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FOREWORD 

The instruction book treats only the basic units in a 

.1604 system (main computer and console). This volume 

takes up the logical principles of operation for the basic 

units. Other volumes in the instruction book are: 

Vol. 1 ·Description and Operation 

Vol. 3 Maintenance 

Vol. 4 File of Equations 

Vol. 5 Diagrams 

Instruction books. for other equipments in a 1604 

·system are: 

1607 Magnetic Tape· System (two volume) 

1605 Adaptor 

Info:r-mation included herein is subject to correction, an~: 

change. 

For additional copies or other information write to: . 

Control Data Corporation 
Minneapolis 151 Minnesota 
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CHAPTER 1 

INTRODUCTION 

The Principles of Operation volume of the 1604 instruction book describes the operation of 

the central computer and the external equipment at the console. Chapter 1 presents back-

ground material and acquaints the reader with the overall logical' operation and structure of. 

the computer. The next four chapters give a detailed analysis of the major sections of the 

computer: control, arithmetic, storage and input-output. The final two chapters deal with 

the console-mounted external equipment and the power system. Principles of operation of 

the 1605 Adaptor and the 1607 Magnetic Tape System are presented in separate volumes. 

Principles of Operation emphasizes what circuits do logically rather than how they operate 

electrically in performing a function. The logical function of a type of circuit varies from 

instance to instance, but since the computer is constructed from a great number of elec-

trically similar circuits and stages, a single examination of the electronics of the basic 

circuit will be sufficient. The small number of unique circuits are treated at the point 

where their logical use is discussed. 

Reference material supplementing descriptions of computer operations is located in several 

sections of the instruction l;>ook: 

1) File of Eqtiations (volume 4) - the complete and ultimate source of all informa-

tion concerning the logic of the computer 

2) Logic diagrams (volume 5) - a graphic representation of the logical relationship 

given in the File o'f Equations; may be used as a detailed supplement to the logic 

discussed in this volume 

1-1 
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3) Command timing charts (volume 3) - for each instruction, a sequential list of 

the commands performed in the exe-cution of the instruction 

4) Octa~ operation code(appendix C) - octal designation for each instruction 

In addition, a glossary of abbreviations and terms is located at the back of this volume. 

Abbreviations and terms that are employed with a special or unusual significance are de-

fined there. 

PHYSICAL DIVISIONS OF THE COMPUTER 

The 1604 Computer consists of the main computer cabinet, the console and the 1607 mag­

netic tape cabinet. A 1604 system (figure 1-1) may also have the 1605 Adaptor cabinet and 

the several IBM external equipments which are connected to the computer by means of the 

1605. The latter provides data buffers and control circuitry for the IBM card reader and 

punch,, Une printer and tape units. 

The main computer cabinet contains the computer proper and the control circuitry for the 

external equipment at the console. The console holds the operator's panel which provides 

indicators and operating controls; it also contains the monitoring typewriter, paper tape 

punch and paper tape reader. The 1607 magnetic tape cabinet. houses four tape units and 

the. associated control circuitry. 

OVERALL ANALYSIS OF COMPUTER 

The computer can be divided functionally into four major sections: (1) input-otttput, which 

provides the me ans of communication between the computer and the vario.us external equip-
' 

ments; (2) arithmetic., which performs th~ arithmetic and logical operations required for 

the ex'ecution of instructions; (3) storage, which provides internal storage for both data and 

instructions; and (4) control, which coordinates and sequences all the operations which 

1-2 
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Figure 1-1. Typical 1604 System. 
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carry out the execution of an instruction. 

Figure 1-2 is a simplified diagram of the main computer. All the registers of the computer 

appear in this diagram; however, the control circuits such as sequences and individual con-

trol flip-flops are not shown. The following paragraphs describe each register briefly;· 

next, the basic operations performed in the execution of a pair of typical instructions are 

discussed. 

INPUT-OUTPUT SECTION 

There are four input channels (1, 3, 5 and 7) which bring information into the computer. The 

X register receives the information from these channels. Channels 1, 3 and 5 are used for 

buffer communications; channel 7 is used in transfer type communication, a very high-spea:i 

method of exchanging data. Information from the input equipment on the 1604 console is al­

ways received via channel 1. Typically, channel 3 is connected to a 1607 Magnetic Tape 

System. Channel 5 provides another means of input which may be used by the 1605 Adaptor, 

a second 1607 or another equipment. 

Output regist'ers 01, o2, o3 and o4 are u~ed to send informa~ion from the computer via out­

put channels 2, 4, 6 and 7, respectively. Function inverters o0 are used to transmit con-

trol information to the various external equipments. 

ARITHMETIC SECTION 

The accumulator or A register is the principal arithmetic register since nearly all arith-

metic and logical operations make use of A. This register has provisions for the parallel 

addition of X to its content, and can be shifted either separately or in conjunction with the 

Q register. 

1-4 
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The Q register is an auxiliary arithmetic register; it assists' the accumulator in the per­

form~nce of the more complicated arithmetic operations. It is used in combination with the 

X register in t1~e formation of logical products arid can be shifted either separately or in 
\ \ 
I 

conjurtction witli A. 

The X) or exchange, register is used in arithmetic operations as well as in most data 

trarlsrh.ission between various sections of the computer. 

STO~AGE SECTION 

Two magnetic core storage units form the heart of the storage section. Each unit -contains 

16, 384 locations or addresses for 48-bit words; thus, the total storage capacity is 32, 768 

words. One unit is called even because all locations denoted by even address words are 

contained in it; the other unit is called odd for similar reasons. Since the two units are in-

dependent, references to them can overlap considerably. Each unit has a storage address 

register into which is entered the address of the location from which a 48-bit word is t'o be 

taken or into which it is to be entered. The address register for the even storage unit is 

. S 1, while s2 is the address register for the odd storage unit. In addition, each unit has a 

storage restoration register (Z 1 and Z 
2

) .which holds the word to be w~itten into a gi~e~ 
storage, location. 

Words to be read out of e,ither storage unit are entered into the X register, from which they. 

are transmitted to the appropriate register. Words to be entered or written into a storage . 

·unit, are transmitted from X to the appropriate Z register, which is then sampled to deter­

mine what is to be entered in the location. 
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CONTROL SECTION 

The control section acquires an instruction f~om storage, then interprets it and sends the 

required commands to other se.ctions. A 24-bit instruction is composed of three parts or 

codes, designated by the letters f, b and m. The upper six bits are the operation code:: (f), 

which specifie·S the operation to be performed. The operation code is designated by two· 

octal digits; for example, 01 refers to the operation A Right Shift. 

The next three bits are the designa.tor (b), which ordinarily refers to the index (B) register 

whose content is. to be added to the base execution address,. the remaining 15 bits of the 

instruction. In most cases the base execution address (m) is used in specifying the storage . 

location of the operand used in execution of the instruction. The content of the B register: 

· denoted by b, that is, Bb, is added to :rn to give the actual address of the operand.' ·When 

b =, 0, no addition takes place and m itself specifies the operand address. When h ·= 7, in-

direct addressing is used (see chapter 2). 
b ' ' 

The sum of B and m is denoted. by. M. 

A program st.ep is a pa;ir of 24- b:lt instructions, which together occupy one stora'ge ·locaUcm 

as $. 48-bit word. The ?igher-orde·r 24 bits of such a word ~r:e called the upper 'instruction 

and ·the remaining 24 bits are called the lower instruction. 

The P register, the program address counter, provides continuity by generating fo S\~cp .. wr1:".e 

the. storage addresses at which the individual steps of the program are contained. At the 

completion of each step' the count in P is aavanced by one to specify the acldre~:rn oJ the next 

step. Jump instructions enter a new address in P to begin a new series of prcmram ·steps. 

' : ' ' 

The program' control register, u 1, holds a program step while the tv\O infitruc.tio.m~ coti~ . 
' ' . 

tained in it are executed. The 48-bit instruction word is taken from the storap:e location 

specified by P and entertrl into u1. The upper instruction is always executed fir::;t. ID.xect1-

tion bf the lower instruction follows, except when the upper instruction is a jump. or prm<_c'cs 

1-7 
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for the conditional skipping of the lower one. 

The auxiliary program control register, u2, is an ac~ttinulator used,'primarily in the mbdi­

fication of the base execution address by the addition fo it of Bb. B
1 

through B
6

, the six 
.' ~ 

index registers, hold quantities used to modify the <=i~ecution address of instructions. 

The address buffer register, R, is used in transmissions to and from the B register.. For 
. ! 

instance, in the modification of the execution address, Bb is transmitted to R; R is then 

added to u 2, which holds the base execution address. The R register is also a counter used 

during the execution of several instructions. 

EXECUTION OF TYPICAL PAIR OF INSTRUCTIONS 

Address 00500 contains the following pair of instructions: upper instruction 14 Add and 

lower instruction 50 Enter Index; this pair is the next step to be performed in the program. 

The P register holds the address 00500, Because the lower bit is even, the addiess is in 

the even storage unit. The upper 14 bits of P are sent to s1. The storage refe:i'-ence is 
.~ I, 

initiated and the 48- bit word, the pair of instructionsf is read from address 00500. The 

word is entered into u 1. 

From this point on the operations of the computer are conditioned directly or indirectly by 

the 24-bit instruction in the upper half of u1. This instruction, 14 Add, has as its purpbse 

the addition of the quantity in the storage location specified by the execution address to the 

contents of A. The index code, b, and operation code, f, are now translated. b Next, B 

is transmitted to R. At the same time the 15-bit base execution address is transmitted 

from u1 
to u 2

. The content of R is added to u2 
to yield the execution address, M, which 

specifies the location of the operand. 

1-8 
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Depending on whether the lowest bit of u2 is a "O" or a 11 111
, the remai_ning 14 bits are 

transmitted to s1 or s2 in preparation for reading the operand which is to be added to A. 

The storage reference is initiated, and somewhat later the 1 operand is entered into X. 

The chief operation of the instruction adding X to A now occurs. All 6f the commands per­

tinent to the performance of this operation are conditioned by the operation code, f, which 

has the value 14. After the addition (the sum remains in A), the execution of the ins true-

tion is completed. 

The computer is rmdy to execute the next instruction, which is presently contained in the 

lower 24 bits of u1. The upper half of u1 is cleared and the lower half transmitted to the 

upper half, so that u1 upper holds instruction 50 Enter Index. The purpose of this instruc-

ti~m is to place the 15·~ bit base execution address in index re.gister b. Following translation 

of f and b, the base execution address is transmitted from u1 to u2. Now u2 
is transmitt~d 

to R, and R in turn is tra.nsmitted to the B register _specified by b. With this the exc•.: 1.iUon 

of 50 is complete, and. the next pair o,f instructions is read from storage in the mariner de::>· 

cribed previously. 

NUMBER SYSTEMS 

The baS'ic number system used throughout the 1604 is binary. In this system the only cl;igits 

~commonly called bits) are "O" and 11 1 11
• All numbers, regardless of magnitude .. arc ex­

pressed by means of these digits. Information to be entered into the computer ts In b 

notation; similarly, data sent out from the computer are in binary. All opera.tions · wHhi~1 

the computer use the principles of binary arithmetic. 

1-9 
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ONE'S COMPLEMEN~ ~OTATION 

One's compleriierl~ notation is used to express negative numbers. ·To generate the one's 
,t\ I 

complement ~·:fi~ression of negative five, for example, each bit of the binary expression of 
. i .. ,,, 

positive. fiVd, 0101, is complemented. The result is 1010. The fact that the leftmost digit 
1! 

is 1 indic:fa.tes that the quantity is negative; if the leftmost digit is 0, the quantity is positive. 

J ' 
One's 00Jnplement notation is used for expressing negative numbers because of the ease 

I 

with which complementing can be accomplished. The use of this notation requires that the 
I; 

accumulators (registers with provisions for addition of a quantity to their content) be the 

closed type. · A closed accumulator provides for an end-around carry in the addition of a 

quantity for b'o;rrow, if the accumulator is subtractive). An end-around carry (or borrow) 

is one which is generated in the highest stage and sent to the lowest. 

TWO'S COMPLEMENT ARITHMETIC 

The counters in the computer employ the principles of two 1 s GOmplement arithmetic. A 

counter is a register with provisiOns for increasing its content (if it is additive) or decreas-

ing its content (if it is subtractive). A t~o's complement counter is open-ended; that is,· 

there is no end-around carry or borrow~ 'lb illustrate the use of two's complement arith­

metic in a counter, suppose that the content of a subtractive counter (such as R) is positive 

seven (0111) in binary and that this quantity is to be reduced by one. This is accomplished, 

in effect, by adding the two's complement expression of negative one, namely, 1111, to. 

0111 as shown below. The result is six. 

0111 
1111 
mTU 

1-10 
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OCTAL NUMBER SYSTEM 

Operation of the computer is described by the octal number system because three binary 

digits may be expressed by one octal digit,· thus reducing the total digits involved. by a 

factor of 3. The octal system is selected as a basis for obtaining shortened expressions 

for numbers because of the ease with which numbers can be converted from binary to octal 

and from octal to binary notation. Such conversions can be performed much more easily 

than conversions between binary and decimal numbers. 

The following example shows how these conversions between binary and octal numbers are 

performed. The binary expression for thirty-eight decimal is 100110. To convert-this ex-

pression to octal, separate it into groups of three digits each as follows: 100 110. Each 

group of binary digits is converted individually to the corresponding octal d~git. Perform- ' 

ing this conversion, 46 is obtained as the octal expression. 

The conversion of a number in octal notation to binary is simply the reverse. To conve'rt 

the octal expression 513 to its binary equivalent, each octal digit is converted individually 

to its binary equivalent, as shown below: 

5 

101 

1 

001 

3 

011 

The binary expression for an octal digit must be filled out with 0 1s to make it three digits 

in length. 

Octal notation is used to refer to the content of a register, the value of a control designator, 

addresses in storage and to the codes for instructions. The octal number system is not 

actually used in the operation of the computer. 
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ARITHMETIC PROPERTIES OF REGISTERS 

Arithmetic operations are performed in five registers of the computer. Their arithmetic 

. properties are listed in table 1-1. 

i TABLE 1-1. ARITHMETIC PROPERTIES OF REGISTERS 

No. of Complement Sub. or Closed or Result: 
Register Stages Modulus· ·Notation Add !Open ende.d Signed or 

Unsigned 

A accumulator 48 248_1 one's subtractive closed . signed * 
Q 48 248_1. one's signed 

2 
U accumulator 15 ... 215_1 one's subtractive closed signed ** 

p 15 215 two's additive o·pen unsigned 

R 15 215 two's subtractive open unsigned 

* The result of an arithmetic operation in A satisfies AS 2
47 

-1 since A always is treated 

as a signed quantity. When the result in A is zero, it is always represented by 000 ... 00 

except when 111. ~ .11 is added to 111. .. 11. In this case, the result.is·111. .. 11, whiCh 

is commonly called "negative zero'.'. ' 

**when u 2 
is used as an operand for an instruction, it is regarded as a signed quantity, 

and u2 
S 214-·i. When it is used to specify the address of an operand,· it is regarded 

as an unsigned quantity, and u2 ~. 215 -1. 
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BUILDING BLOCK 

The basic building block of the computer is a transistorized single inverter circuit. This 

circuit is used: (1) alone, as a single inverter; (2) in a pair to form a flip -flop; and (3) in 

configuration of three to form a control delay. The major portion of the computer is con­

structed by interconnecting these circuits, which are packaged on 2 1I2 inch by 2 1I8 inch 

printed circuit cards (figure 1-3). Each card is equipped with a 15-pin male connector for 

plugging into the major equipment chassis. 

In the following paragraphs the single inverter circuit, the flip-flop (FF) and the control de­

lay are described. After a treatment of logical equations and logic diagram symbols (the 

two methods showing the connections between building blocks), some typical uses of the 

block in registers and counters are discussed. 

ANALYSIS OF SINGLE INVERTER 

Within the computer two signal levels are used, namely, -3. 0 volts and -0. 5 volts. The 

former represents the logical "1" and the latter represents the logical "O 11
• The logical 

function of the single inverter is to invert one of these signal levels into the other. A -3. 0 

volt input to an inverter causes a -0. 5 volt· output, and vice versa. The inverter circuit 

permits the use of varying numbers of inputs and outputs. 

The standard inverter circuit is shown in figure 1-4. Transistor QOl is connected as an 

emitter follower; QO 2, as an amplifier. The collector circuits of the transistors are pro­

vided with two feedback loops which prevent the transistors from being driven. to cutoff or 

saturation. As a result, switching from one state of conduction to the other is accomplished 

in a minimum time of 50 millimicroseconds and a maximum time of 100 millimicroseconds. 

1-13 
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Figure 1-3. Typical Printed Circuit Card. 
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The input and output signal levels of the inverter circuit are -3. 0 volts and -0. 5 volts. An 

input signal is applied via isolation diodes CRO 1 or CR02 to a voltage divider network com-

posed of resistors R07, R08, R09, RlO and R11. An input signal of -0. 5 volts (point A) re­

sults in -1. 5 volts at point B and 0. 8 volts at the base of QOl (point C). CROl is thus biased 

1 volt in the backward direction, which provides for noise suppression at the input of the in-

verter. 

Capacitor CO 1, connected between CRO 1 and the base of QO 1, provides rapid coupling of in-

put signal changes to QO 1, improving the switching time of the circuit. 
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~~~60 
I CR02 
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I 
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Figure 1-4. Schanatic Diagram of Standard Inverter Circuit. 
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. * . . 
Transistors QOl and Q02 each provide beta current gains of approximately 100. Thus, 

4 \ ' 01 
l~op gain of the two transistors is on the o.rder of io . Tbe collectbr current of Q and 
:02 . 

Q develops the output voltage across resistor R07. ·'Output diqde <:!R09 isoi'ates the output 
I 

lirie from the other output line connected to CR.10. 
. '. . ' 

The feedback loops which prevent transistors QO 1 and Q02 from being driven to cutoff or 
' . . 

saturation consist of diodes CR07 and CR08. The two feedback loops establish positive-

going and negative- going limits for the base voltage swings of QO 1. The positive- going 

limit allows a maximum transistor ·conducti()n that is less than saturation. Similarly, the 

negative-going limit fixes a minimum conduction for the transistors. When the ttansistors 

approach cutoff, their collectors· approach - 3 volts. The collector potential is cdupled bad: 

to the base of QOl through CR08, ROB, R09 and Rl-0. As a consequence the base' of QOl al-

ways is held at a sufficiently negative voltage to permit some minimum conduction of QO 1 

and thus Q02. 

When the transistors approach saturation, the collectors approach 0 volts. The collector 

potential is coupled back to the base of QOl through CR07 and RlO. The base of QOl is thus 

prevented from becoming so negative that saturation occurs. 

FLIP-FLOP 

All short-term storage of information in the computer is accomplished by flip-flops (FFs).; 

thus, the various registers such as A, X, Q, etc., consist of flip-flops. A FF is composed 

of two single inverter circuits interconnected as shown in figure 1-5 (each rectangle repre-

sents a single inverter). One of the inverters constitutes the set side of the FF; the other, 

the clear side. The FF is placed in the 11 1 11 state, i.e., set, by a set input that is "1 u. 

Conversely, it is placed in the "O 11 state, i. e. , cleared, by a clear input that is 11 111
• (Set 

and clear inputs are never 11 111 at the same time). 

~:( 

The beta current gain is the ratio of collector current to base current. 
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The storage capability of a FF means simply that it remains in a state that is indicative of 

the last 11 1" input receiva:i. Specifically, if a "1" pulse is present at the set input, then the 

output of inverter A OOO (figure 1-5) becomes "o". This output is applied as an input to A 
001

, 

001 . 000 
whose output then becomes ''1 ". The output of A 1s fed back to A . Thus, when the 

set input returns to "O", the feedback connection between A OOO and A 00.1 permits the storage 

of the state to which the "1" puls·e on the set input forced the FF. Should the clear input 

later receive a 11 111 pulse, the output of A OO 1 becomes "O", and hence the feedback input to 

A OOO is 110 11
• Consequently, A OOO furnishes a "1 11 output which is returned to A OO 1 to re-

. place the "1" pulse at the clear input. 

001 000 ' 
When the FF is set, A has a "1" output, and A · has a "O" output. Conversely, when 

the FF is cleared, A OOl has a "O" output, and A OOO has· a "1 11 output. 

The conventional square or box symbol for a FF is given in figure l ·-· 5- to show the relation-

ship between it and the inverter configuration which forms the FF. The square used on 

diagrams to repr-esent the FF encompasses the crossover of outputs shown at the right of 

Figure 1-5. 

CONVENTIONAL 
SYMBOL 

.. , .. Aooo 

"o'i AOOI 

.. , .. 

"o" 

SET 
INPUT 

CLEAR 
INPUT 

SET 
OUTPUT 

CLEAR 
OUTPUT 

L INDICATES BOX CONVENTIONALLY 

USED TO REPRESENT THE F.F 

Figure 1-5. Interconnection of Inverters to Form a Flip-flop. 
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CONTROL DELAY 

The single inverter and the FF described above are static, unclocked deyices; that is, the 

output of .the inverter is a steady-state inversion of its inputs. Likewise, once a FF is ~et, 

it provides a steady "1" from the set output and "O" from the clear output" until it is cleared. 

However, an essential part of the internal operation of the computer is the. occurrence of 

timed and properly shaped pulses. The funcUon of control delays is to reshape signals and 
. ' . 

resynchronize them to furnish timed output signals. ·.As its name indicates, the control de-

lay inserts a controlled interval between the occurrence. of its input and the occurrence of 

its output. This interval, or delay, . is .a single phase time of the master clock, namely, 

0. 2 microseconds. Furthermore, the minimum duration of the output .Pulse is. O. 2 micro­

seconds. 

The two-phase master clock is essential in the operation of control delays. The outputs 

OI ~he clock are twc:> sine waves 180° out of phase. However, for the analysis of the control 

delay, which·is the major application of. the master clock, it is sufficient to understand 

that the clock furnishes rectangular waves of two phases, odd and even; as shown in 
,• . I 

.. O'O 1 0 0 0 . ' 
figure 1-6c, where they are labeled C . and C , respectively. The designations "odd" 

and "even" are given the clock phases because in the equation sYrn.bols (see page 23) fo~ 

clocked .circuits, the odd and even qharacter of the third digit indicates the clock phase 

during which outputs from the circuit occur. 

The control delay consists of .a special FF (represented by an H-- - equation synibol) and. 

one or mor~ inverters (represented by v--- or N--- syrn.bols) connected to the 11 0 11 output 

of the FF (figure 1-6a and b). The special flip-flop has set inputs only, namely, those going 

to 11. The logic inputs are always signals formed from other building blocks, one of which 

must be clocked. Feedback from 12 to r1 i~ gated by one of the clock phases, which is 

opposite to that applied to the output inverters. Thus, in.figure 1-6a the odd phase (COOl) 
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a. CIRCUIT DIAGRAM 
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I 
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II 12 13 14 15. 
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c. TIMI NG DIAGRAM FOR CONTROL DELAY 

Figure 1-6. C~mtrol Delay 
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' 025 
gates the feedback as well as clocking the input from K The even phase <c000

) is fed to 

00-
inverters V . 

During the odd·.clock phase (c001> the ~nput signal is allowed to set the special FF (Hooo}. 

The internal fe~'dback also is gated du:ring this clock phase so that the FF action extends or 
' ' ' \ 

000 
delays the original input signal. The even clock phase tc ) acts a.s a gate for the FF out-

put. The duration of the output from inverter v000 is established by the even q lock phase. 

Waveforms for the various elements in the control delay are shown in figure 1- 6 c. For 

these waveforms it has been assumed that the internal switching time of each inverter is the 

minimum value of 50 millimicroseconds. Shaded a:reas indicate the variations in the occur- . 

rence of pulses due to external wiring delays. l1f, for example, these wiring delays were 

reduced to zero, then the output <1f N901 would g·o to "O" at time 2 and remain so until time 

5. On the other extreme, the delays could amount to a maximum of 50 millimicroseconds~ 

In this case the output of N
901 would go to "O 11 at time 3 and remain so until time 6. 

The time at which the output of 11 may go to 110 11 varies over a 100 millimicrosecond period. 

Half of this period is due to the fact that delays introduced at N 901 are felt at r1 
also. Thus, 

if N
901 

}}ad the maximum delay but I 1 had zero delay, then the I 1 output goes to uo" at time 

901 1 1 7 and remains there until time 13. If both N and-I b~e the full delay, then the I out-

put is "O" from time 8 to time 14. 

Assuming that capacitive wiring delays are zero, the leading edge of the output from v000 

occurs at time 9 because the clock input to v000 (from c000) does not go to "O II until time 

8. The. logic input sign~l goes to 110 11 at time 10; however, c 001 allows this signal to be re­

placed by gating the fredback from 12 to 11 until time 12. As a ·result, the original input 

signal is provided as an output from 11 until at least time 13. 
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The output of 11 encompasses the 110" portion of c 000 
(figure j 1-6'c). Since the output of 

v000 is actually the AND function of "not COOO,. and "not I 1", it .is a "1" only while both are 

"o". Therefore, the time of occurrence and duration of the v 000 
output is determined by 

the period that c 000 
is "O ". 

The 0. 2 microsecond delay produced by the control delay is shown in figure 1- 6 c by the re-­

lationship of the K
025 and v 000 

waveforms. The input from K
025 will go to "l 11 by time 6 

regardless of the wiring delays. The result of this "1" input will be felt at the output of 

v 000 
by time 10. Thus the signal has been delayed by 0. 2 microseconds. 

AND CIRCUIT 

The AND circuit is shown in figure 1-7. The diodes of an AND circuit are the output diodes 

of inverters. As many as four diodes, each from different inverters,.- may be connected in 

an AND. The common cathode connection of the diodes is tied to the input of an inverter, 

which furnishes the remaining elements of the AND circuit. In order for the output of the 

AND to be a "1", that is, at -3 volts, inputs A, Band C must all three be at -3 volts. If 

any of the inputs are at -0. 5 volts, a "O", then the cathodes of all three diodes are held at 

this potential, as is the output at D. 

-2.0V 

c 

Figure 1- 7. AND Cir cult. 
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OR CIRCUIT 

The OR circuit consistg of components at the input of an inverter. T.jle inverter shown in 

figure 1-4 has ·\a two-input OR circuit, which involves ROl, CROl, and R02 as well as vol­

tage divider RO~.' Rl-0 and R11 connect,e~ to -20 volts. 

The potential at B, the common jun.etion of the aaodes of the OR diodes, is -1. 5 (indicating 

a "O" in the circuit) only if both inputs at the cathodes of CROl and CR02 are at -0. 5 volts. 

If either OR input goes to - 3. 0 volts (a "l ") then the potential at B is forced more negative 

than -1. 5 volts. This more negative potential indicates a "1 ". 

LOGICAL EQUATIONS 

The logical interconnections of virtually all circuits in the computer are described by mears 

of logical equations fOund in the File of Equations. As a preliminary step to formulating 

such equations, every circuit is assigned a unique symbol consisting of a base letter and a 
-· ·-· . -· -· -- ·- - -- - --- ·····------·-·-·---- ·-·-

3 - digit supers c rip\,,. (figure 1- 8). 

The base letter of the symbol associates the building block with one ot' 26 major logical 

areas, such as the A r<:g,ister, ~ registei:.. etc. The superscript digits provide a unique 

identification of the block wi~n.., the area. In ad!lition, the odd or even character of the 

third digit may identify the output clock phase of a circuit or set an~ clear sides of a FF. 

These symbols are used in writing the equation, which are actually specialized instances 

of Boolean algebraic equations. An equation represents a single inverter with the exception 

of two classes of equations dealing with circuits in the storage section. 
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STAGE 

---~A c)o t~----ouTPUT 
BASE . 

LETTER 

:Base Letter: This letter indicates that the building block is part of 
the A register. 

Stage: 

Output: 

The first and second superscript digits identify the 
stage of the A register with which the building block 
t.-g associated; in this case, stage 00. 

The third superscript digit identifies the flip-flop 
output; an even digit indicates a "O" or "clear" out­
put and an odd digit a "1" or "set" output. 

Figure 1-8. Typical Designation for a Building Block used in a Register. 

From the logical viewpoint a single inverter is simply a circuit which provides as an out­

put the inverted form of its input. Thus if any of the inputs to an inverter is a 11 111
, its out-

put is a "O "; conversely, its output is a 11 111 only if all of its inputs are "O 11
• An equation is 

a logical representation of the inverter. For example: 

The symbol on the left of the equal sign, calla:l the subject term, denotes the inverter des-

cribed by the equation. The expression on the right of the equal sign describes the logical 

configuration of the inputs. 

The + sign represents th~ OR function or logical sum, while the absence of a sign between 

symbols represents the AND function or logical product. In the context of equations, the 

word "term." is used to designate a single symbol or group of symbols that is a logical pro­

duct. The equation given above for inverter K310 has three terms, each representing an 

input to the inverter. Thus K310 has a "O" output if: (1) K311 isa 11 1 11
; (2) the AND function 

of v 220
, · F 585 and K415 i~ satisfied, that is; if each of them is a "1 "; or, (3) the AND func­

tion of v 676, F 940 and J 134 is satisfied, that is, each of them is a "1". 
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A two-phase master clock times computer operations. Circuits which receive timing sig-

nals from the clock are denoted by symbols wi.th base letters H, V and N. The base letter 

9--
of master clock symbols is C and of clock slave,s, N. . . In these symbols (those with the 

. base letters H, V, N, C and Ng .. -) the even or od~ character of the third superscript digit 

indicates timing relations. Ad--- or .Ne-- symbo,~ with an odd third superscript digit re­

presents a circuit furnishing odd phase clock pulses; these symbols with even third super-

script digits represent circuits furnishing even clock pulses. The H ,v and N 

circuits with an odd third digit provide output during the odd clock phase and receive input 

during the even phase. The same circuits with even third digits provide output during the 

even clock phase and receive input during the odd phase. Certain circuits (those with 

symbols having base letters of D, G, L, M and Y) are not represented by complete equation 

entries. In these circuits only inputs or outputs (but not both) are represented by equation 

symbols. Thus either the inputs or the outputs are missing from the entry. 

LOGIC DIAGRAM SYMBOLS 

The logic diagrams use. five basic symbols for representing the logical properties of circuit 
\ 

configurations in the computer. The shape of each symbol designates a basic logical func-

tion. Equation symbols (such as A OO 1) enclo.~~d by the diagram symbol provide a complete 

identification or' the building blocks which ar~ intercdr:mected to perform the logical function. 

Inputs to the diagram symbol are identified.b¥ arrows; outputs, by the absence of arrows. 

The symbols us'ed in portraying the equations in diagrammatic form ·are shown and defined 

in figure 1- 9. Since other logical elements such as the flip-flop and control delay are 

. fundamentally configurations of two or more inverters (figure 1- 9a), the diagrammatic 

symbols for these complex elements are formed from combinations of the inverter symbols. 

Each inverter rectangle contains the logical designation (such as J 050) of the inverter. 
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a. SINGLE INVERTER 

x 

y xvz b. SINGLE INVERTER WITH 
THREE "oR" INPUTS 

z 

x . 

y x+v+z c. SINGLE INVERTER WITH 
11

AND
11 

INPUT 

z 

11
1

11 

OR SET Aooo "t" OR SET 
INPUT OUTPUT 

d. FLIP - FLOP 

"o" OR CLEAR AOOI 
11

0
11 

OR CLEAR 
INPUT OUTPUT 

v305 H892 e. CONTROL DELAY 

K320 va92 H941 

Figure 1-9. Logic Diagram Symbols. 
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The diagrammatic form of the OR function is the representation of the inputs (by arrows) to 

the inverter (figure 1-9b). The AND function is represented by a .small circle. An input 

to the AND is represented by a line; the output ftom the AND (which is input to a logical 

element such as an inverter) is represented by ad a~row. 

The flip-flop (FF) is e. storage device with two stable states, designated "1" (or set) and 

"O" (or clear), and is composed of two inverter~~ The logical symbol (Figure 1- 9d) is a 

square that is formed frorn thfJ ,-eQtangles which represent the two inverters. The logical 
' ' 

designations of the two inverters ~pear within t~e square. In a logic _diagram, the inverter 

which receives the. set inptit is at the top and the inverter which receives the clear input is 

at the bottom. Set outputs are received from the top inverter and clear outputs from the 

bottom~ This diagrammatic convention simplifies the actual interconnection of th~ invert­

ers, which is shown in figure 1-5,,. 

With .the. exception of the FFs which form the B registers, the logical designation of the set 

side of a FF has an even last digit and the cleat side of the same FF is. designated by the 

next odd digit; for example, K942 (set side) and K943 (clear side). 

A control delay (figure 1- 9e) consists of an F("" - part, which receives the input, and a 

v or N part, which provides the output. Control delays are clocked configurations 

which receive inputs during one clock phas.e and furnish a resultant ·output durirl;g the oppo-

site clock phase. 
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TYPICAL USES OF BUILDING BLOCK 

REGISTERS 

A register is a device capable of storing a quantity or word. The register is made up of 

stages, each of which stores an individual bit of the word. A stage, therefore, may be 

considered as a bit register. There are two types of registers in the computer, single­

rank and double-rank registers. The single-rank register consists of a single FF per 

stage and has storage properties only. .The double- rank register consists of two FFs. per 

stage and has either shiftin,g, rounting or. complementing properties in addition to storage 

properties, depending upon the circuit connections. 

A simple, three-stag~ single-rank register is shown in figure l-10. Each stage consists 

of a flip-flop and one or more input gates which allow the insertion of bits into the flip-flop. 

As shown in figure 1-10, the input gate of each stage of the Z register is enabled by the "1" 

output of the corresponding stage of the X register. The signal Clear Z prepares the Z 
' \ 

register for receipt of a word by setting each of its stages to "O 11
• The signal X -+ Z, when 

applied to the input gates, sets those stages of Z to 11111 which rece,ive 11 111 enables from X. 

A simple three-stage· double-: rank register with shiftiQg properties is shown in· figure 1-11. 

The left-hand rank of this register is designated Q1 aq.d the right-hand Q2. The input word, 

from the A 
2 

register, is initially entered into Q 1 by the signal A 2 ..... Q 1. The signal Cir­

cular Left Shift Q
1 

..... Q
2 

next transfers the word to Q 2 and shifts it left one bit. Thus, the 

bits in stages "O" and "1" of Q
1 

are transferred to stages i11" and 11 211
, respectively, of 

Q
2

, and the bit in stage 11 211 of Q1 is transferred to stage 110 11 of Q 2. .Following this, the 

signal Q 
2 

..... Q 
1 

transfers the word from Q
2 to Q 1 in preparation for the next shift. The 

word in Q
2 

is available as an output to the A 1 register whenever the d·esired number of 

shifts have been performed. 
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THREE-BIT 
WORD 
FROM X 

xOOI 

7 

xOll 

v 

xo21 

J7-' 

X ~z CLEAR Z 

~ .._.. 

__.'!"!o. -.,. 

..... -__,. 

.... .... 

.... -.,., 

~ -.,.,. 

zOOO -"" ..... 

zOOI 

zo10 ~ 
""7' OUTPUTS 

zo11 . 

zo20 ... -.,. 

zo21 

Figure 1-10. Three Stage Single-Rank Register. 
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INPUTS 
FROM A2 

02~0 1 

a' 

'Oii Q 

-------"'---

CIRCULAR 
LEFT SHIFT 

0 1 ~02 

L----------,----~J 
OUTPUTS 
ro· A' 

Figure 1-11. Three-Stage, Double-Rank Register with Shifting Properties. 
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COUNTERS 

A counter is basically a double- rank register with circuitry which makes it possible to in-

crease or decrease, by an increment, the quantity stored in the register. 

Basic Three-Stage Counter 

A ·~hree.., stage counter circuit is shown in figure 1-12. This circuit is capable of additive 

counting; that is,, from binary 000 through 111. Repetitive sequences consisting of the 

1 2 command Advance, followed by the command. P .-.. P , operate the counter. 

!he Advance command probes both the set ("1" side) arid clear ("O" side) input gates of each 
. . 1 

F:f of P . These gates provide the additive counting feature of the circuit. Each set input 
1

gate fs enabled by the "O" output of the corresponding FF. of P 2, and each clear ~nput gate by 

lhe "1" output of the same FF. In addition, the pair of input gates to each FF is enabled by 
. . 2 

the "1" outputs of the lower-order FFs of P . 

To analyze the operation of the counter, assume that both ranks of each stage initially con­

tain a "O ". The counting sequence is listed in table 1- 2. The first Advance c9mmand finds 

the input gate to POOO enabled and therefore enters the count 001 into P 1. The command 

P 1 - P 2 transfers the count to P 2. ·The following Advance command finds the input gates 

001 010 . . 1 to P and P enabled and therefore enters the count 010 mto P . The operation con-

tinues in this ~anrier until the count 111 is reached~ This is the highest count which the 

three-stage counter· is capable of reaching. This is followed by a command sequence which · 

returns- both ranks to the count 000, in preparation for the next counting cycle. 
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ADVANCE 

pOOO p002 

pOOI p003 

.-------------+----,----------------l--

pOIO p012 

--- .____. ____ ___,_pO II -------4-------'---p-0-13_. ___ j--J 

p020 p022 

p021 p023 

Figure 1-12. Three-Stage Counter. 
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TABLE 1-2. COUNTING SEQUENCE FOR THREE-STAGE COUNTER. 

pl p2 
Command 

P02 POl Poo P02 POl Pao 

Initially 0 0 0 0 0 0 

Advance 0 0 1 0 0 0 

pl .. p2 0 0 1 0 0 1 

Advance 0 1 0 0 0 1 

pl .. p2 0 1 0 0 1 0: 

A~vance 0 1 1 0 1 0 
pl -.p2 0 1 1 0 1 1 

Advance 1 0 o· 0 1 1 

pl· .. p2 1 0 0 1 0 0 

Advance 1 0 1 1 0 ·O 
pl .. p2 1 0 1 1 0 1 

Advance 1 1 0 1 0 1 

pl .. p2 1 1 0 1 1 0 

Advance 1 1 1 1 1 b 
pl,... p2 1 . 1 1 1 1 1 

Advance 0 0 0 1 1 1 

pl .... p2 0 0 0 0 0 ·O 
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Multistage Counters 

Multistage counters are formed by interconnecting several three- stage counter units, as 

shown in figure 1-13. A Carry Enable, indicating the count 111, is obtained from each 

unit. Such enables condition the advancing of the higher-order units. The Advance com­

mand is applied to a higher-order unit only if the appropriate enables are obtained from all 

the lower-order units. Thus the third unit is advanced by one count each time the two 

lower-order units change from "1 's" to all "O's". 

The counting sequences for multistage counters are identical to those listed in table 1- 2, 

except for the larger numbers involved. 

For the sake of convenience in drawing, the H and N parts of the control delay have 

been shown separately in figure 1-13. A brief analysis of the conditions required for ad­

vancing the third group will aid in understanding the operation of the counter. Advancing 

this group requires a "1" output from N°04; therefore all four inputs to Noo4 must be "O". 

970 The. occurrence of the ADVANCE· command causes the output of H to be "O ". The outpqt 

of H
002 

is "O" when the three stages of the first group ar~ each "1 ". Similarly, the output 

004 ' ' 
of H is "O" when the three stages of the second group are each "1 11

• (The clock input 

from c000 is "O" during every odd clock phase.) 

STANDARD CARD TYPES 

The majority of printed circuit cards consist of one or two standard inverters on a single 

card. The cards differ in the number of inverters on the card, the number of input and 

output diodes associated with each inverter, and the electrical interconnections, if any. A 

maximum of six inputs may be applied to an inverter, and a maximum of eight outputs may 

be taken from it. Since an unused input terminal is sensed as a "1" input, no more than the 

exact number of input terminals required can be present. Inverter cards, therefore, are 
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Figure 1-:13. Intereonnection of Three-Stage Counters 
to Form Nine-Stage Counters. 
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provided with varying numbers of input and output terminals to handle the various situatfons 

of logic. 

The inverter cards are assigned two-digit numbers; the highest-order digit designates the 

type of card, and the lowest-order digit the number of inputs associated with each inverter 

on the card. (In the case of the Control Delay cards, only one inverter has external inputs.) 

The various types of inverter cards, and the pin assignments for each, are listed in 

table 1-3. The significance of letters is as follows: 

I - input 

0 - output 

A - as subscript one of the inverters on a card having two 

C - as subscripts other inverter 

C - not as subscript, a clock pulse 
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TABLE 1-3. DESCRIPTION OF STANDARD CARD TYPES 

Type No. of No. of inputs No. of outputs 
Designation Inverters (per inverter) (per inverter) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 lfi 

11 

12 

13 

14 

15 

16 

21 

22 

23 

24 

--

32* 

33* 

41** 

42** 

43** 

44** 

45** 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

1 

2 

3 

1 

2 

3 

4 

5 

5 

4 

3 

2 

5 

4 

3 

6 

6 

6 .. -

_6 

6 

I 

- I -- I-

I I I 

0 0 0 0 0 0 0 9- -20V Gd +20V 

0 0 0 0 0- - 0 0 0 -20V Gd +20V 

0 0 0 0 0 0 0 0 -20V Gd +20V 

I I I I 0 0 0 0 0 0 0 0 -20V Gd +20V 

:1 - I - I r I 0 0 Q Q Q 0 0 -20V Gd +20V 

I I I I I I 0 Q 0 0 0 0 -20V Gd +20V 
- ~ - - ,..... 

IA OA DA OA OA QA IC OC OC-OC OCOc-20VGd+2QV 

IA IA OA OA OA OA le le QC Oc -oc Oc-20V Gd+20V 

IA IA IA OA OA OAIC Ic le QC ococ-20V"Gd+20V 

IA IA IA IA OA OA le le le le Oc oc-20VGd_+20V 

IA OA QA OA OA QA Ic Oc Oc oc oc oc-20VGd+20V 

IA IA OA OA OA OA le Ic Oc Oc Oc oc-20V Gd +20V 

IA IA IA OA OA OA IC le ~c oc Oc oc-20VGd+20V / 

I C Q 0 0 Q Q 0 ~OV™~OV 

1 I C 0 0 Q Q Q 0 -20V Gd +20V 
--

I I _ I -C _ O 0 Q Q 0 0 -20V Gd +20V 

I I I __ I C 0 .0 .0 Q --0 0 -20VGd +20V 

I I I I I C 0 0 0 0 0 0 -20V Gd+20V 

* The types 31, 32, and 33 are two-inverter units which have internal feedback or flip-flop connections. 
** The types 41, 42, 43, 44, and 45 are two-inverter units used in Control Delay circuits; -a clock pulse 

applied to pin 6 controls the internal fee_dback connection. 
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BOOLEAN ALGEBRA 

Boolean algebra is both similar to and different from ordinary algebra. Because of the dif­

ferences, it is s.i.mpler at first to regard it as unrelated to ordinary algebra. The logical 

equations (page 22) which describe the connections of building blocks in the computer are a 

specializ.ed form of Boolean algebra as applied to switching circuits. A brief discussion o·t 

this·type of algebra will aid in use of the File of Equations. 

In Boolean algebra, there are only two values or quantities to be considered,, namely, ''1° 
I 

and 110 ". In a Boolean equation the variables, or literals, are restricted to these values, 

which can be considered as opposites; one is the negation of the other. 

There are three operE1,tions used in such equations. The first is tlie logical product or the 

AND function of two terms, which is indicated by a dot between the terms, pr by the absence 

of any symbol between them. This function is satisfied only when both terms are "l 11
; it is 

not satisfied for all other combinations of values of the terms. 

The second operation is the logical sum or the OR function of two terms, which is indicated 

by a plus sign between the terms. An OR function of two terms is satisfied when one or the 

other, or both, of the terms are 11 111
; it is. not satisfied only when both terms are 110 11

• Thus, 

this is the inclusive OR rather than the exclusive. 

The third operation is negation, or the NOT function of a term, and is· indicated by a bar over 
\ 

the term. If a term is 11 11
•, then the negation of that term has the value "O", and vice versa. 

The grouping of terms .is indicated by parentheses. It is customary in Boolean equations for 

switching circuits to represent the circuit inputs by literals which appear on the right side of 

the equal sign. The literal on the left side of the equal sign represents the circuit output, 
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whi~h is ~-function. ~ftlle inputs on the, right side of the equation. Table 1-4 is a glossary of 
• ' ' '1 ., • • • 

the various symbols used in .the algebra of switching circuits .. 
.. .. . 

There are two\~ype·s of Boolean ·equations: (1) identities; and (2) transfer formulas. An 
' ' \ ' 

identity ~onsist$ of two equivalent .expressions separated by an equality sign. For example, 
' \. . I ' 

' . \ ' 

the equation (A+' B)C = AC f BC is. an identity, whiCh states that either A or B in combina-

tion with C,,, is equivalent to, either A in dbmbination with C, or B in _combination with C; 

while on the othe; 'h'.and, the equation C :: A + B is a transfer formula,1
, which statee;; that at 

I i . . . \ , 

. , ' . . -

some particular instant, a ',"1" is transferred to element C if a "l" is in either element A 

or element B. 

··A Boole,an expressio'~ tnay be reduced t~ its simplest equivalent b;· ·appl.ying the basic identi...: 
' ' ' '. . . 

tief3 of.table 1-5. This procedure not only.provides a means of µnderstaµding the circuUry, 
. .,. ; •,' . .. ' ' 

but also of simplifying switching cir1cuits, thus reducing the number of components neces~ 

'sary to perfor:in th~ operations specifie:ci by a particular transfe~· equation. For example, 
' ~ I , . 

tne transfer equation D = AB + B + c can be reduced to its equivalent. D = B + c by applying 
. \ . 

the ~heorems of' tabt~ 1-5 to strike out the redundant expression AB .. · B1
ecause the right 

' . ' \ ' . 

side .of the reduced transfer a:iuation is simpler than the right side of the unreduced· equation, 

a circh1it. built by ,using the simplified equation .uses fewer components and ye~ performs the 
' , ·, I 

· same ·logical functions. 

,. : 

The theorems· are also applied to. convert the. final. simplified express~ons .·into "standard" 

forms, that is, forms ·-which are more readily adaptable to a given tyPe. of switching circuj.L 
. I ) 

For example, t_he equation D = (A+ C) (B) can be changed to the f~rmula D = AB+ CB, which 
. . . 

'is applicable to the building ·block used in the computer ... 
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TABLE 1-4. GLOSSARY OF BOOLEAN SYMBOLS 

A 
B 
c 
D 
etc. 

.A 
B 
c 
etc. 

1 

+ 

( ') ( ) 
etc. 

= 

Letters used to denote switching elements. 
When a letter appears in a Boolean expression,· 
it is a literal that denotes an active "1" input 
when the corresponding switchinll element is 
in the 11 111 state, or a passive "off' input when 
the corresponding switching element is in the 
110" state. · · . 

The bar notation denotes negation. When a letter 
with a bar appears in a Boolean expression, it 
denotes an input that is active when the corres­
ponding switching element is in the "O" state, 
and passive when the element is in the 11 111 state. : 

Denotes an active ~· 111
) input in a Boolean 

expression. 

Denotes a passive ("oi') input in a Boolean 
expression. 

Denotes the logical sum, or the OR function of 
two o·r more literals. 

Denotes th~ logical product, or the AND function 
of two or more literals. 

Denotes equality. Used to separate equivalent 
Boolean expressions, or to separate the two 
halves of a transfer formula. 
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TABLE 1-5. BOOLEAN IDENTITIES 

A. COMMUTATIVE LAWS 

1. A+B=B+A 

2. B +A= A+ B 

B. ASSOCIATIVE LAWS 

3. (A+ B) + C = A+ (B + C) 

4. (AB) C = A (BC) 

C. DISTRIBUTIVE LAWS 

5. AB+ AC = A(B + C) 

6. A+ BC =(A+ B)(A+ C) 

D. FORMS INVOLVING 1 AND 0 

7. 0+0=0 

' 8. 0 + 1 = 1 

9. 1 + :1 i:: 1 · 

10. o · ·o = o. 

1.1. 0 . l= 0 

12. 1 . .1 = 1 

13.A+O'=A· 

14. A+ 1 = 1"" 

15. A·· 1 =A 

16. A·; 0 = 0 

E. FORMS WITH REPEATED.LITERALS 

17. A+A=A 

18. A· A= A 

F. FORMS WITH NEGATION 

19. A= A 

20. A A= O 

21. lA.+A.= 1 

22. A · B · C = A + B + "C 

23. A + B + C = A · 'B"" • 'C'" 
De Mor:g.an's 

. · Theore.:ni 

G. FORMS DERIVED FROM PR~VIOUS 
IDENTITIES 

24. A+ AB= A 

2 5. A(A + B) = A 

26. (A+ B) B = AB 

27. AB+ B ·=A+ 'B 

28. BC= ABC+ ABC 
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The proofs of these identities are all of a similar nature. A simple proof of Identity 6 is 

· presented below in table 1- 6. 

TABLE 1-6. PROOF OF IDENTITY 6 

Conditions 
A B C 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Left-Hand 
Expression 

A+ BC 

0 

0 

0 

1 

1 

1 

1 

1 

Right-Hand 
Expression 

= (A+ B) (A+ C) 

0 

0 

0 

1 

1 

1 

1 

1 

Identity 6 contains three literals, each capable of being in either the "O" or the 11 111 state. 

The various combinations of "1's 11 and "O's 11 for these literals are listed.: in the. Conditions 

column of t.able · 1- 6. In the Left-Hand Expression column, the "logical value" of the left-

hand side of the expression for m.ch ABC condition is listed. Similar values are also listed 

in the Right-Hand Expression column next to each ABC condition to r.epresent values obtain-

ed from the right-hand expression of the identity. It is apparent that the left.-hand and right­

hand values are equivalent for each ABC condition; therefore, the two expr~ssions are 

identical. 

. . 

Identities 22 and 23 are worthy of special attention. By application of them, an equation 

using the AND function can be converted into one using the OR function, and vice versa. For 

example, the equation Z = ABC is to be converted into an equivalent one in which the OR 
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function is used in the: right side. This is done by first negatiD:g both sides of Z = ABC and 
,lJ,, 

thereby obtaii;rlng Z = ABC~ &ow by ap~lying Identity 22 to the ;right side, the desired re-
• • l, ,·· .. •. • • !' 

sult Z = A + B + C is obtained. This procedure, which is often calle~ inverting the logic, 

has been employed at various· times in the equations for the coxn.puter. 
. ) \ . . ' ,, 

'. ' .. ~ . 
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CHAPTER 2 

CONTROL SE CT ION 

The control section of the computer directs the operations required to execute instructions 

and to exchange data with external equipment. In addition, it establishes the timing rela-

tions required to perform the operations in the p;roper sequence. 

This section consists of main or oyerall control and the specialized control units: storage 

control, arithmetic control and input-output control. Main control, which performs many 

operations itself, also initiates action in these specialized units; these units produce the 

commands to carry out specific operations. This chapter deals primarily with main con-

trol and its relationship to tp.ese units. 

The major elements of main control are the sequences, several netwo'rks of FFs and single 

inverters which sense and store static conditions, and several registers .(U, P, R and B 1 

through B 6). 

The execution of instructions and the exchange of data with external equipment are accom­

plished by many simple unit operations called ''commands". A command, which is issued 

by a sequence, causes one simple action to occur, su~h as the transmission of the content 

of a register to another or the setting of a control FF. In the ex;ecution of instructions the 

issuing of commands is controlled directly or indirectly by the instruction word in the pro­

gram control register. Commands may also be conditioned by the presence or absence of 

specified conditions in some part of the computer. 

The control section senses conditions, determines operations that are required, and issues 

commands in an order suitable for the performance of such operations. 
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An instruction is a 24.-bit quantity c~nsisting of three p~rts which are arranged as shown 

below in Figure 2-1.: 

Ope:i-ation Code 
, 6· bits 

~ 
f b orj 

't 
Designator 

3 bits 

Base 
Execution Address 

15 bits 

i 
k, m: or y 

Figure 2~1. Instruction Format. 

Each of the 62 instructions :r,tas a unique 6-bit operation code, f, which designates the in­

struction. The translation of f establishes the condition required within the control section 

for the execution, of the instruction., The 3-bit designator usually specifies the index regis­

ter, B, whose content is to be added to the base execution address; when so used the design­

ator is denoted by the letter1 b. For some instructions it serves different purposes (describ­

ed l~ter). T~e execution address of an instruction is normally a base address quantity, that 
. . I . ' 

is modified by the addition of Bb to ;yield the actual address of the instruction operand. Some . 

instructions u~a the execution address in a diffe!'ent manner. 

: . 1 
A 48-bit in~'ructio~ wprd is read from storage and entered in U . Execution of the upper 

instruction occurs (frst. Following this, the lower Instruction is transmitted to the upper 
1 . ' 

half of U so that it can be executed. 'Thus the instruction currently being executed is al­
. 'l 
" ' ( . 1 

ways located in the upper half of U . 

The primary functl~n of u2 is to modify the execution address,· m, of the instruction in the 

upper hall df U 1 .by: adding Bb to it. In preparation for moclification tl)e designator of the 

upper instructiop. is translated. The translation specifies the. B register the content of which 

is to be added in the modification. 
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PROGRAM CONTROL REGISTER 

The program control register holds the 48-bit instruction word during the execution of the 

two 24-bit instructions contained in the word. All operations that are necessary to success-

fully execute an instruction are governed by the content of this register. Because the letter 

U is used as the base letter in the logical symbols for the elements making up the program 

control register, it is often called the U register. 

The U register consists of two ranks of FFs. Rank u 1, which is 48 bits in length, stores 
. 2 

an instruction word during the execution of the two instructions contained in it. Rank U , 

15 bits in length, has a borrow pyramid and therefore is a small subtractive accumulator. 

Transmission paths connect u2 
to the m portion of the upper half of U 1 . (figure 2- 2). · 

After transmitting m from u1 to u2 
and adding Bb to H, R is added to u 2. The modified. 

execution address in u 2 
for most instructions specifies the location of the operand in stor­

age. In such cases u2 
is transmitted to the appropriate S register~ 

UPPER INSTRUqlON LOWER INSTRUCTION 

A 
( ' UPPER ADDRESS LOWER ADDRESS 

f I b m I b m ul 

47 

1 
24 00 

14 00 

Figure 2 - 2. Relation of U
2 

to U l. 

2-3 



-~------------CONTROL DATA CORPORATION 
~ ~ DW®nt 

OPERATION CODE 

This six-bit code specifies an instruction an_d controls the operation of the computer during 

the execution _of the instruction. Of the 64 po.~sible values of this code,; 62 specify instruc­

tions; codes oo,. and 'Tl (codes are expressed in octal) represent fault conditions that halt 

computation . 

. Prior to the actual e:X:·ecution of the instruction designated by the value of f; the 'operation 

code 'i~ .. ~ranslated by a network 'of single inverters which $amples the upper' six bits of u1
• 

The ·re·sults of the translation go to the ·various sections of the machine to condition the 
I,, 

occurrence of the commands which will 'actually carry out the required operations, 

The translator uses severa1 levels of lo·gic in forming the outputs which actually gat~ .com­

marids. Figure 2- 3. shows the fundamental structure of the translator.. The large 'number 
' ' - ' 

of outputs from the upper six FFs of u1 are obtained by single inverter slaves. The '1111 

side of each FF has a u- -4 and a U- -B inverter slav~. the '·'O" side of each FF has a u- -5 

and a U'- - 7 inverter slave. 

The first level translation is divided into two parts ... one concerned with the lower'. tO:.ctal...digit 

o~ f (that is., U 42.. u43.. and U 44> and the other with the upper octal digit (U 45, U 46.,, .. and 
0-- ' 2-- ' . 1-- ' ' 

U 47L All F and' F inverters translate the lower octal digit. All F inver.t~rs .t.rars- · 

late the upper octal digit .. 

Unique (single ... valued) tr~nslations of tlle lower octal digit are provided by FOOO throµg.h 
007 ~ . . 

· F . When the output of one of these inverters is "1 ", then the lower octal digit has:the 

value given in the third superscript digit of the inverter design~tion; that is, a "1" from 

Foo7 indicates that· the lower qigit is 7. 
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The F 2-- inverters provide partial, or incomplete, translations of the lower octal digit. 

These translations are duplicated by several slave inverters. The Fl- - inverters, which 

uniquely translate the upper octal digit, use the last digit of the inverter designation to in­

dicate the value translated. Thus F
105 

indicates that the upper octal digit is 5. 

In the second level of the translator, the outputs of first level inverters that translate in-

dividually the upper and the lower octal digits are combined to specify either a unique value 

0 
(\J (\J 

"'" "'" ::> ::> 

f PORTION OF U 1 

Figure 2-3. Structure of Operation Code Translator. 
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of the operation code or a group of values. The F 3- - and F
4

- - inverters accomplish most 

3--
of this combining of translations of the upper and lower digits. Outputs of the F and 

4-- 5-- 6-- h F inverters go to F or F inverters which actually supply the translations throug -

out the computer. A typical translation 0£ f is shown in figure 2-4. 

f=20,21,47 

Figure 2-4. Typical Translation of Operation Code. 

DESIGNATOR 

The primary function of the 3-bit designator in an instruction is to specify the index, or B, 

register whose content is used in executing the instruction. When used as an index desig-

nator it is denoted by the letter b. For most of these cases namely, the 01-21, 24-33, 36, 

37, 40-47, and 70-73 instructions, Bb is added to the execution address. With b=O no mod-

ification of the execution address occurs; with b=7 indirect addressing is used. 

Instructions 34, 35, 50-57, 62-67 make use of Bb in performing the basic operation of the 

instruction; no address modification occurs. The case of b=O in instructions 34, 35 and 

50-57 produces no significant result from their execution so, instruction 50 with b=O is re­

served as a ,;do-nothing" instruction to be us~d in filling out programs with an odd number 

of instructions. Instructions 62-67 interpret b=O as specifying that exactly one word is to 

be transferred or searched. Indirect addressing is specified in instructions 34, 35, 50-57 

and 62-67 when b=7. 
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Instructions 22, 23 and 74-76 use the designator to specify a condition for carrying out 

their execution. When used as a condition designator the 3-bit quantity is denoted :by the 

letter j .. The interpretation of j for instructions 22 A Jump and 23. Q Jump are as follows: 

0 - Jump if register content is zero . 
1 - Jump if register content is not zero 
2 - Jump if register content is positive 
3 - Jump if register content is negative 
4 · - Return jump if register content is zero 
5 - Return jump if register content is not zero 
6 - Return jump if register content is positive 
7 - Return jump if register content is ne.qatiye 

For instructiop 75 Selective Jump, j is interpreted as follows: 

0 - Jump unconditionally 
1 - Jump if lever key one is set 
2 - Jump if lever key two is set 
3 - Jump if lever key three is set 
4 Return jump unconditionally 
5 - Return jump if lever key one is set 
6 - Return jump if lever key two is set . 
7 Return jump if lever key three is set 

. For instruction 76 Selective Stop, only the stop may be conditioned; the jump occurs uncon-

ditionally.· The interpretation is: 

0 - Stop uncondition:3_~ly (I10E_~al __ ju_~p). _ 
1 - Stop if lever key one. is set (normal jump) 
2 - Stop if lever key two is set (normal jump) 
3 - Stop if lever key three is set (normal jump) 
4 - Stop unconditionally (return jump) 
5 - Stop if lever key one is set (return jump) 
6 - Stop if lever key two is set (return jump) 
7 - Stop if lever key three is set (return jump) 

For instruction 7 4 External Function, j is interpreted as follows: 

0 - Select external equipment 
1 - Activate communication channel one 
2 - Activate communication channel two 
3 - Activate communication channe 1 three 
4 - Activate communication channel four 
5 - Activate communication channel five 
6 - Activate communication channel six 
7 - Sense external condition 

The various input-output operations conditioned by the value of j in this instruction are dis-

cussed in chapter 5. 
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Translation of the Designator 

Single 'inv~'rters F 700 through F 707 translate the eight possible values of the designator. A 

"O" output from one of these inverters indicates the value given by th~ third sup~rscript 

digit in the symbol. Thus, a ''O" output from F 705 indicates that the value is five. Since 

the outputs of tliese inverters are combined with that of inverters translating the operation 

code, tl~:e designator translation is in normal form, that is, a "1 1
: when it is u~ed for gating. 

BASE EXECUTION ADDRESS 
I',, 

:1 

The base execution address is the l~wer 15 bits of an instruction. It has three fu~~tions, 

depending upon the instruction used, each denoted by a different letter. (See table ~-1.) 

TABLE 2-1. DESIGNATION OF BASE EXECUTI'oN ADDRESS 

Instructions 

12-3'3, 36-47,. 52, 
53, 55-73, 75, 76 

14,. 10, 11, 50 
51, 54, 74 

01-03, 05-07, 
34, 35 (shift 
instructions) 

Use 

Specifies the 
storage location 
of operand 

As operand 

As shift count 

Denoted by 

m 

'y 

k 

, After modificati~ft by addition 
of Bb, denoted ~ 

M 

y 

K 

The transmission of the base execution address to u2 from the upp~r instruction in u1 

occurs in the execution of all instructions. If it is to be modified, Bb is transmitted to R 1 . 
' ' 1 2 '/ ' . 

(the address buffer register) and then R is added to U . When the operand 'is procured 

from or sent to storage u2 
is transmitted to s1 or 's2. When u2 itself is to be used as the 

operand it is transmitted to R 1 or X 1. 

2-8 



CONTROL DATA CORPORATION------------~-
~ DiM.Wnt (!_!) 

THE u 2 
ACCUMULATOR 

In addition to the usual features of a FF register, u2 
is a 15-bit subtractive accumulator 

that provides for the addition of R 
1 

to its content. Because this accumulator is similar in 

structure to the 48'-bit accumulator, the A register, it is not discussed in detail. (See 

appendix on A register. ) 

As in other registers in which arithmetic operations are performed, two ranks of FFs are 

necessary for the addition operation. Stages U 24 through U 3 8 of u 1 (that is, u 1 
upper 

address, u 1 
UA) form the rank that .is sampled by the pyramid (see figure 2-5). The u2 

flip-flops constitute the other rank, which receives the sum. 

1 2 . 1 2 2 1 
Prior to the addition of R to U , the appropriate U UA - U · or U . - U UA command 

occurs to insure that both ranks. hold the same quantity. Following this, the borrow pyra­

mid samples u 1 
UA and R 

1 
to determine the stages of u 2 

that must be toggled in order for· 

u 1 UA + R l to be formed in u2
. Toggling the indicated stages forces the desired sum in U

2
. 

This occurs when the command Add R 
1 to u 2 

is given. 

The u 2 
accumulator has provisions for disabling the borrow pyramid so that. each bit of u 2 

is toggled If the corresponding bit of R 1 is "1". The Partial Add iri u 2 
FF (K

53° K531
). dis­

ables· the pyramid when it is set to 1
'
11 ". Thus, the Add R 

1 to u2 
command accomplishes a 

selective toggling function (selection on the basis of bits of R 1 that are 11 1 11
) when K53° K531 

is set. However, when this FF is cleared, ·a full addition results from the Add R 
1 

to u 2 

command. The partial addition of R 
1 

to u2 
is used often in transmitting B to sorrie register'. 

such as X. Here, B goes to R and R 1 is partially added to u2
, with u 2 

sent to X. 

If either Bb or u2 
has a "1 11 in the highest bit, then in their addition this· number is treated 

as though it were a negative number expressed in one's complement form. Thus if the 

quantities below are added: 
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m - 00005 

Bb = 77776 

their sum is 00004. The same result is obtained when the values of Bb and u2 are inter-

·changed. 

In addition to the use of the u2 
accumulator in modifying the execution address (duririg the 

RNI sequence), it plays an important part in several other operations. Arithmetic opera­

tions on exponents in floating-point instructions are performed by the use of u2 
•. Buffer 

operations and transfer instruc~ions employ u2 in handling address words. 

u' 
47 

u~A-...u 2 

DISABLE 
BORROWS 

u2 

I 
UuA ___ A ___ \ 

I 

38 

C\I 
::> 

l -;:> 
::> 

14 

I 

I 
I 

24 123 

00 

ADD R1 ro u2 

U2 BORROW 
PYRAMID 

PARTIAL 
ADD. IN U2 

..._------1 K530 

K531 

14 

Figure 2-5. Adding in u2 Accumulator. 
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INDEX REGISTERS 

1 6 Each of the six index registers, B through B , provides storage for quantities which are 

·used in a variety of ways, depending upon the instruction. In the majo1:'ity of instructions 

the B registers hold quantities to be added to the base execution address. For search in­

structions (64-67), Bb indicates the number of items to be searched. The B registers have 

no provision for arithmetic operations. When such an operation is required on an index 

quantity, Bb is entered in R or u2 and the oper~tion performed there.· Subsequently the 

result is returned to B b. 

Transmissions into a B register come from R
2 

via the 1
4 

single-inverter rank (see figure 

. 2-7). Each B re:gister provides outputs to either 1
2 

o.r 13, which are in turn gated to R 1. 

For this transmi.ssion the "O" output of the register FFs is used because of the single in­

version of 1
2 

or 13. 

1 The assignment of equation symbols for the B ~gisters follows a somewhat different pattern 

than that used in other registers. The first digit of the 'superscript identifies the particular 

register. The second and third digits indicate the stage. The "0° side is not indicated by 

the odd character of the third digit; instead, if the second and third digits are 50 or greater 

the symbol denotes the "O" side. Furthermore, the stage with which such a symbol is 

aHsociated, for example, B 563, can be found by subtracting 50 from the last two digits. In 

the example, B 563 is the "O" side of stage 13. 
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ADDRESS BUFFER REGISTER 

The 15-bit address buffer register R has provisions for counting and complementing a$1 well 

as storage. As a counter it operates subtractively. R is suitably connected to the u2 a;@: .. 

cumulator for t~·~ addition of its content to u2. 

FUNCTIONS O~ THE R REGISTER 

The R register is involved in the following functions: 

1) All transmissions to and from the B registers are via R. 

2) Modification of the base execution address of the current instruction is 

by addit,ion of the quantity in R (obtained from Bb) to u2. 

3) In shift instructions, R acts as the shift counter. 

4) In the integer and fractional multiply and divide instructions, R keeps 

a reco:rd of the number of partial multiplications and divisions which 

remain to be performed. 

5) In floating-point instructions, R performs arithmetic operations on one 

of the two exponents. 

6) During buffer operations, R ·increments the current buffe;r address and 

compares it with the terminal address. 

CONNECTIONS TO OTHER REGISTERS 

The R register consists of two ranks of FFs, R 1 and R 2. The connection between R and 

other registers and inverter ranks (I2, 13, and 14) are shown in figure 2-7. Rank 12 receives 

inputs from control for setting R to various pr~etermined values. After receiving these 

control inputs, I 2 is trans:µiitted to R 1. 
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COUNTING AND COMPLEMENTING IN R 

The R register is a two's complement, open-ended subtractive counter with a modulus of 

215 (figure 2-6). Thus, in counting, the bits of R are toggled in such a manner as to form 

the quantity (R 1)\-1 in R 2. This is accomplished by the command Reduce R 
1 

to R 
2

. The 

effect of this command is always to subtract "1" from the first stage, R 00 . When R 00 is 
I 

"O" at the time the command occurs, a borrow from R01 is required. Similarly, a borrow 

is required from R02 if both R00 and R01 are "O". Thus, in general, a borrow is required 

from stage n if all stages of lower order than n are "O". Borrows are accomplished by 

toggling a stage of R 2 with the corresponding stage of R 1 when the command occurs. 

For the sensing of borrows, R 1 and R
2 

are organized as five three-bit groups, each of 

which is itself a small counter. Just as "1" is borrowed from R 01 only if R 00 is "O", so "1" 

is borrowed from the second group only if the stages of the first group are each "O". Thus, 

in general, a borrow is made from a group only when all stages of lower groups are "O ". 

87-
Each group has a:H , which senses .when the three stages of the group are "O". The 

existence of such a condition in a group is indicated by a "O" output from the H87 -. Outputs 

of the H 87 "'.' of lower.:.order groups are used by higher-order groups to determine whether a 

borrow is required from the latter. A borrow is required from the fifth group only when 

the outputs of H 870, H872, H874, and H 876 are "O". The Reduce R 1 to R 2 command is 

gated into the fifth group by the AND combination of outputs from th~se H 87 - elements. 

Within a given group from which a borrow is required, the first stage is toggled by the 

occurrence of the Reduce R 1 to R 
2 

command. The second stage is toggled if the first stage 

holds a "O", that is, if a borrow is required from the second stage. T.he third stage is 

toggled only if both the fir.st and second stages contain "O ", since it is this condition that 

indicates that a borrow is .required from the third stage. 
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Complementing is performed in R by transmitting the complement of the bits in,R 
2 

(the "O" 

outputs of the FFs) to R 1. For many of the~1uses of R it is necessary to sense when the 

quantity in R is zero; the H87 - terms are used in sensing this condition. The outputs of all 

five H87 - terms are combined by both N570 and N670 . When all five inputs to each of these 

are "O", all 15 stages of R contain"O". This co~dition is indicated by a "1" from N 570 or 

N670. However, there is an important difference between the indications of the R = 0 con-

d ·t· .· b N570 d N670 1 ion given y an . 

To account for this difference it is necessary to consider the: interval between the time 

1 2 \ 
when the Reduce R to R comm.and is given and the time when the state of R resulting 

from this reduction is reflected at the output of N570 . The interval is two clock periods; 

one is required for the toggling of R 2 by the reduce command and the second is required 

for going through the R = 0 control delay. In certain cases (the s~ift instructions are an 

example) it is not permissible to have the sensing of the R = 0 condition lag the Reduce 

command by such an interval. Furthermore, in these cases it is known that R will be re-

duced to. zero;· since this is the case it is possible to anticipate the time when R will be re­

duced to zero. This is done by sensing when R = 1. The output of N
670 

is a "1" not or:i.ly 

when R = 0 but also when R = 1. 

In addition to this aspect of the R = 0 indications there is in some cases a rather elaborate 

. 570 410 411 412 413 procedure for sampling the output of N . By the use of FFs K K and K K 

it is possible to obtain a pulse as soon as R is reduced to zero and, in addition, to obtain 

just one such pulse despite the fact that when R is reduced to zero the output of N570 may 

be a "1" for some time. This is accorhplished by setting K41° K411 to "1 ", which in turn 

sets K
412 ~413 to "l". As soon as the R = 0 condition exists the latter FF causes the 

' 

former to be cleared. dne clock time later this will, in turn, ' result in K412 K413 being 

cleared. 'In order to uniquely specify the first time the output of N570 is "1" it is only 

necessary to combine a 11 i" output from K 412 K413 in an AND with N570 . 
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In certain cases R is employed as an additiv~ counter, despite the fact that h is acttHilly 

subtractive. This is accomplished by the following sequence of commahds: 
. . 2 1 

Complement R to R 

Rl .... R2 

Reduce R 1 to R 2 

. 1. 2 
Complement R to R 

Followi~g this sequence of commands R 2 holds the initial quantity plus one. 
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PROGRAM ADDRESS REGISTER 

The program address register, or P register, holds the address from which each instruc­

tion word is obtained. After the execution of both the upper and lower instructions of this 

word (or when the decision is made to skip the lower instruction) the quantity in P is advan,.. 

ced by one to generate the address :from which the next sequential in~truction word is ob-· 

tained. Thus the P register is a counter. 

The initial address of a sequence of instruction words may be entered into P manually at 

the console, or it may be entered during the execution of a program by jump instructions. 

Such instructions always transmit a new program address quantity to P. If the jump in­

struction is a return jump, that is, when j = 4-7, then the previous content of P is stored, 

thereby permitting the return to the sequence of instructions from whieh the jump was 

made. 

. 1 2 2 
The P register consists of two ranks of FFs, P and P • Rank P follows unconditionally 

. 1 1 2 . . 
rank P ; the signal transmitting P . to P occurs every odd clock phase. 

COUNTING IN P 

The P register is a two 1 s complement additive counter with a modulus of 2
15; thus, in 

counting, the bits of P are toggl~d in such a manner as to form the quantity P 2 + 1 in P 1. 

This is accomplished by the command Advance P 2 to P 1 .. · which is g:~:ven. each time the RNI 

sequence is eq.tered from a full exit. The effect of this command is alwaya to add "l" to the 

first stage, P 00 • When P 00 is "1 11 at the time the command occurs, a carry to P 01 is re­

quired. Similarly, a carry to P 02 is required if both P 00 and P 01 are "1''· In (t_eneral, a 

ca:rry to any stage n is re.quired if ~11 stages of lower order than n are 11 l ". Carries are 
1 ' 2 

accoJ.nplished by toggling a stage of P with the corresponding stage of P when t,!le 9omm.ani 

occurs. 
2-17 
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For the sensing of carries, P 1 and P 2 are organized as five. three-bit groups, ·;each of 

whieh is itself a small dounter. Just as "1" is carried to P.01 only if P 00 is ".1 "~ so "1" 

is carried to the second group ·qnly if the stages of the firs~. group are each "1 ". Thus, in 

general, a car:ry is sent to a group only when ~11 stages of lower groups are "1 ". Except 
\ . 

fo.r the fact that-P is an l:tdditive counter its counting structure is similar to that of the R 

, register (figure 2-6). 

The entry into theinterrupt program and the exit from it to the main program are both 

a~~o~p1fsJ1.ed by ihe two instructions held in address 00007. During entry into ,the inter­

rupt pro·g~•w P is .set to 00007. A P = 00007 translator is used in te,rminati~g the interrupt. 

p;rpgram·. 

'fl'.}e P register ~q.d the value of the breakpoint switch are compared and sampled during 
) ' ~ '~ I '\ ' 

every executib:p. of th~ ;ftNI sequence. The pyramid for sensing the value of P is considered 
, 1 ~, n.'t~ · , : , ~ 

in conjunctioij wnh th~ br~~kpoint. 
' 1' ·.~ ;· 

{ 

PARAL~EL TRANSMISSION INVERTER RANKS 

Many of the par~~lel traµ.smfs~tpn paths between registers inv~lve a rank of inverters. 

F,igure 2-7 shovy-J:? th~ major paPJlllel transmission paths and the seven inverter ranks (calla:l 
I . . . .. . 

IO through I6). In general, the 'Rurpose of inverter ranks is to augment the inpqt or the 
· ,·r . l 

output capacity ~fa register. E~gr example, rank 11 is a slave for x 2 and thereby increases 
2 . . 

the number of o~tputs that may be taken from rank X of the X register .. Each inverter of 

I
1 requir~s only dne output frp:p:i ~2 ; this inverter, in turn, provides five outputs to the 

output registers. 

Rank r0 
:serves a simil~r pu;pose for inputs to X 1 The one input to X 1 from 1°. ~andles 

the fo:~~ inputs rbom data, channels (M 1 through M4). Ranks r2, 13, and 14, which are 
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associated with th~ R register, are considered in the section treating this register. 

Ranks 15 and 16 are in the transmission paths between the storage section and the rest of 

the computer. 15 works in conjunction with even storage; 16 works with odd storage. A 

. 5 6 1 1 . 
word read from storage goes to I or I and thence to U or X dependmg on the purpose 

for which the storage reference was initiated. Information to be written in storage goes 

from x 1 
to 1

5 
or 1

6 
and thence to z 1 

or z 2 
(which are sampled during the write part of the 

storage cycle). 

The symbols assigned to represent the inverters of a rank use the letter I. The first digit 

of the superscript corresponds to.that shown in Figure 2-7. For example, inverters of 

rank 1
5 

have symbols such as 1
500

, which denotes the lowest inverter of the rank. 

~i~r0 
. M4 . 

--~~-----~ .------ !5 "\---Z.-_p-

Figure 2-7. Parallel Transmission Inverter Ranks. 



I?.. -----------CONTROL DATA CORPORATION 
~ ~ DiNOOnt 

CONTROL SEQUENCES 

' ( ' ' ' ,: ' ' ' 

. The exdcution.,of an instruction or the exchang.e of data with external equipment is divided . 
:i I , . 

'into lesser opel;-ations .called "sequences".: The several sequences control the initiation 

and timing of co:t;nmands which actually accomplish the execution of instructions, buffers, 

etc. 

The nfoe sequences are listed in table 2-2 along with the associated H'-- - equation symbol 

· fo;r tl1e 'logfoal elements that constitute the sequence. This table also shows the instructions 

or o}JeraUdris for Which the sequence is used. The group oj sequences which includes all of 

theni except Read Next Instruction and Auxiliary is referred to as the "inst.ruction se­

quetj.ces". 

,Table 2-2. CONTROL SEQUENCES 

~~quence Equation Abbrevi- Instruction or 
Symbol ation Operation When Ueed 

't' 09- All instructions :a-e,ad Next H RNI 
I 

~n13truction 

l'4'prmal Jump H 
1--

NJ (22, 23, 7 5, 76) (b=O- 3) 
i 

~~ro Ad~ress 
' 2--
H ZA 01-11, 34, 35,'50, 51, 54,55 

aJead Oper~nd H3-- RO 12-17 I 36-46, 52, 53, 70-73 

Write, Qperaq.tj. 4-- WO 20, 21, 47, 56-61 H 
(22, 23, 75, 76) (b=4-7) 

Search and H 
5--

ST 62~67 
Transfer 

It'erative 
' 6--
H I 24-33 

External Function 70-H . EF 74 

Auxiliary 71-
AUX Buffer, Advance Clock, H •76-

H and Int~rrupt 
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Instructions are executed by the performance of the Read Next Instruction (RNI) sequence 

and one other. For example, instruction 14, ADD, is executed by the RNI sequence follow­

. ed by the Read Operand (RO) sequence. RNI enters the 24-bit instruction word in th.e upper 
1 . . 

half of U . RO obtains the operand from storage and performs the actual addition. 

The Auxiliary sequence is made up of three sub-sequences. One handles the execution of 

buffer operati~ns, that is, the exchange of data with an external equipment. A se~ond pro­

vides for the operation of advancing .the real-time clock. The third handles the computer•s 

recognition of an interrupt signal and initiates the routine that responds to the interrupt. 

This section qn control sequences begins with general, preliminary information concerning 

sequences. The generation .of commands by sequences, initiation of sequences,.• and exiting 

from sequences are discussed; following this, the individual sequ~nces are taken up. No 

attempt is made in the treatment of a given sequence to describe in detail all of .its uses, 

although peculiarities and complicated aspects are taken up. A complete and detailed study 

of a ,sequence can be 1.pest made by assuming the sequence is to perform a given instruct~on 

or auxiliary operation. For each instruction and operation, Appendix presents a com-

~and timing chart, which shows the complete list of commands generated by the appropri­

ate sequence to execute the instruction or operation. These charts should be studied in 

conjunction with individual sequences. 

Each sequence consists of a series of control delays. Figure 2- 8 shows a hypothetical ex-\ 

ample of such a series. Such important features of actual sequences as initiation, mode~ 

of generating com.mands, and exiting appear in this figure, and are discussed in the follow-

. ing paragraphs. 
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3- 3-­
In the sequence of Figure 2-8 the basic series of control delays are those with H - -V 

symbols. The sequence is initiated when a single pulse on the conditions represented by 

F 530, is sent from the RNI sequence (VOOO) to H 301, the first control delay. This pulse 
3-- 3--moves down the chain of H -V control delays at a rate of one control delay per clock 

period (0. 2 mic'roseconds). The time at which n301 receives this pulse is considered time 

0. The scale at the bottom of the figure shows relative time positions for later control de-

lays. 

There are two methods for generating commands. The first is illustrated by th~ Add R 
1 

to 

u2 command, for which pertinent logical elements are shown a,t the top of Figure 2- 8. This 

means of generating commands is fully clocked, or timed, since in this case a cc;mtrol de­

lay, whose output is clocked, 'applies the command signal to the FFs of the register being 

operated on at a definite time. After the sequence is initiated the H
846 v 846 

control delay 
541 . . 953 -53 

is set at time one if the condition given by F is met.. At time two, H N is set by 

846 2 the output of V . At time three the command reaches the FFs of U . By time four the 

command is complete and thus the quantity is available at the outputs of the register FFs. 

It is pertinent at this pofnt to explain why the Add R 1 to u 2 
command is, in this case, gen-

846 846 erated by the use of H V . The command could be generated and occur at time three 

by providing an input to H953 from v 302, instead of taking an output from v301 
and going 

through H 846 -v846 to n 953. In fact, some of the several instances for which the Add R 1 

to u 2 command is generated do employ the former procedure. However,, the total number 

of occasions for which this command is to be generated is greater than the maximum num­

ber of inputs possible for H953 . The occasions in excess of the input capacity of n953 
are 

provided for by H846, which then requires only one input to a953 to handle all of them. All 

control delays with HB- - symbols perform this function of, in effect, increasing the input 

' 9--
capacity of the H control delays which actually bring the command to the register F:p's, 

The H8- - control delays are called initiates - - a term intended to indicate that they do, not. 

actually supply the command to the register. 
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·Th~ second J:'!lethod of _generating commands· ,is illustrated by th~ Clear A 1. command shown 

at the bottom of Figure 2-8. This method involves setting a FF, Clear A 1. The "1" output 

of this FF is fed to single inverters J 81 -. The output of JSl- goes to w81 - single inve;rters 

whose outputs feed the "O." side .of the A 
1 flip-flops. When FF K

58° K581 is set to "1 ", 

w 81 - provides ~ "1" input to the 11 0 11 side of the A 1 FFs and thereby clears A 
1

• The Clear 

( A 
1 

FF is set at time~ one and then cleared at time three. Since the transmissions frorlt the ', 
. 1 81- 81- ' 1 ' ' 

output of the Clear A FF to J , then to W , and finally to the A FFs are not clocked, 

the time at which A 1 is cleared is not entirely. determined. It occurs between time two 

(mi~irhum) and time three (maximum). 

At some point in the sequence, usually near the end a full exit or half exit is made to RNI. 

RNI is entered by full exit if the current instruction came from the lower part of the storage 

looatio:q.. The half exit is used if the current instruction is in the upper· position. The 

choice of f-411 exit or half exit is determined on the basis of the Exit FF, which is $ampled 

. 064 '065 
by s1q.gle iQ.yyrters J and J . 

Alt};i9ugh the seqµences employed in the execution of an instruction are performed succ~s­

. s~vely, their PC?riods often overlap somewhat. In other words, if the current instruction 

uses t):le RO seque.Ac~,. then RO may exit to RNI before RO is completely executed. 

·ov~R-ALL R;ELATION OF SEQUENCES 

Wh~n instructions ape obtained from storage, two are read at one ti~e and the upper in­

struc~.ion executed ~before the lower. The form of RNI which reads the instruction pair from 

storage ir:a ~alled ~he "full RNI", and precedes execution of the upp'er instruction. The form 

of RNI whic}l. precedes execution· of the lower instruction is called the "half RN!". There­

fore,.' exiting from an instruction sequence is conditi?ned by whether the next instruct~on is 
, 1 · 

. a~ready in ,u L or must be obtitin~d by lil:. storage reference. The ordinary relation of ir;i-

struction sequences to RNI is sh<;>wn i~ ~igure 2-9. 
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An instruction is read by half or full RNI and executed by one of the instruction sequences. 

The sequence exits to RNI by :rr:e ans of one of the th:ree exit control delays. The purpose of 

the Exit FF (KOBO-K0 61) 'is to aid in making the choice of an exit. During a full RNI it is 

set to indicate that the next instruction is already in UL 1 and thus a half RNI is required. 

During a half RNI the Exit FF is cleared to indicate that the next instruction must be ac-
1 . . 

' \ 

. quired by readi~'g a pair from storage (through the use of full RNI). 

Jump instructions, when the. condition is satisfied, use the jump exit to initiate a full RNI. 

The jump ~xit is used rather than the full exit because the latter advanc.es P and this is not 

· required when the jump is satisfied. . When the jump is· not satisfied then either the half or 

full exit~·.· depending on the state of the Exit FF, ·is used. 

JUMP 
SATISFIED 

INSTRUCTION · 1-----+-----t >--.,;~ JUMP EXIT ...--­
SEQUENCES 

EXIT FF 
r-------314 Koso . . 

HALF RNl 

FULL RNI 

SKIP . 
SATISFIED 

1----~· ADVANCE 
EXIT p 

JUMP OR SKIP ....__...J 
NOT SATISFIED 

EXIT 

~igure 2-9. Overall Sequence Control. 
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Certain instructions .provide for a conditional skip of the next instruction. Such skip in-

structions are always located in the Upper position of a pair. TJ:lus skipping irivolve'S taking 

a full exit. 

RELATION OF C()NTROL AND STORAGE SEQUENCES· 

For those control sequences which initiate a storage reference it is necessary to maintain 
' ' 

proper timing relations between the control seq~ence and the storage sequence. The main·:.. 

tenance of proper timing relations is made more complex because of the two storage units. 

Having two units introduces variability in the time when the selected storage unit is ready 
I ' 

I 

for use by t:tie control sequence. If' a control sequence requires a storage reference using 

the odd unit and the reference immediately preceding it used the even unit, then the refer­

ence to the odd. unit can proceed before the reference to the eyen µnit i~ completed. But 

when a reference to the odd unit is preceded by a reference to. this unit, the second refer-

. ence must wait until the first is complete. In short, successive storage references, ea.ch 

with a different unit, may overlap, . whereas successive references to the same unit can not 

overlap. 

The control sequences ( 1) allow for .this variability in the tim~ when a storage reference 

niay begin, and (2) maintain synchronization with the storage sequence by m.eap.s of the 

.Wait. Storage FFs .. For each storage-reference of each control seq~ence there is a unique 

Wait Storage FF (see figure 2-lOA). · .Ordinarily, this FF is set at the time the Initiate 

Storage FF,1 is set. The control sequence continues with those comma~ds that need not b.e 

timed with the storage sequenc~. Then the control sequence stops ~o await the occurrence 

of the Storage Resume. This signal indicates that the storage sequence has read the word 

from the specified address and that it can be. sampled from 15 or 16. The· Resume signal 

and the set output of the Wait Storage FF are combined in an AND which starts the control 

! sequence again. 
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The preceding discussion considered the synchronizing of a control sequence with the latter 

part of the storage sequence. In some cases the control sequence must ·be synchronized 

with the first part of the storage sequence. (See figure 2-10'.B). Here, as in the case 

treated above, the Wait Storage FF is set at the time the Initiate Storage FF is set. 

INITATE 
STORAGE 

K 

K 

WAIT 
STORAGE 

K 

K 

A. SYNCHRONIZtNG CONTROL SEQUENCE WITH READ TIME OF STORAGE SEQUENCE. 

WAIT 
STORAGE 

K 

K 

INfflATE 
STORAGE 

K 

K 

STORAGE 
SEQUENCE 

BEGUN 

8. SYNCHRONIZING CONTROL SEQUENCE WITH BEGINNING OF STORAGE SEQUENCE. 

von 
STORAGE 
RESUME 

Figure 2-10. Re la ti on of Control and Storage Sequence. 
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The control sequence then stops. · When the storage sequence actually begins, a special con-

077 077 ' i trol dela~ H V receives a.pulse. This is combined with the set output of the Wat 

Storage FF to begin the sequence. 

READ NEXT INSTRUCTION SEQUENCE 

( 

j . .· 
The Read Next Instruetio;ri ·(RNI) sequence performs the following functions: 

1) Acquistion of a new instruction word 

2) Start and stop 

3) Preliminary steps in address modification 

4) Preliminary control and arithmetic ·steps 

5) Interrupt termination 

6) Indirect address.ing 

Acquisition Of New Instruction Word 

Two 24-bit instruction words maybe stored in a 48-.bit _stor~g_e location. ~her~fore, two 

alternatives are performed by the RNI sequence (figure 2-11). The first provides for trans­

fer of the 48-bit quantity 'to the u 1 :register making the 24-bit quantity in u 1 upper then 

available as the next instruction. The second alternative provides for transfer of the 24-bit '· . . 

quantity from u1 lower to u1 upper. 

Figure 2-11 includes the sequence c.ontrol de lays and a number of other logical circuits I 

pertinent to the instruction acquisition~ The sequence is. made up of ,two segments, tpe left 

090 090 . 200> 2-01 094 094 represented by H V and K K .. · , and the right represented by H V through 

H099 v099• It can be seen that an en~cy to the left segment initiates storage and waits. for 

the resume, Inputs to this segment come from the full exit, jump .~xit,, and Initial Start FF. 
/ 

Inputs to the right segment come from the half exit and storage resume. 
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Examination of the sequence shows the following steps from initial start (also full exit or 

jump eJtit): 

Initiate storage (P Address) 

Wait storage 

Storage resume 

Set Exit FF 

Clear u 1 upper and lower 

Transmit storage to u 1 

The co:rresporl.ding ·steps performed from Half Exit are: 

Clear Exit FF 

Clear·u1 upper. only 

Transmit u1 lower to u1 upper 
' 1 I 

At. the end of the above steps, a 24':"~it instruction word is located in U upper, . ready to 

direct the .'execution.' 

Start and Stop 

The.:RNI sequence pro
1
vides for all manual and.program stops and starts. Figu~e 2-12 

shows the pertinent logical circuits. 

Starts may be made from two conditions .- - initial start and stop. Initial start, as shown in 

the figure, initiates. the RNI sequence through Hoeo. This action occurs once only,. on 

starts following master clear. Start from a stop condition begins the instruction execution 

h 000 t tough H . 

!A special case of instruction execution is the sweep mode selected by a key lever on the· 

operator'~ console. This mode bypasses the instruc_tion et1ti.re~y and .re-en~ers the J;tNI 

sequence through full exit .or half exit. This case is also shown in figurP. 2-12. Sweep in· 

puts to the v00
- terms serve to disable them, and thereby disable any i~struction i~itiates. 
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Th~ v040 'term then selects the ·appropriate exit as determined by the Exit flip-flop. 

:A numb~.r. of conditions may stop the c~mputer operation. These are shown in figure 2-12 

': '' ' '"b50 051 ' 
as inputs to Stqp II, K K . The first of these is an ihstr~ction stop produced by de-

pressirtg the step key. This action sets Stop I,. K05 2 K05 3, and waits for the RNI sequence 

(which may hs.ve been irtitiated from the step. or from previous computer sequences). The 

RNI sequencs transfers Stop I to Stop II ln time to disable the last step of the sequence 

(V098 to H099). 

A second stop conditio.n is· the breakpoint stop. Tne breakpoint condition is a comparison of 

the P register with the breakpoint switch. This condition is sampled in time to disable .the 

last step of the RNI sequence, 

Two :more stop conditions, program stop and fault stop, are not sampled in time to disable 

the last st.ep of the RNI .sequence. Program stops are .accom~.~ished in the same manner, 

however, in the instruction sequence. The fault stops do not enter any sequence, ·and 

the~eby stop by default. Re-starting from stop clears Stop II so that program stop sequenres 

may p:rt''oceed. 

Pr~liminary Steps in Address Modification 

When t:q~ b d~signator has the value 1-6 it may be necessary to modify the base execution 

ad~.frf3~'s by the addition of Bb. While the actual addition is in~ti~ted l:ly_ instruction sequences 

'the preparation for the addition is handled by RNl. Figure 2-11 shows the following steps 

Which are pertinent to address modification: 

Bb to 12 or 13 

1
2 

or 13 to R 1 

u1 to u2 
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Preliminary Control and Arithmetic Steps 
( 

Some control and arithmetic commands need to be performed early and for many instruc-

. tions. They are produced at the end of RNI, as shown in figure 2-11. These commands are: 

Interrupt Termination 

Clear X 1 

Set Partial Add in A FF 

Ql to Q2 

1 2 Complement X to X 

R 1 to R 2 

An interrupt signal is a request for action which may be originated by an external equipment 

or within the control section of the computer. In order for the. computer to respond, the 

main program ~s suspended temporarily while a special routine of instructions performs 

the response. 

The computer's acknowledgement of an interrupt request and the initiation of the interrupt 

routine are handled by the AUX sequence. The return to the next instruction of the ma~n 

program after termination of the interrupt routine is handled, for the most part, by RNI. 

Figure 2-13 shows the pertinent logical circuits. 

During the initiation of the interrupt· routine by the AUX sequence, three steps are taken 

ta prepare for terminating the routine and returning to the main program. They are: 

Store address of next instruction of main ·program in upper 

address position of address 00007. 

Store Exit FF in the Interrupt Exit FF. 

Set Interrupt Lockout FF. 

The first keeps a record of the address which contains the ne~t instruction of the interrupted 

program. For that address the second keeps a record of the position (upper or lower). in . 
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which holds the next instruction. The third prevents acknowledgement of a second request 

while the first request is being responded to. 

In the termination of the interrupt routine a jump is made to address 00007. The steps be­

low then bring about the return to the main program. 

1) Jump to address 00007: 

a) . sets P to 00007 

b) initiates full RNI from jump exit 

2) Full RNI from step lb: 

a) reads content 00007 into u1 

b) sets Interrupt Complete FF (Ko 7 2 Ko 7 3) 

3) Exe.cution of upper instruction at OOOQ7: 

a) jumps to next. instruction of main program 

b) initiates full ~RN! from jump exit 

4) Full RNI from step 3b: 

a) dears Interrupt Lockout .FF 

b) clears K072 K073 

c) continues from v 097 to Hoga if Interrupt Exit FF=l 

d) goes to Ho.94 from v 097 if Interrupt Exit FF=O 

(this is a half RNI) 

e) after step 4d, K 062 .K063 is cleared to enable ANP f:r-6m 

V097 to H098. 

Indirect Addressing . 

The preceding discussion pertained to RNI as used in direct addressing. Indirect address:ingi 

also accompiished by RNI, is often chosen for programs involving a great deal of address 

modification because it simplifies programming and reduces the time for running .the pro-:-

gram. 

2- 35 
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With indirect addressing the execution address part of the instruction is used as the address 

of a storage location that holds the operand address, whereas in normal or direct address­

ing the operand address is obtained immediately by the execution address (modified by the 

contents of an index register when desired.) Thus in direct addressing the execution add­

ress indicates the location of the operand; in indirect addressing the execution add
1

ress in­

dicates the location of the operand address. An additional memory reference is required ~n 

the latter case to obtain the operand address. 

All i~s~ructions except 22, 23,. 7., 7o and 76 may be used with ~ither direct or indirect 

addressing. Indirect addressing occurs when b=7, , otherwise direct addressing is used. 

Note tha't the above statements apply. to instructions which use the execution address as .an 

operand, such as the shift instructions. 

As examples of direct and indirect addressing, suppose that the two. instructions in address 

0.5012 are to be executa:i next (see table 2-3). Because b is 3 in the upper instruction (left) 
3 ' 

direct addresslng is 'used in its execution. Thus B is added to 71331 to produce the addreee 

of the operand. In the lower instruction (right) because b is 7 indirect addressing is used; 

therefore m is used as an address for obtaining a new operand address. Now the lower 18 

bits are read out of ~ddress 00·367 (see table 2-3B), while the remaining upper bits are 

ignored. These 18 bits are .substituted in the program control register for the original 

18-bit quantity made up of band m. As a consequence the current instruction. has been al· 

tered so that it is 14 2 11135. 

The designator is. examined again,. and' since it is not 7,. the address of the operand is 

1135 + B 2. But, if the new value of b had been 7, a second indirect addressing operation 

would have resulted. This situation is illustrated by the upper' instruction at address 05013. 

Since b is 7 in this instruction, the lower 18 bits at address 04006 ·are substituted in the pro-

gram contro} register, which then holds 01 7 11466. Since b is 7 again, the lower 18 bits 
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in address 11466 are entered in the program control register. Because b is zero, 00012 is 

used as the execution address. 

Address 

05012 

05013 

Address 

00367 

04006 

11466 

TABLE 2-3. EXAMPLES OF INDIRECT ADDRESSING 

A •. PROGRAM 

Upper Instruction 

f b m 

36 3 71331 

01 7 04006 

B. OTHER MEMORY LOCATIONS 

01436675 

Lower Instruction 

f b m 

14 7 00367 

12 6 71331 

Content 

42 2 11135 

7 .114.66 

0 00012 

With this background information, the actual accomplishment of indirect addressing by R~ 

may be examined. Figure 2-14 shows the relevant part of RNI. The choice between direct 

and indirect addressing is made at the output of v 099. By the time RNI has progressed to 

v099 
the f and b parts of the instruction just placed in u1 have been translated, Conditions 

u 

for the choice are: 

Indirect Addressing - ff 22, ?3, 74-76 and b=7 

Direct Addressing . - f = 22, 23, 74-76 orb f 7 

. Figure 2-14 indicates the following sequence of steps for indirect addressing: 

Initiate storage (on address m) 
1 Clear b anq m parts of U u 

Wait storag~ 
' . 1 

Transmit storage to b and m part of U 

2-37 
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At the end· of this sequence a new !8-bit quantity occupies the b and m portions of u1 u· 

This new value oi b specifies whether the new value of m is a direct or indirect address. 

If the former is specified, the execution of the instruction proceeds from HOOO. If indirect 

addressing is specified Hhe new value .or b is 1), then the steps listed above are performed 

. again. 

INDIRECT 
ADDRESS. 

·DIRECT 
ADDRESS 

INITIAtE 
STORAGE 

(m address) 

WAIT 
STORAGE 

K218 

K219. 

RESUME 

CLEAR b AND m 
IN U1 

INITIATE 
1---~ INST.RUCTION 

SEQ.UENCES 

Figure 2-14. Indirect Addressing Part of RNI. 
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NORMAL JUMP SEQUENCE 

The Normal Jump (NJ) sequence is a very short one used by instructions 22, 23, 75 and 76, 

when j = 0-3, that is, when these instructions perform normal jumps rather than return 

jumps. 

Figure 2-15 shows that when the jump condition is met, this sequence transmits u 2 to P 
1

, 

thereby entering the address of the first instruction of a new program in P. The jump exit 

is then taken to initiate the full RNI and read _the pair of instructions at address P. If the 

jump condition is not met, the full exit or half exit (depending on the state of the Exit FF) 

is taken to initiate the full or half RNI respectively. 

Instruction 76, Selective Stop, provides for a jump regardless of whether the conditions for 

stopping are met. When the stop condition is met the AND to H 102 is disabled. This stops 

operation. When the operator resumes operation by either start or step, the NJ sequence 

is initiated and, since the AND to H102 is enabled now due to removal of the stop condition, 

the jump is completed. 

RN! 

f :: 22, 23, 75, 76 
b::0-3 

f ¢76 or 
STOP CONDITION 

NOT SATISFIED 

JUMP EXIT 

f = 76 or 
JUMP SATISFIED 

JUMP NOT 
SATISFIED 

HALF EXIT 

FULL EXIT 

JUM~ NOT 
SATISFIED 

Figure 2-15. Normal Jump Sequence. 
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ZERO ADDRESS SEQUENCE 

The Zero Address (ZA) sequence performs the basic operation for instructions 01-11, ,34, 

. 35~ 50, 51, 54~ and 55. As the name indic~tes, this sequence makes no storage referince • 

. The execution ~ddress is employed as the ope:rand by these instructions. 

As showp. in figU:re 2-16, the chain of control delays forming the basis of the ZA sequence 
. .. 

corlsists of two parts. All ZA instructions Ust the first part while only instructions 04, 10, 

l lj and 54 (with R :I O) use the last part. Most of the commands for executing ZA instruc-

: tions are generated from this chain of control delays. However, the commands for shifting 

, and reducing R in instructions 01-03, 05-07, 34, and 35 are generated independently of the 

: main chain by the . shift control. The chain merely establishes the enabling conditions which 

permit these commands to occur until the terminating conditions are reach~d. Table 2-4 

lists the commands produced by this sequence. 
I . 

f-01-11, 34,35 f =04,10,11 
- 50,51,54,55 

H201 H2o9 H210 Hzia 

RNI TO TO EXITS 
y201 y209 y210 y211 

f=54 
(R;'O) 

f=Ol-03, SHIFT 
05-07, CONTROL EXITS 
34,35 

. ~igure 2-16. Basic Chain, of Control Delays in Zero Address 
Sequence. 
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TABLE 2-4. COMMANDS FOR ZERO ADDRESS SEQUENCE 
instructions 01-07, 10, 11, 34, 35, 50, 54, 55 

00 ul - u2 

01 Clear X 1 

02 Rl - R2 54+55 

03 A2- Ql 04 

03 Clear A 1 04+10 

04 1 2 Part. Add R to U 04 

04 Add R 1 to u2 (b-f O) (34+35+50+55) 

05 2 1 Comp R to H. 54 

05 u2- Pl 55(R#O at time 03) 

05 Clear B 34+35+50+51+54+55 

06 U2 - R2. Ol-03+05-07+S4+35+50+51+54 

06 u2-x1 04+10+11 

07 Full Exit 

07 Half Exit 

07 Jump Exit 55(R#O at time 03) 

07 R2- Rl 01-07+34+35 

08 xl _. x2 

08 1 2 Red. R to R 55 

08 R2- Bb 50+51+55 

09 Full Exit 10+11 

09 Half Exit 10+11 

09 Full Exit i 54(R=O at time 08) 

09 Full Exit 50+51 

09 Half Exit 50+51 

10 Rl- R2 ,(04+10+11) (R#O at time 08) 

10 R2- Bb 34 A47 -fA46 A=0+35A47 -fA46 AQ-fO 
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10 Initiate Shift 

10 4- Right 

10 Q Right 

10 A Left 

10 Q Left 

11 Full Exit 

11 Half Exit 

11 Full Exit 

11 Half Exit 

11 Shift One 

12 Reduce R 1 to R 2 

12 
1 . 'J I 

Reduce R to R'' 

13 Full Exit 

13 Half Exit 

13 Full Exit 

13 Half Exit 

13 2 1 Comp H to R 

13 2 1 Part. Add X to A 

13 Add x 2 to A 1 

14 Ql-Q2 

14 Rl-R2 

15 A2~ Ql. 

15 Q2_....Al 

15 R2·_ Bb 

16 Half Exit 

TABLE 2-4. (Continued) 

(Ol-03+05-07)+(34A
47

=A46A/0)+(35A
47

=A
46

AQ#=O) 

(01 +03 )(Rf:0-8) 

(02+03)(Rf 0-8) 

(05+07+34+35)(Rf0 at time 08) 

(06+07+34+35)(Rf0 at time 08) 

04 

, I. ·' 

( o 1-03+05-0 7)+(34A
4 7

=A46Af0)+(3 5A
4 7

f.A4 6
AQfq) . 

(01-03, 05-07, +34+35) (R#O at time 08) 

54 (Rf 0 at time 09) 

(01-03+05-07+34+35) (R=O at time 12) 

(Ol-03+05-07+34+35) (R=O at time 12) 

34A47f.A46Af0 

+35A47f.A46AQfO 

04+10 

11 

04 

54(Rf0 at time 09) 

04 

04 

54(R# 0 at time 09) 

54(R#O at time 09) 

2-42 
Rev. 11/60 



CONTROL DATA CORPORATION -----------·<rr-
~ DilvWmt (!_!) 

READ OPERAND SEQUENCE 

The Read Operand (RO) sequence is used for executing instructions 12-17, 36-46, 52, 53, 

and 70-73. To aid in following the operation of the sequence, figure 2-17 provides a 

simplified form of the main chain. 

All the instructions executed by this sequence read an operand from storage. Instructions 

37 and 70:-73 also store an operand at the same address at the conclusion of their execution. 

Thus for all 1;instructions using this sequence at least one storage ref er~nce is initiated, and 

for the instructions mentioned above -two references are made. 

The main chain of control delays have H3- - v 3- - symbols .. The first part of .the chain, 

301 301 312 312 : . . 
H V to H V , performs those commands that must precede the storage 

reference. · The period of waiting for storage occurs after v 312; the, Storage Resume 

allows the remaining portion of the sequence to continue. The second storag·e 1reference 

in RO is performed for instructions 37, · 70-73 in order to wri~e the operand, after altera­

tion, into the location from which it was read initially by the first s~·orage reference. 

·Table .2-5 lists the commands produced by this sequence. 

RNI 
H3ot 

V301 

f= 12-17,36-46, 
52,53,70-73 

H312 

v312 

WAIT 

STORAG 

RESUME 

H340 

. v34o 

H~54 

· v3s4 

. f: 37,70-73 RESUME 

Figure 2-17. Basic Chain of Control Delays in RO Sequence. 
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00 

01 

03 

04 

04 

05 

06 

06 

06 

06 

07 

07 

07 

07 

11 

11 

11 

12 

. 13 

14 

15 

15 

15 

15 

16 

16 

16 

TA:SLE 2-5 .. COMMANDS FOR READ OPERAND SEQUENCE 
instructions! l2~l7+36+37+.-:t.0-46f52+53+79".'73" . , .· .· · 

ul .... u2 

ClearX 1 

Set x
2 ~o 1 

Add R 1 to u2 

lnit. Storage 

Clear R 1 

Ql .... Q2 

x1 .... x2 
1 2 

Comp X to X 
. 1 

Clear- A 

x2 _,. xl 

A2_.. Ql 

. 2 1 
Part. Add X to A 

2 1 
. Log. Q to X 

') 

A 1 .... ;xl 

. 2 1 
Part. Add X to A 

Clear A 1 

1 2 Comp X to X 

Clear X 1 

Clear B 

1516 .... xl 

Al- Xl 

Clear A 1 

Log. Q
2 

to x1 

xl .... x2 

1 2 CompX -+ X 

1 2 
XL_.,.toXU 

7'2+73 

52+53 (b:/O) 

37+43+44-46 

72 

41+43+71+73 

12+13+16+17+37+44+72+73 

43 

16+17+37 

.. 41+43+71 

. 43 

43 

72+73 

43 

43 
' 

43+72+73 Wait Storage 

52+53 

40+41 

40+41 

43-46 

12+14+16+37+40+42+70-73 

13+ 15+ 1 '1r41 

53 
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17 
2 l 

x utox/u 

17 
2 1 

Part. Add X to A 

17 Full Exit 

17 Half Ex.it 

18 X~-+ 12 

19 

19 

·20 

20 

20 

21 

20 

21 

21 

21 

21 

Half Exit 

Full Exit 

1· 2 
Comp X -+ X 

xl .. x2 

I
2 

13 to R 1 

Part. Add x 2 to A 1 

Inhibit Al _,. A 2 

Add x2 to A1 

Clear x1 

Shift One 

Full Exit 

21 Half Exit 

22 

22 

22 R
2 to Bb 

23 

23 

23 

23 

23 

Full Exit 

Half Exit 

A2 _,. Ql 

Q2_,.A1 

Half Exit 

23 Full Exit 

23 

25 

TABLE 2-5. (Continued) 

43 

12-17+40+41+42 

36 X pos 

36 (Exit = 1 + X Neg) 

46 

43-45 

52+53 

12+13+16+17+37+40-42 

37 

4 3- 4 6+ 5 2+ 5 3+ 36 

37+70-73 

37 

43-46 

52+53 

16+17 

53 

53 

16+17 

16+17 

52+53 

37 

37+70-73 
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25 

25 

27 

28 

28 

29 

29 

37 

39 

39 
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Part. Add x2 to A 1 

Add x2 to A1 

Q2 .. Al 

Ql .. Q2 

Init. Storage 

· A2 .. Ql 

Q2 ... Al 

x1 .... z1 z~ 

Full Exit 

Half Exit 

TABLE 2-5. ·(Continued) 

43+44 

45+46 

37 

37 

37+70~73 Wait Storage 

37 

·37 

87+70-73 

37 (X Neg) +70 ... 73 

37 (X pos) +70-73 
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WRITE OPERAND SEQUENCE 

The write operand (WO) sequence is used for executing instruction 20, 21, 47, 56-61, for 

all values of the designator and for instructions 22, 23, 75, and 76 with designator values 

4-7. The latter group of instructions are return jumps. The instructions executed by 

this sequence are characterized by the fact that they all require entering an operand in 

storage. 

4-- 4--
The main chain of control delays (H V ) ~ which produces the commands is shOW:!l in 

figure 2-18. For q.ll WO instructions except 56 and 57 the sequence is initiated at H401 . 

The latter two instructions initiate the sequence at H406 only after the storage sequence 

has actually begun. The WO sequence is thereby synchr~nized with the beginning of the 

stora~e sequence. 

The conditional stop for instruction 7 6 is accomplished .at the input to H402 . The AND is 

disabled when the stop cop.ditiOn is met. After stopping, the execution of the instruction is 

completed by re-initiating the sequence when the operator selects step or start. The se-
. ' 

quence then goes to completion. Table 2-5 lists the commands produced by this sequence. 

f = 56,57 

RNI H401 

y401 

t= 20, 21,47,60,61 

c22,23,1s-11 a 
b=4-7) 

NO STOP 

H402 H406 H411 

v402 v4os y411 

WAIT STORAGE 

K206 

K2o7 

----- RESUME 

Figure 2-18. Write Operand Sequence. 
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00 

00 

01 

01 

03 

03 

03 

04 

06 

06 

06 

06· 

07 

07 

07 

07 

08 

08 

08 

08 

08 

08 

08 

09 

09 
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TABLE 2-6. COMMANDS FOR WRITE OPERAND SEQUENCE. 
instructions; 20+21 +47+56+57+60+6 l+(b::: 4-7) (22+ 23+7 5-77 

u1 .... u2 

Init. Storage 

Set Stvp 

Clear X~ 
1 

Clear U U 

A2_... Ql. 

Q2 _..Al 

Add R 1 to u2 

Init¥ Storage 

1 2 
Adv~ Q to P 

Ql ... Q2 

u1 .... u2 

Full Exit 

Half Exit 

Al ...... Xl 

2 1 Log q to X 

Add R 1 t~ u2 

Part. Add R to U 2 

Pl ..... x2 
L 

x.1 ..... zl z2 

Partial Write Lower 

Partial Write Upper 

u2 to P 1 

u 2 1 
toX LA 

x2 .... xl 

56+57 Wait Storage 

76 and Key 

56+57 

21 

21 

20+21+4'1t60+6 l 

(jump) 20+21+47+60+61 

(Jump)(mode Switch Not up) 

21+47 

56+57 

(22+23+7 5-TI)(b=4-2) 

(No Jump). 

20+ 21+47+6o+a1 

47 

56+57 

56+57 

( 2 2+ 2 3+ 7 5+ 76). (Jump) 

. 47+20+21 

57+61 

57+61 

22+23+75+76 (Jump) 

56+57· 

(22+23+75+76) (Jump)° 
Wait Storage 
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1
TABLE 2-6. (Continued) 

11 Cle~r U 
1 22+23+75+76 (Jump) 

11 A2..,.. Ql 21 

11 Q2,.... Al 21 

12 xl .... x2 
L 'U (22+23+75+76) (Jump)+56+60 

13 x2 .... x1 
u u 

15 Half Exit ( 2 2+ 2 3+ 7 5+ 76) (Jump)+ 20+ 21+4 7 + 5 6+ 5 7+ 60+ 61 

15 Full Exit 20+ 21+4 7t 5 6+ 5 7 + 60+ 61 

15 1516 _.,. u1 (22+23+75+76} (Jump) 
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SEARCH AND TRANSFER SEQUENCE 

The Search and Transfer sequence (ST) performs the search instructions (64-61) and the 
two transfer ins,tructions (62 and 63). The purpose of the search instructions is to rapidly 

inspect a specifi~d list of operands for one which meets a certain condition. Essentially,, 

the search conditions are two kinds: operand equal to A and operand greater than A. The 

purpose of the transfer instructions is to rapidly .exchange a block of data with another 

equipment via the transfer channel. ,, 

For both types of instruction the latter part of die sequence is performed repeatedly, once 

for each word to be examined in 'the search or once for each word to be transferred. The 
J' 

·content of :Bb indicates the number of repetitions required; this quantity is reduced by: one 

during each repetition. The block of ·storage locations involved in search and transfer in-
b .. 

structions is specified by B ~nd m,, the execution address. The first word to be searcheµ 
1 

or transfe~red. is at the addr~·ss specified by Bb + m - 1. The last word is at address m. 

·When b=O,, a search or transfer instruction operates on just one word which is at the address ' 

·given by m. 

Figure 2-19 shows the main part of the ST sequence, which consists of control' delays with 
' 5 - - 5- - ' ' . :· 
H V symbols. The ST sequence consists of three· segments or parts, preparation, 

loop, and termination~ The firs.t sets up the block of addresses to be used a.s well as other 

initial conditions.. The loop produces the series of com~ands to search or transfer each 

word, depending on the instruction, and is repeated for each word. The termination part 

of the sequence takes care of housekeeping duties required when ST is temporarily termin­

ated to allow an AUX sequence operation to be performeq. 

A search instruction provides for a conditional skip and is thus used in the upper position 

of a program step. Ordinarily its execution involves repeating the loop .for each -word until: 

2..:50 
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~ 
I 

CJ'1 ..-

AUXILIARY 
OPERATION 

ST 
PREPARATION 

H'°' ff&OS 
TO 

yDOJ ysoe 

NO AUXILIARY 
OPERATION 

AUXILIARY 

ST 
LOOP 

SEARCH 
CONDITION 

MET 

----1. >-----~FULL EXIT . 
SEARCH EXHAUSTl!D 

NDITION NOT MET 

TRANSFER 
COMPLETE 

FULL 

"' HALF 
EXIT 

AUXILIARY OPERATION 

H'49 Host 

ST TEMPORARY TERMINATION 

1------------<J-~tf65a164tfS1 Hsse 
TO 

y549y562 i'ev"'4v"' vs5a 

S-EQUENCE 

EXIT 

r-----~----------~J<°60 

,..--------~!!lllol KO&t 

HALF RNI 

FULL RNI 

Figure 2-19. Search and Transfer Sequence. 
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1) A word is found that meets the search cdndition, at which point the 

search terminates and the full exit is tak~n to th~_ .. p.ext instruction step; 
I ,/ • ,,(\ 

or 

2) The entire list of words has been searched without finding one that 
I 

meets the search condition, in which case the half exit to the lower 

instruction of the current step is taken. 

Likewise, the ordinary case of a transfer instruction consists of one repetition of th~• loop 

for each word. When all hav~ been transferred, a full or half exit .is taken, dependit~~g upon 

whether the instruction is in the lower or upper pos.ition. 

Since the number of repetitions of the ST loop can be large, provision is made for tempor .. 

arily suspending execution iµ. order to handle an auxiliary request, that is, a request for 

. one of the operations performed by the Auxiliary sequence. These operations (puffers, ad­

vancing real-time clock and interrupt) occur asynchronously to the main program. When 

·the request has been takeh care of by performing one of these operations, the execution of 

the ST instruct-ion is begun again. 

The relationship between the ST, AUX and RNI sequences is also shown in Figure 2-19. 

Note that the need for performing an auxiliary operation causes the termination part of the 

ST sequence to be executed. Upon completing the operation, AUX takes the jump or half 
' '· 

exit to RNI. The condition for choice of exit are such that the form of RNI that is initiated 

by these exits is the same one that originally acquired the ST instruction. Thus when a ST 

instruction is suspended to perform an auxiliary operation, its execution is resumed by re­

reading it. This allows for the case where the suspension is due to an interrupt, which re­

quires that a routine of instructions be executed be'fore returning to the ST instruction ... 

A more detailed account of the ST sequence appears in chapter 5. The commands produced 

by the sequence are showri in table 2-7. 
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TABLE 2-7. COMMANDS FOR SEARCH AND TRANSFER SEQUENCES 
Instructions; 62-67 

00 

01 

02 

02 

04 

05 

05 

08 

08 

09 

ul _,.. u2 
.. 1 

Clea1\X 

Set R /\ 0 FF 

R 1 .... R2 
. . 1 2 
Reduce R to R 

R2-+ R 1 

Set ST Not Complete 

Ql .... 'Q2 

Set Input 

Trans. Act. 

Half E.xit 

09 Full Exit 

09 

09 

09 

09 

10 

ia 

10 

11 

Set Wait Stqrage 

Clear Bb 

Clear Input• 

Transfer Act. 

Input .Re.sume 

Add R 1 to u2 

Initiate Storage 

X=A 

X=A 

11 Clear x 1 

14 R 2 -+Bb 

14 Set Rf 0 FF 

16 u1 .... u2 

16 Comp X 1 .... _ x2 

(R f. O)+(b = 0) 

(R 4 O) (b :/ 0) 

(St Not Complete) 

(St Complete) (b = 0) 

(Input) 

(Transfer Ready) 

62 

62 

(lnput Tmµs Re.ady) 

64 + 66 

65 + 67 

62 
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17 

17 

17 

18 

19 

20 

21 

21 

21 

21 

22 

22 

22 

22 

23 

23 

24 

24 

24 

24 

25 

26 

27 

28 

29 

29 

•<;?•----....--------CONTROL DATA CORPORATION 
~ ~ Di!v®nt 

x2 .... xl 

1? ..... x 1 

Set ST Not ~omplete 
Reduce, R 1 ... R 2 

R2 _,. Rl 

Set Input Trans. Act. 

15 16 .... xl 
I5 Is· .... z1 z2 

Se't Output Trans. Act 

L·QX 
• > 1 2 
Comp x x 
~1 ... x2 

C'1ear Wait Storage 

Output Resume 

x2 .-.·o4 

TABLE 2-7. (co·nunued) 
'·) 

(R =# O) .. 

(ST Not Complete) · 

Clear Output Trans. Act. . (Buff er Request) 

Comp x1 .... x2 

Add ·R1 .... u2 

Return To Time 08 (R :f. O) (b I O) 

Initiate Aux Seq. 

C ' l 2 omp R -+ R 

Rl _. R2 

1nitiate Aux Seq .. 

. Reduce R 1 .... R 2 

lt2 ..... R 1 

H'.alf Exit 

(Buffer Request) 

(b r O)(R = O);-b = O) 

62 

63-67 

62 

63 

66+67 

84+65 

63 

6.2 

63 

63 

63 

66+67 

62+6'4+67 

62+63 

62 

63 

'63 

63 

63 

63 

62+63 

29 · Full 
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29 

29 

29 

29 

30 

30 

31 

32 

33 

33 

CONTROL DATA CORPORATION-----------·<!?··. 
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Half Exit 

Full 

Half Exit 

Full 

· Return to Time 0 8 

' l 2 
Reduct R to R 

' 2 1 
Comp_R to R 

Rl ..... R2 

R2- B2 

(b f O) (R = O)+(b = 0) (X = A) 

(b /. O)(R '.·= O)+(b = 0) (X A) 

(R f O) (b = O) 

Initiate Aux Sequence (Aux Request) 

64+66 

65+67 

64-67 

63 

63 

63 

63 

64-67 

·ITERATIVE SEQUENCE 

The commands which cause the computer to execute the multiply, divide, and floating-point 

instruction (24- 27, 30- 33) rise from the Itemtive sequence (I). This sequence is so called 

because it executes these instructions by iterative or repetitive action; for example, in 

multiplication the product is formed by the repetitivfe" additions of the multiplicand. The 

. . 6--
Iterative sequence is composed of a chain of control delays labelled_ H (figure 2-20). 

A detailed discussion of the Iterative sequence appears in chapter 3 whe·re the. complex 

arithmetic operations using this sequence are described; table 2-8· lists the Iterative se-

quence commands. 
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RNl 

24..:3.3 

32 

24,26 

3.3 

PREPARATION ANO ACQU~SlTION. OF OPERANDS 

( 
.A. 

WAIT \ 
'Hs~1 H614 STORAGE H620 H623 

T.O TO 
v~ot vs14 

K2os vs20 v&23 

K2o9 
RESUME 

FLOAT ING.· .P01NT __ .._ __ ~_,...-.-~~~~--~~--A_~--~--~----~~---,------
.· ( .PREPARATiON OF SECOND OPERAND ROUND ANO NORMALIZE . ~ 

H s3o Hs31 
V63a· TO \J637 

DIVIDE. STEP 

He4o 

V65o 
TO 

H647 

V647 

30,31 

END CORRECTION 

.Hsso 
veso. TO 

Hss9 
vss9 

. TO 
. H.699 
vs99 

FIXED . .PmNT __ ...., EXIT 

24-27 . 

25,27 

Figure 2- 20. Iterative Sequence. 
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04 

. 04 

05 

05· 

04 

05 

07 

07 

07 

07 

05 

08 

09 

10 

10 

11 

11 

11 

11 

12 

12 

12 

13 

13 

13 

13 

13 

TABLE 2-Ba. ITERATIVE SEQUENCE 
.Main Sequence; Instructions 24-27+30-33 

Add R 1 to u2 

1 2 Comp.X .... X 

Part. ~dd x 2 -+ Al 

Part Add x
2

-+ A 1 

Initiate Storage 

Set Dividend Sign· FF 

Full Exit 

Half Exit 

Part Add x 2 .... A 1 

Al- Xl 

Set Sign Record 

Set I
2 

Clear A 

Ql .... Q2 

X l Exp -+ u 2 with sign ext. 

u2- ul 

Clear X Exp 

A2-Ql 

Q2-+ Al 
. 1 2 

Comp X -+ X 

xl - x2. 

1213 ..... Rl 

Clear x 1 

Part Add x2 Al 

Part Add x2 - Al 

A2-Ql 

U2-+ R2 

24-27+30-33 (b '/: O) 

24-27+30-33 

25 (Q Neg) 

30-33 (A Neg) 

(32+33) (A = O) 

(25 Q Neg) + (27 A Neg) 

(32+33) (A = O) 

(26+27) (A Neg) 

30-33 

(24+26+27+30-33) (A Neg) + 2s (Q Neg) 

30-31 

25+26+27 

30-33 

25+26+27 

25+26+27 

25+26+27 

(30+31) (SR = 1). 

24-27 

30-33 

(24+25+27) (SR = 1) 

30-33 

30-33 
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12 

14 

14 

15 

15 

15 

15. 

15 

16 

16 

15 

16 

18 

17 

17 

18 

17 

-~---------------CONTROL DATA CORPORATION 
~ "" .• wi7lnh, D ilvi4.imt 

" .'I 

Clear SR FF 

Ql ..... Q2 

f 
\ 

A
2 \l 

-+Q'. 
12 1 Comp R .... R · 

·R2_.Rl 

1516 .... :x} 

x1 .... ~2· 

Rl .... ~2 

Exit to 1Mult. Step· 

INHIB:t~ A 1 ..... A2 

I 1 2 
Comp~ .... X 

Exi~ to Divide Step 

Exit to Floating Point 

. c _.: .. ·x1 ·x2 
Oiup .... 

Comp Sign Record 

TABLE 2- Sa. (Continued) UJ"Wlf wvvv 

.• 30-'31 

24+26+32 

24+27 

24+27+32 

30+31+33 

. 32 

F670 

24-27 

24+26 

27-33 

(25+27) (X Pos) 

25+27 

30-33 

(24+26+30+3 l) (X Neg) 

X Neg 
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00 

00 

01 

01 

01 

01 

01 

05 

05 

05 

00 

00 

01 

01 

01 

01 

01 

05 

05 

05 

05 

CONTROL DATA CORPORATION -----------·<tr-_ 
~ DiiWimt (!.!) 

TABLE 2-Bb. ITERATIVE SEQUENCE 
, Execute Multiply Step; Instruct~ons 2~+26+32 

1 2 Reduce R .... R 

Shift AQ Right 

R2.,.ltl 

A2 .... .Al 

. Q2 .... Al , 

Exit to 00 

Exit to End Correction 

Add x2 
to A1 

Exit to 0 

Exit to End Correction 

Short 
Loop 

R=O, Qoo=O 

. R=O 

Qoo= 1 

R=O 

-TABLE 2-Bc. ITERATIVE SEQUENCE 
'Execute Divide Step; Instructions 25+27+33 

Red. R l to R:. 

Shift AQ Left _ 

R2 .... R'l 

A 2 .... A 1' 

2 . 1 
:Q -+Q 

Exit to 00 

Exit to End Correction 

Add x 2 to A1 

Set Q 00 to 1 

Exit to 00 

Exit to End Corr,ection 

R:/O, A<X -

R=O. 

A~X 

A~X 

R#O 

R=O 

- 2-59 

Long 
Loop 



-02 

00 

01 

01 

01 

02 

03 

03 

03 

03 

04 

i?------------CONTROL DATA CORPORATION 
~ ·~ DilvWmt 

· TABLE 2- 8d. ITERATIVE SEQUENCE 
Execute End Correction 

· Set Divde Fault 

Ql ... ,Q2 

1 
Clear~ 

Q2 ... Al 

A2 ... Ql 

Comp x1 to X:t 

Part Add X
2

toA
1 

Full Exit 

Half Exit 

2 1 
Part. Add X to A. 

Qi .. Q2 

(25+27) (Q Neg.) 

26+32 

26+32 

26+32 

(24+26+32) (SR = 1) 

24-27 

24-27 

(25+27) (Dividend Sign = 1) 
i 

05 Q2 
.. A

1 

05 A
2 -+Q1 

07. Part. Add x 2 to A 1. SR= 1 

07 Exit to Round, Normalize, 32+33 
Final Ass 'y. 
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TABLE 2-Se. ITERATIVE SEQUENCE 
Execute Floating: Point; Instructions: 30-33 

00 Inhibit Al-+ A 2 30-33 

01 x2 ... x1 30+31 

01 Shift Right +33 

02 xi ... u2 30+31 

03 u2 ... u1 30+31 

04 1 2 Comp X to X (32+33) (X Neg.)· 

05 x2 ..... x1 32+33 

05 Clear X Exp. 30+31 

06 xi ... x2 (30+31) (SR=O) 

06 1 2 Comp X to X (30+31) (SR= 1) 

06 
1 2 . 

X ... U Exit 30+33 

07 u2 ... u-1 32+33 

07 x2 ... xl 30+31 
J 

I 

07 Clear_ X Exp. 32+33 ) 
07 Clear S. R. FF 30+31 

08 Add R 1 to u2 
30+31 

08 1 2 Comp X to X 31+33 

08 x1 ... x2 32 

09 Clear X 30+31 

09 2 
Set U S. R. 

2 
U Neg. 

10 U2...,. R2 30+31 

10 Clear A (30+31) (SR= 1) 

11 Al,.. Xl 30+31 

11 Clear U 1 2 
30+31 (U. S. R. = 1) 

12 Add R 1 to u
2 

32+33 

12 u1 .. u2 30+31 

2-()1 . 



'13 

13 

14 

14 

14 

15 

15 

15 

15 

15 

16 

'16 

20· 

i?... -----------CONTROL DATA CORPORATION 
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X2-+ Xl 

Clear R 1 

1 2 
Part. Add R to U 

u2 ... :R,2 

12 13 ... Rl 

' 2 1 
Comp R -+ R 

R2,... Rl 

x2-. Al 

Mult. strp I 

Divide Step 

Rl ... R2 

xl..., x2 

Initiate Shift 

R2-+ Rl 

. Reduce R 1 to R
2 

Shift One R :I 0 

Exit to 21 R = 0 

(Round, Normalize, 

·TABLE 2.-ae·:. (Continuedl 

Final Ass 'y) 

.· (30+31) (U2 S. R. =O) 

32+33 

30+31 (U2 S. R. = 1) 

33 

32+33 

(30+3l)(U2 S. R. =1) 

(30+3l)(U2 S. R. ~O) 

(30+3l)(U2 S. R. ~l) 

32 

33 

30+31 

3o+31 
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22 

23 

23 

24 

25 

25 

25 

25 

26 

26 

26 

27 

28 

31 

30 

33 

34 

35 

35 

37. 

37 

41 

41 

41 

42 

42 

43 . 

TABLE 2-8f. ITERATIVE SEQUENCE 
Execute Round, Normalize, Final Assembly; Instructions (30+31)(R/0)+32+33 

1 Clear R · 

u2 .... u1 

Set Execute Round FF 

Rl..., H.2 

. Add x 2 toA1 

Clear X 1 

. 2 1 
Comp. R .... R 

Set x 2 to 1 

Comp. X 1 .... x 2 

xi .... x2 

Part Add R 1 .... u 2 ' 

u2 .... ul 

Rl ..... R2· 

Add x 2 to A 1 

Exit to Time 38 

Left Shift 

Inhibit A 1 
-+ A 2 

Right Shift 

Exit to Time 38 

Clear x 1 

. 2 1 
Comp R -+ R 

Al__. Xl 

Set x1 SR FF 

Clear u 2 SR ·FF . 

1 2 CompX ..... X 

xi .. x2 

x2 .... x1 

30+31 

A Neg 

A Pos 

.A 4l1Q~' 

A::O 

A 35=A36=A 37 

A37:1A36 
A37¥A36 

A 37 ~~~6 

A 37 #A36 

A37:;A36 

A Neg 

ANeg 

APos 
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TABLE 2-8f. (Continued) 
? 

43 Full Exit 

43 ,' Half Exit 

43 Clear A ( 3 0 - 3 3) . (AQ f. 0) 

44 . Add R~\ .. u2 
AQ:fO 

45 
2 . 1 

U Exp-+ X AQ:fO 

45 1 Clear X SR FF AQ~O 

46 1 2 Comp X ... X (X1 S~=O) (AQ#O) 

46 x1 .... x2 (X1 SR-1) (AQ:fO) 

47 Part. Add x2 .. A1 AQ:fO 

47 Set Exp. Fault FF (AQ;40) (U 7o7) 

EXTERNAL FUNCTION SEQUENCE 

The External Function (EF) sequence performs instruction 7 4, External Function. The 

value of the designator determines what type of operation is to be performed. When the 

designator is 0 (7 4. O), the instruction sends the external function select code, which is 

contained in the base execution address, to a sp~cifh~d exter~a\ equ~p?lle~t or part of· com-
.- . ' ' .. ' . 

· puter control. This code initiates St· triode of operation in the equipment or part 0,f control. 

Instructions 7 4. 1 - 74. 6 activate the buffer channel specified by the designator. This in­

yolves a storage reference on address OOOOj to write .the base execution address (the initial 

address of the bufferl in the upper address portion of the storage location. 

Finally, a 74. 7 in.struction sends an external sense code, which is contained in the· base 

execution address,. to the specified equipment or part of computer control. The code de­

signates a condition; to indicate the presence or absence of the condition a· sense return 

signal is sent to the computer. The 74. 7 instruction is also used to sense internal condi­

tions of the computer such as faults. 
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The chain of control delays which make up the EF sequence is presented in simplified form 

by figure 2- 21. Commands generat_ed by this sequence appear in table 2- 9. A complete 

examination of EF occurs in chapter 5. 

00 

01 

02 

02 

02 

03 

04 

05 

05 

05 

05 

06 

12 

12 

TABLE 2-9. EXTERNAL FUNCTION SEQUENCE 
Instructions; 74.0 - 74.7 

u1 ... u2 
1 

Clear X 

b to Aux Ref. Desig. 

p2 ... pl 

Initiate Storage 

u 2 
... x 1 

with ext. 

x1 ... x2 

Set Select FF 

Set Sense FF 

Set Wait Storage FF 

Exit to Aux Seq. 

Complement Exit FF 

Full Exit 

Half Exit 

j=0,7 

H701 

V701 

f=74 

RNI 

H706 

v7o6 

TRANSMIT 

SELECT OR 

SENSE CODE 

j=l-6 

WAIT 

STORAGE 

74. 1 - 74. 6 

74. 1 - 74. 6 

74.0+74.7 

74.0 

74.7 

7 4. 1 - 7 4. 6 

7 4. 1 - 7 4. 6 

74.0+74.7 

74.0+74.7 

74.0+74.7 

H760 

m TO 

STORAGE 

V760 

Figure 2- 21. Basic Chain of Control Delays in EF 
Sequence. 
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AUXILIARY SEQUENCE 

The Auxiliary sequence (AUX) is a relatively long one that performs three different opera­

tions: ( 1) buffe.rfog, which is the computer 1 s exchange of a. word with an external equipment 

via a buffer chEinnel; (2) advancing the real time clock; and (3) initiating the interrupt rou-

tine or program upon receipt of an interrupt signal from an external equipment or part of 

computer control. 

All three of these operations are characterized by the fact that the necessity for performing 

them do~·s not arise (directly) from the execution of a computer program. These operations 

are not .. a direct part of the execution of any computer instruction. Thus the occurrence of 

one of these operations is relatively independent of the program of instructions being execu-

ted. 

The basic chain of control delays for the AUX sequence .is shown in fi'gure 2-22. Buffer 

operations µse· all four segments; the advance-clock operation uses the first three segmentst· 

the interrupt bperation uses only segments 1 and 4. 

There are $ix buffer communicatio~ channels, which are entirely independent of one another 

and thus may be used ·simultaneously. The occurrence of a ready signal on an. input buffer 

channel or a resume signal on an output channel constitutes a request for a buffer operation. 

Every 16' milliseconds a request signal is pr~duced to indicate the ne.ed for advancing the 

real-time clock. An interrupt signal is sent by an external equipment or part of the com­

puter control to indicate a somewhat 'unexpected need ~r- demand for action by the computer. 

The occurrence of any o.f these three requests for operations performed by the Auxiliary 

sequence is denoted by the expression AUX request. There are thus eight possible sources 

of AUX requests: six for buffer and one e.ach for interrupt and advancing the clock. {There 

are actually several interrupt request lines, but since they are combined in an OR function 

it is possible to consider them as one with respect to the use of the Auxiliary sequence. ) 

2-66 



- RESUME 

H720 

v120 

2 

JUMP EXIT 

FULL EXIT 

HALF EXIT 

SEARCH 
ANO 

TRANSFER 

STOP 

H731 

v131 

AUX. 
REQUEST 

K214 

K2t5 

RESUME 

WAIT 
STORAGE (2) 

H7to 

vr10 

H716 

v71e 

BUFFER OR ADV. CLOCK 

H740 

v740 

3 

H753 

v1s3 

EXIT FOR 
ADV. CLOCK 

K212 

K213 

WAIT 
· STORAGE (I} 

INTERRUPT 

K216 

K217 

RESUME. 

WAIT 
STORAGE (3) 

·Figure 2-2~~ Auxiliary Sequence. 

H760 

vT&o 

4 

H772 H781 

yn2 vTa1 

EXIT 

n 
0 z ..... 
;a 

Ji 

~ I 
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Since sources of AUX requests are independent and operate asynchronously witht ~espect to 
i 

one another, it is possible for more t~an one AUX request to occur at a time. Therefore, 

the order for acknowledging requests is established by a scanner that sequentially examines 

each of the so-q.rces of AUX requests, and assures that each source has equal priority. Af'ter 

. ~xamining one source, the remaining seven are examined before the first is re- examined. 

Each time that a request is present the scanner stops, and the operation appropriate to t~at 

AUX reque~.t is performed. by the Attx sequence. 

As shown in figure 2-23, the Auxiliary sequence is executed in response to an AUX request 

only at the completion of one of the instruction sequences and before the upcoming perfor~ 

mance of RNI. Thus the performance of the AUX sequence occurs between an instruction 

sequence a,nd the RNI sequence. If two or more A~ requests are present and they come 

from sources examined successively by the scan~er, then the Auxiliary sequence is execu­

ted once for each such request before RNI occurs. From the foregoing it is seen that the 

execution of the Auxiliary sequence causes a brief suspension of the execution of the main 

program by the instruction and RNI sequences. 

··The Auxiliary sequence, the a.canner and associated logical circuitry are taken up in.Chap­

. ter 5. Table 2-10 l~sts the commands generated by this sequence. 



ZERO ADDRESS 

NORMAL JUMP --I FULL EXITL 

f~ 74 _,,,, 
READ OPERAND ---
WRITE OPERAND 

ITERATIVE 

SEARCH ANO 

~ TRANSFER 1----i 

NO 
AUX 

~ ~JUMP EXIT L ~ ...,_ 
~ 

AUX 

f= 74 
~ EXTERNAL FUNCTION 

~ AUXIUARY -""'- ~ ~HALF EXIT 1 
__,,,, 

BUFFER .. 
_,,, ADVANCE CLOCK .,.. 
~ INTERRUPT 

AUX..:::. -
AU~ ..... 

AUX...,_ 

NO NO NO 
AUX AUX AUX 

READ NEXT 
,,..-- INSTRUCTION ~ 

HALF RNI 
r--------------~ ...,_ 

~ 
'-- FULL RNI 

~ -
Figure 2-23 .. Relation of Auxiliary to Other Sequences. 
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TABLE 2-lOa. AUXILIARY SEQUENCE 
Buffer · 

00 Initiate :Storage 34 Part. Add. R 1 to u2 

01 Set Aux. Ref. Desig. 35 u2 .... xl (with extension) 

03 Set Wait Storage I FF 36 xl ..... x2 
L U 

05 Clear R1 
37 x2 .... xl 

07 
1 

Clear U U 39 Set Ready /Resume FF ff 74 

11 15 16 .... x1 39 u2 .... ul 

11 15 I6 .... u1 u 39 Kl .... 12 

12 Initiate Storage 40 xi .... x2 
L U 

12 u1 .. u2 40 Clear Buff er Request 

17 Cl 1 ear X 41 x~ .... x 1 

. 1 x2 Buf. 43 1 
18 Comp. X to In. Clear R 

19 x2 ... xl In. Buf. 44 1213 .... R1 

20 U2-+ R2 46 .Pirt. Add. R 1 to U
2 

. 20 Io ... xl In . Buf. 48 U2 .... R2 

20 Set Wait Storage II FF 48 Set R -f 0 FF 

23 15 I6 .... xl Out. Buf. 51 Half Exit 

24 x1 .. x2 Out. Buf. 51 Jump Exit 

24 Set Wait Storage III FF 

25 
2. 1 Comp. R -+ R 

25 1 
Clear U U 

26 . Rl ... R2· 

28 
1 2 

Reduce R to R. 

2.8 Initiate Storage 

29 
2 1 

Comp. R to R 

32 u1 .... u2 

33 Clear X 1 
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TABLE 2-lOb. AUXILIARY SEQUENCE 
Interrupt 

Init. Storage 09 Enable Partial Write Upper 

Set Wait Storage III FF 10 xl .... x2 
L U 

Pl tc·x2 L 11 x2 ... xl 

Set Interrupt Lockout FF 11 I5 I6 - xl 

1 
Clear U L 15 Half Exit 

Set P 1 to 00007 

x 2 to x 1 

TABLE 2-lOc. AUXILIARY SEQUENCE 
Advance Clock 

Initiate Storage 17 Add x 2 to A
1 

Set s1 to O 19 Al .... Xl 

.1 I 

Clear A 20 ~nitiate Storag·e 

Set Wait Storage I FF 20 Set Wait Storage II FF 
. . 1 
Clear X 21 Q2 .... Al 

2 
Set X to 1 22 Ql .... Q2 

Ql .... Q2. 23 A2_,.. Ql 

x1 .... x2 23 Q2· .... Al. 

A 2 to Q 1 31 Half Exit 

Part Add. x
2

toA1 31 Full Exit 

15 Ia .. xl 

xi .... x2 
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STATIC CONTROL 

BREAKPOINT AODRESS 
I· 

A digit switc.h a~sembly at the console provides for setting an address at which the program 

is to stop; this ~ddress is called the breakpoint. The breakpoint address is continually 

compared with P, the program address. When the two quantities are equal, the computer 

stops just before performing the upper instruction located at the breakpoint address (see 

fi~ure 2-12); ~n other words, stopping occurs only during the full RNI. The breakpoint fea­

ture permits the· program to be executed at high speed to a preset address of interest. 

There are five digit switches in the switch assembly; each has eight positions numbered 0 

through 7. · Thus eve.ry possible combination of positions of the fiye wheels represents one 
. ' ' ' 

of the 32, 768 (decimal) storage addresses. The break~oint is disabled by setting it to an 

address not used by the program. Addresses 00000 through 00006 are allocated for special 

uses whidh preclude their use as storage for i;ristructions. Thus a· convenient method of 

disabling the breakpoint is by setting it to one ·of these seven values. 

CONSOLE DISPLAY' 

,The ~ontents of operational registers are displayed in octai form at the console (figure 2-24) 
' <) 

only when the computer is stopped. A display of the register contents during op.eration 

would be useless because of the rapidity with which such contents change. 

Figure 2- 25 shows the circuits involved ir,i the display of the lowest octal digit (lowest three 

binary digits) of the A :register. The digit display gate is turned on when the co.mputer is 

stopped. Output amplifiers (L 500 thru L 502) samplf:l the state of the A register. Each 
5--

L . energizes a relay if the assoc.iated bit is· a "1 ", The three relays are interconnected 
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INDEX REGISTER I INDEX REGISTER 4 

0000000000000000 0000000000000000 
14 13 12 II t0 9 8 7 6 5 4 $ 2 I 0 ~ 13 12 ti 10 9 8 7 6 5 4 ! 2 I "0 

I I I I. I I ~ I INDEX REGISTER 2 INDEX REGISTER 5 

0000000000000000 0 0 0 0 o.o 0 0 0 0 0 0 0 0 0 0 
7 " 5 4 ! 2" I 0 14 fl 12 ll I() • $ 7 • $ 4 3 2 I 0 

~___.__! ~·I ~_....__I ~ 
INDEX REGISTER 3 . . INDEX REGISTER 6 

0000000000000000 0000000000000000 
.. f3 12 fl lO 9 8 7 6 5 4 3 ~: I • 0 . M B &2 fl to 9 6-43210 

INTER. INTER. CHAN. 6 CHAN. 5 CHAN. 4 CHAN. 3 CHAN. 2 CHAN. I 
LOCKOLIT REOUEST ACTIVE ACTIVE ACTIVE ACTIVE ACTIVE ACTIVE 

(BLUE) CRED) <.BLUE) !BLUEi !BLUE) (BLUE) (Bl.IJEl (BLUE! 

A REG 1STER LEFT 

000000000000000000000000 
a~%~~~~~s~•~~~~2~~~~v~~~ 

I I 
Q REGISTER LEFT 

000000000000000000000000 
•~%~~~~~s~•~~~~2~~~~v~~~ 

PROGRAM ADDRESS 

LOWER 
INST. 

!BLUEi 

READER PUNCH ODD EVEN DIVIDE SHIFT OVER 

READY o~~p~F s;~~t;E s;~~~;E FAULT FAULT ~~L~ 
(BLUE! (RED) (RED) IRED) (RED) (REDI ("IEDl 

A REGISTER RIGHT 

0000000000000000000000000 
2! 22 21 20 19 18 17 16 I~ 14 l:S rz II 10 9 8 7 6 ~ • 3 2 ' 0 

I I I I 
STEP 

(RED) 

Q REGISTER RIGHT 

0000000000000000000000000 
~ u ~ ~ s - Q • e ~ ~ ~ 11 ~ s e 1 6 ~ 4 3 2 ' 0 

SWEEP SWEEP SWEEP 

f8Ll£) !BLUE) · U!LUEJ 

FUNCTION CODE EXECUTION ADDRESS 

0000000000000000 o o o o o o o o o o o o o o o o o·o o o o o o o o o 
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Figure 2-24. Console Display. 
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to form a binary to octal translation; the output of the translator illuminates the appropriate 

octal digit at the associated position. 

In addition to the digit display, the console provides visual indication of several other condi-

tions in the computer and console input-output equipment. This form of indication is acccrn--

plished by means of the colored background lights at some of the lamp modules. In con­

trast with the digit display, the background lights can be illuminated at any time, including 

times when the computer is operating. Figure 2-24 shows the various background lights, 

the color u·sed and the significance of each. With only a few exceptions the description of 

the significance of the light involves the name of the FF which must be set in order (or the 

light to be illuminated. 

The first of the exceptions is the blue Reader Ready digit, which is turned on when the 

Reader End-of-Tape FF is cleared. The red Punch-Out-of-~ape light is turned on by a 

switch at the punch; this switch is closed when the tape supply\ reel is nearly empty. The 

blue lower Instruction light is illuminated when the Exit FF is cleared, which is the case 

during the execution of the lower instruction. 

RESYNCHRONIZING 

Signals from external equipment and~ switches enter the compute.r via cables. Such signals 

must undergo special treatment in order to make them use able within the computer. Such 

special treatment is called Resynchronizing~ -One purpos~ of resynchronizing is to convert 

a signal which is asynchronous with respect to the timing of the computer to one that is 

timed by the computer clock. This involves insuring that only one synchronized pulse re -

sults from an asynchronous signal, regardless of the duration of such a signal. Another 

purpose of resynchronizing is to resolve· runt pulses. 
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ltesynchronizing Circuit · 

Th a9complish the resynchronization of. a signal, a special:logical ·configuration, - e>r. resyn­

'chronizing circuit (iig,ure 2-26L .is used. Two kinds of resynchronizing pulses (referred . 

t.o as sync pul~es) a;re crucial to the oper:ation of this .. circuit.· ·Every 1 .. 6 tnicros¢corids an· 

. odd sync pulse ~omes trolli v021; likewise,, every 1. 6 nl:icrtisecorids an even sync pulse 

comes from v02P .• The timing relatio~ ofthe odd and evell sy~c plllses iS givenfo Figure 
. . ' ' 

2~26. Note that: (1) the even sync puls.e occurs first; and (2) the in,tervalbetween an odd 

. sync pulse and the succeeding even pulse is L 4 :microsecond$. 

To analy2l~ the operation of the resync'hronizing·circuit, fts ·stat~ must be considered when 

·l:io .inpuf·~ignalis pX'esent; that is, the input to Ml64 is ... 20 volts which at its output repre-
, . . . . 994 995 .. · . . . . 996 9.97 ·.. . .· . 

sen.ts a "O " .. Jn this circumstance K · K · is cleared and K . K. · is set'. . 

. . . . . . . . 164 . ' . 994. ' 995 
. Now the ne'.Xt odd sync pulse after M · receives a signal, · K . K . . ,· is· set. During the 
. . . . . . 295 . . . 295 .. ·. ' 996 997 
. foiiowmg eyen sync pulse, H receives a pulse. .Th~ output of V · clears K K to 

. . . ·. . 164 ... 
prevent another pulse on the second. even sync pulse. The input tc:> M: must change to 

. . . 

hring the circuit to its no input state. This prepares the circuit to ~ct on the next sign~l 

··f .. ·M. "l64 ram· . 

. . . 

.. 'rhe resync circuit thus performs the first' objective of resynchroni~i.ng ... namely,. converting 

one occur~ence of an asynchronou~ signal to one pulse tirned.by·the computer.· 
. ' \ ' ' ' . ' 

Runt Pulses 

A runt pulse is, specifically, an input. to M164 that at appro~imately O~ ~· mi~roseconds before 

ap:odd sync pulse has a value between -20 volts and O volts. In such.a case the output of ... 

¥ 164 does not definitely indicate either a 11 111 or uo•.t, but rathe; the voltage level of the . 

~utput is somewhere between .-3. O volts and -0. 5 volts respectively. 
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As an example, suppose that the output of 1VI 164 is -1. 5 volts. As a conse.querice, the level 

of the output from both J 880 and J 881 is also -L 5 volts approximately. If .thi~ is the case 

. . . . ·.· 021 . . . . . . 1 . 994 995 
when the odd sync pulse from V occurs, both the set and clear side inputs i;o· K K 

receive half-sized inputs .. In short, there is an attempt to 'both set and clear t~is FF with 

half- sized sign~l~. 

·The behavior of Ei. FF becomes indeterminate in. this circumstance; it may finally be· in the 

full "1" s.tate or the full "0' 1 state. But it will not be fully set or cleared in .d. 2 micro-
fl 

seconds, the normal switching tim.e of a FF ~hen a full 3. 0 volts pulse is applied to one 

side or. the other. Instead, when such rurit pulses are applied to a FF, a ri:l~ch long;·~pE3riod 

··is required for the FF ~o l.ettle into either the full 111 11 state or the ·full"O" ~tate. Th~ 

·maximum perioq required fo.r such settling dov,rn is 1. 4 microseconds, which is the interv.al 

between the .odd sync puli11e (when runt pulses may be applied to K994 K995) and t.he even 

sync pulse (wh~ri the stat.e of this FF· is sampled at the AND i,pput. to a 295). This inte:r~al 
I 

is the resolution·. time of a FF. Only when the runt input is r~.solved into a full "1 11
, do.es 

295 . 
H · .. receive an ~nput pulse. 

. . 

It now befomes apparent that the p~rpose of the odd and even· sync puls·es is to provide for 

the resolution of :runt pulses in the first FF of the resynchronizing circuit. The odd sync 

puls.e sets the time for sampling the:, asynchronous signal, and the eve·n sync pulse sets the 

t.ime for sampling .the first FF of the circuit. 

Resynchronizing Counter And Pulses ·. 

The sync pulses used in resynchronizing circuits throughout the computer are produced by· 

a two-stage counter (figure 2-27). This counter is advanced every even clock phase, that 

is, every O. 4 microseconds .. Each. time the counter reaches three (11 in binary),. H 020 

receives a pulse. This pulse produces even sync pulses which are distributed throughout 
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th b Vo20 vo22 vo24 d vo2s 1 dd't' vo20 d 1 t Ho21 e computer y , , , an . n a 1 ion, . sen s a pu se o . 

. . . 021 023 025 027 This causes the odd sync pulses that are d1str1buted by V , V , V , and V . 

The counter returns to 0 (00 in binary) on the next even clock phase after reaching the 

count of three. A period of 1. 6 microseconds elapses between the times when the counter 

holds the count of three. Thus the rate of the sync. pulses is one each 1. 6 microseconds; 

that is,. for example, even sync pulses occur every 1. 6 microseconds. As the timing chart 

on figure 2 ~ 26 shows, the interval between an odd sync pulse and the succeeding even 

sync pulse is 1. 4 microseconds. 

Even and odd syric pulses used in control logic of the console input-output equipment a.re 

obtained from control delays involving H150 and H151 . 

Ne--

COMPUTER SYNC. PULSES 

N9-- ------4..,__,._ ____ __.___. 

v292 

v294 

v296 

vz·v 
V2.'J3 
vzgs 
v29T 

CONSOLE EQUIPMENT 
SYNC. PULSES 

Figure 2- 27. Resync Counter and Pulse Distribution. 
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JUMP INSTRUCTIONS 

I 

The instructions which accomplish program jumps or stop program execution are 22, 23, 55, 

75, and 76. ·All of these involve jumping, and 76 also provides for stopping. Instructions 

22, 23, 75, and.,76 with j = 0~3 and instruction 55 with all values of j cause a normal jump. 

Instructions 22, 23, 75, and 76 with j = 4-7 cause a return jump. 

When· the jump condition is satisfied, the execution of a jump instruction causes the ~erm -

ination of the current program of sequential instructions and initiates a new sequence of 

instructions at the storage location given by the execution address of the jump instruction. 

Whereas a normal jump instruction accomplishes only this, a return jump instruction in 

addition prepares for the return to the original instruction sequence upon completion of the 
i 

new s.equence. For both normal and return jump instructions, when the jump is conditional 
! 

and t~e condition is not satisfied, the instruction immediately after the jump in the original 
\ . 

sequence is executed in a normal manner. 

A jump instr~ction may appear in either the upper or the lower position of an instruction 

word. When it appears as the upper instruction and the jump is taken, the lower instruction 

· is never executed. This is true, also, for return jumps. 

NORMAL JUMP 

An instruction involving a normal jump is. executed by the Normal Jump sequence, with the 

exception of instruction 55, which is executed by the Zero Address sequence. For condi­

tional jumps an examination is first made to determine if the condition is satisf~ed. If the 

jump is to be taken then the unmodified m portion of the jump instruction is transmitted 

fro:m u2 
to P 1. The jump exit is then taken to the RNI sequenc.e. Entering RNI by the 

jump exit differs from entering by the full exit only in that P is not advanced before the P 1 

to s1 or s2 
transmissihn .. Thus the execution of RNl following a jump that is executed reads 
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the instruction frrom the storag,e lo.cation given by m of the jump instruction. 

If the jump condition is not met, then a half or full exit, depending upon whether the jump 

instruction occupied the upper or lower positions, respectively, is taken to RNI. 

RETURN JUMP 

A return jump instruction is always executed by the Write Operand sequence. ~able ~ 11 

shows a typical program situation in whiCh such an instruction is used. Pertinent, relative 

storage addresses and the instructions contained in them are given for both the main pro-

gram and the subroutine to' which· the return jump leads. 

Suppose that the upper instruction at relative address c has been executed and, furthermore, 

that the instruction word in c + 1 has been read. The left instruction in c + 1 is a return 

jump which is to be performed if A I O. Suppose that this condition exists. The resultant 

execution of the return jump involves four basic steps: 

Step 1.. Advance P to c + 2. 

Step 2. Initiate at address d a storage reference which reads the 

contents of d into u1 and writes the contents of P, that is, 

c + 2, in the m portion of the upper instruction at d. 

Step 3. Transmit d from u2 to P. 

Step 4. Half exit. 

The first step yields the address of the next instruction o( the main program. It is the 

return to .this address that the instruction prepares for. Step 2 accomplishes two things: 

1) it reads the pair of instructions at address d, of which the lower is the first to be execu-

ted in the subroutine; 2) it stores the quantity c + 2 as an address in the upper instruction at 

location d. Step 3, by entering the quantity d in P, prepares for the s.equential execution of 

the instructions in the subroutine. Finally,, the half exit to RNI in step 4 results in the 
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TABLE 2-11. TYPICAL USE OF RETURN JUMP INSTRUCTION 

A. Main Program 

Relative Address 

c 

c + 1 

c + 2 

B. Subroutine 

d 

d+ h 

Instruction 

Upper 

f b m 

22 5 d 

fb m 

75 0 c + 2 

f b m 

Lower 

fb m 

f b m 

f b.m 

f b m 

subsequent execution of the: l<)wer instructiOn in address d. The upper instruction at µ ¥ttll 
' ' ' 

' ·.. '' ' .. 

be executed in the-adual retur.ri to the :rp.ain program after completion of the su'bto-u;Hne~. 

After step 4 the return jump instruction is completed and the sub.routine com.m·enc¢'S .w~tb. 
I • ' ' '' ', • ' '•' ' , ' ,• :,' ,• • •'I •1,',' 

. the lower instrti6Utm ·at d .. '.When the upper i~struction at d + n has been exec~t~-C:l .#1e·: b.~sic· · 

function of the subroutine is
1 
ac·complished. It'then remains to re-ent.er the: rµa'.iri':·Pl:,bgr:~m. 

1 ', '• • • ·''' .,. 

The .re:- entranc~ ·begins with the normal jump i.n the lower pa:r:-t of d + ·~; this· i~~t:ru#~Ji.Q91 • 

enters; the qu~ntifr d in the P register and initiates RNI through the jump exit'. ·:· G~m~~gµeo.tlY, 

!both fostructions in ·address d ate entered in u 1 and the upper one is n~w e~ectif~'d~ .. : Thf$ in--

strudion is.the o~e which received as its execution address the addr~ss c + t~ : .;s.In¢~. thfs. 

instr.uction is another unconditional normal jump, the quantity c + 2 is entered~i.ri;g·. ~nd.'RNI 
. ' 

is initiated through the jump exit. With the execution of the upper instructidr{ili..:c.+ 2·,' .. the 
\ 

main program is·. resumed. 
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SKIP INSTRUCTIONS 

There are several instructfons, namely, 36, 37, 54, 64-67, and 74. 7; which provide for 

skipping the n~xt instruction of the program when a certain condition is met. These in­

structions are limited to use in the upper position of an instruction word, since they pro-

vide for skipping the lower ip.struction. Skipping is accomplished by using the full exit when 

the condition is met. If this condition is not met a half exit is used to return to RNI. 

The 74. 7 instruction (External Function Sense) may also be employed as a lower instruction 

However, in this case it is no longer a skip instruction; rather it is used to cause an indef-

inite period of waiting until the specified condition is met. The half exit is used and thus 

the 74. 7 is simply repeated until the condition is met; then a full exit is taken. Further 

details on 74. 7 are found in chapter 5. 

,COMPUTER OPERATING CONTROLS 

The logical net"AOrks associated with the switch on the lower center panel of the console 

(figure 2-24) are discussed in the following paragraphs. The switches are: 

START-STEP SWITCH 

Start - Step 

Clear 

Selective Jump 

Selective ~top 

Storage Test 

The START~STEP switch selects the mode of operation of the computer. Both the up and 

down positions are momentary. The up or START position selects the high~speed mode in 
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which a program of instructions as well as auxiliary operations proceeds until completed, 

or until program stop occurs. The down or STEP position selects a mode in which a single 

instruction is executed; operation then stops to await. further manual selection. Thus one 

instruction is executed per depression of the switch to STEP position.· Operation of the 

START-STEP switch is ineffective so long as any buffer channel is active. 

The STEP position has priority over the START position. This means that if the computer 

is operating high- speed as a result of previously selecting ST ART, then depressing the 

switch to STEP causes operation to stop. Selecting STEP removes the previous ef~ect of 
. . . .· .· 

switch selection of a mode made by the ST ART position. All the. effects of selecti~t ~.ither .. 

the START or STEP postion of the switch are felt at the RNI sequence (figure ·2 ... 28h :'·The. · 
" \ ' . ,, 

Start, Step, and Neutral contacts of the switch are connected to a resynchronizi~g .c~~cuit 

which converts the ,d-:- c le~els produced by closing these contacts to single puls~~· .. 

Either a Start or Step pulse causes the digit display to be turned off. The puise· is .tbefi:. 

delayed 16. 6 milliseconds before peing applied to RNI. This delay allows transients, which 

result from turning off the lights, to settle before computer operation begins. In analyzing 

the effec~t of a Start or Step pulse, it is necessary to distinguish between a pul~e following 
'.·. ',, ' I , 

immediately after inaster clear and one that does not follow master cleax:. A:rn.~.st~r: qlear·,: 

jn addition to clearing registers and control FF s, sets the Initial Start FF. P1gur~ 
1
:2 ~ ?.Ef 

shows ;that a ~tart pulse following master clear: 

Initiates a full RNI (at ·Ho9o) 

Clears' Stop II 

· . Begins execution of program at high speed 

A step puls·e following a master clear: 

. Initiates a f~ll RNI (at HO 90) 

Sets Stop I 

Sets Stop II from Stop I (by v 096) 

Halts RNI after v098 
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This pulse reads a pair of instructions. Another step pulse is necessary to execute the 

first instruction. 

A step pulse not preceded by a master clear: 

Sets Stop I 

·..,Initiates execut.ion of instruction (at HOOO) 

Sets Stop Il fro:rn Stop I during following RNI 

Halts following RNI at v098 because of Stop II 

A start pulse not preceded by a master clear: 

Clears Stop II 

Initiates execution of insfruction (at a 000) 

· The program execution continues sinc.e Stop II is cleared and remains cleared. 

CLEAR SWITCH 

The CLEAR switch at the console provides for master clearing the computer (down position) 

and the external equipment connected to the computer (up position).· 'The purpose of either 

a computer master clear or an external master clear is to completely erase all traces of 

. the p·revious mode of operation and thereby to prepare for an entirely new mode of opera­

tion. Eit}ler type of master clear may occur at any time the operator wishes; regardless 

of whether the equipment is operating or stopped, or of the mode ·of operation, the master 

clear takes effect immediately. 

COMPUTER MASTER CLEAR 

Placing the CLEAR switch down effects a computer master clear by: 

1) forcing all stages of the registers displayed at the console 

indicator panel to the "O" state 
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2) forcing a great number of control FFs throughout the 

computer to the "O" state 

3) setting the Initial Start FF (K054 K
055

) to "1 '' 

As a consequence operation stops, if the computer was running. Regardless of whether or 

not the computer was running, the master clear prepares for the resumption of ope~ation 

at the operator's discretion. The operator must select the mode of operation by manually 

entering quantities in the registers provided with set buttons at the indicator panel. A 

computer master clear does not alter any qu~ntity placed in core storage before the clear. 

It must be emphasized that it is not the case that every FF in the computer is cleared by a 

master clear; it does not' clear the secondary registers and many control FFs. 

The master clear is static. Thus, so long as the CLEAR switch is held down the FFs 

affected by master clear are forced to the "O" state. 

, I 

EXTERNAL MASTER CLEAR 

When the CLEAR sw:itch is placed in the up position, a master clear signal is sent out to all 

the equipments conneeted to the computer. An external master clear is not selective; it 

affects every equipment. WHhfn. each equipment the master clear signal forces the critical 

registers and control FFs to the "O" state. (A few exceptional FFs may be set to "1" by 

the master clear. ) All operation stops in the equipment 1'.lpon receipt of the clear signal. 

Following the master clear, each equipment is ready for a mode of operation entirely un­

related to its previous mode. However, an external master clear does not in any way alter 

the information recorde:i on the storage medium of the external. equipment. 

2-87 



i1r-. ------------CONTROL DATA CORPORATION 
~ ~ DVv®nt 

SELECTIVE JUMP SWITCHES 

The three SELECTIVE JUMP switches provide the manual conditions for performance of 

normal jumps for instruction 7 5 with j = 1- 3. and return jumps for instruction 7 5 with 

j = 5-7. The connection of these switches to the logical circuitry of the computer is shown 

! in figure 2-29. Each switch has a_ resynchronizing circuit. The outputs of all three cir­

cuits are sa~pled at the inputs to F 910. The switches lock in up position and are momen;.. 

tary in down position. While either position meets the manual condition for jumping, only 

the up (locking) position is used. 

SELECTIVE STOP SWITCHES 

The three SELECTIVE STOP switches function for instruction 76 in a manner~ similar to 

the Selective Jump switches for instruction 75. The stopping of operation by execution of 

75 and b = 1-3, 5-6, is conditioned by the switch positions. Three resynchronizing circuits 

are associated with the switches, and the circuit outputs are combined with the translations 

of j associated with the switch. The switches lock in up position and are momentary in 

j: 1,5 

SEL. JUMP I RE SYNC 

J=2,6 

JUMP 
SEL. JUMP 2 RE SYNC J050 CONDITION 

SATISFIED 

j=3,7 

SEL. JUMP 3 RE SYNC 

f=75 

Figure 2- 2 9. Sampling· Selective Jump Conditions. 
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down position. Either position meets the manual condition for jumping; but ordinarily only 

the up position is used. 

STORAGE TEST SWITCHES 

There are two STORAGE TEST switches, MODE and MARGIN. The switches lock in both 

up and down positions. Normal operation occurs when the switches are in the neutral 

position. 

The MODE switch in up position provides for repeatedly reading and executing the same 

pair of instructions. This .'is accomplished by disabling the advance p command which is 

normally initiated by the performance of a full RNI. 

In down position the MODE switch provides for sweeping through (successively) all the 

addresses in storage. Figure 2-12 shows that in this type of operation. instructions are not 

executed; rather, only the RNI sequence -is performed. A full RNI, ·which initiates a storage 

reference, is performed and followed immediately by a half RN!, which does not initiate a 

storage reference. Another full RNI follows immediately upon the half RNI. Since this· 

next full RNI advances P, the storage address referred to is one greater than the address 

referred to ill' the preceding full RNI. 

Note that the rate at which storage references are initiated in the sweep mode is fixed in 

the case of high speed operation. Sweeping t.hrough storage may also be accomplished by 

stepping. In this case the operator can view the content of each address as it is read. The 

upper 24 bits of the word at the address appear visually in the program control register at 

the console when the full RNI is performed. The succeeding half RNI transfers the' lower 

24 bits into the program control register for visual inspection. 
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MASTER CLOCK 

The master clock provides the timing pulses used throughout the computer. Directly or 

'indirectly the timing of all signals is determined by this clock. The master clock consists 

of a system of ~v~r 100 interconnected oscillators (ea.ch contained on a type 01 card). In 

addition the system sometimes employs single inverters as slaves to provide additional 

outputs from the os.cillatotS. 

! . 

Each oscillator operates at 2. 5 megacycles. There are ten sine wav~ outputs provided by 

an oscillator. Five of the outputs ~re 180 degrees out of phase with the remaining five. 

·One set of outputs is designated as "even" and the other set as "odd" (the reason for this 

designation is given.later). ·The circuits which receive the sine wave outputs of the oscilla­

tors convert them into rectangular waves. The even and odd ,outputs along with .the rectang­

ular waves prodt;tced from them are shown in Figure 2-30~ Tpe asymetrical form of the 
. . . 

rectangular wave is due to the bias used in clipping the sine wave peaks. Only the negative 

or smaller portion of the rectangular wave is effective in gating. Thus the clock pulses 

used in the computer are O. 2 micro.seconds in duration. 

The elements or circuits of the master clock appear in the. File of Equations. Oscillator 

circuits are denoted by symbols of the form C Each oscillator has two such symbols 

220 221 . associated with it,. for example, C and C . The two symbols always have consecutive 

superscripts. ,The smaller superscript has an even digit in the third position. The even 

symbol, c 220 in.this case, denotes the part of the circuit concerned, with clock pulses of 
\ 

. 221 
ohe phase, which is called "even". The odd symbol, such as C , denotes the other part 

of the circuit providing clock pulses of the opposite phase, which is called "odd". 

The first digit of a C symbol indicates the chassis on which the oscillator is located. 

Thus, c 220 
.appears on chassis 02. The even part of. each oscillator in the computer is 
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HI 
A. OSCILLATOR TEST POINT 

(VERTICAL : 5v /cm ; 

SWEEP: 0.2 µsec/cm) 

B. OSCILLATOR OUTPUT PIN 
(VERTICAL: 5v /cm. ; 

SWEEP: 0.2 µsec/cm) 

C. COMPARISON OF PHASES AT THE 

OUTPUT OF SLAVE INVERTER 

(VERTICAL: 2v /cm.~ 

SWEEP: 0.2 µsec/cm) 

Figure 2-30. Master Clock Oscillation 
Waveforms. 
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connected to the even part of every other oscillator. Similar connections exist between the 

odd parts of the oscillator~·. These intercdnnections of the oscillators insure synchroniza­

tion of all of thein. 

!J, 

Each chas,sis has one da.rd type 00 on it. This card connects the system of oscillator cards 

on that chassis tp the oscillators on the remaining .seven chassis. The 00 card thus func-
, I , 

tions as· a switch. When it is inserted in its jack it clos~s the connection of the oscillators 

on its chassis and those on the 0th.er chassis.· When the 00 ·card is removed from its jack 

it Ol_>ens this connection. This facilitates m8:intenance of the master clock. 

Since the outputs of the oscillator draw some· current, it is desirable to load the osc-_illator 

as symmetrically as possible. Thus an attempt is made to use nearly as many even outputs · 

as odd outputs from an oscillator. In cases where a great niany outputs of one phase are 

required, symmetrical loading of·the oscillator is n;i.aintaine<;I by the use of single inverter 

slaves. The slaves in effect increase the available outputs. 'such single inverters are de-
g.,._ 

noted by N symbols. Suppose,. for example, that additional requirements for odd clock 

pulses have ar.isen. They can be supplied by a singie inverter, for example, N953: · which 
221 . ' ' 221 

receives an input from an odd part of an oscillator, say C The odd output of C is 
,.J 

inverted by N953 which then provides up to six odd outputs. 

The master clock begins operation a.s soon as power is applied to the central computer. 

Operation of the clock continues so long as power is applied, regardless of whether,compu-

tation is going on. 
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CHAPTER 3 

ARITHMETIC SECTION. 

The arithmetic, section of the 1604 central computer is composed of· the three registers A, 
\ 

Q and X. Asso°'iated logic circuitry provides for the entry of the registers into the opera-

tion of the computer or tests the condition of the registers' contents. The arithmetic sec~ 

tion {figure 3-1) also borrows circuits of the control section to. aid in the p~rformance of 

·some arithmetic operations. 

The procedures followed in the arithmetic section are derived from the fundamental logic 

processes, and the arithmetic is performed according to the rules of one's complement 

binary arithmetic. Although this secti<:>ri of the computer is directly concerned with all 

arithmetic, elements of it are also used in a number of operations not directly associated 

with arithmetic. 

. . 

This chapter describes registers A, Q and X and the· operations in which they are involved. 

In some instances entire instructions are analyzed to demonstrate how various parts of· the 

arithmetic section are used. 

ARITHMETIC REGISTERS 

A~CUMULATOR 

The principal ·arithmetic register is the Accumulator {A r.egister), so called becam~e on~lof. 
I 

its contributions to computer operation is to form the results of arithmetic operations by 

the process of accumulation. Some of the more important functions of A are:· 

1) Arithmetic operation - A initially holds one .of the operands 

in addition, subtraction, multiplication and division. The 

result is usually held in A. 
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2) Shifting - A may be shifted separately or in conjunction 

with Q to the right or left. Right shifting is open-ended 

with lowest bits discarded and sign extended. 

3) Control for conditional instructions - A holds the word which 

conditions jumps and search instructions. 

The A register is composed of two major functional parts: 1) two ranks (A 1 and A 
2> of 48 

flip-flops each, which provide for storage of words; and 2) the borrow pyramid, a network 

for sensing and generating the borrows required in subtracting the complement of X, that is, 

X 1, from A. Figure 3- 2 shows a typical stage of A. The upper FF is in rank A 1 and the 
. 2. 

lower in rank A . 

Normally, rank A 
1 is permitted to follow rank A 

2 
unconditionally. The signal A 1

-+ A 2 is 

produced each phase time as long as the s·eparate storage facilities of A 2 are not required. 

2 1 2 1 2 . 
Thus, for example, the commands Add X to A and Q ,... A reference A as well, dupli-

cating in A 2 the data transferred to A 1. Similarly, the command Clear A is applied only to 
A 

1
, but its effect is felt by A 

2
. A 

2 
receives the next higher. or lower bits in the right or lef* · 

shift operations and supplies the quantity for the transfer A .... Q. 

Only the Q and X registers communicate with A (figure 3-1). The transmission from Q to 

A is accomplished in the ordinary manner. Transmission of x 2 to A 1 makes use of the add -

path.: Al is first cleared, then x 2 is added to A 1 . 

Q REGISTER 

The Q register is the auxiliary arithmetic register. It is comp~sed of 48 stages of double­

rank FF storage> and associated circuitry. The two ranks operate independently .of e~ch 

other. The signals causing transmission between them are generated conditionally. The 
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0 
0 0 
<( . <( 

...__-~-+------ii----+---+--+--- TRANSFER A2-+A1 

~---+---+------i---+--+---+--- TOGGLE A 

--------1---+-----1-------+--- TRANSFER Q~A1 

----+---- CLEAR A 

Qo10 A510 A510 A501 A525 

N. fl> 

0 0 
, <t' <( 

AOOI Aooo 

Ao21 

-----------.....----+--- SHIFT A RIGHT 

~----------i--~---+--- SHIFT A LEFT 

----------------------- TRANSFER A1-+A2 

Figure 3-2. Typical Stage of A Register. 
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principal functions of ·Q are: 

1) providing temporary storage of. contents of A 

2) forming a double-length register, AQ or QA 

3) shifting to the right or left, separately or in conjunction with A 

4) participating in multiplication, divisi.~:m and logical product operations 
(masking). 

As shown in figure 3-1, Q communicates directly with the A ~~gister only. In the formation 
1 . 1 

of logical products the clear outputs of Q · are transmitted to clear inputs of X • 

X REGISTER 

The Exchange, or X, register is the communication center of the computer. All internal 

transmissions between the arithmetic section or the input-output section and the rest of the. 

computer are made through X. 

The X Register is composed of. 48 'Stages of double-rank FF storage and associated cir~uitry. · 

Communication between the ranks ~s dependent upon the conditional generation of the trans ... 

1 2 2 1 fer X ~ X or X ~ X commands. The principal uses of and operations involving the X 

·register are: 

1) participating in arithmetic operations 

2) complementing 

· · 3) formation of logical products 

4) assembly and disassembly of floating point word~ 

5) communication between various sections of the computer (see figure 3;-1) 
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CONTROL REGISTERS USED IN ARITHMETIC OPERATIONS 

Certain arithmetic operations borrow elements of the control section to effect theit bom-
I 

pletion. In t:he case of the multiply, divide and shift instructions a contrbl quantity. is 

placed in R. to govern the operation; arid in the case of th; floating-point instructidfi use is 

made of the arithmetic qualities of the U and R registers. 

Multiplication and ·division operations proceed as repetitions of a two-part step, which con-

sists of: (1) an addition (for multiplication) o.r a subtraction (for division); and (2) shifting. 

The number of repetitions of the step is· controlled by the R register, and in preparation 

for the operation, R is preset to indicate the number of repetitions. After each step is 

performed R is reduced by one; when R=O, the operation concludes. 

BASIC OPERATIONS 

BINARY. AnITHMETIC 

The binary number system is the basis for the representation and manipulation of all infor­

maticm within the computer. Only two digits, 110·" and 11 1 tt, are used in this system. This 

characteristic is .fundamental to ·computer operation since it permits t~e assignment of a 
I ' 

pair of cohdij~ons, in this case voltage levels, to be sQfficient to encode data presented in 

binary form. .(i. voltage of -3. Ov represents a 11 111
; a voltage of -0. 5v represents a "O''• 

A binary number: uses the digit 2 as its basis of notation fradix) in the same manner that a 

decimal number uses 10. To illustrate, the decimal number 653 breaks down as follows:· 

6' x 10
2 + 5 x 101 + 3 x 10° = 600 + 50 + 3 

Similarly, a binary number such as 1011 can be analyzed: 

1 x 23 · + o x 22 + 1 x 21 + 1 x 2° ~ -,s + o· + 2 + 1 

which is equivalent to decimal 11. 
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Table 3-1 lists the decimal numbers 0 through 16 and their binary equivalents. 

TABLE 3-1. DECIMAL A:rfD BINARY EQUIVALENTS 

DECIMAL BINARY DECIMAL ·BINARY 

0 00.000 9 01001 

1 00001 10 01010 

2 00010 11 01011 

3 00011 12 01100 

4 00100 13 01101 

5 00101 14 01110 

6 00110 15 01111 

7 00111 16 10000 

8 01000 

Binary numbers are added togeth~r according to the following rules: 

0 + 0 = 0 

0 + 1 = 1 

1 + 0 = 1 

1 + 1 = 0 with a carry of 1 

T~e addition of two binary numbers proceeds as follows (the decimal equivalents verify 

th~ result): 

Augend 

Addend 

ParUal Sum 

Carry 

~um 

0111 

+0100 

0011 

1 

1011 

3-7 

(7) 

+(4) 

(11) 
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Subtraction may be performed as an addition. These decimal exampl~s illus'ttate this 

method: 

8 (minuend) 

-6 (subtrahend) 

2 (difference) 

8 (minuend) 

+4 ( 10 's complehlent or subtrahend) 

2 (difference ... omit carry) 

The s~cond method shows subtraction performed by the "adding the complement" method. 

This process is proved in the following identities: 

8 - 6 = 

8 + (10 - 6) - 10 = 

8 + 4 . - .10 

The omission of the carry in the illustration has the effect of reducing the result by 10. 

A method of compleme~ting a binary number, known as the one's complement, is formed 

by subtracting each bit of the number from 1. For example: 

1111 

' 
-1001 (9) 

0110 . (one's complement of 9) 

The one•s. complement of a binary number may· also b~ formed by substituting 11 1 's" for 

"O's" and "O's" for ''l's" in the number. 

Performing subtraction by the complement m.ethod means that the computer need perform 

only one basic arithmetic operation, namely, addition. The accumulator circuits that per­

form the arithmetic were chosen to be subtractive; thus addition as well as subtraction is 

accomplished subtractively. The following equation shows that it is possible to achieve the 

result of addition by a subtractive process: 
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------tm:nsmit the 110 11 output of X 

= ..A. - ( ~ X) 

t 
~------subtractive accumulator 

The equation states that the quantity in X is added to the quantity in A by subtracting the 
I 

complement of X, usually written X , from A. The equation indicates that even though A is 

subtractive, the net result is additive. The notes above and below the equation indicate the 

manner in which the computer accomplishes addition. 

Fundamental to the performance of subtraction is the generation of borrows which completes 

· the operation. A "borrow" in a subtr~ctive type accumulator compares fo a "carry" in an 

additive accumulator,. the except.ion being that a borrow "backs 11 a stage one count, whereas 

a ~arry "advances" a stage one count. It is this borrow feature which makes A subtractive 

rather than additive. 

ADDITION. 

Perhaps the most important function of the arithmetic section is the basic operation of addi­

tion because it is involved in most other operations. Both the accumulator and the X regis­

ter are used to accomplish addition. In the addition of, X to A the. result is governed by two 

conditions: ( 1) what must be done to A to produce the difference without borrows of A and 
n n 

I 

X ; and (2) whether the arithmetic difference of A 1 and X 1 
1 requires that a borrow be n n- n-

made from A . 
n 
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Sensing for First Condition 

Table 3-2 shows that 110 11 subtracted f:rom a thinuend of either "O" or "1" results in a dif-

ference which has the same value as the minuend; conversely, a 11 111 subtracted from a 

minuend of either 110 11 or 11 1 II results in a difference which is just the reverse of the minuend 

in each case~ Where the minuend is 110 11 
(

11 111 is subtracted from "O") a borrow from the 

next higher-orde,r bit is required. The following rul~$ summarize these observations on 

binary subtraction: (1) whenever the subtrahend is "O", the difference is the same as the 

.minuend regardless of whether it is 110 11 or 11 111
; and (2) whenever the subtrahend is "1 ", the 

difference is the reverse of the minuend, with a borrow required from the next ~igher-order 

stage when the minuend is "O". 

If the borrow generated in the last case of table 3- 2 is disregarded, the difference column 

is the logical or bit-by-bit difference resulting from the associated minuend and subtrahend. 

In the addition of X to A, the minuend is. converted into the logical difference of the minuend 

and the subtrahend, by complementing the bits of the minuend for which the corresponding 

bits of the subtrahend are "1" (table 3- 2). The minuend is in A and the subtrahend is the 

. complem.ent of the quantity in X. The logical difference of the minuend A and the subtra­

hend X is formed by toggling (individually complementing) each bit of A for which the corres­

ponding bit of X is a 110 11
• 

TABLE 3-2. BINARY SUBTRACTION 

Minuend Subtrahend Difference 

1 0 = 1 

1 1 = 0 

0 0 = 0 

0 1 = 1 with a borrow re-
quired from the next 
higher-order bit. 
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Sensing for Second Condition 

The second condition in the addition of X to A indicates what borrows must be made to form 

not merely the logical difference but the arithmetic difference of A and X. It is necessary 

to borrow from .stage A when both A 1 and X 1 were initially "O"; in other words, a , n n- n-

borrow from Ar\ pieans that the logical, difference of An- l and Xn- l is "O". This follows, 

since the compl~'~ent of Xis subtracted from A. When X .1 is a "O", its complement is n-

11111, and it is the complement of X l which is subtracted from A 1. n- n-

Combining the· Two Conditions 
\ 

The addition of X to A is accomplished by toggling k. as determined by the two conditions 

describe~) above. For each stage of A the two conditions for toggling are combined to gate 

the comm.land Add X to A. If this AND is satisfied for A , then A is toggled. Following 
r l . n n 

the occurrence of the toggle com.mand, ·A holds the sum of A and X. 

I 

Since the two conditions are independent, it is possible for both of them to be satisfied at 

the same time for a given stage. If both require A to be toggled, then A should not be · n · n 

toggled at all since toggling a stage twice restores it to the initial state. Also, if neither is 

satisfied, A is not to be toggled. Only if one or the other condition (but not both) e:dsts 
n . . -- - "' -- -

should An be toggled. The exclusive OR. combination of tne two conditions is required for 

gating the Add command. Thus, A 'is to be toggled for either of these cases: (1) X is "O" 
n n 

and no borrow is required from A ; and (2) X is 11 111 and a borrow is required from An. 
n n 

If a borrow is required from A and A is 110 11
, then a bor:i:-ow will be. required from An+· 1. n. n 

ff An+ 1 is a "O ",, then a borrow will be I'equired from An+ 2, and so o,n. The propag~tion of 

a borrow. continues in this manp.er. until a stage is reached which is "1 11
• If a borrC?:w is 

:gez:ierat~~ in A47, the stage of highest order, it is made from A00. This is the end-around 

borrow which makes the accumulator a one's complement arithmetie device. Note especial\y 
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that a borrow may be required from A and yet it will not be toggled by the Add command. 
n . , 

This situation exists whenever X is "O ". . . n 

Addition Example 

The example giy-en below illustrates the addition procedure. A 4-bit system is used for 
I 

convenience; however, the 48- bit system of the accumulator is exactly the same. The log-

ical difference of A initial (Ai) and Xi is formed by complementing each bit of Ai where the 

corresponding bit of X. is 110 11
; the other bits of the logical difference are the same as those 

1 

·of Ai" The determination of borrows can be ~ade with the aid of this logical difference. A 

borrow is generated in any stage A where A and X are both "O 11
• The borrow is rep re-. n n n 

sented by an arrow which points to stage An+ 1, from which the borrow is made. · In the case 

where. the borrow points to a stage of the logical difference of A and x1 that is "O" another. 

borrow is required. To determine what stages of A must be to.ggled by the command Add X 

and A to produce the sum, a. T is placed in that stage position· when, Xn is "O" arid no arrow 

points to it, or- X is 0 1" and an arrow points to it. 

Aqgend, in A initially 

. Addend, in x 'initially 

Logical Diffyrence of 
A andX 

·Stages to be Toggled 

Sum of A and X 
(produced by toggling A. 
in each bit with a T). 

1 

3-12 

0 1 0 

0 0 1. 

ci 0 0 

·TT 

i 0 0 

1 + 5 

1 ·+ 3 

l=:J 

T 

0 + 8 
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Borrow Pyramid 

The borrow pyramid senses the stages of A from which borrows are required and sends sig-

nals to them. These signals accomplish borrows by toggling the necessary stages. The 

--0 --1 --2 pyramid is a network of inverters, part of which senses borrows (the A , A , A , 

A-- 3, A-- 4, A-- 5 and A--B inverters) and part of which senses where A must be toggled 

(the A- - 7 inverters). The borrow sensing is accomplished by sampling A 2 and x 2
. The 

result of borrow sensing is combined with x 2 
as the input to the toggle control. The latter 

1 . 2 1 
then determines what stages of A . are to., be toggled by the Add X to A command. Appen-

dix A at the back of this volume contains a detailed examination of the borrow pyramid. 

Figure 3-3 shows the relation of the pyramid to the A and X registers. The purpose of this 

'portion of the accumulator is to sense for each stage of A whether one or the other bf two 

conditions exists which requires that A be toggled in the addition of X to A. These conc;U-. n 

tions for toggling are, once again: X is "O" and no borrow is required from A ; and X is· . · n n n 
11 111 and a borrow is required from A . . . n 

For the full additions, the Partial! Add in A FF is cleared. By setting it, the borrow sensirg 

is disabled. This permits the Add command to simply toggle x 2 into A 1 . Since this 

amounts to an Add without carries it is called a Partial Add. 

SUBTRACTION 

The basic operation of subtr_action is accomplished in a manner similar to addition. The 

minuend is located in A; the subtrahend is in X. Subtraction is prepared for by first com -

plementing X 1 with the command Complement x 1
-+ x 2

. It is X' which is subtracted from A. 
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Since this means X is in effect complemented twice during the operation, it follows that the 

procedure reduces to A - X, as is shown in the following equation: 

~----......._---transmit the "O" output of X 
A - X = A - ( - -X) L Lcomplement X 

subtractive accumulator 

Subtraction is accomplishe:l in three steps: (1) complement X; (2) sense borrows by means 

of the logical difference of A and X; and (3) form the arithmetic difference by toggling as 

indicated by the borrow situation. Except for. the first step. the procedure is the same as 

that used in addition. 

SHIFTING 
./ 

Fundamental to the arithmetic operations are the shifting properties of A and Q. These 

registers can be shifted either to the right or to the left separately or as a combined 96-bit 

unit. Shifts are accomplished in increments of one stage at a time, . µ.p to the register 

width. 

The transmission paths for shifting are always from the upper rank of the register to the 

next stage in the lower rank, the direction depending upon the type of shift, right or l~f~, 

being performed. A subsequent command places the ·shifted word into the upper rank. Whal 

A and Q shift as a unit, A00 is connect~d directly to Q 47 . 

The right shifts are all open-ended; as a word is shifted tq the right the least-significant 

bit is lost after each stage shift. The sign bit is maintained in the most-significant stage 

·and is extended to the right for as many stages as the word is shifted. 

All left shifts are circular in fashion; the left shift sequence connects the highest stage di· 

redly to the lowest stage. ·Thus the content of the sign bit stage appears in the least­

significant bit stage after each stage shift, and all other positions move one place to the left. 
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The shift operation can be called for directly- by instruction and occurs .as subsequences in 

the multiply, divide, no~ting7'point a.nd scale instructions. 

Shift Instructions 

The following instructions are used in programs to directly specify a shift operation: 

Instruction Function 

01 Shift A to the right 

02 Shift Q to the right 

03 Shift AQ to the right 

05 Shift A to the left 

06 Shift Q to. the left 

07 Shift AQ to the left 

The number of places to be shifted is designated by the operand address portion of the in­

struction. The shift count can have any value up through 127; however, 96, the number of 

stages in the double-length register AQ, should be the largest ·significant count. (The lowest 

eight bit positions of. the execution address are required to encode 96, since the capacity of 

these. eight, b.it positions is 127. Thus numbers in the range 97-127 are acceptable counts. ) 

Any 11 1 'sn.in bit positions greater than 2 7 cause a fault indication which may be sensed by 

the external ft.mction instruction. 

Th~ zero add~es~ sequence initiates shifting by setting one or more of the four FFs 

(KSlO - K317) in the shift control circuits (figure 3-4). 0Qce set, these FFs enable the 

shift and Reduce R commands to occur every even phase. During the odd phase the R 2 to 

R 1 and appropriate A 2 toA1 or Q 2. to Q 1 commands occur to prepare for t~e upcoming shift 

and reduce commanda. 
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f=Ol,03 N911 

A RIGHT RIGHT SHIFT A 

ZA 1(310 
H9to 

N-12 

1(311 

.1 J 

f=05,07 R=I N'" 
A LEFT LEFT SHIFT A 

ZA t(314 
H9t4 

N911 
N-14 A2 TO Al 

K315 H901 

R:I 
N-01 

y886 R2 TO R1 

H96t 

N-tU 

vase 02 TO o' 
H9os 

1=0~p3 N''a 
Q RIGHT RIGHT SHIFT Q. N-os 

ZA 1(312 
H922 

K3t3 
N913 

N-22 

f=b6,07 R:f 
Q LEFT LEFT SHIFT: Q 

ZA Kate 
H924 

N913 
N-24 

1(317 

R:t 'SHIFT FF\ REDUCE R1 TO R2 

Ka--

~ '10 

R=O 
SHIFT EXIT FULL EXIT 

ZA l(HO 
Ho33 

f:::Ot~ EXIT FF=O 
vo33 

05..,.07 
K32t 

R:O 
HALF EXlT 

H04t 

, EXIT FF=I 
yoas 

Figure 3-4. Shift Control. 
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The bottom of figure 3-4 shows the circuits concerned with shift termination. Shift Exit FF 

(K320 1321) is set to maintain a recor_d of the fact that one of the shift instructions is being 

executed. When R is reduced to R= 1 the shift FFs (K31 O - K31 7) are. cleared (on the even 

phase). This terminate; shifting at the correct point, since a shift command is being execu­

t~d at the same time. 

The. Reduce R command accompanying this last shift command reduces '.R from one to zero. 

The signal indicating R=O (even phase) allows the appropriate exit to be taken. 

Shifting in Multiplication and Division 
' ' 

Shifting is fundamental to the arithmetic operations of multiplication and division. In multi-

plication, the AQ Right Shift is used to position the current sum of partial products in AQ 
i ' 

for the formation of the next partial product. The shift al~o positions the next multiplier bit 
' 

in Q00 to determine the action required for generating the next partial product. The number 

of shifts required to produce a product depends on the type bf multiplication (integer,, frac-: 

tional or floating-point) being performed. The control for t~e number of shifts is preset in 

R by the instruction. 

In division, left shifts are employed to properly position the partial dividend as a minuend 

for the subtraction of the divisor to determine. the individual bits of the quotient. The shift 

also causes the quotient bits to be assembled in proper order. The type of division being 

pe:r:formed determines the number of shifts required to complete the quotient. 

Shifting in Floating-Point Instructions 

Shifting is employed as described above for determining the product or quotient of two 

floating-point operands. In addit~on, floating-point operations may require additional shift­

ing in order that the final result may be expressed in proper fashion. 
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Shift in Scale Instructions 

The scale instructions 34 and 35 are essentially left shift instructions, the main difference 

being the control that causes the operation to conclude. The content of A or AQ is shifted 

to the left until R = 0, as is the case for the normal shift instructions; or the shift concludes 

when a "1" appears in the stage immediately to the right of the sign bit. 

The means of accomplishing shifting for the scale instructions is similar to that for the 

shift instructions (figure 3-4). The A Left FF or both the A Left and Q Left FFs are set to 

begin shifting. Shifting terminates by clearing these FFs when R = 0 or when scaling is 

achieved. 

ITERATIVE SEQUENCE 

The longer arithmetic operation of multiplication and division and all floating-point opera­

tions are performed by the Iterative sequence. This sequence consists of control delays 

with HB-- and VB-- symbols (figure 3-5). 

For any of the instruction (24-33) using the Iterative sequence one of the operands is 

initially in A as the result of a previous instruction. The sequence begins at H
601

. The 

first part of the chain acquira3 the second operand from storage and begins the preparation 

of the operands. Various portions of the ·chain are then used as shown in figure 3-4 depend-

ing upon the instruction. 

MULTIPLICATION 

The multiplication instructions, . (24) Multiply Integer, (26) Multiply Fractional and (32) 

Floating Multiply, cause the computer to form the product of two operands, one contained 

in A and the other in the address specified by the instruction. The word in A is the multi-
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r 

TO 

24-33 

PRE~~RATION 

Jd614 

vs14 

AND ACQUISITION OF OPERANci:S 

A 
WAIT 

STORAGE HG.2.0 
K2oa v620. 

K2o9 
RESUME 

FLOATING POINT 

I 
·~. . ~ 

TO 
' ~ " .. ~ 

... 
H623 

·'•v623 

j 

.l 

\ 

r 
i. \' A.._ ________ ....,.,..._~__,.......,_ 
P~EPARATION OF SECOND OPERAND 

30-33 30,31 

3~,33 

32 

H &3{) Hs31 

.,_-t-----t: i--;;11 V63o TO V 637 

24,26 ' 

END CORRECtlON 

33 

DIVIDE STEP 

H640 TO H647 

vs40 vs41 

Figure 3-5. Iterative Sequence. 
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plier; the word in storage is the multiplicand. The result of the 24 and 26 instructions is a 

96-bit quantity, held in QA for 24 and in AQ for 26. 

The computer performs a multiplication by repeated additions and shifts. The multiplicand 

which is in stora~e is transferred to X from which it can be added to the partial product 

being developed f.;r1 AQ. The multiplier digits, initially stored in A, are transferred to Q and 

then sequentially inspected beginning with the least- significant bit. The magnitude of each 

multiplier bit determines whether or not the multiplicand is 'to be added to the current sum 

of partial products during the particular step _for which it is the control. 

Binary multiplication proceeds according to the following rules! 

0 x 0 = 0 

0 x 1 = 0 

1x0 = 0 

1x1 = 1 

Multiplication is always performed on a bit-by-bit basis as carries do not result from 

multiplicatinn, since the product of any two bits is always a single bit. 

For a more detailed explanation of binary multiplication., consider first the followin~,deci-
,, 

mal example: 

multiplicand 14 

multiplier 12 

partial products { .28 
14 shift ~ne place left 

. \ 

product 168 

Note the apparent shift in the expression of the second partial product; however, this is a 

shorthand method for writing the true value 140. 
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Re-expressing this example as the product of the two binary numbers, the problem under 

consideration becomes: . 

fnultiplicand (14) 

multiplier ( 12) 

I 

partial prodticts 

prodtlct (168) 

1110 

1100 

0000 

0000 shifts to place digits 
in proper columns 

1110 

1110 

10101000 

·To avoid the difficulties that arise in the summatiori of more than two numbers, the computer 

determines the running subtotal of the partial products. Rather than shifting the partial pro­

duct to the left to position it correctly as is done in paper and pencil multiplication, the 
' ' 

computer accomplishes the ~ame function by right shifting the summation of the partial pro-

ducts one place before the next addition is made. When the multiplier bit is "1 ", the multi­

plicand is adde:i to the running total and the results are shifted to the right one place~ When 

the multiplier bit is a 110 11
, the partial product subtotal is shifted to the right (in effect, the 

quantity has been multiplied by 10 2). 

After each multiplier bit in Q is considered it is discarded and Q is shifted right one place. 

This always positions the current multiplier bit in Q00 . Because of this right shift the upper 

stages of Q become available to receive the lower-order digits of the product as it develops 

and is right shifted in .A. Visualizing the example as the process evolves, the contents of 

the X, Q and A registers would appear as follows (for brevity,. the registers are considered 

as containing four bits and sign): 
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x 
0 1 1 1 0 

A Q 

Initial 0 1 1 0 0 0 0 0 0 0 

Step 1 0 0 0 0 0 0 1 1 0 0 Interchange A and Q 

Step 2 0 0 0 0 0 0 0 1 1 0 Add ·Qq~ times X to A 
Shift r ht one 

Step 3 0 0 0 0 0 0 0 0 1 1 Add Qqa times x to A 
Shift r ht one · 

Step 4 0 0 1 1 1 0 0 0 0 1 Add Q00 times X to A 
Shift right one 

Step 5 0 1·0 1 0 1 0 0 0 0 Add Q00 times X to A 
Shift right one 

Step 6 1 0 0 0 0 0 1 0 l 0 Express the lower bits of 
the product in A, the 
upper bits in Q. 

The actual multiplication procedure which is carried out by t.he Iterative Sequence may be 

divided into three parts: 

·1) initial sign correction 

2) multiplication phase 

3) final sign correction 

During initial sign correction both the multiplier and multiplicand are made positive, if 

they were not so originally. In order to given the final product the proper sign, the Sign 

Record FF is set if the signs of the two were unlike (product is to be negative). If the signs 

are alike the FF is cleared. Lat~r during final sign correction the Sign Record FF indicates 

whether the product obtained from the multiplication phase must be negative and hence com-

plemented. 
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Following the initial. s,ign correction, the sequence generates a control quantity which deter­

mines the number ~f, steps necessary to conclude the multiplication. This number, which 

varies with the type,' of multiply bel.ng performed, is set in I2 add transmitted to R. As each 

step is completed R is reduced by one. When :k = 0, conditionfJ are produced which cause 

the sequence td. perform its concluding operatidn. 

The step control quantities set in 12 for the different multiplication instructions are as 

follows: 

48 for instruction 24, · Multiply Integer 

47 for instruction 26, Multiply Fractional 

36 for instruction 3 2, Floating Multiply 

The difference in the control quantities provides for the proper positioning of the product 

within Q and A (the A register in the case of Floating Multiply). Integer products are 

positioned with regard to the binary point being at the right-hand side of A; the fractional 

products are position~\! with regard to the binary point which is located immediately to the 
' ' i 

right of the sign ,bit, A-47' For floating-point products the point is j,ust left of stage A35 . 

The determining ~f ~ pr6duct 'With operands packed in floating-point format proc·eeds in a 

manner sim:na~ tc»tha:t d~s·cribed h~re. However, floating-point multiplicands and multi-
. . 

pliers contain 36 bits; tJ:ierefcJre, multiplication is accomplished in fewer steps. The pro-

dil;ct is then rounded to S'.6 bite. 

After the preparatory measures described above have been accomplished, the multiplica­

tion phase begins. This part of the procedure is accomplished by repeating the multiply 

step (figure 3-6) the number of times specified by the control quantity. Each repetition 

forms the partial product of a bit of the multiplier and the multiplicand and then adds this to 

the running sum of partial products. 
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I 

The first multiply step begins by shifting.·AQ right. This disposes of the multiplier ~it in 
> / ~ 1 

Q; however, the effect of Q00 is mainta~hed in slaves long enough to .determine the p~th 

(the short loop or long loop) for the firJt trip around. Following th.e ~hift, the sequ.~nce 
·/' 

reaches a decision point: if Q00 was ~. i.•0 11
, the short loop is seled.ted; .if Q00 waS}i "1 ", 

the long loop is· $elected. The short t6op merely right shifts the ~artial product i~ AQ; this, 

as was explained previously, has the effect of a' multiplication by, a zero bit. The long loop 

first adds the multiplicand X to the sum of partial products in A and then initiates a shift 
. ' ' . 

AQ right, performing a multiplication of one bit. As each shift, on either the short or long 

loop, is performed, R is reduced by'· one. When R = 0 the product accumulation is termin­

ated. 

I 

The product as it has been assembled is a positive number, it has a "O" sign, and its bits 

are presented in non-complement fashfon. If the product is to be expressed as a negative 

number, that is, if the operands were initially of opposite signs, A~ is complemented. In 

the case of 24, Integer Multiply, A an'd Q are interchanged to' place the least-significant 

part of the product in A. 

DIVISION 

' ' 

The divide instructions call for the divi~ion of a word already in the A and Q registers by a 

divisor which is in storage at an address specified by the instruction. There are three 

division instructions: (25) Divide Integ,r; (27) Divide Fractional; and (33) Floating Divide. 

The execution of a division is performeb in three phases:. initial sign correction, division 

phase, and final sign correction. 
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The following example shows the familiar method of decimal division: 

Divisor 
14 

13 I 1a5 

13 

Quotient· , 
Dividend 

55 Partial Dividend 

52 

3 Remainder 

The computer performs division in a similar manner (using binary equivalents): 

Divisor 
___ 1_1_10_ Quotient 

1101 I 10111001 Dividend 

1101 

10100 

1101 

1110 Partial Dividends 

1101 

11 Remainder 

However, ·instead of shifting the divisor right to position it for subtraction from the partial 

dividend (shown above), the computer shifts the partial dividend left, accomplishing the 

same purpose and permitting the arl thmetic to be performed in the A register. The com-

puter counts the number of shifts, which is the number of quotient digits to be obtained, and 

after the appropriate number of counts, the length of the quotient register, the routine is 

te.rminated. 

In programming a division the relationship of the size of the dividend and the divisor must 

be considered in order to express the quotient within the capacity of the quotient register. 
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Initial Sign CoJ:'irection 

. . . I 

Since the division phase requires a positive divisor_ and dividend, the first phase, initial 

sign correction~ complements either or both of these operands if they ate negative~ At the 
. \ \ 

same time the ~gn of the quotient 'is determined by the normal algebraic. rules: the quotimt 
\' t \ 

is positive if th~ signs of the opei-and ~re alike, negative if the signs ~re unlike. A~ indica-

tion of the sign dr the quotient is stored in the Sign Record FF. Later:, during the fi~al 

sign correction, ithis FF directs whether to complement the positive quotient that al~ays 

results from the 
0

1
division phase. In a simila.r manner the sign of the dividend is recorded 

so that the remainder rnay be given. the same sign. I , . 
\ 

For the division p4af3e the dividend must be positioned in AQ, i. e. , with higher-order bits 

in A. Therefore, ~uring initial sign correction for 25 Divide Integer, A artd Q are inter-
. I, .' 

changed (initially the dividend is in QA for 25). 

Division Phase 1
. 

The divide step which performs the actual division (figure 3-7) involves: 

1) left '$hifting AQ one place 
I 

2) subtr1b.cting X (divisor) from A (partial dividend) if A ~ X 

3) settinf~00 t0 "1" if subtraction was made; otherwise entering 110 11 in 

Qoo· 

The divide instructions require two different control quantities to govern the nu:rhber of 

repetitions of the divide stt~~, which pe_rforms each partial division and. generatds the in-
I . . : 

dividual quotient bits~ The quantity is 48 for_.both the iµteger and fractional divitie instruc-

tions (25 and 27);Jor the f~oating-point divide (33) it is 36. 12 is set to the value .?f the· con-

trol quantity and. is then transmitted fo the R register. Each repetition of the divide step 

reduces R by one count. After the step has been r·epeated until R = 0, . the full quotient is in 
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· .. Q and the remainder is in A . 
. ,, 

I . : 

$ubsequent co~mands position the quotient in A ~~d the remainder in Q. The following ex-
' ·~ : : : 'i. 
ample, q.sing 5-bit registers for brevity, indicat~s how division proceeds in the computer. 

"i I 
Remarks in the, right-hand column clarify the acd<lmplishment of each step. 

I . 

f: 

Divisor lo 1 1 ~:i I 

0 0 1 0 11 ~.,·~l 0 0 1 
R = 5 

Dividend 

o 1 o 1 ~IA o o 1 o Shift AQ left 

1 o· 1 1 .\1o o 1 o o 
R = 4 
A< X Shift AQ left 

I R = 3 
0 1 0 l ,

1

p( 0 0 1 0 1 A~X Subtract X from A 
Ji. Set Q to 1 

1 o 1 o~~lo 1 o 1 o Shift ~CQ left 

o o 1 i{ilo 1 o 1 1 
R =· 1.2 
A~X Subtract X from A 

0 1 1 .f oJ 1 0 1 1 0 
Set Q to 1 
Shift _RCQ left 

0 0 ~ 0 11101 1 1 
R = 1 
A~x Subtract X from A 

0 cfo 1 1( 0 1 1 1 0 
Set Q ·to 1 
Shift ~'Q left 

Remainder Quotient· R = 0 Initiate Final 
Sign Correction 

~lnal Sign Correction 
I 

Tbe Final sign correction phase: 

1) senses for a divide.fault 

2) ·complements Q (the, quotient) if the Sigt). Record F·F is s~t 
(dividend and divisor initially have unlike signs) : "· 

3) complements A (the :r~mainder) if Dividend Sign FF is set 
(dividend negative initl~Uy) 

4) plares quotient in A and ~emainder in Q 
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A divide fault (quotient register overflow) results when the correct quotient requires more 

than 47 bits to express its magnitude. If a division involves a fault, then after the first 

shift of the division phase A >X and a "1" is entered in Q 00 . But if a divide fault is not in­

volved, then after the first shift A< X and a 110" is entered in Q
00

. In either case this bit 

appears in Q47 after the 47 remaining shifts of the division phase. Thus, at this point if 

Q is negative there is a fault; if Q is positive there is not a fault. Sensing a divide fault is 

thus sensing the sign of Q. The Divide Fault FF is set when Q is negative. The fault con-

dition can be sensed later by the 74 External Function instruction. 

After the remaining three functions of the final sign correction phase, instructions 25 and 

27 take the appropriate exit. Instruction 33, Floating Divide initiates the round and normal-. 

ize part of the Iterative sequence. 

FLOATING-POINT 

Any number can be described by the general expression kBn, where k is a coefficient, 

B a base number, and the exponent n the power to which the base number is raised. The 

floating-point mode of operation t,akes advantage of this means of expression by includ·-

ing in its operand format the coefficient, the sign of the number and the exponent. The 

make-up of a floating-point word is shown below: 

14746 , ____ 36_3_5 _______________________ ~ 

I ""----..... v---~1 ------------- _______________ ____..,, 
ti-BIT 36-BIT COEFFICIENT 

SIGN EXPONENT 

Coefficient 

The coefficient is made up of a 36-bit fraction located in the lower-order positions of 

the floating-point word and a single bit located in the conventional highest-order bit 
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position. The fraction has a value ranging from one-half to one (not including one). 

Negative numbers are represented in one's complement notation. 

Exponent 

The exponent is an 11-bit number with a value ranging from 0 to 2
11 

-1 (2047 in decimal, 

3777 in octal). A bias of 210 (1024 in decimal, 2000 in octal) is added to the true exponent 

when the floating-point number is formed. Thus a number with true exponent e-qual to 

zero would appear as .2000 (octal). A number with exponent equal to 264 would appear 

as 2264; a number with exponent equal to minus 137 would appear as 1641. As in algebra, 

positive exponents are used for integral numbers and negative for fractional numbers. 

When a number is negative, the exponent is included in the one's complement represet;i­

tation., Thus' if. the. above examples of expqnents were for negative D:Umbers, they·W"<)u.ld 

appear in· the floating-point word as the bit-by-bit complement. 

The bias used wi~h the exp~nent makes floating·-point operation more versatile s~nce 

now floating-point oper~nds ~an be compared with each other in tpe normal fiked~p()fot 

mode. .T.he tr~nsition from, fixed-point to floating-point format is giv.en belOw Jor ,£:('v~ 

numbers to illustrate the encoding of number~ by fixed-point methods and the way .~h:is 

format lendsitselt' to comparisons. ~or simp!icity the fraction is limited to three. bit$ 

and the exponent to four bits including the sign. The .exponent is in P9:.rentheses~ 

Fi:x:ed-Point 

+4.0 = 0100 x 2° 

+0.04 = 0. 000100 x 2° 

-4.0 = 1011 x 2° 

· :;.o. 04 = 1. 111011 x 2° 

+0·. 4 = 0.100 x 2° 

= 

= 

= 

= 

= 

3-32 

Floating-Point 

o. 100 x 23 = 0(1011) • 100 

0.100 x 2- 3
= 0(0100) .100 

1. 011 X 23 
= 1(0100) . Oll 

1. 011 x 2- 3= 1(1011) . 011 

o. 100 x 2° = 0(1000) . 100 

or 0 ( 0 111) . 100 

Rev. 11/60 



CONTROL DATA CORPORATION -----------·<rr-
~ Q~ (!.5 

In a bit-by-bit comparison of two numbers the larger or more positive has a "l" in the 

first higher position for which the bits of the two numbers are unlike. The signs (first 

bit) are compared independently; a positive (O) quantity always is indicated as larger 

than a negative (1) quantity. Now, since 4. O>O. 04, the floating-point form of 4. 0 should 

and does have a "l" in a more significant position than does O. 04. Thus fixed-point 

comparison of the two floating-point numbers yields the desired result. Similarly, 

-0. 04 > -4. 0, since the first is less negative. Thus the floating-point fb'rm of -0. 04 

contains a "l" in a higher position than the highest "1 11 of -4. 0. 

The two forms possible for +0. 4 present a special case. The first is considered stand~ 

ard: that is, if all floating-point operands that fall in the range which has ari exponent 

of magnitude zero are encoded in the positive form, then results of· fioating-point' opera­

tions which fall .in this range ar.e also r.epresented by exponents of positive form. In 

short, unless the original operands have the negative representation of an expon·eht, of 

magnitude zero, this form of exponent is not generated by the computer. These comments 

apply to the state .of the 11-bit exponent before any complementing is performed to car~ 

for the fact that the entire number may be negative. 

Floating',,.. Point Operation 

Any of the four floating-point instructions are performed by the following sequence of 

steps: 

Unpack 
; Execute coefficient and exponent arithmetic 
, Round 
Normalize 
Pack 

All operands should first be in floating-point format. 

The unpack step involves both operands: one in the accumulator and one from storage. 
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Each operand is separated into its exponent and coefficient. The coefficients are sent 

to the arithmetic registers and the exponents to the address modification registers, ·u2 

and R. In unpacking, the sign of the number is examined and if it is negative both the 

exponent and coefficient are complemented. 

To illustrate actual floating-point format several sample quantities are shown below, 

encoded in binary. The floating-point word for the decimal quantity+ 1604. 0 (3104 in 

octal) is: 

Exponent Coefficient 

0 10 000 00 1 0 11 i10 010 001 ooo ooo ooo ooo ooo· ooo ooo ooo. ooo 
\ ' 

Sign 

The floating...:point word fo.r the decimal quantity - 1604. O is: 

·Exponent Coefficient 

101 111 110 100., 001 101 110 111 111 111 111° 111 111 111 111 111 

In this case the n~gaiive character is indicated by the "l" in the sign position of the 
' :., 

' . 
fraction. The fraction is express~d in one's complement form . 

. !\ 

The floating-point' word for the decimal quantity - . 1604 is: 

Exponent Coefficient 

110 000 000. 010 I 010 110 111 100 ooo ooo· 011 010 ooo ooo .. u1 010 

. ' ' ' 2 
In the

1 

arithmetic step the exponent operations are handled in. the U and R r~gisters. 

Coefficient ·arithmetic is performed as a fractional fixed-point operation. In ad~ition · 

and subtraction,the coefficients are aligned by. shifting to make the exponents alike. 
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The round step modifies the coefffoient answer by adding one to A for pos~tive answers 

or by subtracting one for nega.tive answers. Rounding is necessary since the result of 

the operation on coefficients may yield: a quantity containing more than 36 bits. The 

condition for rounding is inequality of the sign bits of A and Q. This means, in effect, 

that the next lower significant bit to the right of the number in A is equal to or greater 

than one- half. 

37 Coefficient arithmetic may yield rounded answers in the range from zero to 2 • The 

normalize step brings this answer back to. a fraction ranging from one-half to one with 

the binary point' to t:he left of the 36th bit. In other words, the final normalized number 

. ' 36 37 
in A will range from 2 to 2 -1. Normalizing is perfo;rmed by either a right shift or 

the required number of left shifts. A correction is made to the exp?nent for every 

shift. The residue in Q is not shifted. 

The pack step positions the final exponent and coefficient in' A. If the sign of.the. a.11swe.:r 

if negaHve both the. coefficient and exponent are complemented. The exponent ra~ge.·i·s 

tested at this time· to determine overflow of the exponent and set the· fault indicator. 
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Addition (Table 3- 3) 

The Floating Add instruction, 30, produces the sum of the floating-point operands in A 

(augend) and address M (addend). In accordance with the floating-point format, the co­

efficients and exponents of the operands are separated. Operations are performed on the 

coefficients in the A and X register while the exponents are operated on in the R and u 2 

registers. At the conclusion of the separate operations the resultant exp~nent ·and ·co­

efficient are assembled into proper format in A. 

TABLE 3-3. BASIC STEPS IN-FLOArrING ADD 

1) Enter augend in A by previous instruction; complement if negative. 

2) Acquire addmd from address M and place in X; complement if negative. 

3) Compare exponents; save larger in, u2; difference in R. 

4) Position coefficients so that one with smaller exponent is in A. 

5) Shift AQ right by number of places indicated by content of R. 

6) Add coefficients (add X to A) .. 

7) Round off portion of coefficient in Q, if A 47 :J Q4 T 

8) Normalize A so that A 35 =f. A 36. · If normalizing requires left shiftiilg reduce R by one 
for each shift. If A 36 r A 37 right shift one place and increase R by one. 

9) Test for ecponent fault (exponent greater than 210 - .1; Set FF in this case). 

10) Assemble floating point sum in X: ecponent comes from u2 and C?efficient from A. 

11) Transmit X to A. 
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Steps 3, 4 and 5 (in table 3-3) align the two exponents, that is, make them equal by right 

. shifting of the coefficient with the smaller exponent. Notice that step 5 shifts both A and 

Q to the right in aligning the exponents. Thus bits of the augend coefficient are moved into 

Q. As shown in figure 3-8a, the addition of X to A in step 7 may produce a sum of more 

than 36 bits. Step 8, therefore, rounds off the excess portion in Q by adding one to A if 

Normalizing (step 8) provides for _exp;ressing the sum in proper floating-point format. If 

the sum of the coefficients has more than 36 bits, it must be shifted right and the exponent 

increased. (At most the sum in A can have 37 bits, and thus only one right shift 'Yill ever 

be requ~red). If the sum in A has less than 36 bits (its most significant bit is not in A 35). 

then it must .be shifted left and the exponent increased by one for each place shifted~ 

X REGISTER 

ADDEND 
COE FF I CIENT 

'47 35 C!! :;., 00 

A. BEFORE 
EXPONENT 
ALIGNMENT A'REGISTER Q REGISTER 

AUGE ND 

147 j COE FF I CIENT 
47 35 IE ;;.. 00 

Fi~ure 3- 8. Typical Relation of Coefficients in Addition. 
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Subtraction (Table ~~4} 
,. 

The Floating Subtract instruction, 31, produces the difference of two floating-point operands 
' l . . . 

in A (minu!~nd) titrHl address M (subtrahend). As in addition, the exponents and coefficients 

are separated and the operation performed on them separately. 

TABLE 3-4. BASIC STEPS IN FLOATING SUBTRACT 

1) Ent~r minuend in A by previous instruction; complement if negative.· 

2) Acquire subtrahend from address Mand place in X; complement if negative. 

3) .. Sepai:-~te and compare exponents; save larger in u2
; difference in R. 

4) 1 Po~itfotl coefficients so that one with smaller exponents is in A. 
I : 

5) . :Shift AQ: right by number of places indicated by content of R. 
·.j 

\ 

6) Subt:ra.ct 'coefficients (subtract X from A). 

7) Rbuh~ off portion of coefficient in Q, if A47 # Q4T 
. . 

8) N~f.nia~ize A so that A 35 # A 36 . If normalizing requires left shifting reduce R by one 
for ea.t~h shift. If A 37 r= A.36 right shift one place and increase by one. 

· 9) Test ~or exponent fault (exponent grm.ter than 210 -1; Set FF in this case). 

10) Asse:rnlie floating point difference in X; exponent comes from u2 and coefficient from A. 

11) Trans~it X to A. 

Multiplic~tion (Table 3-5) 

The Flbating Multiply instruction, 32, forms the floating-point product of two operands in 

A. (multiplier) and address M (multiplicand). Exponents and coefficients are separated_ and 

operated on independently. 

The multiplication of the two coefficients is performed in a manner identical to that. used 

for fixed i:)oint. I:lowever, the multiply step is repeated only 36 times instead of 48. 

Figure 3-9 shC>ws the location of the double- length product in AQ. In order to e,xpress the 
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product in floating-point format the least-significant 36 bits of the product (located in Q) 

are rounded off by adding one to A if Q 47 I- A 4r 

TABLE 3-5. BASIC STEPS IN FLOATING MULTIPLY 

1) Enter multiplier in A by previous instruction; complement if negative. 

2) Acquire multiplicand from storage address M and enter in X; complement if negative. 

3) Set Sign Record FF if product is to be negative. 

4) Extract exponents from A and X; send to u2 
and R. 

5) Add R to u 2
; leave sum in u 2

. 

6) Initiate multiply step to form product of coefficients; repeat step 36 ti~es; final pro-
duct in AQ. 

7) Complement if Sign Record = 1. 

8) Round product to 36 bits by adding one to A if Q47 I A 4r 

9) Transmit sum of exponents from u2 
to R .. 

10) Normalize product so that A
3

r: I A 36; shift AQ left and increase R by one per shift, or 
right shift AQ once and reducg R by one. 

. . 10 
11) Test for exponent fault (exponent greater than 2 - 1) and set Exponent Fault FF. 

12) Assemble floating point product in X: exponent from R and coefficient from A. 

13) Transmit X to A. 

MOST-SIGNIFICANT 
PART 

E 

A J.__4_7 __ 35 ______ o__..ol Q '-14_1 ______ 1_1 __ .o__,ol 

PRODUCT AFTER MULTIPLY STEP 

Figure 3-9. Location of Double- length Product for 
Floating Multiply. 
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Division ('table 3-6) 

The Floating Divide instruction, 33, produces the quotient of the two operand~ in A (divi­

dend) and ~ddress M (divisor). At th'.e outset the dividend is examined and if found to be 
I ., 

zero, the instruction te:t&inat~ (with a dividend equal to zero the 4_uotient would be zero). 

The quotient of\the two obefficie:rits is' formed in a manner identical to that used for fi~ed-
I 

point division. Howeve:a/J, the divide ~tep that performs each partial division is repeated 

only 36 times. 

TABL'.E 3-6e BA,SIC STEPS IN FLOATING .DIVIDE 

1) Enter dividend in A by previous. instruction; complement if negative. 

2) Acquire divisor from storage .address M and enter in X; complement if negativ~f. 
I 

3) Set Sign Record FF if 'quotient is to b_e negative. 

4) Extract exponents from A and X and send to u2 and R. 

5) Subtract R .from U 2; leave difference in u 2. 

6) Initiate divide step to form quotient of coefficients (repeat step 36 times); quoti~nt in Q 
at conclusion. 

7) Complement if Sign Record FF = 1. 

8) Transmit quotient from Q to A. 

9) Transmit exponent from u2 to R. 

10) Normalize quotient if A 35 = A~rn (shift A left and reduce .R by one per shift until 
A35 I- A 36 or shift right one piace and: irl.crease R. ) 

U) Test for exponent fault (expo.nent great~r than 210 .... l; ·Set FF in this case). 

12) Assemble floating point quotibnt in X: e~onent frotn R and coefficient from A. 

13) Transmit X to A. 
.l.i.· _; 
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LOGICAL PRODUCT 

A logical product is the result of the·bit-by-bit multiplication of two numbers. A bit in the 

logical product is "1" only when both bits used in its determination are "1 "; if either or 

both bits are "O" the bit of the logical product is "O". Thus: 

1 0 1 1 

1 1 0 0 

1 0 0 0 

multiplicand 

multiplier 

logical product· 

The logical product of two quantities is· formed by the computer in X as the result of inter­

action between X and Q. Figure 3-10 shows the circuit which forms the logical Irl._~ltiplica­

tion of one stage of Q and X. Setting the LQX FF clears every stage of X for which the 

associated stage of Q holds ·110". But for stages of Q holding a ',~l ", the associated st~ges 

of X remain undisturbed. Thus the interaction between Q and X as governed by K
546 I 541 

obeys the. laws of binary multiplication, namely: 

Qi xi xf 
0 x 0 = 0 

0 x 1 = 0 

1 x 0 -· 0 

1 x 1 = 1 

Forming the logical product of Q and X is a discrete logical function of the arithmetic 

section of the computer. However, this function is used to accomplish more complex 

operations; most important is the ability to select specific portions of an operand for entry 

into another operation. As it passes through X the operand is subject to a mask which has 

been loaded in Q. The mask, wh.ich is comprised of a pattern of "O's" and "l's", causes 

X to retain its original content only in those stages which have correspondi~g "1 's" in Q. 

On~e the selected bits are all that remain in X the instruction proceeds to its conc\usion. 
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In some instances it is more fea.sible tci have the mask in storage and the operand to be 

masked in Q. The result is the same and in either case will appear in X. The computer 

instructions in which the formation of. a;; logical product is involve~ areas follows: (~3) 

Selective Substitut~ (44) Ldad u6gical, .(45) Add Logical, (46) Subtract Logical, (47) Store 

Logical, (66) Masked Equality ahtt (67) Masked Threshol;d. 

l~ITIATE 

LQX 

K540 

K541 

0002 .xooo 

Q003 XOOI 

w920 

Figure 3-10. Formation of the Logical Product. 

REGISTER SENSING CIRCUITS 

For several computer operations or commands the choice of whether or not to perform 

them is conditionetl on the state of ~rithmetic registers. Sorii'e examples are: 

1) In the divide step the condition A~ X conditions the subtraction of 

X from A a'.hd th~ entering of a "1" as a partial qtiotient digit. 

~) In the Equality Search ihstruction (64), which searches a list of 

operands for one equal to A, the exit from the search is conditioned 

by X =A. 

3) In the· A Jump instruction with j = 0, the choice of jumping is 

cond'i:tiorted by A = O. 
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For this case, a similar whiffletree samples the "1" side of each stage in A, the output of 

which is supplied in OR fashion with the A = +0 signal to Q
986

. 

A pyramid similar to that shown for A tests for Q = 0. The logical connections and symbols 

are similar. The A = 0 and Q = 0 signals are brought together in AND fashion to J
126 

wh:ich 

provides the indication that the double-length register AQ = 0. 

Slave inverters connected to the outputs of the sign bit stage of the A, Q and X registers 

provide indication of the sign of the content of these registers. 

In some operations (test for divide fault, scale, and floating point) the results of ,the com­

parison of two bits determines the course of action the computer is to take. (1) An output 

from J 110, indicating inequality between A47 and Q
47

, is used to test for a proper division. 

(2) A "O" output indicates overflow during the formation of the quotient. (3) J
1
;
2
,
4 is used in 

the scale instruction to indicate whether scaling has been achieved, that is, whether a "1" 

has been shifted into A46 . (4) J 131 and J 123 aid in properly positioning the coefficient dur­

ing the normalizing process of the floating-point instruction. The logic of these compari­

sons is shown ~y the i[lverters in the bottom row in_ f!gl1re 3-11. 

Figure 3-11 shows the pyramids which provide specific indication of the register 1 s condi­

tion. The upper pyramid tests for equality between A and X. The first level inverters of 

the accumulator borrow pyramid are used in determining this condition. Since the inputs 

of this level require similarity between A ahd X to produ?e a 110 11 output, any 11 1 's" emanat­

ing from this level of inverters indicates disimilarity and this will produce a "O" output 

from A 994. 

The middle pyramid illustrates how the test is made for A=O. The "O" sides of the A reg-

. ister FFs are brought together in "whiffletree" fashion. Any 11 1 1 s" suppress the' generation 
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A:X 

A948 

A970 

lJ~PER 

A · X A X 
(SET s1d€s) (CLEAR SIDES) 

A=O 

A938 A758 

AuPPE~ \"o's" ALOWER "o's" 

ASQ 
SIGNS UNALIKE A41 = A4 a 

Q••• ~Opos A.<1 •0 A.,7 • I 

A1oa 

A730 A~oo 

LOWER 

A X A X 
(SET SIDES) (CLEA~ SIDES) 

H~r~A•+O 
0=-0 O=+O 

NOTE: 
THE Q=O PYRAMID 
IS SIMILAR TO THE 
A =O PYRAMID. 

--~~~~>~~~---. 

A928 A748 

. A UPPER "1 's" A LOWER 
11 

l's" 

A.35: A3a 

A36 =1 A36=0 A35 =I A35:0 

A31 =I A31=0 A3a =I A36=0 

Figure 3-11. Register Sensing Networks! 
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of the A = 0 signal. The test for A = 0 is complicated by the instance when A = -0, or "all 

ones". 

ARITHMETIC FAULTS 

The registers used in the arithmetic processes are monitored for fault conditions by four 

FFs; the error-checking circuits are shown in figure 3-12. The situations to which each 

FF responds a.re: (l)i,divide faults; (2) shift faults; (3) overflow faults; and (4) exponent 

faults. The FF recognizes the error conditi.on immediately and light~ an indicator on the 

console. An interrupt can be produced to notify the program of the occurrence of the fault 

if the program has previously selected interrupt on arithmetic fault by means of the 74. 0 

instruction. The interrupt program, which is initiated by the interrupt signal, examines 

each of the four arithmetic fault FFs to determine which type of fault has occurred. 

Faults may also be detected by following an instruction which might produce one, such as 

a divide, with a 7 4. 7 instruction having the code for sensing the Divide Fault FF. 

DIVIDE FAULTS 

The divide fault occurs in the execution of the fixed-point divide instructions (25 and 27) if 

the quotient exceeds the capacity of the quotient register. 

In division the operands are first set as positive quantities. (The sign of the quotient is 

established by the initial sign condition of the operands and stored by the Sign Record FF). 

Thus the quotient is initially positive and will be corrected later if it is to be expressed 

negatively. In testing for a divide fault the sign of the quotient is inspected before the final 

correction. At this time the sign bit is "1" only if overflow has occurred. Overflow will 

occur if the divisor is zero, or if an improper relationship exists between the dividend and 

divisor. 
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INDICATOR INTERRUPT SENSE 

N rt> 
.., rt) 

N N 
~ ::.:: MC 

74 0 OXX7X 

25,27 Q NEG 

INITIATE 
SIGN. CORRECTION 

DIVIDE FAULT 

INDICATOR INTERRUPT SENSE 

OVERFLOW 
FAULT 

PARTIAL 
ADO IN A 

FF=O 

74 7 OX13X 

MC 

74 0 OXX7X 

,,. It> ,,. ,,. 
N N 

,..._~-----~-----c:~::.C:: ::.:: 

SIGNM 
SIGN X 

A979 A978 

INDICATOR INTERRUPT SENSE 

74 7 OXl2X 

MC 

74 O OXX1k 
INITIATE SHIFT 

I 

01-07 54 

11 
l
1
s

11 
IN u07 -u 14 

SHIFT FAULT 

INDICATOR INTERRUPT SENSE 

INITIATE 
FINAL FP 
ASSEMBLY 

74 7 OXl4X 

MC 

74 O OXX7X 

"o's" IN u•0-u14 

11 t's11 
IN u10-u 14 

EXPONENT 
FAULT 

Figure 3-12. Arithmetic Faults. 
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Indication of a Divide Fault is provided by FF K
2321233

, which is set by the combination 

of the following signals: W 77 3, which indicates that Q is negative; F
325

, which is selected 

by instructions 25 and 27; and v 650, which indicates the quotient has been determined and 

the sign corrections have not _been made. 

SHIFT FAULTS 

The shift instructions 01, 02, 03, 05, 06 and 07, provide for shifting the contents of the A, 

Q, or AQ registers to the right or left up to. 127 (decimal) places. Any attempt to shift a 

register more than 127 places results in a shift fault. 

The shift count is specified by the base execution address. Since 127 is the greatest 

number that can be coded in the last 7 binary positions, "1 's" in positions greater than the 

2 6 position in u 2 indicate a fault. A "1" in any of the monitored stages attempts to set the 

Shift Fault FF K2341235
. 

OVERFLOW FAULTS 

Overflow faults occur when the sum o.r differmce of two quantities exceeds the capacity of 

A. The possibility of overflow exists only after the addition or subtraction of two similariy­

signed quantities. When two quantities of the same sign are to be added or subtracted a 

signal from A 97 9 sets FF K244 I 245 at the initiation of the arithmetic. Since the sum or 

difference of two like- signed quantities retains the sign of its operands, any change in the 

sign of A indicates overflow. 

Three phase times after the initial inspection of the signs of A and X a test is made for any 

difference in signs, if they were originally alike. This test is made at the AND on the set 

input to K 236 I 2,37 . K 245 is present if the signs of A_ and X were originally alike; v054 
says 
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that the arithmetic has been done; A 
97 8 i~cti:9~t~:3· tJ:l.at the signs of A and X are unlike. 

' 236/237 '.''"',' 
Setting K provides for the record of' §U ~werflow fault until such time as. it is called 

::~:.: ; ' 

for by the operator. 
I } 

EXPONENT FAULTS 

I , 

The exponent fa.ult ocrnrs durink the floatinit:: .. point iq.structio:ns when the exponent of the 

result, after ~ounding and normcilizing, cannot be e,~pre,~aed as a quantity less than 2
10. 

The 11-bit signed 6{:ponent for a floating-po~nt oper~tion is n:i~nipulated in the 15-bit reg­

isters R and U. The presence of any 11 1" b~~,s. in the upper stages of u2 after the finai 

determinatiob. indicates an improper exponep.t!, 

The .. ~xponeht fault test is .made by comparin~ the sign l:>it of the exponent~ U 10, with the 

conditions Of u11 - U 14. Unless a fault has o.ccurred, they must be the same. 

FAULT CONTROL 

The Arithmetic Fault FFs are cleared by the mp.ster clear from the console or by the clear 
. I 

arithmetic faults code as ordered by the 74 0 00070 instruction. The cleared state repre-

sents the "no fault" condition. The presence of a fault condition can be sensed by the pro-

gram, using the 74. 7 instruction with the codes indicated in figure 3-12. Furthermore, the 

program can select to be notified by an interrupt each time a fault occurs. A 7 4. 0 instruc­

tion with the code 00100 enables interrupts to be proQ.uced upon occurrence of any of the four 

faults. 
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CHAPTER 4 

STORAGE SECTION 

The storage section of the 1604 Computer is a large- capacity magnetic core s_ystem. It 

provides high~speed, non-volatile, random-access storag.e for 32~ t6a 48-bit words, and 

consists of two independent magnetic core storage units each with a capacity of 16,, 384 

48-bit words. These units operate together during the execution of a stored program and 

thus may be logically considered as a 32, 768 word storage .system. All odd storage 

addresses reference one storage unit; all even addresses, the other. 

A word is transferred to or from a storage location by a single instruction. The opera.:. · 

tion code of the instruction specifies the type of reference (read or write) and the reg~ster 

which serves as the source .or destination. The exe.cution address of the instruction, 

identifies the storage location involved. A read reference i~ performed by transferring 

the word at a selected storage address to a specified destina~ion via the X register, and 

restoring the word at the address. A write reference is performed by clearing the se­
lected storage address, then transferring the word at a specified source to the address via 

the X register. 

The cycle time, or time for a complete storage reference, is 6. 4 microseconds. The 

access time, or time from request .to delivery of data from storage, is 2. 2 ·microseconds. 

The storage· cycles of the two sectiqns oyerlap one another to a considerable exteot in the 

execution of a program and resuH in an effective cycle time considerably less than 6. 4 

microseconds. 

The basic logical divisions of the storage section are shown in block representation in 

figure 4-1. The odd and even storage units are identical, each consisting of four princi ... 

pal parts: 

1) Memory plane assembly, containing the magnetic core .storage elements of the 

system 
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X REGISTER 

BIT fLANE 

CIRCU,ITS 

(Z 1 REG) 

MEMORY 

PLANE 

ASSEMBLY 

(EVEN) 

16,384 · WORO.S 

CONTROL SIGNALS 

EVEN STORAGE 

SEQUENCE 

CONTROL 

ADDRESS 

SELECTION 

($I REG} 

INITIATE MEMORY REFERENCE 

EVEN STORAGE ENABLE 

EVEN STORAGE BUSY 

EVE.N STORAG.E UNIT 

-. - -. ~ _..,... - - - - - - - - - -·- ·-

. X REGISTER 

BIT .PLANE 

CIRCUITS 

(Z 2 REG) 

MEMORY 

PLANE 

ASSEMBLY· 

(ODD) 

16,384 WORDS 

CONTROL SIGNALS 

ODO STORAGE 

SEQUENCE 

CONTROL 

ODD STORAGE UNIT 

ADDRESS 

SELECTION 

($2 REG) 

. INITIATE MEMORY REFERENCE 

ODO STORAGE ENABLE 

000 STORAGE BUSY 

Figure 4-1. Logical Divisions of the Storage Section. 
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2) Address selection, which interprets the address from the control section and 

selects the specified storage location 

3) Bit plane circuits, which handle the transfer of information between the memory 

plane assembly and the X register · 

4) Storage sequence control, which generates the signals that control. the storage 

references 

The magnetic core assemblie,s of the storage section, along with their associated address­

ing, driving and control circuitry,. are evenly distributed amohg the eight chassis of the 

central computer, occupyi!lg approximately one-half of each chassis.': Data t~ansmissions 

ihto sto~age are channeled.through z1 and z2, the storage restoration registers. The" 

storage address regist~rs,· ,S1 and s2,. hold the address of the ~torage location involved, 

in a given cycle. of operatioq. The inp·ut:..ou~put, arithmeti~ and controt. sections of the . · 

computer have independent a,cces.s to the storage registers by utilizing the appropriate Z 

and S registers. 

.PRINGIPLES OF' MAG~TIC CORE STORAGE 

The storage section uses the permanent; magnetic properties of ferrite cores to store the 

. bits of computer words. A magnetic core is a bistabl.e device capable of storing a "1" or 

a 11011~ depending upon its state of. remanent n:iagnetization. The cores are General Ce­

ramics type MC-113, size F-394, ·and are comp~sed of 8-4 ferrite material. 

These cores are magnetized in one direction or the other by current-carrying wires which 

pass through tnem. The direction of magnetization is det~rmined by the direction of the 

current flow. The characteristics of the cores are such that approximately 800 ma of 

current in one turn for a period of one microsecond is ,required to switch them. 
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,_ The cores are assembled in square matrices, as shown in figur~ 4-2. Five wires pass 

through each core: a horizontal H wire; a vertical V wire, a horizontal I wire, a vertical 

I wire and a diagonal Swire. The coincident-current switching technique is employed. A 

core is addres~ed by simultaneously passing half-amplitude current pulses through a se­

lected V wire and a selected H wire. 
' \ 

H WIRE 

I· WIRE 

H WIRE 

I WIRE 

LI.I . LI.I 
0:: ~ 
i 3lt 

LI.I LI.I a:: a:: 
i i 

> H > H 

Figure 4- 2. Magnetic Core Matrix 

Only one core among all those in the memory plane will be subjected to a magnetizing 

fore~ suffiCiently laxge to switch its magnetic state. This core is at the intersection of 

·the selected H and V wires. All other cores in the same row or column as the selected 

core receive half- amplitude current pulses and are ~aid to be half-selected. In figure 

4- 2, where the left-most v. wire and the upper H wire carry current pulses, core A is 

4-4 



CONTROL DATA CORPORATION -----------·<fr· 
~ DilvWmt (!.!) 

selected, cores B and C are half- selected, and core D is unselected. 

Binary information stored in a core is determined by the polarity of its residual magnet­

ization. A 110 11 is stored by the magnetizing force of read current pulses on the selected 

H and V wires .and remains stored when current in the I wires inhibits (cancels) the effect 

of write current pulses in the H and V wires. The absence of current in the I wires per­

mits a 11111 to be stored by the write pulse. 

The information is extracted (read) from the core by applying read current pulses to the 

selected H and V wires. If th,e core stored a "1 ", the pulses drive it to "O" and a pulse 

, is induced in the S wire. This voltage is interpreted as a "1 11 bit from· the core. If the 

core stored a "O", it is unaffected by the pulses and no pulse is induced in the Swire. 

The absence of a voltage is interpreted as a "O" bit from the core. 

The matrix arrangement of magnetic cores which is the basic storage unit of the storage 

system is called a memory· plane. This c.onsists of 16, 384 cores in a 128 x 128 array. In 

order that the coincident-current storage technique may be employed, each bit of a word 

must be stored on a 1separate memory plane. Thus, the 48-bit words used in the computer 

are stored by 48 memory planes. This array is called a memory plane assembly. 

There are two memory plane assemblies in the storage sec'tion, one associated with the 

odd storage unit and'fhe other with the even storage unit. Both assemblies are evenly 

divided among the chassis of"the computer. Thus, a stack of six "even" and six '"odd" 

memory planes is mounted on each chassis. A photograph of a memory plane stack is 

: shown in figure 4- 3. 
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Figure 4-3. Memory Plane Stack 

MAGNETIC CORES 

The magnetic properties of a core are represented by its hysteresis diagram, which plots 

magnetic flux density (B) as a fl1nction of the field intensity (H). A typical hysteresis 

diagram is shown in figure 4-4. If current flow sufficient to cause a field intensity of +H . m 

is applied to the drive lines, the flux density increases to saturation (+B
8

). When the 

current is removed, the flux density drops to the residual positive value (+ B ) , which has 
r 

been designated the "O" state, and remains there. Another pulse of +H would merely 
. m 

shift the core to +Bs again and after the pulse is removed, it would drop back to +Br. 
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, Figure, 4-4. Typical Hysteresis Diagram. 
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ApplicaUlin of current now sufficient to cause a tield intensity of. - Hm reverses the flux 

density t~ -B 
8 

and, when the current is removed, the flux density drops to the residual 

negative value (-B ), the "1" state. 
r 

The basic memory cycle is composed of half- amplitude pulses1 each capable of producing 

a field intensity of H / 2. A half-amplitude pulse is insufficient to switcli the core; in-m . 
stead the flux density returns to the residual value, or a slightly lower value, after the 

pulse i.s removed. The coincidence of two half-amplitude pulses, one on the H drive line 

and the other on the V drive line of a· core,. ,Produces a net field of Hm whieh is sufficient 

;to switch the core. ·When a half-amplitude pulse drives the flux density toward the knee 

of the hysteresis loop, the flux travels up (or down) the knee somewhat and then returns · 

to a slightly lower residual value, such as B. Since the core is now operating on a smaller 

loop, further half-pulses reduce this remanent flux again, but this effect soon reaches a 

limit; as at point D. 

Any change in the magnetic state of a core causes a change in the total flux linking the 

·core and any ~inding passing through it. Such a change produces a voltage output on the 

sen·se. winding (figure 4-5). During the period that H is applied, the voltage is sample~ to 

see if the core switch~s. If a large voltage is sensed, the core was in the "1" state and 

has switohed. If Qhly a small voltage is se11sed, the core was in the 110 11 state and has 

merely shifted.from,+Br to +B
8 

and back again . 

. Figure 4':"5. Voltage oi:i Sense Winding as a Result of Read Drive 
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MEMORY PLANES 

A memory plane consists of four quadrants or boards, numbered 0, 1, 2 and 3, as in­

dicated. Each board consists of a phenolic frame with printed circuit wiring on both 

sides. The board holds 4096 cores, held in a 64 x 64 array by 64 horizontal H wires 

and 64 vertical V wires. One I wire threads all the cores both horizontally and vertically 

and one S wire threads all the cores diagonally. 

A memory board is shown in figure 4-6. · The Hand V wires thread across the board ver­

tically and horizontally and terminate at tabs on either side of the edge of the board. Ex-

amination of figure 4- 6 shows that a wire connected to a front tab on one eqge of the board 

terminates on a rear tab ori the opposite edge. This feature allows close spacing of the 

wires. The ends of each I wire terminate at· two tabs in a corner of th~ board, from which . 

connections are made to the inhibit drivers. 

The· ends of each S wire terminate at a pair of tabs ii:i a second corner of the board, frc;Hn 

where connections a~e made :to the sen~e amplifiers. The four boards of a memory plftri~ 
. . 

are so oriented that the sense wire tabs are at the corners of. the memory piane.. Cor.:;· 

responding H wires and. correspondiq.g V wires of a.djoining boards· are connected. together 

by ~hort lengths of wire. 

MEMORY PLANE ASSEMBLY 

Twelve memory planes, stacked one behirid anot~er, make up a stack. .<See figure 4-3'.) 

The memory planes are held together by bolts passing through the four corners of eacfr 

and are separated by aluminum spacers. An aluminum plate at the back and a plexiglass 

plate at the. front shield the stack. A memory plane assembly is made up of six memory 

~lanes from. each of eight such stacks, or a total of 48 planes. Since eacr ... plane stores 

one bit of a word, ·and there are 16, 384 cores on a plane, the memory plane assembly pro- · 
. . 

vides storage for 16, 384 48-bit·words. 
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Figure 4-6. Memory Board 
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The storage section contains two memory plane assemblies, one for the odd storage unit 

and one for the even one. (Thus, the total storage capacity is 32·, 768 words.) The 

memory planes of each are evenly distributed among the eight computer chassis, as. shown 

in figure 4- 7. The stack of chassis 1 stores bits 0 through 5 of all the words; the stack of 

chassis 2 stores bits 6 through 11, etc. In each case, the memory planes associated with 

the even memory unit are on the card side of the chassis and the memory planes associ-

ted with the odd memory unit are on the wiring side. 

ODD ODD 

EVEN EVEN 

EVEN EVEN 

ODD ODD 

ODD 

EVEN EVEN 

EVEN EVEN 

ODD ODD 

FRONT OF CABINET 

Figure 4-7. Distribution of Odd and Even Memory Plane 
Assemblies Among Chassis of Computer 

Corresponding H wires and corresponding V wires of each group of six memory planes of 

a stack are connected in series by short lengths of wires soldered to the tabs at the edges 

of the boards. The H and V wires of each of the eight such groups of memory planes 

which form a memory plane assembly are connected to separate driver and diversion cir-

cuits. In each case, these circuits are located on the same chassis as the memory planes 
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with which they are associated, The corresponding drivers and diverters of the even 

memory .are connect~d in parallel to the s1 register, located on Chassis 3; those of tlie 

odd memory unit are connected in parallel to the s2 
register, located on Chassis 4. Thus, 

a complete memory plane assembly is the logical equivalent of 48 memory planes, stacked 

one behind another. 

As shown in figure 4- 8, which is a simplified re~resentation of a memory plane assembly, 

the cores in each horizontal plane are effectively connected in series by an H wire. Sim­

ilarly, the cores in each vertical plane are effectively connected in series by a V wire. 

Coincident currents on a selected pair of H and V wires affect only those cores at the in­

. tersection of the horizontal and vertical planes formed by those wires. 

· Separate connections are :rp.~de to the sense and inhibit lines of each quadrant of a memory 

plane. Each sense line is brought to a pair of tabs at a corner of the memory plane. 

These tabs are connected to the sense amplifier circuits by twisted pairs. Each inhibit 

line i$ brought to a pair of tabs which is located approximately half way between two of 

the corners of the memory plane. The tabs are connected to the inhibit circuits by twisted 

pairs. 

Figure 4- 8. Intersection of H and V Wires in a 
Simple Memory Plaµe Assembly 
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ADDRESS SELECTION 

A storage location has been defined as the row of cores at the intersection of a selected 

pair of Hand V wires of a memory plane assembly. Each memory plane assembly thus 

has 16, 384 storage locations. It is the function of the address selection circuit tO select 

a discrete storag¢ location for each· different address in s1 or s2. 

Exactly 15 bits ar.e requirro to separately identify each of the '32, 768 atorage locations. 

The identifications, called addresses, range from 00000 to 77777 inclusive, expressed in 
' ,{ 1 

octal notation. Two address selec~ion systems, one associated with t~e odd st,orage unit 

and the o_ther with the even storage: unit, are provided to interpret th.e· address involved ih · 

a st()rage reference and select the :appropriate ''odd" or "even" storage; location. Tbe , 

lowest-order bit of the 15-bit address selects either the odd dr even a,.ddress selection 

system. The remaining 14 bits are placed in the S register oi the selec::ted syste·m and 

translated to s~l~ct a single H wire and a single V wire of each matrix plane of the mem­

ory plane assembly. 

The address select~on cirquits for the odd and even storage units are identical. Each is 

composed of four ·,logical systems: 

1) The vertical drive system, consisting of a translator and eight ~rivers for each 

. of the storage units on a ch~ssis, selects a group .. of 16 V wires .. ·among which is 

the desired V wire, and supplies the necessary drive current for this wire. 

2) The horizontal drive system, co.nsisting of ~ translator and e~ght drivers for each 

of 'the storage units on a chassis, selects a group of 16 H wires, among which is 

the desired H wire, and supplies the necessary drive current for .this wire. 

3) The vertical diversion system, consisting of a translator and 16 diverters for each 

of the storage units on a chassis, selects the desired V wire from the group of V 

wires selected by the vertical drive system. 

4-13 



~------------CONTROL DATA CORPORATION 
~ ~ Dilu®nt 

4) The horizontal diversipn SY;~tem,, consisting of a translator and 16 diverters for 

each of the storage· units· on a chassis,, selects the desired :H wire from the group 
. .: r. / 

of H wire.s sel~cted by the horizontal drive system. 

The address selection system! logically divides each stack into eight vertical and eight 
' : "I,·' ·.\ 

horizontal sections,, as illustrated in figure 4-9. Each horizontalr,section consists of 16 

H wires; each ve.rtical section consists of 16 V wires .. 

HC..RIZONTAL 
DF<iVER 
SELECTION 

VERTICAL 
DRiVER 
SE:..E~TION 

(16 

------i-+--
- - - - --',---

- - - .- ---- - - -

Figure 4- 9. Connection of Drive Lines and Diversion Lines 
to the Odd or Even Portion of the Stacks 

Th~ regio·n generated by the intersection of an H section and a V section and co·mmon to 

both is called a quarter section. One end of each of the wires in a horizontal .section is 

. connected to. a common horizontal driver; similarly,. one end of each of the wires in a 
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vertical section is connected to a common vertical driver. Thus, the selection of a hori-

zontal and vertical driver by the respective translators selects a region of 256 storage 

locations, one of which is the desired one. The other end of the H wires are connected 

to the diverters; corresponding ff wires o_f each horizontal section are connected to a 

single diverter. The selection of a horizontal and vertical diverter completes the elec-· 

trical circuits to the selected horizontal and vertical drivers; allowing current to flow 

from the drivers through the respective H and V wires, through the diverters, and back 

to the current source. 

As an aid to maintenance, the sel.ection of drivers and diverters by consecutive storage 

address~s follows an orderly pattern. The bits of a storage address are combined, for 

selection purposes, in the pattern shown at the top of figure 4-10. The lowest-order bit 

specifies the odd or even memory unit; the next two highe:c-order bits specify the quadn~.nt 
. ' ' 

within that unit. Th~s~ the three lowest-order bits divide each stack into eight portions, 

and are ~~rmed the "o.ctant ~election bits". The next six higher-order bits of the ad.dress 

select th;e vertical ·drivers and diverters in the octant while the six highe-st-order:)::>itS 
I • 

~~lect tHe horizontal drivers. a·nd diyerte~s in the oct~nt. 

The selection of. a vertical driver. is given by bits l, 8, 7 where bit 1 is treated as the·· ; 
' ., . . 

highest-order one~ Similarly the selection of a. horizontal driver is given ~y,.bit~··.·2·:~·~4 ... 

13 where bit 2 is treated as t~e highest-order o~e. 

The ordered selection of drivers and diverters within an octant is shown in the lower 

part of figure 4-10 . .- The selection of vertical diverters proceeds from left to right,·. in 

repetitive cycles, at l/ 8 the frequency of address change. The selection of v~dic:a.I 

drivers proceeds from left to right, in repetitive cycles, at 1/128 frequency of address 

change. Horizontal diverters ~nd drivers are selected in the same 'manner but at 1/ 64 

the rate of the vertical. 
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S REGISTER 

1 2 The S and S registers, shown in figure 4-11 hold the storage address during a storage 

reference. Each register consists of 14 single- rank FF stages and has no properties 

other than storage. An address is entered into one of the registers by one of three com­

mands. The command u2
-+ S1 (or S2) enters the quantity stored in u 2 into S; the com­

mand P 1 
-+ S 1 (or S 2) enters the quantity in P 1 into S. The command Set S 1 (or S 2) inserts 

one of eight addresses (00000 through. 00007) into the appropriate S register during buffer 

ope~ations. The u 2 _,. S and P 1 _,. .S transfers are forced transmissions; i. e., they trans-

2 l ' 
fet ·both outputs of a stage of U or P to the corresponding stage of S. 
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Figure 4-11. S-1 and S-2 Registers. 
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HORIZONTAL AND VERTICAL DRIVERS 

There are eight vertical and eight horizontal driver circuits for the odd memory plane 

assembly and the same number for the even on eaGh chassis. · The driver circuits are 

identical; a typical circuit is shown in figure 4-12. The vertical driver circuits are con-

nected in parall'~l to stages 01, 07 and 08 of the appropriate S register; the horizontal 

driver circuits are connected in parallel to stages 02, 13 and 14 of the appropriate S 

register . 
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The translator associated with each driver circuit selects one of the eight drivers (desig­

nated G--- in figure 4-12) on the basis of the contents of the three stages of S. The trans-· 
I 

lation is performed by single-inverter cards (designated E--'."') and: selector cards (de,sig• 

nated T-·,"' -) • . A pair of E- - - cards is so connected to each FF that one pro~ides a "o" out­

put when the F~ stores "1" and the other a "O'' output signal when,.the FF stores "o0
• The 

outputs 6f the E1"'-- cards, along with the signals Read Drive and Write Dri~e from the 

storage·sequence control, are applied fo the T--- cards in such cbmbinations that the fol­

lowing output signals a~e produced by the T--·- cards: Read ''xxd'', Write "XXO", Read 

"XXl •i, Write "XX1 ", "OOX", "01X", "lOX" and "11X". .In each case, the letter "X" re-

presents a bit of S which does not affect the output of the T cards. 

The outputs of the T- - - cards are combined at AND inputs to the G- - - cards in such a man­

ner that a read output is applied to the one AND of each card and a w:rite output to the other, 

and each is ANDed with one of the other four outputs. Thus, for any combination of bits 

i:rr the three stages of S, one of the G- - - cards is seleded, . and this card provides both 

read and write currents to the memory plane stack. 

l; 

The current ~urce eard (designated Y---) is the source of d-c from which the selected 

driver card draws the read-write current. To maintain a constant load on the power supply; 

a G card is. connected as a dummy load to the current source card. During periods of 

.no st&rage references, the dummy load is continuously selected; . .durirtg .. a storage reference 

the dummy load is disabled for a period of 6. 2 microseconds by the Dummy Drive signal. 

(Note: The period during which the: dummy load is disabled need not coincide exactly with 

the ,period during the storage reference when the driver cards are selected, since a- c 

fluctuations i.ti the lo-«d do not adversely affect the power supply. ) The Dummy Drive signal 

· ·originates at· the· storage sequence contr.61. 
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HORIZONTAL AND VERTICAL DIVERTERS 

Sixteen horizontal and sixteen vertical diverter circuits are associated with each stack of 

the odd and even memory units. The diverter circuits are identical; a typical circuit is 

shown in figure 4~ 13. The vertical diverter circuits are connected in parallel to stages 

03, 04, 05 and 06 of the appropriate S register; the horizontal diverter circuits are con­

nected in parallel to stages 09, 10, 11 and 12. 

1111 1110 1101 

x 
x 

1100 1011 

0 
x 
x 

1010 

0 

>< 
>< 

1001 

DIVERSION LINES 

0 
0 
x 
x 

1000 0111 

x 
x 

0110 0101 

x 
x 
0 

0100 0011 

x 
x 
0 

Figure 4-13. Typical Horizontal or Vertical 
Diversion Circuit 
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. The translator associated with each diverter ci-~cuit selects one divertet card (designated 

D- ~ - in figure 4 .. 13) on the basis of the contents of the four stages of S. ~he translation is 
' ~ 

~imilar t~ that described for th19.driver circuits. ·:rhe E--- cards provide ~ositive "1 11 and 

110" ~utputs on the basis of the information stored irt t~e FFs. 'I;'he outputs from the E- - .... · 

cards are applied to the T--- (.selector) cards in such ... combinations that the\following nega-
·.=-: : 

tive output signa~s are produced by the T--- cards: "XXOO", "XXOl", 11xxio 11
, "XX:ll",. 

. y --- . . i .·· 
"OOXXi*',. "OlXX"; "lOXX" and "llXXY. The outputs oi the T cards are combined at the 

. . 

inputs of D- - - cards in such a manner that, for any combination of bits in the four stag~s 

of S, only one diverter card is selected. The card completes the curr~nt path for a sihgle 

H or V wire within the group of 16 ·such wires fed by the selected driver. 
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BIT PLANE CIRCUITS 

The bit plane circuits implement data transfer between storage and the reE;t of the com­

puter. Data flow out of storage takes place during the first half of the storage cycle. The 

states of the se.lected cores are sampled by detecting the voltage induced in the sense 

windings when t~e read drive pulse clears the cores to the "O" state. Those cores which 

stored "1 11 bits produce pulses on the respective sense windings which are amplffied by the 

sense amplifiers. During read operations, the Read signal, in combination with the appro­

priate quadr.ant selection signal, gates the pulses from th,e sense amplifiers to the 15 (even 

storage unit) or 16 (odd storage unit) rank of inverters. (During write operations, the 

Write signal gates the word in x2 into 15 or 16 . ) The Set Z pulse gates the pulses from 

15 or 16 to the Z register during a crit~cal portion of the read drive pulse. At the sa:W:e 

. 5 6 . 5 6 time, during read operations, the appropriate pulse I I ..... X or I l ..... U gates the pulses 

from 15 or 1
6 

to the x or u registers. 

Data flow into storage takes place during the second half of the storage cycle. The quan­

tity to be stored is in Z, as a result of a transfer from X to Z via 15 or 16 or from the sense 

windings to Z via 1
5 

or i
6

. The write drive pulse attempts to set the selected cores to the 

"1" state. Simultaneously, however, the inhibit current generators produce an inhibit 

pulse corresponding with each "O" bit in Z. · The inhibit pulse nullifies the write drive 

pulse at the core and prevents the latter pulse from setting the core to "1". In this manner, 

the word in Z :i,s exactly reproduced at the selected storage location. 

SENSING CIRCUIT 

For the duration of the read drive pulse, all 48 cores of the selected word;. receive full- · 

amplitude pulses in the proper direction to switch their flux states to "O". A voltage is in­

duced in the sense line of each core; typical voltages for "I" a~d 110 11 outputs, along with 

the read drive current pulse for comparison of timing, are shown in figure 4-5. The vol­

tages may be of either polarity because of the manner in which the sense line is strung 
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through· the cores. 

Sfnce the 111" output is the desired signal, the butput from 110" must be regarded as noise 

and should be as small as possible. ·This signal ai:ises from the shape of the hysteresis 

loop but is also dependent c;m the number of half-write pulses the core has received since 

it was first set to 110 11
• Sihce the sense wire is strung through every core in the quadrant, 

it also links those cores which receive the half- read pulses. Thus,. ·the signals produced 

on the sense line by those cores also contribute to the noise. 

The flux density of those half-selected cores in the 0 1" condition is reduced slightly, while 

that of cores in the· "O" condition is increased slightly, by the read drive pulse. In both 

cases, small noise voltages of about 1 to 2 millivolts are produced on the sense winding. 

The noise voltages a;re 'reduced in two ways: (1) by threading the sense line through the 

cores of a quadrant ih such a manner that the noise signals from half- selected cores can­

cel each other, and (2) by sampling the sense amplifiers at a time when the "1" output 

voltages are near their peak and the noise voltages have decayed to a small part of their 

maximun1. 

The path of the sense wire through a four core matrix is shown in figure 4-14. The sense 

line follows a similar path through all the cores of a quadrant. If drivers 1 and 3 generate 

~ead drive current pulses, core A receives a full field, cores B and C half fields, and core 

D no field. Core A, which is the selected core, induces the desired "1" signal on. the sense 

line while cores B and C induce noise voltages on the sense .line. The noise signals add 

algebraically on the line and, as a result of the manner in which the lines thread the cores, 

the noise signals are of opposite polarity. In this manner, most of tl\e noise signals in a 

quadrant cancel each other if they are nea:rly equal. 

·The sensing circuit for a typical memory plane is shown in figure 4".'" 15. A s~nsing circuit 

such as this is provided for each memory plane of the odd and even storage units. The 

signal from the sense line is applied to the appropriate sense amplifier (Y100, y 101, y 102 
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DRIVER I DIVERTER 2 

DRIVER 3 

-

OIVERTER 4 DRIVER 4 . 

DIVERTER I DRIVER 2 

Figure 4-14. Path of Sense Wire Through a Four.-Core Matrix. 
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Figure 4-15. Typical Stage of the Bit Plane Control. 
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or yl0 3 in this case) and the output of the amplifier is gated to 15 by the appropriate Read 

Quadrant signal. A "1" signal in the sense line results in a 110" signal from the sense am -

plifier and a "1" signal from 15. 

The Set Z signal from the storage sequence control gates the output of I
5 

into the Z regis­

ter. The register is initially cleared by the Clear Z signal. A "1" output from a stage of 

15 allows the Set Z signal to pass the AND and set the associated stage of Z to "1 11
• In the 

case of a read reference, either of the signals I516 .... X or I5I6 .... U is also generated; these 

signals set the stages of X and U according to "1 1 s" in 15 or 16. 

As shown in figure 4-5, the "1" signal from the sense amplifier reaches its peak after the 
5 6 5 6 

"O" signal has decayed to about 6 millivolts. By generating the Set Z, I I -+ X and I I -+ U 

signals approximately 1. 6 microseconds after the start of the read drive pulse, most of 

the "O" signal is avoided. 

INHIBIT CIRCUITRY 

Figure 4-16 shows the path of the inhibit wire through a four-core matrix. The inhibit 

line follows a similar path through all the cores of a quadrant. . Note.· that the inhibit cur-

. rent flows in opposite directions in adjacent lines. This is related to anq compatible with 

the fact that the direction of the write drive current reverses fro:rn 'line to line. For ex­

ample, in figure 4-16 the write drive current· flows down from driver l, up from driver 2, 

right from driver 3 and left from driver 4. Following the path of the inh,ibit Hne through 

the matrix, it is apparent that the inhibit current is at all time opposite in direction to the 

write drive current. 

The inhibit circuit for a typical memory plane is shown in figure 4-15. ·:Identical inhibit 

. circuits are provided. each memory plane of 'the odd and even storage Units. The write 

drive pulse, following the read drive pulse, attempts to switch all the cores of the selected 

memory location to the "1" state. The inhibit drive pulse passes inverter rr140 if the stage 

. of Z stores a "O" bit and p.robes the ANp inputs to the inhibit current generators (G ioo, 
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Figure 4.:.16. Path of Illhibit Wire '·Through a Four-Core Matrix .. 
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0 101, 0 102 and 0 103). One of these AND" inputs is enabled by the appropriate quadr~nt 
selection signal; the out~ut of the AND enables the appropriate inhibit; current generator, 

. . . . ' . 160 
which the~· draws inhibit current through the inhibit wire from the current sourc·e (Y and 

Y l BO). The bµ1ibit current, occu~ring at the time of the write current btit opposite in po­

larity, cancels'.the effect of the write current within that quadrant and as a result, the core 

is not switched fo 11 1 ". 

The dummy load associated with an inhibit circuit is continuously enabled during periods 

of no storage references and also during those references which do not result in inhibit 
'. 

· current generation.. . In the cas~ of references which do result i9' inhibit current generatfon1 

the "O" ~utput of Z enables the AND input of. To 10• As a result, the Dumriiy~ Drive. s~gnaf 
010 . ,, 

passee1 T and disabl.es the dur:q.m;y ~oad for a period of 6. 2 usec during·'tre r~ference~ 
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STORA.GE SEQUENCE CONTROL 

· The storage sequence cont;nal, in response to initiating signals from the control section of 

the computer,,, executes reading and writing operations. by generating the signals which con­

trol the addres.~ selection and bit plane circuits. The basic pulse sequence for reading 
. \ 

and writing is sl;t.own in figure 4-17. The first pulse, called the read driv~, drives the se-

lected core to its· "O" state .. of magnetization. The second pulse, called the inhibit drive, 

allows a 110 11 bit to, be retained ~n the core by inhibiting (cancelling) the effect of the write 

drive pulse.· ·The third pulse, called the write drive, drives the c;ore to its "1" state of 

magnetization if theinhibit drive is absent. 

The storage sequence controi consist~ of the initiate storage reference circuit. and identi-

cal sequence co.ntrols for t~e odd and even storage units. The initiate storage reference 

circuit initiates a r~ference by entering the address Jn the appropriate S register and se­

lecting the appropriate odd or even sequence control. The selected sequence control then 

generates· a fixed sequence of control pulses which executes the reference. 
CHANGE 

s 
l 

I 

! 
~0.4 µs -----

READ . DRIVE INHIBl11 ORIVI:: 

. ~WRITE DRIVE 

o.•.µs~ 1.e µs __ ___... 

1,8 µ s ----;.IE- o.s µs 2 .2 µs 

Figure. 4-17. Basic Pulse Sequence for Storage Reference 

INITIATE STORAGE REFERENCE CIRCUIT 

A sequence chain of the control section orders a storage ~eference by generating the signal 

Initiate Storage Reference. This signal performs two functions: (1) it controls the trans­

mission of the storage address involved in the reference to the appropriate S register; 
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( 2) it initiates the basic storage sequence within the storage unit. 

The initiate storage reference circuit is shown in figure 4-18. The storage references 

differ from each other with respect to the source of the address involved in the reference. 

The address may originate from one of three sources, depending upon the sequence which 

initiates the reference. Table 4-1 lists the source of the address for each of the· 8 se-

quences which initiate sto_rage references. As shown in figure 4-18, the InitJate Storage 

Reference signal sets one of five flip-flops, depending upon the address source. .::r'hese 

FFs control the AND inputs to eight control delays which generate the control signals that 

change S and initiate the storage sequences. 

T~BLE 4-1. SOURCES OF ADDRESSES FOR STORAGE REFERENCES 

Sequence 

Read Next Instruction 

Read Operand 

Write Operand 

.Search and Transfer 

Uera~ive 

A;m;iliary (Buff~r Initiates 12 

External Function 

Auxiliary (Advance Clock, 
Interrupt and Buffer Initiates 

#1 and #3 . 

SEQUENCE CONTROLS 

Source of Address 

Program Address Register (P1) 

Program Control Register (U~) 

Input-Output Control 

The· two sequence controls are identical. Each, in response to the Initiate Storage Sequence 

signal, generates a fixed sequeµce of control signals. 'fhe signals and their time relation-, 

ships with respect to the Initiate Storage Sequence signal are shown in figure 4_-19: 
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AUX IN IT (ADVANCE CLOCK a BUFFER :fl:t) ----
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H944 

H948 

EVEN STORAGE 
NOT BUSY 

AUX INIT (ADVANCE CLOCK) t---+-+---+---£>....,... 
AUX INIT (BUFFER 1:3) ------~ 

RNI INIT 

MC 

EF INIT 
AUX INIT (INTERRUPT a BUFFER #I)~"------. 
AUX INIT(BUFFER :1=3)-----

MC 

ODO 
ADDRESS 

IN P 

H946 

H958 

ODD STORAGE 
._ ___ _.NOT BUSY 

Figure 4-18. .Storage Reference Circuit. 
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TIMING PULSE GENERATOR 

A sequence control consists of a timing pulse generator, a group of drive generators, a 

group of pulse generators and a fault detector. The timing pulse generator generates a 

sequerice of timing pulses during the 8. 4 microseconds immediately following the Initiate 

Storage Sequence signal. The timing pulse generator of the even sequence control is shbwn 

in figure 4-20. A loop of eight control delays (H
061 

through H068) generates the basic 

8-pulse cycle. The pulses are separated by the O. 2 microseconds interval inherent in 

control delays. .The remaining circuitry of the timing pulse generator divides the control 
. 061 064 delays into two logical groups: group one consists of H through H ; group two con-

sists of H065 . through H068
. 

A two- rank, two- stage counter is advanced by a signal from each group of control delays. 

Rank 1 of the counter consists of FFs K6401641 and K644 / 645; rank II consists of FFs 

K642 I 643 and K646 I 647 . During the first half of an 8-pulse cycle, the output of v06 2 

transfers the count in rank I to rank II. During the second half of the cycle, the output of. 

v066 transfers the count in rank II to rank I, advancing it by one in the process. Thus,, 

the counter is advanced through its cycle 'of four counts by four successive 8-pulse cycles. 

Table 4- 2 lists the 32 steps of a complete counter cycle. During the first half of each 

I 8-pulse cycle,. rank I holds the count while rank II is being changed and during the second 

half of the cycle, i rank II holds the count while rank I is being changed. A distributor, 

combining select~d outputs of the control delays with the outputs of the counter., takes ad-

. ' . 160 162 164 l66 . vantage of this feature, Four inverters (J , J , J and J ) translate the outputs 

of Rank I to provide negative outputs for counts 00, 01, 10 and 11, :r~spectively. A second 

161 163 165 167 ' . ' . 
group of four inverters (J , J . , J and J ) provides the same translation for the 

oqtputs of Rank II. The outputs of the first group of inverters are combined with the out-

puts of the first half of the timing chain; the outputs of the second group of inverters are 

· com,bineq with t]le outputs of the second half of the timing chain. The combinatioq. of out­

puts from the inverters with outputs from the timing chain and the timing pulses produced 

'py each combination are. listed in table 4- 3. 
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TABLE 4-2. TIMING PULSE GENERATOR OF EVEN s'.toRAGE SEQUENCE 
CONTROL: COMPLETE COUNTER CYCLE 

1' 

Timing Source Rank I Rank II 
Pulse 

0 vgoo 00 00 

1 vo.61 00 
} Rank I ~ Rank ll 2 vos2 00 

3 v063 00 
4 v.oa4 00 

5 v065 

}Rank II+ 1- Rank I 
00 

6 v066 00 
7 v.067 00 

068 
8 v 00 

9 
. 061 

01 } Voa2 
10 Voa3 01 Rank I • Rank II 
11 Voa4 01 
12 v /01 

13 v065 

} Rank II + 1 ... Rank I 
01 

14 vos6 01 
15 vos1 01 
16 vo6a 01 

17 061 10 
} Rank I ... Rank II 

· Vo52 18 Vo53 10 
19 Voa4 10 
20 v 10 

21 voa5 
} Rank II + 1 - Ra.nk I 10 

22 v066 10 
23 vo01 10 
24 voaa 10 

25 voa1 11 
} Ran: 1- Rank II 26 voa2 11 

27 voas 11 
28 voa4 11 

29 voa5 

}Rank II+ 1 - l'tank I 
11 

30 v066 ii 
31 voa7 11 
32 v068 1.1 
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TABLE 4-3. TIMING PULSE GENERATOR; SOURCE OF TIMIID PULSES 

Timing Source 
Pulse lnverter Control Delay 

0 v9oo 

1 Jl60 vos1 

4 J160 vos4 

a J161 voso 

7 J161 voa1 

8 J161 vosa 

10 162 J . vos2 

11 Jl62 "·voa·s 

12 J162 vos4 

13 Jl63 voa5 

15 J163 v 067 

23 J165 y067: 

24 J165 voas 

29 J167 voas 

32 Jl67 voaa 
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DRIVE GE:f!IBRATORS AND PULSE GENERATORS 

I • \ 

The drive generators and pulse generators of the odd and even sequence controls art\ 
\I 

identical. Those of the even sequence control are shown in figure 4-21. Each drive gen-

erator consists of a flip-flop and two or more inverters. The FF is set and cleared by 
f 

timing pulses which coincide with the leading and trailing edge, respectively, of the de-

sired drive signal. The inverters serve as slaves providing the multiple output signdls 
\ 

required. The inverters are conrtected in parallel to either the "1 11 or "O" output of the 

FF as necessary to provide signalE? of the desired polarity. The pulse generators _are con­

trol delays which produce Z register commands and the storage resumes. 

I 

The following discussions refer to both the odd and even sequence controls. The logidal 

designations used, liowever, are those of the even sequence control. 
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1) Diverter Drive. The Diverter Drive FF (K
6 2416 25

) is set by timing pul~e 0 and 

. d . h' . t 1 . t J 030 d J 031 'd cleared by timmg pulse 23; urmg t is m erva , mver ers an proy1 e 

the positive Diverter Drive Signal to the horizontal and vertical diverters of the 

address selection circuit. 

2) Read Drive. The Read Drive FF (K626 / 627 ) is set by timing pulse 1 and cleared 

by timing pulse 10; during this interval inverters J 032 and J 033 provide the nega­

tive Read Drive signal to the horizontal and vertical drivers of the address se­

lection circuit. 

3) Write Drive. The Write Drive FF (K628 / 6 29) is set by timing pulse 15 and clear­

ed by timing pulse 24; during this intervalJ inverters J 034 and J 035 provide the 

negative Write Drive signal to the horizontal and vertical drivers of the address 

selection circuit. 

4) Inhibit Drive. The Inhibit Drive FF (K630 / 631) i.s set by timing pulse 13 and 

. 036 037 ' 
cleared by timing pulse 24; during this interval; inverters J and J provide 

the Inhibit Drive signal to the inhibit circuits, 

5l Sense Drive. 't'he Sense Drive FF (Ic
682 / 633) is set by timing pulse 4 and clear­

ed by timing pulse 12. During this interval,,. K
632 provides a positive Sense Drive 

. l t . t J3SO J331 d J332 d K633 'd t'. S · D . s1gna p 1nver ers , an , an ·. prov1 es a nega ive ense rive 

signal to inverters J 333
, J 3 34 and J 335

. 

The signals Enable Partial Write (upper) and Enable Partial Write (lower) from 

the ~antral section control the generation of. signals from the inverters. The 

signal Enable Partial Write (low~r) enables the "Set 30 input gate of FF K6121613 

and this FF is set to 11 111 during the read half of the storage, sequence. SimilarlyJ 

the signal Enable Partial Write (upper) enables the input gate to ·K6141615 . The 

output of K613 is applied to the "OR'' inputs of inverters J 330 and J 331 and to the 

"AND" inputs of inverters J 333 .and J 334
. The output of K615 is applied to the 

"OR" . t f . 331 332 II II • 334 mpu s o mverters J and J and to the AND inputs of inverters J 

d J 335 an . 
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The absence of all of the Partial Write Enables from control results in negative 

signals from J 330, J 331 and J 332 during the period of the Sense Drive. These 

signals, designated Read (Lower Address), Read (Non-address) and Read (Upper 

Address), respectively,. effect a read reference by transferring a complete word 

from the sense lines of the selected quadrant of a memory plane to 15. 

If both Partial Write signals are present,. inverters J 333, J 334 and J 335 provide 

negative output signals during the period of the Sense Drive signals. These sig­

nals, designated Write (Lower Address), Write (Non-address) and Write (Upper 

Address), respectively, effect a write reference by transferring a complete word 

from the X register to 15. 

It follows from the above analysis that the presence of the signal Partial Write 

(Lower) and the absence of the other results in the generation Qf the signals Write 

(Lower Address), Read (Non-address) and Read (Upper Address). Similarly, the 

presence of the signal Partial Write (Upper) and the absence of the other results 

in the generat~on of the signals Read (Lower Address), Read (Non- address) and 

Write (Upper Address). These combinations of Read and Write signals result in 

partial write operations; the forn,ier combination writes the lower address and re:­

stores the remainder of the word, and the latter combination writes the upper 

address and restores the remainder of tlE word. 

6) Dummy Drive. The Dummy Drlve FF (K620 / 621) is set by timing pul.se 11 and 

cleared approximately 6 .. 2 usec later by timing pulse 4.2. A special chain of 10 

FFs (KlBO/lBl) through(K1781179) is used to delay timing.pulse 32 for 10 periods 

in order to obtain timing pulse 42. Each FF provides approximately a.O. 2 micro­

second delay; the precise delay period provided by control delays is not necessary 

in this application since the timing of the Dummy Drive signal is not critical. 

Du:rtng the interval that the Dummy Drive FF is set, inverters J 038 and J 039 pro­

vide ne.gative :,Dummy Drive Off signals which disable the dummy loads of the · 
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horizontal and vertical drivers and selected dummy loads· of the inhibit circuits. 

7) Clear Z. Control delays H990 and H
992 

receive timing pulse 7 and provide Clear 

990 
Z output pulses to the bit plane control. The output of H is sent to cha$sis 1, 

2, 3 and 4; the output of H 992 is sent to chassis 5, 6, 7 and 8, 

8) Set Z. Control delays H991 and H 993 receive timing pulse 8 ,and provide Set Z 

output pulses to the bit plane control. The output of H
991 

is sent to chassis 1, 2, 

3 and 4; the output of H 993 is sent to chassis 5, 6, 7 and 8. 

9) Resume. Two control delays, shared by the odd and even storage sequen~e con-

071 
trols, generate the Resume I and Resume II pulses. Control delay H receives 

timing pulse 4 from both the odd and even storage sequence controls and P.rovides 

th R I 1 t th t 1 t . C t 1 d 1 HO 7 5 . t. in1 
• e esume pu se o e con ro sec ion. on ro e ay receives 1 1ng 

! 

pulse 6 from both the odd and even storage sequence controls and provide~ the 

Resume II pulse to the control section. 

FAULT DETECTOR 

The fault detector detects the presence of more than one pulse in the timing loop of tt se­

quence control. Such unwanted pulses cycle the drive generators on and off at a rapid rate 

and overheat the generators. The first control delay of both the even and odd timing loops 
I 

is odd-numbered. Thus, only even-phase pulses can enter the loops. The fault detector 

of the even storage unit (figure 4 .... 22) combines the outputs of control delay v063 and v065 

at the AND input to the set side Of FF K6·34 I 635 . If two successive even pulses enter the 

loop, the FF will be set and the Storage Fault signal generated. If two pulses separated by 

the six phase periods enter the loop, the FF will be set during the second recirculation of 

the pulses (when they are separated by two phase periods). 

During the period K
534

/ 535 is set, the AND input of J 336 is not satisfied. As a result, a 

"1" is generated by J
336 

as the Storage Fault signal. This signal is applied to the slave 

inverters of the drive FFs, thus holding off the drive generators. A master clear, per­

formed at the console, clears the drive FFs and also K634 / 535 . During the period the 
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CLEAR lever switch is depressed# the AND input of J 336 is inhibited by a "O" from J 3,37, 

: Thus, the drive gen~rators are held off during the period of the master clear. 

STORAGE 
FAULT 

Figure 4- 22. · Fault Detector of Even Storage Unit 
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ELECTRONIC THEORY OF MEMORY CIRCUITS 

The stbrage section uses many non-standard cards in order to perform non-logical func­

tions such as amplification, pulse generation and switching. The non- standard card types 

are as follows:· the drive generator (card type 51), the diverter (card type 52), the selec­

tor (card type 53), the current source (card type 54), the inhibit generator (card type 55) 

and the· Sense amplifier (card type 56). The following paragraphs discuss the electronic 

theory of each of these card types and describe the interconnections of the cards to perform 

specific functions within the storage section. 

n'RIVE GENERATOR (Type 51) 

The drive generator (figure 4- 23) develops the read-write current which is applied to the 

selected H and V wires. The circuit consists of two identical channels feeding opposite 

ends ~f the primary winding of tran~'former TOl. Each channel consists of transistor QOl, 

connected as an emitter-follower, i!nd transistors Q02 and Q03, connected in parallel as 

amplifiers. The input signal is received from an AND combination of two selector outputs. 

A -1 v input signal results in approximately 0 v at the base of QO 1. . The emitter of QO 1 is 

clamped to ground by CR03 and thus neither Q02 or Q03 conduct. Consequently, there is 

no current flow in the primary of TO 1. 

A -12v input signal causes QOl to conduct; however, the conduction is held below satura­

tion by feedback diode CROl. The negative voltage developed across R06 is applied to the 

bases of Q02 and Q03, causing these transistors to conduct. Current flows from the cur­

rent sources through the emitters of Q02 and Q03 to the ·collectors, ,through the primary of 

TO 1, to the current sources. The current pulse from the secondary of TO 1, amplified by 

the step-down action of TOl, is applied to the H and V wires of the memory plane assembly. 

The polarity of the output current from TO 1 it? determined by the direction of the current 

flow in the primary. The direction of current flow, in turn, is determined by the channel 
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which is selected. For example, if channel A receives a -12v input pulse ·a 'R.ead 'p-ulse is 

generated; if channel B receives the pulse, a Write pulse is generated. 

DIVERTER (TYPE 52) 

The diverter circuit (figure 4- 24) serves as an electronic switch in series with an H or V 

wire of the merriory plane assembly. The diverter consists of transistor QOl, connected 

as an emitter follower, and transistors Q02 and Q03, connected as switches. A -3v input 

signal causes QOl to conduct; the negative signal from QOl enables transistors Q02 and 

Q03. - One or the other of these transistors passes the current pulse on the H or V wire to 

which the diverter is connected, depending on tre polarity of that pulse. 

A positive pulse passes one of the pairs of diodes CR03 and CR04, CR07 and CR08, CRl 1 

and CR12, etc., depending upon the driver selection, and passes Q02. A negative pulse 

passes one of the pairs of diodes CROl and CR02, CR05 and CR06, etc., and passes Q03. 

In either case., the pulse is applied to a bleeder network composed of R02, R03 and R04. 

The bleeder networks of all the diverters are connected in parallel via terminals 11and''l2. 

This connec:tion equalizes the current flotV through the bleeders and thus reduces heating. 

SELECTOR (TYPE 53) 

Each selector card consists of two identical selector circuits. A selector circuit (figure 

4-25) is" similar to the standard inverter except that the resistances of ROS and R12 are 

lOk and 12k ohms, respectively. The larger resistance results in output signal levels of 

-1 v and -12v. Each selector circuit has two input diodes (CRO 1 and CRO 2) and four output 

diodes (CR09,, CR10, CRll and CRl 2). 

CURRENT SOURCE (TYPE 54) 

The current source card (figure 4- 26) consists of five banks of parallel resistors. The 

effective resistance of four banks is 150 ohms each; that of the remaining bank is 303 ohms. 

One end of each bank is connected to the -20v output of the power supply. The 150 ohm 
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'banks supply current to the H, V and inhibit current generators; the 303 ohm banks 

supply current to the dummy loads. 

INHIBIT GENERATOR (TYPE 55) 

The inhibit generator (figure 4-27) H~ used as an inhibit ,qurrent generator and as a 

dummy load. Each card has two generator circuits; the. circuits are identical to the 

type 51 drive generator channels except for the absence of an output transformer. The 

output of each channel is independe.ntly conned ed to a terminal of the card. 

A -12v input signal to either drive generator of a type 5 5 card causes QOl to conduct 

and thus enable Q02 and Q03. Current from the external source connects to the drive 

generator via terminal 6 or 12 and passes through Q02 and Q03 to ground. 

SENSE AMPLIFIER (TYPE 56) 

The sense amplifier (figure 4-28) amplifies the sense signals from a memory pl a.ne 

quadrant. Transistors QOl, Q02, Q03 and Q04 are connected in a differential amplifier 

circuit. The signals from either end of the sense windings are applied to QOl and Q03, 

respectively. The emitters are held at the difference voltage by a difference network 

composed of R04 and COL As a result, noise voltages on the sense line· are largely 

cancelled. 

Capacitors C02 and C03, in the collector circuits of Q02 and Q04, respectively, provide 

d-c stabilization. Diodes CROl and CR02 pass the negative-going components of the 

signals from .Q02 and Q04, and also serve as clippers. The bias across these diodes, 

and thus the clipping level, is adjustable by the MARGIN SWITCH on the operator's 

console. When the MARGIN SWITCH is "up",: +20v is applied to the junction of Rl4 and 

R15 and as a result, the reference voltage across the input diodes to the· last stage is 

raised. For this condition, the circuit is less sensitive to the signal from the sense 

line and, weak signals tend to be dropped. When the MARGIN SWITCH is "down", - 20v 

is applied to Rl4 and Rl5 and, as a result, the reference voltage across the input diodes 

of the last stage is raised. For this condition, the circuit is more sensitive to the 

signal from the sense line and spurious pulses tend to look like "l's". 
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Transistors Q05 and Q06 are connected in an amplifier-inverter circuit. The output a 

signal fro\m. CR05, as a result of a "1" signal from the sense wire, is -0. 5v. 

4 

TEST TEST 
POINT POINT 

c D 
0 

+20V 

-2ov 0 
TEST POINT B 

CDC 
103 
006 

Figure 4-28. Sense Amplifier (Card Type 56). 
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CHAPTER 5 

INPUT-OUTPUT SECTION 

The input-output section of the computer (figure 5-1) provides the methods for data exchange 

and for proper control of.information transmission between the computer and the :var-iotJB ex­

ternal equipments. These equipments are linked to and communicate with the computer 

through four cable groups; all information must enter or leave the computer through one of 

these cable groups. 

Information normally is exchanged between the computer and the external equipments in a 

block of words at a word-by-word rate. The data exchange rate is determined by the speed 

of the particular equipment in communication with the computer. 

· The heart of the 'input-output control circuitry is the auxiliary scanner, the function of whic.1.1, 

is to sequentially sample each of the six buffer channels, the common interrupt line, and the 

advance clock circuit to determine whether any of these demand action. The computer re­

sponds to an action request from one of these eight sources only when the scanner is at.the 

position associated with that source. 

Three ha.sic steps are performed in establishing a communication .Path and handling tr9.J:lS­

missions: 1) control of external equipment; 2) activating a channel; 3) the data tran~,m~on., 

process itself. 
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COMMUNICATION CABLE GROUPS 

Three of the cable groups contain buffer channels (one input buffer and one output buffer 

channel in each group) and the fourth contains a single transfer channel. An external equip­
\ 

nient must use cinly the two channels of the cable group to which it is linked. Low-speed 

equipments use the three buffer cable groups; high-speed equipments use the transfer cable 

group. 

Cable group 1 is associated with input channel.
1 
1 and output channel 2; cable group 2, with 

input channel 3 and output channel 4; cable group· 3, with input channel 5 and output channel 

6; cable group 4, with transfer channel 7. Groups 1, 2 and 3 offer a buffer type of com­

munication; group 4, a transfer type. 

Each cable group is composed of a set of six cables. Each cable, in turn, is composed of 

23 twisted~pair information or control lines and one twisted-pair common ground line; line 

assignments of a cable group are outlined in table 5-1. The buffe:r cables connected to ex: 

ternal equipments are interchangeable as they are all wired in a similar pattern. Cable 

group 4 is always used as' 1the transfer channel. Unused wires within the cables transmit and 

receive "O". 

"~ / 
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TABLE 5-la. LINE ASSIGNMENT OF A GIVEN CABLE GROUP - DATA LINES 

Input Equipment to Computer 

Input data 
(48 lines) 

Input data\ 
ready (1 line) 

Comprise two complete cables and two lines of a 
third cable of a buffer or transfer cable group. 

Function: Indicates equipment input register contains infor­
mation which computer may sample. 

Operation: Turned off by input data resume from computer. 
(Computer resync circuitry orients itself about 
leading edge of ready signal; auxiliary scanner is 
stopped and input word is passed to computer. ) 

Computer to Input Equipment 

Input data 
resume ( 1 line) 

· Function: Indicates to equipment that computer has accepted 
input word. 

Computer to Output Equipment 

Output 
(48 linea) 

Output qata 
ready (1 line) 

Operation: Turned off by input data ready; turned on when 
computer has accepted and stored input word. 

Comprise two complete cables and two lines of a 
third c'able of a buffer or transfer cable group. 

Function: Accompanies output data from computer. 

Operation: Turned on when computer has word of information 
ready for equipment; off by resume from equip­
ment. 

Output Equipment to Computer 

Output data 
resume ( 1 line) 

Function: Indicates that eq~ipment has accepted word. 

Operation~ Turned on wheri equipment has accepted word. 
(Computer resync circuitry orients itself about 
the trailing edge of resume; when signal drops 
auxiliary scanner stops and another word is ex­
changed. Computer prepares a word for exchange ;··· 
while output data resume signal is up.) 
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TABLE 5-lb. LINE ASSIGNMENT OF A GIVEN CABLE GROUP ... CONTROL LINES 

Computer to External Equipment 

External Function 
(12 lin~s) 

External master 
clear ( 1 line) 

Function: Carries external function (EF) codes to select or 
sense a condition within the equipment. 

Operation: Lines continuously monitored by all equipment. 
- Appropriate function or sense ready alerts equip-
~- ment on a given channel to sample EF code on lines. 

\ 
Function: Clears all equipment on all channels. 

Operation: Occurs when Clear switch at console is in up 
position. 

External Equipment to Computer 

Sense response 
(1 line) 

Interrupt 
(1 line) 

Computer to Input Equipment 

Input Function 
Ready (1 line) 

Input Sense 
Ready (1 line) 

Input Buffer 
Active (1.line) 

Function: Indicates equipment's reply to sense code. 

Operation: ON indicates presence of condition specified by 
sense code; OFF indicates absence of condition. 

Operation: External equipment or internal computer control 
sends signal when a condition arises that was 
previously selected by a 74.0. 

Function: Accompanies EF select code. 

Operation: Turned on by instruction 74.0. Causes input equip­
ment to translate EF code. 

Function: Accompanies EF Sense Code. 

Operation: Turned on by instruction 7 4. 7. Causes input equip­
ment to translate EF code and send response back 
to computer. 

Function:. Indicates computer is prepared to receive a block 
of data. 

Operation: Turned on when input buffer channel is actiyated by 
instruction 74.1,, 74.3 ·or 74.5. Remains on until 
final word of block is entered in storage. 
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Computer to Output Equipment 

Output Function 
Ready (1 line) 

Output Sense 
Ready ( 1 line) 

Output Buffer 
4\ctive ( 1 line) 

TABLE 5-lb. (Cont'd) 

Function: Accompanies EF select code. 

Operation: Turned on by instruction 74.0. . 
Causes output equipment to translate E F code. 

Function: Accompanies EF sense code. 

Operation: Turned on by instruction 7 4. 7. Causes output 
equipment to translate EF code and. send response 

. back to computer. · · 

Function: Indicates computer is prepared to transmit a block 
of data. · 

Operation: Turned on when .output buffer channel is activated 
by instructions 74.2, 74.4, or 74.6. Remains on 
until final word of block is transmitted to output 
equipment. . 

DATA AND CONTROL INFORMATION PRESENTATION 

The input-output circuitry uses static, direct-coupled, para~lel circuits. Data is presented 

·on the communication lines as· one of two D-C voltage levels; the binary 11 1" conditio,n i~ re­

presented by Ov,· the binary "O" condition is represented by ·-20v. All binary digits of a · .....,_.,.. ...-..-
word are presented simultaneously on the wires of the cable group. 

A second set of connectors in each external equip_ment enables more than one equipment to 

be connected to the computer via one cable group. Unique select codes provided by the com­

puter d.etermine which equipment attached to a cable is to _communicate with the computer. 
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EQUIPMENT SELECTIO~ 

The External Function instruction (7 4) selects equipment to communicate with the computer. 

A unique equipment and its operating condition are selected by 74.0. Instruction 74. 7 senses 

a specific condition within an equipment. The base execution address portion of 7 4. 0 and·· 

7 4. 7 is the external function code, a part of which is sent to the equipment to either select 

or sense a specified condition. The base execution address portion of these two instructions· 

Operation 

(f) 
I 
74 

E.xternal function code 

Channel 
Designator 

j 

.l 
0 Select 

7 Sense 

O Computer Fault 
1 Channel 1 
2 Channel 2 
3 Channel 3 
4 Channel 4 Typical 
5 Channel 5 Significanc'e 
6 Channel 6 
7 Channel 7 

7 

Equipment Condition 

t 
Condition interpretation 
code sp'ecifies operation' 

· for selected equipment 

0 Computer Fault 
1 1604 Console 
2 1607 Magnetic Tape System 
3· 1607 Magnetic Tape System 

(Alternate) 
4 1605 Adaptor 
5} Charactron Displa.y Console 
6 Special Input-Output 
7 Equipment 

Figure 5- 2. Individual Bit Significance of External Function Instructio'~s. 
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~ ~D~ 
is composed of three distinct elements:' 1) channel selection; 2) equipment sel'ection; 3) cort"". .. 

) 

dition code. 

' ' ' 

Bits 12 through 14 determine the channel to which the remaining 12 bits of the code are sent. 

Bits 09 through 'P designate an equipment.while ,bits 00 through 08 specify a condition for 

tliat equipment. Although bits 00 through· 11 are sent to every equipment on the channel only 

the ~me identified by the equipment selection code responds. 

The. external function code is held by the X register. After the code passes through the ex­

ternal function' inverters, it appears on the external function l.ines within the cable group. 
I ' . , 

One of the following list of ready signals generated within the computer by bits 12 through 14 

of instructions 74.0 and 74. 7 enables interpretation of the equipment and ·condition codes by 

the equipment: 

input ,function ready 

· input sense ready 

output function ready 

output· sense ready 

' \ ' 

The iise of: 7·4...7 is, determined· by its position within the instruction 'word. If the -instruction · 

is placed in the upper position, it is a skip instruction and the lower instrucUon c;>f the word 

is' skipped if the se11sed· condition exists. If the condition do.es not exist, the lower. instrtlc-
\. 

tion is performed in the norm~l manner. If,· however, 7 4. 7 is placed in the lower positidn, 

the instruction is repeated until the. specified condition exists. This is a convenient method 

by which t'he, computer can be made to await the establishme~t of a certain condition within 

·the external equipment. The position of 74.0 within .the instruction word does not affect its 
' . I ' 

operati~n. 
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COMPUTER INPUT 

Figure 5-3 shows the path of data input to the least-significant stage of the X register. Each 

of the 48 stages of the X register has a similar logic arrangement between it and the cable 

groups. Note that data enter nQ input register as such but instead go to x 1 
and then directly 

to storage. 

INPUT BUFFER 
CHANNEL 5 

INPUT BUFFER 
CHANNEL 3 

INPUT BUFFER 
CHANNEL I 

TRANSFER 
CHANNEL 7 

M300 

M200 

MIOO 

Mooo 

w53o 
ML.IO 

wsoo 
MQ_.IO-

SET X____;.!'111 

w3oo 

l~X1 

Figure 5-3. Data Input to the Least-Significant Stage of X Register. 

TO 
STPRAGE 

Inputs from the four cable groups connect toi~ri~~~~t,~arilflo. The,:,Ju~cit <?f I°''~·go~sJ9 tlte X 

register as a single input rather than four. Bec~us~·- ,of the inversion' by :f., ~ is fi~st set to 

all 11 1 's" and the 1° - x1 command clears appropriate bits. 

INPUT AMPLIFIERS 

T:YPe 61 cards contain the input amplifier circuits. Three identical circuits are located on 

each card and each is assigned an individual M- .. - symbol. These amplifiers have two func­

tions: ·they form the input boundary elements between the external equipment and the com­

puter and they convert communication line signals to computer signal levels. Each of these· 

amplifiers has a sing~e input and two outputs. 
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COMPUTER OUTPUT 

Figure 5-4 shows the path of data outp~t from the least-significant stage of the X register. 

Each of the 48 stages of the X register has a similar arrangement between it and the fouf 

cable groups. All output data is .taken from storage prior to being supplied to the- external 

equipment. 

In order to supply the necessary number of outputs the X register connects to inverter rank 

11, using only one output. 11, in turn, connects to all of the cable groups. Due to the in­
version caused by 11, it is connected to the clear side of x 2. 

OUTPUT REGISTERS 

The computer has on.e separate output register for each of the four cable groups. The reg­

isters, o1, o2, o3 and o4, are each 48 bits long. These registers hold the output data prior 

to its acceptance by the external equipment. A clear 0 - command prepares the output regis­

ter for the next word of output data; x 2 - 0- command enters the word ih:to the output regis-

ter. 

OUTPUT AMPLIFIERS 

Type 62 cards contain the out:put amplifier circuits. Three identical circuits are located on 

each card. Each circuit is assigned an individual L symbol. Each amplifier· has a single 

input anq a sin~le qutput. The output amplifiers have two functions: they form the boundary 

elements between the computer and the cable groups and t~ey convert computer signal levels 

to communication line levels'. 

5-10 



CONTROL DATA CORPORATION -----------·<Ir· ~D~ (!.> 

. 0·02 
x 

xoo3 

CLEAR 01 

x~o' 
w46o 

0002 

w410 ooo3 

CLEAR 0
2 

w420 

IIOO 

CLEAR 03 

. w43o 

CLEAR o4 
w44o 

xL...o~ 
w410 

X~03 

w4eo 

xL.o4 

w49o 

0 004 

0005 

0006 

0007 

0008 

0009 

Figure 5-4. Data Output from the Least-Significant Stage of 
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EXTERNAL FUNCTION INVERTERS 

The external function inverters supply the EF code of instructions 74.0 and 74. 7 to the cable 
. ' . 

groups. All data within the X register automatically appears ··within the external function 

inverters; only the absence of the proper ready .signal bars the interpretation of their con­

tent by the external equipment. Figure 5 ... 5 shows the method by which the lowest bit of the 

external function code is made to appear on the function lines within the cable groups. 

i.100 

EXTERNAL F'UNCTION 
INVERTERS 

Figure 5- 5 .. External Function Code Output from the Lowest Stage of X R~gister. 
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INPUT-OUTPUT CONTROL 

Data input and output are governed by control circuitry which is logically a part of the 

input-output section. This circuitry produces the signals which: 1) process each buffer 

channel; 2) respond to interrupt signals; 3)- perform the advance clock operation; 4) generate 

the enables which select the special storage addresses. 

Four major areas exist within the control circuitry which contribute toward the execution of 

these functions. These are scanner circuitry, auxiliary request circuitry, ready- resume 

circuitry and external functio_n circuitry. 

AUXILIARY SCANNER 

The auxiliary scanner guards against the possibilitJofc.a -s-ingle external-device mon?polizing 

the computer,· and gives proper recognition to 'interrupt _and. advance clock requests. ft' 

sequentially samples each of the six buffer channels, the interrupt line and the ad~a·n~e :clock 

circuits. In the event that none of these. lines demand processing, the scanner c?mpletes 

one entire cycle in 3. 2 microseconds. 

When an auxiliary operation must be performed, the scanner stops at the ·line which demand-_ 

ed the actio'p. The computer is forced to halt execution of the main program and to perfO_rm 

the indicated operation by en~ering the Auxiliary sequence. When the request has been Bat.is­

fied, the computer returns to the main program and the scanner. resumes its operation with 
' i • 

the next count. In the slowest case (action demands by all six buffer channels occurring with. 

consecutive 66-microsecond instructfons) communication is limited to a 5 KC word rate. 

During ordinary conditions,, the word rate may be expected to increase in the order of. 

approximately 10 ti.mes. 
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Figure 5-6 is a diagram of the scanner, which is essentially a specialized three-stage addi-. 

tive counter, the distinction being that only one FF of each rank changes state as the count 

is advanced. For each Rank I count there is one FF of Rank II that is .set. Each Rank II FF 

is associated with one of the eight lines. Each Rank I binary count and the auxiliary function 

(and line) associated with it is as follows: 

AUX Rank I Rank" II 
Function Count FF 

Advance Clock 000 K806/807 

Channel 1 001 K808/809. 

Channel 3 011 K812 I 813· 

Channel 2 010 K8l0 I 811 

1Channel 6 110. :K818/819 

Inter.rupt 111 K820/821. 

Channel 5 101 K816/817 

Channel 4 ' K814/ 81.5 100 

When a Rank II FF is set the a.ssociate,d line is examined by one of'the action req11est 

FFs (K:7"·82 - K797). The scanner is so constructed that if a line de.mands processing 

when it. is sampled, the sc~nner will stop the n~xt time Rank I reaches the count· of th~ 

line in question. 

The scariner continues to cycie as, lcmg as no auxiliary operations nee·d to be performed, · 
' . 

. . ' 

a condition which is indicated by a "O" output from the eight action request FFs. A 11111 

output h·om cmy of these FFs stops the scanner at the associated position. 

A remote possibility exists that all FFs of the scanner may stabilize at "O" after initial 
. . 

turn-on. To remedy this situation, the eight FFs of Rank II are formed into two groups as 
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inputs to H 795 and H 797 to enable the inputs to all of the Rank II FFs. 

When the scanner stops, the content of ·Rank 1 is transmitted to the auxiliary reference des­

ignator. Its state is translated to provide the gating for commands from the Auxiliary se­

quence .. Thus, 'the position at which the scanner. stops determines by means of the designa-
1 •. 1, .·' 

tor which commands the sequence will produce. This designator is also used during the 

execution of subinstructions 7 4.1 through 7 4. 6. 

AUXILIARY REQUEST 

Initiation of the Auxhiary sequence is governed by the presence ~r absence of the auxiliary 
! 

request signa~,; figure 5"' 7 shows how this signal is generated. Each time a line demands 

actiOQ, the scanner stops and this circuit then produces .the auxiliary request Signal which, 

forqes the CO?Xlputer to halt the main program and enter the Auxiliary sequerice. ·Then FF 
712 713 ' . . 714 715 

K K and it's slave K K are set to indicate an a~xilia.~y request. 

When a line demands, action the scanner will stop· when Rarik I next reaches the count for 

that line and the au)Ciiiary reques.t circuitry will be activated through K8~ 2 I 823 . When no 

line i~ active, this lrF changes state with every clock phase. The stopped scanner 'causes 

succeeding pulses of the same phase to enter either the set or clear sides of K822 1823 until 

f~nally the auxiliary request signal is produced. 

DATA READY AND DATA RESUME 
I 

' ' 

The sigbals·which accompany the exchange of data between the computer and the eJtternal 

equipm~nt are: 

input data ready 

in1:i'ut data resume 

5-16 

output data ready 

output .data·resume 
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INITIATE 
AUXILIARY 

REQUEST 

END OF AUXILIARY 
~~__,.-+--+~-r-~ SEQUENCE 

(SLAVE) 

SENSE FOR 
SCANNER 
STOPPED 

Figure 5-7. Auxi~iary Request. 
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. ' 

The ready signal accompanies the data while, the resume is a return signal which indicates 

that more information may b~ transmitted. 

Data Resume·Signals 

Within the c('.>nipµter, generation of the input data resume dep,nds upon a simultaneous ful-
'I \ 

fillment of the to1lowing conditions: 

' ' 

1) An active input channel. Buffer channels 1, 3, 5 are activated by 

a 7 4.1,, 3, 5 instruction. 

2) A resume from the sforage section indfoating that the previous word 

has been stored. 

Genera~ion of the· output data resume which depends· upei'n the op~ration of the external equip-
. . 

ment indiccites reception of the previous word and a readiness· to receive the next word. 

· Data Ready Sigb.als 

Within the computer,- the output' data ready depends upon the· simultaneous fulfillment of the 

following conditions: 

1) An active output channel.· Buffer channels 2, 4, 6 are activated by 

a· 7 4. 2, 4, 6 instruction. 
I . ·· 1 4 . · 

2) One of the output registers (O through 0 ) in the. full state. 

5-18 
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A delay of 1. 8 microseconds is provided between appearance of data on the output data lines 

and generation of the output data ready. This delay permits the lines to stabilize before the 

external equipment is allowed to sample them. 

Production of the output data ready which depends upon conditions within the equipment in-

dicates to the computer that data is present on the lines in a form which may be sampled. 

Control Line Relationships for Input Communication 

The exchange of control signals which are required in the transmission of a word to the com~ 

puter from the external equipment.is outlined in figure 5-8 and table 5-2. 

Transition of the input data r~ady line to the on state may take place at any instant with re­

spect to the synchronized (clocked) operations of the compu~er. To resolve runt pulses and 

to convert the input data ready signal into a single discrete pulse synchronized with the ¢om·­

puter is the job of the input ready resync circuits. 

Figure 5- 9 shows the· Channel l. ready res.ync circuit. This circuit, is typical also of the cir·· 

cuits for the other two input buffer channels. When instruction 74.1 is programmed, the Ex,... 

ternal Function sequence sets. the Buffer Active FF (3). From this point on the computer is 

considered to be in the buffer mode until the fina~ word of the block is received, at which 

time this FF is cleared. 

As long as no input ready is present, .the Input Ready FF is cleared by the even sync 

pulse. During the c;>dd sync pulse which follows, the Wait Ready FF is set. The state 

of the circuit with no input ready present is: (1) Buffer Active FF set; (2) ReadyFF 

cllear; (3) Wait Ready FF set; (4) Action Request FF clear. 
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BUFFER 

ACTNE 

DATA 

INPUT 

tNFi> ~EADY 

~NPUT 

INFO RESUME 

COMPUTER RECOGNIZE$ 

READY AT ITS OWN SPEED 11
1

11
:-LEVEL 

'--......... --------------

11

0
11

-LEVEL 

Figur¢ 5- 8. Exchange of Control Signals for One Iriput Word, Timing Dia1:tram. 

TABLE 5-2. EXCHANGE OF CONTROL SIGNALS FOR ONE INPUT WORD 

Repeat 

1), Computer, through proper combination of external select codes and ex-

ternal sense codes, establishes equipment from which it is to take infer-

ma ti on. 

2) Computer activates input buffer line. This line remains up U'.rttil final 

word of the block is tr.ansmitted. 
r 

3) Equipm,ent places a word on the lines and produces i:Q.put data ready. 

4) Computer, when it has accepted the word, produces input data resume. 

until entire ' 5) Input data resume causes equipme_nt to turn off its :input data ready sig-

block is 
). '') 

nal and pfepare another word of input dafa f6r cornputer. 

transmitted*, x.,6) Removal of input data ready caus,es comp1lte~ to turn off resume. 
i 
'·' / * ' .. · ' 

When the final word of the block has .been transmitted and steps 3 through 6 are complet-

ed, the buffer active si'gnal is dropped and tlte buffer operation is terminated. 
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EXTERNAL BUFF ACTIVE 

FUNCTION ------- K 700 
SEQUENCE 

ENO OF 
BUFFER OPERATION 

K701 ___________ ...,.."""--"""' Jl91 ----- CHANNEL ACTIVE 

INPUT 
READY 

Ml48 J072 J073 

INPUT READY 

K720 

K721 

v121 

END OF 
BUFFER 
OPERATION 

CH.I 

v121 

WAIT READY 

K722 

K723 

Figure 5-9. Channel 1 Ready Resync Circuit. 

CH. I 
ACTION 

REQUEST 

K1as 

N962 

Kao9 
CH. I 

END OF 
BUFFER 

OPERATION 

_ Ll49 

INPUT RESUME 

The occurrence of the input ready generates the following sequence of actions: 

1) even sync pulse samples ready and sets Input Ready FF 

ADVANCE 
SCANNER. 

2) following odd sync pulse samples Input Ready FF and sets Action Request FF 

. . 809 
3) scanner stops at channel 1 (K ) because Action Request .FF is set 

The circuit remains in this state until late in the resulting buffer operation. At this 

time the Wait Ready FF and Action Request FF are cleared. Clearing the first one 

sends out the input resume which causes the equipment to drop its ready. This returns 

the resync circuit to its initial condition. Clearing the Action Request FF allows the 

scanner to advance to the next position. 
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Control Line Relationships for Output Communication 

The exchange of control signals for the transmission of a word to the external equipment 

from the compute?' is· outlined in figure· 5-10 and table 5-3. 

TABtE 5-3. EXCHANGE OF CONTROL SIGNALS FOR ONE OUTPUT WORD 

Repeat 

until entire 

block is 

. d* trans nu tte 

1) Computer, through proper combinati0i1s of external select codes and 

external sense codes, establishes equipment to whiCh information is to 

be sent. 

2) Computer activates output buffer active line. This line remains on until 

final word of the block is transmitted. 

3). Computer places a· word in proper output register. All data lines are 

energized in parallel. 

4) When all data lines are stable, computer generates output data ready 

signal which indicates to equipment that data is available on lines in a 

stable steady-state form. 

5) Equipment accepts output data ready signal and information at its ow:n 

rate. When it accepts output data ready it produces output· data resume 

· which it re*urns to computer. 

6) · Computer accepts outpu~ data resume and turns off output data ~eady. 

7) Removal" of output data: ready in computer causes termination of output 

data resume signal within equipment. 

*. ,.. . '' . . ' . . ' ' '. . ' . ' ·.·.. . 
\Whenthe fiµal wor4 has peen. t:ran~giitted ~nd st~p~ .. S through 7 are ~co:piplet,ed ,the. output " 

... buffer active signal is dropped and the. buffer operation is terminated. 
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EQUIPMENT RECOGNIZES 
READY AT ITS OWN SPEED 

BUFFER 
11 l 1~LEVEL 

ACTIVE 0 ,___ _________ "o'~LEVEL 

DATA 0 
OUTPUT > '0 

INFO READY 8 I 
01, OUTPUT< {~) 

INFO RESUME > I 

Figure 5-10.· Exchange of Control Signals for One Ou!put Word, Timing Diagram. 

As is the case with the input data ready, transition of 'the output data resume line to the on 
' . ' ' 

state may take place. at any time. with respect to the synchronized (clocked) operations of thP 

computer. Figtire 5-11. shows the channel" 2 resume resync circuit, which is typical also of 

the corresponding circuits for the other two output buff er channels. When instruction 7 4. 2· 

is programmed, the External Function sequence sets the Buffer Active FF (3). From this · 

point on the computer is considered to b~ in the buffer mode until the final word of the blo.ck 

is received, at which time this FF. is cleared. 

After sending out a ready at the end of. a buffer operation, a period of waiting ensues 

until a resume is received. During the waiting period the state of the circuit is: Buffer 

Active set, Output Resu:rne clear, Wait Resume set, and Action Request clear. 

Later, when the output equipment returns a resume, the following actions occur: 
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OUTPUT 
RESUME 

1) Even sync pulse samples resume and .sets Output Resume FF. 

2) The following odd sync pulse samples Output Resume FF and clears Wait 

Resume FF to turn off output ready. 

3) Turnfog off output ready CS:Uses output resu:n;ie to be turned off. 

4) Even sync pulse samples resume line and cle~rs Output Resume FF. 

5) The following odd sync pulse sets Action Request FF. 
. . 811 . 

6) Scanner stops at channel 2 (K ) because Action Request FF is set. 

7) At the end ·Of the buffer operation that results from stopping the scanner 

the Action Request FF is cleared to· allow the scanner ·to advance.· and the . 

Wait Resume.FF is set.to send the: output ready. 

Ml49 

l!XTERNAL . BJFF ACTIVE 

FUNCTION ----- K 102 
SEQUENCE 

END OF 
~UFFER OPERATION 

·-----------..- .. __._ J'92 · L~sa: ----

OUTPUT RESUME 

K724 ., 

CHANNEL ACTIVE 

ct-i. 2 
·ACTION· 

REQUEST 
!<811 

v•20 
v121 

. ADVANCE 
$CANNER 

WAIT RESUME' 

. END 'OF BUFFER--<">------+--;M K 72 6 
OPERATION 

CH.2 K121 

v•z• 

ENO OF BUFFER. OPERATtON ' 

1---+--~. L' 4 a 
OUTPUT REAO.Y 

Figure 5-11. Channel 2 Resume Resync Circuit. 
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INPUT-OUTPUT INSTRUCTIONS 

Information transfer into and out of the computer is the function of three computer instruc-

tions: (1) 62 Input Transfer; (2) 63 Output Transfer; (3) 74 External ·Function. 

TRANSFER INSTRUCTIONS (62-63) 

The designator, b, of the instruction chooses the 13 regi8ter whose contents specify the 

1 number of words to be tran~ferred. The quantity, m -t\ B1 -1, chooses the storage . 
// 

location of the first word to be transferred. The final word comes from the address given 

by m. The reduced value of the specified B register, when added to the m designator; . in-

dicates the storage locations in which the incoming or outgoing words are stored. 

EXTERNAL FUNCTION INSTRUCTION (7 4} 

Instruction 7 4 provides the means for selecting and sensing a variety of conditions' ·with~n· the 

computer and the external equipments. These conditions are, determined by the ext¢rnal 

function code, m, a. 15-bit designator which is used to specify the appropdate channel,·. eduip­

ment and conditio.n.' The codes for each equipment are given in the, books accompanying 

those equip.m.ents, or, in the ¢ase of .the console equipments, in chapter 6. 

EF Select, 74.0 

A 74.0 (external function sel'ec't) selects a condition within the computer, or chooses an ex­

ternal equipment and places it; in a particular ope.ration mode as determined by m. Within 

. the computer, execution of the instruction sends the code to the relevant portion of. internal· 

computer control wh.ere it produces the specified condition. 
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C9des fo:r; internal conditions (table 5-4) fall into three groups: status of the buffer channels, 

arithmetic faults and real-time clock. The buffer channel and arithmetic fault select codes 

(figure 5-1~) either clear a spe~ified FF or. set a FF which then enables an interrupt to be 

produced when the specified condition arises. 

TABLE. 5-4. EXTERNAL FUNCTION CODES 

INTERNAL 

z4.o SELECT 74~1 SENSE 

00010 Interrupt on .channel 1 .inactive 00010 Exit on channel 1 active · 
00011 Remove selection above 00011 Exif on channel 1 inactive 
00020 Interrupt on chann.el 2 inactive 00020 Exit on channel 2 active · 
00021 Remove selection above 00021 Exit on channel 2 inactive 
00030 Interrupt on channel 3 inactive 00030 Exit on channel 3 actlve 
00031' Remove· selection above 00031 Exit on channel- 3 inactive 
00040· Interrupt 'On channel 4 inactive 00040 Exit on channel 4 active 
00041 Remove selection above 00041 Exit on channel 4 inactive 
00050 Interrupt on channel 5 inactive 00050 Exit on channel 5 active 
00051 ·Remove selection. abov'e .. "00051 Exit on channel 5 inactive 
00060 Interrupt on channel 6 inactive 00060 E.xit on channel 6 active 
00061 Remove sel.ection above · 00061 Exit on channel 6 inactive 
00070 Cle 1ar arithmetic faults 00110 Exit on di vi de fault 
00100 Intcirrupt on ar.ithmetic faults 00111 Ex'it on no divide fault 
00101 Rerhove selectiOn above 00120 Exit on shift fault 
01000 Start . reab time. clock 00121 Exit on no shift fault 
02000 Stop real-time clock 00130 .Exit on overflow fault 

.00131 Exit on no overflow· fault 
00140 .Exit on exponent fault 
00'141 Exit on no exponent .fault 
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Two codes are reserved for use with the real-time clock. One, 01000, sets the Clock Dis-

connect FF (figure 5-18); this code enables the circuits which increment the clock count 

held in special storage address 00000. The other, 02000, clears the Clock Disconnect FF 

and inhibits the advance clock circuitry. 

J 52 

INTERRUPT 

FRci~T~~~~ALl ___ ___,..,__c_1_Rc_u_1T _ _J 

HALT 
MAIN 

PROGRAM 

00010 

00011 

00100 

EQUIPMENT 

00020 

00101 

00021 

DIVIDE 
FAULT 

00030 

INTERRUPT 
CIRCUIT 

CH. 5 

00031 

SHIFT 
FAULT 

00040 

00041 

INTERRUPT 
CIRCUIT 

J 523 

OVERFLOW 
FAULT 

00050 

CH. 6 

00051 

EXPONENT 
FAULT 

00060 

00061 

Figure 5-12. Internal Select Codes and Interrupt Generation. 
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EF Sense, 7 4. 7 

A 7 4. 7 (external function sense) senses ·the presence or absence of conditions within the 

equipment or the computer. The presence or absence of the condition (depending on the 

code used) produces. a sense response signal which is returned to the input·output section 

of the computer. 

Instruction 74. 7 is a skip instruction when in the upper position within aff instruction word. 

The sense response signal determines whether a full or half exit is to be .taken to the next 

instruction. 

Two groups of internal conditions may be sens.ed: buffer· channel status and arithmetic 

faults. Figure 5'"'! 13 shows how the sense codes are combined with the specified conditions 

to produce a sense return signal from J 968. A pair of sense codes are associated with ·each 

conditioD; .(table 5-4); codes differ only in the lowest digit. Note that the sense response. 

signal from J 968. is prod,uced independent of the lowest digit. For example, the sense re-
. ' 968 . ' .· ' ' ' ' ' ' ' '' ' 
sponse from J . is "1" when either code 00010 or code 00.011 are used and channel. 1 is 

active. The lowest digit of the sens·e code is combined within the sense r~sponse circuits 

with the· signaifrom J 968; this conibfoation determines whether the 74. 7 i.nstruction is to 

make a full or a half exit. 
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Instruction 7 4.1- 6 chooses one of six buffer channels as determined by the specific value of 

the designator j. The m designator,, which holds the storage address of the initial word of 

the block of information buffered, is sent to the upper address position of special storage 

location OOOOj. Special storage addresses 00001 through 00006 are buffer control addresses 

whose function it is to hold the control word for the associated buffer .channel. The control 

word is divided into an upper and lower address: the upper address contains the initial 

address of the block of information; the lower address contains the terminal address {plus 

one) of the block. The purpose of the control word is to define the block of storage lo-eations 

to be used in the buffer operation and to terminate the operation when the initial and termi-

. nal addresses are equal. 

SENS.E. 
RETURN CIRCUITS 

..---7'1J530 

0014X OOllX OOOIX 0003X 0004X OOOGX 

0013X 0002X 0005X 
K239 K233. CH. 1 CH. 3 CH .. 4 CH. 6 

EXPONENT DIVIDE ACTIVE ACTIVE ACTIVE ACTIVE'. 
FAULT K237 Kus FAULT CH .. 2 CH. 5 

OVERFLOW SHIFT ACTIVE ACTIVE 
FAULT FAULT 

Figure 5-13. Sense Codes and Return Signal. . 
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EXTERNAL FUNCTION SEQUENCE 

The External Function sequence (figure 5-14) ext:;cutes instruction 74, External Function. 

The basic duties performed by the sequence are: 

1) Select an operating condition for an external equipment 

or part of computer confrot (j=O). 

2) Sense a condition·YJ'ithiri an external equipme:nt 9r a part of , 

computer control (j= 7). 

3) Activate buffer· channel (j= l-6); the duty to be performed is 

. specified by j. 

In each case the unmodified execution address is used som-ewhat differently. 

SELECTING A 'CONDITION 

During a 74. 0 instruction the sequence sends the code contained' in the .~~ecution address td. 
. . . ' . . . . j 

a specifie~ channel ( 1 thr·ough 7) or to c~mputer control. This co.de establishes the cond~ -, 
I 

tion. Thu$ it i~ through ·this. instruction that the program retains control of external equ~p-

ment and, ce.rtafo internal matters. For 74.0 the follow:lng commands ~re generated: 

·Clear .x1 

u2'_.. x1 

~i_·. 2 
4 .'."""x 

2 ' 0 . 
X· _.. 0 (sends.out code) 

· ·Set Sens~ Re sync FF if Exit FF = "'O" 

Wait 8.microsecorids (due to EF counter). 
. . 

Full or ·half exit {chosen ~Y state of Sense Resync. FF) 

I 
'•·I 

; I 

At the co~clusion ~f these steps the code has been sent. to the specified equipment or part of 

interna1, control. The purpose of the EF counter is tO hold the code on the lines for a long . 

enough period ( 8 microseconds) to insure its proper sampling. 
t .• · ;, ';1 . 

: I 
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SENSING A CONDITION 

During a 7 4. 7 instruction the sequence sends the code contained in the execution address to 

a specified channel (1 through 7) or to computer control. This code specifies the condition 

to be examined; the presence or absence of the condition is then indicated by the sense re-

sponse signal. In this way the program can determine the state of an equipment or a part 

of computer control. The internal conditions which may be sensed by 7 4. 7 appear in table 

5-4. 

. E F SEQUENCE 

RNI 

:F=74 

H701 

v101 

INTERNAL. 
CON01TIONS 

CABLE GROUP I 

CABLE. GROUP. 2--"""'J914 

CABLE GROUP 3 

CABLE GROUP 4 

· THROUGH 

v706 

EF COUNTER 

LOWEST BIT 
OF CODE =O 

EXIT FF:O 

Figure 5-14. External FunctiOn Sequence andAs~mciated Circuits . 
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For instruction 7 4. 7 the folldwing command·s are gener'ated: ·.· \ 

Clear x1 

u2 ~ xl 
xl .. x2 

:X2 _.. OO (sends out code) 

Wait 8 microseconds (due to EF cotlnter) 

Combine Sense Response from J
914 with lowest bit of code 

. ' .·· . . . 916 
Resynctthronize the output of J 
. ' 

':Full or.half exit as ~etermined by respbnse 

'I. 

A pair of. sense codes are 'associated with each condition (table 5-4). For example: 00010, 

exit on channel 1 active; 00'011, exit on. channel 1 inactive. The lowest bit of the code is 
i 

not sent out ·9ut rather is co~J?ined with. the resportse received from J 914
• For this exampl~ 

if channel 1 is active, the response received by J 914 is a 11 11* regardless of which code is 

used; if channel 1 is inactive, J 914 receives a "O". After this response is combined with 

tile lowest bit, the output of J 916 is "1" if the code is 00010 and channel 1 is active, or the 

code is 00011 and channel 1 is ina:ctive. The full exit is taken fo;r these cases, When the 

. outp~t of J
916 

is "b" the half exit l's taken. The exit chosen indi?ltes to the program whether. 

the sp~cified condition is present. 

. . ' . 

When the 74. 7 instruction appears in ·the upper position, taking the full exit skips the lower 

instructioh and taking the h~lf exit leads to execution of the lower instru'ction. Wh~n 7 4. 7 
\ \ '. ' ' : . ' ' :' ·, 

appears in the lower position, the full exit leads to the ne~t instruction when the specified 

condition exi·sts. When the condition does not exist the half .exit caus~s the 74. 7 t'd' he re­

peated. Repetition of the instruction continues until the condition does exist., 
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ACTIVATING A BUFFER CHANNEL, 

The 74 instructions with j = 1-6 activates buffer channel j. The execution address of the 

instruction is the initial address of the block of words to be buffered on the channel. The 

following steps are involved in the execution of the instruction: 

ADDRESS 
·0000 J· 

47 

1) Store m (initial address) in upper address position of buffer control word 

for channel j (see figure 5-15). Address OOOOj holds this word. The 

terminal address of the buffer is loaded in lower address position of 

address OOOOj by a previous instruction. 

2) Compare initial and terminal addresses. 

3) Set Buff er Active· FF for channel j if address.es are unequal. 

UPPER. ADDRESS ·POSITION LOWER ADDRESS POSITION 
_;_ 

T I 
TERMINAL . INITIAL • ' ' t 

ADDRESS t I 'ADDRESS t i l 
38 24 14 00 

Figure 5-15. Buffer Control Word for Channei j .. 

Figure 5~16 shows the sequence that performs 74.1-6. It consists· of the, EF sequence 

(H
70

-) and a portion of the Auxiliary sequence (H76-, H,77-, H 78-): The foll.owing com­

mands prepare for storing the initial address in the upper ad.dress ·positfon .o.f :the buffer 

control word. 

STORE INITIAL AOOR~SS COMPARE iNITl·AL 8 TERMINAL ADDRESSES 

RNi H701. . H705 K216 H760 . H772 ·t.f781 

v101 v1os K217 v760 yrr~ v781 

WAIT R.ESUME 
·STORAGE 

EXITS 

Figure 5-16. · External Function and Auxiliary Sequences for Instruction 
. 74.1-6. . 
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u1- u2 

,:Advance P (pr~pares for e~itii:ig) 
\. 1 
Clear X 

.. 'transmit j no ~uxiliary refer~nce designatbr 
. I 

Initiate storage (address OOOOj) 
2 1 . 

U. _,. X LA 

x1 . - x2 
L U 

x2-+ x1 

Complement Exit FF (p.repare$ for exiting) 

Walt storage 

Foll.owing these· commands, the initiai address is held in x1 :ready to be· written into storage. 

·. Thi~ storage reference not only provides .for writi?lg· the initial address but also for reading 

ou.t the terminal address, which goes to x1 ~ The following commands· store_ the initial ad­

dress:·· 

1 . 

. ( 

. . ' 

Reads{ontent of OOOOj (except upper address) 
into X . · 

Stores i.n.$.Fal address 

Compares .initial a·nd··t~rminal addre·sses 

Acts o'n result 
of comparison 
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Note that the terminal address is always set one greater than the addre.ss to be used in the 

last item buffered. 

At the conclusion of these commands all the preparation has been made to buff er a block of 

words to or from the block of addresses specified by the control word. If the Buffer Active 

FF for channel j is not set, buffering does not begin. The sequence exits to RNI by the 

half or jump exits, the choice being made by the Exit FF. 

After the execution of a 74.1-6 the actual buffer operations are performed independently of 

the main program by. means of the Auxiliary sequence. 

AUXILIARY SEQUENCE 

Three specific auxiliary operations are performed by the Auxiliary (AUX) sequence: bi!iffer, 

advance clock and interrupt operations. 

The auxiliary request signal, described previously, causes the .computer to suspend per­

formance of the main program while the Auxiliary sequence performs' the required opera­

tion .. ·When the auxiliary operation is concluded, p:e·rformance of th:e .main program con-

tinues. 

An auxiliary operation may be performed whenever any one of these conditiqns occur: (1)' 

coincidence of an auxiliary request and a sequence exit;· (2) ·coincidence of ~n ·auxiliary re­

quest and completion of a s~arch or transfer operation; (3) presence of ail Eiuxiliary requEn~t 

while the computer is stopped. 
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BtiFFER OPERATION 

A bu,ffer ope ratio~ exchanges Ein individual word betweeri th,e .. computer. and an external equip-
j': . , i. I 

ment, that is, one buffer operb.tion is ·performed for ea6li wqrd exchanged in a block of . 

wd:rds.. The rat.e .. of buffer opehttions on a g~ven channei is determined by the speed of the 

external equipmertt which is in communication with the computer . 

. In order for buffet bp.erations to occur the following preparatory steps must have been .. per­

formed: 

1) . 18elect the ex~ernal equipment and its :inbd~ of operation (accomplished 

by 74.0 instruction with suitable EF codes). 
! i ' .· 

2) Lbad lower address part of buffer control 1word (for channel to be used) 

~jth. terminal address of buher. Terminal ·address is one greater than 

ls.st one to be used •. 
\\ 

3) A~tivate the butfer channel and lo.ad upper address of buffer· cont.rol word 
\ ' : ' . ' i ' 

. wit_~ the initial Address, that is, the first 1.address to be use.d. This step 

is ·,accomplished by 74 .. 1-6, 8.$ described :earlier. 

After th~s~ steps hav·e been perfor.n~ed by the main program, ·~ block of words is sent to · 

or from the block of st1orage location·s defined by th~ initial and terminal addresses. The 

·actual ~xchange of word.a proceeds enhrely independently of the program. The computer 

input-ou.tput section controls the buffe~ 'exchange. 

:\ 

For ea~h'.fndividual buffer dperation, whi'ch exchanges on~ word, the itl'iti~l'~itdress part of 

. ·the btifter c·ontrol word specifies the stor~ge location to b~ used. Ne~'t· the end of the oper­

a.Uon thi$ qulntity is increaseti by one to p.rovide the addr~~s to·~ th~ next buffe~ operatic~ .. 

' . . '. " . . ·~ ·, ' . 

A buffer ~peration occurs for input when the external equipm~rit sends an input ready indica-

ting it has a wbrd to be received by the computer; or for output when the external equipment 
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sends an output resume indicating that ·it has sampled and stored the last word on its 

medium and is prepared to receive another word. 

Ill the buffer operation, the buffer control word is first read from storage in order to ob­

tain the initial ·~ddress portion. This quantity is the address of the location used in the 

next step, which involves either storing an input word in this address or reading an output 

word from the addres.s and sending it to the external equipment. If the operation is input, 

a resume is sent to the equipment; if output, .a ready is sent. 

The initial address is then increased and stored in a buff er control word. At the same 

time the incremented initial address is compared with the terminal address. If they are 

equal the channel is made inactive, since the entire b.lock has been buff~red; if they are 

not equal, the channel remains active. 

After these steps are performed by the Auxiliary sequence,; an exit is' taken to resume 

execution of the program. The commands that carry out each of the three .st.eps of a buffer 

operation are listed in table 5-5. These commands are generated by the corresponding 

segments of AUX shown in figure 5-17. 
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JUMP EXIT 

FULL EXIT 

HALF EXIT 

SEARCH a 
TRANSFER 

STOP 

H720 

v120 

.JlESUME 

READ CONTROL WORI'.> 

AUX. 
REQUEST 

. STORE INPUT WORD ·OR 

. R'do a STORE OUTPUT WORD 

. 11731 H740 

v131 v740 

WAIT 
STORAGE(2) 

RESUME,·. 

H753 

WAIT 
STORAGE (I) 

INCREASE INITIAL 

ADDRESS TEST FOR ENO OF BU~FER 

H760 H772 

v760 ·V772 

· Figure 5-1.7. Auxiliary Sequence for Buffer Operation.~ 
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TABLE 5-5. COMMANDS FOR BUFFER OPERATION 

Read Buffer Control Word 
)'' 

Set auxiliary reference designator from scanner·· 

Initiate storage 

1 
Clear U U 

Clear R 
1 

·Wait Storage 

I5I6-+ u1 u 
u1 ... ·u2 

UA 
U2 _. R2 

(address from auxiliary reference designator) 

. . . 1 
(upp.er half control word to U u> 

(save initial address for incrementing) 

Store Input or Read Output Word 

.* 

1 Clear x, 
Io ... x1. 

Initiate Storage 

Wait Storage 

x1 ... Storage 

Input Resume 

(input word to X) 

2 
(address from U ) 

(stores input word) 

Output 

l 
Clear X 

Initiate storage 

Wait storage; 

I5I6 ~ x1 

x1 ... x2 

· x2 ... ·0-

output ready 

2 
(address from U ) 

·(obtains .. output word) 

(output register) 

The Operation AUX is to execute; is indicated by position at which scanner stopped; des-

ignator gives address of control word and conditions commands for the operation. 
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TABLE 5-5. (Cont'd.) 

Increment Address and Test for End of Buffer 

2 1 Complement R to R 

Rl - R2 

Reduce R 1 to R 2 

' 2 1 
Complement R to R 

1 
Clear U U 

ul - u2 
UA 

' ' l '' ·2 
Partial add. R to U 

Clear x1
. 

u2 - x1L 

xl -~2 
L . U 

Initiate storage 

Wait sforag·e 
' ' ' 

Write'x1
UA. in stora.ge · 

1516._ Xl LA 

1 ' 2 
~. L-X U 

\ ' ' ' 

x2 - x1. 

1 2 
.X UA __..I . 

I2- Rl 

' 1 2 ' 
Partial add R to U . 

U2._ R2 

' 2 
Test R = O 

(R 2 holds initial address) 

adds one to R 

(clears U
2

) 

(transmits incremented address to u.2) 

Prepare incremented addres~ to. be .written in 
control word · · 

(address from. auxiliary reference designator)· 

(eriters incremented initial address in control word) · 
~ ' ' ' 

·.(read out terminal address) . 

prepare t~rminal address for comparison: 
. .• 

(compares incremented and terminal addresses by . 
toggling first with second) · · 

Clear Buff er Active FF for charinel. if R = 0 (terminates buff er) 

Exit 
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ADVANCE CLOCK OPERATION 

Storage address 00000 is assigned a special function as a 48-bit counter to provide an in­

dication of elapsed real time. The count ih this address is increased every 1I60 of a 

second, governed by the 60- cycle line power. By means of this count real-time measure-

ments may be used in computation. Advancing the clock count in address 00000 is done by 

the AUX sequence. During each scanning cycle the scanner senses whether the clock re­

quires advancement. Sensing occure; with the scanner at 000 position. 

The circuits that establish the need for advancing the clock appear in figure 5-18. The 

Clock Disconnect FF may be set or cleared by a 7 4. 0 instruction with the codes indicated; 

01000 

CLOCK 
DISCONNECT 

----K'44 

60 cps 
3.2 VAC 

-...-- . ADVANCE 
CLOCK 

K1sa 

SCANNER 000 

.-------< J----- K1s.4 ----

3.2 VAC 
60 c;ps. 

END. OF 
ADVANCE CLOC K755 

OPERATION ----

Figure 5-18. Advance Clock Resync Circuit. 

5 ... 41 

STOP 
SCANNER 
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advancement is allowed only when this FF is set. The Advance Clock FF monitors the 60- · 

cycle line·. Once each cycle it is set if K144 K145 is set. This stops the scanner when it 

reaches the advance clock position (count. 000), and AUX .is then initiated to perform the 

advance clock operation. 

Figure 5-19 shows the portions of AUX used during this ope ration. A is first temporarily 

stored in Q. The content of address 00000 is read into A, where one is-·added to it. A is 

then stored in address 00000, and the initial content of .A is returned from Q to A. 

The commands given by AUX to a?vance the clock are: 

l Clear X 

x1-x2 
, Initiate storage 

. . 2 
Set X to 1 

Ql..:.. Q2 } 
A2- Ql 

. . . 2 . 1 
Partial add X ·to A 

Wait storage 
I5I6 :.. x1 

xl- x2 
Add x 2 to A1 

. 1 
Clear X · 

Al -..·x1 
lnitfate storage 
Q2-+ Al 

Ql "+ Q2 
A2· _ Ql 

Q2 ·:-Al 

Wait storage 

Exit 

(address 00000) 

(prepares increment) . 

(Store A initial in Q 1 while Q 2 holds Q initial) 

(transmits increment to A) 

(old clock count read out) 

(address. 00000) 

Return initial contents ·Of A arid .Q. 
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STORE A IN Q 

CLOCK COUNT TO A 

H110 

vno 

H716 

v11s 

WAIT 
STORAGE I 

K212 

K2t3 

) 

'~ 

ADVANCE CLOCK COUNT· 
STORE COUNT RETURN A 

H120 

v120 

H73t 

vnt 

RESUME 

WAIT 

STORAGE 2 

K214 

K2t5. 

RESUME 

H74o 

v140 

Figure 5-19. Auxiliary Sequence .for Advance Clock Operation. 

INTERRUPT OPERATION 

---#EXIT 

In each p'iece of exte~nal equipment, as well as in- parts of the internal· computer control, 

certain conditions may arise which make it necessary that the main program be notified of 

thetr presenc~. When these conditions occur, the main p_rogram is halted and a routine of 

irtstructions is performed which determines the cause of the interruptfon an<;:l takes the 

actions appropriate to the condition causing the interrupt. After these two operations have 

been completed, _the main program is resumed at the exact point f~om which the e_J,ltrarice 

·to the interrupt routine was made. 

The signal which notifies the computer of the presence of the specified condition is called an 

·i.nfor:rupt. The program has control of and determines whether the occurrence of a given 

· condition within an external equipment or a part of computer control is to be indicated by an 

·interrupt. An interrupt is produced by the presence of a conditibn only if a 74.0 has pre-

.. viously selected an interrupt on that condition.. Unless such selection is made, no interrupt 

is produced when the condition arises. 

The occurrence of an interrupt in no way indicates to the computer the specific source of 

the signal. The inter.rupt subroutine examines each source of interrupts by means of the 

7 4. 7 instruction; after the source is determined the nec-essary action is taken. 
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Sources of the interrupt are cable groups 1, 2, 3 and 4 and internal computer control. 

Figure p-20 shows how :these sourc~s are combined into a single lin~ by an OR (J_
526). The. 

interrupts from arithmetic faults a:r_.e combined by J 523, those from inactive buffer channels 

by J 525, and the interrupt lines from the external equipment by J 524 Any individual inter­

rupt will produce an output f~om crfi.26, which-'theti ca,uses the main program to halt. 

DIVIDE FAULT 

.SHIFT FAULT 

.OVERFLOW FAULT 

EXPONENT FAl)L T 

CARRIAGE RETURN FAULT 

ENO OF TAPE FAULT 

TRANSFER INTERRUPT 2 
CABLE GROUP 1. INTERRYPT'-----...;M...__ __ _;------... ..--::IO"I J 5 6 

. 

CABLE GROUP 2 INTERRUPT----.... 

. CABLE GROUP 3 INTERRUPT·-----

CHANNEL I INACTIVE 

CHANNEL 2 INACilVE 

CHANNEL 3 INACTIVE 
CHANNEL 4 INACTIVE 

CHANNEL 5 INACTIV~ 

CHANNEL 6 INACTIVE 

Figure 5- 20. Interrupt Source. 
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Recognition of Interrupt 

One position of the auxiliary scanner is associated with interrupt. The interrupt bus is 

sampled only when the scanner is at the interrupt position. If an interrupt signal is present 

wheh the scanner is at this position and if the computer is not already performiii.g the inter-

rupt routine to respond to a previous interrupt signal, then the scanner is stopped and the 

AUX sequence initiated. 

A special form of AUX accomplishes the entrance to the interrupt routine. This involves 

performing something very much· like a return jump on address 00007.. This is a special 

address allocated for use as the entrance point to the interrupt routine and for the return 

from this routine to the main program. 

Typically address 00007 contains two unconditional jump instructions.. For exa~ple: 

75 0 xxxxx 75 0 yyyyy 

' 
The upper instruction provides for the return to the main program upon completion of the 

interrupt routine. To accomplish this the upper address portion (XXXXX) is loaded with 

the contents of the P register whenthe interrupt routine is entered. The lower instruction 

jumps to the inter.rupt routine which begins with an instruction whose address is indicated: 

in the lower address part of 00007, that is, it has been ins.erted.in place of YYYYY. 

The functions of the interrupt form of AUX are to: 

1). Store P in upper address part of 00007. ; 

2) Enter lower instruction at 00007 in u1 U so that it may be executed next 

to begin the interrupt routine. 

3) Set the Interrupt Lockout FF in order to prevent recognition of subse­

quent interrupts until the response to the present one has been completed. 
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When AUX has performed. the interrupt operation consisting of these ftirictions~ execution of 

the main program ceasbs S.nd the computer b~:8ins executing the interrupt rouhrte instead.· 

Determining Source of I~lerrupt 
Of crucial importance ih determining the specific source of the interrupt is the fact, noted 

above, that the computer must select by a 74.0 instruction the condition for interrupting 

(see table 5-5 for examples of codes used for such selections). For example, if an ihterrupt 

is to occur when buffer channel 1 becorp.es inactive, a 74 0 00010 instruction must have been 

programmed. Typically, after executing such an instruction the program loads a suitable 

sense instruction in the interrupt routi'ne; in this case the irtstruction would be 7 4 7 00011. 

This procedure is followed each time an instruction is performed to select a condition for 

interruption. As a result the interrupt routine always contairls a series of sense instruc.;.. 

tions (7 4. 7) such that there is one for each active source of interrupt. 

To determine the source of t_he interrupt, the routine successively executes the sense in­

strti~tions in the series described above. When the sense return line indicates the presence 

of the eondition (for example, channel 1 inactive) the interrupt routine. knows the source of 

the interrupt. Ordinarily the routine would branch to a subroutine designed specifically to 

handle interrupts frotn this source. 

This method of locating the interrupt source shows that no prio:rity distinction is made be-

tween two or more interrupts. The first source that i~ sensed as being in the cohdition for 

producing an interrupt ·is the· orie that is responded to. Should a second source (which is 

sensed iater ih the series of serise instructions of the interrupt routine) be producing an in­

terrupt, this source triust wait urltii the response to the first is complete. From this it be­

comes app8::rerit that ~ach interrupt source must hold its interrupt signal on untii it is sensed, 
I . 

which indicates that the computer wiii then respond. One of the actions of the interrupt pro-
. ~ .. 

~ram is, therefore, to clear the interrupt condition immediately after sensing it. 
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For the cable group interrupt sources the signal is produced by external equipments con­

nected to the cable group. The internal source ,<from with~n the computer itself) handles 

interrupts due to buffer channels becoming inactive and interrupts due to the occurrence 

of an arithmetic fault. 

Return to Main Program Following an Interrupt Operation 

The address of the exact point at which the main program was interrupted mu.st be stored 

so that when the interrupt operation is completed the computer will return to the next un-

executed instruction. The contents of P are stored in the upper address portion of. the con­

trol word. The upper instruction of 00007, the last instruction of the interrupt routine, is 

an unconditional jump instruction which restores the contents of P. The next to the last · 

instruction of the interrupt routine is a normal jump to address 00007. 

Analysis of the Interrupt Operation 

Figure 5-21 shows the portion of AUX used to perform the interrupt operation. The chm'-

mands generated by the sequence are: 

Initiate storage 

Pl- X2 
LA 

x2- x1 
1 Clear U 

Set Interrupt Exit FF 

Set Interrupt Lockout FF 

Set P to 00007 

Wait storage 

xl - x2 
L ·· U 

x2- xl 

. I5I6 - ul 
Half exit 

(address 00007) 

(Stores Exit FF) 
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The single storage. refe~ence proyides for storing P ~PJ~e upper address position of 00007 
. . . ' ' . 1 

and for reading the. content of 00007 into V . 

. . 

Sine~ the first instructio~ of.the interrupt ,,prpgrani is located. in the. lower positi~n of 00007, 

the interrupt operation takes the half exit from AUX. (For this reason also):t does nqt 
' .. .. '". . \' . '\ 

matter that the ti.haltered ~o~tenti:i of ooo?\ ate ~lac«;1d in. u1 u by the storage refer;.nce. ) 
• • • >£. • • '/ 

When the interrtipfprograni *s compl~ted:>; ~·jump is tn~de to th~ µpper. instruction of OOQp.7. 
' ','.:.' \ ~ ' • ~ • • ' 1 ·' •• -. 1 I ,, •• < ' ·. 

This instruction ret~rnst:q.e 'bomputer to the corr"ect.position i~t~e main p·rogram since, it 

causes a jump tq the ~ddress defined by the
0

0t':iginal contents of .P.'. . ' . .,,, 

; . . \ . ·. . . . ' 

The Interrupt Lockout FF'.·ib.hibits t'he .recognition 'of other interrupt signals uhtil the pre.~~nt 

iqt~rrupt request has been 'honored. The Interrupt Exit FF sto~s the state of the Exit_ FF, 

indicating whethe.r the succeeding instructioli in th~ main prograni is in the uppe;r or lower 
. . 

position.within tht:t_ instruqvon word. (See discussio.h of the Read Next.Instruction sequence 

in Chapter 2.) At the tirn~· the E~it FF is sampled during an interrupt operation, this FF 

(Exit). ha~ already been reversed by the exi' wn~ch leads to the execution of AUX; therefore 
. ' 

the Interrupt Exit FF is interpreted in a n{~n~er o~'ppsi~e to that of the Exit FF. 

STORE P .AT ADDRESS 00007 , 

H110 

v110 

H7t7 

v111· 

. i 

INTERRUPT 

K216 

K217 

· A~OREss 00001 To u' 

RESUME 

t.f'60 

(/760 

R764 

y764 

F:i.gUre 5•2L Auxiliary s·equence for Interrupt Operation. 
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SEARCH AND TRANSFER SEQUENCE 

The search and transfer sequence (ST) performs six fostructions: 

62 Input Transfer 

63 Output Transfer 

64 Equality Search 

65 Threshold Search 

66 Masked Equality Search 

67 Masked Threshold Search 

Although search and transfer instructions accomplish very different functions, a common 

basic procedure is used to carry them out. For both types of operation the designated in­

dex register, Bb, specifi~s the number of wor-ds to be searched or transferred. These 

words are located in a block of consecutive .storage lo.cations. The first word of a block is 
. b . b 
. located at address m + B -1, the second word at address m + B -2, arid so forth. The last 

word, is located at address m. 

A sequence of commands is performed repeatedly, ohce for each word searched. or trans­

ferred. After each repetition, Bb is reduced by one. Thus Bb holds at all times a count 

of the number of words remaining in the block. Reducing Bb for each .repe~ition also pre­

pS.res the addres.s of the word for the next operation, since the adqress for the current word 

· is. the sum of m and the current count in B b. 

· .Figure 5-22 shows the basic chain of control delays that generate the ST commands. The 

.. fir.st segment, address preparation, produces the same commands for each of the six ST 
' I • , 

instructions; these commands, which yield the first address, are: 

ul - u2 
Bb - 12 13 

12 13 - Rl 

Rl- R2 

Reduc~ R 1 to R
2 

R2- Rl 

done by RNI 

Exits (b ~ 0 and R = 0 before reduce) 

Add R l to U
2 

__ (f~£f:Jt_~4c:l!~ss; m + Bb-1) 
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ADDRESS eb:=o 

EXIT 

ST COMPLETE 
OR SEARCH 
CONDITIONS· MET 

PREPARATION 
W41T 

STORAGE 

HSOI Hsoe Hs21 

V501 vsoe vs21 

eb,io 

·NO AUX REQUEST 

1(~10 

K211 

H5.4o H549 11.562 

vs40 vs49 · vsu 

RESUME 

AUX REQUEST~.-n-----_,.__.... _ __,... ____ ~ _ __;_....._ ___ ...._ __ ~_..;..-~----

H563 

vs&3 

T·ERMINATION ;FOR 
AUXILIARY OPERATION 

fi1564 Hss1 

. vs64 vss1 

'"---+ INITIATe: AUXILIARY SEQUENCE 

Figure 5-22. Search and Transfer Sequence. 

. . 

· The second and all succeeding addresses are also obtained by a method common to the six 

instructions. Each execution of the loop performs th~ following commands to generate the 

. address of the word for the next operation: 

Clear Bb 

1 2 
Reduce R t.o R 

R2_. Rl 

Add R 1 to u2 

(current count in Bb) · 

(m to u2 .for next. address) 

(prepare ~ount for.next opera~ion) 

(address of next word)-

·The. storing of the count in Bb pl"'ovides for the sit~ation wh~n an auxiliary operati'on must 

be performed. In this case the series of ST operations is suspended aft~r completing the 

Cl,irrent one. The AUX operation occurs next. Following it the. ST operations are resumed 

and Bb indicates where to begin. 
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TRANSFER OPERATION 

Input and output transfer instructions provide for rapidly moving a block of data from ex~ 

ternal equipment to storage or from storage to external equipment. Transfer operations 

may be performed at the maximum computer rate of one/48-bit word every 4 microseconds. 

Input Transfer 

The actual receiving and storing of .. an input word by the ~oop segment of the ST sequence 

(figure 5- 22) occurs only when the input equipment sends a ready. This indicates that a 

word is available for sampling on channel 7. T·hus it is the input ready which initiates each 

execution of the loop. The commands listed below are produced to store the word and p·re-

pare the next address. 

Input ready 
' 1 
Clear X 

Clear Bb 

Initiate storage 

R2- Bb 

1 ' 2 
Complement X to·x 

x2 _. xl 

u1 _. u2 

Reduce R 
1 to R 2 

R2- Rl 

Io._ x1 

Add R 1 to u2 

Wa'it storage 
1 ' 

X - storage 

Initiate AUX sequence 

2 (address from t1 ) 

(Sets X to al 1 's) 

(Clear X for 0 's in input word) 

(if A U:X request) · 

Exits (R = o and b =I O) or b :: o 

Wait for next ready 
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Output Transfer 

The loop segment of the sequence _s,ends -.a word out on channel 7 only when the 6utput equip-

ment sends a resume. This signifies to the computer that the -~recedirig wotd has been ac­

cepted by the equipment and that it is prepared fo receive thE{ next word. Ea~h resume 

initiates the loqp. The commands listed belotV- are produce'a to read the word from storage, 

send it out on channel 7 and prepare the address of the n~'xt word. 

Output resurne , 

here for ~Cl Bb -
first word ear .i 

loop entry} x 2 
_,. o4 send output rea,dy 

Exits if (R = 0 and b ~ O) or b = 0 

Initiate $tor age ·. (addt-ess fro:rh u2) 
R2 .... Bb 

u1 .... u2 
' .': 1 2 

Reduce R to R 
R2 ~ Rl 

Add R 1 to u2 

Wait storage 
'15I6-xl 

xl .... x2 

Initiate AUX sequence 

Wait for next resume· 

_(acctuires next word f~om storage) 

(if A t.J:x request) 

Examination pf these commands reveals that the 16op anticipates the output equipment by 

acquirini the next word from stor:age while- the current. one (in 0 4) is being safup'led. The 

resume c~us~s this word that was acqui_red in a.dvance tb be transmitted £r~m x 2 
t6 o4

. 

SEARCH OPERATION 

The purpose of the search instructi6ns is to rapidly examine a block 'bf operahds for one 

that' meets_ the s~arch condition, which may be either equality to A d·t greater than A. The 

process involves successively acquiring each operand from storage aiia cor.riparing it with 

the contents of the A register. When an operand is found that meets th~_ coruiition, the search 

is terminated with a full exit. If no operand in the entire block meets'''the 6ondition, the in-

struction half exits. 
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The loop segment of the ST sequence (see figure 5-22) performs the search ope'ration for' 

each operand by the foll()wing commands: 
' 1 
Clear X 

b Clear B 

Initiate storage 

··R2- Bb 

u1- u2 

Rl- R2 

1 2 
Reduce R to R 

Wait storage 

Add R 1 to .U2 

I5I6 - Xl 

2 
(address from U ) 

' ' ' ' 1 2 
ComplementX to X (64, 65) 

LQX (66, 67) 

Complement x1 to x 2 (66, 67) 

Sense. X=A (64, 66) 

Sen'se X>A (65~ 67) 

· Half exit if R = 0 (search exhausted) 

Full exit search condition met 

Repeat loop if R # 0 and search condition not met 

Initiate AUX sequence if AUX request 

The LQX com!lland for. 66 and 67 masks out a portion of the operand~ This mask quantity is 

loaded iri ,Q by :a prior iristruction. The complement commands prepare the oper':lnd for 

comparison with A. 
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TEMPORARY TERMINATION FOR AUX OPERATIONS 

'rhe final segment of the ST sequence shown in figute: 5-22 is used 'only when.the exed1tion 
;: 

of a ST instruction must be temporarily suspended in order to permit·one of the ~UX opera­

tions to l;)e performed. · The occurrence of an AUX request prevents the riextrepetitibn of 

the loop part of. the sequertc·e~ It also initiates th~ .temportl.ry termination part of the ST 

sequence. 

Fo~ allST instructions except 63 this segment sfmply initiates th~ Aui sequence. For 63 

(output transfer) the function of the tempqrary terin.in~tion segment is· fc» prepare the count 

in Bb so that When the AUX Operation is completed the execution of Hl'is; instruction begins 
' I 

·again with the last w9rd .for which a resume has not been received'. During this instruction 

· Bb holds the count associated with the .output word currently in 0 4• Since no ·resume .has 
. . . . . . . . . . ; ; .. (. LJ.' . ..· ", . . 

. be~n: received for this word,, it must be placed in O + .. aga.in when the execution of. the instruc-

, tio~ .. is resum~d. Tqis :requir~s. that the count in Eb.must. be increased by one to.allow for 
. .· ' . . 

.. :the. reduction that will take place in the address preparation segmerit, which. is initiated in 

· ~e'~uming execution of 63. The following .cbrhmands ffom the terminat'ion. segment accom­

pLish this. 

Complement R 1 to~:Ft.2 

Rl ~ R2 

R d .R1 t R 2· e uce o · 

. R2 .... Rl 

. . . 1 . 2 
Reduce R to R 

C 
. 2 1 

omplement R to R 

Rl ..... R2 

·Clear Bb 

Ra .... Bb 

Adds .one to R to make it· .. 
equal current count in Bb 

Prepares incremented 

count for Bb 

Enter·s incremented count in Bb 
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CHAPTER 6 

CONSOLE INPUT-OUTPUT EQUIPMENT 

Three units of input-output equipment, mounted on the console, are an integral part of the 

1604 computer.. A Teletype High Speed Tape Punch and a Ferranti High Speed Tape Reader 

provide for the processing of perforated paper tape. An IBM Typewriter, modified by Soro­

ban Engineering, Inc. , provides for the direct keyboard entry of data and for printed copy 

output. The console input-output units c_ommunicate with the central computer via buffer 

channel 1 (input). and 2 (output). Othe.r input-outl?ut units may share these channels but the 

console input-output units cannot use any of the other channels. 

The control and data-handling circuits associated with these console-mounted units are con- . 

tained within the main computer cabinet on chassis 7 and 8. This chapter primarily treats 

these circuits; information concerning the operation of the units themselves appears only 

incidentally. For more complete information about the units refer to the manufacturers' . 

manuals and diagrams. 
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MODES FOR HANDLING DATA 

Data transmissio~ between the console. equipments and the corµputer may take place. in 
' \ . 

either the .chai:acter or the assembly modes. In the character mode a 7-bit character is · 
I 

buffered to or :f;rom the cpm.puter one bit at a time. As shown below, the 7-bit character 

occupies the lowest bit positions of a 48-bit word; 'b's" are always transmitted in the 

upper 41 bits of the word. 

147 .... 07 06 . . . . . . .· . . . 00 

+-- transmitted as zeros ------3l!t:+111fE~· - 7 -bit -----• 
character 

In the assembly mode the 48-bit wo:rd being buffered consists of eight 6-bit characters. 
! f i I 1 . ! I 

Char. 7 I Char. 6 I Char. 5 t Char. 4 Char. 3 l Char. 2 I Char. 11 Char. 0 
I I I I I I I / 

. I · I . I I I · . I I 
47 ... 42 1 41. .. 36135 .•. 30 I 29 ... 24 I 23 ... 18 I 17 ... 12 ~ 11. .. 06 t 05. • .00 

_j_ _J_ l .l J l 

During an inpu~ buffer in the assembly mode (with the reader, for example) eight successive 
. . 

ceharacters are assembled into a 48-bit word, beginning with character 7. After such a 

w,grd is assembled it is sent to the computer. 

F-0r an output buffer in the assembly mode (with the punch, for example) a 48-bit word from 

,\tbe eomputer is disassEmbleci into eight characters. These are punched 1successively be-

:ginning with character 7. 
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EXTERNAL FUNCTIONS 

Program control of the operation of the console input-output equipments is accomplished by 

means of instruction 74 External Function. The ex~cution address of a 74.0 or 74. 7 instruc-

tion is an EF code. Console equipments are specified by the following codes: 

112XX 
212XX 
lllXX 
211XX 

:reader 
punch 
typewriter input, referred to as keyboard 
typewriter output, ref erred to as type 

A complete EF code consists of 15 bits; however, only the lowe'.r 12 bits are sent out to the 

equipment. The upper three bits, translated within the computer, select the channel to 

which the remainder of the code is sent. 

SELECT CODES 

The console equipments and their operating mode are selected by means of the 7 4. 0 instruc-

tion with one of the select codes listed in table 6-1. The select codes are translated and 

stored by the external fundion translator (figure 6-1). The combination of a select ready 

and a select code causes one or more FFs of the translator to be set. . Four of the FFs 

store equipment selection as follow.s: Reader (K9l0/ 91l), Punch (K912 1913), Keyboard 

(K902/903), and Type (K900/901). 

The select code that sets one of these FFs also clears the FF for the other equipment on 

that channel. Thus, selecting the typewriter (output) clears the Select Punch FF; selecting 

the reader clears the Select Keyboard FF. The Select Reader FF is also set by an extemal 

master clear. Thus, the reader is automatically selected by an external clear; if a manual 

. load operation follows the clear, the steps necessary to select the reader are eliminated. 
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The select codes may also set or clear other FFs of the translator, depending upon the 

operating conditions specified for the selected equipment. These FFs and the codes which 

set them are listed below: 

Interrupt on CR (K988/989) 1114X 

Reader End-of-Tape (K904/905) 1121X 

Interrupt on End-of-Tape (K906 I 907) l122X 

Assembly Mode (K914/915) 2XXOX 

Punch Motor (K916/917) 2120X, 212 lX, 2122X, 212·3X. 

TABLE 6-1. SELECT CODES FOR CONSOLE EQUIPMENT 

Channel 1 

11100 Keyboard entry- and no interrupt on CR. 

11140 Keyboard entry and interr~pt on CR. 

11200 PT .Reader and interrupt.on end-of-tape· 

11210 PT. Reader· and set end-of-tape ind~cator. 

1122.0 I?T Reader and no interrupt on end-of-tape. 

Channel 2 

2poo. Type assembly mode. 

21110 Type character moqe. 

·21200 Punch assembly mode. 

21210 Punch character mode. 

21240 Turn punch motor off. 
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Figure 6-1. External Function Translator. 
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SENSE CODES 

Five different conditions within the console equipments are sensed by means of the 7 4. 7 in­

struction with the sense codes listed in table 6-2. As shown in figure a ... 2, the translation 

of the code is combined with a signal indicating the specified condition. The output of this 

sense circuit f~ the sense return sent to the computer. 

11 111 when the sp~cified condition exists. 

. ' 968 
The sense return from J is a 

The sense circuit of the console equipment ignores the lowest three bits ot the sense code; 

the sense return signal sent to the computer is therefore, the same for either of the codes 

in. the pair associated with a condition (t~ble 6-2). The computer sense circuit combines. 

the ignored bits with the signal from J
968

, thereby distinguishing between the two codes in 

the pair. 

TABLE 6-2. SENSE CODES FOR CONSOLE EQUIPMENT 

Channel 1 

11100 _ ~xJt on k~yboa:rd CR. _ 
- ·1 

11101 Exit on no keyboard CR. 

11140 Exit on keyboard lower case. 

11141 Exit on keyboard upper case. 

11200 Exit on reader end-of-tape. 

11201 Exit on no reader end-of-tape. . 

11210 . Exit on reader asse1n.bly mod~. 

11211 .Exit on reader character mode. 

Channel 2 

21200 ·Exit on punch out-of-tape. · 

21201 Exit on no punch out-of-tape. 
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SENSE {J947 
. . J.960 

1114 x J937 

M"' 

. SENSE {J94I 

212XX J9H 

Ml99 

PUNCH 
OUT-OF-TAPE 

.SENSE RETURN 
(TO COMPUTER) 

J914 

SENSE{J937 
J960 

111 ox J946 

SENSE {J985 . · . 

112 IX J941 . 
. . 

ENO-OF-TAPE 
(READER) 

(t<905) 

CARRlAGE 
RETURN 

(J995) ·. 

ASSEMBLY 
MOOE 
(t<93°J 

Figure 6-2. Sense Circuit Console Equipment, 
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INPUT DISTRIBUTOR 

The input distributor (figure 6- 3), which consists of the Input Assembly Register (IAR) and 

the assembly counter, receives characters from the typewriter keyboard and the paper tape 

reader and forins 48-bit words ·from these characters for the computer. The 48-bit word is 

formed in IAR uhder the control of the assembly counter, which determines the position of 

IAR into which each character is entered. 

For reader input operations in the :assembly mode, figure 6-4b shows how the counter :gates 

the characters from paper tape into IAR. · After a character is gated into IAR the counter 

is advanced to prepare for :gating the next character. 

During an input operation frO:m the reader in the character mode the assembly counter is 

forced to the count that_ produces the signal gate character O. · Each 7~bit character from 

the .reader is entere& in the lowest seven stages of IAR. The remaining stages hold "O". 

This 48-bit word is sent to the computer. 

Input from the typewriter keyboard always takes place in the character mode. Six-bit char­

acters from the keyboard go directly to the lowest stages of IAR independently of the asse:m-

bly counter. After a keyboard character enters IAR tJ;ie entire 4~-bit word (consisting of 

"O's" in the upper 42 stages .and the 6-bit. character in: the lower stages) is transmitted to 

the computer. 

The transmission of IAR to the X register of the computer· is via the 1° inverters. When 

neither the reader nor the keyboard is select~d IAR is held clear. 
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ASSEMBLY 

COUNTER 

(K970-971 

THROUGH 

K 110-HI) 

GATE 

GATE CHAR 6 

GATE CHAR 5 

GATE CHAR 4 

GATE CHAR 3 

GATE CHAR 2 

GATE CHAR I 

GATE CHAR 0 

SELECT 
READER 
(READER 
CONTROL) 

FEED PULSE 
(FROM READER) 

TO X 1 REGISTER 

IAR~I0 

---(INPUT-OUTPUT CONTROL) 

INPUT ASSEMBLY REGISTER 

(Ieoo-eo1 THROUGH IH4-995) 

CLEAR IAR 
(READER ANO KEYBOARD 

CONTROL) 

GATE KEYBOARD 
(KEYBOARD CONTROL) 

KEYBOARD INPUT 
(FROM TYPEWRITER) 

'--l~--4-- CHARACTER MOOE 
(READER CONTROL) 

~TAPE LEVELS~APE LEVEL\ 
0 THROUGH 5 6 1 

' 1 v 
FROM READER 

REGISTER 

NOTE. 
REFER TO DRAWING 
XO 102285 FOR 
DETAILED LOGIC 
DIAGRAM 

Figure 6-3. Input Distributor, Simplified Diagram. 
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OUTPUT DISTRIBUTOR 

The output distributor (figure 6-5), which consists of output register o1 and the disassembly 

counter, receives'48-bit words from the computer and from them extracts characters which 

are sent to the punch or typewriter. 

During output operations in the assembly mode the distributor disassembles each 48-bit 

word held in o1 into eight 6-bit characters. These characte·rs are sent successively to the 

punch or typewriter. Figure 6-4a illustrates the order of disassembly, which process is 

co.ntrolled by the counter. After each character is extracted, the counter is advanced to. 

prepare for extracting the next one. 

During output operations in the character mode the counter is forced· to the count which pro­

duces the gate character O signal. Thus only the character i~ the lowest stages of 01 is 
. 1 

sent to the punch or typewriter. The upper bits of 0 are ignored. 

0 1 REGISTER . 

A. OISSEMBLY CHAR CHAR CHAR CHAR CHAR CHAR CHAR CHAR 
FOR PUNCH '7 6 5 4 3 2 I 0 

REEL 
OF 

PAPER 
TAPE 

B. ASSEt.4BL Y CHAR CHAR CHAR CHAR 
FOR READER 5 .4 3 2 -.._,_ .......... __.. __ ___,_...,._.~...__--......._~--1.~--A-....;,.--~ 

INPUT ASSEMBLY REGISTER 
(lAR) 

Figure 6-4. Character Orientation in Registers and on 
Paper Tape. 
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TO 
TYPEWRITER 

SELECT TYPE 
(TYPEWRITER CONTROU 

TO 
PUNCH 

PUNCH 
REGISTER 
< 0 soo-so1 
THROUGH 
oH0-511) 

CLEAR PUNCH 
REGISTER 
(PUNCH 

CONTROL) 

INITIATE 
ADVANCE PUNCH 
;.:.;;.:..:..:.:.~=---~~~~~~~~~~~~~~--t~~~~--~~..--t-~~~ ..... ~..-(PUNCH 

DISASSEMBLY 

COUNTER 

(K9!H-957 

THROUGH 

K9H-967) 

ADVANCE 
(TYPEWRITER 

CONTROL) 

NOTE: 

GATE CHAR 7 

GATE CHAR 6 

GATE CHAR 5 

GATE CHAR 4 

GATE CHAR 3 

GATE CHAR 2 

GATE CHAR I 

GATE CHAR 0 

REFER TO DRAWING XO 102288 
FOR DETAILED LOGIC DIAGRAM 

OUTPUT REGISTER 

coooz-003 THROUGH 0•12 - • 71 ) 

I 1 ...... 0 1 

(INPUT-OUTPUT CONTROL) 

FROM X1 REGISTER 

-
Figure 6-5. Output Distributor, Simplified Diagram. 
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PAPER T AP.E READER 

The Ferranti Type TR 5 punched paper tape reader is used for entering information stored 

on punched paper tape into the. computer. The reader is always connected to channel 1. · It 
\ 

operates at a ~aximum rate of 350 characters (lines) per second; thus, the time interval 
\ 

between successive characters from the reader is 3. 3 milliseconds .. The complete tape 

reade_r is composed of a tape feed mechanism, an optical projection system, the reading 

and location photocells, the power supply,· and the brake and clutch drive circuits. 

MANUAL CONTROLS 

Manual controls for the reader are two lever switches on the punch and reader control panel 

of the console. The Reader Motor switch provides for manually turning on and off the reader 

motor, and must be set to the up. (motor on) position whenever the reader is used. This 

action sets the Reader Motor FF (K918 I 919); the "1" output of this FF energizes the reader 

motor. 

The Reader Mode switch .selects either the character or assembly mode of operation for a 

reader input operation: the up position (ASSEMBLY) po_sitions the tape at the first frame of 

the first word (load point); the down position (CHARACTER) moves the tape ahead one frame. 

PAPER TAPE 

Information is stored on paper tape in seven levels. A frame, which is across the width of 

the tape, can store seven bits. As shown in figure a ... a, t~e levels are designated 6, 5, 4, 3, 

2, 1, and 0 from top to bottom. The sp:r:ocket or feed holes between levels 2 and 3 generate 

signals to time and control the reading of the tape. 

Figure 6-6 shows the location of the various bits of a 48-bit word that is to be read in the 

assembly mode. In this mode, level 6 is used as a control rather than an information level. 

The first of the eight characters in a Word is indicated by a hole in the COQ.trol level. 
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0 0 

-

e 

ORIENTATION OF BITS 
OF A COMPUTER WORD 

0 
0088088 

800(~vG88G 
e e 0 0 e e ee 

0 0 0 0 0 0 0 0 

ee0 e e 0 e e 

5 

4 

ee 0 0 e 0 08 1 

Figure 6-6. SevenLevel Punched Paper Tape. 

READER OPERATION 

CONTROL BIT 

DIRECTION 
-OF TAPE 

MOVEMENT 

LEVELS 

In the assembly mode, the transmission of each character to its proper position in IAR is 

effected by the feed pulse (generated by the feed hole in the frame) under the control of the 

assembly counter.. After each transmission of a character, the counter is advanced one 

count. When a 48-bit word is assembled in IAR a ready is sent to the computer. See figure 

6-7 for reader control circuit and table 6-3 for sequence. of actions. 

In the character mode, (table 6-4) each consecutive character from the reader is entered 

into the lowest-order seven stages of IAR. After a character is loaded into IAR the ready 

signal is sent to the computer. The computer thus samples IAR after each character has 

been read. 
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READER 

{ 

MOTOR FF 

READER UP ~K9.18 . READER MOTOR MOTOR ON 
SWITCH DOWN . K9t9 . 

READER 

UP 
(ASSEMBLY) 

MODE NEUTRAL 
SWITCH 

MC 

GATE CHAR 1 
NO ltfVEL 6 
. PULSE. 

INPUT 
BUFFER 
PULSE 

FEEO BUFFER 
PULSE INACTIVE 

J878 

FEED PULSE-. -<cJ.__... 
LOAD 
POINT FF 

LEVEL 6 ----
PULSE 

MC 

CHARACTER 
MOOE FF 

READER 
CLUTCH 

·DOWN 
(CHARACTER) 

1--.....,+----------:J11 .K930 FORCE COUNTE8 
TO CHARACTER' 0 

INPUT J979 

RESUME----
w9a-

K928 

K93t · 

GATE 
. CHARACTER 0 

MC 

INPUT 
READY 

CLEAR 

r----------....---~---c..-~------~ IAR AND 
·ASSEMBLY 
COUNTER 

INPUT 
BUFFER-<>-,... J980 

ACTIVE 
--- RESYNC INPUT BUFFER PULSE 

K9u K904 

' SEL~CT READER NOT END OF TAPE 

TAPE FEED RESYNC FEED PULSE {R. EADER REG. TO !AR 
ADVANCE COUNTER 

SET READER REGISTER 

CLEAR READER ·REGISTER 

Figure 6-7. Reader Control Circuit. 
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TABLE 6-3. ASSEMBLY MODE OF READER 'OPERATION 

ACTION 
1) Select assembly mode (switch up) 

2) Buff er Active Signal 

3) Feed pulse 

4) Computer samples IAR and 
sends resume 

. If no level 6 hole for character 7 

If Buffer terminates (made inactive) 

RESULT 
Set Load Point FF (energize reader clutch). 
Clear Character Mode FF. 
Tape moves through leader until it reaches first 

hole in level 6 (indicates load point); this is 
first frame w"ith information. 

Clear Load Point FF (de-energizes clutch). 

Energize clutch. 
Remove clear on IAR, assbly. ctr., and Ready FF. 
Gate first character into IAR. 

Transmit character from reader photocells to 
. . reader register. 
Transmit reader register to IAR. 
Advance assembly counter. 
Wait for next feed pulse; repeat 3. 
On 8th feed pulse (ctr. at character O) set Reader 

Ready FF to send ready to computer. 

Clear IAR. 
Clear Reader Ready FF. 
Wait for next feed pulse; repeat 3 . 

Clear Clutch FF. 

Clear Clutch FF. 

TABLE 6-4. CHARACTER MODE OF READER OPERATION 

ACTION RESULT ---

1) Select character mode (switch Set Character Mode FF. 
down) Force assembly counter to character 0. 

Set Clutch FF (energizes reader clutch). 
Move tape one frame. 
Clear Clutch FF since buffer inactive. 

2) Buff er active signal occurs Energize clutch. 
Remove clear on IAR, assbly. ctr., and Ready FF. 
Gate first character into IAR. 

3) Feed pulse occurs Transmit character to reader register. 
'. 

Transmit reader register to IAR. 
Set Ready FF to send ready to computer. 

4) Computer samples IAR, Clear IAR. 
responds with resume Clear Ready FF. 

Wait for next feed pulse; repeat 3. 

If buffer terminates (made·. inactive) Clear Clutch FF. 
--
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The tape motion stops on either of two conditions: (1) if the input buffer active line drops,_ 

signaling the end of the buffer operation; (2) if, in the assembly mode; a hole in level six 

does not accompany the first character of a word on the tape (this condition is interpreted 

as end-of-tape). 

The end-of-tape circuit is shown in figure 6-8. · The End-of-Tape FF (K9o4 f.9o5) is cleared 

when a mode selection is made; this FF is set to indicate the end of a tape on either of two 

conditions: 

1) ·By external function code 1121X. With this code, the end-of-tape 

FF can be set at the end of a character mode operation. · This is 

necessary when program steps are conditioned by the result of a 

74. 7 instruction that senses end-:of-tape. 

2) In the assembly mode of operation, by the absence of a level 6 

signal (from 1806) when the assembly counter is at count QOO. 

ENO-OF-TAPE 
(READER) 

(FEED PULSE) V2.67 

(LEVEL 6 ) ! 806 

en n -r- ,... .... 
en ell 0 
~~~ 

'---v--1 
COUNTER AT 

CHARACTER 0 
POSITION 

v263 

(CHARACTER MODE) 

K951 (ASS~MBLY MOOE) 

Figure 6-8. End of Tape Circuit. 
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PAPER TAPE PUNCH 

The Teletype BRPE paper tape punch is used to prepare paper tape output, and is always 

connected to buffer channel 2. Its nominal operating rate is 60 characters per second. 

Seven-bit characters are punched when the character mode is selected, and six-bit char­

acters are punched when the assembly mode is· selected. 

PUNCH CONTROLS 

Punch manual controls are two lever switches on the punch and reader control panel of the 

console. The punch motor may be manually turned on by placing the Punch Motor switc~ 

in the up position or off by. placing the switch in the down position. External function codes 

which control the punch motor are: 

2120X Select PunchL assembly mode 

2121X Select Punch, character mode 

2124X Turn punch motor off 

The Punch Mode switch selects the mode of operation of the punch. The switch must be 

placed in the up position to operate the punch with the ·computer. The down position pro­

vides for tape feed, that is, for punching out leader. 

On the punch itself, the feedout lever also provides for punching out leader. (A micro­

switch is mounted near the roll of paper tape that supplies the punch. When the supply is 

low, the switch opens and provides an out-of-tape indication which may be sensed. ) 

PUNCH OPERATION 

When the punch motor is on, the punch mechanism rotates. However, advancement of the 

tape does not occur unless the punch feed magnets are energized. Once each revolution of 

the punch mechanism, the punch provides four timing signals to the punch control circuit, 

figure 6-9. These four signals, provided by two contactors designated No. 1 contactor and 
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No. 2 contactor, are resynchronizai to produce a timing signal that initiates the steps of 

the operation causing the characters to be punched. 

During the period the Punch Mode key is down, the Feed I and Feed II FFs remain set. The 

output of the Feed II FF. energizes the feed magnet of the punch. As a result, tape is ad­

vanced and feed. holes punched out. 

Once the punch motor is turned on and the Punch Mode switch up, actual punching can begin 

when the computer: ( 1) Selects the punch,, (2) sends output buffer active signal, and_ (3) 

. loads 0
1 and sends accompanying ready. The sequence of events in punching a character 

appears in table 6-5. 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

TA:SLE 6-5. PUNCH OPERATION 

Set Ready FF during absence of punch timing signal. 

Punch timing ·signal occurs (initiates remaining steps). 

Clear punch register . 

. Transmit character (determined by counter) from o1 to punch 
register (this energizes punch magnets and feed ~agnet). 

Clear Ready FF. 
i 

Set Resume .FF if counter at character 0 (sends .resume to computerl. 

Advance disassembly counter. 

Return to step 1 if counter is not at character 0 before. step 7. 
. . I . 

Computer responds to resume (step 6) by .turni~g off 1 ready. 

Clear Resume FF. 

1 . 
Computer loads 0 . and sends ready. 

Return to step 1. 
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The disassembly counter controls the distribution of characters from o1 to the punch regis-

ter. In the assembly mode, the counter disassembles each word into characters in the 

order shown in figure 6-4; the highest-order character is recorded first, the lowest-order 

character last. A resume signal is generated by K968 I 969 each time the lowest-order 

character is entered into the punch register; this signal notifies the computer that another 

word may be entered into O 1• 

In the character mode, the ~isassembly oounter selects only the lowest-order 7-bit char­

acter of each word in o1 for recording, ignoring all the other bit~. The .resume signal is 

generated after each character has been punched; thus a new word is received from the ,• 
. , .. , , . 1.: 

' 
computer each punch cy<.~1e; 

The typewriter is an IBM .Electric, modified by Soroban Engineering, Inc., by the add~ 

ition of a mechanical coder: a~d: decoder. The type·writer may be used as either a }<ey­

board inwt. device ~r as lln o1;1tpUt device 'for .producing printed copy; for output the type~ 
writer q~u:~. -Operate at a rate df appro1dmately 1 O characters per second .. 

'• ' \ . . 

TYPEWRITER CODES 

All ·of the .typewriter char~cters and functions are represented by uniqu~ combinations of 

six bits.: The c.omplete set ot: codes is given in table 6-6, where the characters. a:nd func­

tions are listed along with their asso~iated octal· codes. 

During a keyboard input operation the depression of a character key causes the coder to. 

produce as an output the code for that key. Space is the only typ~writer function for which 

a code; is .formed. ·For other functions (tab, back space, upper case·, etc.) no ~ode is 

f~rmed .during input operations. The coded character is then sent to the computer. 
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For a typewriter output operation a six-bit character consisting of one of the codes in 

table 6-6 is sent to the decoder. This causes the decoder to actuate the appropriate key 

for printing a character or closing one of the six function contacts to perform the function. 

TABLE 6-6. TYPEWRITER CODES 

a. Characters Code a. Characters Code a .. Characters Code 
UC LC UC LC UC LC 

--i ---
A a 30 p p 15 # 3 

B b 23 Q q 35 $ 4 

c c 16 R r 12 % ~ 
c..I 6 fj 

1) d 22 s s 24 t 6 72 
i 

E e 20 T t 01 & 7 60 

I 
! 

F f 26 u 34 8 'I 
u 2 ,ii 33 

G g 13 v v 17 ( ·9 37' 

H h 05 w w 31 --
I i t4 x x 27 ? /' 44 

" J j 3·2 y y 25 II I 
! 

54 

K k 36 z 21 0 + 
: . 

z 46 
') 

L l· 11 42 

M m 07 ) 0 56 , 
' I 

50 

N n 06 >:< 1 74 , , 40 
i 

0 0 03 @· 2 70 = 

-----, 
b .. Functions Code b. Functions ·.Code 

Tab 51 Carriage Return 45 

Space 04 Lower Case 57 

Back Space 61 

Upper Case 47 
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KEYBOARD OPERATION 

The keyboard control circuit shown in figure 6-10 provides for .loading characters from the 

contacts of the typewriter coder into IAR. Selecting the keyboard allows the circuit to 

accomplish this by: 1) enabling the sampling of the keyboard common contacts and 2) re­

moving the· clear, signal to IAR. 

· Each depression· of a key- lever actuates the coder which,. in turn, closes some combination 

of the six contacts TC 1 through TC6. Th~se contacts provide output signals that form the 

6-bit code for the character associated with the key. At the same time that one of the con­

tacts· TCl through TC6 is actuateq tbe common contacts of TCC are actuated .. This signals 

to thE1 cont~ol"circuit that a chara~ter from.·TCl through TC6 can be gaied to IAR. Tbe 

sequence ·of steps or events. involved for one character is ,:iiyen in table 6-7, 

TABLE 6.-7. KEYBOARD OPERATIQ>N 

1) Depression of character key. 

2). Key actuates coder which clo~ES appropriate contacts. TC 1 through 
TC6 to generate code. 

· 3) Key actuates com~on contacts of TCC . 

. 4) Resynchronized ·signal from TCC contacts.: 

Gates chara.cter from TC1 through TC6 to IAR 

Sets Ready FF (sends· ready to computer) 

Cl K984/985 
ears , . 

5). TCC contacts retuin to normal state later in typew+ite~ cycl~. 

6) Computer responds to ready with a resume which: 

Clea:rs IAR 

Clears Ready. FF 

7) Return to step 1. 
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I 
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The levers for typewriter functions do not actuate the coder. The space contacts do, how­

ever, cause the code 04 to be entered into IAR. 

If the keyboard is selected by code 1114X, the interrupt signal is generated each time the 

carriage return (CR) or tab buttons are depressed. 'rhis feature allows the operator to gain 

the attention of the computer so that subsequently he may enter information via the keyboard. 

The carriage return interrupt circuit is shown in figure 6-11. After selecting the keyboard 

with interrupt on CR,., the state of the circuit it~: K9881989 set, a·nd K
994

/ 9
95

, K 98.6 I 987 

d K996/ 997 1. r an . c ea • · 

The sequence of events that :r.esult from a CR or tab appears in table 6-8. The signaff:rorn .. 
' \ ' ' . . ' 

' 996/997 . . . 
CR or tab is resynchronized and stored by K to pro.ch~ce the interrupt signal. 

TABLE 6·~·8 .. CARRIAGE RETURN.OR TAB INTERRUPT 

l) . :q·epres~it)n 1 of CR or tab 

t ' K994/ 995 hi h Se S, W C 

t 'K996 I 9:.97 h. h Se S . W lC 

986/987 ' ' sets K to prevent contacts from being 

sampled again during typewriter cycle. 

:2) Computer interrupt program 

determines by sense· code 1110X that ·typewr:iter is 
. . 996/997 
source of interrupt because K · is set. 

does select 1110X which turns off interrupt and reniov:es,. 

988/989 interrupt selection by clearing K . . 

3) . Several milliseconds later CR or tab contacts return to riormal state . 

"h.ih l K·994/995 dK986/987 w c c ears an . 
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TAB . I M270 

M27C 

K994 

K995 y291 

K987 

SELECT J962 

Jll4X J947 

SE"LECT J946 

Ill OX J962 

v2so 

K~96 

K997 

Ml86 

J.960 

SELECT 
11100 

wt6t 

. Figure 6-11. Carriage Return Interrupt Circuit. 

TYPEWRITER OUTPUT OPERA T~ON 

SENSE 
J967 

INTERRUPT 
J524 

':(he output control circuit (figure 6'-12) provides for accepting a character code fr6n1 the 

o 1 regis'~er and sending it to the translator magnets (TMl through TM6) of the -typewriter 

decoder. Later the tran~lator cam magnet (TCM) is energized by the circuit to.: (ll type . 

the character; or (2) close p. function contact and perform the function. 

The sequence of events in typing a character is given in table 6- 9.. Operation is allowed to 

begin: when the typewriter is selected and the computer signals by a ready. that o1 r.·s· loaded. 

The control circuit gates the code to TMl through TM6 and thereby starts the mechanical 

cycle of operation in the typewriter. Later, this cycle closes ribbon f~ed or one of the 

function contacts.. The closing of one of these contacts signals to the control circuit that: 

( 1) .TCM can be ene.rgized; and (2) the code has energized some combination of TMl through 

TM6. This signal after resynchron~zing is used to prepare the next code. 
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During character mode operation the disassembly counter is held at the count for character 

O. Thus a resume occurs after each operation. When an illegal code (one not defined in 

table 6-6) is gated to TMl through TM6 the decoder does not respond. As a result neither 

ribbon feed nor any function contact closes, and operation "hangs up" after step 2 of table 

6-9. Depressing the CR, backspace or shift buttons will allow operation to be resumed.· 

A zero code (consisting of all 11 0 11 bits) constitutes a "do nothing " code~· It is used, for 

example, to fill out a 48-bit word in the assembly mode. Since a zero code does not ene.r- · 

gize TMl through TM6, the code is sensed by J 999 which initiates the necessary sequence 

of control signals. 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

TABLE 6-9. TYPEWRITER OPERATION (OUTPUT) 

Computer sends ready after loading o-1 register. 

A character in o1 (determined by disassembly counter) is 
transferred to TMl through TM6. 

TCM energize·~ to begin typewriter cycle that prints the ch:aracte·r 
or performs the function. . · 

If code is for typewriter character, ribbon feed contact closes. 

If character mode or if in .assembly mode, counter is at character· 
0, th~n :set' Resume FF. This sends resume to comp titer. 

Advance disassembly counter (ineffective. in character mode). 

Computer drops ready because of typewriter resume; this clears 
typewriter i;tesume FF. · 

Near the end of the typewriter cycle the contacts open. 

~eturn to step 1. 
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CHAPTER 7 

POWER AND COOLING SYSTEM 

The computer system operates on two basic power inputs which are 120 vac, 60 cps and the 

208 vac, 400 cps, three-phase input. The 120 vac, 60 cps power input is taken directly 

from the line to operate such equipment as the utility outlets, blower motors, punch motor, 

etc. The 400 cps power is produced by a motor-generator set which is used because its 

output current is relatively free from power surges occurring on the input to the motor, and 

is more easily filtered after rectification. The power oµtput of the motor-generator (MG) 

is regulated to within t 2 per cent of 208 vac and distributed to various d-c supplies. 

The cabinets are provided with centrifugal blowers (when required). which cool the chassis 

by forcing room air around them. The room air, in turn,. should be air-conditioned.. To 

protect the components in the cabinet from physical damage due to excessive ambient temp-

eratures, a high temperature thermostat and interlock system is employed. 

MOTOR-GENERA rok 

The motor-generator set (figure 7 -1) supplies the basic 20 8 vac, 400 cps power to the com -

puter and external equipment cabinets. The motor operates from a three-pha.se, four wire 

208 vac input which is controlled by the MG contactor (see figure 7-4). The contactor, in 

turn, is enablErl by the power switch on the console. When the Power On switch is mornen-· 

tarily depressed, the MG contactor is energized and it closes the four normally-open con-

tacts, thus applying input power to the motor. A holding contact keeps the contactor ener-

gized until the Power Off switch is depressed. The shaft of the motor is connected directly 

to the generator shaft. 

Note that the 60 cycle circuit breaker for the computer cabinet and the 60 cycle contactor 

must be turned on before the 400 cycle contactor can be energized by the depression of the 
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Power On switch. This is due to the fact that the 120 vac line that activates the MG con-

tactor is taken from the .1604 circuit breaker, which is on the 60 cycle switch panel. 

The generator output voltage is controlled by a voltage regulator circuit, which employs· 

two magnetic amplifier reactors, as shown on Electric Machinery Manufacturing Co. 's 

diagram B-57652. The output voltage of the generator is sampled by this circuit, which 

then supplies a d- c voltage to the field· of the brushless exciter, accordii1.g to the amount of 

deviation of the generator output voltage .. 

The brushless exciter functions as a separate d-c generator that governs the field voltage 

of the main generator. As a result, a deviation of generator output voltage will cause 

an increase or decrease in the generator field voltage. The regulated output voltage .o.f the 

generator is brought out to the control cabinet where it is used for the meters, indicators, 

etc. The 208 vac, 400. cps power output is brought through the air circuit breaker (ACE) 

which is located on the control cabinet. 

Figures '7- 2 and 7-3 show the front outside and inside views, respectively, of the con.trol 

cabinet, which contains most of the control units for the motor-generator set. The .various 

manual controls .and indicators for the motor-generator are located on the cabinet doo.r and 

are visible from .the outside of the cabinet. A standard ammeter and voltm~ter display the 

current and voltage values of the. generator output voltage, while a vibrating reed type of 

frequency meter indicates the frequency of the generator output~ Both the ammeter and 

the voltmeter are .associated with a switch that must be turned on before the respective 

readings can be obtained. 

A rheostat allows the manual adjustment of the output voltage;· however, this control 

should not be used when the generator output voltage is at an improp.er level due to a 
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Figure 7-2. Power Control Cabinet, Front Outside View. 
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Figure 7 -3. Power Control Cabinet, Front Inside View. 
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malfunction of the generator. 

MAIN POWER DISTRIBUTION 

Figure 7-4 shows the main power distribution for the computer and the associated external 

equipment cabinets. The 208 vac, 400 cps power is brought directly from the MG control 

cabinet through a junction box to the 400 cycle switch panel, which contains the circuit 

breakers. Each of the circuit breakers on this panel protects the 400 cycle power input to 

the aesociated cabinet and also allows manual disconnection of the 400 cycle power to these 

cabinets, should it become necessary. However, the usual procedure is to leave these 

circuit breakers on and to control the power from the console. 

The 120 vac, 60 cps three-phase input is brought in directly from tL_e line to the norrr~ally 

open (NO) contacts of the contactor in the 60 cycle switch panel. The contactor is cne1:.:-?:L~. 1:·<: 

by the depression of ~he Power On switch. A set of hoiding contacts maintains the. ccmtac-· 

tor ener~ized through the no~mally closed (NC) contacts of the Power Off switch. \Vhen 

this switch is depressed, the: contactor is de-energized and all· 60 cycle 'power is dis con-

nected from the equipment. 

The distripution ,of power to the cabinets is accomplished by cables originating at the two 

switch panels. All of the necessary connections are made in the junction box unde1· +.hr· 

switch panels. 

MAIN CABINET POWER DISTRIBUTION 

The distribution of, power .in the rriain computer cabinet is shown in figure 7-5. The power 

cables bring 208 vac, 400 cps, three-phase and 120 vac, 60 cps, three-phase powe.r into 
I 

the cabinet. 
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The 208 vac, 400 cps power is connected in parallel to each of the eight chassis. Each of 

the three-phase inputs to a chassis is protected by a 2 amp fuse. The 400 cps power is 

applied to the primaries of the four delta-star transformers which are located on each 

chassis and furnish positive and negative 20 volt power to the printed circuit cards on the 

chassis (see figure 7-6L The secondary outputs of the transformers are rectified by a full-

wave rectifier circuit which is composed of silicon rectifiers. These rectifiers are located. 

on the lip of the corresponding chassis. The capacitors, which are contained on the 32 type 

54 cards on each chassis, filter the output voltage. 

CONSOLE POWER DISTRIBUTION 

The console uses 208 vac, 400 cps, three-phase and 120 vac, 60 cps single phase power. 

The 400 cps power is applied to the -15 volt power supplies on relay chassis 20100 and 

20200. These supplies, in turn, furnish -15 volts to the t:>yewriter relays, the punch 

magnets .and the relays :~as.so'cla'.:t~d with the '<iispl~y m<Jid:t:ifes. Th:e 6-0 ·cps power operates . ' 

the lamps in the display modules, the convenience outlets, and the three external equipments 

in the console. A console power distribution diagram is shown on page 79 of Volume 5 .. 

The 208 .vnc:, 400 cps power input to \the console is connected in parallel to the primaries !of 

the delta-star transformer on relay chassis 20100 and 20200 respectively. These trans­

formers in conjunction with tqe rectifie,rs and fqter capacitors make up the -15 volt .supply 

for their respective relay chassis. The -15 volt supplies are identical to the -20 volt 

supplies in the main cabinet dhassis, with the ex'ception that: (1) the transformers are 

wound to produce -·15 volts instead of. -20 volts after rectification; and (2) the capacitors 

are 2000 microfarac]s instead of th,e 10 microfarads on each of the type 54 cards. The ~·15. 

volt outputs of the supplies are connected to pin 1 of each relay on their respectiv·e chas·Sis.· 
' ' 

a.s well as the relays located on the brackets behind the chassis .. The· -15 volt output is also 

used to supply the speaker con. 
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Two transformers, T20001 and T20002, step the 60 cps power down to 6. 3 vac for use by 

the lamps in the display modules. One side of the 6. 3 vac supply connects to pin 6 of the 

relay associated with the uppermost bit in each octal group of the digit display translator. 

The other side of the supply is wired directly to one side of the lamps in the display modules. 

As a result, the translation of a particular octal digit closes the 6. 3 vac circuit to the 

corresponding lamp in the associated module. 

When the digit light disconn~ct relay 2D04 (lites) is de-energized (computer running)} the 

6. 3 vac is opened to the relays associated with the digit lamp modules as shown on figure 

7-6. Thus, the· di.git display is deactivated while the computer is runnif?.g .. However, the 

6. 3 vac circuit to the relays associated with the background indicator lights remains 

activated during the time the computer is operating. 

COOLING SYSTEM 

The comf uter cabinet is cooled by centrifugal blowers which force room air arottnd the 

chassis. , .The room air temp.,erature should be mair:tained at approximately 7 2°F. Blow.ers 

are mounted on the. framewor.k .. beneath each half of the cabinet floo.r. The blowers pull t.he 

air throug-h the bottom section of the cabinet, through a diagonally mounted filter and .thro.ugb 

the· two sr'..reen grills in each half of the cabinet ,floor. The air is guided through the card 

spaces on the chassis and exits through the grill. at the top. 

In installations where refrigerated air is supplied through ducts in the false floor, the arr 

intake through the bottom of the computer cabinet is connected directly to the duct. Thus, 

the refrigerated air from the ducts is forced through the chassis card spaces. 
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PROTECTIVE INTERLOCK SYSTEM 

A protective interlock system, consisting of high temperature thermostats and door inter-

locks, protects the printed circuit components against excessive ambient temperatures. A 

high temperature thermostat is mounted above the two chassis in each quarter section of 

the computer cabinet. These four thermostats are then connected in series with a time 

delay relay which is normally energized. (See figure 7-5.) A red indicator light is con­

nected in parallel with the NC contacts of each of these thermostats; the lights are mounted 

on a bracket which is revealed by swinging out chassis 1 and 2. 

Thus, if the ambient temperature in~ particular quarter section becomes 85~F, the· corres­

ponding thermostat opens the circuit which turns on the associated indicator light and de­

energizes the time delay relay which is-mounted in the ·console (figure 7-4). The de­

energizing of this relay immediately causes the warning b_uzzer to sound. (There is 'n6 

delay hi the closing of the J':.rc contacts of tnis relay. ) After a three minute deiay, NO con·-

tacts 6-4 and 3-5 open which turns off the buzzer and opens the circuit to the MG contactor; 

As a result, all 400-cycle power is disconnected from the. equipment. The thermostats 

automatically reset when the temperature falls to the proper level. However, the Power 
. . . ' 

On switch must be depressed before 400-cycle power can be reapplied to: the equipment. 

The door interlock system consists of: four normally open switches (one on each door). 

These switches are connected in parallel with each other and in series with the time delay 

motor. Thus, when one of the cabinet doors is opened, the corresponding switch is closed 

and the time delay motor is started. If the door is not closed within 30 minutes, the timer 

NC contacts open which disconnects the motor from the line and turns on the door indicator 

light. In addition, the circuit to the time delay relay is opened and this relay is de- ener­

gized. The de-energizing of the time delay relay causes the 400-cycle power to be turned 

off after three minutes. as previously explained. 
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The closing of the cabinet door before the 30 minute time interval is up resets the timer to 

zero. However, the door should not be reponened for at least 10 minutes after it has been 

closed. 

In summary, the thermostat and interlock system may be considered to be a simple series 

circuit from the 60 cycle neutral line, through all the thermostats, interlock contacts and 

the three minute time delay relay,, to the 60 cycle hot line. (Figure 7-7 shows a simplified 

version of this series circuit for a typical installation,· including the 1604 main cabinet, the 

console, two 1607 cabinets and one 1605 cabinet.) 

As long a.s this series circuit remains closed, the three minute time delay relay is ener­

gized. Thus, the circuit to the MG contactors is kept Closed until one of the NC contacts 

in a particular cabinet opens, which de-energizes the thr~e minute time delay relay This 

action causes the warning buzzer to sound. After a three minute delay the two NO contacts 

of this relay open, which turns off the warning buzzer and de~energizes·the MG contactor. 

The de-energizing of the contactor drops 400 cycle power. from the equipment. 
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APPENDIX A 

BORROW PYRAMID 

The "borrow pyramid of the accu~ulator is _discussed in detail in this appendix. · Since the 

~yramid associa~ed with the u2 register diff~rs only in the number of bits, this discussion 

applies to it as well. Figure A-6 (end of appendix) shows the general structure of the pyra­

mids and gives the state of the output 6f each inverter during the performance of an actual 

a~dition. The operands us_ed for illustration in -figure A-6 are: 

Addend (A.) = 000 000 000 000 011 110' liO 000 111 110 000 010 110 101 oor 111 
l 

Augend (Xi) = .. 000 000 000 000 001 010'· 000 111 111 ioo ' 111 101 110 110 001 .011 . 
Sum (Af) =. 000 000 000 000 101 .000 111 000 111 011 000 000 101 011 OU. 010 

. The output of each inverter is indicated by the '"O" 9r "1" in it~ a,ssociated block ·symbol. 

The derivation of the·output·given for ~my block can be proved by examing the figures.yvll.ich 
. . ,• ' . 

. accompany the discussion of the various levels. 

Each level consists of single inverters which are asso)ciated with a class of symbols;. 'fbr 
' I 

example, the bit borrow enables ar~ identified by· the symbol A - -O .. The name <)f each level. 

is descriptive of the function it performs, or, more precisely; of the condition it. senses. 

For any level except toggle ~ontrol ·(A - - 7) the f.ollowing, rules can be used to determine 

whether it is a: "1" or a "O" output from the inverters that indicates the presence of the con-

dition sensed by that level: 

1) If the last digit of the superscript is even, a "1" output represents 

·the pr.esence of the condition d01ot.ed by the name of the level. 

2) If the last digit is. odd, a. "O" output represents the presence of the. 

condition denoted by the name of the level. 

In tl)e ·case of A - - 7 ~ a "1" output indic.ates that the stage is to be toggled. 

A-1 
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The term enable refers to the condition in a stage, group, or section when a borrow request 

cannot be satisfied and it becomes necessary to pass to the next higher stage, group, or sec-

tion. The term generation refers to the condition in a stage, group, or section when a 

borrow originating within it requires action from a higher stage.1 group or section. The 

borrow enable and borrow generation conditions in a given group or section are mutually 

exclusive. For example; if the enable condition exists in a given group, this group cannot 

generate an intergroup borrow.. If the genera,tion exists, .then an intergroup borrow can be 

completed in the group. 

Interpretation of Equation Symbols in Pyramid. All symbols of inverters iil. the pyramid 

have superscripts that lie within the range 500 to 977. The last digit indicates the level or 

function of a class of inverters. The first two digits indicate the stage, group or section 

with which an inverter is associated. Thus, stage 00 is denoted by 50. while stage 47 js· de-

noted by 97. For inverters associated with groups or sections, the first two digits are the 

same as those of ·the first stage borrow enable in the group or 'section. However, for the 

group and section borrow enables the first two digits correspond to those of the second stage 

in the group or section. 

1) Stage Borrow Enable. 
. ---0 . . . 

Each A inverter forms the log· ical difference of A and X . · · n n 

This information about the relation df A and X is used to determine if: ( 1) a borrow is n n 

generated in that stage; (2) ·a borrow can be made from that stage without propagating fur-

ther borrows; or (3) a borrow from that stage will not be completed but propagated to higher-· 

order stages. 

That each A - -O forms the logical difference of A and X can be seeri more easily by the 
n n 

following transformation performed on the equation for A 500, which forms the logical dif-

ference of A00 and x 00 . The horizontal bar represents the "not" function of the single in:­

verter. 
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A 500 = X003 A 003 +A 002. xoo2 

=(X003 A003) (A002 X002) from 1 by De Morgan 1 s 
theorem 

from 2 by De Morgan's 

- A003 X002 A002 .-X·-·003 M lt' 1 t t3heorem - 1 .+ U lp y OU 

" f l __ 
0\00 = "0" and Xo 0="1" I 'Aoo c" 1 " and Xoo = "O "" 

1 

2 

3 

4 

--0 
The output of A is "1" when the logical difference of A arrl X is "1 ". Such an output n n 

from an A--O indicates a stage borrow enable; that is, a borrow from this stage will in turn 

require a borrow from the next higher stage. A "O" output from an A --O. indicates that 

either a borrow is generated in this stage or a borrow can be completed in this stage. 

2) Group Borrow Enable. --1 Each of the A inverters in the group borrow enable level 

senses whether an intergroup borrow into the group can be completed or if it will r1ece1ssi~ 

tate an intergroup borrow from the next group. A 11 0 11 output from a group borr·OW enable 

indicates that the borrow cannot be completed. This condition is sensed by combiniht;; in .an 

AND function the outputs of the three stage borrow enables in the •group. 

3) Group Borrow Generation. Each of the A - - l inverters in the group borr.ow g:e.heratiop; 

level senses whether an intergroup bo-rrow is generated within its group. When this i.$ .. the 

case, the output of the inverter is "O". A "1" output indicates that no intergroup bdr:row is 

generated. 

In figure A-1 the .three inputs to. A SOl illustrate how a group borrow generation senses the 

f · t b Th · t · · t' f x 022 · A022 ·r·· · ·.h t ·x presence o an m erg:roup orrow. e mpu cons1s mg o spec1 re,s t. a · .. ff~ 

and A02, the last stages in the group, are both "O". Since it is the complement ofX .that is 

subtracted from A, and this case involves subtracting "1" from "O" in the last stage of a 

group, an intergroup borrow is necessary. 
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Th · t · t' f x012 A0 12 A 520 · ·d. t th t A t d b f A _ e.1npu cons1s mg o . · . . in ica es a 01 genera e a orrow rom 02 

and that in the latter stage a borrow cannot be completed. Thus a borrow is again required 

from ;\
03

. Finally, the A OOZ · x002 · A 510 · A 520 input indicates that A00 generated a borrow, 

but a borrow cannot be completed. in either A01 or A 02 . An intergroup borrow is therefore 

required from A 03 . 

A510 

A520 

Figure A-1. , Typical Group Borrow Gene rat.ion Inverter. 

4: Section Borrow Enables. Each of the A - - 2 inverters iri the. section bor~row enable level 

·senses whether a borrow into its section can be completed or whether it will necessitate a 

borrow -fro.tp the next section to the left. A 11 1" output shows that a borrow cannot be com-­

pleted in tha't section. · A section borrow enable is sensed by combining the output of the four· 

group borrow enables in the s.ection at the OR .inputs of the inverter. Since the signals are 

represented by "O's" in this ca~e, the circuit perfprms a logical 'AND function. 

5) Section Borrow Generation. Each of the A - -
2 inverters in the section borrow generation 

level senses whether a borrow is generated within its section. When this is the case the out-

put of the inverter is "l'r. 

The in.puts of a section borrow generation actually sense for the four cases when no inter"" 

t. . .b. . . t 3 Th f" · A502 . f' A ') th . t . t' f sec .ion orrow 1s genera eo. .us . c r .. 111 igure - c.., e inpu cons1s ing o. 

A-4 



CONTROL DATA CORPORATION -----------·<Ir-
~ Di1vWm1, (!.!) 

A50l. A531 . A561 . A 591 provides for the case of no intergroup borrows being generated in 

the section. 

A591 

A561 

A5-0I 

A54t 

Figure A- 2. Typical Section Borrow Generation Inverter. 

The A531 . A541 . A 561 . A 591 input senses the case when no intergroup borrows are gen­

erated in groups 3 and 4 (A561 and A591) and a borrow can.be complete.din group 2 (A531 

and A 541). The case of no borrow generated in group 4 and the possibility of completing a 

b . . . 3 . db A591 . A 571 A561 F'. l·l. th ·A591 ABOl . th dl . orrow m group is sense y . . . ina y, e . 1npu . an es 

the case when a borrow can be completed in group 4. 

6) Section Borrow Input. Each of the four sections has an A -- 3 lead which senses when· an 
' ' . 

intersection borrow is to be made from its section. This condition, which is shown by a 

."O" output ·from the A-- 3, is sensed by means of the otitput of the section borrow enables 

and generations. 

A-5 



i?------------CONTROL DATA CORPORATION 
~ ~ Di!vWmt 

A 'detailed examination of the four inputs to A 
503 

(figure A-3) will.mak~ clear the function 

of the section borrow input. inverters. Each of the inputs indicates an intersection borrow; 

these are also end-around borrows since they come from section 4. The inputs are mutually 

exclusive. 

742 A 
0 872 

A --
As22_ ....... 

A752 

Aa12 
A152 

A502 

AB62 
A632 

.Figure A-3 .. Typical Section Borrow Input Inverter .. 

The input from A 862
, .the section borrow generation inverter in section 4, provides for thE; 

simple case .when an intersection borrow is generated in section 4. The AND input con-

. t. f A 7 4 2 A. 8 7 2 'd . r" . . t t. b . t. d . ·t. 3 (A··· 7 4 2) sis 1ng o . prov1 es or an in ersec ion · orrow genera e i.n sec ion . · 

which cannot be completed in section 4(A 87 2). The AND input consisting:·of A 6 2 2 . A 7 5 2 

A 872 provides for an intersection borrow generated in section 2(A 622). which cannot be com-
. . 

pleted in either section 3(A 752) or section 4(A 872) .. Finally, the AND inp~t consisting of 

A502 A632 A752 A872 'd . f . . t · t' b t .d · h' h d . . . . prov1 es or an in ersec ion orrow genera e. 1n a ig er-or er 

stage of section 1 which cannot be completed in sections 2, 3, or 4 and must, therefore, be 

made from a lower stage of section 1. 
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7) Group Borrow Input . Each group has an A - - 4, the pµrpose of which is to determine 

whether an intergroup borrow is required from the group. When one is required all the in­

puts to A-- 4 are "O" and, therefore; its output is "1". 

Inputs to A 564 are. shown in figure A-4. Because of the inversion in A- - 4 its inputs may be 

said to sense the cases when~ intergroup borrow is required. The input consisting of 
.. 503 531 501 . . . . 503 
A • A . A senses that the~e is· no intersection borrow (A ) and there are no 

intergroup borrows generated in either of the two lo·Ner groups (A 531 and A 501 ). The A 5 31. 

A 511 . A 
501 input shows that an intergroup borrow is not generated in the second group 

(A 531) and that an intergroup borrow can be completed in the first group (A 511 and A 
501

). 

The latter condition is determined by the information·that an intergroup borrow is neither 

t d . bl d ' th f' t F. 11 th -· A541 A5 31 ' t · d · t . b gep.era e nor ena e in e 1rs group. . 1na y, e . .· ·1npu in ica es a. orrow 

can be. accomplished in the second group and therefore an intergroup borrow will not be .re­

quired of the thir~ group. 

A531 

54·1 A 

A53t 501 A 

A5ot 

--A503 

A531 

Figure A-4. A Group Borrow Input Inverter. 
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8)' Stage Borrow Input. Each stage has an A - - 5, the purpose of which is to sense when a 

borrow is required from that stage. The inputs to the.three A-- 5 inverters of the second 

group (figure A-5) are typical of the A-· 5 inverters of othe~ groups .which have similar in-

puts. 

xo32 xo32 

.___A540 

p..032 

A540 A530 

A534 

Figure A-5. Typkal Stage Borrow Input Inverter. 

A borrow is required from A 
535

, the lowest stage of the group, only when ·an intergroup 

borrow· is made from the group .. The input from A534 handles this . 

. 545 There are two cases when a borrow must be made from A · , the middle stage. The first 

instance, when a borrow is generated in the lowest stage of the group, is sensed by the 

A
032

. x
032 

input, whkh indicates that both A03 and x 03 are "O". This denotes a ''O minus 1" 

operation ·since it is the complement of X that is subtracted .. The second case exists when 

an intergroup borrow (A 
534

) must be made from ~he group and a bit borrow enable is present 

in the first stage (A 530). 
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A borrow is required from the third stage (A 555) in three cases: (1) when a borrow is gen­

erated in the second stage of the group (A 
042 

. x 042
); (2) when a borrow is generated in the 

032 032 . . . ' . 540 . 534 540 5:!) 
first stage (A • X ) and a bit borrow exists m the second (A . ); (3) (A . A . A ), 

when this group receives. an intergroup borrow (A5 34) and there are bit borrow enables in 

the first (A 530). and second (A 540) stages. 

If a borrow is required from a stage, the output of the A - - 5 associated with that stage is. 

"O". Every A-~S has an i~put from a WOO- .. During the addition of x2 to Al the input to 
- - 5 00- t ti 2 . . ' . 11 fl ' 1 

A from W is 'O . But when .A is to be complemented on the basis of 1 's in X , 

then w00
- ·is used to disable the'. borrow Sensing portion of the pyramid b~ providing a. 11 111 

. --5. --fi . .' 
inp:ut to every A .. Thus· the output of every A · is "O 11 regardless of Whether a borrow 

is required from its stage. 

9) Stage No-Borrow Input. Each stage has ·an A--~ which inverts the 1:.>orrow infor.m~~ion 

obtained from the A-~ 5 of th~ stage. ·The output of ari A --B is "1 "when a borrow is ·required· 
. i . ' ·. . . . . --6 . ' ..--7 

from the stage.· The function of A will be shown in the analysis of the A · inv(frterS,. 

. . -~7 . . 
1 Q) Btage Toggle Control. The A of each stage senses whether or not that stage is :to he 

toggled. At this point it will be well to have clearly in mind the two cases when the addition 

of, X to A requires a given. ·stage of A to be toggled. The cases are: 

1) X = "O 0 , and no borrow is r.equired' from A . 
n . . n 

2) X = "1" and a borrow 'is required from A . n . · n 

In addition~ a "1 ''out of an A --7 indicates the presence of one or the.other ()f these two 

cases. 

Because of the inversion of A - - 7 their inputs may be considered ~s s·ensing the two cases 

when the stage is not to be toggled. These cases are: 
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1) X = "O" and a borrow is required from A n n 

2) X = "1" and no borrow is required from A n n 

Using stage A00 as an example, the first case is sensed by the x 00 2 . A 
506 

input to A 507 

while the second is sensed by the x003 . A 505 input. In· the first case, x002 indicates 

x 00 = "o" and A 506 indicates a borrow is required. In the second case, x 00 indicates 

x003 
= "1" and A 505 indicates no borrow is required. 

When this part of the pyramid is used in complementing A 1 on the basis of "1 's" in x 2, the 

Partial Add in A FF (K520 / 521) is set. It in turn causes the. Wqo- inverters to enter a 11 111 
· 

. --5' --5 --3 ' ' --7 ' ' ' " 
in each A . Therefore.. the A . X AND input to each A is not satisfied. The 

- - 6 00 2 ' ' . ' 7 
other input, A . X , is satisfied if X is 1'0". If Xn = "O" then the A-- receives .~ ·r'l" 

arid its output is '"Ou. Consequently, A is not toggled. However, when· X . = "1" neith.er n · n 

input is satisfied and a "1" output is provided, causi·ng An to be toggled. 
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APPENDlX B 

GLOSSARY.OF TERMS 

The following glossary gives the meaning of terms that are used in a relatively specialized 

.sense in this manual. In most cases, no attempt has been made to offer general definitions 

of the terms. 

ACCUMULATOR - In general, a register which has provisions fqr the addition of another 

·ADDRESS -

quantity to its content. Used as a proper noun, it. refers to the principal 

arithmetic register, A. 

The number assigned as a designation for a memory location; also used 

to refer to the memory location itself. 

AND FUNCTION - A logical function in Boolean algebra that i.s satisfied (and thus has the 

BIT -

BORROW -

BUFFER -

CARD -

value "1 ") only when all of its terms have the value "1 ". For any other 

combination of the values of the terms it is not satisfied, · and hence its 

value is "O ". 

Binary digit; may be either "1" or "O ". 

In a subtractive counter or accumulator, a signal indicating that in stage 

n, a "1" was subtracted from a "O". 'rhe signal is sent to stage n + 1, 

which it complements. 

In general, as a noun, a device 'in which data are stored temporarily in 

the course of their transmission from one point to another. As a verb, 

to store data temporarily. Specifically, the operation in an "active" 

buffer mode in which either a word from storage is sen,t to an external 

equipment via an output channel (output buffer), or a word is sent from 

an external equipment via an input channel to storage (input buffer). 

Used to refer to any etched wiring board and attached components which 

is mounted on a chassis by means of a 15-pin connector. 
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CARRY -

CHAIN -

CHANNEL -

) In an additive counter or accumulator .. a signal indicating that in stage n, 

a "1" wa$ added to a "1 "~ The signal is sent to stage n + 1, which it com-

plements. 

A group of control delays connected serially and used for timing comDBrrls 

and signals. The sequences consist of such series ~f control delays. 

A transmission path (implemented by cables and connectors) that connects 

the computer to a given external equipment. 

CHARACTER - Used in two s~nses to describe informati9n handled by the computer: 

CLEAR -

1) A group of six bits which represent a digit,, letter or symbol (such as 

appear on the 'key·s of a typewriter). In the assembly mod~, eight6-bit 

characten-; make up a computer word. 

2) A group of seven bits which 'represent an item of information. In the 

character mode, one 7-bit character and ''O's" in the remaining (upper). 

· 41 bits. 

A command that removes a quantity from a register by placing every stage 

of thelatter in the "O" state. 

CLOCK P~E - One of the two outputs from the master clock. One of the outputs is called · 

COMMAND ... 

. . . 

the "even" phase and the other the "odd" phase. A given control delay pas 

its inputs gated by one clock phase and its outputs gated by the other. 

A signal (generally initiated by a control sequence) that performs a unit 

operation, such as the transmission of the content of one register to 

another,, the shifting of a register ·one place to the left or ·the setting of d 

FF. 

COMPLEMENT - Noun: see One's Complement or Two's Complement. Verb: a comniancL. 

which produces the one's complement of a given q~antity. 

CONTENT- The quantity or word held in a register or storage location . 

. <;ONTROL DELAY - A device capable of receiving a signal pulse and "holding" it for ~ peria:l 

determined by the basic clock frequency (0. 2 microsecond) before· allow-·. 

ing it to be released. Thus,, a "controlled delay" device. 
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CORE -

COUNTER -

ENABLE -

A small ferromagnetic toroid (doughnut- shaped) that is used as the bistalie 

device for storing a bit in a memory plane. 

A register with provisions for increasing (if additive) or decreasing (if 

subtractive) its. content by 1 upon receiving the appropriate command. 

In general, to satisfy one of the conditions required for the occurrence of 

a command. 

END-AROUND BORROW - A borrow that is generated in the highest-order stage of an ac-

cumulator or counter, and is sent directly to the lowest-order stage. 

Provision for such a borrow makes the accumulator or counter "closed". 

ENTER - To place a quantity, not from storage, in a register. For example: in 

instruction, 10, Enter A, the execution address is placed in the A register. 

See Load and Store. 

EVEN STORAGE· - That storage unit which contains the 16s 384 even addresses. 

EXECUTION ADDRESS - The lower 15 bits of a 24-bit instruction. Most often used to 

EXIT -

FAULT-

specify the storage address of an instruction operand. Sometimes used as 

the operand itself. 

Verb: the initiation of a sec'ond control sequence by the first, occurring 

when the first is near completion. Specifically, the control sequences 

exit to the Read Next Instruction or to the Auxiliary sequence. 

Noun: refers to the circuitry involve~ in exiting. 

A type of operational difficulty which:' 1) causes· operation to stop, such as 

inadmissable operation codes 00 and 77; or 2) does not cause operatioq to 

stop, but sets an indicator; for example, divide fault. 

FLIP-FLOP (FF) - A storage device with two stable states, one called "1" and the other, 

"O ". l\ "1" input to the set side puts the FF in the "1" state, while a "1° 

input to the clear side puts the FF in the "O" s.tate. ·After the input is gone, 

the FF remains in a state indicative of its last "1 11 input. A stage of a 

register consists of a FF. 
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Ft.JNCTION CODE - The upper nine bits of a 24-bit instruction. It consists of the operation 

and index codes. 

GATE - Verb: to satisfy one of the conditions r.equired for. the occurrence of a 

signal. Noun: may denote either the AND function or the. OR function, 

but more cori).monly the former. 

INDEX CODE - A thr.ee-bit quc:ntity consisting of bits 15, 16, and 17 of an instruction. It 

is most frequently .used to specify an index register whose contents are 

added to the execution address. In some instructions the index code simply 

specifies the conditions for carrying out the execution of the instruction. 

INSTRUCTION - · A 24-bit quantity consisting of a function code and an .execution ad.dress. 

·' 
The instruction directs the computer to take a certain action. 

INTERRUPT REQUEST - A signal received from an external equipment that may cause a 

special sequence of instructions to be executed iri order to respond to the 

request. 

INVERTER - A circuit, which provides as an output a s.ignal that is opposite to its input. 

If the input is "1 ", the output of an inverte.r is "O". An inverter output is 

· 
11 1." only if all the separate OR inputs are 110 ". 

LOAD- To take a quantity from storage and place it in a register. For exarnple: 

in instruction 12, Load A, a word is taken from storage and placed in A. 

See Enter and Store. 

L~IC.lIL PRODUCT - In Boolean algebra, the AND function of several terms. The pro­

duct is "l 11 only when all the terms are "1 "; otherwise it· is 110". The 

logical product of two quantlties consists of bits, each of which is the AND 

function of corresponding bits of the two quantities. Sometimes referred 

to as. the result of "bit-by-bit" multiplication. 

LOGICAL SUM- In Boolean algebra, the OR function of several terms.· The sum is "1" 

when any or all of the terms are "1"; it is "O" only when all are "0 11
• 

LOWER ADDRESS - Refers to the execution address portion of a lower instruction; 
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specifically, to bit positions 0 through 14 of a 48-bit register or storage 

location. 

LOWER INSTRUCTION - See Program Step. 

MASK- In the formation of the logical products of two quantities, one of them may 

be used as a mask for the other. The mask determines what part of the 

other quantity is to be considered. Wherever the mask is "O" that part 

of the other quantity is cleared, but wherever the mask is a "l ", the other 

quantity is left unaltered. 

MASTER CLEAR (MC) - A g~eral command produced by placing the CLEAR switch up 

(external lVIC) or down (computer MC). A MC clears .all of the cru,cial 

MODULUS -

registers and control FFs to prepare for a new mode of operation. 

An integer which describes certain arithmetic characteristics .of :begisters, · 

especially counters and accumulators, within a digital computer~ The 

modulus of a device is defined by r.n for an open- end~d device and r·n - .1 for 

a closed (end-around) device, where r is the base of the number system 

used and n is the number of digit positions (stages) in the devicE-J, Gener:­

ally, devids with modulus rn use two 1 s complement arithmetic procedure 

while devices with modulus rn-1 use one's complement procedures. 

NORMAL JUMP - An instruction that jumps from one sequence of instructia.ns to a secortd, 

and makes no preparation for .returning to the first sequence. 

ODD STORAGE - That star.age unit which ·contains the 16, 384 odd addresses. 

ONE'S COMPLEMENT - With reference to a bin~ry number, that num.ber which results 

OPERAND -

from subtracting each bit of the given number from the bit "1 ", The one 1·s 

complement of a number is fortned by complementing each bit of it individ-

ually, that is, changing a "1" to "O" and a "O" to a 11 111
• A nega~ive nunlher 

is expressed by the one's complement of the corresponding positive number. 

Usually refers to the quantity specified by the execution address. This 

quantity is operated upon in the execution of the instruction. 
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OPERATION CODE - The upper six bits of a 24-bit instruction which identifies the instruc-

tion. After the code is translata:l, it conditions the computer for execution 

of the specified instruction. The letter f is us~d to designate this code, 

which is expressa:l by two octal digits. For example, the Add instruction 

this code has the octal value 14. 

OR FUNCTION - A logical function in Boolean algebra that is satisfied (and thus has the 

value "1 ") when any of its terms has the value "1 11
• It is not satisfied 

only when all terms are "o"." Often called the 'inclusive' OR function. 

OVERFLOW - The condition in which the capacity of a register is exceeded. If the 

largest num~er which can be held in a register is 2
48 

-1, then an overflow 

condition exists if an attempt is made to enter a number greater than this 

in it. 

PARTIAL ADD - An addition without carries. Accomplished by toggling each.bit of the 

augend where the corresponding bit of the addend is a "1 ". · 

PROGRAM - A precise sequence of instructions that accomplishe~ a computer routine~ 

a plan for the solution of a problem. 

PROGRAM STEP Consists of two 24-bit instructions contained in one· 4"8-bit storage add~· 

PYRAMID -

RANK-

ress. The instruction consisting oft.he higher-order 24 bits is called the 

"upper instruction"; the lower-order 24 bits make up the "lower instruc­

tion". Such a pair of instructions a.re read from storage together, a'nd the 

upper instruction is executed first. The lower one is. then executed, ex-

cept when the upper one provides for skipping the lower one. 

For the A or u2 registers, denotes a network of inverters that senses 

borrow conditions and produces appropriate borrow signals. 

Registers composed of a pair of flip-flops per stage consist of two ranks, 

each containing one FF from the pair for each stage. Inverters arranged 

for parallel transmissions with one inverter per bit are also called ranks. 
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READ -

READY -

REPLACE -

RESUME -

With reference to storage, to remove a quantity from a storage location. 

The input-output control signal sent by either the computer or an external 

equipment to alert the device that is to receive a transmission. The 

ready signal indicates that the word or character has been transmitted. 

In the title of an instruction, refers to the fact that the result of the 

execution of the instruction is· storm in the same location from which .the 

initial operand was obtained. 

The input-output control signal sent by either the computer or an. external 

equipment to indicate that it is prepared to receive another word (48 bits) · 

or character (usually 6 bits). The resume signal is thus a request for 

data. 

RETURN JUMP - An instruction that jumps from a sequence of .instruction to initiate a 

ROUTINE -

SHIFT-

SIGN BIT -

second sequence of instructions and, in addition, prepares for co·ntinuing 

the first sequence after the second is completed. 

The sequence of operations which the compu.ter performs und.er Jhe direc ... 

tion of a program. 

To move the bits of a quantity columnwise right or left. 

In registers wnere a quantity is treated as signed by use of one's comple­

mmt notation, the bit in .the highest-order stage of the register. If the 'bit 

is "1 '.~, • the quantity is negative; if the bit is 110 11
, the quantity is positive. 

:JIGN EXTENSION - The duplication of the s~gn bit in the higher-or~er stages of a register. 

SKIP -

SLAVE -

To omit the execution of an instruction in a program. Only lower instruc-

tions may be skipped, and only if the upper instruction provides for skip­

ping on a specified condition, and the condition is met. 

Usually an inverter which receives an unconditional. input from another 

circuit and is used simply to provide more outputs than are available from 

the first.· 
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STAGE - The flip-flops and inverters associated with a given bit position of a 

register. 

SUBINSTRUCTION - While the operation code specifies the instruction, the index code 

TOGGLE -

specifies one of eight different forms of that instruction. Such forms are 

called "subinstructions ". Thus, 7 4. 0 is a subinstruction of instruction 7 4. 

Verb: To complement each individual bit of a quantity as a result of an 

individual condition. 

TRANSMISSION, CLEARED - A transmission where both "1" and "O" are transferred into 

a register which has not been cleared previously. 

TRANSLATION - An indication of the content of a group of bit registers. A complete trans­

lation gives the exact content, while a parti~l translation indicates only 

that the content is within certain limits. 

TWO'S COMPLEMENT - With respect to a number, that number which results from suh-

trading each bit of the given number from the bit "O". The two's comple.:.. 

ment of a number may be formed by complementing rach bit of the given 

number and then adding one to the result, performing the required carr:ies. 

UPPER ADDRESS - The execution address portion of an upper instruction; specifically, bit 

positions 24 through 38 of a 48-bit register or storrlge address. 

UPPER INSTRUCTION - See Program Step. 

WORD- A unit of information which has been coded for use in the computer as a 

series of bits. The normal word lmgth is 48 bits. 

WRITE - With reference to storage, to enter a quantity into a. storage location. 
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APPENDIX C 

LIST OF INSTRUCTIONS 

00 ZRO (not used) 

01 ARS A Right Shift 

0 2 QRS Q Right Shift 

03 LRS AQ Right Shift 

04 ENQ Enter Q 

05 ALS A Left Shift 

06 QLS Q Left Shift 

07 LLS AQ Left Shift 

10 ENA Enter A 

11 INA Increase A 

12 LDA Load A 

13 LAC Load A, Complement 

14 ADD A,dd 

15 SUB Sub~ract 

16 LDQ Load Q 

17 LQC Load Q, Co:mple·ment 

20 ST A Store A 

21 STQ Store Q 

22 AJP A Jump ):< 

23 Q.JP Q Jump):. 

24 MUI Multiply Integ~r 

25 DVI Divide Integer 

26 MUF Multiply Fractional 

27 DVF Divide Fractional 

30 FAD Floating Add 

31 FS'B Floating Subtract 

32 FMU Floating Multiply.· 

33 FDV Floating Divide 

3 4 SCA Scale A 

35 SCQ Scale AQ 

36 · SSK Storage Skip # 
37 SSH Storage Shift# 

40 · SST Selective Set 

41 SCL Selective Clear 

42 SCM Selective Complement 

43 SSU Selective Substitute 

44 LDL Load Logical 

45 ADL Add Logical 

Fault 

Shift (A) Right by K 

Shift (Q) Right by K 

Shift (AQ) Right by K 

Y - Q, Extend Sign Y 

Sh :ft (A) Left by K 

Sh i'f t (Q) Left by K 

Shift (AQ) Left by K 

Y - A, Extend Sign Y 

Legend 

b - desig. for indexing 
j - desig. for 22, 23, 74-76 
k - exec.badd. as shift cnt~. 
K- k+ (B ) 
m- exec. add, as ·op. add. 
M- m+(Bb) 
y - exec.badd. as operand 
Y- y+ (B ) 
# - skip inst. (up. posit. ) 

( Y + (A)] - A, Extend Sign Y 

(M) - A 

(M)' - A 

((A) + (M)) - A 

(<A> - (M)] - A . 

(M) - Q 

(M)' - Q 

(A) - M 

(Q) - M 

Jump to m on condition j 

Jump to m on condition j 

(M) (A)-~AQ 

(~A) I (M) - A; Remainder=Qf 

(M) (A)~QA 

(AQ) I (M) - A; Remainder=Qf 

((A) + (M)) - A 

[<A>. - (M)] - A. 
(M) (A):.. A 

(A)/(M) - A 

A left until (A)~ . 5 or k=O, k-No. of Shifts~Bb 
AQ left until (AQ)?:. 5 or k=O, k-N6. of Shifts_,.Bb 

(M47 ) Neg: EXIT; (M
47

) Pos: Half EXIT 

(M47> Neg: EXIT, left 1; (M47> Pos: Half EXIT. left l 

Set (An) for (Mn) = 1 

Clear (An) for (Mn) = 1 

Complement (An) for (Mn) = 1 

(M ) ~(A ) for (Q ) = 1 
n n n 

L(Q) (M) - A 

(CA) + L(Q) (Mij - A 
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47 

50 
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52 

53 

54 

55 

56 

57 

60 
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64 
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67 

70 
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72 

73 

74 

75 

76 

77 

0 

1 

2 

3 

4 

5 

6 
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SBL Subtract Logical 

STL Store Logical 

ENI Enter Index 

INI Increase Index 

LIU Load Index (upper) 

LIL Load Index (lowe:r) 

ISK Index Skip# 

!JP Index Jump 

SIU Store Index (upper) 

SIL Store Index (lower) 

SAU Substitute Address (up. ) 

[<At - L(Q) (M~ - A 

L(Q) (A) - M 

y-+ Bb; b=O: pass 
y +(Bb) - Bb 

b 
(muA> - B 

(mLA) - Bb 

(B0) :/-' y: Bb + 1 - Bb, NI; (13b)=y: 0 - Bb Skip NI 

(Bb) I 0: Bb - 1 - Bb, Jump tom; {Bb)=O: NI 

(Bb) - mUA 

(Bb) ~ mLA 

<.Aoo-14> - MuA 
SAL Substitute Address (lwr.) (Ago-14> ..... MLA 
INT Input Transfer 

OUT Output Transfer 

EQS Equality Search # 

THS Threshold Search # 

MEQ Masked Equality # 
MTH Masked Threshold # 

RAD Replace Add 

:EiSB Replace Subtract 

RAO Replace Add One 

RSO Replace Subtract One 

EXF External Function 

SLJ Selective Jump * 

SLS Selective Stop * 
SEV (not used) 

(B ) words to memory st~rt at M-1 

(Bb) words.to memory start at M-1 

Search (Bb) words, if (M-1), (M-2), etc. = (A) Skip NI 

Search (Bb) words if (M-1), .(M-2), etc.>(A) Skip NI 

Search (Bb) words if L(Q) (M-1), (M-2), etc. =(A) Skip NI 

Search (Bb) words if L(Q) (M-1), (M-2), etc.>(A) Skip NI 

(CM)+ (A)) - M & A 

(CM) - (A)) - M & A 

(CM) + 1)] - M & A 

[ (M) - 1] - M & A 

j= 1 - 6; activate ch. j, j=O: sel. ext. equip. m, 
j=7/I: skip on cond. m 

Jump tio m on· condition j 

Stop on j, and Jump tom* 

Fault 

DESIGNATOR FOR* INSTRUCTIONS 

22 23 
,. 

75 76 

(A) = 0: Jump (Q) = 0: Jump Jump Jump, Stop 

(A) I 0: Jump CQ> I o: Jump Key 1: Jump Jump; Key 1: Stop 

(A) Pos: Jump (Q) Pos: Jump Key 2: Jump Jump; Key 2: Stop 

(A) Neg: Jump (Q) Neg: Jump Key 3: Jump Jump; Key 3: Stop 

(A) = 0: Ret. Jump (Q) = 0: Ret. Jump Ret. Jump Ret. Jump, Stop 

(A) I O: Ret. Jump (Q> I o: Ret. Jump Key 1: Ret. Jump Ret. Jump; Key 1: Stop 

(A) Pos: Ret. -Jump (Q) Pos: Ret. Jump Key 2: Ret. Jump Ret. Jump; Key 2: Stop 

(A) Neg: Ret. Jump (Q) Neg: Ret. Jump Key 3: Ret. Ju.mp Ret. Jump; Key 3: Stop 

1, 2, & 3 refer to Selective Jump or Stop Key Switches 
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