, 9 

A graphical representation of the subword forms is shown in Fig , 12 -4o . Any 

combination of subwords of a given form is allowed. E.g. , in the (9 , 9,9, 9) subword 

form, quarters 3 and 1 can be used simultaneously . 

During AK cycles , the subword forms of the data in the Arithmetic Element are 

defined by AKIRCF
9

, 8 as shown in Table 12 -2 . Note that i n nearly all cases , the 

information in AKIRCF
9

, 8 is a copy of the information in QKIRCF
9

,
8

. 

TABLE 12 -2 

SUBWORD INTERPRETATION OF AKIRCF9 , 8 

AKIRCF9 , 8 FRACTURE (AKIRfi) SUBWORD FORM 

00 fl 36 
01 f2 18 , 18 

10 f3 27 , 9 
11 f4 9, 9, 9 , 9 

12- 6 . 3 ACTIVITY . The "activity" of each quarter in the A, B, C, D and E registers during 

PK and QK cycles is determined by the value of the bits in QKIRCF7 -4 as shown in 

Table 12 - 3 , 

TABLE 12-3 

QKIR ACTIVITY (QKIRACTi ) CF 

(CF
7 

CF6 CFS CF
4

) 

X X X 0 ACT1 

X X 0 X ACT2 

X 0 X X ACT
3 

0 X X X ACT4 
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0 

0 

0 

0 

0 

0 

0 
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Note that the quarter is "active " when the controlling QKJ:RCF flip-flop is a ZERO, 

and "latent" (i.e., not active) when the flip-flop is a ONE. 

During AK cycles, the quarter activity of the Arithmetic Element is defined by 

AICTRCF7-4 . Note that usually the information in AICTRCF7-4 i s a copy of the 

information in QKJ:RCF7-4. 

TABLE 12-4 

1 
AICTRCF ACTIVITY (AICTRai) 

(CF
7 

cF
6 

CF
5 

CF4) 

0 
1 

X X X al 

0 . x 1 
X X a2 

0 
1 

X X X a3 

0 
1 

X X X a4 

12-6 .3.1 EXTENDED ACTIVITY. Subwords can be defined in which not all the quarters 

of the subword are active. These are referred to as partially active 

subwords. An example of a partially active subword is given in Fig. 12-41. 

In this example only one quarter of an 18 bit subword i s active. Activity 

extension is the process by which an entire subword is made active if the 

subword is partially active, i.e., activity is extended into the inactive 

(latent) quarters in the subword. When the subword form has an influence 

upon the execution of an instruction, as in an ADD or MUI., the partially 

active subwords are usually made fully active . This is done by nets 

which extend the activity of quarters of a partially active subword to 

all quarters of the subword . The result is that the subwords are either 

wholly active or wholly inactive. 

Activity is extended in preparation for sign extension operations in the 

Exchange Element. Partially active subwords have inactive quarters filled 

by the sign digits of active quarters. 

Fig. 12-42 illustrates sign extension for all four subword forms. In 

each case the second quarter is active. For an f 1 (36) subword form, the 

activity is extended through the third and fourth quarters and then 

around through the first quarter. For an f
2 

(18,18) subword form, the 

activity is extended around through the first quarter. The subword 

containing the third and fourth quarters are not influenced. For an r
3 

(27,9) subword form, the activity is extended through the third and fourth 

quarters. The subword containing the first quarter is not touched. For 

an f 4 (9,9,9,9) subword form, the activity cannot be extended since each 
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subword contains only one quarter each . Therefore the three subwords 

containing the fir st , third and fourth quarters are not influenced . 

Fig. 12- 43 shows the logi c generating the extended activity levels , 

Level QKIREXT ACTl indicates how activity can be extended into the first 

quarter for various combinations of quarter activities and subword forms . 

As an example, 

shows that activity is extended into the first quarter when the second 

quarter is active , providing the subword form is f 1 (36) or f 2 (18 ,18) . 

Both these subword forms contain the active second quarter and the 

inactive first quarter through which the activity is to be extended . 

Subword forms f
3 

(27 , 9) and f 4 (9 , 9,9, 9) do not appear since the first 

quarter is not in the subword which contains the active quarter . 

Level QKIREXT ACT2 , l is a combination of levels QJCTREXT ACT2 and 

QKIREXT ACTl. It specifies activity in the first and second quart ers . 

This insures t hat the fir st two quarters of the E register are active 

during the execution of an exchange index instruction . 

Level QKIRALL ACT is a combination of levels QKIRACTl, QKIRACT2 , QKIRACT3 and 

QICTRACT4_ This level is not actually used any more, but says t hat the 

whole word is active. 

Fig. 12-44 shows the relationship between a subword form with a specific 

activity and the QKIREXT ACTj levels which are generated . 

12 -6 . 4 PERMlJrATION. The permutation of the operand word in the Exchange Element i s 

determined by QICTRCF
3

_1 . These flip -flops are decoded to generate QKIRPRMi levels. 

The eight possible permutations are shown in Fig. 12-45, This figure also illus

trates the connection between activity in the central computer and in the Memory 

Element . 

The effective permutation paths between the M register and the E register are 

graphically shown in Fig . 12 -45 . The actual mechanics of the permutation process 

in the Exchange Element are discussed in Chapter 13. 
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12-6 . 4.1 PERMUTED ACTIVITY. The permuted activi ty level QK[RPRM ACTi indicates 

that the i-th quarter of memory is connected to an active quarter of the 

central machi ne via the specified permutation path . 

Fig . 12- 46 shows the logi c generating the various permuted activity 

l evels . 

For a specified permuted activity level there are various possible 

combi nations of permutations and active quarters in the central machine. 

As an example , 

shows that the first quarter in memory ~s active when the second quarter 

of the central machine is active , providing that either the QK[RPRM3 

or QKIRPRM4 permutation paths are specified. Fig. 12- 45 shows that these 

are the only two permutation paths possible for this situation . 

12-6 . 5 SIGN EXTENSION. In sign extension , the inactive quarters of subwords are filled 

with the sign bit of active quarters of that subword. Inactive quarters to the 

left of an active quarter in the subword are first cleared, and then complemented 

if the sign bit of the active quarter is a ONE. (See Fig. 12 -47 . ) 

March 1961 

The logic governing the clearing of quarters of E under sign extension control is , 

The ~E E level contains OP code and time level information . The remaining logic 

in this level simply says that the given quarter is itself inactive, but that the 

quarter forms part of a partially active subword . 

If the sign which is being extended is negative , i . e. , a ONE, then a complement 

pulse must be fired . The logic for these complement pulses is given by, 

Here the logic for ~ -.E is identical to that for ~ except that it occurs 

0 .2 microsecond later . Si specifies that Quarter i is itself inactive, but lies 

to the left of an active quarter whose leftmost bit is a ONE, where both quarters 

are in the same subword and there are no intervening active quarters . The logic 

for the S.'s includes the quantitites A, B, C and D. (See Fig. 12 - 47 . ) These 
l 

quantities are actually the output of a carry- like sign extension net . 
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For example , suppose that the f 1 (36 ) subword form is specified with quarters 2 

and 4 active and E! .
9 

and Ei_
9

. Then Quarters 3 and 1 will be cleared, since they 

have extended activities (see Fig. 12-43). Since Quarter 2 is active and ~ .
9
, 

quantity C is generated . This indicates that there is a negative sign to be 

extended to the left out of Quarter 2 , and causes quantity D to be generated. Note 
1 that since E4_

9 
and Quarter 4 is active , quantity A is not generated, and hence 

neither is s1 and s2 . Of the four Si's , only s
3 

is generated . Thus, only Quarter 

3 of Eis complemented under sign extension control. The negative sign of Quarter 

2 is extended to the left to fill Quar ter 3, and the positive sign of Quarter 4 is 

extended to the left to fill Quarter 1. 

12-7 SEQUENCE SELECTION 

12 -7 ,1 GENERAL DESCRIPTION. The Sequence Sel ector is the unit in the Program Element 

which determines whether the next instruction to be executed is taken from the 

current program sequence or from some new program sequence . 

The components which comprise the sequence selector are : 

1) The individual Sequence Selector stages 

2) The Priority Patch Panel 

3) The K Decoder 

4) The J Coder 

5) The FLAG register 

6) The Keq JC net 

7) The Keq J net 

The Priority Patch· Panel fixes the relative priority relationships among the 

program sequences. As its name implies, the panel is a plugboard with·patch cords 

which are used to provide any desired arrangement of priorities among the sequences . 

The Sequence Selector stages determine which is the highest priority sequence 

desiring attention. The Priority Patch Panel of course influences this decision . 

The K Decoder provides the Sequence Selector with the number of the current sequence 

being executed . 

The J Coder encodes the thirty-three outputs of the sequence selector stages and 

specifies the number of the next sequence. The encoded number can then be inserted 

into N
3

_6 _ 
3

_1 , the J bits in the N register. 

The FLAG register indicates which sequences request attention . It contains one 

FLAG flip-flop for each of the 33 program sequences . 

The two nets on the K register compare the number in the K register with the 

output of the J Coder and the number in the J bits . 
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12 -7 ,2 PRIORITY PATCH PANEL. This panel consists of a plugboard with two sets of 3 X 33 

jacks . One set of jacks is associated with the priority number . The other set of 

jacks is associated with the Sequence Selector stages . 

The Pr iority Patch Panel , as shown in Fig . 12- 48, is divided into four sections. 

Three of the sections are each composed of eight stages which coincide with the 

Sequence Selector stages . Section 3 has 9 stages instead of 8 stages due to the 

startover sequence. Each stage of the Pri ority Patch Panel contains two sets of 

thr ee jacks . The upper set of j acks of each stage are interconnected throughout 

a section , 

One jack from each stage is connected in parallel . The other two jacks are 

connected in series . The series connections are used to transmit information 

serially through a section (with the initial input tied down to represent no 

information coming in) . The parallel connection is used to feed information in 

from outside a section simultaneously to all stages in a section. The output 

from the last stage of the series connections of section represents the only piece 

of information coming out of a section . These outputs are connected as shown to 

all lower priority sections and to a last OR net to generate the SSATT REQ level . 

Note that the input to the parallel connection of section 3 (the highest priority) 

is also tied off to represent no information . The effect of all these connections 

is that attention request information generated by any Sequence Selector stage is 

transmitted through at most one full section (8 stages) before contributing to 

the S~Tr REQ level. Two full sections (16 stages) is the maximum delay met before 

such information gets to any other lower priority Sequence Selector stage . (This 

should be compared with a maximum delay of 32 stages in a wholly serial net . ) 

The lower set of three jacks in each stage of each section is connected to the 

corresponding Sequence Selector stage . 

The priority of a given Sequence Selector stage is determined by which (upper) set 

of three jacks is connected to the (lower) set of three jacks of the Sequence 

Selector stage . The upper set of three jacks may be in the same section as the 

lower set of three jacks or even in another section . All these interconnections 

are accomplished by patch cords and can be changed whenever the need arises . 

12-7 -3 SEQUENCE SELECTOR . The Sequence Selector consists of 33 stages . All of the stages 

are identical with the exception of the first stage . The first stage corresponds 

to the Startover Sequence (octal 00). 

Fig . 12-49 illustrates a typical stage of the Sequence Selector . 
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There are three levels that the Sequence Selector may generate . 

(or SSCH SEQ) , SSNEXT SEQ and SSATT REQ _ 

CH REQ They are SS 

The SSATT REQ level is generated by ORing the PPATT REQ outputs from the patch 
g, O; -

panel sections . These outputs from the patch panel are formed by cascoding within 

the individual sections , the SSATTh~EQH inputs from the Sequence Selector stages . 
g , ' 

These i ndividual inputs state that either the flag of a sequence , which is not the 

current sequence , is up; or that some sequence of higher priority within the same 

quarter requests attention. Note that if the highest priority stage in a quarter 

requests attention, it must cascade through , at most , 8 other stages before contri 

but i ng to the SSATT REQ level. Note also that when the current sequence is in a 

"waiting" state and no instructions are being executed, then KD is disconnected 
ATT REQ 

from the K regi ster and SS can indicate whether the current sequence requests 

attention also. 

The SSCH REQ level indicates whether a sequence of higher priority than the current 

sequence has its flag up , This level i s used to determine whether a change of 

sequence to a higher priority sequence can occur when the hold bit on an instruction, 

being executed in the current sequence , is a ZERO . This is generated by ORing the 
CH REQ SSH levels produced by the Sequence Selector stages . Only one of these levels , 

the one coming from the current sequence , can ever be on , and even this cannot 

occur unless KD is connected to K. The individual levels are generated by simply 

determining whether the attention request levels , coming in from the priority panel 

connections, state that a higher priority sequence requests attention . The maximum 

delay met by attention request information before contributing to the SSCH REQ 

level is two full sections (16 stages) . 

NEXT SEQ 
The SSH levels are generated by the individual selector stages . Only one , 

at most , of these can be turned on at a given time . If one is on it indicates 

that the corresponding sequence is the highest priority sequence with its flag 

raised . The level is formed in a selector stage when the flag is up but no sequence 

of higher priority requests attention . The current sequence , identified by the KD 

l evel, is usually excluded. 

The Startover Sequence Selector stage is similar to the other&, except that it can 

occupy only the highest priority position . (See Fig . 12-50 , ) 

All the Sequence Selector stages contain logic to complete the decoding of the 

N3 .6 - 3 .1 bits , This circuitry is called the N Decoder , even though its inputs 

are N
3

_6 and JD , The outputs go to the In- Out Element. 
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12 - 7 -4 FLAG REGISTER, The FLAG register is composed of 33 flip-flops , one for each 

sequence. Each flip-flop i s set , i.e ., each flag is raised, when its associated 

in-out unit requests attention. This is indicated by the ~ FLAG pulse shown 

in Fig. 12-51, 

Certain instructions can also affect the flag of t he sequence specified by the 

N
3

_
6 

_ 
3

_
1 

bits of the instruction . An IOS instruction can raise or lower (clear) 

a flag if bits N
2

_
6 

_ 
2

_
4 

in the address section have the value 101 or 100, 

respectively. An SKX can raise a flag if PKIR1 All the pulses which do this 

t d b ND d at P 
260:_ CF4 

are ga e y an occur I\ 

Another group of pulses which are gated by KD can also lower flags . However, the 

gating by KD means that only the flag of the current sequence is affected . These 

pulses are called "di smis s " pulses. Whenever a change of sequence is made to 

sequence 00, the Startover Sequence, the flag is lowered in order to allow pulses 

from the Startover button to recognize which sequence 00 is running . This pulse 

occurs at csf5CX. If the comyuter attempts to execute a TSD and either it is still 

executing a previous TSD, or it finds the In-Out unit of the sequence is busy , then 

i t will lower the flag. This pulse occurs at P',("2cx and is called "dismiss and 

wait ". The other pulse of this type occurs during an ordinar y "dismiss ". Here 

the pulse is given at p',("50: during instructions which request a dismiss (PKIRDIS REQ) 

in sequences other than sequence 00. This last exclusion exists because the dismiss 

pulse for sequence 00 was given at csf5CX when the sequence was entered and a new 

flag raising in this sequence might have occurred while sequence 00 was running. 

Another level that clears the flags is the I PRESET ♦ SS level. This level is 

generated by the start-stop control. 

12-7-5 K DECODER. The K Decoder interprets the is .6 _ 
3

_
1 

bits. It generates 33 lines, 

one for each of the Sequence Selector stages . These lines also go to the In- Out 

units . The is .6 bit is used for a special purpose. ~ -6 • (CSKi; · PIP0 ) is 

substituted for the ~- 6 input to the K Decoder. This logic says that when the 

current sequence is not sequence 00, and the computer is waiting (CSIS) after an 

ordinary dismiss (PfOCX) , then the K Decoder is disconnected from K, i.e. , KD f K. 

This logic permits the Sequence Selector to request the raising of the flag of the 

current sequence , after it has been dismissed. 

12-7.6 
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J CODER. The J Coder serves the function 

into the six bits to be inserted into the 

12-29 

NEXT SEQ 
of encoding all the ss

14 
N
3

_6 _ 
3

_1 bit position of the 

levels 

N register . 



12-7 -7 ifq JC NEr. This net determines whether the number of the current sequence is 

the same as the highest priority sequence which requests attention. This infonnation 

is used when the wait cycle (DSK) ends because some sequence wants attention and 

the possibility exists that this s i tuation might exist because JG) was disconnected 

from K (JG) f K) • 

12-7-8 Keq J NEr. This net detennines whether the contents of Kand J are equal . It is 

used, for example , to determine whether IOS and SKX instructions are raising the 

flag of the current sequence at the same time that they are dismissing . In these 
DIS REQ . cases the PKIR level is not generated . 
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Thus, neglecting sign extension, the basic difference between a store and load tYIJe 

instruction, as far as the Exchange Element is concerned, is the transfer pulse 

occurring at ~ 3a _ In the store case , ~ 3a initiates an E --- M transfer. In 

the load case , ~ 3a initiates an M--- E transfer . 

13-4 . 3 SIGN EXTENSION . Fig . 13-14 shows the basic concept of sign extension as it applies 

to the E register . The general rule for extending the sign is also given . 

Fig . 13-15 gives a specific example of sign extension . This figure is in reality 

an extension of Fig . 13 -12 . The E register was permuted at ~3~ on Fig. 13-12(d) . 

Fig . 13 -15(a) shows that the third quar ter of Eis cleared at ~4a. For the case 

chosen, the fact that the fourth quarter of Eis active (QKIRACT4) and the coupling 
EXT ACT is f 2 (f2:::i f 4 ) generates the QKIR 3 level . The logic for cl earing E

3 
is 

shown in Fig . 13-1 5(a) . 

At ~
4

~, the sign of the active fourth quarter is extended into the inactive third 

quarter by the simpl e operation of compl ementing the third quarter of E. The 

operation and the compl ement logic are shown in Fig . 13-15(b). Note that , if the 
0 sign bit of the fourth quarter were a ZERO (E4_

9
) , then the complement pulse would 

not have occurred and the i nactive thir d quarter would have been left with all 

ZEROS in it . 
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2) Figs. 13-10 shows that at Q,J<-1~, Eis also inversely permuted. This can 

be seen since the "OP" and "CF" bi ts are decoded to generate Q,KIRLD and 

Q,KIRPRM3 levels. If we assume that this is not a SPF or SPG instruction, 

then the logic on Fig. 13-10 is satisfied and all the q_uarters of E will 

be shifted one q_uarter to the right at Ql<1~, i.e., E will be inversely 

permuted. 

3) Figs. 13-7 and 13-12(c) show that a transfer will occur from M to E under 

permuted activity control at QJ<3O. All q_uarters of Mare transferred, 

except the second q_uarter. This selection occurs because of the 

Q,KIRPRM ACT2 level in the transfer logic. This level is generated by 

logic that looks at both the permutation and activity req_uired by the 

instruction and decides in which q_uarters an M--E transfer should occur. 

Note that E now contains the correct data but the data is all shifted one 

q_uarter to the right. 

4) Figs. 13-10 and 13-12(d) indicate that at Q,J<-3~ (0.2 microsecond after the 

M-E transfers) a direct permutation occurs in which data is finally 

shifted to the left into the desired q_uarters. Compare the E register in 

Figs. 13-12(a) and (d). 

The sign extension process which follows step 4 is described in 13-4.3, 

13-4.2 STORE TYPE INSTRUCTIONS. The store type instruction will now be examined. Fig. 

13-13(a) shows the effect of the instruction on the Mand E register. The M register 

contains the content of the E register shifted one q_uarter to the right, except for 

the second q_uarter of M which contains whatever data was in it at the beginning of 

the instruction. 

The seq_uence of transfers that accomplishes the store instruction is as follows: 

1) If the instruction is STA, the content of A is placed in Eat ~la as 

indicated on Fig. 13-8. 

2) Figs. 13-13(b) and (d) are exactly the same transfers and occur at exactly 0 the same time as the transfers shown in Figs. 13-12(b) and (d). 

3) Figs. 13-5 and 13-13(c) indicate that a transfer under permuted activity 

control from E to M occurs at ~ 30. Note that at the end of this transfer, 

M contains the word that is to be stored in memory. E however must still 0 be unscrambled by the direct permutation pulse that occurs at Q,J<-3~. 

0 
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13-4 ILLUSTRATIVE EXAMPLES 

Some examples will be given to i llustrate the use of the register dri ver logic tabulations 

given in this chapter . These examples illustrate the configuration and sign extension 

operation which is processed in the Exchange Element . In these examples , the transfers 

that occur in the Exchange Element during a configured load and a store type instruction 

will be examined . Only those transfers illustrating configuration will be examined in 

detail . 

In the example , it is assumed that the programmer specified a configuration that caused 

the third quarter to be inactive and that calls for an f 2 (18 , 18) subword form. The 

spec i fied configuration makes use of permutation 3 . 

This permutat i on has the effect of shifting the quarters of Mone quarter to the left into 

the E register , during load type instr ucti ons; and the quarters of E one quarter to the 

right into M, during store type instructions . In the example , it is also assumed that the 

sign bit of t he active quarter of the partially active subword is a ONE in the load type 

instruction . 

Let mi and e i represent the original contents of the quarters of the Mand E registers , 

respectively . 

For the examples cited, the configurat i on bits are as follows : 

QKIRCF .__I _o_l ____ Ol_O_O ____ O_ll~I 

Coupling , 18:,; I ~ tation , J 

Third Quar ter : 
Inactive 

13 -4 ,1 LOAD TYPE INSTRUCTIONS. The load type instruction will be examined first . Fig . 

13-12(a) shows the effect of the instruction (neglecting the effects of sign 

extension) on the Mand E registers . At the end of the instruction, the operand 

appears in M just as it was read out of memory . The E register contains the word 

in M shifted one quarter to left , except for the third quarter of E which contains 

whatever was in E
3 

before the instruction began . 

The sequence of transfers that accomplishes this operation is as follows: 

1) Fig . 13-2 indicates that the operand is usually strobed out of memory 

into M at Q0113 . 
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Several observations can be made by looking at the individual terms for directly 

and inversely permuting the quarters of E. First observe that most of the in

structions are included in the QJ<"1~, Qi2-3~ and QI<8~ terms. However, while the 

load and store type instructions go through QI<"1~ and Qi2-3~, they do not go 

through QI<8~. Thus, the QI<8~ term will include far fewer instructions than the 

factor ANDed with QI<8~. Note that, in most configured instructions, both an 

inverse and direct permutation will occur. 

13-3.6 CLEAR AND COi\U'LlMENT E REGISTER. These operations are involved in combination in 

the process of sign extension (see Fig. 13-11). The logic involved in extending 

the sign of an active quarter into the inactive quarters of a partially active 

subword causes the inactive quarters to be cleared at QI<4
a . If the sign bit of 

__ .14~ 
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the active quarter is a ONE, the inactive quarters are then complemented at <c/,K. • 

The sign extension control t erm of the register driver logic includes factors which 

take into account the activity and coupling involved in the instruction. 

In the 

active 

case of the COM instruction, the sign is extended at QI<"
4~, and then the 

quarter~ themselves are complemented at QI<5~. During an INS or ITA 

instruction, the content of the entire E register is complemented as a basic step 

in the execution of the instruction. 

Earlier in the chapter, it was mentioned that the content of XA is copied into 
__ .11a, 

E2 , 1 at <c/,K. during the execution of X Memory type instructions (RSX, ADX, EXX 

or DPX). If the sign bit in XA (x2 _
9

) is a ONE, E4,
3 

will be complemented at 

QI<"O~ as part of the sign extension logic in the E register. Effectively, the 

content of the X register is extended to fill the E register. 

Certain miscellaneous instructions require that the E register be cleared before 

a data transfer into the E register can take place. This occurs: 

1) 
2) 

For most instructions 

As a preliminary step 

PICTRCF is a ONE . 
1 

cycl e. 

3
_1, during an IOS when 

3) For all instructions involving the VFF Memory, except when the instruction 

is placed in E. 

4) As a preliminary step to placing data in E, during a deferred address 

cycle . 

5) As a preliminary step to placing the contents of Qin E, during a JMP 

instruction when the PICTRCF bit is a ONE . 
4 

13-9 



13-3.4 MISCELLANEOUS USES OF E REGISTER. Fig . 13-9 also shows t he register driver l ogic 

invol ved in several miscellaneous transfers into E. The transfers occur: 

1) 

2) 

3) 

During a deferred address cycle , when the content of QKIRCF is placed 
9-4 

in E 
6 

, and the content of XA (X Adder register) is pl~ced in E2, 1 3. - 3.1 

During a change of sequence cycle, when the content of N3.6 _ 3_1 is 

placed in E
3

_6 _ 
3

_1; t he content of ~ -6 _ 3_1 is placed in E4_6 _ 4_1; 

and the content of Pis stored in E2, 1 

During the X Memory instructions , when the content of XA is placed in 

E2 , l 

4) During a JMP instruction (if PICIRCF contains a ONE) when the content of 
4 

Q is placed in E2 1 
Also during a JMP (if PICIRCF contains a ONE), when 

' 3 
the content of Pis placed in E4,

3
. 

5) During an IOS instruction (if PICIRCF contains a ONE), when the content 
1 

of N
3

_6 _ 
3

_1 is placed i n E
3

_6 _ 
3

_1 . 

6) During a JPA, JNA or JOV instruction (if the jump conditions are satisfied), 

when the content of Pis placed in E2, 1 

7) During a FLF or FLG instruction, when the content of QKIRCF is placed 
9-1 

13 -3•5 INTERCHANGE OF E REGISTER QUARTERS. The register driver logic for this inter

change is shown in Fig. 13-10, 

There are two general circumstances in which the quarters of E are interchanged. 

In one case , the interchange is a by-product of configuration control and is 

indirectly under the control of the programmer . The programmer may select one of 

several configurations for the same basic instruction . The interchanges in the 

E register for the configuration will then take place . In the second case , the 

interchange is a basic step in the instruction . During store and load type in

structions i nvolving the F Memory (SPF, SPG, FLF and FLG) , the quarte~s of the E 

register are interchanged in such a way as to cycle the content of the E register 

either one quarter to the right or one quarter to the left . The interchange is 

initiated by the FK counter . 
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2) 

During the execution of an ITE instruction, the ZEROS of Mare transferred 

into Eat Ql("3a, but not the ONES. 

Broadside Transfers. A jam transfer from M to E will occur for most store 

tYJJe instructions at ~la and for most load tYJJe instructions at ~ 3a_ 

COM, SPF, SPG or a TSD in the ASSEMBLY mode causes a jam transfer to 

occur from M to Eat Ql("3a_ 

In addition to the above, a jam transfer from M to E occurs whenever the 

VFF Memory is involved. 

Finally a jam transfer from M to E occurs at pl("la during a deferred 

address cycle. 

3) "Exclusive or" Transfer between Mand E Under Permuted Control. This 

transfer occurs twice during an SED instruction. The second transfer has 

the effect of restoring the E register to its original state because of 

the logical characteristics of the "exclusive or". 

13-3-2 ARITHMETIC ELEMENT TOE TRANSFERS. The register driver logic for these transfers 

is shown in Fig. 13-8. Two cases exist: either the VFF Memory is or is not 

involved in the instruction. 

1) In the first case, if an instruction is stored in either the A, B, C or 

D registers, the instruction word will be read into the E register at 

pl("oa. Note that if t~e Arithmetic Element is busy, PK will not get to 

pl("oa until the AEB condition is satisfied. If an operand is stored in 

the Arithmetic Element and that element is not busy, the operand will be 

read into Eat QJ<°3a. 

2) The second case includes load and store tYJJe instructions involving the 

Arithmetic Element registers. In the case of INS, ITA and UNA, data is 

transferred specifically from the A register to the E register. 

13-3-3 IOBM TOE TRANSFERS. During the execution of a TSD in the IN mode or during the 

execution of an IOS when PKIRCF is a ONE, a Jam transfer occurs from the selected 
1 
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IOBM. (In-Out Buffer Mixer) to E. The register driver logic for this transfer is 
l. 

shown in Fig. 13-9· 
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13 -3 E REGISTER 

2) Transfers Under Permuted Act ivity Control . In this case , the 

pulses on th2 gates between each quarter of E and Mare inde-
PRM ACT . pendently controlled by QKIR i levels. The contents of E 

are transferred to Munder permuted activity control during all 

the store type instructions at Ql<"3a . In the case of the INS 

instruction, the ZEROS are transferred at Qi2-3a and the ONES are 

transferred at Ql<"9(X . Even though the store type inst:ruction·s 

are included, these instructions do not go through Qi2-9CX, so 

that this conditi on is satisfied by only a few instructions. 

I f a TSD is executed in the NORMAL mode or if PICIRCF is equal 
3 

to ONE during an SKM instruction, the logic is satisfied and an 

E to M transfer occurs under permuted activity control . 

3) Transfer of ZEROS from E1 to~- Thi s is one of the Exchange 

Element transfers invol ved in the execution of the FLF instruction . 

The following types of transfers into the E register can take place : 

1) Data can be transfer red from the M regi ster into the E register . 

2) Data can be t r ansferred from the A, B, C and D register into the E register . 

3) Data in the I OBM (In- Out Buffer Mixer) can be transferred into the E register . 

4) Data from t he P, Q and XA regi sters can be transferred into the E register . 

5) Certain bi ts of miscellaneous registers can be transferred into the E register for 

temporary storage . 

In addition to the above , the quarters of E can be independently cleared and complemented, 

and the data in the quarters can be permuted . 

13 - 3 -1 M TOE TRANSFERS . The register driver l ogic for these transfers is shown in 

Fig . 13 -7• It falls into three general categories . 

1) Transfers Under Permuted Activity Control. Just as store type instructions 

transferred data from E to Mat Ql<"3a , load type instructions transfer 

data from M to Eat Ql<"3a . Note that a TSD or an SKM instruction may also 

transfer data from M to Eat Qi1-3a_ 

The ADX instruction has some of the characteristics of a load type in

struction and some of the characteristi cs of a store type instruction . 

For this reason, it is treated separately and not lumped with the store 

type instructions . 
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13-2-2 E TOM TRANSFERS. 'J'he register driver logic tabulated on Fig. 13-5 indicates the 

various conditions under which E to M transfers take place. The conditions are 

determined by: the OP decoder class levels, which indicate in what instruction or 

type of instruction the transfer occurs; the time levels, which determine when the 

transfers occur; and the levels reflecting configuration control, sign extension 

control, parity, alarm control , etc. 

March 1961 

• Certain IOCM (In-Out Control Mixer) level logic associated with the TSD instruction 

is found on Fig. 13-5- This logic is discussed in detail in Chapter 15. Fig. · 13-4 
summarizes the aspects of this logic that are important in the discussion that 

follows. Note that only the IO~N logic (which indicates a TSD is transferring 

data between the In-Out Element and the central computer) is involved. Data may 

be transferred in both the N9RMAL and ASSEMBLY mode during a TSD. In the NORMAL 

mode, data from the In-Out Element is transferred from E to Munder configuration 

control, while in the ASSEMBLY configuration control is not used. Instead the data 

is cycled (shifted) one place to the right if an IdIGHT level i s present, or to 

the left if, an IO~IGHT level is present, during the E to M transfer. 

13-2-2.1 4M4, 3, 2 , 1 . This clear pulse occurs whenever the parity alarm inhi

bition is absent (MPA) and any one of the following three conditions is 

satisfied: 

13-2-2.2 

1) The instruction is a TSD in the ASSEMBLY mode. 

2) The instruction is an SKM and PICTRCF is a ONE. (Note that this 
3 

condition is not sufficient to clear M4_
10

.) 

3) All instructions having an operand cycle will normally clear the 

M register at QJ<° 9a, except those using the VFF Memory during 

the operand cycle. Thus, TSD and SKM may clear the M register 

twice during the QK cycle. 

E -2..._M AND E~M- Conditions 1 and 2 above, which cleared Mat 

M at QI<9CX. The only difference in the clear 

CYL CYR 
__ i8a 
~ , also cycle E into 

and cycle logic is the parity alarm condition and the added control l ogic 

for determining whether the shift is tb the right or left. (See Fig. 

13-6.) 

13-2.2.3 E~ M. There are three categories of conditions under which this 

transfer takes place: 

1) Broadside Transfers. Certain types of instructions transfer the 

ZEROS and ONES of all the quarters of E into the corresponding 

quarters of M simultaneously. These instructions include FLF, 

FLG, COM, and instructions involving the VFF Memory. 
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13 -2 .1 .2 PARITY ALARM . Normall y, i f the parity alarm flip -f l op (MPAL) is set , the 

content of the M register should not be destroyed. (The operator may 

null ify the effects of this alarm by means of the parity alarm suppress 

pushbutton (MPALSUP ) . ) However , the condition of the check parity circuit 

must be ignored at certain times , e . g . , just before memory strobe when M 

contains all ZEROS . For this reason, a parity alarm level (MPA) i s gen

erated which controls the M register driver logic . If MPA is generated, 

t hen no pulses are allowed to change the content of M. 

This MPA circuit looks at MPAL, MPALSUP and the parity alarm inhibitory 
1 

l ogic invol vi ng MPS. The net effect is that MPAL · MPALSUP is a nec -

essar y but not sufficient condition for MPA . Pulses generated between 
. 010: __ J.10: 

Q~ and QK are always al lowed to change the content of M. 

13-2 .1 . 3 META BIT (4 .10) . This bit is read into the M register from the Memory 

El ement with the other operand bits . It is rewritten into memory, just 

as it was read out , for al l instructions except SKM . The SKM instruction 

may complement , set to ONE, or clear to ZERO M4 _10 before the contents of 

M4.lO are rewritten into memory . 

Fig . 13-3 shows the register driver logic for complementing, setting or 

cl earing t he meta bit under SKM control . The state of the PKIRCF and 
1 

PKIRCF bits determines which modification of the meta bit will take 
2 

pl ace . Note that the meta bit cannot be modified unless the memory parity 

a l arm l evel i s absent , i.e ., an MPA condition exists. During an SKM 

instr uction , t he quar ters of E are complemented, cleared, and set by the 

same register driver logi c (except for the parity alarm inhibition) that 

correspondingl y modifies M4 _10 . 

The second term in the 4 M4_ 
10 

register driver logic indicates that 

the meta bit is cl eared when the M register as a whole is cleared, except 

in those cases where the M register is cleared at QJ<"8a:. The Qi<"Ba: 
inhibition guarantees that the meta bit will be rewritten in memory just 

as it was r ead out unless an SKM instruction is being executed. During 

most instructions , t he meta bit will be cleared at Qi890'. by the following 

logic : 

It should be realized, however , that M4 _
10 

is cleared by special circuitry 

and not in the direct manner indicated by the above equation . 

The operand meta bit can be transferred between the Memory Element and 

the M register only . 
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2) 

3) 

The following instructions may temporarily store data in the E register during a 

PK cycle for reuse at a later time in the instruction: 

IOS 

JMP 

JPX and JNX 

Data may also be stored temporarily during deferred addressing (PK) and during a 

change of sequence (CSK). 

During the execution of the SPF, SPG, FLF and FLG (F Memory) instructions, the 

FK counter initiates several data transfers in the Exchange Element. 

13-2 M REGISTER (OPERAND MEMORY BUFFER) 

Data is transferred into the M register from either the E register or the Memory Element. 

There are no other transfer paths into the M register. 

13~2,l OPERAND MEMORY STROBE. Fig. 13-1 shows the logic involved in strobing a word out 

of the Memory Element. The strobe logic for Mand N are similar and is covered in 

greater detail in Chapter 11. The data may be transferred from a given memory 
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sense amplifier into either the Mor N register. If an instruction word is involved, 

it will be placed in the N.register during a PK cycle. In the case of an operand, 

the word is placed in the M register during a QK cycle. 

The operand strobe pulse logic is shown in Fig. 13-2- This logic consists of an 

operand memory selection level and a QK time level. The operand is strobed at 
Qrl~. In the case of the S Memory, the strobe pulse is routed through a "ripple" 

delay line. Thus, although the pulse is initiated at Qr0~, it does not finish 

strobing until Qr1~. 

13-2.1.1 PARITY BIT (2.10). The parity bit is read out of memory into the M 

register along with the other operand bits. However, it is not written 

into memory with the other M register bits. 

Before the content of the M register is written into memory, the parity 

of the word in the M register is computed. The output of the compute 

parity circuit is written into memory in place of the ~-lO bit. Once 

the M register is cleared, the original parity bit is permanently lost. 

During a normal load type instruction, the output of the check parity 

circuit will be equal to the ~-lO bit if there is no read error. However, 

if a bit of the word is lost during the memory strobe, a parity alarm 

flip-flop (MPAL) will be set, since the check parity will not equal the 

value of the ~-lO bit in this case. 
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13 -1 INTRODUCTION 

CHAPTER 13 

EXCHANGE ELEMENT 

During the execution of an instruction a complex series of data transfers may take place 

in the Exchange Element . Both the transfers themselves and the order in which they occur 

is important in determining the net effect of the transfers . This chapter will emphasize 

the register driver logic for the individual transfers and mention only in passing the time 

or dering of a sequence of transfers. A detailed dynamic picture of the transfers i s devel 

oped in Chapter 16 . 

Manipulation of data in the Exchange Element involves the following register driver pulses : 

~ 11:.,. or ~ . 
to M4 3 2 l or E4 3 2 1 ' pulses 

' ' ' ' ' ' 
0 1 

Mi~ Ei (i 1,2,3,4) M. - E. ; Mi- Ei ; l. l. 

0 
Ei - Mi; 

1 
Ei- Mi; Ei-J--- Mi 

E. + p - E. 

} l. l. 

(p 1, 2, 3; where 3 + 1 o, 3 + 2 1, etc . ) 

E. - E. 
l. l. + p 

E ~ M (CYR cycle right) 
CYR 

E ~ M (CYL cycle left) 
CYL 

~, U., L..Q..._ pulses to M4_
10 

(M4_
10 

= meta bit) 

In addition to the above , there are register driver pulses which transfer the contents of 

regi sters in other elements into the E and M registers . 

Normally, data transfers occur in the Exchange Element during an operand cycle. This means 

that the transfer pulses are usually initiated by a QK t ime level. The following are 

exceptions to t hi s rule : 

1) If an instruction word is read out of the VFF Memory, information will be trans 

ferred through the Exchange Element during the instruction cycle . Hence the 

transfer pulses will be initiated by PK time levels . 
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14-1 INTRODUCTION 

CHAPTER 14 

ARITHMETIC ELEMENT 

The Arithmetic Element has a two -fold nature: (1) it is used in the execution of a specific 

group of operation codes , (2) its A, B, C and D registers are part of the VFF Memory . Since 

the V Memory is discussed in detail in Chapter 11 , this chapter only briefly describes the 
FF 

V register driver logic affecting the A, B, C and D registers and instead emphasizes the 
FF 

role of the Arithmetic Element in processing instructions . 

The chapter proceeds by first classifying all the Arithmetic Element operation codes 

according to the use they make (or do not make) of the AK, ASK and D counters . The execution 

logic of each operation code in the sub-classes is then discussed . The net effect is to 

bring into focus the ways in which the Arithmetic Element can process data. 

The logic circuits integrated into the A, B, C and D registers are next discussed . This 

includes a discussion of the shift and carry circuits and the D counter circuit . 

Since there are a large number of special purpose logic nets , these are then itemized and 

discussed . 

Final ly al l the Arithmetic Element_ register driver logic is tabulated and discussed . 

14-2 ARITHMETIC ELEMENT INSTRUCTION CLASSIFICATION 

The computer currently has twenty- nine operation codes that make use of the Arithmetic 

Element . It is convenient to classify these operation codes in terms of the use they make 

of the AK, ASK and D counters . 

Fig . 14-1 shows the Arithmetic Element operation codes classified in this manner . 

14-2.1 AK TYPE INSTRUCTIONS . The execution logic for these instructions has the following 

features : 

1) During the operand cycle , the Arithmetic Element register driver logic is 

controlled entirely by PK or QK time levels . 

2) The register transfers in the Arithmetic Element are simple , i . e ., they 

do not involve complex logic . For example , the only Arithmetic Element 

register driver pulses involved in these instructions are those that clear , 

complement , and transfer the contents of the E register into the Arithmetic 

Element register s . (The complementing pulses are used only in two operation 

codes , INS and ITA. ) 
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Fig . 14 -2 shows a functional block diagram of the Arithmetic Element for AK type 

instructions . 

The load and store type instructions involve simple regi ster transfers between E 

and the Arithmetic Element regi sters (or vice versa) . These instructions have the 

following features : 

1) During an Arithmetic Element load or store type instruction, che operand 

always passes through t he Exchange Element . This path is followed so that 

even though the operand is stored or is to be stored in one of the 

Arithmetic Element registers of the VFF Memory, it still may be configured . 

Thus in a LDA instruction it is possible to load A4 with the content of 

A
1

. The initial content of A is placed in the Exchange Element , configured, 

and the configured operand placed back in A. 

2) When a LDD instruction is executed (or for that matter any instruction 

which places an operand in D) , t he bit placed in Di .
9 

is t r ansferred by a 

parallel path into Yi . The Y bits are used in sign control only . The 

programmer has no access to the Y bits . 

Generally the procedure in the logical instructions INS, ITA and UNA involves 

transferring Arithmetic Element data int o the Exchange Element ; logicall y processing 

the data in the Exchange Element ; and then , usually transferring the result back 

into the Arithmetic Element . (In INS and ITA the execution logic for the instruction 

does require certain complementing logic to occur in the Arithmet i c Element . ) 

The Z flip -flops are not affected by any of the AK type i nstr uctions . 

14-2 .2 AK TYPE INSTRUCTIONS . The execution logic for these instructions involves quite 

different Arithmetic Element features than the AK instructions . For example : 

March 1961 

1) In these instructions , the Arithmetic Element is "loosely" coupled to the 

central computer , i . e ., once the operand is transferred into the Arithmetic 

Element , the Arithmetic Element time control is turned over to the AK 

counter. While the AK type instruction is being executed, the central 

computer can execute any additional instructions which do not involve the 

Arithmetic Element . 

2) In addition to the standard regi ster dri ver logic for clear ing, complementi ng, 

etc. , the AK type instructions can make use of the following "multi ply step" 

and "partial addi tion " register driver logi c : 
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EB C . . 1 , J j ► A. 1 , j 

0 C .. ► 1 , J 1 Multiply Step Logic 

A. D. 1 
C .• 

1 1 , j 1 . j 1,J 
Partial Add Logic 

D. © A j ► A .. 1 . j i,j 1,J 

3) These instructions can use the shift and carry circuits integrated into 

the A and B registers . 

4) These instructions can use the D register to count .. 

5) These instructions make functional distinctions among the Arithmetic 

Element registers . 

Fig . 14-3 shows a functional block di agram of the Arithmetic Element for AK type 

instructions . 

In all of the AK type instructions , an operand is brought from memory into the 

Arithmetic Element before the instruction is executed . The fact that the operand 

may be located in the A, B, C or D register of the VFF Memory is not a contradiction 

of the above statements , but merely emphasizes the fact that the register hardware 

may wear the VFF hat as well as the Arithmetic Element hat . 

Notice that in all the AK instructions but TLY, the operand brought from the Memory 

Element is placed in the D register. In the case of TLY, the operand is placed in 

the A register . This means that before AK actually executes the instruction, the 

only data found in non - operand registers will be that left from a previous in 

struction . 

Just as the D register generally contains the instruction operand, the A register 

generally "accumulates " the result of the instruction, e . g . if a series of additions 

are performed, the running sum is found in A. 

14-2.2 .1 Z FLIP-FLOPS . The ability of A to accumulate the results of a series of 

instructiorsleads to the possibility of A overflowing. In the case of 

addition, overflow occurs when the acc umulation exceeds the size of the 

subword in which the sum or difference is accumulated . One of the 

functions of the Z flip -flops is to indicate these overflows . The Z flip 

flops are also used in sign control, Only the Z flip -flops in the sign 

quarters of A are used for any of these purposes. (The sign quarter is 

the left most quarter of an active subword.) 
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Fig . 14-4 shows how the different instructions affect and make use of Z. 

Z is cleared at the beginning of the four arithmetic instructions : ADD, 

SUB, MUL and DIV. In the case of the other instructions, except SCale 

and NOrmalize , Z is left in the state determined by the previous in 

struction . 

In the case of the SCale and NOrmalize instructions involving A, the 

content of Z may be shifted into A. (This will be discussed in greater 

detail when the SCale and NOrmalize instructions are described . ) Z is 

used in the MULtiply and DIVide instructions for sign control. If Zi and 

Y. (which remember the sign of A and D, respectively) are the same , the 
l. 

product or quotient is given a positive sign; if Zand Y differ , the 

product or quotient is given a negative sign . Note that Z is also used 

in the DIVide instruction as an overflow indicator . (The logic for 

accomplishing these two functions in the same instruction will be discussed 

later in the chapter . ) The other two instructions which use Z as an over 

flow indicator are ADD and SUB . 

Certain instructions always leave Zin a cleared state . These instructions 

are : MULtipl y, which uses Z just for sign control; and SCale and NOrmalize 

~nvolving A) , which can shift the contents of Z into A. The other AK type 

instr uctions neither make use of nor affect the Z flip -flops . These 

instructions are DSA, TLY, CY-, and SCB . 

14-2 . 3 ASK TYPE INSTRUCTIONS . The ADD, SUB and DSA instructions which make up this class 

are executed by a common basic logic . Note that the B register is not used in the 

ASK i nstructi ons which use AK. 
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14-2 . 3 .1 ADD AND SUB . A ONE ' s complement ring adder is formed in which an end 

around carry occurs . E. g ., suppose it is desired to perform the following 

subtraction : 

0 1 1 1 

0 1 0 0 

0 0 1 1 

subtrahend 

minuend 

difference 

In the computer the minuend will be complemented and the terms added, i . e ., 

0 1 1 1 
sign bi ts.,: 

1 0 1 1 

1 ~ 0 1 0 

end around / ------ 1 
carry O O 1 1 

sign bit ~ 
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As we saw earlier in the chapter , it is possible for overflow to occur 

i n the addition and subtraction processes . Fig . 14-5 summarizes the 

basic overflow logic for ADDition . Note that SUBtraction is simply 

addition with the minuend complemented . 

The key fact is that overflow can only occur when the sign of the augend 

and addend are the same . The overflow rules are as follows : 

1) If the signs of the terms are positive and the sign of the sum 

is positive , overflow has not occurred . 

2) If the signs of the terms are positive and the sign of the sum 

is negative , overflow has occurred . 

3) If the signs of the terms are negative and the sign of the sum 

is negative , overflow has not occurred . 

4) If the signs of the terms are negative , and the sign of the sum 

is positive , overflow has occurred . 

5) If the signs of the terms ~iffer, then overflow can not occur . 

Another way of saying this is : "Overflow can occur in ADDition only 

when the sign of the sum differs from the sign of both terms ". 

The computer logic for ADDition overflow is also shown in Fig . 14- 5. Z 

is cleared at the beginning of the instruction. A "partial sum" of the 

signs of the augend and addend is then stored in z. Note that ONE's in 

the Z flip -flops indicate that the signs of the terms are similar . A 

reset Z pulse is then fired which clears Z to ZERO if the sign of the 

sum is the same as the sign of the augend . Note that in the non -overflow 

cases where this is true , Z already contains ZERO and thus the clear pulse 

is not necessary . 

14-2 . 3 . 2 DSA. This instruction is very similar to the ADD instruction except that 

the complete carry required in the addition process is not executed . For 

this reason no overflow problems arise . Hence the Z flip -flop,are left 

unaffected by the instruction . 

In DSA the logical sum of A and Dis placed in A and the accumulated 

l ogical product is placed in C. That is , 
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0 

0 

0 

0 

0 

0 

0 

Logical Sum (or "partial add"): A © D - A 

Accumulated logical product (carry): C + (A · D) - C 

Suppose that a DSA is executed with the following data : 

Before Processing Data 

0 1 0 1 1 

0 1 1 0 1 

0 0 0 0 0 

ADC 7 5 Operand Data 

The DSA instruction leaves the D register unaltered and the A and 

C with the following results: 

After Processing Data 

0 1 0 1 1 ;} 0 0 1 1 0 Result 

0 1 0 0 1 

14-2.4 ASK TYPE INSTRUCTIONS. These instructions are characterized by an operation or 

series of operations which (somewhere in the execution of the instruction) are 

,repeated a finite number of times. The usual function of the ASK counter is to 

keep track of the number of iterations. Because of this iterative characteristic, 

the execution of the instruction generally requires considerably more than the 

usual instruction time . 

14-2.5 COUNT IND TYPE INSTRUCTIONS . This subclass is made up of the MUL and DIV in

struction . In these instructions all the Arithmetic Element registers are used as 

well as the Y and Z flip-flops. 
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14-2.5.1 MULTIPLICATION . In this instruction, the multiplicand, which i s the 

operand from memory, is loaded into D. The multipl ier is the data left 

in A from a previous instruction. 

Early in the execution of the instruction, the multiplier is transferred 

from A into Band A is then cleared. There then begins an iteration of 

"partial add-:- multiply step" cycles. It is the function of the ASK 

counter to see that the correct number of iterations occur. The actual 

number depends on the size of the subwords used, i . e . , on the fracture. 
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The partial add performs the following logic: 

Partial Add 

A . . l , J D . . 
l • J 

A. . EB D. . 
l,J l • J 

1 -- C .. l , J 

-J+· ---0►► A . . 
l • J 

The before and after statesof the Arithmetic Element registers during a 

partial add might typically be as follows : 

Before PAD 

D j1111 j 

C jo1oo j 

7 B 
PAD conditional on right 

most bit being 1 

After PAD 

D j1 1 1 1 1 

C jo 1 1 11 

A l1 1 0 o j jo 1 1 11 B 

The multiply step pulse processes the carries in C and shifts the running 

sum in AB one bit to the right. This is done by a single pulse . The 

logic involved in this operation is as follows : 

Multiply Step 

EB C .. 
l , J 

A 
i. (j+l) 

14-10 

---cJr· --t►► A. . 
l, J . 

0 

j 

c .. l , J 

-Ja-· ___,.,► B 
i . j 
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0 

0 

0 

0 

0 

0 

0 

The effect on the Arithmetic Element registers of following the PAD 

described above with an MS (multiply step) is as follows: 

After MS 

D 1 1 1 1 

C 0 1 1 0 

A 0 0 0 1 B 

This process is iterated the correct number of times and then the carries 

( 1CRY A). left in Care absorbed into the A register by a carry pulse i____,. 

Note that this complete carry is performed only once during the . execution 

of the MULtiply instruction. At the end of the instruction, AB contains 

the product. The major half of the product (most significant bits) is in 

A and the minor half of the product (least significant bits) is in B. 

The fracture (f) specified in the MULtiply instruction determines the AB 

subword length. The AB possibilities are shown in the table on Fig. 14-3, 

For example, if an f 2 (18,18) fracture is specified, two independent 

products will be formed if there is more than one active subword ' involved, 

A 36 bit product will be contained in A4 - A
3 

- B4 - B
3 

with A4 the sign 

quarter. At the same time, a 36 bit product will be formed in~ - ~ -

B2 - B1 with~ the sign quarter. However, in the case of f
3 

(27,9), the 

9 bit subword product will not be correctly generated.* The f 4 (9,9,9,9) 
form must be used to obtain the correct product in the right quarter. 

14-2.5.2 DIVISION. In this instruction, the divisor, which is the operand, is 

loaded into D. The dividend is the data left in AB from a previous 

instruction. The major half of the dividend is located in A and the 

minor half of the dividend is located in B. The dividend must have the 

same form as the product left by a MUL. 

The C register is used to keep track of the carries involved in the 

partial adds, just as in MULtiplication. 

At the end of the DIVide instruction, the A register contains the signed 

quotient and the B register contains the signed remainder. The sign logic 

is based on the following simple algebra: 

* At the moment the ASK counter can be used for only one subword length at a time. A modification 

will be made so that ASK can count both for 27 and 9 bit subwords simultaneously. 
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or 

DIVIDEND 
DIVISOR 

AB 
D 

QUOTIENT 

A 

+ 

+ 

REMAINDER 
DIVISOR 

B 

The sign rules are : 

1) The sign of the quotient is positive if the signs of the 

dividend and divisor are the same, and negative if these 

signs a r e different . 

2) The remainder always has the same sign as the d i vidend . 

The mechanics of the DIVide instruction will be expl ained by examining 

the example below. The example has been chosen because i t produces an 

overflow . Let the operand in D and data in AB be t he following : 

D 0 1 0 0 0 0 o o 1 1 

AB 0 1 0 0 0 0 0 0 1 1 o o o 0 0 0 o 1 o 1 

If AB is positive , AB is complemented . (The s i gns of D and AB ar e 

remember ed by Y and Z respective l y . ) Thus , 

y 
@] D 

1 o 1 o 0 0 0 ASK 170 

Z @] AB !._ 1_ 0_ 1 _ _ 1 _1_ 1 __ 1_1_ 0 I 11 1 1 1 1 1 

Because of the f
4 

f r acture , ASK is preset to 170 . ASK now counts out 

the "par tial add - carr y" loops as they a r e executed . 

The fi r st PAD pulse leaves the A r egister looking as fol l ows : 

A 1 1 1 1 1 1 

If the sign of A now differs f r om that of D, Dis left unchanged and 

AB is shifted one bit to the l eft by the CRY pulse . This l eaves the 

registe r s as fo l l ows : 
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0 

0 

0 

0 

0 

0 

0 
March 1961 

D 0 1 0 0 0 0 0 0 11 ASK = 171 

PAD A 1 1 1 1 1 1 1 1 11 

CRY AB 1 1 1 1 1 1 1 1 i l 111 111 011 1 

This process is repeated. Note that in the next iteration, the sign of 

A is the same as the sign of D, therefore D is complemented. This is 

done so that the PAD pulse always adds terms of unlike s i gns, i. e ., a 

subtraction always takes place. Thus, 

D 1 0 1 1 1 1 1 1 o l ASK = 172 

PAD A 0 1 0 0 0 0 0 0 o j 

CRY AB 1 0 0 0 0 0 0 o-i-] 1 1 1 1 1 0 1 1 o j 

Again t he process is repeated . In the next partial add, Di.9 is 

"carried" into A because a f i nal "fix up" pad is executed on the basis 

of the sign bit in A being ZERO (i.e . , positive). Thus, 

D 1 0 1 1 1 1 1 1 ol ASK 002 

A 1 1 1 1 1 1 1 1 11 

AB 1 1 1 1 1 1 1 1 11 1 0 0 0 0 0 0 0 ol 

A and Bare now i nterchanged, so that the quotient is now in A and the 

remainder is in B. 

AB j100 ooo ooo l 111 111 111 1 

Up to thi s point both Y and Z have been in the ZERO state . Several 

things now occur simul taneously: 

1 ) Since Z is ZERO, Bis complemented. 

2) . Since Z Y, A is not complemented. 

3) S ·nce A is ONE, Z is set to ONE (indicating an overflow). ]. . 9 ]. , 

Thus, 

z [I] AB 100 ooo oool 0 0 0 0 0 0 0 0 0 
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Note tha t since Z indicates an over f l ow, A does not contain the right 

quotient . However , the r i ght quotient can be obtained by following t he 

DIVide instr uction with a NOrrnal ize instruction . 

14- 2 .6 COUNT IND TYPE INSTRUCTIONS 

14-2 .6 .1 SCA , SCB , SAB, CYA , CYB AND CAB. SCal ing and CYcling are simil ar type 

i nstructions . SCal ing effectively mul tiplies the data by a positive 

or negative power of 2 while pr eserving the significance of the sign 

bit . CYcling simply r otates the data (inc l uding the sign bit) left or 

right within the subword . In both SCale and CYc l e type instructions , 

the sign quarters of the oper and in D prescribe the number of shifts to 

occur . 

Fig . 14- 6 shows an example of a SCale AB instruction (SAB) in which an 

f
2 

(18 , 18) f r acture was specified . It is assumed that one of the sub 

words in the oper and has a negative sign and that the other subword has 

a positive sign . 

Two cases are i l lustr ated in Fi g . 14- 6 . In case 1 , it is assumed that 

overfl ow indi cators z
2 

and z4 were left in a ZERO state by the pr evious 

instruction . Case 2 assumes that the same over f l ow indicator s were 

l eft in the ONE state by the pr evious instr uction , i .e . , that an over

f low occurred in these instr uctions . 

The following events take pl ace in the SAB instr uction. The sign 

quar te r of the l eft subwor d in D i s complemented . This occur s because 

the or iginal sign bit of the operand , now stor ed in Y4, is positive 

(ZERO) . The sign quarter of the right subwor d i n D i s not compl emented , 

s ince the operand is a l ready negative (ONE) . The operand in D4 
specifies the number of shifts that will occur in the data in the 

associated AB subword A
4 

- A
3 

- B4 - B
3

. The fact t hat Y
4 

is ZERO 

means that the data will be shifted to the left . Similarl y the operand 

in D
2 

specifies the number of shifts that will occur in the data in AB 

subword A
2 

- A
1 

- B
2 

- B
1

. The fact that Y
2 

is ONE means that the data 

will be shifted to the right . 

First consider Cas e 1 . Here the over flow bits in Z ar e both ZERO . The 

l ogic of the SCal e instruction requi r es that the sign bit be l ef t un 

changed, therefore no shift into the sign bit occurs. Consider now 

the left subword . If the sign bit is ZERO , shifting shoul d fi ll up the 

r ight end of the subword with ZEROS. If the sign bit is ONE, shifting 

should fill up the r ight end of the subword with ONES . Shifting the 

sign bit (A4 _
9

) into the right end (B
3

_
1

) accompl ishes just this resul t . 
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In the case of the right subword, shifting right should fill up the 

left end of the subword with ZEROS, if the sign bit is ZERO and ONES if 

the sign bit is 1. Shifting the sign.bit (A
2

_
9

) into the l ef t end 

(A
2

_
8

) accomplishes just this result . 

Now consider Case 2. Here the overflow indicators z4 and z
2 

have 

both been left set to ONE by the previous instruction, i.e., an over~ 

flow has occurred. The overflow has caused an error in the sign, there

fore the sign must be complemented before the data is shifted. The 

mechanics of the instruction are then the same as in Case 1. The ONES 

in z4 and z
2 

are cleared to ZERO by the SAB instruction, since the 

overflow is taken care of by the instruction. 

Fig. 14-7 shows an example of a CYcle AB instruction (CAB) in which the 

same operand, data, fracture and overflow conditions are used as were 

used in the SAB example. The example illustrates the basic differences 

between the two types of instructions . 

In the case of CAB, the entire subword is shifted in a closed ring. 

The sign bits are given no special treatment. In Case 2, in which the 

overflow indicators have been set to ONE by a previous instruction, 

the CAB instruction does not affect and is not affec ted by the state of 

the Z flip-flops. 

In both SCale and CYcle instruction ASK performs no useful function 

during the execution of the instructions. It simply is indexed once 

each time a shift occurs. The number of shifts which take place are 

determined by the D counter. 

14-2.6.2 NOA AND NAB. These instructions take the data left in A or AB and 

multiply it by that positive or negative power of 2 required to make 

the value of the data lie between 1 /2 and 1. The sign quarter of D 

counts the number of shifts to the left or right required to do this. 

Effectively, the number of shifts to the left required is subtracted 

from the sign quarter of the operand brought from memory and placed in 

D. 

In this instruction ASK prevents unlimited shifting from occurring when 

A or AB contains all ZEROS or all ONES. 

Overflows. are handled exactly as they were in the SAB instruction 

previously described. 
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14-2.6.3 TLY . This instruction is unique in that the operand from memory is 

placed in the A register . Neither the B or C register is used i n this 

instruction. 

In this instruction the data placed in A is complete l y rotated once and 

left in its or iginal position . The ASK counter is used to count the 

number of shifts required to completely "cycle " the subwords. The D 

counter "tallies " or counts the number of ONES that are contained in 

the data . The number of ONES is added to the contents of the sign 

quarter in D left from the previous instruction . The TLY instruction 

has no effect on the overflow indicators . 

Fig . 14-8 summarizes the use of the ASK and D counters f or ASK type 

instruction. 

Fig . 14-9 summarizes the function of the Arithmetic Element registers 

and the Y and Z flip - flops for all the AK instr uctions . 

14-2,7 OPRAE ("AOP") VS OPRAE ARITHMETIC ELEMENT INSTRUCTIONS . All of the basic AK 

instructions discussed so far can be specified by the AOP instruction . This 

instruction has several characteristics : 

1) The Y bits of the N r egister are used to specify the ins truction and 

its configuration. The Y bits do this by setting the state of the AKIR0p 

and AKIRCF registe r s directly with no intervening decoding . 

2) In this instruction there is no memory operand or operand cycle . The 

data in what would ordinarily be the Arithmetic Element operand registe r 

is the data left there from a previous instruction . 

3) Because the part of an Ar ithmetic El ement instr uction in which an 

operand is taken from memory, configured in the Exchange Element and 

then loaded into an Arithmetic Element register is absent in the AOP 

instruction, the effects of configur ation specification are different. 

Fig . 14-10 shows a comparison of an AOP and AOP instruction . 

The AOP instruction is a CYA in which onl y quarter 2 of an fl (36) fracture is 

specified active . Similarly, the AOP instruction is used to specify a cycle A 

in which quarter 2 of an f
1 

fracture is active . 

Consider first the CYA instruction . The sign bit in quarter 2 of the operand 

from memory is negative . This means that after the sign is extended i n the 
EXT ACT 

Exchange Element, quarters 1, 3 and 4 will contain ONES . The QKIR i levels 
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gener ated in the Progr am Element and used in the Exchange Element for sign 

ext ension are also used by the Arithmetic Element to determine which quarters 

ar e ac t ive . For example, the fac t that QKIBEXT ACT3, QKIBEXT ACT4 and 
EXT ACT 

QKIB 1 levels were generated to extend the sign into the thir d, fourth 

and firs t quarter .means that the a
3

, a
4 

and a
1 

levels will be generated by 

AKIRcF · This will activate the 3rd , 4th and 1st quar ters of the Arithmetic 

El ement . Not e that because of this al l the quar ters of the Arithmetic Element 

are active . Any shift that occurs because of the CYA instruction will cyc l e a 

36 bit word in a closed ring . 

In an f
1 

(36) fractur e the contents of quar te r 4 of D (i .e . , the s ign quarter) 

will determi~e how many shift s ar e to take place . Si gn extension has fil l ed 

quar ter 4 with ONES, however . This means t hat no shifts will occur in the 

instruction as specified . 

Now consider the AOP equivalent of the AOP i nstruction . Assume that the same 

operand brought from memory i n the AOP instruction previously discussed, is, in 

the present i ns t ance , left in D from a previous instruction . 

Assume that the Y bits of the N regis ter specify an f
1 

fracture and quar ter 2 

is ac tive . This means that AKIBCF will generat e an f
1 

leve l and an a2 level . 

Coupling units in the Arithr.letic Element connect the various quarters of A and 

Bon the bas i s of instruction , activity and fracture . In the present case , the 

fact that f and a in a cycle A to the right instruction (assume that the sign 
1 1 

bit ( Y
4 

= D
4

_
9

) is a ONE) are specified means that A
3

_
1 

will be coupled to A2 _
9

. 

However , no shifting will occur i nto A
1

, A
3

, and A4 . If A
3

_
1 

contains a ZERO 

and D
4 

specifies more than 9 shift s, A
2 

will fill up with ZEROS . 

This example sugges ts the ma i n differences between AOP and AOP instr uctions . 

14- 3 ARITHMETIC ELEMENT REGISTER OPERATION S 

This section will discuss the various types of regis ter transfers that can occur in the 

Ar ithmetic El ement . The basic t ransfers , which are finite i n number , are used to 

execute all the Arithmetic Element instructions. 

14- 3 .1 STANDARD TRANSFERS . Fi g . 4- 11 shows the standard register operations common to 

A, B, C and D. These operations are : 

l.Q. A 
(B , C and D and Y) 

(B , C and D) 

(B , C and D and Y) 
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The execution of certain instructions requires that the contents of A be jammed 

into B (e .g . , in the MULtiply instruction), or that the contents of A and B be 

interchanged in a jam transfer (e .g . , in the DIVide instruction) . Fig . 14-12 

shows these jam transfers . 

14-3 .2 SPECIAL LOGICAL TRANSFERS . Fig. 14- 13 and 14 show two special logical t ransfer 

circuits in the Arithmetic Element . 

I PAD .. The transfers shown in Fig . 14-13 are i nitiated by a "partial add" pulse ( ) . 

This pulse compl ements A . . if the corresponding D . . bit is a ONE . This is the 
l -J l.J 

"exclusive OR" transfer used to perform a partial add . At the same time, the 

PAD pulse sets C . . to ONE, if the corresponding A and C bits are ONES . This is 
l -J 

a carry operation based on accumulating in C the logical product of A and D. 

Note that if C .. were in the ONE state when a ONE was "carried" into it during 
l . J 

a partial addition, the l ogic of the arithmetic would break down . Later we shall 

see that , except during DSA, C .. is always in the ZERO state when a ONE is 
l . J 

carried into it due to the over-all instruction logic . 

The transfers shown in Fig . 14-14 are initiated by a "Multiply Step" pulse . The 

Multiply Step operation really does several things at the same time . Basicall y 

the operation shifts the content of A and performs a partial addition of the 

contents of C and A. 

The example below illustrates the main features of the Multiply Step operation : 

® C .. ~ A . . l oJ l oJ 

Before MS (After PAD) 

0 0 1 1 

~ Sign Bit 

1 

0 1 1 0 

/ 
0 1 1 0 

B . 1.9 

0 

C 

A 

C 

A 

After MS (Before PAD) 

0 1 0 1 

0 0 1 0 

Since both these transfers occur at the same time , the net effect is as follows : 

e c .. 
i · J 

14-18 

0 

March 1961 



0 

0 

0 

0 

0 

0 

0 

The fol l owing truth table shows al l the poss ibl e effects of the Multiply Step 

operation on the A and C register: 

Before MS After MS 

Ai· ( j+ 1) C i ' j A 
i·j 

C 
i•j 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

Note that A . and C are never both l eft in the ONE state by the Multiply 
i. J i. j 

Step operation. 

From the arithmetic point of view, the partial addition logic adds the contents 

of A and D bitwise, leaving the carries in the C register. No inter-bit logic 

occurs in this partial add i tion. The Multiply Step operation performs a partial 

addition between the content of the C register (i.e., the carries left in the C 

register) and the content of the A register. The carries from t his partial 

addition are placed in the C register and the content of the A register are 

shifted to the right. 

14-3,3 D REGISTER COUNTER. Fig . 14-15 shows the operation of the D regis ter counter . 

As pointed out earl ier, the D register is always preset to a negative number and 

then counts up to a negative zero, i.e., all ONES . The counter logic says that 

D .. will not be complemented unless all the bits to the right of D .. (i.e., 
l'J l ' J 

D. 1 the rough D. (. l)) are ONES. 
l' l' J-

14-3,4 SHIFTING OPERATION. Fig . 14-16 shows the circuitry arrangement for shifting l eft 

and right. The A register shift circuits are shown in Fig . 14-16 (the B register 

shift circuits are similar in arrangement) . 

March 1961 

The shift circuits must have sufficient flexibility to accommodate all the possible 

fractures and instructions. To provide this flexibility, the quarters are designed 

with "shift coupling units" at the ends. The shift operation involves a bit-wise 

jam transfer. 

Note that the shift right circuitry has a coupling unit at the l eft end . This 

unit determines what bit (if any) will have its content shifted into Ai.
9 

when 
fSHR., the A pulse is fired . There are eight poss ible transfer paths into Ai _

9
: 

J\:,i ~ Ai ,
9 

(K = 1, 2, 3, 4) and ( in AB type coupling) BK·l ~ Ai .9 
(K = 1 , 2, 3, 4). Which of the eight possibilities used is determined by the 

fracture and the instruction . The coupling unit contains the necessary logical 

circuitry for making the decision . 
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The shift left circuitry is similar to the shift r ight circui t r y with one slight 

variation . In s ome instructions, e . g ., SCA, and fractures, Ai .
9 

is the sign bit. 

For these instr uctions the i nstr uction logic may not shift A. 8 into A. 
9

. For 
J. • J.• 

this reason, the shift left circuitry has two Shift Left Coupling Units : one at 

the right end of the quarter and the other between the Ai .8 and Ai .
9 

bits . 

14- 3 . 5 CARRYING OPERATION . Fig . 14-17 shows a l ogical block diagram and t r ansistor block 

schematic of the A register carry scheme . 

First cons ider the l ogic of the carry scheme. The right end of the carry out in 

the· quarter is dr iven by a Carr y Coupling Unit . This coupling unit has a similar 

function to the shift coupling unit described above . It determines what data 

will be carried into (or through) the quar ter . The carry inputs are the Di .
9 

states of each quarter and the "carry outs " (CYO.) of other appropriate quarters . 
l. 

The selection logic is based on the ins truction (DIV or DIV) and the fracture . 

The logic can be br oken down into two par t s : the bitwise carry logic within a 

quarter , and the logic involved in carrying between quarters . 

Consider a typical stage for if 1 . The carry into this stage ( CYI . . ) is 
J. • J 

identically the same as the carr y out of the previous stage (CYOi •(j - l )) . 

This carry circuit is used to propagate a "complete carry" through the A r egister . 

For exampl e , in MULtiplication a number of partial adds and mul tipl y s teps is 

followed by a f inal complete carry . At any one stage in the execution of the 

MULtipli cation, the A register contains the current accumulation of partial 

additions and the C register contains the cur rent accumulation of part ial 

carries. In the complete carry, the carry bits in C must be correctly brought 
1CRY 

down into the A register. The ~ pulse does this . 

If a carry level into the i •j stage (CYI . . . ) is present , it wi l l complement 
1CRY 1 J 

A . . when the ~ A pulse is fi r ed . 
l. · J . 

A carry out of the i •j stage will occur whenever C~ . , or A1 and a carry in 
l. · J i • j 

( CYI . . ) , occurs . 
J.•J 

A carry into a quarter (CYI .) will occur whenever the carry coupling logic is 
l. 

satisfied. The i . l stage will then t reat CYI
1
. as a normal CYI .. is t r eated . 

l.. J . 

A carry out of the quar ter (CYO.) will occur if either a carry into the quarter 
l. 1 

occurs (CYI.) and the quarter contains all ONES (A.), or if a carry out of the 
l. l. 

i.9 stage occurs . Note tha t CYOi .
9 

will not be generated unl ess the quarter does 

not contain all ONES (A~) . This logic allows the carry to bypass t he quarter if 
l. 

it i s alr eady loaded with ONES . This saves the time requir ed to propagate the 

carry through the quarter . 
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14-4 ARITHMETIC ELEMENT LEVEL LOGIC 

This section will discuss the i nterpretation of the control i nfonnat ion found in the 

AKIR0p and AKIRCF registers. It will also discuss in detail some of the special level 

logic nets found in the Arithmetic Element. For example, the logic details of the shift 

and carry circuits will be examined. 

14-4.1 AKIROP AND AKIRCF REGISTERS. The Arithmetic Element receives instruction control 

commands for AK t ype instruc t i ons from the AKIROP and AKIRCF registers. These 

registers are actually located in the Program Element. Chapter 12 describes how 

the AKIROP and AKIRCF registers are set up. This chapter discusses the decoding 

of these registers. Note that AK type ins t ructions which use the Arithmetic 

Element are controlled by QKIROP and QKIRCF' These two registers are also dis 

cussed in Chapter 12. 

xx 
AKIROP DECODING. The AKIROP register is decoded into AKIROP levels by 

1st level decoders. Fig. 14-18 shows the names of the decoded lines . 

Fig. 14-19 shows how OP decoders in turn combine the outputs of the 1st 
DIV 

level decoders to generate OP code lines. For example, AKIR is 

generated by a net that ANDs AKIR7X and AKIRx7 . Note that not all the 

Arithmet ic Element instructions are decoded in this way, e.g., SUB (77) 

is decoded, but ADD (67) is not . 

Still another set of levels is generated in the AKIROP decoding process 

by class decoder nets. These class levels group the Arithmetic Element 

instructions by common characteristics. For example, one level can be 

used to indicate a class of instructions in which shifting takes place . 

Fig. 14-20 tabulates the logic used to generate the class levels. The 

significance of these levels will become apparent when the l ogic which 

uses them is discussed. For reference purposes, a brief description of 

each class level is given below: 

AKIRSH - is generated when any one of the CYcle or SCale 

instructions is specified. These instructions shift ·data 

in A, B or AB as specified by the sign quarters of the 

operand in D. 

AKIRSHA AND AKIRSHB - are both subclasses of AKIRSH_ The 

necessary condition for their generation is that shifting 

occur in register A or B, respectively. Note that i f 
SH SHA 

either CAB or SAB is specified, both AKIR , AKIR and 
SHB . 

AKIR are generated. 
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AKIRCY - implies an instr uction in which data is cycled i n a closed 

ring . The form of the closed ring is determined by the specific 

instruction and the fracture specified . The instructions which 

cycle data a r e the CYcle instructions and the TLY and DIV 

instructions. 

AKIRAB - implies an instruction in which A and Bare coupled . In 

certain instr uctions the subwords of A are extended by joining 

them to the corresponding subwords in B. In this way an AB sub

word is formed . This occurs in the CAB , NAB and SAB instructions, 

as we l l as in the DIV and MUL instructions . 

A+B ~ 
AKIR ( = AKIR ) - self explanatory . 

AKIRCY · AB - is an example of class levels being combined to form 

a new c l ass level . This l evel is generated by those instructions 

which cycle data from A i nto B (or B into A) in a closed ring . 

The instructions that do this are CAB and DIV . 

AKIRCY · (A+B) C - is generated by the YA, CYB and TLY ins t r uctions . 

In these instruc t ions data is cycled in r egister A or in r egister 

B, but not in AB . 

AKIR2N - controls allowable shifting. Ear lier in the chapter 

(Fig . 14-8), we saw that ASK is used in the CYc l e , SCale, Normalize 

and TLY instruction to prevent excess shifting f r om occurr ing . In 

the case of CAB , NAB and SAB, ASK l imits the sh ifting to 

(appr oximately) twice the subwor d l ength spec i fied by the fracture . 

A.KIR
2
N is generated in these instructions to indicate the double 

l ength shift allowed . 

A.KIRN( = ~) - self expl anatory . 

AKIRNOR - is gener ated by the two Normalize instr uctions , i .e . , 

NOA and NAB . 

AKIRADD - is generated by either the ADD or SUB instruction . Note 
SUB ADD 

that when SUB is specified, both AKIR and AKIR are generated, 
ADD 

but that when ADD i s specified onl y AKIR is generated . 

OCSAL . . . AKIR - is used in the OCSAL a l arm logic. The AKIROCSAL level 

is generated when AKIROP specifies an undefined Ar ithmet i c Element 

instruction . Al l the Arithmetic El ement instructions are i n the 

6O ' s and 7O ' s , but 63 and 73 are not defi ned . Note that this 
1 

l evel inc l udes AKa.i as a factor. 
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AKIRAOP - is generated whenever an undefined AOP instruct i on is 

specified. Note that currently the defined AOP instructions are 

limited to the Arithmetic Element instructions, hence the same 
OCSAL AOP. 

logic that generates AKIR also generates AKIR 

14-4.1.2 AKIRCF DECODING. The AKIRCF register is decoded to generate fracture 

(f ) and activity (a) levels. Bits AKIRCF 
7-4 

determine the act i vity, 

and bi ts AKIRCF 
9-8 

determine the fracture. The table on Fig. 14-21 

shows the AKIRCF decoding. 
1 

level and that the a. level 
0 1 

AKIRCF leve 1 . 
J 

1 Note that a quarter is activated by an ai 

is in turn generated by an associated 

Fracture decoders use the a's and f's as inputs to generate Roman 

numeral levels. The unsubscripted Roman numerals (RN) indicate the 

sign quarter of a subword which contains at l east one active quarter. 

For example, II indicates that quarter 2 is a sign quarter and that it 

is part of a subword which is at least partially active. 

The subscripted Roman numerals (RN.) ·indicate that the i-th quarter is 
1 

active under a certain special condition. This condition is that the 

i-th quarter is part of a subword whose sign quarter is given by the 

Roman numeral. For example, IV
1 

indicates that quarter 1 is active and 

is part of a subword which has quarter 4 as its sign quarter. 

A pictorial representation of these Roman numeral levels is shown in 

Fig. 14-21. The conditions for generating these levels are: 

Roman Numeral I. The only occasion when quarter 1 is t he l eftmost 

quarter of a subword which contains at least one active quarter is 

when quarter 1 itself is the subword. Thus, I= I
1

. (Note this 

same argument makes III= III
3

.) I is generated in both the f
3 

(27,9) and f 4 (9,9,9,9) frac tures when quarter 1 is active 
1 

(al). 

Roman Numeral II. A threefold poss ibility exists: either the 

first quarter is active and there is an f
2 

(18,18) fracture, or 

the second quarter is active and there is an f 2 (18 ,18) or f 4 
(9,9,9,9) fracture. 

Roman Numeral III and IV. The l ogic here is similar to that 
1 

described for I and II. Note that IV4 = a 4. 
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14-4 .2 ALL ZEROS (A?) , ALL ONES (A~) LEVEL LOGIC. The logic generating the A? and A~ 
l l l l 

levels is shown in Fig. 14- 22 . These levels indicate that the quarters a r e 

filled with all ZEROS ( or all ONES) . A? and A~ are used in the carry and jump 
l l 

logic. 

14-4 . 3 SIGMA( ,:,-) LEVEL LOGIC . Ai .
9 

= Ai .B implies sigma ( a-) . Fig . 14- 23 shows the 

explicit logic generating the sigma ( :r--) level . This level is used in the 

NOrmalizing instructions to indicate that Ai .
9 

Ai .Band that consequently the 

normalizat ion process is not yet finished . 

14- 4 . 4 SHIFT COUPLING UNITS . These units are l ogic nets which determine how the quarters 

of A and Bare coupled together during shift instructions . In (A+ B) type 

instructions the quarters of A are always coupled to other quarters of A, and 

similarly the quarters of Bare always coupled to other quarters of B. In AB 

type instructions cross coupling between the registers can occur . 

Fig . 14- 24 shows the logic that relates the inputs and outputs of the Shift 

Coupling Units shown on Fig . 14-16. Fig. 14-25 shows the corresponding shift 

coupling logic for register B. 

For the moment consider Fig . 14-24 . Note that all of the shift right logic 

involves inter-quar ter shifting. If the instruction is an (A+B) type , A. 1 , 
l. S 

will be shifted into Ai_
9

,s . The specific bits shifted will depend on the 

fracture . If the instruction is an AB type, B will be shifted into A , . 
i . l's i.9 s 

Again the specific bits shifted will depend on the fracture . Regardless of 

which type instruction is involved, i . e ., (A+B) or (AB) , cer tain quarters of A 

will be coupled to other quarters of A by the last term in the shift coupling 

logic. 

The logical format for shifting in Bis similar and shown in Fig . 14-25 . 

Fig . 14-26 shows a specific example of shift right coupling for both an (AB) type 

instruction and an (A+B) type instruction that have an f
2 

fracture. Note that 

in both instructions the same l ogic couples A
4 

to A
3 

and A
2 

to A
1

. In the (AB) 

type instruction , the sign quarters of the subwords are A4 and A
2

, respectively . 

No shift into A4_
9 

or A
2

_
9 

will occur unless the instruction is a shifting 

instruction which ignores the sign bit, i . e ., CY · AB = CAB+ DIV . Since B
4 

and 

B2 are not sign quarters, it is only necessary that the instruction be an AB 

type, i .e ., (CAB+ NAB+ SAB) + (MUL + DIV) in order that A
3

_
1 

be coupled to 

B4_
9 

and A be coupled to B . 
1 .1 2 .9 

Note in Figs . 14-24 and 14- 25 that the fractures in the column " independent of 

AB/(A+B) " are always the complement of the fractures in the "AB and A+B" columns . 
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The inter-quarter shift left logic shown on Fig. 14-24 and 14- 25 is simila r in 

format to the shift right logic with one important exception . Si nce in a shift 

left instruction we are always shifting information into i . l, there are no sign 

bit considerations . This means that the shift is independent of whether the 

instr uction is or is not of the CY type and depends only on whether it is of the 

(AB) or (A+B) type . 

In the case of shift left , coupling units are also required between the i.8 and 

i ,9 bits, i . e . , intra-register coupling exists . If a CY type instruction is 

involved, no sign bit consideration is involved and i .8 is always coupled to i ,9 , 

If the fractur e is f
1 

(36) or f
2 

(18,18), 1.8 will always be coupled to 1.9, 

since in either fracture 1.9 is not the sign bit . Similar logic is involved for 

coupling into 2 .9, 3 .9 and 4.9 during a shift left . Note that 4 .9 is always a 

sign bit regardless of the fracture. 

If an AB instruction is involved , B will never be a sign quarter, therefore 
i ,9 --

B . 8 is always shifted into B. on a shift left instruction. 
i . --- i.9 

In passing, it might be mentioned that the speed of the coupling logic nets them

selves becomes critical if the shifting rate approaches 5 megacycles . 

14-4 . 5 CARRY COUPLING UNITS. Fig . 14-27 shows the logic that relates t he inputs and 

outputs of the Carry Coupling Units shown on Fig . 14- 17. Note that CYI. 
i 

represents a carry into the i - th quarter, while CYOi represents a carry out of 

the i - th quarter . 

For DIV type instructions, t he carries are propagated in a ring whose constituents 

are determined by the fracture . For example, suppose an f 2 fracture is specified 

for a DIV type i nstr uction . The quarter wise carry picture would then look as 

shown in Fig . 14- 28(a) . 

In the DIVide instruction a 2 ' s complement-like arithmetic is used . The logic of 

this arithmet i c requir es that a 1 be added if the sign bit in Dis negative. 

This is shown in Fig . 14-28(b) . The inter-quarter carry logic is the same for 

both DIV and DIV instr uctions . Only the end around carry differs for these two 

cases . 

Note that the carry logic format shown on Fig . 14-27 is very similar to the shift 

logic format shown on Fig . 14-24 and 14- 25 . 

14- 4 .6 AEJ LEVEL LOGIC. AEJ is a level which indicates whether a jump is to be made, 

based on the contents of the Arithmetic Element . It can be generated during a 

JPA, JNA or JOV instruction . The function of AEJ for each of these instructions 

is as follows : 
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JPA If some active subword contains a positive non - zero (arithmetically) 

number, AEJ will be generated and cause the output of the XA (X Adder) to be 

copied into P. 

JNA If some active subword contains a negative non-zero (arithmeticall y) 

number, AEJ will be generated and cause the output of the XA to be copied 

into P . 

JOV If some active subword has a Z flip - flop in the sign digit position 

set to ONE , AEJ will be generated and cause the output of the XA (X Adder) 

to be copied into P. 

Fig. 14-29 shows the logic generating the AEJ level . Note that the presence of 

any one of the terms is sufficient to generate AEJ . 

As an illustrative exampl e , the conditions for causing a jump based on the con
JPA 

tents of A
2 

will be discussed . If a JPA is executed, PKIR will be generated . 

EXT ACT 
QKIR 2 indicates that the quarter 2 of the Arithmetic Element is active , 

0 while A
2

_
9 

indicates that the sign bit is positive . Note that A
2

_
9 

is the sign 

bit in an f
2 

(18,18 ) or f 4 (9,9,9,9) fracture . The additional factor in the term 

on Fig . 14-29 insures that the active subword contains a non-zero number. Note 

that in an f
2 

(18,18) f r act~re i~ is sufficient that quarter one not contain all 
1 0 f 

ONES or all ZEROS, i . e . , A1 · A1 · QKIR 2; while it is sufficient i n an f 2 
(18,18) or f4-,,(9,9,9,9) fracture that quarte r 2 not contain all ONES or all ZEROS, 

i . e . ,~ A~ · QKIRf2+f4 . 

The logic for JNA is the same, except that A2 _
9 

must be in the ONE state . 

The JOV logic is also similar . z
1 

is in a sign quarter in an f
3 

(27,9) or f 4 
(9,9,9,9) fracture . z2 is in a sign quarter in an f

2 
(18,18) or f 4 (9, 9 ,9,9) 

fracture, etc . Note that z
4 

is always in a sign quar ter regar dless of the 

fracture. 

14- 4 .7 ~ AEP LEVEL LOGIC . L.J2...+ AEP is used to clear to ZERO the AEP (Arithmetic 
0 

Element Predic t) interlock flip-flop . (See Chapter 10 . ) AEP i ndicates that the 

Arithmetic Element will soon be available for use by another Arithmetic Element 

instruction . For each Ari thmetic Element instruction and configuration an event, 

befor e the completion of the AK cycle , is chosen to generate the 4 AEP level . 

The AEPO level effectively predicts the maximum time required for the balance of 

the AK cycle . This maximum of the maximum t i mes is 2 .8 microseconds and occurs 

during an ADD instruction with an f
4 

fracture. Dur ing other i nstructions and 

with other configuration the time can be less . 
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Fig. 14-30 gives the anticipatory logic for generating the~ AEP level. The 

first tenn in this logic is concerned with the NOnnalize instructions . In these 

instructions the data in the subword is shifted until the value of the data lies 

between 1/2 and 1, i.e., the left-most bits in the sign quarter must be 01 or 10. 

If the sign quarter contains neither all ZEROS nor all ONES, the greatest number 

of shifts that can occur before the data is nonnalized is eight. For example, 

suppose the subword contains the following data: 

SIGN QUARTER 

1111111110 I xxxxxxxxx] ----------

If a Normalize instruction is executed, after seven shifts the data will be 

normalized, i.e., the sign quarter will look as follows: 

11oxxxxxxx1 

The example just given was a "worst condition" case. The data to be normalized 

might have been: 

j11oxxxxxx1 

In this case only one shift is required to normalize the data. 

Note that if the sign quarter is quarter 1, then a Roman numeral I will be 

generated, and it is necessary to know only that this quarter does not contain 

all ZEROS or all ONES to know that a maximum of seven shifts will occur before 

the data is normalized. 

In the case where the subword contains the following data, 

SIGN QUARTER 

1 1 1 1 1 1 1 1 1 11111oxxxl 

six shifts occur before the ~AEP level is generated. AEPO then indicates 

that a maximum of seven additional shifts will follow before the data is fully 

normalized. 

The second term in the ~AEP logic is concerned with the SH instructions 

(i.e., CYcle and SCale). Since the D counter always counts up to zero from some 

negative value in these instructions, it is always possible to know how long the 

count will take to complete from an arbitrary but predetermined counter state. 

LAD is used as the reference event in the count. LAD. anticipates how long it 
l 

will t ake to complete the count in the i-th quarter of D. If a Roman numeral II 

is generate~, we are interested in the LAD2 level, etc. The logic here is very 

similar to that for the NOR instructions. 
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The third tenn in the ~ AEP logic is associated with the ADD, SUB and DSA 

instructi.ons. In this case, the balance of the AK instruction time depends only 

on the reference AK state . 

In the DIVide instruction, it is necessar y to know both the state of the AK 

counter and the ASK counter to predict the balance of the AK instruction time . 

The fifth tennis concerned with the case where the ASK counter overrides the 

D counter . This is the case where some active subword contains all ZEROS or all 

ONES. In the NOnnalize instructions, after a certain number of shift counts 
0 

have occurred, AEP will indicate that there are at least no more than 6 

additional shifts to occur . In the TLY instruction, after a certain number of 

shifts counts have occurred, AEPO will indicate that there are exactly 6 

additional shifts to occur. 

The MUL tenn logic is similar to the DIV tenn logic. 

Finally, in the case of an undefined AOP instruction, a finite time exists 

between the generation of the AKIRAOP level and the completion of the AK cycle . 

Note that AKIRAOP includes an AK time level, i.e . , 

AKIRAOP 

ARITHMETIC ELEMENT REGISTER DRIVER LOGIC 

The remainder of the chapter will discuss the specific register driver pulses found in 

the Arithmetic Element and the logic generating these pulses . 

All of these register driver pulses are tabulated on Fig. 14-31 . This figure shows the 

various l ogic and counter time levels that are found in the register driver logic. For 

example, the sigma ( a- ) levels are found in both the D counter register driver logic and 

in the shift register driver logic . 

Fig . 14-32 tabulates all the pulse gate logic . In some cases the gating logic is quite 

simple, in other cases it is quite complex, e.g., the gating logic for the Z flip-flops. 

Once the logic generating the register driver pulse is known and the pulse gating logic 

is known a comprehensive picture of the register operation can be established . 

14-5 .1 Di I + 1 - Di RD LOGIC . (See Fig . 14-33) . Counting will occur in the 

quarter of D corresponding to the sign quarter of the subword in A. The Roman 

numerals i ndicate the sign quarters . The FD . levels indicate when the D counter 
l 

has counted up to zero . The count pulses are then inhibited by the FDi levels . 
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In the SH type instructions (CYcle and SCale), counting is initiated at AKa _

3
. 

Overfl ow control occurs at AK;_
3 

and then AK counts on to ~. 4. The ma jor 
1 

portion of the counting in D then occurs in AKa_ 4 . 

In the TLY i nstruction, D counts the ONES that appear in the sign bit of A at 
1 AKa_ 2 as the subword is cyc l ed (rotated) . 

During the NOnnalize instructions, D counts, i.e., continues to nonnalize, as 

l ong as A. = A. 8 . This equal ity i s i ndicated by the er ( sigma) leve l s . 1 .9 lo 

Note that ASK can override the D counters by forcing AK into a new time state 

even though the D counter register driver logic is not satisfied. D then stops 

counting, even though the FDi leve l s ar e not generated . 

14-5.2 A REGI STER SHIFT RD LOGIC. (See Fig . 14-34). During a TLY instruction, shifting 

to the right occurs in all the active quarters of A. The shift decision is 

independent of any fracture consider ati ons. 
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During a NOnnalize type instruction, the active quar ters of a subword are shifted 

to the right if 

overflow. Note 

to occur 

z l 
1 

Zl 
2 

Zl 
4 

in A. 

. I 

Ill 

the Z f l ip-flop in the sign quarter of the subword indicates an 

that there are three possibilities that can cause a shift right 

Quarter 1 is active and is a l so the sign quarter . z1 
· I 

1 
indicates that quarter 1 is part of a subword in which an 

overflow condition exi sts . 

Quarter 1 is active and the sign quarter is quarter 2. z1 
· II 

2 1 
indicates that quarter 1 is part of a subword in which an over

flow condition exists . 

Quarter 1 is active and the sign quarter is in quarter 4. 
z 1 • IV indicates that quarter 1 is part of a subword in which 

4 1 
an overfl ow condition exists. 

The shift r i ght logic for the other quarters of A during NOnnali ze type instruc

tions is simil ar to that just described . The shift l eft decision is made if 

Ai.
9 

= Ai .Sas indi cated by the a- (sigma) level s . 

1 
Note that i f there is to be a shift right it wil l occur at AKa _2 At the com-

pletion of the shift right, A. f A. 8 (see Fig. 14-43 for the NOR logic that 1.9 l. 

compl ements Ai.
9 

at ~-
2

), th~refore the a- ( sigma) l eve l s will be absent and 

no shift left will occur at AKa _4. 
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The shift logic for the SHA type instructions is similar to that for the NOR type 

instructions . The shift right decision is made if the operand sign bit is 

negative (Y
1 

- D
1 

) and left if the sign bit is positive (Y? = D? ) . Note 
i - i -9 ' 1. 1. .9 

that FD
1 

is used both for inhibiting the counting in D and for inhibiting the 

shifting in the SH instruction. 

A shift left in the active quarters of A occurs in the DIVide instruction. A 

shift occurs during each iteration as ASK counts up to zero . During the count up 

to zero, ASK is in the ONE state . One more shift occurs after ASK reaches the 

zero state . This shift is taken care of by the ASK~ term . 

14- 5.3 B REGISTER SHIFT RD LOGIC . (See Fig . 14- 35) . The B register shift logic for the 

NAB and SHB instructions is identical to the A register shift logic for the NOR 

and SHA instructions, respectively. During the MUL instr uction, a shift right 
1 

occurs in all the active quarters of Bat AKa _
3 

Similarly, during th~ DIV 

instruction, a shift left occurs in all the active quarters of Bat AKa _
9 

14-5 .4 MULTIPLY STEP RD LOGIC. (See Fig. 14- 36) . The Multiply Step pulses are fired 

off repeatedly during the MUL instruction . The two pul ses involved are : 

I MULT STEP ., A., C. . This pulse is fired off in a l l the active quarters . 
l. l. 

Note that this pulse effects only bits i . l through i .8 . 

IMULT STEP SIGN A C This pulse is fired off only for those i -9 
., i -9' i .9 

bits which are not sign bits . The logic for the MULT STEP SIGN pulses 

indicates that the pulse will be fired off for the i .9 bits, only if the 

sign quarter of the subword is to the left of the quarter in which the i-9 

bits are located. 

14-5 . 5 COMPLEMENT C RD LOGIC . (See Fig. 14- 37) . This logic is not currently used . The 

complement nets have, however, been partially incorporated in the computer . 

1CRY 
14-5 .6 CARRY RD LOGIC . (See Fig . 14- 38 ). During a DIV instruction, a ~ pulse 

will be fired off in all the active quarters of A. Note that DIV uses a twos -

complement arithmetic . The logic of this arithmetic leaves the carry loop open 

(see Fig. 14-28(b)) . 

The DIV instructions involve an "end around carry" . The logic involved closes 

the carry loop (see Fig. 14- 28(a)). If the subword in A contains all ONES, the 

loop tends to exhibit instability in the presence of noise . That is , it can 
1CRY generate a carry level by itself. For this reason, the .____ pulse is not 

fired off in a quarter if the subword containing it holds all ONES . For example, 

the ~A
1 

pulse is not fired off unless : (1) either A
1 

does not contain all 

ONES; or (2) A
2 

does not contain all ONES and there is an f
1 

(36 ) or f
2 

(18,18) 
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fracture; or (3) A
3 

does not contain all ONES and there is an f
1 

(36) fracture; 

or (4) if A4 does not contain all ONES and there is an f
1 

(36) fracture. 

14-5.7 PARTIAL ADD .RD LOGIC. (See Fig. 14-39). The execution of the MUL instruction 

involves the iteration of a "partial add - multiply step" loop. The loop looks 

somewhat as follows: 

March 1961 

Entrance 

Exit 

1 
The PAD pulse, encountered before the loop is entered, occurs at AK~_ 2 , while the 

1 
PAD pulses in the loop occur at AK~.

3 

PAD 

PAD 

on Fig. 14-39 pertains to the MUL instruction. The logic ANDed with 

says that the i-th PAD pulse is fired off if the rightmost bit in the 

subword in Bis in the ONE state and the i-th quarter is active. For example, a 

partial add pulse is fired off in quarter 4 if an fi (27,9) fracture is involved 

and the B2 _1 bit is in the ONE state at (~_
3 

+ ~-2 ). 

The execution of the DIV instruction involves the iteration of a "partial add -

ca.'rry". The loop in this case looks somewhat as follows: 

Entrance 

Exit 

1 
The PAD pulse, encountered before the loop is entered, occurs at AK:i3_

3
; 

1 
the PAD pulses in the loop occur at AK- • 

B.9 

while 

PAD pertains to the DIV PAD pulse that is fired off before the loop is 

entered. Note that this pulse is fired off in all active quarters. 
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PAD ¢ pertains to the DIV PAD pul ses that ar e fired of f in the loop. The 

early pul ses in the l oop ar e conditional on the state of the ASK counter and t he 

fact that the quarte r is active . Not i ce that RN. ::) al. The l ast PAD pul se 
J. 1 

f i red off is conditional not on ASK, but on the sign of the subwor d . Thi s is 

why the PAD ¢ ' s must be ANDed with the subscr ipted Roman numerals and not j ust 

t he activity l evels . As ASK counts , PAD¢ l ooks at ASIC , ASK
1 

and A Thus , 
r i .9 

ASK COUNTER 

1 1 1 1 1 1 0 AS~ :) PAD¢. 
J. 

wher e i 1, 2, 3, 4 

1 1 1 1 1 1 1 ditto 

0 :::) PAD ¢. where l, c: , 3, 4 0 0 0 0 0 0 0 ASK
1 

i 
J. 

0 0 0 0 0 0 1 AS~ 1 ONE , ASK
1 

1 ZERO , PAD¢ . ::) AO 
J. i.9 

PAD j 2 also t akes car e of the single par tial add pulse tha t is fi r ed of f in 
-- 1 

the DSA, ADD and SUB i nstr uctions at AK~ .2 

14- 5 .8 A, B,C AND D CLEAR RD LOGIC . (See Fig . 14- 40) . First consider the ~ A, B, C 

and D level s which cause the ~ A, B, C and D pul ses to be fi r ed off . These 

levels are t r igger ed by QK time l evels . If an oper and is to be stored in the 

Ari t hmetic El ement r egister s of the VFF Memory, the se l ected register will first 
22a 

be clear ed at QK . The A regis t er is a l so c l eared in the ITA and INS 
22a 

instruction at QK . If the Ar ithme t ic El ement r egister s ar e to be loaded, 
14a 

they will first be cleared at QK . 

1 
The active quarters of A will be c l eared in a MlJL i nstr uction at AKa .2 
occur s i mmediately after t he contents of A have been t r ansferred into B, 

1 
at AKCX . l 

This 

i .e . , 

1 
The active quarters of C will be c l ear ed in an ADD or SUB instructi on at AKO: . l 

1 j ust before t he PAD pulse is fired at AK~_
2

. These
1 

quar ters of C will a l so be 
1 I O . 

cleared in the MlJL and DIV instructions at both AKa.i and AKa 8 . The ........_ C, 
1 o . 1 i 

at AKO:. l sets up C f or the fi r st PAD pul se . The ~ Ci at AKa_8 l eaves C 

c l ear ed i n both the MlJL and DIV instr uction at t he end of the instruction . In 

t he case of the DIV i ns t r uction, i t a l so c l ear s Cat t he s ame time the carry 

occur s . 
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14- 5.9 Z PULSE GATE LOGIC AND RD LOGIC . (See Fig . 14- 41). See Fig . 14-4 for the function 

of Zin the various instructions . Z is cleared in the sign quarter at the begin

ning of the ADD, SUB and MUL ins t ruc tion . This occurs at AK~ . l Note t hat in 

the case of DIV an IA; 9 Sign• Z. pulse is fired at AK1 If the sign bit is 
O l CX . l l 

positive ( Ai_
9

), Z is cleared to ZERO ; if the sign bit is negative (Ai _
9

), Z 

is set to ONE. 

In the case of SCA, SAB , NOA and NAB, the instruction leaves Z cleared . The 

clearing occurs at AKt 
3 

MULtiplication always l eaves Z cleared . In the MUL 
. 1 

case, Z is cleared at AKCX.
9 

In the case of 

placed in Z at 

1 
MULtiplication, Z is cleared at AKCX . l and then the 

1 
AKcx _

2
. In the case of DIV, an overflow can occur . 

sign of A is 

This is taken 

care of by reading the sign of A into Z near the end of the instruction, i . e . , 
1 

at AKCX.ll 

The res t of the Z logic is used in the ADD and SUB overflow logic (see Fig . 14- 5) . 
1 1 

Z is first cleared at AKCX.l The signs of D and A are compared at AKCX .
3 

If 

they are the same, Z is set to ONE . The A register contains the addend or sub-
1 trahend at AKcx _

3 
At the same time the signs are examined, the PAD pulse is 

fired off . After the carry is completed, the A register contains the sum or 
1 differ ence . At AKcx _

9 
the sign of D and A are again examined. If they are the 

same , Z is cleared by the Reset Z logic . If they are different, the ONE left 

in Z indicates an overflow condition . 

14- 5 .10 A REGISTER COMPLEMENT RD LOGIC . (See Fig . 14- 42) . The subword will be com

plemented at the end of the MUL and DIV instructions if Z f Yin the sign 
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1 AKl quarter, i . e . , at AKcx _
9 

and CX.ll' respectively. 

In the DIV instruction, A is complemented at the beginning of the instr uction at 
1 

AKCX .l' if the sign of the subword i s positive . 

A is also complemented during the INS and ITA instructions as part of the 

execution logic . 

Note that l..£.--.. A. complements A t hrough A 
l i.l i.9 

In addition to complementing the quarters of A, it is possible to complement the 

Ai .
9 

bits individually . In SCal e instructions, if an overflow from a previous 

instruction exists in the sign quarter, the sign bit in A is complemented. If 
0 

the SCale instruction calls for a shift left (Y
1

), the sign bit is complemented 

at AK1 
2 

If the SCale ins t ruc tion call s for a shift r ight (Y1
1

) , the sign bit 
ex . 1 

is complemented at AKcx_
3 
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Finally, in a NOR instruction, the sign bit of A is complemented if an overflow 
1 from a previous instruction exists in the sign quarter . This occurs at AKa _2 

14-5.11 B REGISTER COMPLEMENT RD LOGIC. (See Fig . 14-43) . If a negative subword is 

placed in the B register in a MUL instruction, the subword will be complemented 

in the B register. This occurs just after the multiplier in the A register has 
1 

been transferred into the B register, i .e., at AKa_ 2 Thus , MUL is always 

executed with a positive multiplier in the B register. 

During a MUL instruction, the B register is also complemented at the end of the 
1 AK cycle , i .e., at AKa _

9
, if Z is not equal to Y. This is part of the sign 

control logic . 

In a DIV instruction, the minor half of the dividend, located in the B register, 
1 

is complemented at the beginning of the instruction, i . e . , at AKa. i' if the sign 

of the major hal f of the dividend 

the significance of the L.£.. B . · 
l 

located in the A register is positive . This is 

RN . l ogic. 
l 

The B register is also complemented 

at the end of the instruction when it contains the remainder, 
1 

in the sign quarter of A is in the ZERO state at AKa _11 

if the Z flip - flop 

10a 21a 
The B register is also complemented i n the INS instruction at QK and QK 

as part of the execution logic of that instruction . 

14-5 .12 D REGISTER COMPLEMENT RD LOGIC. (See Fig . 14-44). Consider first the complement 

D logic used in the NOR instructions. Since D counts up to zero, the memory 

operand in Dis always complemented at the beginning of the NOR instruction, 
. 1 i .e . , at AKa _

3
. The D register is then complemented at the end of the normal izing 

to restore the oper and to its original value . The end of the normalizing occurs 

when A. 8 t A. in the sign quarter , i .e . , a-- . , hence the (RN+ ~ ) factors . 
l O l .9 l O 0 

If the data to be normalized should contain all ZEROS or all ONES, ASK6 · ASK
7 

would indicate the end of the normalizing, i . e . , ASK overrides the D counter and 

the 0-- condition is ignored . 

The logic for complementing the D register in other instructions is basically 

covered by the¢ terms . First consider the SH type instructions, i . e . , the SCale 

and CYcle instructions . The sign quarter of Dis compl emented if the sign of 

that quarter is positive, i . e ., the sign quarter (which is the quarter in which 

the counting occurs) is always made negative . The logic shown on Fig . 14-44 
may look peculiar for these instr uct i ons until the following facts are r ealized: 

'½_ and Q
3 

are used only in the l ogic for quar ters 1 and 3, respectively; whereas 

~ and Q4 are each used in the logic for more than one quarter . Therefore, the 

SH terms for quarters 1 and 3 can be included in Q
1 

and Q
3

, respectively; whereas 

separate terms are needed for quarters 2 and 4. 
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Now consider the balance of the¢ logic. Remember that AKIRADD covers both the 

ADD and SUB instructions. In a SUB instruction the active quarters of Dare 

complemented at ~. 2 . At AK~_
9

, the active quarters of the subword in Dare 

complemented in the ADD and SUB instructi.on, if the sign of the subword at this 

time does not equal Y i e Y ~ D Note that in SUB Dis complemented twice,· ' · ., i r i.9· 
whereas in ADD Dis complemented just once. 

In the DIV instruction , the data in the D register is always made opposite in 

sign to the data in the A register before the partial addition occurs, i. e ., D 

is complemented if Di 
9 

= A. 
9 

at AK1 Remember that the PAD pulse is fired 
__ ..l . 1 i. 0:. 2 1 

off both at ~-3 and AK~_
9

. Therefore,~ is complemented at AKo:_
9 

for the S8?Ile 

reason. Finally, Dis complemented at AKO:.ll as part of the sign control logic 

This makes the sign of D equal to its original value. 

In the MUL instruction the D register is 1 d AKl i"f th b rd . comp emente at o:.
2 

e su wo in 

The D register is complemented again . 1 Dis negative, i.e., if Y
1

. 

y1 in order to restore D to its original value. 
1 

AK1 if at o:.9 

14-5.13 &--. A, B, C AND D RD CONT_ROL. (See Fig. 14-45). The only way that data can 

be placed in the A, B, C and D registers in the Arithmetic Element is via the 

Exchange Element, more specifically via the E register. This occurs in the 

following situations: 

1) During LD type instructions, when the A, B, C or D registers are 

specified, the transfer occurs at QK21
o:. 

2) In the execution logic of t he ITA and UNA instructions, the data found 
230: 

in Eat QK is transferred into the A register. 

3) If a STORE instruction invol v ing the VFF Memory specifies one of the 

Arithmetic Element registers, data is transferred from E into the 
230: 

register at QK . 

As we saw earlier in the chapter the data that is transferred from Ei.
9 

into 

Di.
9 

is also transferred by the same register driver pulse into Yi. 

14-5.14 A-+--- BAND B +-- A RD CONTROL. (See Fig . 14-46). Note that these 

transfers are of the jam type. They occur in the MUL and DIV instruction under 

the following circumstance: 
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1) One of the first things that happens in a MUL instruction is that the 

data in the active quarters of A (left from a previous instruction) is 
1 

transferred into the corresponding quarters of B. This occurs at AKO:.l 
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2) The execution logi c of the DIV instruction generates the quotient in the 

B register and the remainder in the A register . At ~ -lO the active 

quarters of A and Bare interchanged so that A contains the quotient and 

B contains the remainder . 

March 1961 



lNST~lJCTJONS 

-At T~Pf 

_ / ~ T'fPE 

,;-,. r /. 

s rA 1 - B.1 - t.) 1- D 

EXA 
INS 
ITA-

ONA 

IN.STRVCT 10 NS 

CouNTER 

fl.St' i'f PE 

COUNT IN D ) '(PE 

Sc.A -r3 -AB ) ) 

C'(~ 1 - 8, -Jt 6 

~OA) - AB 

Ttr 



l- UUP ro,'- S1<.H Co.irto1-. l>ll. 

0111;,1 FLot,.1 INP1u. roQ.., F ,;No10".!> 

IN 5t6N Ov•rTfot 6,.,~'f 

r, I 

fl- I 

< OPl:~NO 

~J)l) 

SU!) 
OSA 
tfVL 
o,v 
sc.
C'{ -
NO-

c0vPL1~c. Foe. .f, , orH£1l 

i'OiilQtt..lTJI!.> S~O"V/'4. ll't 1"4QLE YI~ 

A◄ I 4~ I 
A~ I A1 0--k, 13,:. I lh I 13, , 

ri~ ,- ~~ ~..h_l~ I A,.. I A, ~-1L.,--1h., 

/l ~ A"" I ~ 1 1 ~. ~ 151 I lh I lh I ~~ +.1 ,__ __________ _, ._ ___ __. 

~ ~~-k, ~::..h., ~~~ ~.k; 

Al.5 'PoS.S.1~ ,1-1..1,11:.s Ft>R..', 
}-1UL.. CA-!3 

54~ N/1-B 

1'.:(j14-~ f'vl-.lCTION/\L Gt-oCI( 'D1A~ft""1 

o F ,11 f.. A/: f-. A J' T1,p,= IN.Saver, ON~ \ 

t::-- s9ft!O'IP/' STP 

V-OPUAMP :J LbC. .---c-... -~-c-...\, _ __,..._C_1.._--r_c_, -~J-
C: ftf'f!!A@ > src. 

'l i-1,. 
J' Pf" 

l L.,,.(s d~ u-e/ve. J' ~.h IVOld .;. ~) 

\,1, 
/ 

l ~;/,,,..;,. J (tj .t;::::= 6W h&Dp~ 13 
r---13-" -..--BJ _ _,...._(3_1,-_..,1 __ &_1 _l_,_. 

C::o OOfi ::!> .s re 

~I~ 1-f -l- ~\N, rlCIN~L !ho"( P,.,15-t.A.f.1 
.__ 

{
STA 
INS 

OF THE AE FOR l}t T<fe IN5Tl!UCT>0N,5 



0 0 0 0 0 0 0 

~t 
2. o .. .-..... "">.1A"-" ~ z 

Uno FoR /;e11UATiD LeFT C~•Mtfo L o:r Vw,HAH(;U> 

~ b~&'."'"'.,';\) 
-~A ltt..l'l I 13( IM~TROCIIOH B( Jij.Sl" 

LIFT ... 
toHTltOI.. a 

(:}0.D X )( 

SIJ~ X. X. 
PSI\ X 
HUL X X X 
Div X. X X 

Tl'( X. 
lY- )( see 

SCA,.S,AB X X: ___ " _____ , ______ .,....._ 

N0~
1
N,\.5 X X. 



fi .PD IT \Ot'J 

&A~I(, C Ol-1 PVT EJl 
D VEf.T=L6W Lo~,(... OveeFLbW L~tl 

-

~ IG,t-,l A.s,"i-J 
~V&!MQ Aoo~ 

0 

t 
0 

1 
0 

1 
0 

1 

0 

0 

j_ 

1 
0 

0 

1 
1 

1--
n . ~ 

l(g 11- s 

SuH 

0 

0 

0 

0 

1 

1 
1 
1 

~ l9.~ ~r ll?~r~ 

0 0 I 0 

0 0 6 (J 

0 0 0 0 

1 Q 1 1 
1 0 1 1 
0 0 () 0 

0 6 D 0 

D D 1 CJ 



.>Pt!C l f:/€5 

, .. , FT ::£!" 

0 0 

Nor Os.Ee 

0 

$f1=C1F1l'~ 

S~IIFT Jl~ 

L SPEC:1FnFs No, OF S11,i:rs 

(6111'-IN/lL 'Ol'FtAMO C,,.,i>lfl'l&NTep 

Br, ... s~ o.,.,..,A,. 6PffZAND "'"'~ p"'•TIVE 
i ,,, '<<1 :o) 

A 

S,~ ~.r 

:Z., 6veru=i.o"" r .. o,~ATION l f'tzo"1 Pit, v INH) 

A1,4 ( .$,~ f3 ,r) ~ Bl,/ 

~1-f) -;-. A-1,'j i~'-e. AH 1s 

rt.,.,.., -r A1,e 

A 

~"1-~(C'o...,.p/~) o~~ ,./ ~ b;+)_.,. 131,j 

A1.e ~ ~1., 
A-1,.., __,, ~ .. . e 
~ 

0 

L 

NoT U•eo 

( oc;<. ~N~L.. 6t>~ll-"~~ .. StNCf" 

oiz,,,1111t.. OPEIZAl'll,, .'VvA!,, 

i,e '(1,=-I) 

0 0 0 

D 

t\1- ti~ [h 

DATA..., 

Oe,'\ (S,~ 'E,r)~ A2 • 8 ?1 =ii,.:. 0 

3,., ~ ~o..sf- dv/\'7 ~J./f- ) ( ~~- qwt, .:J.) 

PATA II'\ 

tl= lz.,''" J_ 
( ~ tw- .:,.J) 

F+i,"I ( (_,j~ 1 .,,.,~J~ ~J )-, r>i.l) 

lJ ,., -r" '11, i 

lS,,,. ~ (3 '" !=', (j' l"'l - ~ .SA):!) E MM yl,E,. 

SiW""" roll. ft. ..(--1.,eJ .. u l q,os1~1v', 

'._j .,.._~.s,J,,i, Or4" ~ s~~woteh 



SPE"C1~1E5 

SHIFl' l.f£I 

S,.,,. QuAiTFR No, U.s£.P 
,---------, 

>P•Cll'1E5 

l1t1FT Lf">'T 

L S1'fc.1F1l'5 No ,f J1w::u 

( 6,1;,1NIII.. 6PEU>NP Co"1PI-E,_,t,.Ti'!) 

~E~,.v~I!' O;z,.:.11•H•L OPt'eANO "'"'~ t'o.11T1>II.' 

l
0

• ~ Y'1 o 6) 

~ . .,-. 1$1,1 

f.\.q.e, -- A-,. 1 
~LI,) -'I, A.., . .e, 

'4 

C Asr: )._ IS 

NOT IJ<EP 

-r - - -->------.----'---T 

s,.1-1- n,r 

O -t__ C>.Jertel..O"" 1N-PtlATOrt ( FtDl1 Pull; INST) 

r1.,-

A2 .1 ~ \:.) I. e, 

0,., ---. r+ ~ - ~ 
D1,1..- _.. 13 I, { 

~I 

TH~ 5A,-,e A5 CASE ~-
1He 6\/ c1Z ~t..oW /~D ICA10f$ ~12.E !\JOT 

A F f!C7 f:'.D Br Tl+£ IN.$TI(. V C Tl D N.. 

l OPE'/lA~P 
IN 

D 

CAs.E 1. 

DA,A IN 

f\JS 

e.., = t-'l.- =-o 
( ~ ~J) 

DA,A IN 

f\13 
?"'= ?z..=. I 
C f- ~ --:.) ) 



0 0 0 0 0 0 0 

f}St:: 
~.SK (Dt.HffE~ 

P cou)TElc:'. 
.su!wor-d J lt.lsrt.1.>CT1,ntS [r .. 5'6"'~V4~te/' & a_d-1~t_ 

~UL 
l1va.f 5-r~P- '3-1> ITeJATIO~ ' W~~~;Xy;✓~/;:·,~1;W.~%<~%:t Cou•J.) NUHl!,~i OF ,, /'..,.·/ //'/ ..t//'· .- ,;I/' - _,,.-' . ! ✓-_,.~- _/4 ·. J,.,,,_ /_f/_/ /'_ ·_._~-~--•·,-:; PIV ~i0.✓ ¾:/,/✓l;,;/4(/'.//> ,j~.,,,;>:);'. /,;'./,:-';.~:/,;;(;,,.\/}, 

$c- i- c.~,n~ 011T !111111 ~il!lt /! F .SH-t FtJ Sl'l!C1F1~P er 

t'<- opse~ND. tov111n UP ro z.ito F llOM PR~~l!r 
Ne..ATtVF VAi.ulf, 

Jugrli?AGl~ NuMl!,fll -e~ .St! lf'n Rf Q'O To Noil1-tP.a.rz.£ 

i,.Jo- L1H1Tl ~uHll&t OF 5,.,RS IN CASI!!, \\/"'~ l),QTA f./lbH C)p~f.AND BRo'-"-HT Fiuw, 1-fl!Ho~'( , Ut.7,11 IS .s .. ,_,~ Co~TAIIH Aa. .. Zl!Ul!J. oil Ao, .. 0..•.i i.loel-f,-1-11•,:i w .. s..i A o,t l:n!:. ,., .. ~ Bl"TWl'Ei. y,. '>111> 1 ... u--
Cou•~l 1'JuiiB•t li:'.•o'o To c.. .. ,~i!'rc~r ~ t:.C. v'l1 u &.AT".!!~ '1Jlll1 OE'~ t>F l's ftPP.!-"1?1~ ,,., 

OF .Sllll''Jj 
TL.~ l>l"t"f'lt l='.ltAt-,tHl>O Ac,v,-,vt..A"t-101-t 15 fh)Ol!D '6 

Ror~Ttt .SugwolU). 
P~ev1ou~ Co1o111"1!!~'tS 6F .0 e11:.-l£TS1'l 

IN 



ft t 
cs .. .-: ... l't o,.1-i) 

\J ( 

r, .. ~v,... (3 ffOII.E INST. \'.\n f11. /Nff, Fu>1c.TIOo4 

ADP 4uc;ENO Ov•aru,,y IDv,ttrl.llW S LH-1 cl. ... qw, ,..,i ,) J;..,,c.1111~ STATf 

.SUB Sue,re1'HfllP D1FFEl2E'NC~ D,tlo 1>',ilo 
( J ...... P"" ;~.}) . . 

P.SA Dl\1A Ft @D-f"~ t,lt,T °"(""'II~ 
cfa:__~ ;_J_ 

'---,,) '-,Ji_...-, 
G t"t:oQ f o,,,_ ~l"T,lt l>>fl:> 
IN~T 4WO INS,f 

MUL fl!ULTIPL1El1. t1Aj<>' L,,// i s,.,. 
0 

( ~ P~oovcr (CfM6L 

~•a;r 5.J 
DlV LVVOflE~r 

51'-N ()-1~t 
DIVIOfijp Co14tilll ~l,..oo,J 

(~~~) 
I 

O f l'(tFlO I l,,-~ 

SU,~ C:AR 
O i ,<FlbW 

SC,.. UATA 
/ Scal.J daia 0 ( r~t!., TwolGoli't>llli 
½., l'lfR. - .• - -- -~-·--

cy-
DATA 1-l JJ i 

,0,Rt.r,.c,,,, 

(t,-.tH'~-) _ct da lr,u, ""'"'°' 0 
..,, A r - ., llilf" ... -·•~•-•-

P4Tlt Ovfl.Fi.11, 

Nb- No~1!1ui/ ~L~~-,;.1,?. 11Ulit4i.. 
0 

--~ 
1'11>T 

TL'f 
D4TA 

•,. XtX ••. 
(T~1. ClmANI)) 

l>,.C,IIA,_ 
l.>Si!!: 

5 C 

13 f F"OR~ IN.ST fl F Te1't. r .. . n 

__:.-- KtE!f>!> ~.ti"~Jdt(iiJ, ---- ---- ~~. · ') 

~ ----- octt 
--------r----__ 

-
C+(A•D)-C ------ ..... <.:.,;J L..J l.-.,v 

-------- 4Bi,t>tE~ ope, . /\Fifi 
hHT', QNO 11-Uf, 

11.,.,"" ~.,I J Ke#p~ .-lr-::!J/ e.itf"'l 
• • , Xt,.)( • • • 

P~oouc.r 
dvf0 . 

1-1,,;,<>I' ~alfJ' ··--
p}k DIVIPfNO 1?et1All~DfR 

(L ~ ~ 
Sll3 + SAR. >< ~A.TAJ. 5ci!Ud ( ~ -.;) 
CY/'- ~ l!:'~R 

~ DATA JJ di 
< rF ..,j) Cy a. a. 

--.:r6A:;;NAn --

·-----DA'rA 
<f,-~~) 1-Jon,,1,/ 11.lo,J. ____ ..... 

- "-b- ·"'··--·• ... ··~- .. ------- ---
--------·· 

r==--_ ~ 

D y 

B EFOtf 111ST. /\nEit ,~r. •. 
·-1\001::1110 ... x...xx_, .. cr ... l,i orca,J) Di:._A~r~~ 

11u,weNO DJ.hr ·· · X><.x.,, . 
er~,-. ope,..J> 

DATA o,1,t • , • )l 1',.X • • , 
(T,.g, 0HllAN0' 

, , • X t.X• • • H ~I Pt...lCANI: 
(I: ' ~ 

D~ 

l>1V/S01< 1>~ ... X.t-'1-,, • 
( ,r,.,lt, ~MJ. 

'~••-<''- nc T,.a'I"' •••• AC T.,._ 

S,Gt~ -Ovi.tre• C1va\ 1-11 NV} D~ r· o• So,m To OtM li:U> 
Tlol<T, l\o--....r,~ 

D~ 1)~ p~ 

, .... u: ,.,,.,. 

°!~lt o,14 VAT,4 

(I.i&r. Qpriw,o) ·-
DATA D.t\T,t, plv1 ,,_M, 

( t J) OJ'~~ ..:_ F>t, 
v.a.r.11up 

AO,..-. 

r,& 14-9 Af £e,,.s,E2 
~Oil At. ~t/> i 

r ul'U!.rlbt,/ 

,;,. .sf.,, \Jc../,,, t6 



ME 11or,x ELEl1fNT 

r-----------r-----------1§'---- --- -4. 

0 

L) _ _.-C...,.c: "J 

fl J 
r C3 

1> 
z: --------10 

~) fffEC 1 

l)l)i71~6 

OF (\,r-1f1'-vl2~no1-. CoN,KOL 

f:ioP I ADP AE 1N.n12uc no,i_s 

S1t,.rt 6v~12.rei2.- S Pr~ 1 1= 1 ~ s 
,tti: >,h>l16.E-ll.. Of ~IFr~ 
Ol"t V {? 

bP~eA1'1D Fto"f 
D ~,~oix D 

ot= ~~ Qt~ 

Ii en VI'< n=·L) (3 'f 

Ae~ 
( ,,. tl/f'( (OULP ortu.t ) 

C'(f¼ :rN5Tli!UC.ilON 

WI rlt l!...!...!lJ CO.,. I~~ 
sr~J~ 

I-lore THAT TH S1<>rt D..i,-llTl!l'l ( D .. ) 
SP!aCJfle$ n1e Nv,.,Ben.. 6f= SHIFTS THA1 

w11 .. L. oec.v,, (h,-r 't>tP."t !lf,N f'it7e'1'1~10l'-I 

HA'S '(L.ACl!Q l '~ ltJ. "'t" .. IS d,v ... llt~l2.... 

TN£"£l='Olm Nu .SH I i:en w, u. O c:c::vR... , 

No-,-e; Tl+Ar NO 5H l l"TS oc~u"' IW 

A' f+ l s:' A-4 Sl .~CE THE- AoP TWJrlf.UCTICN 
I I "r 

sPf:c1i:1es 0N1-'( Ai. w1L1.. BE flc.T1"E, 11.~ 
THE. (011,i..lNIS VNrt COl.ll'L~ ~-1 fo 
A2,'l • TIH.S MaA~S THAT DN 

E.tc1+ s11,s::r, ~1,1-+A,..,,(ti,fA3_,=o -J. 
D"' srui1.1.o, GJ .SH1ns, Ai. IVou'-0 glE. 
~.i .. \.o w,.,-,.. 7air.oes ~ri"• Lit or 

l~l'tRVeTIOH ~ 



Ii t'1:c;.1~ ffi.. C I? E(r I!. Tl:12... C f?E~•~ii'~ 0 f r ReeG-,~ ,~,t. 

J o ~\·d· 1 j j 0 
l I j 0 j \ j o Y, 1-1 I~ ~~L ~[3, B,~ ~Ci c .. , ~ D/'< 

l1.£A~ [) C ... e .. R. B C lt'All C. C~EA~ 0 

~ ~ ~ T ~ C, 

. 

LS.+ A~ 

. 

l!....B~ 

. 

~ D;· 

C'ol"l?le"'lfNT It Co...., Pic~f"rn B ( 0'-11"1.C-~l:'NT"' c.... ( o 11P Lefo.1~1\l.J D 

\ 

0 

fii.i : l ! 0 tkj 1. I I 0 Ci·. ,· 1.1 

~~ 
. D,. · 

.. , .L. ~, ·7 f~---4 gi ~ f;.!..C~ _,.,1., 
f;-3..,o,/ ~ -'"I 

j: C\ c-...o/ _.Al-~---~ 
\ 

0 f" .. "l I I 0 !:,i L I 1◊ f~j I , .l f.:.. 

E 4 ~ (? 1341$.T\:il TR-AWS.i<fR f ~ 5 (( e,_ 1$ rfc ,t T 1Z MIS' F Ef!.. E. i c.. f<'e~ 1S1'fll. TrcAN, F Ge_ f~ '(/p l<t'~l!'.i,=f Ti::"'N-' l""i:1t 
-

~ . 

\-,0,11-JI 

1 '<i>•c.A 1. r,E 1(1,c.,.s.rsJL Or'1:ttAr10 1-u 



0 
1 

0 

0 ... I .. Ai.j gL, j 
~ i 

' 
R-,~B~ --'""t 

'"ir-1 - '";ii~ 
I ,t 

0 

b 0 l 

0 

I 

0 
A f B 

NoTe ~ IF BoTtt l'ttc. ~i j > B~· ~~o '3i· -;j-,, Ai. 
Pv"s,s A-te. F,Reo Os:s: Sn-.uLTAJIIEt)LJ.$L..(,'Tt+E 

0 
f FFfeT lS To 1WTrtcu~)l}'-f. A E.

1 

B , 
' 

0 



b) ~ i ,~t-t) .J4, Ci j 
!=',~ 1<1-14 T--~.Sffi!.S CAT\CD P..y 

l Muk sire,. Pu\ u. 

o o·. 1.. 
i , 

D I\ , . 1. 
IH-

b) Dij~i-j-+ ~•:1 
r . 11-13TIU.wSfH.S GAifC g~ 

o l ?oJ,. ?ul~ 

1 D·. ,. 

' I 
r--'--"t",?--D,,, 

' f)Li. 

r ~ I~ - ,:: D KI:~ ·~ Tr n.. 

LovN r C, i2('u, r 



I 

I 
~ .. , l 
1'.h,1 I 
A1-1 I ~., I 

SHIFT ~ -
IN?un Cou?LIIII~ I 

B,., 
V1-11r1 I 

B,.1 

l 
I 
I 
I 
I 
I 

-~ 
I 

. . . 

I 
I 

I 
I 
l 
I 
I 
I 
I 

I 

}To SI/ ~ cvlll ◄ :, , , 

SH•FT 

INf'VT) 



I 

I 
0 1 0 1 

l=k'l ! r.i.:,j 

I r ~!:I~ I 

1.l s1 
I I 
I l 

I 
('(() . ' 

••• ' ·J 
C~O( , 

0 0 .l 
A,·'\ A,.i 

I C'(Ot.' ... 
l 
I 
I 
\ 
I 

--· 
Lo&-1c.1t1.. 

0 0 0 0 

I 

I l 
I 
I 
I 

~'(I'i. .. C'fO., . , . 

,____,_-I---') ... 1.1. ' C'(b I 

C(fi._i C'l'Oi,,i-•J 

I 
( 

I 
i 

0 

rtr· 

0 

0 0 

C 1W (I)~ 

ClU'< 

CW, \NP\11;) 

C'<01, 

C'(O.l 

Cyo1 

' D-,:.~ 

0'1,<; 

D~,, 

-0~.1 

'(o, 
(VO,. 

C'(O; 

('('0. 

jflftTION 
DIV!~J 

~-......_-...;J.,.. l~pvn 

0 



I.EVfL- r, I S" I 4 I 3 I :Z. I I 
OP e>ECt>DeO 

PfCl>Pff. LD~I(.. 
cooi:s OP le.vi!'-

f½KIR.,(h( 0 0 0 1--. x )( 
p D~ A= GP.$" AK lfc.01 

A 
'.x_ l(,S' 

r-\KIRO~ • AK trl 0 p 

( )'"' 0 0 X. X. ><. NAB , fi>~ ( )N.t\8 ( /1-.. ( 
l )1Y.. o , o x .>( x SCA= 76 ( Y' A- ( )1X. • ( 

( 'f" 0 I X. ,( )( 
I .S C13.: 71 ( ra C 

7 )( 
( ' ) . 

( )1~ I o o x. .K. x St.B" 72. .. ( tA/5 ( /" . ( 
( )5""' 0 I;<_ ;(X ~" 13 ( )- ( rx .. , ( 
( Y"' 0 'f.-.;(._'>( jL'(-=-14 ( ) Tlf ( )7)(, ( 

)1°'' 1 >(X.. i< OIV=7S ( t'" ( r-. ( 
/

0 
"' ;<.. >( 6 0 6 NV L "'/ & ( tvL ( f'• ( 

)'<I f- X )( 0 () .SuB:-)) ( (P, ( f". ( 
t~ I.. x.. x... 0 6 

( 

( 

( 

( 

( 

( 

( 

\~3 
) )(,( l( 0 

0 6 

0 I 

12 ~ 14 - l'f A t: I I(. 0 p 6 p p £ C 0.0 t ~5 

1? E 1= DtlV, $. ·. 8) BOO 

~O ~- 18 Qn~P lJ tEVt:L vf{OpfFS 

K'H DPw.s. : 81800 

1~ 
/0 
) I() 

l ... 
) .i:3 

f'f 
) >(~ 

) X. (., 

l' 



OECopfO PeCOl>.f'l 1.0<:t-ll ~J(#'~e.S~ ~D l) f"C(>l) ~ It Leit.1 c. f)(pi_~~E.&) 

DfCOD~~ LOe.lC.. IN ·~ 
C. '-Al.S L tvEI... 6t.1AI... OP (.:,pj!;~ M~f'IJl-1rlNll- C), Co.Q~-5. 

1,it Klf<. t ' [ '1<. n-1 [ .. o "' )( I, 1 Al:. lli(OP + /lKll~.p • AKIR • ., t fl Kli'.•P t At:.,1(0 .. [t;.o +~I +- <, 1.J + [ 70 t- 11 t H] SH• [ C'(A tC( 6 tCA6] t [ 5cl} -t .SCB t SAB J 

( ) '.>Il l\ [ J.J& ] . [ ( )~ t-( t 1. J [ ~o t C.i] t[lo + ll 1 SH A• l ('(A +c~is] tLsc.~ tSAB} 

( / 116 ( JJt, J • l l t' t( )H] l ~I +ti]-t-[ 11 t 1 i.J Sit!!. ·l C'(l3 t o~ll) rl SC.5 t.SA!] 
------

~ ( ( ) ( '( f··[( ) XO T" ( )~' t ( ) x'.:JJ t ~( r·.[c ) ... t ( rs-Jl l G,O -+(..I + ~~]+(11 +1sJ ! c'(•[C'UttC'(6tCAa11-ln(to1d 

( ) ~8 j ( )"'·. [( {'- t ( )'(,11 t ~ ( t•[( t\-( r, ,-( r 1J l "2 + t,t,] + [ ll t l~ t 7~} I\ AB =- [~3t-NA~] t[SAf> tDIVt11VL) 
I 

( )~16) 
( ) llfi 

I 
i 

t•l\8 f"< )fir:. (,1 + 15 J IC(• ( ( ·( (}& =- CA.'J?:> t- Ol'v' 

r •(A6~ r )lh& ) ( ( . ( [~o+ 1.,j + H] I ('(•( lh~)-: C"<ft -+C(& +iL.f 
l 

)~"' ~ ( f"'. [( lz.+ ( )Kl, JJ + l( )11-.. ( t~J I 

[ ~:2. t ,~ t- 12-] ! LC A B + N A8 t SA 13 J ( 2 N. ~ 

i 
( ) .. ( )'" 

I 

I 
r~ ~ ( f,l(_ rt- ( )I((,] J \_?1 t ~l, ] 

l 
No(. -::: [.NOA t )JAC>] ( I 

' 
( /OQ ~K )V'\ 1 ( ) l1• ( ))'( J [<'.,) +17] ! AJ).O ~ [ ~l)p i..SU~] 

'-
rs~L A<., • L( )Wt.•( )'"' t ( )~ J - ~ 

) Aop )/4 .- J 
ooAL ..,_ At,/,• (u.,.l) °I! F1N~D ~t- 11-11.,) 

( ~ - --



1?,.= 

I, I f1///bf@%,}P~ll lkTIVI! I 
l WMI fr~ -1 W,ir..¾-;J I ACTIVI l 

I:: T, 
= ti,' • ( f J. +f _. ) 

_ { f?'Y:#b-fW4\ ( llcn11~ @,0fgj 
JJi, 

~' w~ 1 Ac.T•VE J fW,,f,%d 

JI= lTi + 1fz_ 

"' la,,' • ( J + [ a,~ I ( f, t l ) J 

J.lJ.3 @~ lflC.T/vEI ~ W"/6-l 
w == m~ 

~ a~• -~4 

I q C Tl ilE IV// / / /;+¾1//4/ }1/ /1/ .-r/tj 

I f:\C:T111e ~ /g ™J?'~'/4 
'f... 0 )( 

0 x_ X 

' 
f )( I\ [ Acr111f W/,,P#/41??rz:l f7,.,P#/ \ 

I ACTIIII:! W0J WZ-,?g l1N/((Ll 
R ~ 1 flc F Dfc®,l>lt.-

s fW//,h· l@d//4 ACTI Vf ~,.,/, 

( 1%@??~.;;&d 4C TI I/ E j W«/d 

[ 

W,W~ I "'"" W!P-M~Wh l 
f)~~?? •%' I flcT I V£ I W{~~d 

f"l%?1/// I A c.,, "E. f?--,;'.J.i!.7) l?c:·c«~1 

-:Ir, + Fl., + ~ t- Dl4 

ci;. f1 -i-- ci; • (+.+{) + a,~• f..1 +- a~ 
,--------------------------. 

T11e £o1"1AN t,.JvHJ=l<ALS, T; l!) JJJ J / li ii-II> l C,t,TE. T~e 

l~nf-!o.ST ~vAl!HQ. OF ~ SL).(SWOfO w~11ct1 Co.irAINJ +lT /.$,A,S r 

6._iE Qc:t1II E 0UAltT~~, 

q~ 

q~ 

~, 

..., . 
C,a,n,112'1\'tlON Lo~it DRw(.!:,', B) 6b4! rlG, l'l•Z..I ~~ 



0 

A,.i - l• 'J 

A,
1

,1 - l ,'1 

0 

Al,1 -3-'l 

A;., -!> •'i 

I~ -2:i--

~II 'l~oe-.s a// o-,.,,...(,,., 
) 

6 I 
G, -:: (_A,\ + At 5 ) •(A i'_ 'l +- A/e ) 

61., :: (Ai.; -+ F\
1

,8 )- ({\
1

" + (\ .
1 

) 

i::,·~ 14 -.\~ 3 ,~ lo'-ll.. 

~E~ O~w~ ; tD 01v 

I 
I 



_c,_L,._~...:,__-4_.l..!l.!~_.!..l,.U;;.--"=.LA..lt.:G~T..cO::.:,:K~~--..-1....---ft~--.:..i.?;.,:._......J.!.t.l~U-!fuGilON.S _____ ,,.s.!!~~-~-~-~~ -~ !_"!~?D:~L___e.e...,~1.§.l...tl.~ - CPN_S1:.1-'ti!,T_ICNS 

.Sitt. cu ~Q~
0 

[tf.\ttt6)} •[ ~::,
0 •t3 i ~·:.:. e~·1 +.~Y-98],( a::~• f-1 I- B:::, i 1 + l it~~,° ( t t t. )1 

.s~ cu~~~ Lilt-)~( ~::~·( ~A~~ . .f.,]{LJJtH 4-B;~,6 -( t-B;'.:•f1J +-lAJ.~ ( t, t~)l 

Stti.Cu~l\.i'1 j}J;.. 1·[ +-A;',~•f.q )tlJA H r;'::•4J t [A~.~ ( l, f- fz_ -1-f3l) 

5tfL cu~~ 
Si.L CL>l.!¢"

1

'
0 ...,~, 

SIil cv~~J 
,S ~L C lfa1? Cl. ~b ~., 

l dt ] ['•O / /\1,0 p 1,0 r 1,0 p J rAH]r 11',o {) "1,0 /) ,tl,O / /10 P1 
A/4 • ~ .. , "'t;tn1,, "it!~~., "tJ +-~, •t1 t-L~ 't..D1,,•t 1 +uJ,,'tt + vl,,•tstu1,,•11..1 

r t1·us J{A~.;, 1, t- ~~-~ .{ 1 + A':.~ •l + ~i':; f., J +L Q a J-r B~.1 J, + 13::; .( + B ;~;-1.s 1- B,'.t t,J 
L~l'l A~.;,f1+f}:'.~·f.,J+L.JJt.-J{ B1':; {t-i;:; t,] !-[tt'."_~ Cf, + f1-

[~J,l A:i>( + tt;~ '½ }ltUt-J'[ r(~ ·+i +Bi; f~] +- U·(.; ( f, 
(J/t Jf ~~'.f •iJ tY1t }[ (3~•.; f~] t-[ ~~'.~ ( f I t -t. 

-.A'L:=-T.,,::-:":l)),l-1~r~t-,=NT-ltA-=u=A=i-=~====:(,;c"'ou=P~=lrt,-==iF- ======~-====-----=== = =======_= _=__:-_::-=-======-
.SI-It. CV/A:> A,:, (CY+- It L, • Q,~t, 

JttL cv~ ~~, [cn.f1+fc3} A;:~ 
SH'- Cv~ (t~'.; [C(-+f1-1{~J' A-/1 
SHt. cv-'t'-lo Q~~~ [ c y ] , r.+~.i 

WttfeE-: Cf-= ft"r:/Qcr 

~11= Ai:::1~rt 5 

(rt-HS) =-AKIR~+l!.J 

= (c~fHC'(6tCAl!.)t(W{i-Plll) 

= (CAl!iHJ.\ntSABh (~vL ➔ Div) 

['(_• lllG)= fH'.HlC(,ftP, = C.A.g tD•V 
~-c=t...,.~; G,)c','lj 

l) 701 
C'( · ( fh~) ,,_ ~ KIQ_c'(, ( ~-+-6) ~ (t '(~ tC'l'B) i- 1L '( 

.s,m .. cu 
S»L cu 
CY 
A~ 
~tl:;i 

'B Locr Sc11 e-11A r1 (.. 

R~ r. 

r 1 l<t-1.ii 

~ 3+i /F1 Cou puN G UN,;- LoG--1c. 



ID •, 11 
SHr cu ...i..:::-o B,., 

l b ',6 
S >1H U.J.!:-..O ~ 

·f 

51-JK'C v'~ g',b 
.l,5 

.>HR CV !.iJ.l.9 15~, ~ 

~ l,o .SIil cu B,,, 

-4b....s:,E''t> .S~L CU l1I 

5f.ll CU~ t',b J,1 

.Sl¾L Cl)-¼--..;, B~~I 
-- - -

~ 

.Su L CV~ Bi~'i-
. ~o 

.SH L CU ~ B 1,5 
,,o 

SijL cu.JJJ-.¢3J,r 

~ '·" S-f.lL Cu ~, 

II\ITl!:R. ~IJAtTl:, It SH I-FT ii:' lblfr Co uPl.lN6-

(/H-R 1 'HPE l'tl.S: RUCTIDl\l -L----~1 T( f E ~ t;)S ! l<i£2 J ~~ s. -~,_ }.__, !~!~! I 0!'.L.!!',:;.!.!'.,!~P . .s!-'U:: __ eE. !tl·w). 0:, Zf>iB ) ~ N.11?..U~!;~ 

( C'f',(/hB>.l ·L B;',;. t + Bl~D. f-1] t( A BH ~•,o 4 
1,i' > + A',D,i J ,., +- ( cr;;~.(f, +fi.. )} 

[Jft 1· t ~•,O •+ 
1,/ 2. t-E:·.~-~] 1[.lkH 1,0 t 

~,., • I,. 
IJO f. J 

+, ~I , / ~ t- [ 13',I) ~f 
J,I I + fj )l 

LJ..U 1·i + 13~~ , {.i] t{,#l){ G,',;,b f i J -1- [ i3~'. ~• (t, 1-(· 
1,. + IJ] 

LJa.J [to.( /31,0 f, Bl,L> f B'.\,t> ~Jt{ll4Jl •of. i'~ / ,,b ~ ,,D lJ ' ,,,' 11- 1,1' L -½ j,,· j T .. . ,· • A~.,· 1 t i.i.: 1, t--A1,:)' :3 -/- f)H• ~ 
- - - -- -

' 
ll-tTE-f. Ovl>i!Tfl'l SWl ►T le1 c ou eL1116,- __ 

11JSTl?V(.'tl~ ....,..J.l,lPEe§JJ.J>,.i!_,1 r /) f l /1-tB) .... rffiD (c,-l!I~ (l,+-5) ,,~pe IN~il<'UCT 1DN.!. I ___.1LL_1.if.l;.,,.,_i.h\~J. t1une.~.\.. ______ 

l J l ,of rs'·of ,,o t. •,o~J !~] r_ ,,of ,,o..f ,,of ~+B • t1',f I+ l,{ l. -t B,,1· ~ t E,:, • t & • '1.;,,f 1 + ~l'} 1 ~A ,.; J +~',''.~] ,,, 
[;A}[ 'Jb {, 1,11 f ] 

~.5 • LI +- Bl,,. <j 
1-{il.4}( ft 1' 0 f A ',o J 1 'l•f J t- M. 4 

J.[ l,b a 5,,, I 

l~l-L rs··~.-£ 
J,I 4 t rs/;, 11 J +LJ/4{ ~b •~ ., l. +~;.~- f1J t-l 'D

1
'
0 

( t L,? I 

~}[ 13',0 -~ J +[/)tJ{ 
'4·1 .~~~, •l1 J t-C (3~'.~ ( +, 

[Cy~~B G;rYi-rr~fJ6:~ ~E~T 

Cl>UP._IH4-

[C'( + M3 I- ( ~, t t ) J B{.~ 
f C(+I) & t( t, +fl- t t 'J.} u/; 
[CY +A(l } 13 ',Ii 

<ll-£j 

wHHt: C'("" Ai::1e''( = 
A~~ tr(/12.~g 

(FltK)"'- lh:.1R. (lit&) 

('(,(AK)" ~l'.'.l~Cf, ~& 

SM? CU 

.. SI--IL CV 

t '( 
·-

t"t. )1 
+ +)J 

~ (_ t- {)} 

G1.ock'. .S'c1-1 i;c'°' -"l'll. C1-1" P TE 1t I"\ 

llt:F f<:'FI" 

ni:- l).i"""~ : <,,(,'Vi C-<·(9t-g) -:A i,Re~,(Ntd) 
f\i 14 - 2 .s-

~ SHtf r .CoufLIN6- Ut.11.r k~ 1'-1.,,) ca 



~ 
''\ 

AB 
C'f I f,., 

SHI{ cv~ll,., 

= C'f•~B·B~::- ~ .. 

l HI!. CU J.2o S ~-, 
"A5· 11'• 0

.~ :!.I :t. 

~a {:i. 

t1' (__~g) {1, 

SHt. CU !A.¢~ . 

, C'(•(4+8)-~·•.1. .. , 

A~ 

f,., 

SHit cu~ A.1,, 
,, o I 

' (:)1,1 • t). 

t.. s,.N B,r ·co .. s11) ee.o.r10N> 

f., c";' 1N Sn?ucnoN.1 

B 
SHI( Cu W..:.&s., 

,,o p 
• 15-1., •T., 

l-

B 

C'( ~g t. 
! 

.SHll(U:..ci..::, n,,'I 
• C'(•~t, . 15'•0 

• .f.. ,., 

lHlt cu.!.Ro 13,-, i 

d~G• A:·.~ . .fi. 

A.B .f .. 

~ .... 
.u~ evils) f:l,,; 

: ~~-~~-1'1. 

•llitCU~ 

~i. 
•,• D 

~ ISi,i • + i. 

-1 .. 

ct) $ijl~T ~''-Hr CouPLING. IN fs~1~r1=i.s I) ~ B 
~Of 

C(·'l~ l'{PE lll~rRuc11l>N(~·i · CAl3) 
W 1TH .f'I., l=°itAc.TvltE. 

t {'( (£\+a) ~~ +~ 
S•I( cu~ ~J-~ SHlt cu!.4R~ s11,: cu~A.1 

Pl ,, o t !h :cY•/~5),fl:'.':-( Ai. A',D I 
: ~"1 -1 • .... : A,/ • 1,.. 

H 
t. $,c;,. !Lr Cc NSIJ>e i?oL'r1CN s Fiu1 t 5, .... B,r Cor< S1Pl'li'AT 10N~ 

C{ I ~~T i?VCTIOIIJ~ C( ill.$121.J<'.TIC>~.!) 

.b) s111n Klc;,+iT Couf'LIN'- 11{ l'..t!~1.YtEi. 11' 

f4r-
(''(, ( iH6) , fPE 1>Js11?1.1cT1o)J ( e. ~, (f A) 

""ITt+ -ft- F/lACTV~f. 

l='i 14-.. U. f .icAt1fLf'.S, OF SHIFT covfL.IW(:;.. 

( Se.I fci5 14-.2~/~-z.s -fo, (o vr)o )ooic) 

8 

i:l 

Fot 



+C'f,t)~•( + C'(u;t rcro,•t] tDlv'[D~,<j-t, + o/,, -t t D,
1

,~· t + D/,",, ~-1J 
er~-~ -r cro.i-.f.J t DIV[ D~-~ •t t- ~•-~· f ... J +[cro, c.{, t fi.. )) 

C'(D
41
•( -t Cl'o3 t] \- DIV [ P.i'.

9
.(, + q'..,•{ J t [C'(Ol. ( ~ 1 + f S)] 

~C'(o<1,f1J t D1vl o~.~~J t lC(o~( .f, t t_ f '~ )J 

c, .L, o,v [ cro◄ ,f, 
C'{I2.- o,n 
CtI~ D1\/L 

t.'(['I DIVl _ _ _,__ _ _ __________ ._._--..--r.--~· ............. --~ .. -· ............. -.. ,.~ ... --.-.... --~ .. -~-------- - - --·--:&---·- .... ----~_,, .... ,, .__..,., .... __ ._ "-"'-~~ ...... .. --~-

A. 
1.. 

lJoTE. u) T N ..... '( ~•VEN S unwoilO / ~ ,,..,..~'< ('.liu ~ere:e C.Qi!t'( 

11'1 TU[ .Su£..,ow 1:;. nu: . .SAl-!E FoR. Bon+ PIii ~ D•~ 

IVN-UE-,.~ T#f' ,;110 A2ooi.10 CA'tt.( ,~ WttAT P1FFetS hit 

~e.s f 'Two c .... :.f ~ . 

BLocr Scttfl'1ATK 

lif E 

!=-'.1i ,~1- 2 1 

c,,.,i,-z'( Co()J'Llli! (> u,11, 406,,(. 



C"'-'' l},._,j CP~·, Ull•T 

.. ,w Q, ·11 J<O /)r '( 
C'(fl 

2- ilr'( 

C,-rr-< e,.,.,,. ca., c.l'I('( C,ot<uoT 
=O'Tv•C'l'~•J., 

c,..111\" t ,,,..,,-
~ CVOJ • ~ :i.. 

INST ~V cf ION 

I f\DP t.'' .f6, '2. ~ C'o"1P~if-l'll:1~1 At.,HIM._ilC. 
~ -9 L--..:.:.;;...:_..:::...---------------------, 

'IT' ~ •it 

C•~1 C,Rcur 

f~ ~L ~IV 

ri 14 - ~8 CltAl'IP~es 

( ~ f'i 14-n 

II.I STR uci l61J 

OF 

CY-I& 

::. C'(D
1
• f ,_ 

i..s 

I" Ck'R 

c .. , C,,cu,r 

I" GT'f 

c,. .. ,,.< c,ia.,, ,r 

CPL', Uw,-r 

C'<I' 
-: tSTv, cvt>

2
• { .. 

'5'i7 

.f._ Ont 

CY.I, 

: Olf•D.'.,, .f.,, 



A EJ= 

(p,:,eJPA, fl~ ,'\+ PKIR"J"N~ R/'l ),~rr12£(r-i)cT,, ~ ·. A: -~c,r/·+1◄ . 
+(P,,~l~. ~'I + f,::1Q.ll-l~. f(_,). (v,:'.112 ~l("t AtTl-, L R,1•Qr,,/i..t~1,1 •Gt/i+l:1 .. [ A,

0

·Gr1R-l+ A'l,
0

•Gt1li
1
-f11 

(PriR:r~. ~~., + fK"IR.NB,A~.-,)•Q(112hrAc."fi,~J••~••~K//1 

(?<ii"'• ~;., + rriR'""· A; _,), i,K IR • ., ~,r.,. [ A;+ A/ • Gm I,, A,', Griif"{+ ii;. ~mt,]· [ ii"~ , A.'· Qm/•, fl;. i,t/£~"t + A; ,GK1i•] 

\ 

f-' t 14 - .i, 
f)E JUMP NFT 1--0~ IC 



I 
fi~.4 • Ai:: ,e ,~o(. ( 

T 
I S* ( fH:~H • A~IQ • 

\O. AEP:: 

~.t)· ~· t- r) · c A/· A~ + lf) · (I+/• A/+ .lLJ J· u-i; • f:14
1 
+ -w ) 

lAD, + T ), ( LADz. -t- I[ ) •(L.A DJ+ ll.L ) • ( LAD1 +- fi ) 

t Ar~'., •(Ar,~.ril)ptPtK1R.D'A) 

+- fH'.~ ·'l•(R~K·,, As(;)• AK1Rc, ✓ 

+-- '[(R r"'.1. • At 1Q"11.f )1 (A~."'· Rr1e_ NoR)} [ 4.sr~ · ~sr~' • Rsr;. (:) s 1c..,' , Asr: . ASIC~] 

+- Qr' • A5r'a. AK/11 MUL. 
-.J ,:!, ·, ,, 

-\- AK IR. QCSAL 

\vHE:'(c: 

I I I I I 
LAD;~ Di .. '!• D-i: . ., • Di,(... pl •/• Dl,8 

I 

D 
1'j <1~ 1-e) 

~ f,£P 

(i. ~If 

Ro11~ N1111 e: 1rnis 

(;H 
lt.S t:: 
LAD 

Bi.oc.( Sc1H'HATl<. C11,..PTrt 14 
i?eF j?e~ 

878'1 

'o1 80 I 

'2:,7 601 

87 S0.3 
€,)Z Ol--

(,) r., 0 0 LAO ~cL0 > J.~Jzc~ 1 ~ ~ lk i l:h 
~ ~ /J, ?, rt I ~+k,_,, 1 D .,..__ _ _____ . _ __ _ 

'RF F 1}ewt&>; 618/7 
Fie. /<1-'bD l4 ~£P lo~1 c 



'Pf~M~ ~! ':"1 'a·~lj :::. b·,!~ .l.Vtl! \~••:>1(:tN,! -_i9 

ctr ,1 ~,MR ?jj.1 -,,., n-s, ~ J-~ f t'" no:;> sr,·F.r : Q"-( OJ41~1 .. 1.:f. -.'o.:I 
f lO.l.,ntON J: MOi•:HJ;/ A Q JO ll'z! N <;>I$' l:) -~i 

•ir-t,-1 ~1.:1 "."41'r;)t'\l-fS'""1 r~-y{nq,...~ \.•J(l -;;<O '•i•t.$'~\A+?~a :~.1.•n !<'">I$ <'.J -~). 

-:vnr~J,,,_,., ~ f.X'f ,,J, 't) ::ll!(IJ.'J11llj -f 
"":'-'l•f}ntrt<;v-, do\d ..;o ,,'t:11,re ('f"'7f, .. ~ rt"'t?i ~{j ~ ~r,i.e"2 ~;r:'f"'·' ~ : ld.lt,IJ.• lj -~?J 

·f.JQ<""4nr '1) ~~(1""g '·"'f:11 {;.t''"f'~ ~ t a:J.i.3v"() >l<t,S' 31u. f.1ivno111 ,v.tH•"N Ntt/Aozj -~N~ 

t"""9 ,.,.,~ "'..,o ..,..,~1 .,tt ~ .. ,., ...... .) ""H"' c,»o...,o~s :,JQ ,...,.u,v"o Js<>.iJj.n )w.it~""Q"••s:.,"'-ilk.,N Nv110~ -N;:i 

---"' ...... ,,., ____ ........... .....____...,.,._,. _____ ,... ___ , ......... ----·--... -....... -

X ')( 
e * ~ '-I )( g4+ {;) 

y. ';( d' ~ 3 
>< )( :, -.~ 
)( ')( ~.., .3 

'I )( ~ -+-;-3 

X )( >' y. a +jl 

)( X '>( ~ --n 
)( y t,.~~ '?7 

Y. y I 
X Id +-r7 

X 

I 
)( (J ~ 

)( Y. )< ? "o7 
)( X ci-oi 
)( )( l X I:) ~ 

)( )I ~ ~ 

'I. X ~ ◄ -1.3s-a2i\ 
.. ~ ',( ~ "'"'s \,•le\ 

)( '>< ~ 
~ 

-

)( y. X X j}l::J fm-di-~ 
. ~ ')( ~ ~~ 

'j X 1,,,J J '-''lj "" . I ' 
1 

' N .. IS' d;af J.i"f,I 

'>{ )( ? 11.J ,tir .1,,~j,{\ 

')( x X X 'x ll ~ 
)< )( 'X )< X g ~ 

)( )( )I' )t' 'I B ~ 
')(, )( x X X l-) ~ 

'i 't. ',< '/. 04--I+-~ 
--· 

')~ ')~{I j~ .19 :ia:1. ~2 ~)-t 
~~ !,.,~ tJ~ -;I ~ .. , fld, 021 3~ 

·--· 
~7Jal:JHV2'1'c\ :I~ nd a;;t 



~£ Pv1-sE G"-Tf lot.1G 

I\D flo&..$E. l GATl'l-l6 Lo&.ic. I 1t l~PUT II ~D Pui.:.t \-c,.-.11~ Lo.;c.. 1 +r INfllr 

[o} + I~ D) •Lo~.< ·-,)••• D, '.,J c ~ o,.j Llill.+ R 1 ., tcai: 1 c. I!:;:,. A;. , 

[ ~ 8 ] • ls~R cut'] c.. ~ ~1·. , L J-Jt 1 • l CTTl) c. U.p A1j 

l JJ;t 1 ~ l A ;'.J } C. ~ A~. 'J-1) [l PA~ AJ C 1 • L ~:,i •D!,j1 C. L!_;, Ci-j 

l ~ A 1 · [SHL c()t'J c. \E...4 Ai,, t JJt.- 1 • t.D1

1, · } c ~ ~~j 

t. ~ }•lSt-1L •w;'.~J c ~~i:., [lPAD., rl Su r,,.,1-•11 

[ JJ/. l · [ ~:·.~· 1 c. '~ A1~.<j1 ,1 ll \'.l,.<j 51j>I ~l 

I [~ Is ] • [SHR. C!Jt°
1 J 

l ~ J · l B::1} 
( ~ 13 ] ' ( .SIil CU?' ] 
l "4/t } . lsflL Cl),\1 

] 

l , N ] • ( Ao,1, J 
~ 1,1 

[l t-111,r SiiP• A,c. l • l (,,i = ~i~,J 

l AJ4 1 • [ Cij t ~ig♦1il 
i )44 j • [ ~~•<i➔ I) j 

H~LT' s,.,,s~,. ~,y ciq} • [C\.~, ~1it1>•' 1 
---~ J 

[ J.it, j • l (,.~ 'I fl(it1)• I 1 
l ~ l · [ fi(iTl),I 1 

c ~ 13 ;. CJ°- 1) 

C~ 13i,I 

C ~ lh, 

C ~ 13i;, (J' tl_ 

C ~ ~ ,:, j 

C ~ ~,·,J 

c. ~ C1·,J 

c 4 lk'i 
C ~ Qi,1 

C ~ C1," 
\ f' 

u~esn .. r 1 

ll6 .z-J 
LU4 fil aj,~D1 

$ t,1,~l<l D] 
--4 ~· 1 · lF~-j J 

[E --4 B) • [Jckl 
[ E -1... C ) • LJ.it J 
t t: -i.. o 1, LMJ 
l JJi. 1 • r ~ i-11 

[r, -f- ~ 1 · \. Qt{) 
l~ -r o 1 · l {)i,{J 

c~ , A, 11,c, P 

c.. ~ I\ 11,c.>..D 
C~lli.,'\ 
c[i...p R,:.J° ·

c l½ D)-.j 

c LJ....f> Cij 

c. li-i) Di•j 

C 1.4 '(~ 

C ~ 8{,j 

c~ ~i-J 

t=',~ t"l-:!>1 

ft E Pu1..$E. GAi!!. Loc,.1, 



Ro 
RD 

Pv1.-.s£ c~oc. ( 

Pv...sl! 

o,ltl-0, d. 

o:)-+1-Pi. .J-

D.J+ 1--D3 
,J. 

DJtl -.D., c:) 

D C OVN,E'R. 'RO lo1.-1 <.. 

CY~Pf6,CAB~ SCA,SC5,SAU TL'( ND A) t--1 ltB 
T.11e Levfl-S I ·t"-lST I OH½ft. T.11c /,._L!YEL f INST I on~!! rt h",.,e L~vn I 1),1,Sr I 011-/l:Jl 

' 
L I I SI/}- [ I / I 

( l'.\1::.-J + A(..1_
4

), HIR FD, ·I + fll~.2 ' ~KIRn'~"J• A, .q'I -+ lfrKc1,.., • &K11:'. 1
~

0R]·6, •I 

l-dJt :J•FP,:1I + l--- JJt - J, ~~-, ,JJ + [-dJt-]·6i_-1f 

L-~· -1• FP• lll + l-ut-J 
I 

L-~-J-~ ·1[ A3.,• w + 
,! 

b,---d/i } +D .. ( TI'. +- c---m - ] A1
1

., • l.ll- -t- l-o4/J-J· 6~ -u 
I I I I I I I I I 

WH e-ee.; i:-oi: = oi-(1-g) : Di.e,. D,,), D1;~' 01 ,s • ol..., I pl.I.!,' 01 •2, . ot. ,, 

(31..oc.r S'c1tl=f.1Qi."tl£.. 

G7fo80 
87807 

~H-

£i. J At,'l" f."J.:.e 
I I 

N2 t~ = A K.,,l., • A r:,e Woll.. ?i 

11 T,~E Lev~~ I 1m, I Oil-¼f:J2 

[ 1 l'f)(!'. J I -+ 8-K'~,2.•AKII< •~1•I 

+ ~ diJt - J•l~•IL 

t- [- £it -- J .. ~'• TTT 

t [--tLJt- };'•lY 



,._ .. .,. .... 

t 
s•nn- RIG-HT I~ -A RD l., OG-IC. 

~.D RD NOA; NAB C'(fl-., C'(',B _; .SC. f1; .SA.!5 TL'( 
UL.SE W)<r 

I TIH-; ··-~FVc~$ - ·r -;·N~T I } IOTHE:R.! 
T 1~E ,,.-,E 

~l)~ 
te11n IN~T. D'T'H I: ie $ 01H£e::S Lf V f'I.. 

IN.ST, 
- - ·-- -

[ ' ~"'] . I I l! I I .Sf+fl] I -A~.2.•ftK11< • r,. , + ( ~ (.i-3 + ~ ~-➔) , R (II<'. • Y, • FD, • I' 
~q, d-.. rt[.- JJt-} =i1~•1T, +[- JJ&. ] • Yi'· FO~· .W 1- t Ui~

1

.2., • AKtf<n'<'J• ~I 
I 

+~- d4-J• 2~ •N, +[--:-- ,J,,jj_;, ] ' y <J
1 

' J:" o.., • 111 
-- -

[-~~]· i;.1r,._ +[- ~ J • y:J.' 8 /:'.J)t • 1f2, ~ ;;. J, q,l,' ~~ .. t;}... t [.-
+[-dft.~J, t~-:Nl.,, d-- ~ J , '<41 • rD1 • rrl,,, 
[- .Mt-]· ~~1, Jif +l- ~ - ]· '(' - L--~ -J , ci.J' ~AJ 3 • FD~• JIT i-"( + l- d$. -J. ;_z~ 'N.} t- [ ~ )· I -

Y1 • fD-9' ~ 
.......... ._ ... ...,.,. -

I 

W4 ~" ..,:)_ l-U4-1· ~~ · :rsz -t-L-- dJt ] I Y<i • FD4• il +-- L-d.Jt -] , a..4' 
:=r .. 

SHIFT l-.ffT /H. Fr RP LOt>ll-

RD ~D i.lo~; NAfJ C'f~;C'(JS I SC~, .s AJ3 J) 1 i/ - .._ 

'?v h.SE.. k',oci:: Tll1E I n1o11: LfY£U l~ST I or.+E~S Tlt1E Lf'\/f~~ I 1Nsr- <JTM E:~S 
i'V~t ~h•f~ l~ST o·n+eizs - ,. - ·-··----··----·--.. - ,-oe .. - - --·•<-~· 

L fl~'..· l\l(l~Nbe, )- 6, • I l I I + (~~() + ~~--4). fH::1R ..IHfl ) ~ '<1 I:> • FP, •I, 
I 

~ ~, t-l dJt- 1' 6l.. ]', +L ~ J• 'C - + [ ftSI() I+ ft51( 1°J · ~~\ • IH:1R."
111J • Q.,,,

1 Q... I fJ)l • Jr "1.-

t-l dJt- ]' ~ ·il1 +- ~ ~ J • '(~o 'fD-1".11 1 
~ ·-------- ·~-·-·· 

~ A.._ 
[ ~ 1· G2. IT1, + f- ~ J • '(LO • FD~• lr1,. 

~ 
t ct 

~ - J. '<1' • FD1 •R°1., + ·] • Q. l 
fl-( ~ }&i•N'-r~ 

-
L ~ } 6.!,, JJI +le---~ J, Y/ -

+~ • FD.!., 1If I 

~A~ :] • 4.l 
d. t-[ Mr } G..i , JJ' .3 +- &-- ~ - ] • '<1" • f.D,., U7i 

•..::.,_,,__ 

\s+iL,_ ~ ~ [ ddt;., J- ~ ,.17 t- l-e ~ 
0 

- ] , '<<!! , rD1. JY -+ [ /.Jt; ~, a.~ 
--------- -·-- ·-•c<'-- - _., 



SltlFT Rl~HT IN l3 RD LD6--IC.. 
-· 

RP RO NAB c'(13_, CAB ~ .sc.13_, .SAl3 MUI-
CLO(( I 

• -JL.SE 
i'o..sf '"'IE LEI/EL.. I 1~$T, I OTHEf. _T,111! li:vH .. .S I I T,111; I \~T, l OTHflt. 11\ST. CiTt-i~~ Le11e1,.. 

[ AK,..\.• FlKlt_'"A8 ]•i"/• T + [(A~~tf}~~) • f}~1f"8 )~'(.1
, FD, •I 

lli4 13, CY., +L-- ~-}i~•.TI,+ [_ ,di., - ] • '(1,'. ~ • !I, t [A~.,3. ftKlf>-fLl'-J, ~i' 
tl- -J· ~• .rv, + [ - ~ "' J . '(,q' • 'FD◄, lY, 

[ .._ ~ - )-z~ ·lfi.+- [- -22i ·-
-- ) , y'. fro.. -41-

~B. 
I,. • I. 

tl-Ait---J• 4-i.
1 

~ +t- ~-]·~ •UZ°~t [---d? J I -
~ , y"I • !='Pi • TI' r.-

[- ~ .-}1-'.nrt Ei=---/4lt- J • '{ ' , ro , ill 
+ [--~-]•ti~ ~B~ ,;;;I ~ . ,1 J 

+t- ~- ]·r~•N.._t(-~ J , '(~/ • F~ , 1Y1,. 

~~ [ - dt/t - 1-1 .. (.IiZ t-[-~ 
I -

t [~ ~ -- ]' 4,~ ✓ ], Y41, FD-,•~ 
-· --~ ,. - , .. - .,....._., ___ ..,. ,._ 

= -- - -
SHIFT U= FT" IN [3 RD l..06,-/ c... 

··- - --
RO RD 1--l.A..& C'(&_, CAf:> ; ..SC.l5., .SA.8 DIV 

C1.ott. Pui....St:. 
T.11e /...,::ll~L I I 6'tt!Frt. I I T111f .I I rv..se IN.!.T, T111E ~f\/EL.5 IN.-'i O'tt+I! ~ ~f'111!1L.. 

,~. Oti+£ 11.. - --·- •-
[ 

I 
( I I )• AKI ~sHg} Y,0, FD, • I '1~ .'I • ~(If, WA I!, ) • 6, • I + ( A~~ -+ Fl~ . ..q 

~ + [ __ JJ:i - ----1 · 6, ·Ir, + l- :ff ---} Y< • FD), • IT1 
I 

ijtJfDtll' } 4, I I g, ~ .... ... +- lA<i.<j • 
+ [- ~ --1 ·6..,,IV, + [- - ]• V:, • FP-1 •,i:l, 

~ Et-
l--------d - ), 61 ... ! Ir'/..+ r --- J,;i,t- )• 1i

0

' FD~· Ir1.- + l-JJ;t- J. ~z.' "::}.. 
~ - -i'6"'•IY-a.+- [-~ ~ -],y;0

, 

-
+ l-----· F".D" •IVi-

.... _._~ -

Lst1~ cr~ .J. L-- ~-1•63 ·w + [ .,.,..._ 1ft --J. '("' FD.J • 11J. t [.t.- JJI,-] •tlJ' , l 

+[-- ~-]·6"1 •Nl-1- [ - ·-- -·- ] 'Y/• tD◄• IY..3 
- ~ - ----. -·---~---- ·-
~ Kt <:) t-f----~---l~-~ + (-- ·-]·Y"

0

, w1 ,IY t- L+-~ -]· 4/ ________ .,,, ... , __ , ___ . ___ ..,.,...__'" ·- --



RD p V hS E'. 
t,,fv1-T1Pi'( S!tP ~D Lo'-1C. I 

lt'1f: L1n,1,1. f l~ST• I ~, tter? 
I 

\ H v LT, STEP$,,.,. \:\,,~ [9~\. 81':IR~V;) • ( II, +u,) 
~ 

C, .~ 

I l1u,r, .STf P S,.,w ,. ~l•'j ( J.JJ:r ) . Li 2. 
C1 ,i 

\ Mui.r . .StFP S•~ lil •'l ( j.J:t-, ) . il-3 Cl, "I 

.. ~- . . ,..-..-,.-.. • "' ? w .- . 
lt1v1-T. STEP,_ 

fi, £ik c, ( ) • 
IQ, I 

I 

\ H•1-rSrEP A-i 
( ~ a,),' 

► Ci- ) • 

\ H••T. Snt> Fh ( cUt-, ) I ,. c~ • a,.3 

[ HvLT, Sm>~ 
A., a , 
c~ ( ) - a,_,, 

F1 I<, , M-3b }-II ULTIPL'( -.STi:P 

l<D L O~ll,, 

131.oct Sc..i£,~ 1c..., Cr+APH'l2 If 

Ri!:ia- Iler= 

[ 11 """ .S,iP ~ A,L 81§68 

l Yl. ll .s .- .~ s.)i_ , Aq /(l,~ 3) z3o~ 

l?ol'IAt,t. ~IJM HAW 

f'vi..s.e RD Lo<- I c.. 

u_. 

LL. 
~ 

LL. 

c. ri,' • [( ) -t ( )}[( 

CJ., a..' l.. , l cL1t-
c.!, a.,J' ·[ ciJ/r 
C1 tt.., 1 •l ~ 

r.~ 14 - :n 
Co1-1Pt..f:~€N.1 C 

RD LDG,I(., 

)t{ ~ 

J 

J 
] 



RO RO 

flu1..~E t1..od.. 
Pv L.Sf.. 

~ ~I ~ 

ltir+ A1..- ..J 

lru. (:\~ ~ 

~ A~ ✓ 

--
CARR'< RD LDc-,ll. 

1i11E 11'\.STR VC.TION 

I.. E'VE"L. P\V I Pl\/ 

(A~'.e 1· ~[~t11? 0 "']-t r A,' -+ ~,'·(+,-rt ) t ~· -~. 

( )JJ,_ )· ~l JJJ;_ 3+ l ~;-(+, t-+i) -t A' l, t 1\' .(f, -\ jl) 

( Mr) I fl ),,,a ] t [ Ai'. t, 

C ~ > • ~ L J/4 1 t l A/ · ~, 

I 

A· l 

+ i~'· ( t, 
t ~;, (t, 

151..llc.1( 5.c >I I" HAT I( 

k?ef 

+ t) -+ (-) I 
), 

-1{) + ~ I '(+1+{. tf!,) 

OTHCf< 

I 

+- A.t; • ~I JJ•a../ ! 

t- Pt,/•(t, t{)]5•Cl2-1 ; 

A..,1 ,(£, + h -l j3 ) ] j .ci~• t 

t-
-, 
~" ]} 'Q'l' 



'RO RD 

?v1..st:. CLocr 

PvLSE. 

LE.@. ~I ' CI ~ 

~ f-\, Ci ~ 

~ r-tc-> ~ 

~ f).o4;C1 ~ 

PARTIAL ~OD RD LOG,IC:.. 

..,UL. DIV~ DSA , /.\DD)oe DIV 

•111e LtvFL•T..isr T,111 l rvH •lw11 rr,,.f L,,._, l>&T rr. ~Fl,-•dv~ :r,.,t lrvfv/115f, iT.MrlslA•IIISI 
OTHli~ Olttf'2 Otij flt o~t ,~THre Olilf'Q. 

PAP Pi Pi\O r"'" PM) 4> 1 ?AO 4> .. r,,.o ~J PAD 4>"1 

t I 

(PAD~)• Ct. 1• [ B,,1 Jt ( PAD ri.)• a ,' t [PAD$,· I ]+f PAD 4>, • II,1 +[PAO ~4 ·IT.] 

( d,1t- ) • a,~ 

( ~ ) • 4!:,' 

( dJ4 I 

) • Ct4 

l(r:i:., • J,) +(Bi',,, /:.) ~ 8J,', • ( ft -t- f-t ]+ (_ diiJi- )· D( ~ 

[ B;., • ( {-i fi) r 8;,, • ( l t C) J+ l .£tt.- J, ci; 
t( 13:,, •t,) -r (B~.,-13) + (B~.,-t) +Crs~.1-f1 )] +- ( Alt- )· ~~ 

WttffE ~ PAD r, , [(Ar~.,._+ flK ~,:!J ) • l1t1R.
11 vL.] 

PAD r'l,.~ [Ai:-;,'.)• ~t:1R 0111J-r-[~K~
1

~, {-t(l~Hl\~~DO] 

PAO ¢> 1 = 

PAD ~1.. C 

PAD ~J -

PAD 4>1 ~ 

~l'.'.11<'. / ) 

/PAD, At/ ,· 
PAD r 
eAO<t, 

\<N 
f') t:: 

ftS( 

I L o I O ] 
f\rB,"f • A,,

9 
t- ( ~s1() t AsK.1 ) • flKl'-~ 111 

' l (, I b 1 fi'e ., • Au1 t ( ~~t) t- ~5( , ) " (} K1R
0111 

I [ 0 

AK~.~ • ~Vi t- ( ~sr< t- A.St/J] ' ~tlig"' 

I L (> A ( (l ,'I , A1 .'i r ( ~sr:; t %(1) } • AK 112 
Cl" 

~LO<:/'. S o 1fl1ATI L 

R'oF 

t [PAD ~ l. • JJJ t [PAD4-i ·IYa.] 

t[ PA0<?1•.illJt[PADc/.-,•~J 

+ l PAo4»., ·."IY..1 

Eilz kil&I S-"' a..s ,.. rmc....._rmrn.~ 



RO 
f'D 

PvL.-!:.E. (-..oc( 
Pv1-~f 

~ q, d. 

~A ... l:l. 

LQ_ AJ IX. 

~ A<'i \Y 

Lo- ($ I rJ. 

~ ~~ ~ 

~ B3 ti 

~ B-, ~ 

C'L..EAf ~) !!> ip Lo,1l (.kf.lt.R_ CJD l'.P Lo(.,''-

fv\UL ITC'¼ , VN/\ ~D RP 
~DD 1 Su~ HUL> DI\/ 

Lt) 1 ~70,r(f CLocl'. 
Lo) sroec 

T1.,E I INST f orttre Se~ ~e.lo"") Pvi..sE. 1'1.11.l,f 
1-, 11e 

I •~ST ! Olttft T.>1f: L eveL j 11'1$T r onti;Jl. ( ~ 8 E L.0'1J) 
Li'vfl LI \/l=L ... ... - -

[A~,J.,. fil:'.1Rt1VL1· a..; t- [~Al b+t, cl_ 
[ I I f:\(;j,/' ~rn~~l)DJ, ~I L I I i1 0,11 J I f J + (Flr,_,,,tAK,i. 8 ),(f-lw< u1.t11K1R ·ti,+ · LQ......c 

l- J.l/e, -1· tti1 

+- L dJ4r J Le.-,. Ci. "'1. l J,Ji;_ ], a,~ +- l cl1t- - ] , ci) t L dJt__ J 

[-ddt--]·~-l· + L JJt. ] ~C3 ""- l /4lt- l· a; + l t:4/t J -a.J' -t L )Jt] 

r-d - -> J,a.,' r l M J ~c ... cl l )dt- }a~ + L ~ ],a~ +- L ~ J 
---- ·- . ---- ---- ---------· -

[l4 ~] ,~D,/{, <:ii_ -t LIE-. p ] 

l dJt- 1 ~0~;<1. <:}. -+-L~J 

l .,lj/; ] io_. D~J!> r;y + L ).14 J 
r_ J-4 J \a._.D-1,(, r).. ~ L dJt- J 

.. . ----··· ---- - -- ------- - --
Wl+H~; tJL... ~.,:, 0Kn"' •L ( oi::,e. 1r(l + ar,iz·~~) + (gi::l')"•F, Ql'.IR.Hoee )• v110"'•11 -t '[ (s, K , .. 01. ev,, 12. LO)- a i, R.'),J 

l..2..,. ~ .- G Kn.i., [ ( dJt- ) dl'lvx"s- J 
L.Q_. (. = C\Ki~, [ ( c:1Ji,._ ) • V...,o"x"] 

-+[l ) •Q.<112.ll] 
+ l( ) - Qj(IU.c.) 

l.Q_. p :. Q Klli, [ l ~ ) •Vl1J)t_X")] r[( )1~1:'.lllo] 

========·=---=--·=-··=-•=» = ============ ====i--·---------- -

I 

a..; 
ft K. 

f)KIR( ') 

LQ.., \"l,E,c,o 

~A,il,C,.D 

~ LOU $ll+fHATI( 

llt<F 

{:\~ 11--10 Cu~1-r.. Q,1>
1

c,.,.,J D 

RP LO'-ll.. 

--

-



"}- H= . 

l~PUf 

~:l:, 

lQ..1> lz.. 

~].!, 

k4 r1 

i 
I 

I 
I 

0 0 O· 

. . ----·:i--· . RD Pui.s.e 
(S!e£ EH6...,) GATtN.~ LO~K. 

[ [_g__ .t I 1 
[ li4 ~2.] 

r~ z.l 1 
[Lo.... i'-, J 

[I PAD,.. ~, • ( D~.-,• f}~-'i + o',,'i , ~,:, )) 

n PAD,... 22 • (D;.'i. A:., t- 0
2

~ • A: . ., )] 
(ll@_ r.s • (c;.f ~;;:; t-- o/,; • ~i'., 'l 1 

I~ ~., , (D~ . ., • Q.t~ t Di',· A~-9 ')) 

' 
t 

0 

+ [l~,~i~t, • (o~'l· A~ . .,+D;,c;. R,'..,) J t [ ~ 1, • A:, J 

( ~li O lo;,.,• Q:., t 01,~ • ~I~ )] t l ~ 11 • A;,'j ] 

L ~ l~ .. ( D;.., . rtt, t- ~~ • 0:., )) + [ ~ l~ • A~.5 1 
l ~~ t'-, • l ti~., · A;,i +- ~'., Q~ . ., ) J +- L ~ z, • A-:.'i J 

I 

t- l ~ 1 I • ~l"i ) 

I 

t- r ~ t 1.- • ~l"j ] 

+- ( I ~i, S,,, ifa • A~.c;] 

;- [l 1\11 $11;" 21. ~~.,} 

RP 

0 0 

P,e. l"l-11 

13·•oc I( Scttl!'Jf 

&r:E 

0 

r: 'PvHl' ,it.le / J('C lo&, IC.. 
I 

~- µ·- -~•-- ---- ►7·_,.,, .............. -✓ - _s_ ........ . --

;~==---=~(,v:o:;'~,.r.-;::::;:.:::c::r,::- · -

RO 
?v1-s1: RD c_.,, !\DD, SUB i?vt.$E l!O +'\OD, Sl.)fS ~I.JlSf DIV HUL 

~;:;1. \ 1Js1.n. \ orttm (~ J-.e) ~::. L~•~~ l l~sT. loTltrtt C~ ~) iT11 e. L vtL~ \ 1Ns.T \on1tf. ~;~;LI 1~n. I orn;; (Su~) PvLSE 

LfSi, d. 

I fAD,.i?2, .J. 

I !~A.I)• i.1 · ~ 

\PAO,_l.., .J. 

~t, <::l. 

\Q__.2\. ~ 

~ 73 ti! 

~t"I .J 



COJ1Pl EME NT A RD Loe; )C 

RD ~p 
HU!... Div' INS, ITA-

C,oci:: 

l~•~t LPvn1 INST. \ OTHr:-
p, .. ,_ S.F.. P,l,f Ti~~ LrvfL l INST I 6THErt.. T,,.,t levee~ 1 NS.T ! OTHel2 ( ~ Is~lo-v) 

[ ( I "'VI- ' 0 0 I 1 l I Pl,; , 0 ' I ] [ ( I O Iv') AO 1 fiK'11 ,IJ · AK1£ )· (r, •'(, -t-l , •'<,)·I + (~r:c1,')·AK1f<'. ),U,'<,+i?1 •'<.)•I t AK'~.,•AJ::'r~ • '·'l·I 

l.(. A, J t [ ( jJl ) • (r~·Y1.
0

+t:• Y1
1 )-.Jr,] +- Ll a ) • c r~·'C t l~. '(l')•rrJ tLc-- a _,'). A:." •JT,J +- [ Lt.. I+ J 

t- l ( ~ ) , (~•Y.,
1

+Zq0
, Y.,/ )•N,] t [(_ JJ;t_ ) • ( ?~ • Y.,i° t i1./ • '¼°>•JF.] 't [ ~ dJt- )" A;.1 'JY J 

[l ),jt_ 1 • u; • r:· tr/··<:) •.lTi..J +-LC ~ ) •(rz.'·'</+?/·~'),.JI;..] + LC ,IJt_, )•('.)l,~ ,JJJ £ii.,_ 
J l.4A1- ~ 

dt- I O O I b t L 
i l( ) • ({.,,, ½ +'1• ~ )•.IYL,,J ~ ll )Jt_ ) • Ct~ -~··ti.11°· (,;)• .iYJ ➔ l( J£ ) • 1+1-'} ,JYJ 
i [( £It. ) • (ii-~ I~~• t-2.!, •• () • .fil J +[( ,;{#,, ) •(JJ'·Y/+rt~}JlJ ]+ l( ~ ,·~.~-III" J JJt-

4~) l ~ .. 4 [ J 
[( )dt ) •(~'• ¼o-t-l . .,°•¼')•J%] + [( dJ;;, l ·C?~·~0

t4°•r.')•.il'~J+l( ~ ) 'ft-t,"j • US.] 
l 

; 

[( ,),it_ ) (' 0 O ) -] t [( /4/t. ) { r..' 'r.; t-~·- ~') ' Ji_ J ~ [ ( ~ ) • A1.; ,.ut_J + L dJt-. J ll l'.l4 d , i..i '½ ·n,, . Y.i •Ji 
- --- -·--- .. 

I 

fD RD 

"Pv1-.Sf 
i('.o,t 

T,,-,e 
Pul~ l!!Vf'I.,. 

~~I,', "1 ~flK.;\, 

~Al,", ' tj [( 

It+ ~3 -"I d [_(_ 

U:.Q1,") d. ll 

C.011 PL...'EHFNT (:\ i, 9 \('D LOG--IC.... 5l 
SC.~/ SA6 NOA, >-I-AS 

l l'll,n: I 0

D'Ttfftz. 11 '•M I 
!.t:Vf-L 

IN~,. I OTl+!!L 11'1E \ I ti.ST 
LE-VE'I-

I 0Tli~r1 

I 

l5 0 I 1 I I I i I 
~ t'.'IR.so, -t-SA ), Y', ·r,. I T {A ~.3. ~(lf

5
Cf\"t.SAB ), '<,. ti . I J +[~½,?.. .. AKIRIJ01•l-,• r J 

dt- )• -(

0

•t;,Jr}+ l( ~ ) •'( :. 't.> 1[] +[(_ d$ )•t~" 1f J 

Pk ). 'C•2~-.nrJ + [( ~ ) , ~'· zj' -.nr J + ( ( dJt- )·r •1IT J 
£it. ) . '<.i"·~· ,W]-+- l( ~ ),ti·2~-W1 t[( d ),~ •IlJ 

-
wttr:i:E.: u__. fl: Qt::'O"", Q(1R ''~s t Qtl..l..i, (C.Vl<'.1~ •1-u t IT/r) 

CoMP I), 

f)l'.11Z ( ) 

eN 
Ii I( 

GK 

••· - •··--

gLoa .SchFH C'wAi> )1 

~f_f__ _fil_ 

~17.2.1;8)8l4 

r,~ . M-"'12,, Co1-1Pl.fl'lfNT [.} RD /..06,-IL 



" ------·~ 
Co~PL£11ENT B I< D L,O~ ll,. 

·---"' ~--···-·---~ , ____ 
I< D HUL 0 \I/ l/llj RP 
PvLS.f.. I or~i;,ii. II (~ fWo~) 

·--
Ca..or,r Ttl;\E ] ,~.s, \ I T111E I l~S, I ontf12.. T111E 

?1JL<E 1..e11e1,.. O'jt,fffl.. Lf-VeL 1..evft. 1».sr ( ~ &lo~ J 
' 

L( ltK~,1- , At,/~1
)• ~:.'i ~IJ + t(A~·-~•IH~lf"' 11 ~•U,

1
•'1'; 01-t;,r,')·I J+[~~.11· fH~12c'v),r,

0

-IJ 1- [(~B,)•I.l 

l c c£tt 
I 

t- [( ~ ) (!.;, '('/,b fii
0 ;(i.').-Jfl-] fl( J.Jt ) •r2." ·il",J + Lclk. BJ• JT,J t-[.~ B ) le.. (S, d. ) • B2.-, ·TI,} 

Ll m ) • 131
1
,-,, NJ t l( J$- ) ,(~ -r/ +1,q

0 

• ,),.fi',) ~ Ll jJ/, )•t . .,°•WJ rlC~ ~).J:Y1J 
_ v--,.,•~ 

£it_ 
I 

~ ) {l~• '(
0 

t- ti~' ·<i_') ,JrJ +- L( 4 [ l ) • B2,'1 , Jf t.] t [(_ )•z-:•IrJ t[(Lc_Bi.)•ITiJ lit-
J lf. gl., d. m., ) , ls~,'t •TI\J t ( ( eat- ) 

1 (1~•½
0tr; -~'),NJ+- ll )dt o +- L 

[ l )~ . .u-J r[u.c. ... B
41
)-HJ 

- --------~----·-
~ a I dJt_ ) • (_r~, ~o t x:

3
°, Y/) i][ ] t \_ (_ JJt., )1:i•,-m J t-UL..C.... 8;)•lll J t [_ )J;t. [ ( ) • 5 s,'j ·'JIJJ + ll 

J k,. B.3 .J. 
[ ( .£it- ), i~ 4 -~J t- Ll ~ ) • (?~ • ~"+z.,i° • ~'), R_) +-[ ( a )~

0
-IVJJ ~[(LL. ~)•If.3J 

--
£1,t 

I a ) ,(~•~" t i4° ,'(~)· 1YJ t-l l d,}t. )~

0

• R J r[(~ i:3-i)•UJ + L ~ ~ ~ ~ [ ( ), 151,9 , IZJ t- [J J 
~ .. """"'!:: 

L.C.....13, -= (A rJ.',, ~~1 g» 111 
). (it, 

E~oeit ScL._ c~1i1 
.INl+J:~f; 

(, ,l?;t-, U.... Bt."' (_ cAtf,._ ) , ~~-~ 
toMP E Lt.....~= l eiA ) , ftti; 
Ac~IR( ) .I 

p I"' M '--1j C Ol1PL~'1 IS \IT a ~ LO.t.lG 
L£:.... B.-i .. l di; ), ~.~ 

t?i-ij LL. rs • Cfn:.'~ft. +- Q< :ai'() • G i:: 1 2. IN~ 
ir 

Q~ 



~•--·-··· ... --
CYA,C'l'B,C.4&_j.SC./1 1 Sc.8, s11(J 

ADO, .su~ 'j DIV J H UL-; C'( ft, CV'1~ CAil~ .SCFI ,Sc.S,SAil (_ Sd ,.).. ¢ I !
0 

¢~ ) 

--d), I 4'1.... l (fi.l \ <ti.., T,~e I I l /l'/5.T, OTUE(l ev~i.. 

~ D, 0 ¢, • I + qiJ. :ir, T 4>-1·1¥, 

!4 D1- <;j 4:i: TI}.. t q>41• R1- + 
1 St, 0 

A~.l. • Ai::lf • '1'2 ']" 

le... DJ d. +- 4>3 ·JJI. t ~' ![3 

~ D1 i}. + d>-l,IY t 
1 srt 0 

l))(.,i,1 , AKlll , '(1 , IT 

WI¼~€~ ¢, "'L (A K~ ,f A,:1n 
11,J,( Y.1 D, .,,)7 -t[~H;/:i: ~r ,t'11 J + [(RK,;,t t- ~ ~,'})· ~ t:'11ZHU'}Y,

1 

4i. 0 L JJj;. )•('1',d D1,'i) +L Alt ] +L JJt- ]•Y~I 

<h • l JJt- } (Yd 11,) + l ~ J + L ~ } {/ { l 
44 · l ~ J- (Y'\1 o◄~ 1 ( ~ 1 1- l Jd4- 1; r./ + l 

Cw1P 

RN 

~KIR.1 · 

Rt 
(¾I( 

G 

D 

J 

[hoct::. Sc K.1"11ATI( 

KEE 

6, 8o&i 

81 801 

¥0......, ....... _ . ______ ··-··-

NoA) NA3 

(~ ~/ow) 

+ ( )• t 

+ ( )•lr. 0 

~ 

+ ( )•]I 

t (_ )JJZ" 



E_. A, 8,C,J> RC ~IC 
E-. ~)3,C) .0 Le vet... \..0'-IL 

Kl) !ZO t:- ♦ A) f?, C, D 
C,ocr 

. 
-~i,1..!,f 

Yui...$f. 
1-E VtL 

--· ----

E,~ ~. d [ E~81 E---.f\,:,. [Q(~ 1 ... , ~1::'lf2_LP}~tlflt + f Qti.3.:x, Ql(1RIT/\tVl'l~1+lor2:1,.i., Grnlnollf. QKMvFf>}vHDX)(~ 

E\..~~1. tl [ )Ji ] 

f.3. --4 ~.l 11. t di ] 

£.~A◄ ~ [~ ) 

c., ---, IS, t:J. [ t_,.~J f ...... CS c[ ~ ] •(),tit + l ~ J ~l d1ilo }• I/ 1W xx~ 

f'1,. - ~ ~ Lrl,Jt; J 

f~ - B.3 ~ [~ J 

r1 - 51 ~ i~ J 
·-----·-..--

:E, ..i... c, ~ [t--.cl F--.c:ol JJl- l-~·m.' ~ L ~ ]J: L ~ j • VHI:fx/, 

l\. -1. Cl,. ,J._ l /,J;t 1 

~l .l.,. C3 tJ.. L~ ] 

f~ J.... c~ "' [ d;lt J 
-

~ )A . I L 1:.-..i> J f---n~L ;A/4 J•q~,l +- [ 1 tl } V11d)() F,~ P1 ,J_ 

ti. -4, bl. 
"" 

L .4/t J -----··-· -~"· -
&J.OCt Sc Ml<~ TI( c~ I◄ 

-EJ ...i.. .D3 l ~ J 
:. ~£1= f!H· r,;. 14--"lS ol. Ei-,.Qi.,\!1,Ci,D{ 8)813 

~J..D~ ~ l~ J f~-+\\, &,Cj D (,,) ?Z I E ~ !+, E,,C1 .D RP Lo"- IC. 



RP 

PvL>f. 

~,--:i-5, 

B,+A, 

It~ T' lSz. 

lh ~ Ai. 

~.!.f+K.l 

13 . 
·~ --t9A.1 

~+g'l 

~ ~ A1 

~ ~K/ BrPt 
Ro p,\/ 

('LOC[ ,,11 e I f 6,tiete H,~ ~EVIH .. 
INST, 

d. [ I DIii 1 I 
/t~olb • \tt:'.IR "tt-1 

~ L ~ l · ti./ 
, 

d'4 JI ~),I i:I.. L. 

,J l ~ ]•Q~ 

ol l tlJI, 1 •a' .!> 

-.J.. l ~ J' 4 I .s 
'1l [ ~ J. Ct~ 

[ ~ ] ,a.., I ~ 

ISLoCl'. S C.Hf-1-?l"P( 

A~~ &i 
Tl,~ -- (:\~ 

~( 

i2£F 
6,81(.; 

8) 510 

RD LO~ll.. 

'1UL.. 

Ti11. I 
l•v6L 

IN.ST I Ol$1l 

t [ H' I .. A KI 12 1111 
I. J. a. I 

~ ,J I 

,- [ cJ,J/4 ), 4.1, 
I 

+ [ dJ/, }4::,' 

t t tlA 1 • a~' 

·-·· ---
C i+"' i> r,'!' ,1 1<1 

i~, 
r,(g M -"'Ii 

E-f-£~· Bj'i\ f..P Lot91L 



0 

0 

0 

0 

O· 

0 

0 

CHAPTER 15 

IN-OUT ELEMENT 

TABLE OF CONTENTS 

15-1 INTRODUCTION 

15-2 IN-OUT ELEMENT BLOCK DIAGRAM 

15-3 PHYSICAL LAYOUT OF THE IN-OUT ELEMENT 

15-3-1 GENERAL DESCRIPTION 

15-3-2 IN-OUT BUS 

15-3-3 CABLE INTERCONNECTIONS BETWEEN CENTRAL COMPUTER AND IN-OUT SECTION 

15-3-3.1 SEQUENCE SELECTION CONTROL CABLES 

15-3-4 CABLE INTERCONNECTIONS BETWEEN IN-OUT SECTION AND IN-OUT UNIT 

15-4 TYPICAL IN-OUT UNIT 

15-4.1 GENERAL DESCRIPTION 

15-4.2 CONTROL FLIP-FLOPS 

15-4.3 SYNCIIBONIZER 

15-5 TYPICAL SEQUENCE SWITCH 

15-5-1 GENERAL DESCRIPTION 

15-5-2 LOGICAL STRUCTURE 

15-5-3 SEQUENCE SWITCH LOGIC 

15-6 IN-OUT ELEMENT OPERATION CODES (TSD AND IOS) 

15-6.1 GENERAL DESCRIPTION 

15-7 

15-8 

15-6.2 TSD AND IOS TIME CONTROL SIGNALS 

15-6.3 IOCM CONTROL LEVELS 

15-6.4 IOS 

15-6.4.1 IOS TYPES 

15-6.4.2 IOS 3X XXX FLOW DIAGRAM 

15-6.5 TSD 

ALARMS 

15-6.5.1 TSD TRANSFER MODES 

15-6.5.2 TSD FLOW DIAGRAM FOR OUTPUT DEVICE 

15-6.5.3 TSD FLOW DIAGRAM FOR INPUT DEVICE 

DESCRIPTION OF IN-OUT UNITS 

* (00) STARTOVER 

* ( 41) IO ALARM 

( 42) TRAP 

( 46) MAGNETIC TAPE 

( 47) MISCELLANEOUS INPUTS 

( 50) DATRAC 

( 51) XEROX 

* ( 52) PETR 

( 54) INTERVAL TIMER 

( 55) LITE PEN 

March 1961 15-1 



( 60) DISPLAY NO. 1 

( 61) RANDOM NUMBER GENERATOR 

* (63) PUNCH 

( 65) LINCOLN WRITER INPUT 

( 66) LINCOLN WRITER OUTPUT 

( 72) X-Y PLOTTER 

* Discussions currently included in chapter. 

LIST OF FIGURES 

15-1 BLOCK DIAGRAM OF IN-OUT ELEMENT SHOWING INTERCONNECTIONS WITH CENTRAL COMPUTER 

15-2 INTERCONNECTIONS BETWEEN SEQUENCE SWITCHES ON IN- OUT FRAME AND CENTRAL COMPUTER 

15-3 INTERCONNECTIONS BETWEEN SEQUENCE SWITCHES ON IN-OUT FRAME AND INDIVIDUAL IN-OUT UNITS 

15-4 INTERCONNECTIONS BETWEEN CENTRAL COMPUTER AND IN-OUT FRAME 

15-5 TYPICAL SEQUENCE SWITCH 

15-6 LOGICAL OPERATION OF INPUT MIXERS AND OUTPUT DISTRIBUTORS USED IN SEQUENCE SWITCH 

15-7 SIMPLIFIED FLOW DIAGRAM FOR TSD AND IOS INSTRUCTIONS 

15-8 IN- OUT TIME CONTROL LEVELS GENERATED IN CENTRAL COMPUTER 

15-9 IOCM(xx ) LEVELS AS A FUNCTION OF SELECTED SEQUENCE 

15- 10 IOS TYPES 

15-11 IOS REPORT TABLE 

15-12 SIGNIFICANCE OF N~~ ~ 2 _
3 

DURING IOS 3X XXX AND IOS 6X XXX 

15-13 FLOW DIAGRAM FOR IOS 3X XXX WHEN REPORT BIT IS SET (CF~) 

15-14 IOCM MODE LEVELS ASSOCIATED WITH EACH IN-OUT UNIT 

15-15 TSD DATA TRANSFER TABLE 

15-16 PETR READING INTO MEMORY BLOCK OF 36 BITS IN ASSEMBLY MODE 

15-17 TSD FOR OUTPUT DEVICE 

15-18 TSD FOR INPUT DEVICE 

15-STARTOVER-l STARTOVER SEQUENCE 

15-IO ALARM-1 BLOCK DIAGRAM OF IO ALARM SYSTEM 

15-IO ALARM-2 ALARM DATA REPORTED BY TSD 

15-PETR-l PETR TAPE TRANSPORT SYSTEM 

15-PETR-2 PETR BLOCK DIAGRAM 

15-PETR-3 PETR MOTION CONTROL LOGIC 

15-PUNCH-2 PUNCH BLOCK DIAGRAM 

15-PUNCH-2 HIGH SPEED PUNCH SYNCHRONIZATION 

15-2 March 1961 



15-1 INTRODUCTION 

CHAPI'ER 15 

IN-OUT ELEMENT 

The In-Out Element provides a communication link between the external world and the 

computer. Before events occurring in the external world can communicate with the 

computer they must be synchronized, i.e . , brought in step with the periodicity of the 

computer. This synchronizing occurs in the In-Out Element . 

All of the in-out data transmission devices, as well as certain asynchronous events such 

as in- out alarms and those events initiated by certain manual controls, communicate with 

the computer via t he In-Out Element. However , some asynchronous events, such as most of 

those initiated at the control console, communicate directly with the Control Element. 

The In-Out El ement must provide the necessary l ogic for accommodating t he special oper

ating characteristics of many different devices . It is this accommodation requirement 

that makes the In-Out Element such a complex communication link . 

As described in Chapter 3, the solid state circuitry used in the In-Out Element is 

slower than the circuitry in the central computer. The l ogic r eflects this, and also 

the fact that level transitions and O.4 microsecond levels are used to generate pulses . 

The chapter begins with a block diagram discussion of the In-Out Element . This discussion 

establishes the basic components and communication paths . 

Because the in-out frame has a rather complex phys ical structure , the layout of the 

In-Out Element is discussed in some detail . 

A discussion of a typical In-Out unit and sequence switch then follows, since these 

components ar e found in all sequences and have common characteristics regardless 

in which sequence they are found. 

The two In-Out OP codes, IOS and TSD , ar e then discussed. The logic and communication 

paths these OP codes use are discussed in detail. 

The chapter concludes with a l ogical description of the individual In-Out units . 

15-2 IN- OUT ELEMENT BLOCK DIAGRAM 

Fig . 15-1 shows a block diagr am of the In -Out El ement . The diagram indicates the 

communication paths between the In-Out Element and the central computer . 
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The In-Out Element inc l udes : 

1) Input-Output Devices 

2) In-Out Bus 

3) Sequence Switches 

Since only one In-Out device can communicate with the central computer at a time, it is 

possible to have all the devices use a shared In-Out Bus . An elaborate switching arrange 

ment is required to properly connect the selected In-Out device to the bus. This 

switching is taken care of by the individual sequence switches associated with each 

In-Out device. 

Once an In-Out device is properly connected to the In-Out Bus , it can communicate with 

the central computer . While it is difficult to make a sharp distinction, generally t he 

communication will involve transmitting either data information or contr ol information. 

Each bus between the central computer and the In-Out Element is used to transmit a 

specific type of information. For exampl e: 

IOBM Bus 

E Bus 

N Bus 

IOCM Bus 

Hi Speed Bus 

This bus is used to transmit data information from the 

In-Out Buffers to the E register . It is also used to 

"report" the control state of the In-Out devices to the 

E register . 

This bus is used to transmit data information from the 

E register to the In-Out Buffers. 

This bus is used to transmit mode control information 

from the N r egister to t he In- Out devices. 

This bus is used to t r ansmit contr ol information from 

the In-Out devices to the Control El ement in the central 

computer. 

This bus is used to transmit control information from 

the Contr ol El ement to the In-Out Devices. 

Note that these buses ar e " shared" by all the sequences. In addition to t hese shared 

buses, ther e are individual cabl es that run between each sequence switch and the Sequence 

Selector in the central computer . These cabl es t ransmit the "Raise Flag'; signals to the 
i i 

Sequence Selector from the In-Out devices . They also transmit KD and ND sequence 

selection levels to the sequence switches during TSD' s and IOS ' s , r espectively. (The 

function of KD
4

l (O) will be discussed later.) 

15-4 March 1961 



15- 3 PHYSI CAL LAYOUT OF THE IN- OUT ELEMENT 

15- 3-1 GENERAL DESCRIPTION . An elaborate cab l ing and busing arrangement is required to 

interconnec t all the parts of the In-Out Element to the central computer . This 

results in the In-Out system being physically complex as well as logically 

complicated . 

The hear t of the cabling and busing arrangement is the In-Out Frame . This frame 

or section is l ocated at the far left end of the centr al computer structure 

(facing the front) . The frame contains an open wire bus structure and all the 

sequence switches associated with the various In- Out devices. Flexible cables 

connect the In-Out section to the central computer and to the individual In-Out 

devices . Note that the individual In- Out devices themselves can consist of 

several chassis and control panels and r equi re extensive interconnection. An 

example of this i s the XEROX printer. Fig . 15- 2 , 15-3 and 15-4 show the cable 

interconnections for a l l the sequences . 

15- 3 -2 IN- OUT BUS . There are two open -wir e buses running horizontally down the In-Out 

section (see Fig. 15- 2). The top bus has 100 wires and the bottom bus has 72 

wires . Each bus has 37 positions where 104-pin r eceptacles and 75 -pin receptacles, 

respectively, provide access to t he buses for external connection . Since all 37 

receptacle locations are logical ly identical, convenience alone determines which 

sequence is assigned to which location. Signals from the central computer are 

r outed into the In-Out Bus at the left end of the In- Out section (looking at the 

section from the rear ) . Signal s to the central computer are r outed from the 

In-Out Bus at the right end of t he In-Out section . 

A 10- conductor video cabl e is jumpered be tween the T bars on the In- Out section 

occup ied with sequence switches (see the jumper between Sequence 66 and 72 

identified on Fig. 15 - 2) . This video cable is the In -Out High-Speed Control Bus . 

It also runs horizontal ly down the In- Out section . 

In addition to the cable terminating devices found at either end of the In-Out 
1 EU+~~ 

section, ther e are two logic nets involving IOBM2 _
9 

and IOC~ These 

nets will be discussed later in the chapter . 

15- 3 -3 CABLE INTERCONNECTIONS BETWEEN CENTRAL COMPUTER AND IN - OUT SECTION . These inter

connections are shown in Figs . 15 -2 and 15-4. The E cables from Section BC in 

the central computer terminate in cascodes and cable drivers on the In-Out 

section . The E cabl es cons i st of four 10- conductor video cables, which are used 
1 for transmitting E4 _

9 
(36 wires) . 

- 1.1 
These cables connect into the 100 wire 

bus . 
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The N cables from Section BC terminate in cascodes and cable drivers . These i n 

turn connect into the same 1OO-wire bus that the E cabl es connected into . The 
1 

N cables consist of two 1O-conductor video cable for transmitting N2 _
9 

_ l.l 

(18 wires). Although all 18 bits appear on the bus, onl y bits 2.3 - 1 .1 are 

currently used . Note that both ZEROS and ONES appear on the N bus since the 

N cables are tied both directly and through inverting amplifiers to the N bus . 

The IOCM cable to the Control Element in Section C of the central computer is 

driven by cascodes and cable drivers. These amplifiers are plugged into the 

1OO-wire bus at the right-hand end . The E, N and IOCM cables all interconnect 

with the 1OO-wire bus . 

The 75-wire bus transmits only IOBMO,l (72 wires) . Information is carried 4.9 - 1 .1 
back from the IOBM bus to the E r egister via section BC in the central computer. 

This is done using eight 1O-conductor IOBM video cables . 

15- 3 -3 .1 SEQUENCE SELECTION CONTROL CABLES . Each sequence switch on the In-Out 

section is connected by an individual cable to the Sequence Selector 

in Section D of the central computer . These cables transmit the KDi , 

NDi and iRAISE ~ FLAGi signals . In addition to these, a KD
4

l (O) wir e 

is found in each cabl e . 

15-3 . 4 CABLE INTERCONNECTIONS BETWEEN IN- OUT SECTION AND IN - OUT UNI TS . These inter

connections are shown on Fig . 15-4 . As the figure indicates, cons iderabl e 

variation occurs in the number of cables required for each sequence. Basically, 

the cables are used to connect the In-Out units to the associated sequence 

switches on the In-Out section . 

The sequence switches themselves provide the link between the cables shown on 

Fig. 15-3 and the In-Out Bus itself . 

15- 4 TYPICAL IN-OUT UNIT 

15- 4.1 GENERAL DESCRIPTION . A typical In-Out Unit consists of the following types of 

devices: 

1) Data Conversion Devices . For example, a photoelectric tape r eader, a 

paper punch, etc . 

2) Control Boxes. These boxes usually contain t he In-Out buffer , the 

synchronizer, the contr ol f l i p-flops and other special purpose circuitry . 

3) Non-logical Controls . These are found in various chassis and control 

panels and include such items as power supplies, motor switches, etc . 
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15-4.2 CONTROL FLIP-FLOPS. Thes_e flip-flops detennine the logical operation of the 

In-Out unit. The standard In-Out control flip-flops are: 

C (Connect Flip-Flop). The In-Out unit is l ogically connected to the 

computer by setting the C flip-flop to ONE. This is done by an IOS 

"connect" instruction. c1 
gates the RAISE FLAG signals and, usually, 

certain other signals such as those caused by the Equipment Inabil ity 

Alarm (EIA) flip-flop and the MISINDication flip-flop being set. 

Almost all In-Out units have a connect flip-flop. 

ST ( STatus Flip-Flop ) . When this flip-flop is set to ONE, it is 

permissible for the computer to perform a TSD in the unit 's program 

sequence . The STatus flip-flop is set to ONE by the In-Out unit 

generat ing a "completion pulse", indicating that the unit is ready 

for another TSD. Almost all In-Out units have a STatus flip-flop. 

EIA (Equipment Inability Alann Flip-Flop). This flip-flop is set to 

ONE as a result of some difficulty such as overheating, l ow paper 

supply, etc., in the associated In-Out unit. Not all units have an 

EIA flip-flop . 

MISIND (MISINDication Flip-Flop). This flip-flop is only found in 

free-running units such as the Magnetic Tape unit . When MISIND is 

set to ONE, i t indicates that the unit is getting ahead of the 

computer, i.e., a line of data has been missed by the computer. 

M (Maintenance Circuit). This is not a flip-flop, but rather a circui t 

which may include a manually operated maintenance switch. A "fail- safe" 

design has been incorporated in the circuit, so that an M (Maintenance) 

level is generated when any one of several conditions occur. Thus an 

M level is generated when the switch is open, the unit is not powered 

or the unit is physically disconnected. The transition of this level 

does not have to be synchronized. 

15-4.3 SYNCHRONIZER. Normally when an In-Out unit has canpleted its cycle, it will 

generate a completion pulse. This pulse indicates that the unit is ready for the 

central computer to execute another TSD. These completion pulses occur 

asynchronously, since in many cases they occur as a functi on of the me~hanical 

cycle of the data conversion device itself. The central computer synchronizes 

these asynchronous events by means of IOI clock pulses and a synchronizer. As 

March 1961 

we shall see later in the chapter, the output of the synchronizer becomes the 

synchronous RAISE FLAG s i gnal that is transmitted to the central computer. The 

function of the synchronizer is to insure that the In-Out buffer state will not 

change until the central computer has completed its communication with the buffer. 
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15-5 TYPICAL SEQUENCE SWITCH 

15-5,1 GENERAL DESCRIPI'ION . Since a large a.mount of infonnation is transmitted between 

the In-Out Element and the central computer, it is important to understand how 

this infonnation is routed to its correct destination. Most of this routing 

occurs in the sequence switches . The sequence switches provide a method of 

multiplexing a number of In-Out units onto a " shared" bus. 

One side of the sequence switch is tied to the central computer. The other side 

of the sequence switch is tied to the associated In-Out unit . All the infonnation 

on the "shar ed" buses will appear at the input to every sequence switch . It is 

then only necessary to provide a logical means for selecting the specific sequence 

switch that will pass the infonnation through to the In-Out unit. In certain 

cases infonnation will be transmitted right through t he sequence switch without 

any gating occurring, e .g ., this occurs in the case of IOI clock pulses, 

1PRESET 0 roe levels, etc . 

15-5 -2 LOGICAL STRUCTURE. The sequence swi tches vary in complexity, depending on the 

nature of the specific sequence. However, there is much that is common to all 

t he sequence switches . Fig . 15-5 is a block diagram of a typical sequence switch . 

It shows in composite fonn most of the communication t hat is possible between the 

central computer and the In-Out Element, and indicates the kinds of sequence 

switch gating which can occur . 

The two standard "mixing" packages that are used in the sequence switches are 

the input mixers (IM) and the output distributors (OD). (The output mixers (OM) 

are logically similar to the output distributors.) The logical operation of 

these packages is shown in Fig. 15-6. These are level logic devices, although 

a o.4 microsecond "pulse" is often used as one of the input signals. 

15-5 -3 SEQUENCE SWITCH LOGIC . No action can t ake place in t he sequence switch during 

a TSD or IOS unless the sequence is selected by the KDi or NDi levels, 

respectively . The control levels gated by KDi and NDi are shown in Fig. 15-5-
They include the control inputs transmitted to the sequence switch over the 

In-Out High Speed Control Bus and the IOCM levels t ransmitted f r om the In-Out 

units to the central computer . Note that in the case of the input signals, the 

levels r etain their identity after passing through the selection l ogic nets , 

except that the !CD ' s and ND ' s are dropped . For example: 
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Sequence Switch 
Input 

I MODE + SELECT . 

ND 

10 ~--•• roB 
KD 

roe 

Correspond ing 
Sequence Switch 

Output 

I MODE + SELECT • 

• roB 

roe 

The IOCM levels are expressed in terms of the control l ogic producing t hem . For 

exampl e : 

Sequence Switch 
Input 

M 

Corresponding 
Sequence Switch 

Output 

As mentioned before , cer tain control signals pass through the sequence switch 

without being gated by KDi or NDi . These are the IOI clock pul ses , and the Stop 

Unit and Pr eset l eve l s to the In-Out unit; and the RAISE FLAG pul ses, and the 
MAIT MIS IND EIA 

IOCM , IOCM and IOCM levels to the alarm sequence . The rese t signal 

i s gated by M so that , when the In -Out unit is in the maintenance state, the 

PRESET button on the console will not disturb t he unit . 

The specific l ogic used to connect the In- Out buffer to the E bus, the IOBM bus 

to t he In-Out buffer and the In -Out contr ol, and the N bus to the In- Out control 

will be discussed later in the chapter . However , the general features of this 

l ogic will be pointed out at this time . 

Data can be t r ansferred to and from the In-Out buffer in three possible modes : 

the NORMAL mode, the ASSEMBLY AND FORWARD mode and the ASSEMBLY AND REVERSE mode. 

Once the mode t r ansfer is determined , the sequence switch is set up accordingly . 

Data is a l ways t r ansmitted to the In-Out unit by first c l earing the unit ' s buffer 

and then transferr ing ONES . For this reason , the output distributors have only 

·one output wire . Data is usual ly transfer red from the E bus to the In-Out unit 

in the form of a 0 . 4 microsecond ground l evel. The strobing is performed by a 

o.4 micr osecond negative (-3 vol ts) level. 

I nformation is " jammed" into the E regi ster from the IOBM bus . For this reason, 

input mixers a r e designed with two outputs . When the gating level is at ground, 

both outputs are at gr ound r egar dless of the input . When the gating level is 

negative and the input is at gr ound, one of the outputs will be at gr ound and one 

'will be negative. If the input goes negative, the output wires will both reverse 

t heir signal l eve l s . Hence data is visualized as r epresented by the negative 

output wir es . 
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15-6 IN- OUT ELEMENT OPERATION CODES (TSD AND IOS) 

15-6.1 GENERAL DESCRIPTION. Fig. 15-7 shows a simpl ified flow diagram of the TSD and 

IOS instructions. 

During the execution of a program ther e is constant communication back and forth 

between the In-Out Element and the central computer . That this can occur in a 

variety of ways will become apparent in the discussion that follows. 

Suppose that an IOS is executed which logically connects the i-th sequence . This 

can occur as follows . The IOS will cause the NDi level to be generated in the 

Sequence Selector. The NDi level will then allow the N register to communicate 

with the i - th control flip-flop via the i-th sequence switch . In this way the 

information in the N register during an IOS can be used to set the state of the 
1 

i-th control f l ip-flops and in particul ar logicall y connect (C ) the i - th 

sequence . 

At certain specific times the Control Element wil l transmit IOI c l ock pul ses to 

all the synchronizers in the different In-Out units . These IOI c l ock pul ses 

"synchronize" the asynchronous events in the In-Out device that a r e used to 

indicate the devices have completed their cycle and are ready to communicate wi th 

the central computer . If a sequence is logicall y connected (c
1

), the output of 

its synchronizer will be transmitted to the Sequence Sel ector in the form of a 

1RAISE ~ FLAG pulse . At the same time, if an input device is involved, the 

output of the synchronizer wil l be used to gate data f r om the input device into 

the In-Out buffer in preparation for a TSD. 

The Sequence Selector may receive "Raise Flag" signals from several sequences, 

since more than one sequence can be logical ly connected at a time. The Sequence 

Selector logic then determines which sequence has the highest prior ity . When 

all the necessary conditions are satisfied a change of sequence will occur to t he 

selected sequence . At that time the KDi level wil l be generated . When a TSD now 

occurs in the program of the current sequence, KDi will allow TSD timing control 

information to connect the E register to the i-th In-Out buffer at the r ight 

logical time, if an output In-Out device is involved. If an input device is 

involved, the i-th In-Out buffer will be connected to the IOBM bus by t he KDi 

level and the TSD time control. The precise time at which the buffer content is 

read into the E register will then be determined by the IOBM -+--- E pulse 

that is generated by an E register driver . 

Note that the mode in which data is t r ansmitted during the TSD is determined by 

an earlier IOS. The states of the i-th control f l ip-fl ops ar e t r ansmitted back 

to the central computer in the form of IOCM l eve l s . These IOCM l evel s set up 

the necessary l ogic for transmitting data in the mode called f or by the I OS . 
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15-6 . 2 TSD AND IOS TIME CONTROL SIGNALS . The l ogic generating the TSD and IOS time 

contr ol signals shown on Fig . 15-7 is tabulated on Fig. 15-8 . The logic generating 

the IOI clock pulses and the jPRESET ♦ IOC and STOP UNIT levels is also shown on 

Fig . 15- 8 . 
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The time signals originate in the Control Element of the central computer and 

are transmitted over the IO High Speed Control bus to the sequence switches . 

The IOI clock pulse and Stop Unit signals pass through all the sequence switches 

without any gating occurring there . The iPRESET • IOC level is gated through 

the sequence switches by an M ( Maintenance) level that indicates the sequence is 

not disabled. The rest of the time control signals enter only those sequence 
i i 

switches se l ected by ND during an IOS or KD during a TSD . 

Note that normally two IOI clock pulses occur during each PK cyc le. These clock 

pulses are inhibited , or prevented from occurring, if the QK cycle of a previous 
OlCX 12CX 

TSD overlaps the current TSD -PK cycle at PK or at PK An IOI clock pulse 
110: 

will also occur at CSK during a delay synchronization cycle if the DSK cycle 

is to be followed by another DSK cycle, i .e . , if the ~ CSK4) at CSK 
110: 

logic is satisfied . These IOI clock pulses are used to synchronize the asynchro 

nous completion pulses in the In-Out devices and, in so doing, to generate the 

"Raise Flag" signals at the pr oper time . 

During an output TSD , the In - Out buffer is cleared during the operand cycle by 

the I~ ♦ IOB level at QK
18cx _ The data in the E register is then transferred 

into the In-Out buffer by a 1~ • IOU level at ~ocx _ During an input TSD, 

the In- Out buffer is connected to the IOBM bus by the IOB KD • E level. The 

data is then pulsed into the E register by RD logic at the E register . It should 

be noted that only the E bits corresponding to In -Out buffer bits are affected 

by this strobe . The other E bits are l eft undisturbed. During an IOS, the 

control leve l s gene rated depend on which of several possible IOS instructions is 

being executed, i.e., on the value of N
2

_6 _ 
2

_4 . If the IOS is to do anything 

to an In-Out device, the bits must have the val ue 011 or 110 . 

t rol level then generated will be !MODE +N;ELECT • roe . The 

The ros time con
I SELECT • roe 

ND 

( I SELECT roe ) J h IMODE + SELECT • C level, or its inverse ~l) • gates t e IO level at 

the In-Out unit in such~ way as to distinguish whether a "mode" or "select" 

operation is i nvolved . Note that this gating is significant onl y at those In-Out 

units which have subunits ( currently this only includes the magnetic tape 

sequence ). 
llO 

and N
2

_6 _ 

C to ZERO . 

011 
For all other In-Out units no distinction is made between N2 .6 _ 2 .8 

The ~NOD C l evel is used by the "disconnect" IOS to clear 
2 .8 · 
Note, that, by definition, 
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IOB--KD--•• E 

roe --ND--• E IOB 
KD • E 

Hence, 

roe --ND--•• E 

These levels essentially detennine whether the sequence switch is to be set up 

to execute an IOS or a TSD . The logic is such that the roe ----◄•• E level 
lND 

is always present, except during the QK cycle of a TSD when EB. In the TSD 

case, the IOB --KD---• E level is generated . Thus the sequence switch is biased 

towards perfonning an IOS r ather than a TSD . 

The !PRESET • roe level is initiated by the PRESET pushbutton on the console . 

This level sets all the In-Out control flip-flops to a prescribed state, which in 

turn, in effect, places each In-Out unit in a predetennined state. The preset 

state of the In-Out unit and its associated control flip - flops will vary from 

sequence to sequence, but generally EIA, C, and MISIND will be cleared. The 

STatus flip-flop will be set to ONE for an output unit , and cleared to ZERO for 

an input unit . Nonnally, the In-Out unit itself will also be stopped . 

15-6.3 IoeM CONTROL LEVELS . As shown in Fig. 15-7, the IOCM l evels are used to infonn 

the central computer of the state of the In-Out unit . The central computer 

reaches in to command the state of the In-Out unit by means of the N bus; the 

roeM bus feeds back to the central computer the In-Out unit ' s actual state at 

any moment . 

The interpretation of the roeM l evels is, to an extent , a function of the sequence 

sel ected . Note that if there is no sequence switch for the sequence selected by 

the Sequence Selector, all the wires on the IoeM bus will f l oat at ground . A 

ground level indicates a "not" condition; for example , ground=~= buffer 

not busy. If a sequence switch is provided for the sequence selected, three 

possibilities exist: (1) the level is tied to ground; (2) the level is tied to 

-3 volts; or (3) the level depends on the state of the In-Out control. 

Fig . 15-9 tabulates the IOCM levels for all the sequences. The roeM levels and 

the logic that generates them are described below: 

roe~B (Buffer Busy) . In most sequences, t his level is generated by c0 + 

ST
0 

(or, in some sequences, by M + c0 
+ ST0

) . ST
0 

indicates that the In-Out 

buffer is being used by the In-Out unit or that the In-Out unit is in some 

transient state and should not be disturbed. 
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I OCJlISIND ( Misind ication) . In free - running input devices , c 1 · MISIND · M 

wi l l gener ate this level . 

I OC~IA (Equipment Inability Alarm). In sequences that have an EIA flip - flop , 

M · C · EIA1 gener ates this level . 

IOC~ORMAL (note that NORMAL= Assembly) . For sequences that operate in a 

singl e mode , this l evel (or its negation) is prewired in the sequence switch . 

In the sequences that can operate in more t han one mode, the IOCM NORMAL 

l evel is determined by the state of the mode control flip - flops . 

When the In -Out unit is in the NORMAL mode , data is transferred in "blocks " 

dur ing a TSD, that is, adjacent bits in the In-Out buffer correspond to a 

block of ad jacent bits in t he E register . In the Exchange Element, the 

data is under normal permuted activity control (normal configu ration control, 

excluding sign extension) . 

If a TSD is performed in the ASSEMBLY mode, the In -Out buffer data is 

splayed when it is transferred into the E r egister . That is, if ther e are 

six bits in the buffe r wor d , the bits wi ll be spread out so tha t they 

corr espond to every sixth b it in the E register . Similarly, if the re are 

nine bits in the buffer wor d , the bits will be spread out to correspond to 

every four th bit in the E r egister . When a TSD is performed in the ASSEMBLY 

mode , the Exchange El ement is not under configuration control . 

IOCMRIGHT (note that RIGHT= Left) . This is a level used by the Exchange 

Element in con junction with the IOC~ORMAL l evel to determine whether data 

in the E r egiste r will be shifted to the l eft or right into the M r egis ter 

dur ing an assembl y TSD . If the In-Out unit operates in the forward direction 
o RIGHT 

(REV) , the IOCM level is gener ated ; conversely, if t he In-Out unit 

operates i n the rever se d i rection ( REV1 ) , the IocJ!IGHT level is generated . 

IN ( - ) I OCM note that IN = Out . This l evel indicates whether the In-Out unit 

is an input or output device . Note that fo r all sequences , except magnetic 

tape , this l eve l is prewir ed in the sequence switch . The IOCMIN level is 

used in the Exchange Element as one of the conditions for gating IOBM into 

the E r egister dur ing an input TSD instruction. The l evel is also invol ved 

i n the E to M trans fer l ogic . 

MAINT roe~- ( Maintenance ) . This leve l is gener ated whenever the In -Out unit ' s 

maintenance switch is tur ned on , or the power is tur ned off . Note that the 

l evel is not gene r ated synchronous l y . 
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IOCJ1ISIND + EIA _ This level is generated in the In-Out frame or section 

by ORing a ll the EIA and MISIND l evels from the In-Out units. The f unction 

of this level will be discussed in the section desc r ibing the In -Out Alarm 

Sequence . 

Note that all of the above IOCM levels (or their conver se) can be generated 

by each and every sequence , and that all of these levels are transmitted to 

the central computer at any given time only from the sequence selected by 

KDi . However, the central computer may or may not make use of the levels . 
RIGHT 

For example, during a normal TSD , no use is made of the IOCM or 

Iocr!IGHT l eve l s . 

15-6.4 IOS. This instruction is used to control and/or report on the state of the In-Out 

system, as well as to raise and l ower flags in the Sequence Selector. It is one 

of the variations of the QPR instruction . The instruction has the fo llowing 

characteristics : 

1) An IOS in any sequence can logically connect any other squence . For 

exampl e, an IOS in the PETR Sequence (52) can connect ( LL+ C) t he 

Lite Pen Sequence (55). 

2) An IOS is a l ways possible, i . e . , the IOS is never prevented from 

occurr ing , except when the selected In-Out unit is i n the MAINTenance 

state . An IOS 30, 000 or 60 , 000 will cause an IOSAL in this case . 

3) An IOS instr uction is always one of three types : i . e . , it either (a) 

affects the controls of an In-Out unit, (b) has no effect on any In-Out 

unit , but raises or lowers a flag in the Sequence Sel ector , or ( c) has 

no contr ol effect on either the In-Out Element or t he central computer, 

but is used for reporting. 

15- 6 . 4 .1 IOS TYPES. IOS is an instruction in which some of the instruction 

word bits are used in a special way. Fig. 15-10 shows how the content 

of t he N r egister is interpreted during an IOS . 

The OP code bits 000100 (o4) specify an OPR instr uction . NOO 
IOS AE 2 .8 - 2 .7 

indicates that an QPR instruction instead of an OPR instr uction 

is specified. Bits N4 _
8 

_ 
4

_
7 

are not used at all . The hold and defer 

bits are interpr eted in the usual way . The sequence se l ected by the 

IOS i s decoded from the J bits . CF
5 

(or N4 _8 ) is used as a "dismi ss " 

bit, i .e . , if it is a ONE then the instruction reports a dismiss. 
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CF1 (or N4_4) is a "report " bit . If CF
1 

is a ONE , the s tate of certain 

In-Out control flip - flops is reported to the E register . Fig . 15-11 

t abulates the specifi c r eport made to the E register for each of the 

sequences . For example, suppose that an IOS 40,000, specifying the 
1 

Datrac Sequence (50), is performed with CF
1

. Then the content of FS 

is placed in Ei _4; 
of C in E

2
_
6

; etc . 

- 1 1 the value of M · C · EIA in E
2

_4; the content 

Note that the t ransfer of the contents of the 

cont rol flip - flops to the E registe r is via the IOBM bus, and that, 

when IOBM is gated into E, the E register bits take on the same state 

as the corresponding IOBM bits . Here again the only E bits affected 

are those that receive a repor t . 

The Y bits are used to specify the IOS type . (Note that the decision 

to dismiss or to report is independent of the IOS type . ) Bits 

N2 _3 _ l.l are used in only two of the eight basic IOS types determined 

by bits N2 _6 _ 2 _4. 

The basic IOS types are : 

IOS 00 000, 10 000 and 70 000 . 
0 If these IOS types have CF
5 

and 

CF
1

, they become dummy instructions in which nothing happens, i.e . , 

these IOS types can be used only for reporting . 

IOS 20 000 . This IOS type is used to logically disconnect the 

selected In-Out unit from the computer. 

IOS 3X XXX . This IOS type is used to logically connect the 

selected In-Out unit to the computer and to specify the operating 

mode of the In-Out unit . (Bits N
2

_
3 

specify the operating 
1 .1 

mode . ) Fig . 15-12 tabulates the mode specified by the N2 _3 _ l.l 

bits. For example, if the Punch Sequence (63) is selected and 
1 N
1

_
2

, then the ASSemblY flip - flop in the punch unit will be set 

to ONE . If now a TSD is performed in the Punch Sequence , the data 

will be t r ansferred in the "assembly" mode . 

IOS 40 ooo. This IOS type is used to l ower the flag of the 

specified sequence . It communicates directly with the Sequence 

Se l ector and has no effect on the In -Out Element . 

IOS 50 000 . This IOS type is similar to IOS 40 000, except that 

it raises the flag of the specified sequence . 
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IOS 6X XXX. This IOS type is used to select the subuni t of a 

multiple unit sequence . Currently onl y the Magnetic - tape Sequence 

uses this instruction . Fig . 15-13 tabul ates the magnetic - tape 

subunits selected by the N bits. Note that this IOS type does 

not specif y t he operating mode of the selected subunit . This must 

be done by an IOS 3X XXX . However , as noted earlier in the 

chapter, IOS 6X XXX is equivalent to 3X XXX i n those sequences 

which do not specify subunits . 

15 -6.4 .2 IOS 3X XXX FLOW DIAGRAM . Fig . 15-13 shows an over-all flow diagram 

for an IOS 3X XXX type instruction when the CF
1 

report bit is a ONE . 

Note that certain of the N bits are used by the Control Element in the 

logic that generates the IOS timing control . 

The r eport data is gated onto the IOBM bus by the IOC ---+ E level. 

Note that this l evel occurs as soon as NDi is decoded i n the Sequence 

Selector, i .e. , the l ogic that generates IOC -------+ E does not include 

a time level. The r epor t data is then gated into the E register by 

the IOB~ E pul se at the same time that the "mode commands " are 

gated into the In-Out contr ol flip-flops by the ! MODE+ SELECT• IOC 
26 

pulse, i.e . , at PK 

Note also the fact that t he IOC ♦ E level is gener ated is 

sufficient to l ogically connect ~ C) the sequence, i.e . , C is 

set independent of the content of N. Si nce c1 
· ST

1 
indicates t hat 

t he In-Out buffer is not busy the STatus flip-flop is a lways set to 

ONE for an output unit and to ZERO for an input unit whenever the unit 

is logically connected. Note t hat it is the t rans ition to c1 

< c1 > ) that sets or clears the STatus flip-flop . 

If the mai ntenance switch is tur ned on (M), and either an IOS 30 XXX 

or an IOS 6X XXX is attempted, an IOSAL a l arm will be generated at 
24a 

PK 

15-6 . 5 TSD. This instruction t r ansfers data between t he specified In-Out buffer and 

the sel ected Memory Element r egister . It is unlike the IOS instruction in the 

following r espects : 

1) The computer must perform the TSD in the sequence associated with t he 

In-Out devi ce into or out of which data is being t ransferred. This 

sequence is determined by the content of the K register. 
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2) If t he In -Out unit se l ected for a TSD is not ready to rece ive or trans 

mit data , the TSD is not executed . In this case, a "dismiss and wait" 

takes place. The central computer is informed of this condition by 

the "buffer busy" ( IOCJ3B) level . 

3) The activity occurring in the In- Out El ement during a TSD must be 

synchr onized with the central computer . 

15-6 . 5.1 TSD TRANSFER MODES . One of the fundamental considerations in a TSD is 

the mode in which data is transferred . A summary of the modes for 

each sequence is given in Fig . 15 -14 . Most of the sequences transfer 

data in the NORMAL mode . The specific bits transferred in each sequence 

and in each mode are given on Fig . 15-15 -

A TSD in the PETR Sequence (52) can cause a data transfer in the 

ASSEMBLY mode . This type of t r ansfer is shown on Fig . 15-16. It is 

used to store a "block" of s i x 6 -bit lines on the paper tape as one 

36-bit word in memory by means of six successive TSD instructions . 

Basically this is accomplished by transferring the In -Out buffer word 

into the E register in a splayed form and then shifting the content of 

the E register one bit to the left during the t r ansfer from E into the 

M r egister. In this manner , a series of six TSD ' s packs the six lines 

into one memory word. The timing of the transfers and the logic of 

the packing process are shown in Fig. 15-16. 

The Punch Sequence (63) is much like the PETR Sequence in that data can 

be t r ansferred in the ASSEMBLY mode . The logic involved is very 

similar to that for the PETR Sequence, except that the direction of 

data flow is r eversed. 

The Magnetic -Tape Sequence is unique in that it can transfer data in 

any of the six possible modes: 

1) Data can be transfer red into the computer in the NORMAL mode . 

2) Data can be transferred into the computer in the ASSEMBLY mode 

with the tape traveling in the forward direction . 

3) Data can be transferred into the computer in the ASSEMBLY mode 

with the tape t raveling in the reverse direction. 

4) All three modes above are also possible when data is trans 

ferred out from the computer. 
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15-6.5.2 'ISD FLOW DIAGRAMS FOR OUTPUT DEVICE. Fig. 15-17 shows a flow diagram 

for a TSD when an output device is involved . 

When the input device has completed the action requested by a TSD, an 

IOI clock pulse will synchronize the "completion" pulse . A RAISE FLAG 

will then be generated which will set the STatus flip-flop to ONE. 

The RAISE FLAG pulse will also raise the sequence ' s flag in the 

Sequence Selector . 

When the Sequence Selector causes the central computer to change to the 
i 

In-Out unit ' s sequence, KD will connect the In-Out unit to the In- Out 

bus for a data transfer . As soon as the K Decoder decodes the content 

of the K r egister, the IOCM mode l evels and "buffer not busy" signal 

will be t r ansmitted to the central computer. 

The IOCt!B level is generated, because the STatus flip-flop was set 
i 

before the KD level was generated . The IOCM mode levels and the mode 

control flip-flops will set up the Exchange Element and the sequence 

switch, respectively, for the desired mode of data transfer . 

The fact that this is an output device (that is, that the IOCMIN level 

is generated) means that a clear In-Out buffer pulse will be generated 
18a 

at QK . The data in the E register is actually gated into the 
,no _ 20a 

In-Out buffer by a .____. IOU level occurring at QK . If required, 

this jDO • IOU level can also be used to initiate the actual data 

output conversion . 

,no _ . 
The ....____. IOU pulse will also clear the STatus flip-flop to ZERO and, 

in so doing, will generate an Ioct!B (buffer busy) signal. This level 

is used to inhibit the PK counter and cause a "dismiss and wait" . A 

"compl etion" pulse from the output device will later indicate that the 

TSD has been completed and that the unit is ready for another TSD by 

setting the STatus flip-flop to ONE again . 

15-6.5.3 TSD FLOW DIAGRAM FOR INPUT DEVICE . Fig . 15-18 shows a flow diagram 

for a 'ISD when an input device is involved. The process illustrated 

is similar to that for an output device, except that the direction of 

data flow is reversed . In this case, data is transferred into the 

In-Out buffer from the input device when a completion pulse occurs . 

This pulse is synchronized by the IOI c l ock pulses to generate a RAI SE 

FLAG signal . This RAISE FLAG signal sets the STatus flip-flop to ONE, 

thus gener ating an Ioct!B (buffer not busy) level. 
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Note that the buffer is connected to the IOBM bus by the IOB ---•• E 

level . There is no time level term in the logic that generates this 

level . Conseq_uently, the In-Out buffer is tied to. the bus for 

virtually the entire QK cycle of TSD' s . The actual time gating of 

the data into the E r egister from the bus is performed by the 

IOBM ~ E level. This gating occurs at QK
18a. At QK

2oa, a 

~ IOU pul se is generated which clears the STatus flip-flop and 

generates the IocM8B level . 

In a free - running device it is possible that a second word will arrive 

at the input buffer before the first word has been transferred into the 

computer . In this case, the second word will take the place of the 

first word and the first word will be los t . The MISIND (misindication) 

level will be generated in order to inform the computer and the operator 

of the lost line of data. 

15-7 ALARMS 

There are three alarm situations associated with the In-Out El ement : 

March 1961 

1) An IOSAL alarm will occur dur ing an IOS if the M (maintenance) level is present . 

The l ogic for this alarm is shown in Fig . 15-13, Note that the alarm is 
24a 

synchronous and can only occur at PK during an IOS instruction . 

2) When a free - running device is being operated , it is possible for the device to 

req_uest data transfers by TSD ' s faster than TSD ' s are performed by the computer. 

The magnetic tape, PETR and DATRAC units have this characteristic . Under these 

conditions, the In- Out unit ' s MISIND flip -flop will be set . The setting of 
MISIND 

MISIND is synchronized by the IOI clock pulses . The corresponding IOCM 

l evel generated may then cause a MISAL alarm . 

3) In the third situation, an IOCJ!IA or Iocr/1ISIND level can raise the flag of 

the In-Out Alarm . The In-Out Alarm Seq_uence program is not uniq_ue and depends 

on the particular way i n which the programmer desires to handle these alarms . 
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(oo) STARTOVER SEQUENCE 

The Startover Sequence has sever al unique features: 

1) It has top sequence priorit y (00) . 

2) The sequence is always connected (no C flip - flop) . 

3) The sequence switch consists of a synchronizer which synchronizes pulses from the 

STARTOVER button . 

Fig . 15-Start ' r Seq-1 shows a block diagram of the Startover Sequence . When the STARTOVER 

pushbutton on the console is depressed, it initiates a ~ SYN
1 

l evel through the console 

control logic . This is an asynchronously generated level which is synchronized by the IOI 

cl ock pul ses . The output of the synchronizer is the I RAISE ~ FLAG(OO) pulse . 

As soon as it is permissible , a change of sequence into the Startover Sequence will occur . Note 

that dur ing the change of sequence to this sequence the flag of sequence 00 is lowered. Thus , 

if the STARTOVER button is pressed again while a STARTOVER sequence pr ogram is operating , 

another change of sequence to the STARTOVER sequence will occur as soon as the operating pro

gr am dismisses . 

March 1961 15-STARTOVER (00 )-1 
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(41) IN-OUT ALARM SEQUENCE 

A block diagram of the In-Out Alarm system appears in Fig. 15-IO Al Seq-1. This sequence has 

several unusual featur es : 

1) It has no STatus flip-flop. 

2 ) The IOC~B level 
1 long as C ). 

is always generated as long as the sequence is connected (i .e . , as 

3) A TSD in this sequence transfers the data shown in Fig . 15-IO Al Seq-2 into the E 

r egister. 

An IOCJ1ISIND or IOC~IA level from any of the sequences shown will cause the IOC~IA + MISIND 

level to be gener ated . Note that this l evel can be generated only by In- Out units which can 

cause an EIA or a MISIND. If the In-Out Alarm Sequence is connected (i . e ., turned on by an 
EIA+~IND 1 M~ 

IOS 30 000), the synchronized IOC~ level will generate the • FLAG41 
pulse. Since the In-Out Alarm Sequence has a higher priority than nearly all the other 

priorities, the computer will quickly change to this sequence. What occurs thereafter depends 

on the program for the In-Out Alarm Sequence . If a TSD is included in the program, the status 

of the MISIND and EIA flip - flops of all the connected sequence will be transferred t o the E 

register. 

One peculiarity of this sequence is that, once an In-Out unit generates an alarm and raises the 

flag of the In-Out Alarm Sequence, no other unit 's alarm will raise the flag until the first 

alarm is cleared, i. e . , the EIA or MISIND flip-flop causing the alarm must be cleared to ZERO. 

March 1961 15-IO ALARMS (41)-1 
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(52) PETR 

PEI'R is a photoelectric paper tape reader. This device uses photoelectric diodes to sense a tape 

that has been punched with 7 possible holes , plus a feed hole. Only 6 of the holes are used to 

store the data which is transmitted to the central computer. The seventh hole is used i n the 

logic that indicates the end of the tape has been reached, i . e., it i s used for control purposes 

only. The feed hole is used to generate the "completion" pulse that is used in the synchronizing 

process . 

Data Transfer Modes . Data may be transmitted from the PEI'R buffer to the central computer 

in either the normal or assembly modes . It requires six TSD's to pack a 36-bit word in the 

central computer when the assembly mode is used. Data is never read into the PETR buffer, 

except when the tape is advanced in the forward direction. 

Mechanical Tape Transport . Fig . 15-PETR-l shows the major mechanical features of the PETR 

tape transport system . The tape may be transported in either the REEL or STRIP mode. When 

the STRIP mode is used the tape motion is determined entirely by ·the capstan. In t hi s case 

the reel i s not used, i.e., the tape is not wound on the reel. The reel clutch is left 

disengaged and the brake partially on . 

Both capstan and reel assembly are belt driven by a single reversing drive motor as shown 

on the figure . Motion of the reel and capst an is then controlled by individual reel and 

capstan magnetic clutch and brake units. The direction of the drive motor is controlled by 

the REV flip -flop in the PEI'R control box . 

The drive controls , when the tape is transported in the REEL mode, are designed to prevent 

the tape from accumulating slack between the reel and capstan. When the tape i s running 

"binward" in the steady- state REEL mode, both the capstan and reel are driven by the motor. 

However , when the tape is running in the "forward" direction, the capstan clutch i s dis

engaged and the capstan brake is partially engaged . The effect of the slippage in the 

capstan brake is to provide the reel with a light drag load . 

Tape Transport Cycl e. The basic tape transport cycle used in reading a tape into the computer 

is as f'ollows: 

First , the tape is advanced in the binward (REv1) direction. During t hi s phase, the data 

on the tape is sensed, but not gated into the buffer . (See Fig. 15-PETR-2 .) When the end 

of the tape is reached, on octal 73 character (this is a character without a 7-th hole ) is 

sensed . The octal 73 is ANDed with REv1 to generate an End Mark (EM) level . EM i s used to 

gate a feed-hol e transition. EM· < Hf > then clears the REV flip -flop to ZERO, thus 

reversing the direction of the drive motor. The tape now begins running in the forward 

direction . Note that if the PETR had not been logically connected, then cO · EM · < Hf > 

would have cleared the CLUTCH flip-flop to ZERO thus stopping the tape motion. Note also 

that EM· <Hf> is not a synchronized signal. 
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Each feed hole (Hf) that the PETR senses is synchronized by an IOI clock pulse in the PEI'R 

synchronizer . If the tape is running in the forward direction and a seventh hole i s present 

on the tape (Hf· REv°) , then the output of the synchronizer will gate the tape data into 

the PETR buffer . The fact that PEI'R is connected (c1
) means that the output of the synchro

nizer will also be transmitted to the Sequence Sel ector as a I RAISE► FLAG
52 

pulse. 

Motion Control Logic . Fig . 15-PEI'R-2 is a block diagram of the PETR sequence switch and 

control unit. Most of the logic found on this figure has been previously described . How

ever the motion control logic is unique to the PEI'R and requires explanation . 

The motion control logic must be able to run the tape in both the forward and reverse 

direction in either the STRIP or REEL mode . In addition, the motion control logic must 

take into account the inertia transient effects during tape reversals and run-stop operations . 

Fig. 15-PEI'R-2 shows how this logic is generated . First , a level is generated, indicating 

that the computer wants the tape to move . This level is called M . 
V 

Mv will not be present 

(M) when the tape is slowing down , prior to stopping or reversing direct ion. A second 
V 

level is generated and used when the tape is operated in the REEL mode and the tape is 

traveling in the bin direction . This level is called B. 

Consider now how M and Bare generated. Whenever the state of the REV flip -f l op is changed, 
1 V 1 

a term called VD1 is generated . This is t he output of a variable delay unit . VD
1 

will 

persist for a predetermined length of time , after which the output of the variable delay 

unit will revert to VD~ - The function of this level (VDi) is to stop the motion of the 

tape while the drive motor is changing its direction. Assuming that the unit is connected 

(c1 ) and the Stop Unit l evel is not present , Mv will be generated as long as the CLUTCH 

flip -flop is set to ONE and the VDO
1 level is present. Whenever a transition to M (<M> ) 

V V 
occurs, a variable delay level called VD~ is generated . This level is similar to VDi and 

, will become VD~ after a predetermined length of time . The primary function of VD
2 

is to 
\ 1 1 apply the booster brakes when they are needed . Note that VD2 occurs whenever VD1 occurs 

(that is , during reversal operations) , but that VDi does not necessarily occur whenever 

VD~ occurs (that is , during CLUTCtt1 - CLUTCtt° or RUN - STOP operations) . 

There are two situations which will generate B. If the tape has been traveling in the binward 

direction for some time , the REv1 VD~ condition wi l l be satisfied . This is sufficient to 

generate B. If the REV flip-flop is suddenly cleared to ZERO while the tape is traveling 

in the binward direction, B will persist unti l the tape actually comes to a stop and reverses 

direction. This happens because clearing the REV flip -flop to ZERO initiates VDi, and 
0 1 1 REV · VD1 generates B. Here again, the VD1 serves as a digital memory for the mechanical 

system during the motor reversing period . 
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Consider next the logic used in operating the capstan and reel clutches and brakes . In 

addition to M and B, another level must be considered. This is the level initiated by the 
V 

REEL-STRIP switch on the PEI'R PB control panel . The S level indicates the STRIP mode, and 

the S level indicates the REEL mode . 

The presence of Si s sufficient to disengage the reel clutch and engage the reel brake . The 

actual engagement and disengagement of the capstan clutch and brake occur conversely and, in 

t he STRIP mode , depend only on Mv· 

When the PETR is operated in the REEL mode , a slightly more complicated drive logic is used . 

When the tape is transported binward, the capstan clutch will be engaged whenever Mv is 

present . It will also be engaged during Mv while vn!. The logic that is engaging the capstan 

clutch will a lways be disengaging the capstan brake, The reel clutch is engaged whenever 

Mv is present and, similarly, the reel brake operates whenever M is not present (M). The 
· V V 

reel brake booster is present only while vn!- Fig. 15 -PEI'R-3 shows the time relationship of 

these levels during a typical operating cycle . 

MISAL Alarm. Since the PEI'R is a free-running input device , it has a MISIND flip-flop . 

Fig . 15-PETR-2 shows that the MISIND flip-flop is cleared to ZERO whenever the device is 

connected ( <c1 > ) or the PETR lPRESEr • IOC level is generated . 

The MISIND f l ip -flop is set under the following circumstances: Suppose that the Raise Flag 

signal has just gated data into the PEI'R buffer . This same Raise Flag signal will set the 

STatus flip-flop to ONE . Note that the MISIND f l ip-flop cannot be set to ONE because the 

STatus flip-flop is in t he ZERO state when the Raise Flag signal arrives. If a TSD now 

occurs, data will be gated into the E register by an I OBM -----a--- E pulse at ~Ba. The 
,no . __ 2oa 
.___.. I OU pulse will then clear the STatus flip-flop at~ and the cycle may be repeated . 

However , if another Raise Flag signal occurs before a TSD has read the content of the buffer 

into the computer and cleared t he STatus flip-flop with a ~ IOU pulse, the initial content 

of the PErR buffer will become permanently lost. In this case , the STatus flip -f l op will be 

in the ONE state when the Raise Flag si gnal arri ves . If, in addition, the STOP UNIT level 

is absent (STOP UNIT), the MISIND f l ip-flop will be set to ONE. When this occurs the MISAL 

alarm flip-flop in the central computer will be set and, if the In-Out Alann Sequence is 

turned on its flag will be raised. 

The reason for including the STOP 1:JNIT level in the Ll_..MISIND logic is as follows: Suppose 

that some other sequence (magnetic-tape , for example) generates a MISIND which in turn sets 

the MISAL alarm and stops the computer . Even though the computer is stopped, the PEI'R will 

continue to generate Raise Flag signals until the tape can be brought to a stop by the M 
V 

level. If the STOP UNIT level were not included in the 12:... MISIND logic , it would be 

impossible to determine whether the Magnetic -tape Sequence or the PETR Sequence had caused 

the original MISAL alarm. The STOP UNIT l evel inhibits the PETR MISIND flip-flop from being 

set in this case. 
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(63) HI SPEED PUNCH 

This is an output device which punches holes in paper tape . Six bits of information are 

transferred from the central computer to the tape during each TSD . 

Modes. Any of 4 possible modes can be selected for punching . In 7 -th hol e mode a 7-th 

hole is punched with each line of data resulting from a TSD . 

Normal or assembly mode can also be specified. In the normal mode bits 1 .1 through 1 . 6 of 

the register specified by the TSD are punched in that order on a line of tape with 1 .6 

going into hole 1 , The line can be read as i t existed in memory by viewing t he tape with 

the 7-th hole on the right . 

In the assembly mode each line punched is made up of every 6-th bit of the 36 bit word in 

memory starting with 1.6, viz, 1 . 6, 2 . 3, 2 . 9, 3 . 6 , 4 . 3 and 4.9 . After a TSD in this mode 

is performed the memory word is cycled one place to the left, so t hat successive TSD's 

referring to the same memory word record different bits of the word even though they are 

taken from the same bit positions. In this way a full 36 bit word is disassembled into 6 

successive lines of tape. Normal or assembly modes can be used either with or without the 

7-th hole mode. 

IOS instruction bits which specify modes are as follows : 

1.2 { 0 NORMAL 

1 ASSEMBLY 

1.3 { 0 7-th HOLEO 

1 7-th HOu1 

The bits in the punch control transmitted to the E register by an IOS report instruction 

are as follows: 

IOB~ . 2 
ASSY 

IOBMi . 3 
7-th HOLE 

IOB~ . 5 
M.c1 · EIA 

IOB~ . 6 C 

IOB~. 7 
M 

IOB~ . B ST 

Mechanical Punch Cycle. The TSD instruction serves to start the drive motor as well as to 

initiate punching. No actual punching can occur, however, unti l the motor is up to speed . 

This involves a delay of about 1 second . The drive motor will continue to run as long as 

TSD commands are given at a rate exceeding one every 5 seconds . The motor will stop about 

5 seconds after the last TSD command . 
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The basic mechanical cycle of the punch consists of : (1) punching the tape with the data 

stored in the punch buffer , and (2) advancing the tape while the buffer is loaded with more 

data from the central computer . 

The punching mechanism has two built in pickups which generate "punch " and "feed" sync 

signals . The punch sync generates a positive going pulse at the beginning of the punch 

cycle and a negative going pulse at the end of the punch cycle . These pulses are identified 

as < START PUNCH> and < END PUNCH>, respectively . Similarly the feed sync generates a 

positive going pulse at the beginning of the feed cycle and a negative going pulse at the 

end of the feed cycle . These pulses are identified as < s·rART FEED> and < END FEED > 

respectively. Since the < sTART FEED> and < END PUNCH> pulses are essentially coincident , 

the < END PUNCH> pulse is used to indicate both conditions . 

Punch and Feed Control Details . Fig . 15 -PuNCH- l is a block diagra~ of the punch sequence 

switch, control box and mechanism . Fig . 15 -PUNCH-2 shows the time relation of the events 

that occur during the punch feed cycle . 

Assume that the central computer is in the punch sequence , and the sequence is connected, 

but that the punch motor is off . Suppose now that the program calls for a punch TSD . 

During the operand cycle (QK) the punch buffer will first be cleared by a ~ IOB pulse 

and then a ~ IOU pulse will occur . This pulse does several things : 

1) It is used in the sequence switch to gate data from the central computer into the 

punch buffer in the specified mode . 

2) It clears the STatus flip -flop to ZERO . STO causes the IOCJ!B level to be 

generated and in so doing tells the central computer the punch buffer is now busy. 

3) It sets the PUNCH flip -flop to ONE, indicating a punch -feed cycle is to follow . 

4) It causes the MOTOR ON level to be generated . This level comes from a variable 
I DO 

delay unit . The .._ IOU pulse starts the variable delay unit timing . After the 

preset variable delay, the unit will generate a MOTOR ON level unless in the mean 

time another ~ IOU pulse (or < FEED
8

> ) pulse has reset the variable delay . 

Actually two VD units are used to handle the variable delay logic . 

The MOTOR ON level causes the motor to begin coming up to rated speed . The punch and feed 

sync signals start occurring . However these signals have no effect until the motor is up 
0 to rated speed (w ) . 

The first < START PUNCH> sync pulse sets CODE to a ONE (assuming the PUNCH is now s et to 

ONE and the 1 - second MOTOR ON delay has ended) . COD~ permits the data in the buffer to be 

punched onto the tape . The < END PUNCH> sync pulse that follows sets the FEED flip-flop 
1 

to ONE . FEED causes the tape to be advanced in preparation for the next punch cycle . 
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The < END PUNCH> sync pulse also clears t he CODE flip-flop to ZERO. CODEO in turn clears 

the PUNCH flip -flop to ZERO. 

Finally the asynchronous < END PUNCH> sync pulse is synchronized in t he synchronizer by an 

IOI clock pulse . The output of the synchronizer is then used to set the STatus flip-flop 

t o a ONE . ST1 causes the~ level to be generated which indicates to the central 

computer that the punch buffer is now not busy . The output of the synchronizer also causes 

the punch raise f l ag signal to be generated . 

I DO 
Suppose now that the program calls for another punch TSD to be executed . Another ~ IOU 

1 DO pulse is generated during the second TSD operand cycle . The .______.. IOU pulse again sets the 

PUNCH flip-flop to ONE and pulses the variable del ay unit. Note that the unit is pulsed 

before the delay has ended, i.e ., the motor is still energized and operating at rated speed . 

Finally the < END FEED> sync pulse associated with the first TSD occurs. This pulse clears 

the FEED flip-flop . The < START PUNCH> sync pulse again sets the CODE flip -flop to ONE . 

The punch -feed cycles repeat in this manner until the program ceases to generate TSD ' s . 

The variable delay units will then time out and t he MOTOR ON level will be generated . The 

drive motor will now coast to a stop . 

Special Control Features. By means of the TAPE FEED switch on the punch panel , the tape 

may be advanced independent of the central computer. The TAPE FEED level causes t he MOTOR 

ON level to be generated . After 1 second has elapsed, to all ow the motor to come up to 

speed, the < END PUNCH> sync pulse will set the FEED flip-flop to a ONE. The tape will 

then be advanced. 

Alarms. Alarm circuits have been provided to indicate the presence of conditions requiring 

human attention. All alarms will manifest themselves by a buzzer sounding and a red light 

turning on . The EIA flip -flop will also set when the next TSD occurs . If the al arm ACK

RESEI' switch is now set to ACK, (acknowledge) the buzzer will be suppressed and the red 

light and EIA condition will continue as long as the switch remains in this position, even 

after the cause of the alarm is corrected . If the alarm condition is corrected and the 

switch is turned to RESEI' , the light will go off , and the buzzer is stopped . However, the 

EIA flip-flop can only be cl eared by a connection process . 

The most common type of alarm results from the amount of tape on the supply reel diminishing 

to about 100 feet . This will cause the LO~ TAPE level to be gener ated . However t hi s will 

not prevent further punching . 
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The following conditions will generate an ALARM level which will prevent further punching: 

1) If the tape handler fails to supply tape to the punch as required a switch above 

the slack loop will sense this and cause an alarm . This can happen if the bulb 

providing the li ght beam burns out. It can also happen if the tape is loaded 

improperly, or if the end of the tape roll is reached and is glued securely to 

the form. This alarm will inhibit further punching and manual feeding and allow 

the motor to stop after 5 second delay . The feed button or a TSD can restart the 

motor in this condition but it will not cause punching . 

2) The end of the tape passing through the end of tape sensor will create the same 

effect as alarm 1 described above . This prevents the very end of the tape, which 

i s thickened by a paper glued to i t , from going into the punch and jamming it . 

3) It is necessary to lubricate the punch after each 4 hours of running . To prevent 

it from being operated for longer intervals without lubrication, a timer is 

provided to shut the machine off once this period has elapsed since the last 

lubrication. Only maintenance personnel are authorized to reset this timer, which 

times out after 4 . 5 hours . 
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