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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

‘gystem are:

. 1607 Magnetic Tape System (two volume)
1605 Adaptor

Information included herein is subject to correction faLndf ;

- change.

For additional copies or other information write to: '_

Control Data Corporation
Minneapolis 15, 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 presenfs 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 operatiori 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 cofpputer 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 thé point

where their logical use is discussed.

Reference material supplementing descriptions of computer operations is located in several
sections of the instruction book:
1) File of Equations (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 of Equations; may be used as a detailed supplement to the logic

discusseal in this volume
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3) Command timirig charts (volume 3) - for each ihstruction, a sequential list of
the commands performed in the execution of the instruction

4)' Octal operation code(appendix C) - octal ’désignation 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

Thé 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, line 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 monitpring typeu\/riter,} 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-output, which
provides the me ans of c,ommunicafion,bva\-fween the computer and the various external equip-
ments; (2) arﬁhmé;ic, which performs tiﬁp arithfnetic and logical operations required for

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

instructions; and (4) control, which coordinates and sequences all the operations which -
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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. Channéls 1, 3 and 5 are used for
buffer communications; channel 7 is used in transfer type communication, | a very high-speed
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.

3

Output regisfers 01, 02, 0% and 04 are used to send information from the computer via out-

<

put channels 2, 4, 6 and 7, respectively. Function inverters 00 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.
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The Q register is an auxiliary arithmetic register; it assists the accumulator in the per-
forméance of the more complicated arithmetic operations. It is used in combination with the

X register in f‘he formation of logical products ard can be shifted either separately or in

\ \
\ . h

conjuriction with A.

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

trarsrhission between various sections of the computer.

STORAGE SECTION

Two'magnetic core storage units form the heart of the stor;\ge 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 th\.e two units are in-
dependent, references to them can overlap considerably. Each unit has a storage address
register int¢ which is entered the addresé of the location from which a 48-bit word is f_o be
taken or into which it is to be entered. The address. register for the even storage unit is
.‘Sl, while 82 is the address register for the odd storage unit., In addition, each unit has é

storage restoration register (231 and ZZ) which holds the word to be written into a given

storage location.

Words to be read out of either storage unit are entered into the X register, from which theyu‘
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 éntered in the location.
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CONTROL SECTION

The control section acquires an instruction from storage, then interprets it and sends the
required commands to other sections. 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 specifies 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 designator (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 Specnfymfr the storacro
location of the operand used in execution of the instruction. The content of the B ;jegi.ster

- denoted by b, that is, Bb, is .added to m to give the actual address of the opera"nd.‘f*‘ ‘Whe'_n ‘
b =0, no =addition takes place and m itself specifies the operand addréés. When b '= 7, in- | ,

direct addressing is used (see chapter 2). The sum of Bb and m is denoted. by_IVh

A program step is a palr of 24 bit instructions, which together occupy one storage lo<*at1on'
as a 48-bit word. The hlgher order 24 bits of such a word are called the upper mbgrucuon-‘

and *t'he"r'emaining‘ 24 bits are called the lower instruction.

The P reglster the. program address counter, provides continuity by gener ating in secjueije
the storage addresses at Wthh the 1nd1v1dual steps of the program are oontcmu d At the
completion of each step'the count in P is advanced by one to specify ’che dddro g of t}l(‘ next.

step. Jump instructions enter a new address in P to begin a new series of 'program ‘steps.

The program control register, Ul, holds a program step while the two ins‘tru:cé"cions con-
tained in it ia‘re executed. The 48-bit instruction word is taken from the sfmage, location

specified by P and entered into Ul.' The upper instruction is always executed [irst. Tixecu-

tion of the lower instruction follows, except when the upper instruction is a jump or provices
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for the conditional skipping of the lower one.

The auxiliary program control fegister, Uz, is an acdﬁ%ulator use‘d;primarily in the modi-
fication of the base execution address by the addition to it of Bb. B'1 through BG, the six

index registers, hold quantities used to modify the eﬁecution address of instructions.

The address buffer register, R, is used in transmissions to and from the B register.l. For
instance, in the modification of the execution address, Bb is transmitted to R; R is tﬁen
added to Uz, 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 1{1 Add‘ and
lower instrucfion 50 Enter Index; this pair is the next step to be performed in the fi’rograrﬁ.
The P register holds the address 00500.. Because the lower bit is even, the addi?ess is in
the even storage unit. The upper 14 bits of P are sent to Sl. The storage refe‘x?‘\ence'is

initiated and the 48-bit word, the pair of instructions, is read from address 00560. The

word is entered into Ul.

From this point on the operations of the computer aré conditioned directly or ,inciirectly by
the 24-bit instruction in the upper half of Ul. ~ This instruction, 14'Add, has as its purpose
the addition of the quantity in the storage 1ocation specified by thé execution address to the
contents of A, The index code, b, and Operatmn code, f are now translated Next, Bb
- is transmitted to R. At the same time the 15-bit base executlon address is transmitted
from U to Uz. The contgant of R is added to U to yield the execution address, M, which

specifies the location of the operand.
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Depending on whether the lowest bit of U2isa"0"ora"l", the remaining 14 bits are

transmitted to S1 or Sz in preparation for reading the operand which is to be added to A.

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

The chief operation of the instruction adding X to A now occurs. All of 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 instruc-

tion is completed.

The computer is ready to execute thev next instruction, which is presently contained in the
lower 24 bits‘ of Ul. The upper half of U1 is cleared and the iower half transmitted to the
upper half, so that‘ U'1 upper holds instruction 50 vEnter Index. The purbose of this instruc-
tion is to place the 15-bit base execution address in index register b. Following tranélation
of f and b, the basge execuﬁon addresis is transmitted from U1 to U2 Now U2 is tra.n'smittéd
to R, and R in tu-rn is‘tra‘nsmitted to .‘the B regisfer 4Spe‘cified by b.ﬁ With this the eveodion
of 50 is complete,-° a.nd‘the next paif d;f instrucfions is read from storage in the marnner des-

cribed 'previously. |
NUMBER SYSTEMS

The baé‘ic number‘sy‘stém used.throughbut the 1604 is binary. In this system the only digits
(commonly called bitS) are ''0" and "'1". All.numbers, regardless of magnitude, arc ex- E
‘pressed by means of these digits. Info_rrﬁation to be entered into the computer is in binary

notation; similarly, data sent out from the computer are in binary. All Opefa‘tions'within

the computer use the principles of binary arithmetic.

1-9
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ONE'S COMPLEMENT NOTATION

One's compleﬁledfé hotation is used to express negative numbers. To generate the one's
complement éﬁ’ﬁréssion of negative five, for e‘xampl'e, each bit of the binary expression of
poSiti.ve' fn@ﬁ 0101, is complemented. The result is 1010. The fact that the leftmost digit

is 1 1ndid/étes that the quantity is negative; if the leftmost digit is 0, the quantity is positive.

One's co’f:nplement notation is used for expressing negative numbers because of the ease
with whi;éh complementing can be accomplished. The use of this notation requires that the
accumuléicors (registers with provisions for addition of a quantity to their content) be the
closed f}pe. A closed accumulator provides for an end-around carry in the addition of a

quantity (or borrow, 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's complement 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 two's complement counter is open-ended; that is,
there is no end-around carry or borrow. Tb illustrate the use of twd'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 reduéed 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.

111
111

1410
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OCTAL NUMBER SYSTEM

Operation of the computer is described by the octal number system because three binary
digits may be exfaressed 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 digit. 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 convert
the octal expression 513 to its binary equivalent, each octal digit is converted individually .
to its binary equivalent, as shown below:

5 1 3
101 001 011

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

in length.

Octai 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 instrudions., The octal number system is not

actually used in the operation of the computer.

1-11



ARITHMETIC PROPERTIES OF REGISTERS

Arithmetic operations are performed in five registers of the computer.

_properties are listed in table 1-1.
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ARITHMETIC PROPERTIES OF REGISTERS

Their arithmetic

! TABLE 1-1.
No. of , Complement | Sub. or |Closed or ‘Result:
Register Stages Modulus - Notation Add open ended | Signed or
' ‘ Unsigned
A accumulator 48 248—1 one's subtractive] closed ._ signed
Q 48 248.1 one's signed
2 15 . . " - Lok
U” accumulator 15 . 277-1 one's .|subtractive| closed signed
P 15 215 two's additive open | unsigned
R 15 213 two's . |subtractive| open | unsigned
sk

The result of an arlthmetlc operation in A satisfies A< 247

-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...

is commonly called "negative zero". "

11 is added to 111..

.11, 1In this case, the result is 111..

11, which

%k . ‘ . : :
When U2 is used as an operand for an instruction, it is regarded as a signed quantity,

and U2

as an unsigned quantity, and U-2 $ 2

s 2

14

-1.

1-12
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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 pt;rtion_v of the computer is con—.d:m
structed by interconnecting these circuits, which are packaged on 2 1/2 inch by 2 1/8 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. Aftera 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 '"0'". 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 Q01 is connected as an

emitter follower; @02, 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.
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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 applicd via isolation diodes CR0O1 or CRO2 to a voltage divider network com-

posed of resistors R07, R08, R09, R10 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 Q01 (point C). CRO1 is thus biased
1 volt in the backward direction, which provides for noise suppression at the input of the in-

verter.

Capacitor CU1,. connected between CRO1 and the base of Q01, provides rapid coupling of in-

put signal changes to Q01, improving the switching time of the circuit.

-20V
A
RO2
6800
' CrRO2
R
[
-20V :
|
ROI |
6800 |
CROI g CROS8
® RO8 - 20V
o ¢ AN Ll
® 1200

RO9 RO7
1000 2200

CRO7

j;cor %
CRO9
RIO 0
220 //,_\ QOl »
© :) _
—_——_——=0)
Qo2
+20V ‘

RI2
6.8K —

————

+20V

Figure 1-4. Scheamnatic Diagram of Standard Inverter Circuit.
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Transistors Q01 and Q02 each provide beta*.current gains of appfokimately 100. | Thus,
l‘égc)p gain:of the two transistors is on the order of 104. The collectbr current of QOl and
Q02 develops the output voltage across resistor ROT. ‘“Output diode éROQ isolates the output
line from the 63:her output line connécted to CRlO.

‘ The feedback 1odps which prevent transistors Q01 and Q92 from beiag driven to cutoff or
sa’éuratién consist of diodes CR07 and CR08. The two feedback loops establish positive-
going and negative-going limits forthe base voltage swings of Q01. The positix;e—going
limit allows a maximum transistor conduction that is less than saturation. Simflarly, the
negative-going limit fixes a minimum conduction for the transistors. When the transistors
approach cutoff, their collectors-approach -3 volts. The collector potential is coupled back
to thé base of Q01 thfough CR08, RO8, R0O9 and R10. As a co‘i‘lsequence the basé" of Q01 al-
ways is held at a sufficiently negative voltage to permit some minimum conduction of Q01

and thus QO02.

When the transistors épproach saturation, the collectors approach 0 volts. The collector
potential is coupled back to the base of Q01 through CRO7 and R10. The base of Q01 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 '"'1" state, i.e., set, by a set input that is i
Conversely, it is placed in the "0" state, i.e., cleared, by a clear input that is "1". (Set

Illll

and clear inputs are never at the same time).

" The beta current gain is the ratio of collector current to base current.

1-16
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The storage capability of a FF means simply that it remains in a state that is indicative of

the last "1" input received. Specifically, if a "1" pulse is present at the set input, then the

output of inverter 4000 (figure 1-5) becomes "0"., This output is apphed as an input to AOO1

001

whose output then becomes ''1". The output of A is fed back to AYC . Thus, when the

set input returns to "0", the feedback connection between A%99 5ng A002 permits the storage

of the state to which the '"1" pulse on the set input forced the FF. Should the clear input

"1" pulse, the output of AOO1 becomes "0", and hence the feedback input to

000 output which is returned to AOO]‘ to re-

later receive a
000

"1"

A is "0". Consequently, A furnishes a

place the "1" pulse at the clear input.

001 nyn

When the FF is set, A
001

has a output, and A% 105 a 1o output. Conversely, when

the FF is cleared, A has a "0" output, and AOOO has-a "1" output.

The conventional square or box symbol for a FF is given in flgure 1-5 to show the relation-
ship between it and the inverter conflguratlon which- forms the FF. The square used on
diagrams to represent the FF encompasses the crossover of outputs s_hown at the right of

Figure 1-5.

CONVENTIONAL

SYMBOL SET SET
INPUT A000 | - >
" ||| AOOO nl " j QUTPUT
" i 5 A 001 >"0" CLEAR 001 5 CLEAR
0 A o INPUT > A _ OQUTPUT

z_ INDICATES BOX CONVENTIONALLY
USED TO REPRESENT THE FF

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 devices; that is, the
output of the inverter is a steady-state inversion of its inputs. Likewise, once a FF is set,
it provides a steady "1'" from the set output and "'0" from the clear Output'until it is cleared.
However, an essential part of the internal opera’cion of the computer is the occurrence of
timed and properly shaped pulses. ' The function of control delays is to reshape mgnals and
resynchrorlize them to furnish timed output signals As lts name indicates, the control de—
lay inserts a controlled 1nterva1 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 0.2 micro-

seconds.

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

of the clock are two sine waves 180° out of phase. However, for the analyszs of the control
delay, which is the major application of the master clock 1t is sufflment to understand
that the clock furmshes rectangular waves of- two phases, odd and even, as shown in

figure 1- 60 where they are labeled C 1 ana % , respectively. The demgnations "odd"
and "even" are given the clock phases because in the equatlon symbols (see page 23) for :
clocked circmts the odd and even character 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 eqﬁation symbol) and.
one or more inverters (represented by V.. or N syrabols) connected to the 0" output
of the FF (figure 1-6a and b). The special flip-flop has set inputs only, namely, those going

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

1

must be clocked. Feedback from 12 to I" is gated by one of the clock phases, which is

opposite to that applied to the output inverters. Thus, in figure 1-6a the cdd phase (COOl)

. 60
1-18 Rev. 11/
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Figure 1-6. Control Delay
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025 " The even phase (C ) is fed to

gates the feedback a& well as clocking the input from K

inverters v00-,

OOO).

The internal feedback also is gated during this clock phase so that the FF action extends or

During the odd\clock phase (COOI) the input signal_ is allowed to set the special FF (H

delays the or1gma1 input signal. The even clock phase QC ) acts as a gate for the FF out-

000, is established by the even clock phase.

!

put. The duration of the output from inverter V

Waveforms for the various elements in the control delay are shown in figure 1-6c. For
~ these waveforms it has been assumed that the internal switching time of each inverter is the
minimum value of 50 millimicroseconds. Shaded areas indicate the variations in the occur-.

rence of pulses due to externalk wiring delays. If, for example, these wiring delays were

90y

reduced to zero, then the output of N would go to "0" at time 2 and remain so until time

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

901

In this case the output of N° ~ would go to "0'" at time 3 and remain so until time 6.

The time at which the output of it may go to "0'" varies over a 100 millimicrosecond period.

Half of this period is due to the fact that delays introduced at N901 are felt at I‘l also. Thus,

9 .
if N Ql had the maximum delay but 1! had zero delay, then the 11 output goes to "0" at time

7 and rémains there until time 13. If both N901 aand'll hane the full deiay, then the 11 out-

put is "0" from time 8 to time 14.

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

occurs at time 9 because the clock input to VOOO (from COOO) does not go to 0" until time
' 001

8. The logic input signal goes to 0" at time 10; however, C allows this signal to be re-

placed by gating the feedback from 12 to I1 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 1! encompasses the "0'" portion of 000 (figure|1-6c). Since the output of

v900 45 actually the AND function of "not ¢9%0 lu

and "not I"", it is a "1" only while both are
"0". Therefore, the time of occurrence and duration of the v°°° output is determined by

the period that c000 ;5 mon,

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

025

lationship of the K and v°00 waveforms. The input from k%25 in go to "1" by time 6

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

VOOO 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 outpﬁt 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 elementé of the AND circuit. In order fér the output of the
AND to be a "1", that is, at -3 volts, inputs A, B and C must all three be at -3 volts. If
any of the inputs are at -0.5 volts, a "0", then the cathodes of all three diodes are held at

this potential, as is the output at D.

6800

BO M . >D

C O—Pp—ro

Figure 1-7. AND Circuit.
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OR CIRCUIT

The OR circuit consista of components at the input of an inverter. T;he inverter shown in
f1gure 1-4 has a two- input. OR c1rcu1t which involves RO1, CRO1, and RO2 as well as vol-

tage divider ROQ, R10 and R11 connected to -20 volts.

The potential at B, the common junction of the anodes of the OR diodes, is -1.5 (indicating
a "0" in the circuit) only if both inputs at the cathodes of CRO1 and CRO2 are at -0.5 volts.
If either OR input goes to -3.0 volts (a "1") then the potential at B is forced more negative

than -1.5 volts. This more negative potential indicates a yn,

LOGICAL EQUATIONS

The logical interconnections of virtually all circuits in the computer are described by means
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- ;ii;gitv supérscript@;(ﬁgure 1-8).

The base letter of the symbol associates the building block with one of 26 major logical
areas, such as the A register, B register, etc. The superscript digits provide a unique
identification of the block within,the area. In addition, the odd or even character of the

third digit may identify the outpu’é clock phase of a circuit or set and 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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OUTPUT

[
BASE - \AOOI\
LETTER |

Base Letter: This letter indicates that the bu11d1ng block is part of
the A register
Stage: The first and second superscript digits identify the
‘ stage of the A register with which the building block
i8 associated; in this case, stage 00.

Output: 'I'he third superscript digit identifies the flip- f10p
: output; an even digit indicates a "0" 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 ''1", its out-

put is a "0"; conversely, its output is a ""1" only if all of its inputs are '"0". An equation is

a logical representation of the inverter. For example:

K310 - K311 + V220 F585 K415 + V676 F940 J134

The symbol on the left of the equal sign, called 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 the 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 hag a "o output if: (1) K311

of szo, 28 4na K*1D is satistied, that is; if each of them is a "1"; or, (3) the AND func-

676 940 .14 5134 is satisfied, that is, each of them is a "1".

is a "1'"; (2) the AND function

tion of V
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A two-phase master clock times computer operations. Cifcuits which receive timing sig-
nals from the clock are denoted by symbols with base letters H, V and N. The base letter
of master clock symbols is C and of ‘»c'lock slaves, Ne.—,-. In these symbols (those with the
base letters H, V N, C and N9 D] ’che even or O(id character of the third superscmpt digit
indicates tlmmg relations. A d or N ) symbol with an odd third superscript digit re-
presents a circuit furnishing odd phase clock pulses; these symbols with even third éup'er-
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 w.ith even third digits provide output during the
even clock phase and receive input during the odd phése. Certain circuits (those with
symbols havmg 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 equatlon

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

LOGIC DIAGRAM SYMBOLS

\

The llogic diagfafns use five basic symbols for representing the logical properties of circuit
configurations in the computer. The shape of éach symbol designates a bagic logical func-
tion. Equation symbols (such as AOOl) enclosed by the diagram symbol provide a complete
. identification of the building blocks which arif‘_; i:;t-erco(gnected to perform the logical function.

Inputs to the diagram symbol are identiﬁe‘d“by[ arrows; outputs, by the absence of arrows.

The symbols used in portraying the equations in diagrammatic form are shown and defined
in figﬁre 1-9. Since other logical elemént‘s such as the flip—ﬂdp and co’ntrélldelay 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.

050

Each inverter rectangle contains the 1og1ca1 designation (such as J ° ) of the inverter.

1-24



CONTROL DATA CORPORATION

Compilen Dirvision

Yy —» J050 ¥
I
y — JO50 | XVZ
b4
X .
Y JO30 = X+V+Z
z
“I"OR SET 5 A000 "' OR SET
INPUT ouUTPUT
"0" OR CLEAR __ 001 “0" OR CLEAR
INPUT ‘ AZT OUTPUT
V305 __?__) H892
K320 y892 —> 94!

a. SINGLE INVERTER

b. SINGLE. INVERTER
THREE "OR" INPUTS

INVERTER
INPUT

c. SINGLE
IIAND'Q

d. FLIP-FLOP

e, CONTROL DELAY

Figure 1-9. Logic Diagram Symbols.
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. The diagrammatic form of the OR function is the r‘epre‘sentatidn of the inputs (by arrows) to
the inverter (figure 1-9b). The AND funetion is represented by a small circle. An input

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

element such as an inverter) is represented by an arrow.

The flip-flop (FF) is a storage device with two stable states, designated "1" (or set) and
"0" (or clear), and is composed of two inverters. The logical symbol (Figure 1-9d) is a
square that is formed from the ree«tangles which represent the two inverters. The logical
de51gnat1ons of the two inverters appear w1th1n the square. Ina 10g10} diagram, the inverter
which receives the set input is at the top and the inverter which receives the clear input is
at the bottom. Set outputs “ar.e received from the top inverter and clear outputs from the

bottom. This diagrammatic convention simplifies the actual interconnection of the invert-

ers, which is shown in ﬁgufe 1-5.

With the ‘exception of the FFs which form the B reglsters, the 10g1ca1 designation of the set
‘'side of a FF has an even last d1g1t and the cleal" side of the same FF is des1gnated by the

942

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

A control delay (figure 1-9e) consists of an H  part, which receives the input, and a
V™" or N_ 77 part, which provides the output. Control delays are clocked configurations -
- which receive in'puts during one clock phase and furnish a resultant loutput during 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 shifting, ocunting or complementing properties in addition to storage

properties, depending upon the circuit connections.

A simple, _threeestage, single-raink register is shown in figure 1-10. Each stage consists
of a flip-ﬂop and one or more input gates which al'low the insertion of bits into the flip-flep.
As shown in figure 1-10, the ’input gate "of e’ach‘ stage of the Z regieter is enabled by the "1"
~output of the C‘orreSpolnding stage of the X register. The signal Clear Z prepares the Z
register_‘for reeeipt‘ of a word ley setting each of its stages to "0". The signal X + Z, when

applied to the input gates, sets those stages of Z to "1" which receive "1" enables from X.

A simple three-stage double-. rank register ‘with shiftirig properties is shown in figure 1-11,
The left-hand rank of this register is de81gnated Q and the right-hand Q The input word,
from the A2 register, is initially entered into Q by the signal A2 - Q The signal Cir-
cular Left Shift Q - Q next transfers the word to Q and, shlfts it left one bit. Thus, the
bits in steges Mo and "1" of Q1 are transferred to stages "1" and "2", respectively, of

Qz, and the bit in stage "2" of Ql is transferred to stage "0" of Qz. Following this, the

signal Qz - Ql transfers the word from Q2 to Ql in preparation for the next shift. The

word in Q2 is available as an output to the A1 register whenever the desired number of

shifts have been performed.
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Figure 1-10. Three Stage Single-Rank Register.
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Figure 1-11, Three-Stage, Double-Rank Register with Shifting Propertie"s; '
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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—Stége Counter
A ihree—-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

command Advance, followed by the command ]?1 - Pz, operate the counter.

:I‘he Advance command probes both the‘ set (""1" side) and clear (0" side) input gates of each
FF o{,Pl. Thesé gates provide the additive counting feature of the cir“‘cuit.‘ Each set input
;gate 1s enabled by the "0" output of the corresponding FFTof Pz, and each clear input gate by
the 1" output of the same FF. In addition, the paif of input gates to each FF is enabled by

the "1" outputs of the lower-order FFs of P2.

To analyze the operation of the countef,. assume that both ranks of each stage initially con-
tain a "0". The counting sequence is listed in table 1-2. The first Advance command finds
the input gate to POOO enabled and therefore enters the count 001 into Pl. The command

P1 - P2 transfers the count to Pz. ‘'The following Advance command finds the 'input gates

001 010

to P and P enabled and therefore enters the count 010 into Pl. The operation con-

~ tinues in this manner 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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Figure 1-12.

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

pl p?
Command 02 P01 00 p02 01 500
Initially 0 0 0 0 0 0
Advance 0 0 1 0 0 0
pl+p? 0 0 1 0 0 1
Advance 0 1 0 -0 | 0. 1
plsp? 01 0 0 1 o
Advance | 0 1 1 0 1 0
pl - p? 0 1 1 0 1 1
Advance o 0 0 0 1 1
pla.p? 1 0 0 1 0 0
Advance ‘ 1 0 1 1 0 @
pl-p? 1 0 1 1 0 1
Advance - | 1 1 0 1 0 1
pl.p? 1 1 0 1 1 o
Advance ‘ 1 o 1 1 | 1 1 O
plep? 1 1 1 1 1 1
Advance - 0 0 0o 1 1 ) ’ 1
pl - p? 0 0 0 0 o 0
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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 ''0'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

04

this group requires a ''1"' output from N004; therefore all four inputs to N2 must be "o,

70

The occurrence of the ADVANCE command causes the output of 1°70 t0 be "0". The output

of H29? i ""0" when the three stages of the first group are each "1". Similarly, the output

004

of H is "0" when the three stages of the second group are each "1"., (The clock input

000

from C is "0" 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 ﬁumber 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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provided with varying numbers of input and output terminals to handle the various situations

of logic.

The inverter cards are assigned two-digit numbers; the highest-order digit designates the
type of card, aﬁd 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 leters is as follows:

I - input

O - 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



9g-1

| TABLE 1-3. DESCRIPTION OF STANDARD CARD TYPES DY
Type No. of 'No. of inputs‘ No. of oﬁtpu-ts: %

Designation Inverters (per inverter) (perinverter) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
11 1 R T O O 0O O O O O -20VGd+2W
12 1 2 .8 T T © 000 00O O -20V Gd +20V
13 1 3 8 111 O 0O OO O O O O -20VGd+0V
14 1 4 8 11 1 1 0 0O0OO O O O O -20VGd+20v
15 1 5 7 I I I'"I OO0 O O O O O -20VGd+0W
16 1 6 6 I 1 I I1 1 OO O O O O -20VGd+20W
21 2 1 5 "I, 0, O) 04 04 O, I, Op Op Op O Of 20V Gd 207
22 2 2 4 I, I, Oy 0,0, 04 1o Ig Op Op O On-20V Gd +20V
23 2 3 3 Iy Iy Iy 0,0, O, 1o Io Io Op Op O -20V Gd 420V
24 2 4 2 I, I, I, I, 0y O, 15 In Io In O On-20V Gd 420V
31% 2 1 5 I, O, O, O, O, 0, In On On Op Op O -20V Gd +20V
32% 2 2 4 In Ip Op Op Op Op In In Op Op Of Op~20V Gd +20v
33% 2 3 3 Iy In Iy Oy 04 0y Ic Ig I Op Op O -20V Gd +20V -
41%% 2 1 6 1 C O O O O O O -20VGd+0V
425 2 2  6 T 1 C O 0O O O O -20VGd+20V g
43%% 2 3 6 I 1.1 C.O O O O O O 2VGd+20V
445 2 4 6 1 1 1.1 C OO O OO O-=2ad2W
45%% 2 5 6 IV I 1 1 1  c O O o 0O 0O O -20VGd+2Gv:i g

* 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 feedback 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 simpler at first to regard it as unrelated to ordinary algebra. The logical

equations (page 2 2) which describe the connections of building blocks in the computer are a
specialized form of Boolean algebra as applied to switching circuits. A brief discussion of

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, "
and "0". In a Boolean equation the variables, or literals, are restrlcted to these values,

which can be cons1dered as opposites; one is the negation of the other.

There are three operations used in such equations. The first is the logical product or the
AND function of two terms, which is indicated by a dot between the terms, or by the absence
of any symbol between them. This function is satisfied only when both terms are "1"; it is

\

not satisfied for all other combinations of valu.es 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 "1"; it is not satisfied only when both terms are "0". 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 ';-x bar over

the term. If a term is "1", then the negation of that term has the value "0", 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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Hwhich is a functlon of the 1nputs on the rlght side of the equat:on Table 1-4 is a glos.sary of

the various symbols used in the algebra of SW1tch1ng circuits.

W :There are two \types of Boolean equatxons (1) identities- and (2) transt‘er formulas. ‘An
‘identIty cons1sts\ of two equivalent expressmns separated by an equality 81gn For example‘,
the equation (A + B)C AC + BC is. an 1dent1ty, which states that either Aor B in combina-
,tlon with C is equwalent to. either A 1n cbmbination with C, or B in combinatmn w1th C;
while on the other hand the equatxon C=A + Bisa transfer formula whlch states that at
some particular instant, a '1" is transferred to element Cifa "1" is in exther element A
_orveleme}nt Bv. : | C
A Boolean expression may be reduced to its simplest equivalent by applymg the bas1c 1denti-{
: :ties of table 1- 5 This proceduxe not- only provides a means of understanding the 01rcu1try,
but also of mmplifymg switching cir‘cults thus reducmg the number of components neces-
.{sary to perform the operatmns speciﬁed by a partlcular transfer equation For example,
the transfer equation D AB + B + C can be reduced to 1ts equlvalent D=B+C by applymg
the theorems of table 1-5 to strlke out the redundant expressmn AB Because the rlght
side of the reduced transfer equation is s1mpler than the r1ght s1de of the unreduced equation, ‘
| a ciréuit built by us1ng the s1mp11f1ed equatlon uses fewer components and yet performs the

: same log1ca1 functlons

The theorems are also applled to convert the fmal simphfled expressmns into ' "standard"
vforms that 1s, forms whlch are more readily adaptable to a given type of sw1tching circu;t
- For example the equation D (A + C) (f’;) can be changed to the formula D AB + CB, wh1ch

s applicable to the buildlng block used in the computer
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To o o

() Q)

ete.

GLOSSARY OF BOOLEAN SYMBOLS

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 sw1tch1n$ element is
in the "1" state, ora passive "0' input when
the corresponding switching element is in the
"o" 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 "0" state,

and passive when the element is in the "1" state. _'

Denotes an active ('1") input in a Boolean
expression, o

Denotes a passive ("0") input in a Boolean

expression.,

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

Denotes the 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.



10.
11.
12,
13.
14.
15.

16.

A,
A+B
B+ A

B. ASSOCIATIVE LAWS
(A+B)+C=A+(B+C)
(AB) C = A (BC)

C. DISTRIBUTIVE LAWS
AB+ AC = AlB+C)

D. FORMS INVOLVING 1 AND 0

COMMUTATIVE LAWS

B+ A
A+ B

. A+ B‘C =(A+ B){A +.C)

. 0+0=0
0+1=1
1+1=1"
0°-0=0"
bgtéov
1'g=i.
A+0=A"
A+1=1
A-1=A

-0

TABLE 1-5.

CONTROL DATA CORPORATION
Dinsion

BOOLEAN IDENTITIES

E. FORMS WITH REPEATED LITERALS
17. A+A=A "
18. A- A=A

F. FORMS WITH NEGATION

19. A=A

200 AA=0

21. A+A=1

22, A+-B*'C=A+ §+C De Morgan's
23, A+tB+C=A"B' T Theorem

G. FORMS DERIVED FROM PREVIOUS
IDENTITIES |

24, A+AB=A
25. A(A+B)=A
26. (A'+§)B£AB |
27. AB+B=A+B |
28. BC = ABC + ABC

1-40 Rev. 11/60
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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 Left-Hand Right-Hand
A BC Expression Expression
A + BC = (A+B)(A+CQ)
000 S 0o 0
. 001 ' 0 0 -
010 0 » 0
011 . 1 1
100 A 1 , 1
101 1 1
110 ‘ 1 1
111 1 . 1

Identity 6 contains three literals, each capable of being in either the "0" or the "1" state.
The various combinations of "1's" and "0's" for these literals are listed. in the Conditions
column of table 1-6. In the Left—l-land Expression column, the "logical value" of the left-
hand side of the expression for each ABC condition is listed. Similar values are also listed
in the nght Hand Expression column next to each ABC condition to represent 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 cond1t1on thérefore, the two expressmns are

' 1dentlcal.

Ident1t1es 22 and 23 are worthy of Spec1a1 attention. By applicatiori of them, an equation
usmg 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

1-41
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function is used in the right side. This is done by f1rst negating both sides of Z = ABC and
thereby obtaimng Z ABC. Now by applying Identlty 22 to the rlght 51de, the desired re-

sult Z=A+B + C is obtained. This procedure which is often called invertmg the loglc,

has been employed at various times in the equations for the computer.

1-42



CONTROL DATA CORPORATION
D- ) ’

CHAPTER 2
CONTROL SECTION

The control section of the computer directs the operations required to execute instructions
and to exchangé data with external equipment. In addition, it establishes the timing‘ rela-

tions required to perform the operations in the proper sequence.

This section consists of main or overall control and the specialized control units: storage
control, érithmetic contr.ol and input-output control. Main control, which performs many
operations itself, also initiates action in these specialized units; these units prodﬁce the

commands to carry out Spécific Operatibns. This chapter deals primarily with main con-

trol and its relationship to these units.

The major elements of main control are the sequences, several networks of FFs and single
inverters which sense and store static ‘conditions, and several re’gisters (U, P, R and B1

through B6) .

The execution of instructions and the exchange of data with external equipment are accom-
plished by many simple unit operations calledl’l‘commands". A command, Wiaich is issued
by a sequ'e:nce, causes one simplé 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 execution of instructions the
issuing of commands is controlled directly or indirecfly 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.—b‘it' quantity cbn‘-sisﬁng of three parts which are arranged as shown

below in Figure 2-1:

Base

atic d : ‘ Execution Address
Operatl o e O 13 bits
£ borj | o k, mory
Designator
3 bits

Figure 2-1. Instruction Format, :

Each of the 62 instructions has 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 ﬁsually speéifie’s the index regis-
ter, B, ‘whose content is to be added to the bése execution address; when so used the design-
ator is denoted by the letter b. For some instructions it ‘serv‘es different purposes (describ-
ed latér). The ex_eéution address of an instruction is normally a base address quaqtity,that
is modified by the addition of Bb to yield the actual éddress of the instruction operand. Some .

instrﬁctiéns ufie the execution address in a different manner.

A 48- bit instruction word is read from storage and entered in U1 Execution of the upper
mstructlon occurs first Following this, the lower instruction is transmitted to the upper
half of U:l so that i’g; can be executed. ‘Thus the instruction currently being executed is al-

ways located in the upper half of Ul.

The primary fun’éti‘;)n of U2 is to modify the exécution address,’ m, of tl;e instrubtién in the
upper half of U1 bbly-? adding Bb to it. In preparatlon for mod;ﬁcation the designator of the
upper instruction is translated The translation specifies the B register the content of which
is to be added in the modification.

- 9-2
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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 Ul, which is 48 bits in 1ength, stores

an instruction word during the execution of the two instructions contained in it. Rank U2,

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 U1 (figure 2-2).-

After ‘cransm1tt1ng m from Ul to U and adding Bb to R, R is added to U The modified
execution address in U for most instructions specifies the location of the operand in stor-

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

UPPER INSTRUCTION LOWER INSTRUCTION
A A

4 N , N

UPPER ADDRESS LOWER ADDRESS _

f | b m NIERER mo u!
47 - 24 00
ul
4 00

Figure 2-2. Relation of U2 to U'.
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OPERATION CODE

This six-bit code specifies an instruction and controls the operatibn of the computer during
the execution of the instruction. Of the 64 possible values of this code, 82 specify instruc-
tions; codes 00 and T (codes are expressed in octal) represent fault conditions that halt

computation.

‘Prior to the actual execution of the instruction designated by the value of f, the “operation

code is translated by a network of single inverters which samples the upper Bix b:lts of Ul.

The results of the translation go to the various sections of the machine to condition the

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

The translator uses eeverai levels of logic in forming the outpute which actually gate com-
‘mands Figure 2-3 shows the fundamental structure of the translator. The large number

of outputs from the upper six FFs of U gre obtained by single inverter slaves, The 1"

side of each FF has a U~ "4

7 .

and a U "% inverter slave the "O'" side of each FF has a U
and a U ' inverter slave. , ’ |

The first level translation is divided into two parts, one concerned with the lower octal diglt

of f (that is, Uyo U43, and U44) and the other with the upper octal d1git (U45, U, and
U,q). Al F0 " and F27" inverters translate the lower octal dig:lt. All F177 inverters tram-

late the upper octal digit..

Unique (single-valued) translations of the lower octal digit are provided by FOOO through

F207, When tHe output of one of these inverters is ''1", then the lower octal d‘igit has:the

value given in the third superscript digit of the inverter designation; that is, a "'1'" from

007

F~~ indicates thatlthe lower digit is 7.
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The Fz—_ inverters provide partial, or incomplete, translations of the lower octal digit.
These translations are duplicated by several slave inverters. The F1™7 inverters, which
uniquely translate the upper octal digit, use the last digit of the inverter designation to in-

dicate the value translated. Thus F105 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

—_————.————-—.—.————_—.—-—.—.—-—..—.—_——_—_—-_——_—._—.—.—._—.

UNIQUE AND GROUP TRANSLATIONS USED THROUGHOUT COMPUTER : FINAL
| F %= THRU F®-- INVERTERS LEVEL

— e i — — —— —— — — —— G ‘— .t {——— S22

: COMBINING OF TRANSLATIONS OF UPPER AND LOWER DIGITS I SECOND
L F 3~ AND F4- INVERTERS : LEVEL
| RANSLATION OF UPPER OCTAL DlGIT' | RANSLATION OF LOWER OCTAL ot FIRST

| e | i 0nn 2. |

L _ F'" INVERTERS _ _ | L FO- AND F2-" INVERTERS LEVEL

— s mm—n dmn  ———- S— A s e — — o —— S G e e a— —— o ] t— G — — o rmw s

: U--4 aND U--® INVERTER SLAVES FROM "1" SIDE OF FF’s |
1_ g_—-_f AND U--7 _I_NVERTER SLAVES FROM ‘o' suoE OF FF%s

U470
yan
y460
y4el
y450
y4st
ya40
U44I
y430
U 43|
Y420
yaz2l

-~
(.

Y’

f PORTION OF U'
‘Figure 2-3. Strcture of Operation Code Translator.
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of the operation codeor a group of values. The F3" and F4" inverters accomplishA most

of this combining of translations of the upper and lower digits. Outputs of the F°77 and

F* " inverters go to F> or FO 7 inverters which actually supply the translations through-

out the computer. A typical translation of f is shown in figure 2-4,

220,21, 47

£720,2! 1147

F 320 | F447

fz2- f::?' fz4- ' fz =7

| FIOZ l F2ZO I FIOQ I ’:OIT
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, B]O is added to the execution address. With b=0 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=0 in instructions 34, 35 and
50-57 produces no significant result from their execution so, instruction 50 with b=0 is re-
served as a "do-nothing'' instruction to be used in filling out programs with an odd number
of instructions. Instructions 62-67 interpret b=0 as specifying that exactly one word is to
be transferred or searched. Indirect addressing is ASpecified in instructions 34, 35, 50-57

and 62—67 when b="7.

2-6 Rev. 11/60
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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 designatorthe 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:

Jump if register content is zero ‘

- Jump if register content is not zero

- Jump if register content is positive

- Jump if register content is negative

Return jump if register content is zero ,
- Return jump if register content is not zero
- Return jump if register content is positive

- Return jump if register content is negative

SOOI WO
1

For instruction 75 Selective Jump, j is interpreted as follows:
‘ - Jump unconditionally

- Jump if lever key one is set

- Jump if lever key two is set

- Jump if lever key three is set

. Return jump unconditionally

- Return jump if lever key one is set

- Return jump if lever key two is set |
- Return jump if lever key three is set

IO U WO
]

- For instruction 76 Selective Stop, only the stop may be conditioned; the jump occurs uncon-
<ditionally.. The interpretation is:

0 - Stop unconditionally (normal jump) _

- Stop if lever key one is set (normal jump)

- Stop if lever key two is set (normal jump)

- Stop if lever key three is set (normal jump)

- Stop unconditionally (return jump)
- Stop if lever key one is set (return jump)

- Stop if lever key two is set (return jump)
- Stop if lever key three is set (return jump)

U W DN

For instruction 74 External Function, j is interpreted as follows:

- Select external equipment

- Activate communication channel one

- Activate communication channel two

- Activate communication channel three
Activate communication channel four
- Activate communication channel five
- Activate communication channel six

- Sense external condition

OO WN-=O
i

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

- cussed in chapter 5.

2-7
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Translation of the Designator

Single inverters F700 through F7O7 translate the eight possible values of the designator. A
"0'" output from one of these inverters indicates the value given by the third superscript

705§ dicates that the value is five. Since

digit in the symbol. Thus, a "0" output from F
the outputs of these inverters are combined with that of inverters translating the 6peration

code, the designator translation is in normal form, that is, a "1', when it is used for gating

BASE EXECUTION ADDRESS

\

The base execution address is the lqwer 15 bits of ‘an instruction. It has three fuf;ﬁ'c‘"tions,

!

i

depending upon the instruction used, “each denoted by a different letter. (See tablé 2-1.)

- TABLE 2-1. DESIGNATION OF BASE EXECUTION ADDRESS

Instructions Use Denoted by After modificati&fi by addition
' A : of BP, denoted By
12-33, 36-47, 52, Specifies the m M
53, 556-73, 75, 76 storage location
‘ of operand
14, 10, 11, 50 As operand y \'g
51, 54, 74
01-03, 05-07, As shift count k : K
34, 35 (shift ' '

instructions)

The transmission of the base execution address to U2 from the upper instruction in U1
| 1

occurs in the execution of all instructions. If it is to be modified, Bb is transmitted to R~
(the address buffer register) and then R! is added to U2, When the operanci s procured
from or sent to storage U2 is transmitted to S1 or "Sz. When U2 itself is to be used as the

operand it is transmitted to r! or x1,
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THE U° ACCUMULATOR

In addition to the usual features of a FF register, Uzbis a 15-bit subtractive accumulator
that provides for the addition of R1 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 Ug, through Ugg of U1 (that is, U1 upper
address, UIUA) form the rank that 1s sampled by the pyramid (see figure 2-5). The U2

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

Prior to‘the addition of R1 to U2, the appropriate UlUA’—' Uz' or Uz, - ‘UlUA command
occurs to insure that both ranks hold the same quantity. Following this, the’ borrow pyra-
mid samples UlUA and R1 to determine the stages of U2 that must be toggled in order for
1UA + R1 to be fofmed in U2. Toggling the indicated stages forces the desired sum in Uz.

This occurs when the command Add rl

U

to U2 is given.

The U2 accumulator has provisions for disabling the borrow pyramid so that each bit of U2,
is toggled if the corresponding bit of R' is "1". The Partial Add in UZ FF (K°°0 k%31 dis-
ables the pyramid when it is set to "1", Thus, the Add R_1 to U2 command accomplishes a

selective toggling function (selection on the basis of bits of R that are 1) when K°°9 931

is set. However, when this FF is cleared, a full addition results from the Add R1 to U2

command. The partial addition of R1 to U2 is used often in transmitting B to some register\

such as X. Here, B goes to R and R1 is partially added to Uz, with U2 sent to X.

I either B or UZ has a "1" 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:

2-8 ~ Rev. 11/60
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00005

m

Bb

1

77776
ztheir 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 (during the
RNI sequence), it plays an important part in several other operations. Arithmetic opera-
tions on exponents invﬂoating—point instructions are performed by the use of U2. . Buffer -

‘operations and transfer instructions employ U2 in handling address words.

A
Uua
u! |
47 38 24,23 00
L I
-:) N:D
u? .
14 00
Uja —>U? O—ADD R'vo U?
U2 BORROW |e. | , R
PYRAMID 14 ~ oo| !
DISABLE |
BORROWS| - paRrTIAL
ADD IN U?
K530
K53|

Figure 2-5. Adding in U2 Accumulator.
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INDEX REGISTERS

Each of the six index registers, B1 through B6, provides storage for quantities which are
‘used in a variety of ways, depending upon the instruction. In the majority of instructions
the B registers hold quantities to be added to the base execution address. For search in-
structions (64-67), BP indicates the number of items to be searched. The B registers have
no provision for arithmetic operations. When such an operétion is required on an index
quantity, Bb is entered in R or U2 and the operétion performed there. Subsequently the

result is returned to Bb.

‘Transmissions into a B register come from R2 via the 14 single-inverter rank (see figure

f2—7'). Each B register provides outputs to either 12 or 13, which are in turn gated to Rl.

[}

For this transmission the "0" outpﬁt of the register FFs is used becagise of the single in-
version of I2 or IS. |

"The assignment of equation symbols for the B registers follows a somewhat different pattern
than that used in other registers. The first digit of the ‘superscript 1dent1f1es the particular
reg1ster The second and third digits indicate the stage. The "0" gide is not indicated by
‘the odd character of the third digit; mstead if the second and third digits are 50 or greater
the symbol denotes the '"0" side. Furthermore, the stage with which such a symbol is
associated, for example, B563, can be found by subtracting 50 from the last two digits. In

563

the example, B is the "0" side of stage 13.
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ADDRESS BUFFER REGISTER

The 15-bit address buffer register R has provisions for counting and complemeﬁting as well

as storage. As a counter it operates subtractively. R is suitably connected to the U2 ae-

cumulator for th\'g- addition of its content to U2.

FUNCTIONS OF THE R REGISTER

The R register ié involved in the following functions:

1)
2)

+3)

4)

J

6)

All transmissions to and from the B registers are via R.
Modification of the base execution address of the current instructioﬁ is

by addition of the quantity in R (obtained from B®) to U2,

In shift instructions, R acts as the shift countér.

In the integer and fractional multiply and divide instructidns, R keeps’
a record of‘ the number of partial multipliéatiqns and divisions which
remain to be performed.

In 'floating-point instructions, R performs arithmetic operations on one
of the two exponents, |

During buffer operations, R increments the current buffer address and

compares it with the terminal address.

CONNECTIONS TO OTHER REGISTERS

The R register consists of two ranks of FFs, R

other registefs and inverter ranks (12, 1

1 and Rz. The connection between R anﬁ

3, and I*) are shown in figure 2-7. Rank 12 receives

inputs from control for setting R to various predetermined values. After receiving these

control inputs, I2 is transmitted to Rl.

2-12
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COUNTING AND COMPLEMENTING IN R

The R register is a two's comprlement, 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 (Rl)'—l in Rz. This is accomplished by the command Reduce R1 to Rz. The
effec!i of this command is always to subtract 1" from the first stage, Ry,. When R, is

"0" at the time the command occurs, a borrow from Ry is required. Similarly, a borrow

is required from Rozlif both R, and Ry, are "0". Thus, in general, a borrow is required

from stage n if all stages of lower order than n are '"0'. Borrows are accomplished by

toggling a stage of R2 with the corresponding stage of R1 when the command occurs.

For the sensing of borrows, Rl and R2 are organized as five three-bit groups, each of
which is itself a small counter. Just as ''1" is borrowed from R, only if Ry, is "0", so "1"
is borrowed from the second group only if the stages of the first group are each "0". Thus,

in general, a borrow is made from a group only when all stages of lower groups are "0'".

which senses when the three stages of the group are "0". The |

existence of such a condition in a group is indicated by a "0" output from the H87-. Outputs

87~

Each group has a‘-.H8

\

of the H 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

870 872 ..874 876

the outputs of H™ ", H H”'", and H are ''0". The Reduce R! to RZ command is

gated into the fifth group by the AND combination of outputs from these H87_ elements,

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

occurrence of the Redﬁce R1 to R2 command. The second stage is toggled if the first stage

holds a "0", that is, if a borrow is required from the second stage. The third stage is
toggled only if both the first and second stages contain "0', since it is this condition that

indicates that a borrow is required from the third stage.

2-13



¥1-2

CROUF 4 . GROUP 3 - GROUP 2 GROUP 1 - )
Ri20/12). RO20/09 ROso/08t ROS0/031 ' . :},._lr .
Through Through . Through Through - I 1
RISO/14 RHO/11 R000/081 - ROSC/0SH R i . |
: . ' f- g = |
g ° T ° £ o 5 Ie
| A% &3 H g 48 &3 [
1 |
S |
I |
! !
] !
| oy 2 e oy = o a3 3 |s -
A 48 &2 HIEAC A I 3% %4z | ®
| : - : !
] J‘(Rom L : ) i i
| RO T reee R o ) |
.| Rooo . \
| Rooo)’ RO — - S |
Ri22 /123 RO92/093 ROS2/063 RO32/033 | Q ¢ C C ) 1
Through Through Through" Through . 1’ T . T ) T <[ R TOR?
rM2/93 1 guems ™| gposcros ] pose/oss 1 i 1
] ] T L L S
NI N3TO N2T0 NITO -
wh ' 3x7ac
R=0 K40 PR
Kt - K GROUP 4 GROUP 3 GROUP -2 GROUP 1

372 K73
R=0+) R X .
sost 0 | siez ) B sse2 3056 - snss sm36 sse
NeTo ,.,r,;s'rT’ﬁ_] B N e N0 ) ) NiTO !:"':l

SKE2 £K63 : e - 5038 - sKag

5022

[ lgad - I'T‘;r[ He72 HETO
}:‘.fz Ri22 o Ro22 | ROos ' .‘ R"2 Iﬂmz R°‘2-! RS2 ROS2 | RO32 RO22 | ooy
N9 RIS NI ROI2 - ‘ N"é‘R“;a NOSe goT2 E N9 ot

. N9%e “’I&

H
q radwe)
NOILYIOddOD V1va T0dLNOD

) Figure 2-6. R Register Counting Structure.



CONTROL DATA CORPORATION ¢| |

Cowpuden  Dinvision

Complementing is performed in R by transmitting the complement of the bits in,Rz (the "0"

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

quantity in R is zero; the H87_ terms are used in sensing this condition. The outpufs of all

57 670

0 and N When all five inputs to each of these

570 o

five H°'~ terms are combined by both N

are "0", all 15 stages of R contain "0". This condition is indicated by a "1" from N r

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

0 670

dition given by N57 and N~ .

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

1 2 :
when the Reduce R~ to R” command is given and the time when the state of R resulting

N570.

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

one is required for the toggling of R2 by the reduce command and the second is required
for going through the R = 0 contrl delay. In certain cases (the s%xift 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 N80 is a "1" not only

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 K413

procedure for sampling the output of N By thé use of FFs K K and K

it is possible to obtain a pulse as sooh 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

410 K411

be a "1" for some time. This is accomplished by setting K to '"1", which in turn

sets K41:2 K4‘13 to "1". As soon as the R = 0 condition exists the latter FF causes the

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

870 jg m1n it 1s only

570

cleared. In order to uniquely specify the first time the outpu‘é of N

necessary to combine a "1'" output from K412 k*13 i1 an AND with N
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In certain cases R is employed as an additive counter, despite the fact that 1t is actiually

subtractive. This is accomplished by the following sequence of comma‘hdsz .

Complement R2 to Rl

r! - r?

Reduce R} to RZ

Complement Rl to R2

Followihg this sequence of commands R2 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 bofh 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 instruction 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 entéred 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-T7, ‘then the previous content of P is stored,

- thereby permittirig the return to the sequence of instructions from which the jump was
‘made.

The P register consists of two ranks of FFs, P1 and P2. Rank P2 follows unconditionally

rank Pl; the signal transmitting Pl. to P2 occurs every odd clock phase.

COUNTING INP

The P registeris a two's complement additive counter with a modulus of 215; thus, in
‘counting, the bits of P are toggled in such a manner as to form the quantity ]?'2 + 1in _Pl.v

This is accomplished by the command Advance P2 to Pl,' which is given each time the RNI
sequence is entered from a full exit, The effect of this command is always to add "1" ta the
first stage, Py,. When P is ""1" at the time the command occurs, a carry to P, i8 re-
quired. Similarly, a carry to P i8 required if both P\, and P, are """, In g’:aneral, a
carry to any stage n is required if éll stages of lower order than n are "1". Carrieslare
accomplished by toggling a stage of P1 with the corresponding stage of P2 when the command

occurs.
2-17
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For the sensing of carrles Pl and p? are orgamzed as five three -bit groups, each of

which is itself a small dounter. Just as "1" is carried to Py, only if P00 is "1", so "M

ig carried to the second group only if the stages of the first group are each "1", Thus, in

general, a cam;'y,-is sent to a group only when all stages of lower groups are ''1". Except
\ : .

for the fact that P is an bdditive counter its counting structure is similar to that of the R

' register (figure 3-6).

The entr;y into the interrupt program and the exit from it to the main program are both
accompl;shed by the two instructions held in address 00007, Durmg entry into the 1nter—
rupt prognam P is set to 00007. A P = 00007 translator is used in termmatmg the interrupt'

| iprogram :

The P reglster aud the: value of the breakpoint switch are compared and sampled dumng
every executibp of the RNI sequence. The pyramid for sensing the value of P is considered

in con;;unctiou w1th the breakpoint.
PARALLEL TRANSMISSION INVERTER RANKS

Many of the parallel transmma?on paths between registers 1nvo1ve a rank of inverters,

‘ Figure 2~ 'f shows the major parallel transmission paths and the seven inverter ranks (called
| I through I ) In general the purpose of inverter ranks is to augment the input or the

| output capacity of a register, For example, rank 11 is a slave for X2 and thereby increases
the number of outputs that may be taken from rank X2 of the X register, Each inverter of
va requ1res only dne output frpm X. this inverter, in turn, prov1des five outputs to the

" output registers.

Rank IO serves a smnla,r purpose for inputs to X1 The one input to X1 from Iolhafndles

the four 1nputs from data channels (M thr ough M ) Ranks 12, IB,‘ end 14, w_hioh are
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associated with the 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

6 and thence to U1 or X1 depending on the purpose

word read from storage goes to °or1
for which the storage reference was initiated. Information to be written in storage goes
from Xl- to 15 or 16 and thence to Z1 or Z2 (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 15 have symbols such as 1500, which denotes the lowest inverter of the rank.

Q' A2
Ml — i ikl
MS-—’ IO
,",'}42 ) Q2 A'
2! l IADD
I 15 .
iSTORAGE r[ x' x? 1
e, 6 .
22 : I / §
- 0®
Bl PZ 3
Apv 04
BZ U' U' e
LEFT | RIGHT [-LEN W
- / 83
12 / \
. s
13 /
i 5" /
8% st -
CoMpP
Bé R? R'
. "REDUCE T

Figure 2-7. Parallel Transmission Inverter Ranks.
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CONTROL SEQUENCES
The exd‘cu'tiOn,.of an instruétion or the exchange of data with external equipment is divided .
into ledser operations called "sequences'. . The several sequences control the initiation

and tinfling of commands which actually accomplish the execution of instructions, buffers,

etc.

The nfne sequences are listed in table 2-2 along with the associated H ~ equation symbol -
f‘ovr»thfe logical elements that constitute the sequence. This table also shows the instructions

or oﬂeratidns for which the sequence is used. . The group of sequences which includes all of

theni except Read Next Instruction and Auxiliary is referred to as the "instruction se-

quefices',
Table 2-2. CONTROL SEQUENCES

Séquetjnce ’ Equation Abbrevi- Instrﬁction or

L Symbol ation Operation When Used
I%sl‘aad Next u°®" RNI All ins’tructions‘
Ingtruction ‘
Normal Jump gl NJ (22, 23,75, 76) (b=0-3)
Zero Address w . zA © 01-11,34, 35,50, 51, 54,55
Read Operand u3- RO 12-17, 36-486, 52, 53, 70-73
Write Operand ol WO 20,21,47,56-61

R (22, 23,75, 76) (b=4-17)
Search and H " ST 62-67 '

Transfer
' Iterative g 1 24-33
Exterﬁal Funct@ g0 : EF 74
Auxiliary g; é: - AUX Buffer, Advance Clock,

and Interrupt
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Instructions are executed by the perforfnance of the Read Next Instruction (RNI) sequence

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

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

half of Ul. RO obtains the operand from storage and performs the actual addi’tion.

The Auxiliary sequence is made up of three sub-sequences. One handles the execution of
buffer operations, that is, the exchange of data with an external equipment. A second 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 on control sequences begins with general, preliminary information concerning
sequenées. The generation of commands by sequences, initiation of sequences, and exiting
from sequences are discussed; following this, the individual sequences 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 complicafed aspects are taken up. A complete and detailed study
of a sequence can be best made by assuming the sequence is to perform a given instfuction
or aﬁxiliary opefation. For each instruction and operation, Appendix preseﬁts a com-
‘rﬁand timing charf, wh_ich shows the complete list of commands generafed by the appropri-
ate sequence ;co execﬁte 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 hypothétical ex-.
ample of such a series. Such important features of actual sequences as initiation, modes
of generating commands, and exiting appear in this figure, and are discussed in the follow-

ing paragraphs.

2-21
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. _ADD R!' 7O U?

BORROW

: | TYPICAL .FF QF U2
_J>_, u—2

>| 1846 ] =) T_, u—s3
| ysas : - NS3 A
FS4t - b BORROW
F530
v 1303 04
- y302 . V303 y304
F533
l CLEAR A' TYPICAL FF_OF A'
K580 | A=O
B —K'Sal Al
I ' ' I |
TIME SCALE O , ' | - .2 3

Figure 2-8. Example of a Sequénce.
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In the sequence of Figure 2-8 the basic series of control delays are those with HS" -VB"

symbols. The sequence is initiated when a single pulse on the conditions represented by

F530, is sent from the RNI sequence (VOOO) to H301, the first control delay. This pulse

moves down the chain of HB“ -VB" control delays at a rate of one control delay per clock
period (0. 2 microseconds). The time at which HBO1 receives this pulse is considered time

0. The scale at the bottom of the figure shows relative time positions for later control de-

lays.

, Lol
There are two methods for generating commands. The first is illustrated by the Add R™ to

Uz command, for which pertinent logical elements are shown at the top of Figure 2-8, This
means of generating commands is fully clocked, or timed, since in this case a control de- ‘

lay, whose output is clocked, applies the command signal to the FFs of the register being

cys 46 .,846
operated on at a definite time. After the sequence is initiated the H8 v control delay

541 953 N-—\53

is set at time one if the condition given by F is met. At time two, H is set by

2
the output of V846. At time three the command reaches the FFs of U". By time four the

‘ comménd is complete and thus the quantity is available at the outputs of the register FFs.

It is pertinent at this point to explain why the Add R1 to U2 command is, in this case, gen- '~

erated by the use of‘H846 V846. The command could be generated and occur at time three

95 302

by providing an input to H 3 from V , instead of taking an output from V30; and going

through H846-V846 to Hg53. In fact, some of the several instances for which the Add R1

o U2 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-

953. The 6ccasions in excess of the input capacity of H953 are

3

ber of inputs possible for H

846 to handle all of them. All

~ provided for by H™ ™", which then requires only one input to H95
control delays with H8" symbols perform this function of, in effect, increasing the input
‘capacity of the ng control delays which actually bring the command to the register FFs,

The HB—_ control delays afe called initiates -- a term intended to indicate that they do not.
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The second method of generating commands /i.s illustrated by the Clear Al command shown

at the bottom of Figure 2-8. This method involves setting a FF, Clear Al The "1" ontnnt
of this FF is fed to single inverters 381" The output of g81- goes to W8L" single inve:rters_'
whose outputs feed the "0" side of the Al flip-flops. When FF K°%0 k%81 45 set to "1",
wol- provides a "1" input to the ''0" side of the Al FFs and thereby clears Al, The C:]I;'ear
A1 FF is set at time one and then cleared at tirne three. Since the transmissions fron’t the

output of the Clear A' FF to 5817, then to wB!

", and finally to the Al FFs are not cloeked,
the time at which A1 is cleared is not entirely determined. It occurs between time two

(minirnnm) 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
- location. The half exit is used if the current instruction is in the upper position. The
choice of fyll exit or half exit is determined on the basis of the Ex1t FF, which is sampled

~ by single inverters J064 and J065

Although the sequences employed in the execution of an instruction are performed succes-
- sively, their peripds often overlap somewhat. In other words, if the current instruction

uses the RO sequence, then RO may exit to RN'I‘before RO is completely executed,
OVER-ALL RELATION OF SEQUENCES

When instructions are obtained from storage, two are read at one time and the upper in-

truction executed before the lower, The form of RNI which reads the instruction pair from
storage is called the "full RNI", and precedes execution of the upper instruction. The form
of RNI which precedes execution of the lower mstruction is called the "half RNI". There-
fore, exiting from an instruction sequence is conditioned by whether the next instruction is
-already in UlL or must be obtamed by a storage reference The ordinary relation of in-
struction sequences to RNI is shown in flgure 2-9,
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An instructiorrlmié read by half or full RNI and executed by one of the instruction sequences.

The sequencé exits to RNI by me ans of one of the three exit control delays. The purpose of

060- 061

the Exit FF (K ) 1s to aid in makmg the choice of an exit. During a full RNI it is

set to indicate that the next instruction is already in UL1 and thus a half RNI is required.

During a half R‘l\\II the Exit FF is cleared to indicate that the next instruction must be ac-

\ .
quired by reading 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 e.xit' is used rather than the full exit because the latter advances P and this is not
‘b 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 . |——F ﬁJr—a JUMP EXIT
SEQUENCES -1
' SKIP .
. - SATISFIED
EXIT FF ‘
KOSO,
| | . ADVANCE
——{ k96! FULL EXIT = p

JUMP OR SKIP ﬁ
NOT SATISFIED

: A HALF EXIT [—

— HALF RNI :
FULL RNI

Figure 2-9. Overall Sequence Control.
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Certain instructions provide for a cond1t1ona1 skip of the next mstruction. ‘Such skfp in-

gtructions are always Jocated in the upper position of a pair. Thus sklppmg involves taking

a full exit.,

RELATION OF CONTROL AND STORAGE SEQUENCES

For those control sequences Which-initiate a sforage reference it is necessary to maintain
proper timing relations between the control sequence and the storage 'sequence. The msmé :
tenance of proper timing relations is made more complex because of the two storage units.

' Havmg two units 1ntroduces variability in the time when the selected storage unit is ready
for.use by tHe 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. umt can proceed before the reference to the even unlt is completed. But
when a reference to the odd unit is preceded by a reference 1:0 this unit, the second refer-

“ence must wait until the first is complete. In short, successive storage references, each

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 time when a storage reference
may begin, and (2) maintain synchronization with the storage sequence by means of the |
Wait Storage FFs. . For each storage-reference of each control sequence there is a unique
Wait Storage FF (see figure 2-10A). Ordinarily, this FF is set at the time the Initiate
‘Storage FF is set. The control sequence continues with those comrnsnds that need not b.e
timed vvith the storage sequence. Then the control sequence stops to 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 Stcrage FF are combined in an AND which starts the contnoi

. 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 2-10B). Here, as in the case

treated above, the Wait Storage FF is set at the time the Initiate Storage FF is set.

WAIT .

: . STORAGE
e, P, R ]
W VA V- \'
- - ’ K
INITATE ] . . ‘ yoT73
STORAGE STORAGE
K RESUME
K

A. SYNCHRONIZING CONTROL SEQUENCE WITH READ TIME OF STORAGE SEQUENCE.

WAIT
STORAGE

= —>|H_|_ K » —o—{H_ ]::
'V \Y) g . .
, : ‘ K ' ' V.1

INITIATE
STORAG

K
K

STORAGE
- SEQUENCE HO77
BEGUN
Vor?

B SYNCHRONIZING CONTROL SEQUENCE WITH BEGINNING OF STORAGE SEQUENCE.

- Figure 2-10. Relation of Control and Storage Sequence.
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The control sequence thén stops. - When the storage sequence actually begins, a special con-

trol delay, HO'77 V077, receives apulse. This is combined with the set output of the»Wxait

Storage FF to begin the sequence.

READ NEXT INSTRUCTION SEQUENCE

{
4
i

The Read Next Instruction (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

8) Indirect addressing

Acquisition Of New Instruction Word

Two 24-.bi‘t instruction words may be stored in a 48-bit storage location. T{herqfore, two
alternatives are performed by the RNI sequence (figure 2-11). The first provides for trans-
fer of the 48-bit quantity to the U1 register making the 24-bit quantity in U]‘ upper then
available as the next instruction. The second alternative provides for transfer of the 24-bit -

quantity from U1 lower to LT1 upper,

Figure 2-11 includes the sequence control delays and a number of other logical circuits '

pertinent to the instruction acquisition. The sequence is.made up of two segments, the left |

represented by 1°90 v090 4ng K200:K%01’ and the right represented by g% 094 through

| HO99 Vogg. It can be seen that an entfy to the left segment initiates storage and waits for

‘the resume, Inputs to this segment come from the full exit, jump ,éxit, 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 exit): _
Initiate storage (P Address)

Wait storage

Storage resume
Set Exit FF

Clear U! upper and lower

Transmit storage to U1
The corresponding steps performed from Half Exit are:

Clear Exit FF
Clear'Ul upper only.

Transmit U lower to U1 upper

1.

At the end of the above steps, a 24-bit instruction word is located in U upper, | ready to

direct the: execution.
‘Start and Stop
The ‘RNI sequence prov1des for all manual and: program stops and starts, Flgure 2-12

gshows the pertinent 1ogica1 circults. |

Starts may be made from two conditions -- initial start and stop. Initial st_art; as shown in

090

the figure,“ initiates the RNI seqﬁence through H ~~, This actioh occurs once only, on

starts following master clear. Start from a stop condition begins the instruction exeoution ,

through HO_OO.

jA spec1a1 case of instruction executlon is the sweep mode selected by a key lever on the-
operator's console. This mode bypasses the 1nstruct10n entirely and re-enters the RNI
sequence through full exit .or half exit. This case is also shown in figure 2-12, Sweep in-

00 - ;
puts to the V _0 terms serve to disable them, and thereby disable any instruction initiates.
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LEXIT © ; v o35 /
FF=1 .
HALF EXIT
: INITIATE
SWEEP - o0— > STORAGE
¢ EXIT yoss (P ADDRESS)
FF=0 RESUM
FULL EXIT
——O—>L*_"°9° s k200 1095 H097 Ho98 1098
Vo3t - V090 0s7 oss| - 099
[ r.sz v v Voo
f—0 MC o}
v 007 BREAKPOINT
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KOS5 KO51 i KOS5t :V_
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FAULT v‘"’M R '
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INITIAL START . STOP O EXECUTE
e INSTRUCTION

Figure 2-12. RNI for Start and Stop.
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The V040 term then selects the .appropriate exit as determined‘by the Exit flip-flop.

‘zA ﬁumbér of conditions may stop the computer operation. These are shown in figure 2-12
as inputs to Stop 1I, K050 K051. .The first of these is an instruction stop. produced by de-
pressing‘ the step key. This action sets Stop I, K052 053, and waits for the RNI sequence
(which' méy have been iditiated from the step or from previous computer sequences). The
RNI seqﬁencé transfers Stop I to Stop II in time to disable the last step of the sequence

(V098 to Hogg)

A second stop condition is the breakpoint stop. The 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‘f" stop conditions, program stop and fault stop, are not sami)led in‘tvime to disable
the last é‘tvep of the RNI.sequence. Program stops are Aaccomp‘lfished in the same manner," |
howev"e;'., in the ihstruction sequence. The fault stops do ﬁot enter any sequence, and
thereby stop by default. Re-starting from stop clears Stop iI so that program stop sequences

may px":'pceed.

Preliminary Steps in Address Modification

When the b designator has the value 1-6 it may be necessary to modify the base execution

b

‘ad“dreg’s, by the kad_dition of B®. ‘While the actual addition is initiated by instruction sequences

fthe preparation for the addition is handled by RNI. Figure 2-11 shows the following steps

which are pertinent to address modification:
B]o to 12 or I3

12 or 13‘ to R1

u! to U2
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Preliminary Control and Arithmetic Steps
‘Some control and arithmetic commands need to be performed early and fc;r many instruc-
‘tions. They are pfoduced at the end of RNI, as shown in figure 2-11. These commands are:‘
Clear le |
Set Partial Add in A FF
Ql to Qz
Complement X1 to X2

R1 to R2

Interrupt Termination

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 is 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 main
~ program after termination of the interrupt routine is handled, for the most part, by RNL

Figure 2-13 shows the pertinent logical circuits.

During the initiation of the interrupt routine by the AUX sequence, three steps are taken
to prepare for ferminating the routine and returning td the main progfam. They are:
Store address of next instruction of main program in upper
address positiori 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 next instru'cfion of the interrupted

program. For that address the second keeps a record of the position (upper or lower) in .
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 Figure 2-13. RNI for-TnterruptTermination.
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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 1b:

a) reads content 00007 into .Ul

072 K073

b) sets Interrupt Complete FF (K )

3) ‘Execution of upper instruction at 00007:
a) jumps to next instruction of main program
b) 'i‘nitiates full ‘RNI from jump exit
~ 4) Full RNI from step 3b:

a) clears Interrupt Lockout FF

b) clears K072 K073

c) continues from V097 to H098 if Interrupt Exit FF=1

d) goes to 994 from vO9T i Interrupt Exit FF=0

(this is a half RNI)

e) after step 4d, K062 K063 is cleared to enable AND from

V097 to H098;

Indirect Addressing

'The preceding discussion pertained to RNI as used in direct addressing. Indirect addressing;

also accomplished by RNI, is often chosen for programs involving a greaf deal of address
modification because it simplifies programming and reduces the time for running the pro-

gram.

Rev. 11/60
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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 addfessing the execution add-

ress indicates the location of the operand; in indirect addressing the execution address in-

dicates the location of the operand address, An additional memory reference is required in

the latter case to obtain the operand address.

All instructions except 22, 23, 74, 75 and 76 may be used with either direét or indirect

addressing. Indirect addresging occurs when b=7, otherwise direct addressing is used,
Note that 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
05012 are to be executed next (see table 2-3). Because b is 3 in the upper instruction (left)
direct addressing is'used in its execution. Thus B3 is added to 71331 to produce the address

of the operand. In the lower instruction (right) because b is 7 indirect addressing is used;

therefore m is used as an address for obtéining a new Opérand addresé. Now the lower 18
bits are read out c;f address 00367 {see table 2-3B), while the remaining upper ﬁité are
ignored, ‘Theéé 18 bits are substituted in the program control register for the ovﬂ‘riginal
18-bit quantity made up of b and m. As a consequence the current instruction hés been al-

tered so that it is 14 2 11185,

The designator is examined again, and': since it is not 7, the address of the operand is
1135 + Bz. ‘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 18 7 in this instruction, the lower 18 bits at address 04006 are substituted in the pro-

gram control 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.

TABLE 2-3. EXAMPLES OF INDIRECT ADDRESSING
A, . PROGRAM

Address Upper Instruction Lower Ihstruction
‘ fb m fb m

05012 ~ 36 3 71331 ' ' 14 7 00367

05013 . | 01 7 04006 12 6 71331

B. OTHER MEMORY LOCATIONS

Address Content

00367 01436675 42 2 11135
04006 o | 7 11466
11466 . | 000012

With this background information, the actual accomplishment of indirect addressing by RNI

may be examined. Figure 2-14 shows the relevant part of RNI. The choice between direct

099

and indirect addreséing is made at the output of V By the time RNI has progress'ed to

V099 the f and b parts of the instruction just placed in Ulu have been translated, Conditions

for the choice are:
Indirect Addressing - f # 22, 23, 74-76 and b=7
' Direct Addressing -f = 22, 23, T4-T6 orb # 7

Figure 2-14 indicates the following’se;quence of steps for indirect addressing:
Initiate storage (on address m)
Clear b and m parts of Ulu
Wait storaéé

Transmit storage to b and m part of Ulu
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At the end of this sequence a new I8-bit quantity occupies the b and m portions of U1 u’

This new value of b specifies whether the new value of m is a direct or indirect address.

000 14 indirect

If the former is specifiea,' the execution of the instruction proceeds from H
addressing is specified (the new value .of b is 7), then the steps listed above are performed

.again,

INITIATE
—3> STORAGE
(m address)
N E WAIT :
e |- sTorAcE :
_ HOO4 H!S! , Ka'e H!s2 > K53 m
' i Vo042 K7L K29 , yise V153
INDIRECT | . - RESUME :
ADDRESS '
' , STORAGE
K ‘ . TO b ANDm
L CLEAR b AND m ' . oF U'
N U S
: H098 ,_0.“_9 H099 - :
= : INITIATE
yo98 vo99 HOo0 ————> [NSTRUCTION
: SEQUENCES
yo0-
DIRECT

ADDRESS

Figure 2-14. Indirect Addressing Part of RNL
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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.

1

>

Figure 2-15 shows that when the jump condition is met, this sequence transmits U2 to P
thereby entering the address of the first instruction of a hew 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

102

stopping are met. When the stop condition is met the AND to H is disabled. This stops

operation. When the operator resumes operation by either start or step, the NJ sequence
102

is initiated and, since the AND to H is enabled now due to removal of the stop condition,
the jump is completed.
JUMP EXIT
\
f#76 or f=76 or
f=22,23,75,76 STOP CONDITION O— JUMP SATISFIED £z 76 or
b=0-3 NOT SATISFIED JUMP SATISFIED )
RNIW H'o2 Hio3 w’l\ >y2 T0 P!
101 jo2 103
v V7Tl sume not v
SATISFIED
HALF EXIT
FULL EXIT
JUMP NOT
SATISFIED

Figure 2-15. Normal Jump Sequence.
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ZERO ADDRESS SEQUENCE

The Zero Address (ZA) sequence perfo_rms the basic operation for instructions 01-11, ;’34,
-'35; 50, 51, 54, and 55. As the name indicétes, this sequence makes no storage referénce,

'The execution address is employed as the operand by these instructions.

As shown in figure 2-16, the chain of COnfroi delays forming the basis of the ZA éeﬁuence
éoﬁsists of two parts. All ZA instructions usé the first part wh11e only instructions 04, 10,

. 11, and 54 (with R # 0) use the last part Most of the commands for executing ZA instruc-
}ftib“ns are generated from this chain of control delays. However, the commands for shifting
zand reducing R in instructions 01-03, 05-07, 34, and 35 are generated independently of the
‘main chain by the shift control. The éhain merely establishes the enabling conditions which

permit these commands to occur until the terminating conditions are reached. Table 2-4

lists tflle commands produced by this sequence,

¢=01-11,34,35 £:04,10,11
50,51,54,55 :
H 20t H209 HZIO H2l3
RNI TO0 To —32> EXITS
, y2o! y209 v2io yais _

f=54
" (RZ0)
f=01-03, SHIFT

05-07, - P—=exits

34,35 CONTROL '

Figure 2-16. Bas1c Cham 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 - u?

01 Clear X!

02 r! -~ r? 54+55

03  a?.q! 04

03 Clear Al o -04+10

04 Part. Add R! to U? 04

04 Add R to U2 (b#0) (34+35+50+55)

05 Comp R? to R! 54

05 y? - pl |  55(R#0 at time 03)

05 - Clear B | 34+35+50+51+54+55 |

06 v~ Rr? 01-03+05-07+34+35+50+51+54
06 v? - x? | 04+10+11 |

07 . Full Exit |

07 Half Ex‘it“ .

07 Jump Exit = '55(R#0 at time 03)

07 r~R! 01-07+34+35

08 . X!-x? |

08 Red. R'toR? | 55

68 f Rz_ -~ BP 50+51+55

09 Full Exit 10+11

09 . Half Exit 10+11

09  Full Exit ~ 54(R=0 at time 08)

09 Full Exit | 50+51

09 Half Exit 50+51

10 grleg? | (04+10+11) (R#0 at time 08)

10  r?2-gP | 34 Ay, 7A . A=0+35A, #A, . AQFO
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10
10
10
10
10
11
11
11
11

11

12
12
13
13
13
13
13
13
13
14
14
15
15
| 15
16

Initiate Shift

A Right

Q Right

A Left .

Q Left

Full Exit

Half Exit

Full Exit

Half Exit

Shift One
Reduce R1 to R2
Reduce R1 to R?' |
Full Exit

Half Exit

Full Exit |

Hélf Exit

Comp -R2 to R1

2 .

Part. Add X2 to Al

Add X2 to Al

Q- @?
Rl r?
KR Q1
ng Al
r%- BP

Half Exit

CONTROL DATA CORPORATION
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TABLE 2-4. (Continued)

(01-03+05-07)+(34A, ,=A, (A#0)+(35A, ,=A, LAQF0)
(01+03)(R#0-8)
(02+03)(R#0-8)
(05+07+34+35)(R#0 at time 08)
(06+07+34+35)(R#0 at time 08)

04
(01-03+05-07)+(34A, , A#0)+(35A47#A46AQ740) :
(01-03, 05-07, +34+35) (R#0 at time 08) |
54 (R#0 at time 09)

(01-03+05-07+34+35) (R=0 at time 12)

(01-03+05-07+34+35) (R=0 at time 12)
34A, ,#A, (AF0
+35A,,#A, (AQ#0

© 04+10

11
04
54(R#£0 at time 09)
04
04
54(R#0 at time 09)

54(R#0 at time 09)

Rev. 11/60
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- 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 a‘llvé.-i'nstructions using this sequence at least one storage reference is initiated, and

for the instructions mentioned above two references are made.

The main chain of control delays have HB" VS" symbols.  The first part of the chain,

H301 V3 t H312 312, performs those commands that must precﬁede the sforage

reference. The period of waiting for storage occurs after V312

the{‘Storage Resume
allows the remaining portion of the sequence to continue. ‘The second storage reference
in RO is performed for instructions 37, 70-73 in order to Wri’ge the operand, after altera-

. fion, into the location from which it was read initially by the first stbrage .r‘efef.en_ce.

‘Table 2-5 lists the commands produced by this sequence.

: H30! H312 WAIT ' H340 Hise | ‘ WAIT | e
BNI T y3o! _ y3i2 STORAGE i y340 1354 i STORAGE i"' . 360
$=12-17,36-46, RESUME '$:37,70-73 RESUME ’

62,63,70-73

Figure 2-17. Basic Chain of Control Delays in RO Sequénce.
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00
01
03
04
04
05
06
06
06
06
07

07

07
07
11
1
11
12
13
14

15
15

15
15

16
16

16
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TABLE 2-5. COMMANDS FOR READ OPERAND SEQUENCE
e *instructions: 12-17+36+37+40-46+52+53+70-73 .. .

Ul-'Uz

Clear --X1

Set X2 to 1

1 2

AddR to U

Init.v Storage
Clear R1

Q! ~ @?

xt - x2
Comp x! to x>
Clear A’

%2 . x!

A%+ ql

Part. Add X2 to Al

Log. Q2 to x*

Al - x1
2

Part. Add X to A

Clear Al

Comp X1 to X2

Clear X!

Clear B

P8 - x!

Al -x!
1
Clear A

Log. @2 to x!

x! - x?
Comp X1 - X2

1 —>toX2

Xy, U

T2+73
52+53 (b#0)

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+1H41

53
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17
17
17
17
18
19
19
20

20

20
21

20

21

.21
21

21
21
22
22
22
23
23
23
23
23
23
23
25
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TABLE 2-5. (Continued)

2 X
X U to X U

Part. Add X2 to Al
Full Exit

Half Exit |
1, 2

Xy

‘Half Exit

Full Exit

Comp X1 - X2

x! » x2

12 18 to R1

Part. Add X2 to Al

Inhibit A - A2
Addx%to Al

'Clear X1

" Shift One

Fuyll Exit

Half Exit

r! -~ R?

Q- Q?
2

R to Bb

Full Exit
Half Exit
A%~
'Qz Al
Half Exit
Full Exit
aZ-al

Al-x?

43
12-17+40+41+42

36 X pos
36 (Exit =1 + X Neg)
46

43-45

.b2+bH3

12+13+16+17+37+40-42
37

43-46+52+53+36
37+70-73

37

43-46

52+53
16+17

53
53

16+17

16+17
52+53

37
37+70-73
2-45




25
25
27
28
28

29

29
37
39
39

Part, Add X2 to Al
Add X2 to Al

Q% - Al

Q- q?

Init, Storage

Az - Ql

Q% - Al

x! - z! 2*

Full Exit

Half Exit

TABLE 2-5.
C 43+44

45+46
87

37
37+70-73
3

KL
87+170-73

37 (X Neg) +70-783

87 (X pos) +70-173

2-46
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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 thét they all require entering an operand in

storage.

‘The main chain of control delays (H4f- V4“)g which produces the commands is shown in

figure 2-18. For all WO instructions except 56 and 57 the sequence is initiated at H401.

406 only after the storage sequencé

The latter two instructions initiate the sequence at H
‘has actually begun. The WO sequence is thereby synchronized with the beginning of the
storaée sequence. |

- The conditional stop for instruction 76 is accomplished at the input to H402. The AND is
disabled when the stop condition 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 ——J>
NO STOP
: l WAIT STORAGE
RNI H40! ‘ H40Z 408 aul > 208 {920  p——> EXITS
V4Ol v402 V406 v4ll v420
K?O? .
t= 20,21,47,60,61 ' RESUME
(22,23,75-77 & ‘
b=4-7)

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

TABLE 2-6,

CONTROL DATA CORPORATION
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COMMANDS FOR WRITE OPERAND SEQUENCE'

1nstruct10ns, 20+214+47+56+57+60+6 1+(b=4-7)(22+23+75-77

U1 - U

Init. Storage
Set Stup
Clear X}1

1
Clear U U

A%+ gl

Q%+ al
Add ! to U?

Init. Stqrage
Adv. Q! to P2
ol - @
ul - u?

Full Exit

| Half Exif

Al*Xl

Log @ to X'
Add R! to Uz

Part. AddRtoU

pl XZL
X-l - Zl ZZ

Partial Write Lower
Partial Write Upper

2 1

‘U " toP

v tox} A
<2 . %1

56+57 Wait Storage

76 and Key

56+57

21
21
20+21+4H60+61

~ (jump) 20+21+47+60+61

(Jump)(mode Switch Not up)
21+47

56+57

(22+23+75-T7) (b=4-2)
(No Jump)
20+21+47+60+61

47

56+57

56+57
(22+23+175+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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. TABLE 2-6.

Clear U1
A2+ gl
Q%+ al
142
X X! -

2 1
XXy

Half Exit

Full Exit
1918+ y!

(Continued)

22+23+75+76 (Jump)

21
21

(22+23+75+76) (Jump)+56+60

(22+23+75+76) (Jump)+20+21+47+56+57+60+61
20+21+4%56+57+60+61 |

(22+23+75+76) (Jump)
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SEARCH AND TRANSFER SEQUENCE

The Search and Transfer sequence (ST) performs the search inbtructmns (64-67 and the
two transfer instructions (62 and 63). The purpose of the search instructions is to rapidly

inspect a specified 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 the sequence ie_performed repeatedly, once
for each word to be examined in the search or once for each word to be transferred The

‘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-

structions is specified by Bb and m, the execution address. The first word to be searched
|or transferred is at the address specified by Bb +m - 1. The last word is at address m.
When b= 0 o 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
H5" ve-- symbols. The ST sequence consists of three segments or parts, preparation,

" loop, and termination. The first sets up the block of addresses to be used as well as other

initial conditions. The loop produces the series of commands 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 performed.

A search 1nstruction provides for a conditional skip and is thus used in the upper position

of a program step. Ordinarily its execution mvolves repeating the loop for each word until:
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. SEARCH
CONDITION
MET

‘ FULL EXIT.

SEARCH EXHAUSTED ‘
DITION NOT MET .

w—-i——-) HALF EXIT
(-

16-28

NOILVIOdIOD V1iva TO¥LNOD

TRANSFER o .
COMPLETE , :
! FULL A f .
1 HALF  AUXILIARY OPERATION
f-62-67 ST ST EXIT : .
PREPARATION LOOP ‘ ST TEMPORARY TERMINATION
Ho 4508 {549 562 _— SN o
1o . . 1]
E v50l vSOS ‘fﬂfﬂvm VSSS
NO AUXILIARY _
OPERATION
! - L | : v -O—={ JuMp EXIT
AUXIL IARY ' ‘ o v ‘
SPERITION —>  AUXILIARY SEQUENCE | —
HALF EXIT
EXIT
2 K060 |
>| 08! ‘
HALF RNI <
FULL RNI 53

Figure 2-19. Search and Transfer Sequence.
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1) A word is found that meets the search 'céndition, at which point the

search terminates and the full exit is tak’;en to th/q,,_x;\lext instruction step;
‘or | 'i

2) The entire list of words has been searched without finding one that
meets the search condition, in which casé the half exit to the‘ lower
instfuction of the current step is taken.

Likewise, the “ordinary case of a transfer instruction consists of one repetition of thg loop

for each word. When all have been transferred, a full or half exit.is taken, dependijg upon

whether the instruction is in the lower or upper position.

Since the number of repetitidhs of the ST loop can be large, provision is made for tempor-
arily suspending execution in order to handle an auxiiiéry request, that is, a request for
one of the operatidns performed by the Auxiiiary sequence. These operations (buffers, 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 instruction is begun again.

The relationship between the ST,‘ AUX and RNI sequences is alsd shown in Figure 2-19,
Note that the need for per':tforming an auxiliary operation causes the termination paft z)f the
ST seciuence to be éx;ecuted. Upoh complefing the opei;‘ation, AUX takes the jump or half
exit to RNI. The condition for choice oif 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 suspendéd to perform an auxiliary operation, its execution is resumed by re-
reading 1t This allows for the case where the suspension is due. to a‘m interrupt, whiciiv re-

quires that a routine of instructions be executed before returning to the ST instruction.

A more detailed account of the ST sequence appears in chapter 5. The commands produced |

by the sequence are shown 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

09 -

09
09

09

09
10
10
10
11
11
14
14

16
16

ol -y
Clear X!
Set R # 0 FF

! - R

Reduce R1 to Rz

Rz—'Rl

Set ST Not Complete

Ql - ‘QZ

Set Iﬁput
Trans. Act.
Half Exit
Full Exit

Set Wait Storage
- Clear Bb_ .

Clear Input’
Transfer Act.

Input Resume
1

" Add R to U?

Initiate Storage
X=A

X=A

Clear X!

R2 ~gP

SetR # 0 FF
U1 - U2

Comp >X1 ad X.2

(R # 0)+(b = 0)

(R #0)(b#0)
(St Not Complete)
(St Complete) (b = 0)

(Input) |

~ (Transfer Ready)

(fnput Trans Ready) -

2-53
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62

64 + 66

65 + 67
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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

.21

28
29

29

29
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| TABLE 2-7. (Continued) |

x% - x! | | " 62

- xt | 62

Set ST Not ébmplete (R#0) R
Reduce~5R1 - _I-'{.2

g2~ R}

Set Iwnputhxans, Act. (ST Not Complete) |

P x! 83-67
518+ 7! 2 62

Se"f Output Trans. Act 63

L QX 66+67
comp x! X2 64+65
x! - x? 63
é‘flear Wait Storage 62
Output Resume 63 |

x2 - o* 63
Clear Output Trans. Act.  (Buffer Request) v 63
Comp X+ - X2 66+67
Add r! - U7 | 62+64+67
R’eturn To Time 08 (R #0)(b#0) ' 62+63
fnitiate Aux Seq. | 62
Comp r! -~ r2 63
r! - r? 63
Initiate Aux Seq. . (Buffer Request) | 63

'Reduce R! ~ R? 63

#2 - r! 63
Half .. (b # ONR = 0)+b = 0) 62+63
Full

’2f54



CONTROL DATA CORPORATION . o) |

Compwlen Dinvision

29 Half o\ b#0)(R=0+(b=0) (X=A) 64t66
20 Full | | |

29 Half o . (b # 0)(R = 0)+(b = 0) (X A) 65+67
29 Full

30 'Return to Time 08 (R #0) (b =0) | 64-67
30 Reduct R to R? | | 63

31 Comp R2to R 63

32 r! - r? | 63

33  mr?-B? | 63

33 Initiate Aux Seéluence (Aux Request) , 64-61

'ITERATIVE SEQUENCE

' The commands which causé the cdmputer to execute the multiply,’ divide, and floating-point
instruction (24-27, 30-33) rise from the Iterative sequence (I). This sequence is so called

' because it executes ‘these instructions by iteratlve or repetitive action; for example, in
multiplication the product is formed by the repetitive additions of the multiphcand The

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 where the complex

arithmetic operations using this sequence are described; table 2-8 lists the Iterative se-

quence commands.
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RN1

‘1.4 601 k
He o

HGM

WAIT. .
STORAGE

2433

Ve;on :

L

—>| K208

KZ-QS A

H 620

Hez?
g RYAGY Y20

Y

RESUME

A

FLOATING POINT

© '/ PREPARATION OF SECOND OPERAND

Hese - H675

Hse0 '

TO

H594
v594

30-33

V680 TO  yers  yys90

32

A

MULTIPLY 'STEP

630 1637
Héso' 0 Hsn-
Vv Vv

24,26

25,27

DIVIDE . STEP

He%0 T ’H’“ﬁ'
\/ 650 Vst

30,31

- END CORRECTION

"~ ROUND AND NORMALIZE - :
HeTe . H®%? | _FLOATING POINT
yere TO Vsss « -~ EXITS

v3‘2 33 ——ﬁg

‘ve'so _

L1650
H T0

 He%? . S
. V659 ’ FIXED POINT .

EXIT

24-27

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

Compm/uvmm

ITERATIVE SEQUENCE

.Main Sequence; Instructions 24-27+30-33

TABLE 2-8a.
Add R! to U?
Comp X! - x2
Part. Add X2 - Al

Part Add X2 - al

‘Initiate Storage

Set Dividend Sign FF
Full Exit
Half Exit

Part Add X2 - Al

A1->X1

Set Sign Record
Set I2
Clear A

'Ql _’le

1

Uz - Ul
Clear X Exp

RIS
Q2 - al
Comp X! + x2

x! - x?
28 gl

Clear X1

2 1
Part Add X" A
Part Add X2 ~ Al
A2 Q! '
u? - 2

X" Exp ~* U2 with sign ext.

24-27+30-33 (b # 0)
24-27+30-33

25 (Q Neg)

30-33 (A Neg)

(32+33) (A = 0)

(25 Q Neg) + (27 A Neg)
(32+33) (A = 0)

(26+27) (A Neg)
30-33
(24+26+27+30-33) (A Neg) + 25 (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
2-57




12
14
14

. 15

15
15
15
15
16
16
15
16
18

17

17
18

17

R“—= R

. Xt - X

. Con‘ip'X

Clear SR FF
Q! ~q?
Clear A1 v
Q?-al
1 g

1

Comp R2 - R™
2 1

A

516 %!
142
gl r2
Exit {io},Mult. Step
INHIBIT Al - A%
Corhp X! + x2
Exit to Divide Step
Exif to Floating Point
1, 2

Comp Sign Record

CONTROL DATA C

TABLE 2-8a. (Continued)

'30-31

24+26+32

24+ 217
24+27+32
30+31+33

32
F870

24-27
24426

- 27-33

(25+27) (X Pos)

256+27
30-33

(24+26+30+31) (X Neg)

X Neg

J 2-58
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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

QR%+a

 Exitto 0

Commmmwwm

TABLE 2- Bb ITERATIVE SEQUENCE
‘Execute Multiply Step; Instructions 24+26+32

Reduce Rl - R2 _ '

Shift AQ Right
R2 - Rl _ ' Short
: ‘ L.oop
A2 Al
1
Exit to 00 | . R=0, Qn,=0 | (Long
00 : >LOOp

Exit to End Correction "R=0 —_

Addx%toal " @yl

Exit to End Correction o R=0 L —

TABLE 2-8c., ITERATIVE SEQUENCE
'Execute Divide Step; Instructions 25+27+33

Red. R to‘R"

 Shift AQ Left

r? ~ Rl

A2 - Al‘

@=a

Exit to 00 | R#0, A<X
Exit to End Correction "~ R=0

Add x? to Al | A2X

Set QOO to 1l ‘ o ‘AZX
Exitto 00 - R{0

Exit to Er;d Correction R=0

3'_5.9.




02
00
01
01
01
02
03
03
03
03
04
05
05

07

07

~ Part. Add x2 to Al

CONTROL DATA CORPORATION

Coupilev  Dirvision

“TABLE 2-8d. VITERA’I"‘IVE SEQUEﬁCE
Execute End Correction

"Set Divde Fault

Ql - Q2
Clear 1\5{'1
Q- al
a2 Q1‘,
Comp X! to X
2

‘Part Add X2 to A’

Full Exit

Half Exit

Part, Add X2 to A.1

1. .2

Q~Q

Q% Al

A% Q!

1

Exit to Round, Normalize,
Final Ass'y.

(25+27) (Q Neg.)
26+32

26+32
26+32

(24+26+32) (SR = 1) .
24- 27'
24- 27

(25+27) (Dividend S1gn = 1)

SR =1
32+33
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00
01
01
02
03
04
05
05

06
06

06

07

07

07
07

08
08
08
09
09
10
10
11
11

12

12

Compmmwwm

Execute Floating Point; Instructions:

Inhibit Al - A2

%2+ x1

Shiit Right

Xl -+ U2

v?- vt
Comp X1 to X2

x? » x1

Clear X Exp.

Xl-*Xz

Comp X! to X2

1, 2

vl - ul

X Exit

X2-'X1

Clear_ X Exp.

" Clear S.R. FF

Add r! to U2

Comp X1 to X2

x! -+ x?

Clear X

Set U2 S.R.
v?+Rr?

Clear A

alax!

Clear U1

Add B! to U?

ul - u?

TABLE 2-8e,

2-61.

ITERATIVE SEQUENCE

30-33
30-33
30+31

+33

- 30+31

30+31
(32+433) (X Neg.)
32+33
30+31

(30+31) (SR=0)
(30+31) (SR=1)

30+33
32+33
30+31
32+33

30431

30+31
31+33
32

30+31

U2 Neg.

30+31
(30+31) (SR=1)
30+31 |

30431 (U2 S.R. = 1)

32+33
30+31




13
13
14
14
14
15
15
15
15
15
16

16

200

Comp:R2 - R

Reduce -R1 to R

Xz-’Xl

Clear Rl

1 2
Part. AddR to U
v2 - r?
2.3 1

I"I"= R

1

g2 = gl

x2+ Al

Mult. Step .

Divide Step
r! -+ R?

x! - x2

Initiate Shift

R2_’ Rl

2

Shift One R # 0
Exitto 21 R =0

(Round, Normalize, Final Ass'y)

TABLE 2-8e.- (Continued -
7 (30+31) (U® 8. R. =0)

32+33

30+31 (U2 S.R.=1)

33
32+33

(30+31)(U2 8. R. =1)
(30+31)(U? 8. R. =0)
(30+31)(U2 8. R. =1)

32
33

30+31

30+31

;2-62
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Do Y

TABLE 2-8f. ITERATIVE SEQUENCE |
Execute Round, Normalize, Final Assembly; Instructions (30+31)(R#0)+32+33

- 37

41

22 Clear Rlv

23 uv? - vt

23 Set Execute Round FF a474Q*")

24 ! R

25 AddxZ%to Al 30+31

25 Clear X' ,

25 Comp. R% - R!

25 Set X2 to 1 A Neg

26 Comp. X1 - X2 A Poé

26 x! -+ x?2

26 part Add R} = U? " (8R=1) (30+31+33)

27 v? - vl

28 r! - Rr? ,

31 Addx2 to A! A%

30 ' Exit to Time 38 A=0 |

33 Left Shift A35-436.437

34 Inhibit Al + A2 A374436

35 Right Shift A374a36

35 Exit to Time 38 A37-436

37. Clear X FCOTC
Comp r? =+ Rr! A374436

41 Al-x! |

41  SetX! SR FF A Neg
Clear U? SR FF '

42 Comp X! + x2 A Neg

42 x! - x? A Pos

43 x? + x! '
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TABLE 2-8f. (Continued)

CONTROL DATA CORPORATION
Dinsision.

43 Full Exit
43 Half Exit
43 Clear A (30-33) (AQ#0)
44  AddRrY- U2 AQ#0
45 vl Exp-x! AQFO
45 Clear X! SR FF AQ#0
46 Comp x! - x?2 (x! sR=0) (AQ#0)
6 X' x?2 (x! SR-1) (AQ#0)
47 Part. Add X2~ Al AQ#0

707,

a7 Set Exp. Fault FF - (AQ#0) (U

EXTERNAL FUNCTION SEQUENCE

The External Function (EF) sequeﬁce performs instruction 74, External Function. The
‘ value of the designator determines what type of operation is to be performed. When the
designator is 0 (74 0), the instrictioh sends the external functlon select code, which is

- contained in the base execution address, to a specified exterpal equipment or part of com-

puter control. This code initiates a mode of operation in the equipment or part of control.
Instructions 7 4.1 - 74,6 activate the buffer channel specified by the designator. This in-
yolves a storage reference on address 0000j to write the base execution address (the initial

address of the buffen in the upper address portion of the storage locaﬁon.

Finally, a 74,7 instruction 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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Dirvis

The chain of control delays which make up the EF sequence is presented in simplified form

by figure 2-21. Commands generated 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

vl - u?
1
Clear X

b to Aux Ref. Desig.

P2-'P1 74.1 - 74.6
Initiate Storage 74.1 - 74.6
U2 - X1 with ext.
x! - x? | 74.0 + 74.7
Set Select FF 74.0
Set Sense FF 74.7
Set Wait Storage FF 74.1-74.6
Exit to Aux Seq. | 74.1 - 74.6
Complement Exit FF 74,0+ 74.7
Full Exit , . 74.0+ 74,7
Half Exit 74.0 + 74.7
TRANSMIT m TO
Sense cone SToRAGE
20,7
H7O! H708 WAIT H76° H8!
y70! o V706 STORAGE \/ 760 - y78l

j=1-6

=74

RNI

Figure 2-21. Basic Chain of Control Delays in EF
Sequence.
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D .
AUXILIARY SEQUENCE

The Auxiliary sequence (AUX) is a relatively long one that performs three different opera-
tions: (1) bu;ffe‘ri(ng, which is the computer's exchange of a word with an external equipment
via a buffer cha‘.tmel; (2) advancing the real time clock; and (3) initiating the inter“rupt rou-
tine or program upon receipt of an interrupt signal from an external equipment or part of

computer control,

All three of these ope‘rations are characterized by the fact that the neeessity for performing
| them doés 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 eperations is relatively independent of the program of instructions being execu-

ted.

The basic chain 6f control delays for the AUX sequence is shown in figure 2-22. Buffer
operations use all four segments; the advance-clock operation uses the first three segments

the in’éerrﬁpt operation uses only segments 1 and 4.

There are 51x buffer c0mmunicat10n channels, which are ent1rely 1ndependent of one another
and thus may be used’ simultaneously. The occurrence of a ready signal on an, 1nput buffer
channel or a resume signal on an output channel constitutes a request for a buffer operation.
Every 16 mllhseconds a request signal is produced to indicate the need for advancing the
real-time clock., An interrupt signal is sent by an external equlpment or part of the com-

puter control to indicate a somewhat unexpected need or demand for action by the computer,

The occurrence of any of these three requests for operatlons 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 each 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. )
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L9-2

JUMP EXIT -

ADV. CLOCK

—> EXIT

Figure ‘2-22_f Auxiliary Sequénce.

I PN
FULL gxn P " l
i HTIO H7l6 : K2I2'
HALF EXIT 0 > - ;
, ’/" yT1o y7ie K213
SEARCH ) .
AND O © WAIT
TRANSFER v - STORAGE (1)
STOP T},\
AUX.
REQUEST
BUFFER OR ADV. CLOCK
INTERRUPT
| RESUME _ RESUME o RESUME |
_(L_) HT20 BTLE] K214 ——J)—) HT40 ' H753 K216 ——J)—) H75° H772 78!
’ Y720 v k25 | | yre0 ) V53 K2'7 V760 V772 78t
WAIT WAIT
STORAGE (2) ~ STORAGE (3)
> EXIT FOR

WM (] Ay
NOILLVIOdIOD ViVAd T10dINOD




@) |mm— — ————— CONTROL DATA CORPORATION

Since sources of AUX requests are independent and operate asynchronously withfaééSpect to
one another, it is possible for more fhan one AUX request to occur at a time. Théérefore,
the order for acknowledging requests is established by a scanner that sequentially examines
each 6f the soi;rces of AUX requests, and assures that each source has equal priority. After
‘examining 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 tha‘;

AUX request is performed by the AUX sequence.

As shown in figure 2-23, the Auxiliary sequence is executed in response to an AUX request
only at the complétion of one of the instruction seq“uenc.es and before the upcoming perfor-
mance of RNI. Thus the performance of the AUX sequence occurs between an instruction
sequence apd the RNI sequence, If two or more AUX requests are present and they come
vfrom sources examined successively by the scanner, then the Aux.;liiary 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 suspénsion of the execution of the main

program by the instruction and RNI sequences.

' The Auxiliary sequence, the scanner and associated logical circuitry are taken up in Chap-

‘ter 5. Table 2-10 lists the commands generated by this sequerice.
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. ZERO ADDRESS

ITERATIVE

SEARCH AND
TRANSFER

* NORMAL JUMP FULL EXIT
74 l_:|
f# READ OPERAND ,
| WRITE OPERAND ) .
O

Vg Y-

NO ' ‘
AUX .
~—S{JUMP EXIT
AUX :

NOILVIOdIOD V1iva TOdLNOD

69-¢

f= 74 EXTERNAL FUNCTION
AUXILIARY O3MAF exiT
BUFFER
> ADVANCE CLOCK |. _
INTERRUPT
AUX
AUX
AUX
NO [NO [NO
AUX— OPERATION, SUCH
AUX AU [AUX | AS BUFFER
READ NEXT REQUIRING USE
INSTRUCTION | , OF AUXILIARY
HALF RNI ; SEQUENCE.
FULL RNI

Figure 2-23. Relation of Auxiliary to Other Sequences.



00
01
03
05
07
11
11
12

12

17
18

19

20
20
20
23
24
24
25
25

26

28
28
29

32
33

CONTROL DATA CORPORATION

Division

TABLE 2-10a. AUXILIARY SEQUENCE

Set Wait Storage III FF

Comp. Rz - R1

Clear U'
1 -2

U
R -+ R

Reduce R1 to Rz

Initiate Storage

Comp. Rz to R1

Ul-'Uz

Clear X1

Buffer
Initiate foorag'e 34
Set Aux. Ref. Desig. '35
Set Wait Storage I FF 36
Clear Rl - 37
Clear UlU 39 |
18- x! 39
1%~ vty 39
Initiate Storage 40
ulay? 40
Clear X" 41
Comp. x! to x2 In. Buf. 43
x% - x! In. Buf. 44
u? » r? 46
° - x! In. Buf. 48
Set Wait Storage II FF 48
L Out. Buf. 51
x! - x2 Out. Buf. 51

2-170

Part. Add. R

1

Part, Add, R} to U

2 1

U° - X~ (with extension)

XZ—'XI

Set Ready/Resume FF f+74

U2-*U1

sl 12
Xy, =Xy

Clear Buffer Request

x? > x!

Clear Rl

1?13 - gl

Lo U2 _
u? - r?

Set R # 0 FF

Half Exit

Jump Exit



00
03
04
05
05
06

07

00
01
03
03
05
05
06
06
07
09

11

12

CONTROL DATA CORPORATION -

CommeDmm

TABLE 2-10b. AUXILIARY SEQUENCE

Interrupt
Init. Storage 09 Enable Partial Write Upper
Set Wait Storage III FF | 10 x! - x2U
Pl X% | 11 x2 -+ x!
Set Interrupt Lockout FF 1 rPrf-x!
Clear U'[_ 15 Half Exit
Set P* to 00007 |
x2 to x!
TABLE 2-10c. AUXILIARY SEQUENCE
Advance Clock
Initiate Storage o Adax%to A}
Set 81 to 0 19 Al x!
Clear Al | 20 1nitiaté Storage
Set Wait Storage I FF 20 Set Wait Storage II FF
" Clear X! 21 Q2 al
Set X2 to 1 o 22 Q!+ @2
Qlea? o 23 A2 gl
x' - x? | 23 Q- al
A to @1 : 31 Half Exit
Part Add, X2 to A 31 Full Exit
Prhex! o "
x! - x?
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OOWqﬂHZm WHslow

STATIC CONTROL
BREAKPOINT ADDRESS

A digit switch agsembly at the consule provides for setting an”address at which the program
is to stop; this addréss_ is called the breakpoint. The breakpoint a‘.ddresa is continually
compared with P, theb‘pr‘ogram address. - When the two quantities are equal, the computer
stops just before performing the upper instruction located at the breakpoint address (see
figure 2-12); m 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 assembl&, each has eight positions numbered 0
through 7. Thus every poss;.ble combination of posltions of the five wheels represents one
of the 32, 768 (decimal) storage addresses. " The breakpoint is disabled by setting it to an
address not used by the program Addresses 00000 through 00006 are allocated for special
uses which preclude their use as storage for mstructmns Thus a convenient method of

disabling the breakpoint is by setting it to one of these seven values.
CONSOLE DISPLAY

;The /cf:vontents of operational registers are displayed in octal form at the console (figure 2-24)
only when the cornputer is stopped. | A display of the register contents during operation

would be useless because of the rapidity with which such contents change.

Figure 2-25 shows the circuits involved in the display of the lowest octal digit (1owest three
binary digits) of the A register, The digit display gate is turned on when the cornputer is

600

stopped. Output amplifiers (L thru L ) sample the state of the A register. Each

L5"_ energizes a relay if the associated bit is a ""1"", The three relays are interconnected
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INTER. | INTER. | CHAN. 6 {CHAN. 5 | CHAN.4 | CHAN.3 | CHAN.2 | CHAN. [ READER | PUNCH | ODD | EVEN | p5yine | suiFr | OVER [evoonew
CKOUT|REQUEST | ACTIVE | ACTIVE | ACTIVE | ACTIVE | ACTIVE | acTive | | meapy | OUT OF |STORAGE STaver| FAuLT | eaut | Frow Pl
) (BLUE) | (RED) | teuue) | tBrues | (BLuE) | BLuE) | BLuE) | (sLuE) (BLUE) | (RED) | RED! | (RED) | (RED) | (RED) | ReDY | tRED)

INDEX REGISTER | INDEX REGISTER 4 A REG'STER LEFT : A REGISTER RIGHT
OO0O00000O00CO0OO0D0O0O O000000C0O000000O0 0000000000000 0O0ODOO0OO00O OOOOOOOOOOOOOOOOOOOOOOOOO
B2 N0 Y BT 6 S5 4 S 2 1 0 MGIZIIIOSO"Bﬁ‘!Zlv 174649‘40“4!60!9!3735554523'30292827252524 ﬁ?!zlm!ﬁl‘l7l€l§l!l!l2"IO!0765032IO

STEP
. . (RED)

INDEX REGISTER 2 INDEX REGISTER 5 § Q REGISTER LEFT Q REGISTER RIGHT
O0000O0ODOOODOOO0O0OO 0000000000000 0CO0O OOOOOO»OOOOOOOOOOOOOOOQOO OOOOOOOOOOOOOOOOCOOOOOOOO
u»slzutoiu‘rcsasz‘c l‘ﬂlz“‘o‘sﬁTSb‘:ZlD 47.64:«434&«‘039!837!653-5!23&uaaz’:z&as aaz‘mﬂﬁ"ﬁﬂ“l!ﬂ!llcsl?s!‘!Ziﬂ

LOWER o SWEEP | SWEEP | SwEEP
INST.
] (BLUE) (8LUE) | BLUE) | (BLUE)

INDEX REGISTER 3 INDEX REGISTER 6 - - PROGRAM ADDRESS : ) FUNCTION CODE EXECUTION ADDRESS
O000O0O0OODOOOO0D0OOD 00 Q00000000000 0000000000000 O0O 0000000000 Q0000000000000 0QO
N\!ﬂ"lﬂ?l?s!‘!xlc Hﬂ!!‘lm"?ﬁﬁl!z:l.o 543(2“‘05&7-‘5"3!.{0- 2B 222019 8 7 46 IS KlSlZIIIO!O?GSQ!!ID

POWER STORAGE  TEST- BREAK p—— POINT - SELECTIVE JUMPS " SELECTIVE STOPS START
ONOA | ¢ | o o o
OFF oN MARGIN  MODE . t 2 3 i 2 3 CLEAR STEP

Figure 2-24. Console Display; ’

q nepndw)
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fL*Zg 

-20 v

L5502

: ré——;gleur» NUMERAL ‘O L :; g.{)
- 6 Ea S,
L o/'/ o . -LOWEST OCTAL DIGIT

. .
T A1 POSITION OF "A" RIGHT, l
’—o——LrlSHVT NUMERAL 1 CIRCUIT LIGHTS ANY
" A : NUMERAL -0—7 ‘AT

.- THIS: OCTAL-_»'DISPLAY.’

; L,iG'HTN"UMERAL'z‘ A )

+—e————-a_lsm- NUMERAL 3

ro—-——L IGHT NUMERAL 4 . :

121 . . o ' —

e 006
g —LIGHT NUMERAL 5 A REGISTER RIGHTI

LIGHT NUMERAL 6
H tg—UGHT‘NUMERAL 7
| . X :

1 501

lia ;LsaHsua@ B
Le lsémm @, L

Lig 31000 @ |

NoLLng wvE1D WANYW (O

‘11910, W.L20. 30{

120V
ozoV |

. HIGHEST BIT
. OF OCTAL
GROUP

— : : }‘3374 I

uoVv
ooV
100V
oooV

MIDDLE BIT - LOWEST BIT
OF OCTAL .. OF OCTAL
GROUP ~ . GROUP

S ] ey
NOILYIOdIOD Vivdad TOIILNOD

Figure 2-25. Typical Digit Display, Lowest Octal Digit of A.
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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 accam-
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 used and the significance of each. With only a few exéeptions the description of
the significance of the light involves the name of the FF which must b‘e set in order for the

light to be illuminated.

The first of the _éxceptions is the biue Reader Ready digit, which is tﬁrned_ on when the
Reader End-of-Tape FF is cleared. The red Punch-Out-of-Tape ili_ght is turned on by a
switch at the puxich; this switch is closed when the tape supply reel isv 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 useable within the computer. Such

special treatment is called Resynchronizing. .One purpose of resynchronizing is to convert

a signal which is asynchronous with respect to the timing of the comf)ﬁter to one that is

timed by the computer clock. This involves insuring that only one synchronized puise re-

sults from an asynéhronous signal, regardless of the duration of such a signal. Another

- purpose of resynchronizing is to resolve runt pulsés.
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Resyﬁi‘chronizing Circuit
' "f‘b accomplish the resynchromzation of a signal a special loglcal configuratmn or resyn-

' cl-lronizmg circu:t (figure 2- 26), is used Two kinds of resynchronizmg pulses (referred

' 'to as lxnc Hulses) are crucial to the operation of this circmt Every 1 6 microseconds an’

odd sync pulse comes from V 021,

2\0

comes from V The t1m1ng relation of the odd and even sync pulses 1s given in F1gure .

1ikewise every 1.6 microseconds an even sync pulse

2- 26 Note that (1) the even sync pulse oceurs flI'St and (2) the interval between anodd

| ,‘sync pulse and the succeeding even pulse is 1 4 microseconds.

To analyze the operat1on of the resynchronizing circuit its state miust be considered when .

';'.no input S1gnal 1s present that is, the input to M1 4 is -20 volts which at its output repre-

e sentsa "M, ‘In this circumstance K994 K995 is cleared and K996 K997 is set

: Now the next odd sync pulse after M164 receives a signal, K994 K995 is set During the

If'ollowing even sync pulse, H295 receives a pulse, The output of V2‘9‘ clears K996 K997 to
prevent another pulse on the second' even sync pulse. The input to M must change to
 bring the circult to its no input state " This prepares the c1rcu1t to act on the next sugnal

"from M 4

’_The resyno circuit thus performs the first objective of resynchronizing, namely, converting

' one occurrence of an asynchronous signal to one pulse timed by the computer.”

| Runt ‘Pulses

A lrunt pulse is, specifically,an 'input to M164 that at approximately 0 3 m1croseconds before

an odd sync pulse has a value between -20 volis and 0 volts. In such a case ‘the output of |

Mm4 does not definitely indicate elther a "1" or "0“ but rather the voltage level of the .

output is somewhere between -3.0 volts and -0.5 volts respectlvely
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M164

As an example, suppose that the output of 1 is -1.5 volts. As a co.nse»quen’ee, the level

of the output from both J880 and J881 is also -1.5 volts approximately. If thls is the case

021 oceurs, both the set and clear side inputs to K94 K995

when the odd sync "pulse‘ from V
receive half-sized inputs. In short, there is an attempt to both set and clear th1erF with

" half-sized signals.

} 'The behavior of a FF becomes indetermmate in this circumstance; it may fmally be in the
full "1" state or the full "0" state.  But it will not be fully set or cleared in 0 2 micro-
“seconds, the normal sw1tching time of a FF when a full 3. 0_volts pulse is applied to one

- side or the other. Instead, when such runt puls-es are applied to a FF, a much long'ii‘period
'31s requlred for the FF to settle into either the full 1" state or the full "0" state, The

»maxn'num period required for such settling down is' 1. 4 microseconds, which is the interval

between the odd sync pulse (when runt pulses may be applled to KQQ4 995) and the even

295)

sync pulse (when the state of this FF is sampled at the AND 1nput to H . Th1s interval

is the resolution time of a FF. Only when the runt input is resolved into a full ”1" does

‘H.29‘5 receive an input pulse.

It now begomes apparent that the purpose of the odd and even sync pulses is to provide for ‘
the resolutlon of runt pulses in the first FF of the resynchronizmg c1rcu1t. The odd sync
pulse sets the tlme for lamplmg the: asynchronous signal, and the even sync pulse sets the

time for sampling the first FF of the circuit.

Resynchronizing Counter And Pulses o

The sync pulses used in fresynchronizing circuits throughout the computer are produced by
a two-stage counter (f1gure 2-27). 'This counter is advanced every e{zen elock phase,‘ that'
020

is, every 0.4 mlcroseconds. Each tlme the counter reaches three (11 in binary), H

receives a pulse. This pulse produces even sync pulses Wthh are distributed throughout
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the computer by VOZO, V022, V024, and VO

In addition, ‘V020 sends a pulse to H021.

26

21 023 ,026

This causes the odd sync pulses that are distributed by V0 , V75, vV'7T, and V027

.

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 microsegonds;
that is, for example, even sync pulses occur every 1.8 microseconds. As the timing chart
on figure 2-26 shbws, the intérval,between an odd sync pulse and the suéceeding even

sync pulse is 1. 4 microseconds.

Even and odd sync pulses used in control logic of the console input-output equipment are

150 151

obtained from control delays involving H and H™ 7.

cood —
oo
ate A -
oM

Hozs Ho29 .
yoz8 » vozo | .

NS-- : [ - N | |
’ 020 . o021 >{ H2z ‘_.__.>L_zi_
| . A R e oaR S [
v 020 Vo2 . v 290 vz
) V022 v 23 V292 V293
024 v oz v 29 V23
|>‘<| vo2e voer] - jy2os ‘ yasr.
x x x X - ‘
COMPUTER SYNC. PULSES ~ CONSOLE EQUIPMENT

v , SYNC. PULSES
NQ-- } ‘_% %' __% %— ) » ‘ )

Figure 2-27. Resync Counter and Pulse Distribution.
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JUMP INSTRUCTIONS

The »instrdctions which accomplish pregram 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 ‘Ac.evrm—
- ination of the ’cur:reht program of sequential instructions and initiates a new seQuénce of
ihstfuctions at the sfo-rage location given by the execution address of the jump instruction.
Whereas a normal jump 1nstruct10n accomplishes only this, a return jump instruction in

addltlon prepares for the return to the original instruction sequence upon completion of the
new sequence‘ For both normal and return jump instructions, when the jump is conditional
and ﬂie condition is not satisfied, the instruction immediately after the jump in the original

~ !
sequence is executed in a normal manner,

A jump instruction 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 nomal jump is executed by the Normal Jump sequence, with the |
exception of instruction 55 which is executed by the Zero Address sequence. For condi-
t1onal jumps an examlnation is first made to determine if the condition is satlsfg'.e'd. If the

jump is to be taken then the unmodified m portion of the jump instruction is transmitted

1

from Uz to P". The jump exit is then taken to the RNI sequence. Entering RNI by the

jump exit differs from entering by the full exit only in that P is not advanced before the P1

{ e :
to S1 or S2 transmission. . Thus the execution of RNI following a jump that is executed reads
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the instruction from the stdrage location 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. Table 2r11

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.

Supposev thaf the upper' instruction at relative address c has been executed and, furthermofe,
that the instruction word in ¢ + 1 has been read. The left instr'uct’ion in c% 1 is a return
jump which is to be performed if A # 0. 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._yiélds the address of the next instruction of the main progrém. It is the
return to this address that thé instruction prepares for. Step 2 accor;aplishes 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 ¢ + 2 as an address in the upper instruction at
1oéation d. Sfep 3, by entering the quantity d in P, prepares for the sequential executioﬁ 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 ‘ Instruction

c : . Upper ’ Lower

c+1 |  fbm fbm

c+ 2 : 225 d fbm
fbm fbm

B. Subroutine

d 750c+2 fbm

d+n : fbm 7504

subsequent exeeutlon of the lower instruction in address d. The upper 1nstruction, at d will

be executed 1n the actual return to the main program after completion of the subroutine,.

After step 4 the return;]ump 1ns‘rructron is completed and the subroutine commetrices wlfh
'the lower 1nstructmn at d When the upper mstructlon at d + n has been executed the basm
function of the subroutine 1s accomphshed It then remains to re-enter the maln»?prp;g_rem,
The re- entrance’begmswith th'e normal jump in the lower part of d -F n; thismstructwn
enters the quantlty d in theP reglster and initiates RNI through the Jump ex1t C‘bnSéquen‘éij(',f
wboth 1nstruct10ns m address d are. entered in U1 and the upper one is now executed ThlS m—
structlon is the one Wthh receWed as its executmn address the address c + 2. ./ Sin¢e this.
mstructmn is another uncondltmnal normal jump, the quantity c + 2 is entered in, P and RNI

| 1s initiated through the jump exit. With the execution of the upper 1nstruet10n; in.¢+ 2, the =n

main program is: resumed.
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SKIP INSTRUCTIONS

There are several instructions, namely, 36, 37, 54, 64—67,‘ and 74; 7, which provide for
skipping the next instruction of the program when a certain condition is met. These in-
structions are 11m1ted to use in the upper position of an instruction word, since they pro-

~ vide for sk1pp1ng the lower instruction. Skipping is accomplished by using the full exit when

the condltnon 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 1nstruct1on rather it 1s used to cause an 1ndef -
inite period of waltmg until the spec1f1ed conditlon 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

deta1ls on 74. 7are found in chapter 5.
COMPUTER OPERATING CONTROLS

~the logical netwofksvassociated with t_he switch on the lower center panel of the console
(figure 2-24) are discussed in the following paragraphs. The sW'itches are:
- 4 Stal;'t - Step | |
Clear
Selective Jump
"Selective Stop

Storage Test
START-STEP SWITCH

The START-STEP switch selects the mode of Operation of the computer Both the up and

down positions are momentary The up or START. posfclon selects the hlgh 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 previéusly selecting START, then depressing the
switch to STEP causes opération to stop. Selecting STEP removes the previous éfﬂec“c "Qf
switch selection of a mode made by the START position. All the effects of ‘se‘le‘étixig‘- e1ther
the START or STEP po.stlon of the switch are felt at the RNI sequence (figure 2 28) The “ |
Start, Step, and Neutral contacts of the switch are connected to a resynchronizing c1rcu1t

which converts the d-c Jevels produced by closing these contacts to single pu_llse's., '

Either a Start or Step pulse causes the digit display to be turned off. The fnui’se- is then.
delayed 16.6 milliseconds before being applied to RNI. This delay allows transients, which
result from turning off the lights, to settle before computer operation begins. In analyzing
the effeqt of a Start or Step pulse, it is necessary to distinguish between a pulse following
immediately after master clear and one that does not follow master clear. A*-rnﬁ‘a;s"é‘ér‘cle'ér-,;l‘
in addition to clearmg reglsters and control FFs, sets the Initial Start FF. Flgure 2 28
showsithat a start pulse followmg master clear:
Imtlates a full RNI (at HOQO) |

Clears Stop II
- Begins execution of program at high speed _
A step pulse foiidwing a master clear:

Initiates a full RNI (at HOQO)

Sets Stop I

Sets Stop II from Stop I (by V096

098

)

Halts RNI after V
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This puise reads a pair of instrtictions. Another step pulse is necessary to execute the

first instruction.
A step pulse nof preceded by a master cleari
Sets S‘cop 1 |
Initi‘étes execution of instruction (at H°°0)
Sets Stop II from Stop I during following RNI
 Halts following RNI at V098 because of Stop II
A start pﬁlsé ﬁot preceded by a master clear:
Clears Stop II

Initiates execution of instruction (at H.OOO)

The program execution continues since 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 cofmected to the computer (up position)} ‘The purpose of either

a computer master clear or an\external master clear is to éomplétely erase all traces of

. the p’re{rious inode of vovperation and.thereby to pr"epare' for an entirje_ly new mode of ‘opera-

tion. Either fype_ of master clear may occur at ény time the operatdr wishes; regardless

of whether the equipment is operating or stdpped, or oi_' the mode _Apf 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 dis'p_layed at the console

indicator panel to the "'0" state
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2) forcing a great number of control FFs throughout the

computer to the "0" state
054 K055

3) setting the Initial Start FF (K ) to "1

As a consequeh,ce operation stops, if the computer was running. Regardléss of whether or
not the computeu"r was running, the master clear prepares for the resumption of opeljation
at the operator's discretion. The. operator must select the mode of operation by mahually
entering quantities in the registers provided with set buttons at the indicator panel. A

computer master clear does not alter any quantity placed in core storage before the clear.

It must be erriphasized 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 FF's,

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 "0" state.

EXTERNAL MASTER CLEAR

When the CLEAR switch is placed in the up positioii, a master clear si‘gnal is sent out to all
the equipfnents connected to fhe computer. An external master clear is not selective; it
affects évery equipment.” Within each equipment the master clear signal forces the critical
registers and control FFs to the "0" state. (A few exceptional FFs may be set to '1" by
the master clear.) All oﬁeration stops in the equipment upon receipt of the clearr signal.
Following the master clear, each equipment is ready for a mode of oberat:‘gon entifely un-
related to its previous mode. However, an external master clear does not in any way alter

the information recorded on the storage medium of the external equipment.
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'SELECTIVE JUMP SWITCHES

The three SELECTIVE JUMP switches provide the manual conditions for performance of
normal jumps for insbtructi‘o‘n 75 with j = 1-3.aﬁd return jumps for instruction 75 With
j=5-1, Thé: connection of these switches to the logical cirguitry 'of the computer is shown
: in figure 2-29. Each switch has a resynchronizing circuit. The outputs of all three cir-

j cuits are sanipléd at the inpﬁts to ‘FQiO. | The switches lock in up _positioh and aré monﬁen’-

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 Jtimp 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 circﬁi‘és
. 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 | ——3  RESYNC /J;
j=2,6
y__ : JUMP
SEL. JUMP 2 —> RESYNC - Fol0 Jo%0 L. CONDITION
‘ v , SATISFIED
j=3,7
SEL. JUMP 3 ——>  RESYNC - T7J)
=75

Figure 2-29. 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 ivn up po.s'ition provides- for repeatedly rekading and executing the same
pair of instructions. This is accompllshed by disabling ‘che advance P command which is

normally initiated by the performance of a full RNI.

In down position the MODE switch prov1desr 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
referénce, is performed and followed immediately by a half RNI, which does not initiate a
storage .refe‘re'nc‘_:e. Another full RNI follows immediatély upon the half RNI. Since this
next fuil RNI advances P, the storage address referred to is one greater than the address

referred to in 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 through stdrage may also be aécomplished 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 v1sua11y in the program control register at
the console when the full RNI is performed. The succeeding half RNI transfers the’ 1ower

24 bits into the program contrl register for visual inspection.

2
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MASTER CLOCK

The master clock provides the timing pulses used throughout the computer. l)’irectly or
‘indirectly the tlming of all signals is determined by this clock. The master clock consists
of a system of over 100 interconnected oscillators (each contained on a type 01 card). In
addition the system sometimes employs single inverters as slaves to provide additional
outputs from the oscillators. | | |

| [
Each oscillator operates at 2.5 megacycles. There are ten sine wave outputs provided by
an oscillator. Five of the outputs are 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.alon'g with the rectang-
ular waves produced from them are shown in Figure 2- 30 The asymetrlcal form of the
rectangular wave 1s due to the b1as used in cl1pp1ng the sine wave peaks. Only the negative-
or smaller port1on of the rectangular wave is effective in gating. Thus the c10ck pulses

used in the computer are 0. 2 mlcroseconds 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
associated with it, for example, C220 and C221. 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

one 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, szo,appears on chassis 02. The even part of each oscillator in the computer is

2-90



CONTROL DATA CORPORATION

Cowpiden  Dinvision

A X177
::::LH: .“:\‘H 'l‘;‘ HHHHHH N L .K‘n .117“
\j '\ §§ { \ 7 Wl (R WA r% /" T
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(VERTICAL: 5v/cm; (VERTICAL: Sv/cm. ,
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C. COMPARISON OF PHASES AT THE
OUTPUT OF SLAVE INVERTER
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SWEEP: 0.2 psec/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 oscillatorh, These intercﬁnnections of the oscillators insure synchroniza-

tion of all of them.

‘Each chassis h‘as-’one dﬁ:jf'd type 00 oﬁ it This card connects the system of oscillator cards
on that chassis to the oscillators on the remaining seven chass1s The 00 card thus func—
'tlons as a sw1tch When it is inserted in its jack it closes the connection of the osmllators~
 on its chassis and those on the other chassis. When the 00 card is removed from its jack

it opens this connection. This facilitates maintenance of the rriaster clock.

Since the outputs of the oscillator draw some current, it is desirable to load the oscillator
as symmetrically ‘as,‘ possible. Thus an attempt is made to use nearly as many even outputs -
as odd outputs from an os’cillatoz".‘ In cases where a great many outputs of one phase are

required, symmetrical loading of the oscillator is maintained by the use of single ‘inverter
slaves. The sleves in effect increase the available outppts. ESuch single inverters are de-
| noted by NQ" Symbols Suppose, for eﬁ;ample that additional requirements for odd clock

953"

pulses ha‘ve er‘isen They can be supphed by a smgle 1nverter, for example, N "7, which

receives an 1npu’c from an odd par’c of an osc111ator say. C 1. The odd output of 0221

inverted by N953’_wh1ch then provides up to six odd outputs.

~ The master clock begins Qpération as soon as power is applied to the central computer.

Oper_atio,n 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,v
Q and X. Asso;\iated logic circuitry provides for the entry of the registefs into the opera-
tion of the compﬁter or tests the condition of the registers' contents. The arithmetic sec-
tion (figﬁre 3-1) also borroWs circuits of the control section to aid in the performance 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 cbmplement N
binary arithmefic. Although this secfiqn of the computer’is direc’;ly» concerned with all
arithmetic, eleménts of it aré also used i‘na number of opefations not directly associated

with arithmetic.

This chapter describes regiSters A, Q and X and the Operafions in which they are involved.
In some instances entlre instructions are analyzed to demonstrate how various parts of' the

ar1thmetlc section are used.

~ ARITHMETIC REGISTERS | |

ACCUMULATOR
The principal arithmetic register is the Accumulator (A register), so called because ong:of :
its contributions to computer operation is to form the results of arith'metic 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)J Shifting - A may be shifted separately or in conjunction
with Q to the right or left. Right shifting is open-ended
vs;ith lowest bits discarded and sign extended.
3) Control for conditiofxal instructions - A holds the word which

conditions jumps and search instructions.

The A register is composed of two major functional parts: 1) two ranks (Al and Az) 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,
Xl, from A. Figure 3-2 shows a typical stage of A. The upper FF is in rank A1 and the

lowver in rank A2.

Normally, rank Al is permitted to follow rank A2 unconditionally. 'I'.he signal A1 - A2 is
produced each phase time as long as the separate storage facilities of A2 are not required,
Thus, for example, the commands Add X2 to A1 and Qz-' A1 reference A2 as well, dupli~
cating in A2 the data transfetred tc Al Slmllarly, the command Clear A is apphed only to

A1 but its effect is felt by A A receives the next higher or lower bits in the right or left '

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 accompiished in the ordinary manner., Transmission of X2 to Al makes use of the add -

path; Al is first cleared, then X2 is added to Al.

Q REGISTER

The Q register is the auxiliary arithmetic register. It is8 composed of 48 'stages of double- -
rank FF storage, and associated circuitry. The two ranks operate independently of each o

other. The signals causing transmission between them are geherated condit'ionally‘ The
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Figure 3-2. Typical Stage of A Register.
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principal functions Onf Q are; |
1) -;'Sroviding temporary storage of contents of A
2) forming a double-length register, AQ or QA
3) shifting to the right vor left, separately or in conjunction with A

4) participating in multiplication, division and logical product operations
(masking). : : ‘

As shown in figure 3-1, Q communicates directiy with the A register only. In the formation

of logical products the clear outputs of Ql are transmitted to clear inputs of Xl.b
X REGISTER

The Exchange, or X, register is the communication center of the computer. All internal
transmissions between the arithmetic section or the input—oufput 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 circuitry,
Communication between the ranks is dependent upon the conditional generation of the tians—-

1. x?orx?-x!

fer X" - X commands. The prinéipal uses of and operations involving the X
‘register are:
1) participating in érithmetic operations
" 2) complementing
" 3) formation of logical products

4) assembly and disassembly of floating point words

5) communication between various sections of the computer (see figure 3-1) h
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CONTROL REGISTERS USED IN ARITHMETIC OPERATIONS

Certain arithmetic operations borrow elements of the control section to effect their com-
pletion. In ’che case of the multiply, divide and shift 1nstruct10ns a contrcl quannty is

placed in R.to govern the Operatlon, and in the case of the floating-point instructidn use is

made of the arl’chmetlc qualities of the U and R registers.

Multiplication and division operations proceed as repetitions of a two-part step, which con-
sists bf; (1) an additi'en _(for multiplication) or a subtraction (for division); and (2) shifting.
The number of repetitiens .of the step is controlled by the R register, and in preparation
for the eperation, R is preset to indicate'the number of repetitions. After each step is

performed R is reduced by one; when R=_0, the operation concludes.

BASIC OPERATIONS

BINARY ARITHMETIC

The binai‘y nurﬁber System is the basis for the representation and manipulation of all infor-
mation within the computer. Only two digits, 0" and ""1", are used in this sysfem; This
characteristi’c is fundamental to computer opefation éince it permits the aesignment of a
pair of condltlons, in-this case voltage levels to be sufflclent to encode data presented in

bmary form. A voltage of -3.0v represents a "1" a voltage of -0.5v represents a "o,

A binary number uses the digit 2 as its basis of notation (i‘adix) in the same manner that a

decimal number uses 10. To illustrate, the decimal number 653 breaks down as follows:"
6 x 102 +5 x 100 + 3 x 10° = 600 + 50 + 3
Similarly, a binary number such as 1011 can be analyzed:

3 2 1

1x 22+ 0x 22+ 1 x 2 0

+1X 2 .8+ 0+ 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 AND BINARY EQUIVALENTS

DECIMAL BINARY DECIMAL 'BINARY
0 00000 9 01001
1 00001 10 01010
}; 2 00010 | i1 01011
| 3 00011 12 01100
4 00100 13 01101
B 00101 14 01110
6 00110 15 01111
7 | 00;11 16 10000
8 01000 | |

Binary numbers are added together according to the following rules:

0+ 0 =20
0+ 1 =1
1+ 0 =1

1+ 1=0 with a carry of 1

The addition of two binary numbers proceeds as follows (thé decimal equivalents vverify
the result): |

Augend 0111 (7).

Addend +0100 +(4)

Partial Sum 0011 '

Carry 1

Sum 1011 (11)
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Subtraction may be performed as an addition. These decimal examples illustrate this

methofi:
8 (minuend) . ‘or 8 (minuend)
: -6 (subtrahend) | _45_4_ (10's complement of subtrahend)
2 (difference) . 2 (difference - omit carry)

The sécond method shows subtraction performe'd by the "adding the compiement" method.
This procéss is proved in the following identities:

8 - 6 =

é+(10f6)-10=

8 + 4 - 10

The omission of the carry in the illustration has the effect of reducing the result by 10.

A method of complementing a binary number, known as the one's compleinent, 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 be formed by substituting "1's" for

"gts" and "0's" for '"'1's" in the number.

Pei‘fqrming su,bt‘ré(‘:tio’n by the compiement m_ethod‘me:‘ins that the computef need perform
7 only one basic arithrfxefic operation, némely, addition. The accumuiator circuits that per-
form the é.rithmeﬁc were chosen to'be éubtréctive; thus addition as well as subtraction is
accompliéhed subt'raciively; The following equétio’n shows that it is possible to ac‘hieve' the

result of addition by a subtractive process:
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| 1/tm"nsmit the "0" output of X
A+ X = A T(\X) |

subtractive accumulator

The equation states that the quantity in X is added to the quantity in A by subtracting the
' ,
complement of X, usually written X, from A. The equation indicates that even though A is

subtractAive, the net result is additive. The notes above and below the equation indicate the

manner in which the compute_r accomplishes addition.

Fundainental to the performance of subtraction is the generation of borrows which completes

‘ the operation. A "borrow' in a subtractive type accumulator compares to a "carry" in an

additive accumulator, the excep’qion being that a borrow "backs'" a stage one count, whereas
a carry "advances" a stage one count. It is this borrow feature which makes A subtractive

rather than additive.
ADDITION

Perhapé the most important function of the arithmetic section is the basic operation of addi-
tion vbecause it is involved in most other operatiohs, .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 An tc') iaroduce the‘ difference without borrows of An and
X'h; and (2) whether the arithmetic difference of A _qand X' , requires that a borrow be

made from An.’
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Sensing for First Condition
Table 3-2 shows that 0" subtracted from a thinuend of either "0" or "1" results in a dif-

ference which has the same value as the minuend; conversely, a ''1" subtracted from a

minuend of either "0" or "1" results in a difference which is just the reverse of the minuend
in each case; Where the minuend is "0" ("1" is subtracted from "0") a borrow from the
next higher-order bit is required. Thé féliowing rules summarize these observations on
binary subtraction: (1) whenever the subtrahend is "0"' the difference is the same as the

minuend regardless of whether it is "0" or "1"; and (2) whenever the subtrahend is "'1", the
difference is the reverse of the minuend, with a borrow required from the next higher-order

stage when the minuend is "0".

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 ‘additiqn of X to A, the minuend is converted into the logical difference of the minuend
and the subtrahend, by complementing the bits of the fninuend for which the corresponding

| bits of the subtrahend are "1" (table 3-2). The minuend is in A and the subtrahend is the |

~complement 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 "0". '

TABLE 3-2. BINARY SUBTRACTION

Minuend , ~ Subtrahend ‘ Difference
1 - 0 = 1
1 - 1 = 0
o - 0 = 0
0 | - 1 o= 1 with a borrow re-
quired from the next
higher-order bit.
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Sedéing for Second Condition

The second conditioo in the addition of X to A indicates what borrows must be made to‘fo.rm
not merely the logical difference but the arithmetic difference of A and X. It is necessary
to borrow from stage A when both A _, and X _, were initially "0"; in other words, a
borrow from Aﬁ\ means that the logical difference of A, andX _, is "0'". This follows,
since the complément of X is subtracted from A. When X _1isa "0", its complement is

"1", and it is the ’lcomplement of X _, which is subtracted from A _,.

Combmmg the - Two Conditions

The addition of X to A is accomplished by togglmg A as determined by the two condltlons
described above. For each stage of A the two conditions for toggling are combined to gate
the command Add X to A If this AND is satisfied for A then A is toggled Following

the occurrence of the toggle command "A holds the sum of A and X,

Since the two co'cditions are independent, it is possible for bo‘th of thém to be sdﬁsﬁed at
the same time for a giveri stage. If both requife An to be toggled, then An should not be |
toggled at all since toggling a stage twice restores it to the initial state. Also, if neither is
, satisfiéd, A is not to be toggled. "Only if one or the other condition (but not both) e};’isfc:sr
should An be 7togg1ed. The exclusive OR_combination of the two conditions is required for
gating the Add command. Thus, A is to be toggled for either of these cases: (1) X is "o"

and no borrow is required from A ; and (2) X, is "1" and a borrow is required from A .

If a borrow is required from A and A is "0", then a borrow will be required from A_. ,.

If A,iisa "Q", then a borrow will be required from A oo and so on. The propagétion of

"1" If a borrow is

a borrow continues in this manner until a stage is reached which is
'generated in A a7 the stage of highest order it is made from AOO' Thls is the end- around

borrow which makes the accumulator a one's complement arithmetic device. Note especially
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that a borrow may be required from An and yet it will not be toggled by the Add command.

This situation exists whenever X is "0".

Addition Example : : -

The example giyen below illustrates the addition procedure. A 4-bit system is used for
convenience; hox;t{ever, the 48-bit system of the accumulator is exactly the éame. The log-
ical difference of A initial (Ai) and X, is formed by complementing each bit of Ai where.the
corresponding bit of Xi is "0"; the other bits of the logical difference are the same as those
’jof Ai' The determination of borrows can be made with the aid of this logical difference. A
borrow is generated in any stage A where A_and X are both "0". The borrow is repre-

. sented by an arrow which pomts to stage A 1’ from which the borrow is made. In the case

- where the borrow points to a stage of the 10g1cal difference of A and X! that is "0" another

 borrow is requlred. To determine what stages of A must be toggled by the command Add X
and A to produce the sum, a T is placed in that stage position when X, is "0" and no arrow

points to it, or X is "1" and an arrow points to it.

" Augend, in A initially - : 0101 + 5
. Addend, in X initially 0011 "+ 3
Logical Difference of . ’ 100 leq
A and X‘f _ f_ é_‘ _

‘Stages to be Toggled | TT T
Sum of A and X 1 000  + 8

(produced by toggling A,
in each b1t w1th aT)
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Borrow Pyramid

The borrow pyramid senses the stéges of A from which borrows are required and sends sig-

nals to them. These signals accomplish borrows by toggling the necessary stages. The

pyramid is a network of inverters, part of which senses borrows (the A“O, A—-l, Auz,

--3 ,--4 ,--5

A and A"6 inverters) and part of which senses where A must be toggled

(the A™77 inverters). The borrow sensing is accomplished by sampling A2 and X2, The

, AT, AT

result of borrow sénsing is combined with 'Xz as the input to the toggle control. The latter
then determlnes what stages of A .are to_be toggled by the Add Xz 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.Vand X registers. Thé pufpose of this
‘portion of the accumulator is to sense for each stage of A whether one or the other of two .
conditions exists which requires that An be toggled in thé- addition of X to A. These vcondi—
tions for toggling are, once again: X, is "0" and no borrow is required from A ; and X is

"1" and a borrow is required from A .

For the full*additions the Partial Add in A FF is cleared. By setting it the borrow sensing
is disabled. This permlts the Add command to simply toggle X2 into A Since this

amounts to-an Add without carries it is called a Partial Add

- SUBTRACTION
- The basic operation of subtraction is accorﬁplished 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 X1 with the command Complement X1 - Xz. 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

proeedure reduces to A - X, as is shown in the following equation:

g transmit the 0" output of X,
A-X=A4A-( -X)

T—complement X

subtractive accumulator

Subtraction is accomplished 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 pfdpert’ies ,/ef 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, up to the regieter

width.

The transmission paths for shifting are always from the upper rank of the regieter to the
next stage in the lower rank, the direction depending upon the type of shift rlght or leit,
bemg performed A subsequent command places the shlfted word into the upper rank. When

N

A and @ shift as a unit, AOO is connected directly to Q47

The right shifts are all open-ended; as a word is shifted to 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-
rectly 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 posmons 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 n.'xul‘tiply,‘ ’div~ide., kﬂo‘é;‘cingﬁ-pfoint, ‘a;id 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

o1 . Shift AQ to the left

The nﬁtﬁbéf of piaces.to_l be éhifted is designated by the operand address portion of the in-
struction. The shift count cah 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 eig'h"c\ bit positions is 127. Thus numbers in the range 97-127 are gcceptable counts.)
Any "1'5"“111. bit positioné greater than 27 cause a fault indication which may be sensed by

the externél‘function instruction.

The zero a_.dd;eés SéQuence initiates shifting by setting one or more of the four FFs

310 _

(K Km?) in.'the shift control circuits (figure 3-4). Once set, these FFs enable the

shift and Reduce R b_commands to occur every even phase. During the odd phase the R2 to
R1 ahd appfopx;iate A2 to A1 or Q2~ to Ql commands occur to prepare for tl‘le' upcoming shift

and reduce commands,
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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/ 321) is set to maintain a record of the fact that one of tile shift instructions is being

310 _ 317) are cleared (on the even

executed. When R is reduced to R=1 the shift FFs (K
pﬁase). This terminates shifting at the correct point, since a shift command is being execu-
téd at the same time.

The Reduce R command accompanying this last shift command reduces R from one to zero.

The signal indicating R=0 (even phase) allows the appropriate exit to be taken.

Shlftlng in Multiplication and Division

Shifting is fundamental to the arithmetic operatmns of multiplication and division. In multi-
: ‘pllcatlon the AQ Right Shlft is used to position the current sum of partial products in AQ
for the formation of the next partial product. The shift alSo positions the next multlpller bit
in Qyq 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 tlr\le 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 quotlent The shift
also causes the quotient bits to be assembled in proper order. The type of div1smn being

performed 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 addition, ﬂoatirig—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 differenée :
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
lllll

when a 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 H%™™ and V8™~ 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 instrudion. The sequence begins at H601. The
first part of the chain acquires 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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PREPARATION AND ACQUISITION OF OPERANDS
A SoRAce —
; 601 614 620 - 623
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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 storage is transferred to X from which it can be added to the partial product
being developed m AQ. The multiplier' digits initially stored in A, are transferred to Q and
then sequentially inspected beginning with the 1east-; 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:

0X0=0
0X1=0
1X0=0
1X1-=1

Multiplication is always performed on a bit-by-bit basis as carries do not result from

multiplicaﬁﬂa, since the product of any two bits is always a single bit.

For a more detailed explanation of binary multiplication, consider first the following\deci-

mal example;
multiplicand | 14

. multiplier 12

partial products [ 28 :
14  shift one 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 examplé as the product of the two binary numbers, the problem under

consideration becomes:

multiplicand (14) 1110
‘multiplier (12) 1100
| 0000

0000 shifts to place aigits
in proper colutnns

partial prodiicts 1110
. 1110
proddct (168) ' 10101000

'To avoid the difficulties that arise in the summatiorl of more than two numbers, the oomputer
determines the running subtotal of the partial produ‘ots. ‘Rather than shifting the partial pro-

duct to the left to position it corrvectly as is done in paper and pencil multiplication, the

computer accomplishes the dame function by right Shifting the summation of the par’iial pro-
ducts one place before the next addition is made. When the multiplier bit is "1", the multi-
plicand is added to the running total and the results ;re shifted to the right one place. When
the multiplier bit is a "0", the partial product subtotal is shifted to the right (in effect, the
quantity has been multiplied by 10,).

After each multiplier bit 1n Q is considered it is discarded and Q is shifted fight one place,
This always positions the current multipliér b1t in QOO‘ Bec.ainsé of ihio bright shift the uppei
staiges of Q become available to receive the lower-order digits of the product as it develops
and is right shifted in A, Viéualizing the example aé the pi*ocess 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
01110
A Q
Initial 01100 | 00000
Stepl 00000 01100 Interchange A and Q
Step2 00000 00110 AddQ,, times X to A
Shift qght one
Step3 00000 00011 AddQ,, timesXto A
| Shift *{ght one
Step4 00111 g : 00001 AddQ,,timesXtoA
' , Shift right one
Step5 01010 - 10000 AddQy, times X to A
: Shift right one

Step6. 10000 - 01010 Express the lower bits of
o ’ ‘ ' the product in A, the

upper bits in Q.

The actual multiplication procédure which is carried out by the Itérative Sequence may be
divided into three parts: |

1) initial sign correction

2) multiplication phase

3) final sign correction

During initial sign correction both the mﬁltiplier and multiplicand are made positive, if
they were not so originally. In ordéf to given the final product the pioper 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. Later durmg fmal 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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Follov}ing the initial s;ignvcorrection, the sequehce generatee a control quantity which deter-

1

minesv the number o\f“eteps necessary to concluﬂe the multiplicaﬁon This number, which
varies with the type of multiply being performed is set in I and transmitted to R. As each
step is completed R is reduced by one. When R =0, conditions are produced which cause

the sequence to perform its concludmg operatiOn

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 32, Floating Multiply

The difference in the control quantit.ies pmvides 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 regartd to the binary point being at the right- hand side of A; the fractional
products are poeitioneH with regard to the binary point which is located immedietely to the
right of the sign bit, A 47’ For floating-point producte the point 1s Just left of stage A35.

The determining of a product with op‘erands p_ecke‘d in floating-point format proceeds in a
manner sim‘ﬂer 10 that d‘es‘crib‘ed hefe‘ However, floating-point muitiplicands ahd multi-
pliers contain 36 bits; therefore multiphcation is accomplished in fewer steps. The pro-

duct is then rounded to 36 bits,

After the preparatory measures described above have been accompliéhed, the multiplica-
tion phase begins; This part ef the ﬁroeedure is accomplished by repeating the multiply |
etep (figure 3-6) the _number of times specified by the control quantity. Each.repetition
forms the partial product of a bit of the mulitiplief- and the multiplicand and then adds this to

the rurining sum of partial products.
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The first multlply step begms by sh1ft1ng ‘AQ right. This disposes of the multiplier b‘#it in
Q; however, the effect of QOO is mamtalhed in slaves long enough to determme the path
(the short loop or long loop) for the flrs/t trip around. Followmg the shlft the sequence
~reaches a dec131on point: if Qg was.%"o", the short loop is selegted, if Qg was a ",

the long loop is selected. The short fdop merely right shifts the f;artial product m AQ; this,
as was explained previously, has the effect of a multiplication by,»‘a zero bit. Thémlong loop
first adds the multiplicand X to the sﬁm of partial products in A e.nd then initiateé a shift
AQ right, performing a multiplicatigﬁ of one bit. As each shiff, on either the sﬁbrt or long
loop, is performed, R is reduced by one. When R - 0 the produbt accumulation is termin-
ated. v :! |

The product as it has been assembled is a positive number, it has a "0" sign, and its bits
are presented in non-complement fas‘hi'on. If the product is to be expressed as a negative
number, that ié, if the operands were initially of opposite signs, AQ is complemented. In
the case of 24, integer Multiply, A and @ are interchanged totplece the least—Significant

part of the product in A,

DIVISION

" The divide instructions call for the v'd‘iviuéfion of a word alre'ady in the A and Q ’registers by a
divisor which is in -sterage at an addreds specified by the instruction. There are three
division instructions: (25) Divide Integ%i'; (27) Divide Fractional; and (33) Floating Divide.
The execution of a division is performeﬁ 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:

' 14 Quotient. - .
Divisor 13 [T 185  Dividend
| 13
55 Partial Dividend
52
3 Remainder

The computer performs division in a similar manner (using binary equivalents):

1110 Quotient
Divisor 1101 [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 thé
same purpose and permitting the arithmetic 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

terminated.

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 capaéity of the quotient register,
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Initial Sign Correction

: ] .
Smce the leiSlOl’l phase requlres a posmve d1visor and d1v1dend the flrst phase, imhal
sign correction, complements elther or both of these operands if they ag‘e negatlve, At the
same time the é,lgn of the quotlen'c is determined by the normal algebraic rulesr the quotlent
is positive if the signs of the operand are alike, negative if the signs are unhke. An indica-
tion of the sign Sf the quotient is stored in the Sign Record FF. ‘Later, during the fipai
sign correction, frthis FF directs whether to complement the positive quotient that alii;k/ays
results from the ;division phase. In a similar manner the sign of the dividend is recorded
so that the remaihder may be given the same sign.
For the division phase the dividend must be positioned in AQ, i.e., with hig'her-order bits

in A. Therefore, durlng initial sign correction for 25 Divide Integer, A and Q are mter-

changed (1mt1ally the dividend is in QA for 25)

Division Phase | “u
The divide step whlch performs the actual division (flgure 3-7) involves:

1) left $h1ft1ng AQ one place

2) subtractmg X (divisor) from A (partial dividend) if A2 X ’

3) Setting’QOO to "1" if subtraction was made; otherwise enterihg "M in

Qo
B

The divide instructions req‘u1re two different control quant1t1es to govern the huxhber of
repet1t10ns of the divide step, which performs each partial division and. generates the in-

dividual quotient bits. The quantlty 1s 48 for both the mteger and fraot10na1 divide 1nstruc-

t1ons (25 and 27); for the floating- point d1v1de (33) it is 36 12 is set to the value of the con-
trol quantity and*ls then transmitted to the R regl‘ster. Each repetition of thé‘ di*vide step

reduces R by one count. After the step has been repeated until R = 0, ‘the full quotient is in
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‘Q and the remainder is in A,
! kS
éubsequent commands position the quotient in A a{ld the remainder in Q. The following ex-

ample using 5-bit registers for brevity, mdlcates how division proceeds in the computer.

Remarks in the right-hand column clar1fy the accdmphshment of each step.

'

Divisor i
| R =
Dividend {00101f1:100 1}
~Joi1o11f10010] Shift AQ left
- R = 4 ’
[t0111/00100] A<X  Shift AQ left
. R=3
[01010/00101] A2X  SubtractX from A’
s SetQ to 1
[T0100[01010] Shift AQ left
. R =2 »
loo1i1/01011] A2X  Subtract X from A
L ' Set Q,, to 1
[Cr1d010110] Shift A left
. R -1
f00601/10111] A2X  SubtractX from A
o - Set@Q,..to 1
lodoriforrso] smftﬁ. left

Remainder Quotient R = 0 Initiﬁte Final
Sign Correction

!
Final Slgn Correction
The Final sign correctlon phase:
1) senses for a divide fault

2) complements Q (th¢ quotient) if the Sign Record FF is set
(dividend and d1v1sor initially have unlike signs)

3) complements A (the remainder) if D1v1dend Sign FF is set
(dividend negative 1n1tially)

4) places quotient in A and Yemainder 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 Qpy- Butifa divide fault is not in-
volved, then after the first shift A<X and a "0" is entered in Qo 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 ™ 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 cén be described by the general expression an, 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 takes 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:

47 46 36 35 : ‘ 00

S S ) ~ “ g
1-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 representéd in one's complement notation.

Exponent

The exponent is an 11-bit number with a value ranging from 0 to 211 -1 (2047 in decimal,
3777 in octal). A bias of 2'° (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 equal to
zero would appear as 2000 (octal). A number with exponent equal to 264 would appear

as 2264; a number with exbonent equal to minus 137 would appear as 1641. As in algebr_'a,

positive exponents are used for integral numbers and negative for fractional nu-m‘bers.‘

When a number is negative, the exponent is included in the one's complement represen- -
tation, Thus if the above ’examples of exponents were for negative numbers, they. would

appear in the floating-point word as the bit-by-bit complement.

The bias used with“tne exponént makes floating-point operation more versétile since
now ﬂoating point Operands can be compared with each other in the normal fixed point
mode. The transition from fixed-point to ﬂoating point format is given belovv for five
numbers to illustrate the encoding of numbers by fixed- point methods and. the’ way this
format 1ends itself to comparisons For simplicity the fraction is'limited to; three.bi,ts

and the exponent to four bits including the sign The exponent is in pa‘renthes'e‘si

Fixed Point : Floating-Point

+4.0 = o0100%x2° - 0.100X 23 = 0(1011) ..100
+0.04 = 0.000100 X 2° = 0.100 X 27° = 0(0100) . 100
‘40 = 1011%x 2° - 1,011 X 23 = 1(0100) . 011
L0.04= t1io11x2’ - 1,011 X 27°= 1(1011) . 011
+0.4 = 0.100 % 2° - 0.100 x 2° = 0(1000) . 100

or 0(0111) . 100
3-32 Rev. 11/60
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In a bit-by-bit comparison of two numbers the larger or more positive has a "1'" in the

first higher position for which the bits of the two numbers are unlike. The signs (first
bit) are compared independently; a positive (0) quantity always is indicated as larger
than a negative (1) quantity. Now, since 4. 0>0. 04, the floating-point form of 4. 0 should
and does have a "1" in a more significant position than does 0.04. 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-peint form of -0, 04

contains a '"1" in a higher position than the highest "1" of -4. 0.

The two forms possible for +0. 4 present a special case. The first is eoneidered stand-
ard: that is, if all ﬂoating-—point operands that fall in the range which has an exponent
of magnitude zero are encoded in the positive form, then results of floating-point opera-
tions which fall in this range are also represented by exponents of positive form. In
short, unless the original operands have the negative representation of an exponent of
- magnitude zero, this form of exponent is not generated by the computer. These comments
apply to the state of the 11-bit exponernt before any complementing is performed to care

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 nnpack 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, 'Uz

and R. In unpacking, the sign of the number is examined and if it is ﬁegaLtive both the

exponent and coefficient are complemented.

To illustrate actual floating-point format several samplé quantities are shown below,

encoded in binai'y. The floating-point word for the decimal quantity + 1604. 0 (3104 i'n'

octal) is:
Exponént ‘ Coefficient _
010 000 001 011 ~ 110 010 001 000 000 000 000 000 000 000 000 000
Sign

The flpating—'pomt word for the decimal quantity - 1604. 0 is:
Exponent =, , ‘ Coefficient

101 111 110 100, - 001 101 110 111 111 111 111 111 111 111 111 111

In this case the nhega‘LﬁVe character is indicated by the "1" in the sign position of the
fraction. The fra‘t:tio_n.is éﬁcpresséd in one's complément form.
The floa'ting—p'o‘int"word: for the decimaquuantity - .1604 is:

' Exponent . . ' 4 Coefficient

110 000 000 010 010 110 111 100 000 000 011 010 000 000.:111 010
In the ari’cﬁr’netié ‘step the exponent operations are handled in the U2 and R registers.

Coefficient arithmetic is performed as a fractional fixed-point operation, 'In' addition -

and s‘_ubtraction:‘the coefficiénts are aligned by shifting to make the exponents alike.
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The round step modifies the coefffcient answer by adding one to 4 for pos'tive answers

or by subtracting one for negative answers. Rounding is necessary since the result of
the operation on coefficients may yields 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., | ’

Coefficient arithmetic may yield rounded answers in the range from zero to 237. The
normalize step brings this answer back to a fraction ranging from one-half to one wifh
the binary point to the left of the 36th bit. In other words, the firal normalized number

36 to 237—-1. Normalizing is performed by either a right shift or

in A will range from 2
the required number of left shifts. A correction is made to the exponent 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 answer

if negative both the coefficient and exponent are complemented. The exponent »_range;:'.i\s

tested at this time"to déterminé 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 exponehts are operated on in the R and U2
registers. At the conclusion of the separate operations the resultant exponent and co-

efficient are assembled into proper format in A.

TABLE 3-3., BASIC STEPS IN. FLOATING ADD

1) En"t"ér augend in A by previous instruction; complement if negative.

2) Acquire addend.from address M and place in X; corhplement if ne_,’g‘ative.
3) Compare exponents; save larger in Uz; difference in Rf |

4) Pyositio'n 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 Ayq # Qyre

' 8) Normalize A so that A 5 # A36‘ - If normalizing requires left shifting reduce R by one

for each shift. If A36 ; A37 right shift one place and increase R by one.

9) Test for exponent fault (exponent greater than 210 _ Al; Set FF in this case).

10) Assemble floating point sum in X: exponent comes from U? and coefficient 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 eqﬁal 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 portioh in Q by adding one to A if

Q47 = 1.

Normalizing (step 8) provides for expressing the sum in proper ﬂoating—pbiﬁt 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 Will eﬁrer
be requ;red). If the sum in A ﬁas less than 36 bits (its most significant bit‘ié.not 1nA35)

then it must be shifted left and the exponent increased by one for each place s_hift-éd-. ‘

X REGISTER

r
ADDEND
COEFFICIENT
a7 35 «——> 00
A. BEFORE ‘
EXPONENT
ALIGNMENT A REGISTER » : Q REGISTER
‘ AUGEND
COEFFI CIENT
Lla7 35 €———> 00 47 _ 00
, [ ADDEND
, COEFFICIENT
47 35 €————3> 00
B. AFTER
EXPONENT
"ALIGNMENT
I T
AUGEND
, : COEFFICIENT ,
L a7 35 D —> 00].

Figure 3-8, Typical Relation of Coefficients in Addition.
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Subtraction (Table 3«-4)
The Floating Subtfra{c{ instruction 31, produces the difference of two floating-point operands
in A (minugend) and 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) Enf.érj minuend in A by previous instruction; éomplement if negative.-

2) qutﬁre subtrahend from address M and place in X; complefnent if negative.
3). Separéte and compare exponents; save larger in U2; difference in R.

4), lPc\tsl’clori coefficients so that one with smaller exponents is in A.

5) Shlft AQ right by ni,lmber: of places indicated by content of R.

6) éﬁbtract coefficients (subtl':'act'X from A).

7) Rbund off portion of coefficient in Q, if A, # Q ..

8) Normalize A so that A 5 ¢ A36‘> If normalizing requires left shifting reduce R by one
for each shift. If A37¥ A36 right shift oneplace and increase by one.

10 -1; Set F'F in this case).

' 9) Test fo&- exponent fault (exponent greater than 2
10) AssemHe floating point difference in X; exporient comes from U2 and coefficient from A.

11) Transiit X to A.

.

Multiplication (Table 3-5)
The Floating Multiply instruction, 32, forms the floating-point product of two operands in
A.(mult‘iﬁl‘i‘e”r) and address M (multiplicand). Exponents and coefficients are .separated. and

operated on indegendently.

i

The multiplication of the tWo coefficients is performed in a manner identical to that used
for fixed ﬁdin’c. However, the multiply step is repeated only 36 times instead of 48.

Figure 3-9 shows the location of the double-length product in AQ. In order to express 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,, # Ay

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 UZ; leave sum in U2.

6) Initiate multiply step to form product of coefficients; repeat step 36 t1mes final pro-
duct in AQ.

~ 7) Complement if Sign Record = 1.
8) Round product to 36 bits by adding one to A if Q a7 ¥ Ayne
9) Transmit sum of exponents from u? to R.

10) Normalize product s0 that A3 # A36; shift AQ left and increase R by one per shift, or
right shift AQ once and reduéé R by one.

11) Test for exponent fault (exponent greater than 210 _ 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 -
D i

47 35 00 47 1 00

A
y

PRODUCT AFTER MULTIPLY STEP

Figure 3-9. Location of Double-length Product for
Floating Multiply.
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The Floating Divide instraction, 33, produces the quotient of the two operands in A (divi-

dend) and address M (divisor). At th‘e outset the dividend is examiried and if found to be
" , _ )

zero, the instruction tetthinates (with a dividend eqda'l to zero the quotient would be zero).

The quotient of\the two cdefficients is formed in a manner identical to that used for flxed-
point dlvismn However, the div1de step that perforrns each partial division ik repeated

only 36 times,

TABLE 3-6. BASIC STEPS IN FLOATING DIVIDE

1) Enter dividend in A fby previous instruction; complement if negative.
2) Acquire divisor from storage address M and enter in X .complement 1f negatwé.
| 3) Set Sign Record FF if ‘quotient is to be negatlve

4) Extract exponents from A and X and send to U and R.
5) Subtract R‘from Uz' leave difference in UZ.

6) Initiate divide step to form quotient of coefficients (repeat step 36 times); quotlent inQ
at conclusion.

7) Complement if Sign Record FF = 1.
8) Transmit quotient from Q to A.

9) Transmit exponent from U2 to R.

10) Normallze quotient if A (shlft A left and reduce R by one per shift until
Agp # Age or shift rlght one pi;ace and increase R.)

- 11) Test for exponent fault (expoznent greater than 210 - 1; set FF in this case).
12) Assemble floating point quotient in X: exponent frofi R and coefficient from A.
13) Transmit X to A.
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LOGICAL PRODUCT

A logical produét is the result of the bit-by-bit multiplication of two numbers. A bit in the

"1"

logical product is only when both bits used in its determination are ''1"; if either or

both bits are "0" the bit of the logical product is "0". Thus:

1011 | : multiplicand
1100 multiplier

1000 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 thevci_fpurit ‘which forms the logical multiplica-

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 "0", But for stages of Q holding a "1", the associated s’tgges
of X remain undisturbed. Thus the interaction between Q and X as governed by K540/ 541

obeys the laws of binary multiplication, namely:

Q X X,
0 x O = 0
0 x 1 = 0
1 x O = 0
1 x 1 =1

Forming the logical product of Q and X is a discrete logical function of the arithmetic
section éf 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 hé.s
been loaded in Q. The mask, which is cofnprised of a pattern of "0's" and "1's", causes
X to ret.ain its original content only in those stages which have correspondiﬁg "1'5" in Q.

Once the selectéé bits are all that remain in X the instruction proceeds to its conclusion.
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In some instances it is more feasible to have the mask in storage and the operand o 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 ailogical product is involved areas follows: ,(43)
Selective Substitute (44) Load Dégicél, .(45) Add Logical, (46) Subtract Logical, (47) Store

Logical, (66) Masked Equality ahd (67) Masked Threshold.

0002 X000

0003 ﬂ—()—% xOOl

1 LQX _
INITIATE —>] (540 __._,[ 4920 | W 920
K 54! ’

Figure 3-10. Formation of the Logical Product.

REGISTER SENSING CIRCUITS

For several computer operatioﬁs or commands tﬁe choice of Whether or not to perform
them is conditioned on the staté of ?xri’chmetic registers. Some examples are:
| 1) In the divide step the condition A2 X conditions the subtraction of
X from A snd the entering of a ""1" as a partial quotient digit.
2) In the Equality Search instr;uction (64), which searches a list of
operands for one equal to A, the exit frém the "search_ is conditioned
by X = A,
3) Inthe A Jurﬁp inétf‘ucti‘bn with j = 0, the choice of jumping is

conditioned by A = 0.
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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 Q986.

A pyramid similar to that shown for A tests for @ = 0. The logical connections and symbols
are similar. The A = 0 and Q = 0 signals are brought together in AND fashion to Jl26 which

provides the indication that the double-length register AQ = 0.

Slave inverters connected to the outputs of the sign bit stage of the A, @ 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 Jllo, indicating inequality between A47 and Q47, is used to test for a proper division.

(2) A "0" 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"

131 and J123

has been shifted into A 46" (4) J aid in properly positioning the coefficient dur-
ing the normalizing process of the floating-point instruction. The logic of these compari-

sons is shown by the iﬁverters in the bottom row in figure 3-11.

Figure 3-11 shows the pyramids which provide specific indication of the register'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. Sirnce the inputs
of this level require similarity between A ahd X to produce a "0" output,”any "1's" emanat-
ing from this level of inverters indicates disimilarity and this will pfoduce a "0" output
from A994. , ' . =

The middle pyramid illustrates how the test is made for A=0, The "0" sides of the A reg-

ister FFs are brought together in "whiffletree' fashion. Any "1's" suppress the generation
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3-44



CONTROL DATA CORPORATION o) |
CMmHM VHALOR,

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 féult conditions by four
FF's; the error-checking circuits are shown in figure 3-12. The situations to which each
FF responds are: (1) divide faults; (2) shift faults; (3) overflow faults; and (4) exponent
faults. The FF recognizes the error condition immediately and 1ights 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 74. 7 instruction having the code for sensing the Divide Fault FF.

DIVIDE FAULTS

THé 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 inspecte‘d 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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Indication of a Divide Fault is provided by FF K232/233, which is set by the combination

of the following signals: st, which indicates that Q is negativé; F325, which is selected
by instructions 25 and 27; and VGSO, which indicates the quotient has been determined and

the sign corrections have not been made.

r

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

26 position in U? indicatea fault. A "1"in any of the monitored stages attempts to set the

Shift Fault FF K234/235,

OVERFLOW FAULTS

Overflow faults occur when the sum or difference of two quantities exceeds the capacity of
A. The possibility of overflow exists only after the addition or subtraction of two similany-
signed quantities. When two quantities of the same sign are to be added or subtracted a

signal from A% sets FF K244/245

at the inifiation 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

236/237 245

input to K K""" is present if the signs of A and X were originally alike; V054 says
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that the arithmetic has been done; A978 1ndm@tes that the signs of A and X are unhke
‘ 236/2
Setting K 36/237 provides for the record of gn overflow fault until such time as it is called

for by the operator.

EXPONENT FAULTS

i

I
The exponent fault ocairs durmg the floatmg pomt mstrudtlons when the exponent of the

result, after roundmg and normahzmg, cannot be expresSed as a quantity less than 210
The 11-bit signed exponent for a floatmg-poi‘gt Qp_ergtxon is manipulated in the 15-bit reg-
isters R and U. The presence of any "1" biﬁt;s_ in the upper stages of U? after the final

determinatioh indicates an improper exponent.

The exponeiit fault test is made by comparing the sign bit of the exponent UiO’ with the

conditions of Ull - U14. Unless a fault has occurred, they must be the same.

FAULT CONTROL

The Arithmetic Fault FFs are cieared by the master clear from the console or by the clear
arithmeti:‘c faults code as ordered by the 74 0 00070 instruc’cion.. The cleared state repre-
sen‘cs‘ the ''no fault" condition, The presence of a fault condition can be sensed by the pro-
gram, usmg the 4.7 instructlon with the codes 1nd1cated in figure 3-12. Furthermore, the
prograrh can select to be notified by an interrupt each time a fault occurs. A 74. 0 instruc-
tion with the code 00160 enables intermp"cs to be produced upon occurrence of any of the four

faults.
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'CHAPTER 4

STORAGE SECTION

The stofage section of the 1604 Computer is a large-capacity mag‘ne"cic core system. It
provides high-speed, non-volatile, réndom-accesé stora...glle' for 35; 768 48-bit words, and
consists of two independent méghetic core storage:units each with é capacity of 18, 3‘84
48-bit words. These units operate together during the execution of a stored progrém 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 instruétiqn. The opera~

tion code of the instruction specifies the type of referehce (read or write) and the re_gister

t

which serves as the source or destination.' The execution address of the instruction .
identifies the storage location involved. A read reference is performed by transferring
the word at a selected storage address to a specified destmatlon via the X register, and
restoring the word at the address. A write reference is performed by clearing the ge-
lected storage address, then transferring the word at a specified soui-ce to the addr.ess via

the X register,

The cycle time, or time for a comialete 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 sections overlap one another to a considerable extent in the
~ execution of a program and result in an effective cycle time considefably»leés than 6. 4

microseconds.

The basic logical divisions of the st‘ora:ge 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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Figure 4-1. Logical Division_s of the Storage Section.
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2) Address selection, which interprets the address from the control section and
selects the specified stor‘age 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 assemblies of the storage section, along with their associated address-

ing, driving and control ci‘rcuitry,‘ are evenly distributed among the eight chassis of the
central computer, occupying approximately one- half of each chassis. . Data transmissions

into storage are chan‘neled" through Z1 and .1’2'.2 the storage restoration registers The . =

storage address registers, S and S . hold the address of the storage location involved
in a given cycle of operatioq The input- output amthrnetic and control\ sections of the ‘
computer have independent access to the storage registers by utilizing the appropriate Z

and S registers.
PRINCIPLES OF MAGNETIC CORE STORAGE

The storage sectmn uses the permanent magnetic properties of ferrlte cores to store the |

bits of computer words. A magnetic core is a bistable device capable of storing a "1"

¢

a "O", depending upon its state of remanent magnetization. The cores are General Ce-

ramics type MC-113, size F-394, 'and are composed of 8-4 ferrite material.

These cores are magnetized in one direction or the other by current- carrjring w'i_res which
pass throogh them. The direction of magnetization is determined 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 matricea, as shown in figur_e 4-2. Five wires pass
through each core: a horizontal H wire; a ‘verticalilv. wire, a horizontal I wire, a verticalf :
I wire and a diagonal 8 wire. The coincident-current switching technique is employed. A
core is addressed by simultaneously passing half- amplitude current pulses through a se-

~lected V wire and a selected H wire.

Figure 4-2. Magnetic Core Matﬁx

Only one ‘core among all those in the memory plane will be subjected to a magnetizing
forqéﬁ suffiéiéntly large to switch its magnetic state. This core is at the intersection of
‘the selected H and V wires. All other cores in th>e‘ same row or column as ‘the selected
core receive half—amplitude current‘pulses and are said 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
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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 "O" 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-

lllll

‘mits a to be stored by the write pulse.

The information is extracted (read) from the core by applying read current pulse&_x" to the
selected H and V wires. If the core stored a "1", the pulses drive it to "O" and a pulse

1is induced in the S vﬁre. This voltage is interpreted as a '"1" bit from the core. If the
core stored a "O", .it is unaffected by the pulses and no pulsé is induced in the S wire.

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 m'emory»plane. This consists 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 separate memory plane. Thus, the 48-bit words used in the computer °

are stored by 48 memory planes. This array is called a memory plane assembtly.

There are two memory plane assemblies in the storage section, one associated 'with the
odd storage unit and the 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 planeé is mounted on each chassis. A photograph of a memdry plane sté}ck 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 function 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 +Hm
is applied to the drive lines, the flux density increases to saturation (+Bg). When the

current is removed, the flux density drops to the residual positive value (+Br), which has

been designated the "O" state, and remains there. Another pulse of +Hm would merely

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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Applicatien of current flow sufficient to cause a field intensity of --Hm reverses the flux
density to -IB‘s and, when the current is removed, the flux density drops to the residual

negative value (-Br), the "1" state.

The basic memory cycle is composed of half-ampliturie pulses;, each capable of producing
a field intensity of Hm/ 2, A half-amplitude pulse is inSufﬁcier;t to switcH the core; in-
stead the flux density returns to the residual value, or a slightly lower value, after the
pulse is removed. The coincidence.of two half-amplitude pulses, one on the H drive 1ihe
and the other on fhe V drive line of a core, produces a net field of H_ which 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 returﬁs'

to a sliyghtly 16wer‘ residual value, suchv 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 stateof a core causes a change in the tof;al flux linking the
‘core and any Wihding passing thréugh it. Such a change pfoduées a voltage output on the
sen’se.w‘inding' (figuré 4-5). During the period that H is applied, the voltage is sampled to
see if the core switches. If a large voltage is sensed, the core was in the ''1" state and |
has switched. If only a small voltage is sensed, the core was in the "O" state and has

merely shifted from +B,, to +B s and back again.

(READ DKIVE)

' Figure 4-5. Voltage on Sense Winding as a Result of Read Drive

4-8



CONTROL DATA CORPORATION

Compiln Dinvsion

MEMORY PLANES

A mémory plane consists of four quadrants or boafds, 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 H and 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 figuré 4-6‘ shows that a wire connected to a front tab on one edge of the board
tex:minates on a rear tab on the oppdsité edgé’. This feature allows close spaéing of the

wires. The ends of each I wiré terminate at two tabs in a corner of the board, from which .‘

connections are made to the inhibit drivers.

The ends of each S wire terminate at a pair ‘lo_f tabs in a second corner of the board, from

‘where connections ‘a“re made to the sense amplifiers. The four boards of a memory plane

are so oriented that the sense wire tabs are at the corners of the memory plane., Cor+
responding H wires and corresponding V wires of adjoining boards are connected together,

by shert lengthsﬂ of wire.
MEMORY PLANE ASSEMBLY

Twelve rj‘nemoryvplkanes, stacked one behind another, rﬁake up a stack. ':(Sée" figure 4-3. )
The mefnory planes areheld together by bolté passing through the four corﬁers of each“:
and are separated by aluminum ’space'rs, An aluminum plate at the back ”and‘a ple};iglé;s;s‘
plate at'the' front sﬁield the stack. A memory plane assembly is made up of six méxﬁory
planes from each of eight such stacks, or a total ‘of 48 planes. Since each plane s‘toreé
one bit of a word, ‘and there are 16, 384 cores on a plane, the meémory plane aé‘sembly 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 capécity 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.

. .
\g/ 00D / 00D

6‘9
(3?/ EVEN / EVEN
] |
o)\‘o, EVEN EVEN
&
& 0oDD oDD
p
%, 0DD DD /o &
(96\ cf"\
3 EVEN EVEN &
ol ®
ES ‘ )
G)\c,{ EVEN EVEN . i
,x? 0oDD oDD %c’\
S 78 e
A
<

/ / /\
\%

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

4-11 Rev. 11/60



@] |m CONTROL DATA CORPORATION

Compilen Dinvigion

with which “"cﬂheyﬂare associated, The corresponding drivers and diverters of the even
memdry are connecféd in parallel to the S:l register, located on Chassis 3; those of the
odd memory ﬁnit are connected in parallel to ’che’S2 re‘gister, 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 reﬁfesen’cation of a memory plane asSembly,v
the corés in each horizontal plane are effectively connec‘fed. in series by an H wire. Sim-
ilarly, the cores.in each vertical plane are effectively connected in seriés by a V wire.
Coincideht ’current:s‘ 6n a selected pair of H and V wires affect only thbse éores at the in-

"tersection of the horizontal and vertical planes formed by those wires.

-‘Sep'arate connections are made to :the sense and inhibit lines of each quadrant of a memory
plaﬁe. Each sepse line is broughf to a pair of tabs at a corner of the mémory plane,
These tabs are connected to the sense amplifier circuits by twisted pairs. Each inhibit
line is brought t'p a pair of tabs which 1s located approximateiy half way between two of

the corners of the memory plane. The tabs are connected to the inhibit circuits by fwisted

pairs. '

“~
- > V 'WIRE
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: ~ A \\
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- d ~
b /‘ \h
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Figure 4-8. Intersection of H and V Wires in a
Simple Memory Plane 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 H and V wires of a memory plane assembly. Each memory plane assembly thus
has 16, 384 stor‘age locations. It is the function of the address selection circuit to select

a discrete storage location for each different address in S1 or Sz.

Exactly 15 bits are required to separately idenf.ify each of the 32, 768 storage locations.

The identifications, called addresses, range from 00000 to 7 7777 inclu_sive, expressed in

octal notation. Two address select,ion systems, one associated with the odd st_prage_ unit
and the other with the even storageg unit, are provided to interpret the eddrees involved in
a storage reference and select the appropriate "o‘dd" or "even" storage location. The ,
lowest-order bit of the 15-bit address selects either the odd dr even éddress selection
system The remaining 14 bits are placed in the S register of the selected system and
'translated to select a single H wire and a gingle V wire of each matrix plane of the mem-

ory plane aSsembly.

The address selection circuits 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 drivers for each

of the storage units on a chassis, 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, copsisting of a translator and eight drivers for each

of the storage units on a chassis, selects a group of 16 H wires, among which is A
the desired H wire, and supplies the necessary drive current for this wire.

3) The vertical diversion sysfem, 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.
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4) The horizontal diversion system, consmtmg of a translator and 16 diverters for

each of the storage units On a chassis, selects the desired H wire from the group

of H wires Selected by the horizontal drive system.

!

The address selection systeﬁi logically divides each stack into eight vertical and eight

horizontal sections, as illusf’réét"éd in figure 4-9. Each horizontal section consgists of 16

H wires; each vertical section consists of 16 V wirés,

4

(16 DIVERTERS)
VERTICAL
DIVERTER
SELECTION

HCRIZONTAL
DRIVER <
SELECTION

— i —— i e

L e —— it e

16 . HORIZONTAL
e e —— s — e — — DIVERTER

16 SELECTION

s e o o o | e e ]

: 16
- — T e T T T (16 DIVERTERS)

VERTICAL
DRIVER e
SE_ECTION

\

READ DRIVE WRITE DRIVE

Figure 4-9. Connection of Drive Lines and Diversion Lines
to the Odd or Even Portion of the Stacks
The region generated by the intersection of an H section and a V section and common to
both is galled 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 ef which is the desired one. The other end of the H wires are connected
to the diverters; corresponding H wires of each horizontal section are connected to a
single diverter. The selectionof a herizontal 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 maintenanre, the selection of drivers and diverters by consecutive storage
addresse_s follows an orderly pattern. The bits of a storage address are combined, for
sele‘ction purposes, ih the pattern shown at the top of figure 4-10. The lowest—order bit
specifies the odd or even memory unit; the next two higher-order bitsbspecify the quadreﬁt
within that unit. Thus, the three lowest-order bits divide each stack into eight portion%

: end are termed the ' 'octant selection bits". The next six higher- order bits of the addrees
select the veftical_dfiv‘*ers aed'divertefs in the octant while the six highest-order‘bitsw

gelect the :horizon‘tail' drivers and diverters in the octant.

The selection of a vertical driver is given bybits 1, 8, 7 where bit 1 is treated as the _

highest-order one. ' Similarly the selectmn of a- horizontal driver is given by bits 2 14 ’

13 where bit 2 is treated as the highest-order one.

The ordered selection of driver:s and diverters Within an octant is shown ih the lower.
part of figure 4-10. The selection >of vertical diverters proceeds from left to right, in
repetitive cycles, at 1/8 the frequency of address change. The selection of‘ve"rti;c.alk
drivers proceeds from left to right, in repetitive cycles, at 1./128 frequency of'a('idres‘s
change. Horizontal diverters and drivers are selected in the same manner bﬁt at 1/64

the rate of the vertical.
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S REGISTER

1 and S2 registers, shown in figure 4-11 hold the storage address during a storage

The S
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 cdmmand U2 - S1 (or 82) enters the quantity stored in U2 intd S; the com-
mand P1 - S1 (or Sz) enters the quantity in P1 .into S. The command Set S1 (or SZ) inserts
one of eight addresses (00000 through 00007) into the appropriate S register during buffer

opefations. The U2 -+ S and P1 -+ S transfers are forced transmissions; i. e., they trans-

fer both outputs of a stage of Uz or Pl to the corresponding stage of S.
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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 each chassis. - The driver circuits are
identical; a typigal circuit is shown in figure 4-12. The vertical driver circuits are con-
nected in parallel 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.

. CURRENT_SOQURCE

Yo" READ/WRITE DRIVE LINES
A
ST 110 101 100 ol 010 001 000
DUMMY i ‘
LOAD l l l l I

(=] [=] [=] [=]
S B U

o
[l I
T «

DUMMY
DRIVE

. ) m ' - jm
B i O i O O i O i A i O il A il
TT T T +—WRITE DRIVE
READ DRIVE

THERE ARE TWO HORIZONTAL
o l AND TWO VERTICAL DRIVE
CIRCUITS ON EACH CHASSIS

e —— | — —— o c—

s! st |. st "S! REGISTER IS ON CHASSIS 4
OR oR orR $2 REGISTER IS ON CHASSIS 5
s? s2 s2

Figure 4-12. Typical Horizontal or Vertical
‘Drive Circuit
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The translafor 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-
lation is performed by single-inverter cards (designated B~ ) an‘d; selector cards (desig-
nated T-’_;h). A pair of E*  cards is so connected to each FF that one pro&ides a "O" out-
puf when the FF stores "1" and the other a "O" output signal when the FF stores "O". The
outputs of the B~ cards, >a10ng with the signals Read Drive and Write Drive from the
storage sequence control, are applied to the T" ~ cards in such c’émbinations that the fol-
‘lowing output signals are produced by the T~ cards: Read "XXO?", Write "XX0'", Read
"X1M, Write "xXxX1", "00xX", "01X", "10X" 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 write output to the other,

and each is ANDed with one of the other four outputs. Thus, for any combination of bits
in' the three stages of S, one of the G”~~ cards is selected, and this card provides both

read and write currents to the memory plane stack.

The c’urrent'sbuicé cafd' (designated Y™ ) is the smi‘rée of d-c from which the selected
dr‘iv>er card dfavfs‘kthe read-write current, 'i‘oﬁiaintain a constant load on the power supply;'
a G* 7 card is connected as a _dummyv load to the current éource card. During periods of
.vno‘ sfbfage refe.rehces, the durhmy load is continuo.usvly’selecte‘:‘d;'.during .a storage reference
the dummy load is disabled for a period of 6. 2 microseconds by the Dummy Drivé signal,
(Note: Theb_gr?ibd during which the dmﬁy load is disabled need not coincide exactly with
the ;peridd during the storage reference when the driver cards are selected, since a-c
fluctuations in the laﬁd do not adversely affect the power supply.) The Dummy Drive signal

“originates at‘thé‘stofage sequence control.
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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 horizontél diverter circuits are con-

nected in parallel to stages 09, 10, 11 and 12,

- DIVERSION LINES
A

[ U A A S U D I U A D A A e
ID"'IID"'HD"'IL%ID'“IID"'IID'“I[D"'HD'“JID"'HD*"Ho'"lID"'IID"'HD"'HD“'l
5 5 5 S S S S S

l : ; |

XXt
XXO1
XX10
XX00
HiIXX
01XX
10X X
00XX

i B B e B s s B s i

THERE ARE TWO |
HORIZONTAL AND
TWO VERTICAL
DIVERSION CIRCUITS

ON EACH CHASSIS
‘ IE"' | : IE"' | lE“‘:l {e
-1 DIVERTER
) . . DRIVE *
— e e e ]  — ——— e —

s! s! s' s' | s' REGISTER IS ON CHASSIS 4
hes o2 p: : gZ $2 REGISTER IS ON CHASSIS 5

Figure 4-13. Typical Horizontal or VeArtical :
Diversion Circuit
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The translé.tor associated with each diverter circuit selects one diverter card (designéte‘d
D " in figure 4-13) on the basis of the contents of the four stages of S. The translation is

ll1"

simlla.r to that described for the driver circuits. The E ~ cards provide pos1t1ve and

"o Gutputs on the basis of the information stored in the FFs. The outputs from the E
cards are applied to the T~ (selector) cards in such combmatlons that the followmg nega-
tive output signals are produced by the T~ cards: "XX00", "XX01", nxx 10", "XXll",._‘
"‘OOXX", "OIXX“;. "10XX" and "11XX". The outputs dif the T cards are éombinecl at the
inputs of D™~ cards in such a manner that, for any combination of bits in the four stages
of S, only one diverter card is selected The card completes the current path for a smgle

H or V wire within the group of 16 such wires fed by the selected dr1ver
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BIT PLANE CIRCUITS

The bit plane circuits implement data transfer between storage and the rest of the com-

puter. Data flow out of storage takes place during the first half of the storage cycle. The
states of the sé}ected cores are sampled by detecting the voltage induced in the sense
'windings when ti;e read drive pulse clears the cores to the "O" state. Those cores which
stored "'1" bits produce pulses on the respecfive sense windings which are amplified by the
sense amplifiers. During read operations, the Read signal, in combination with the appro-:
priate quadrant selection signal, gates the pulses from the sense ampliﬁers‘to the I5 (even

storage unit) or 1 (odd storage unit) rank of inverters. (During write operations, the

Write signal gates the word in‘Xz into 1_5 or 16. ) The Set Z pulse gates the pulses from

5 or 16 to the Z register during a critical portion of the read drive pulse. At the same
time, during read operations, the appropriate pulse 1516 -~ X or 15164» U gates the pulses

1

from 15 or I6 to the X or U registers.

Data flow into storage takes place during the second half of the storage éycle. The quan—‘
tity to be stored is in Z, as a resultr of a transfer from X to Z via 15 or 16 or from the sense
windings to Z via I5 or 16. 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 driv7e>
pulse at the core and prevents the latter pu,lsé from setting the core to "1". In this manner,

the word in Z is exactly reproduced at thé selected storage location.
SENSING CIRCUIT

For the duration of the read drive pulsé, 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 "1" and g 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 polérity because of the manner in which the sense line is strung
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through the cores.

i
'

Since the "1" output is the desired signal, the output from "'O" must be regarded as noise
énd should be as small as possible. -This sigﬁal ar;iSes from the shape of the hysteresis
loop but is also dependent on the number of half-write pulses the core has rec-eive‘d since
it was first set to "O". Si:hCe the sense wire is strung through every core in the quadrant,
it also links those cores which receive the half- reéd 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 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 are reduced in two ways: (1) by threading the sense line through the
cores of a quadrant in 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 é small part of their

maximum,.

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

read 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 the noise signals in a

quadrant cancel each other if they are nedarly equal.

'The sensing circuit for a typical memory plane is shown in figure 4-15. A séiﬁsing 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 (YlOO, Y101, Y102
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Figure 4-14. Path of Sense Wire Through a Four-Core Matrix.
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103

orY in this case) and the output of the amplifier is gated to I5 by the appropriate Read

Quadrant signal. A "1" signal in the sense line results in a "O'" signal from the sense am-

plifier and a ""1" signal from 1%,

The Set Z signal from the storage sequence control gates the output of 15 into the Z regis-
ter. The register is initially cleared by the Clear Z signal. A "1" output from a stage of

I° allows the Set Z signal to pass the AND and set the associated stage of Z to "1". In the

516 -+ X or 1516 -+ U is also generated these

signals set the stages of X and U according to "1's" in & or 10,

case of a read reference, either of the signals I

As shown in figure 4-5, the "1'" signal from the sense amplifier reaches its peak after the

0" signal has decayed to about 6 millivolts. By generating the Set Z, 1516 + X and 1°1% 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 méfcrix. The inhibit
line follows a similar path through all the cores of a quadrant. ‘Note"tha‘c the _inhibit cur-
rent ﬂoWS in opposite directions in adjacent lines. This is related to and: compétible with

the fact that the direction of the write drive current reverses from lme to line. For ex-
‘ample in figure 4-16 the write drive current’ ﬂows down from drlver 1, up from driver 2,
right from driver 3 and left from driver 4. Following the path of the inhibit line through
the matrix, it is apparent that the inhibit‘éurrent is at all time opposite in direction to the

write drive current,

The inhibit circuit for a typical fhemory plane is shown in figure 4-15. ‘Identical inhibit
_circuits are provided each memory piane of the odd and even storage units, The write
drive pulse, following the read drive pulse, attempts to switch 'alil the cores of the selected
memory location to the "1" state. The inhibit drive pulse passes inverter T140 if the stage

of Z stores a "O" bit and probes the AND mputs to the inhibit current generators (G100
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Figure 4-16. Path of Inhibit Wire *"Through a Four-Core Matrix..
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selection signal the output of the AND enables the appropriate inhibit: current generator,

One of these AND inpuf‘s is enabled by the appropriate duadrant

which then draws inhibit current through the inhibit wire from the current source (Y and

180).

Y The inhibit current, occurring at the time of the write current but opposite in po-

larity, cancels the éffect of the ‘write current within that quadrant and as a result, the core

is not switched to "1",

The dummy load associated with an inhibit circuit is continuously enabled dui'ing periods
of no storage references and also during those references which do not result in inhibit
‘current generation In the case of references which do reSult in inhibit current generation,

010

the "O" output of Z enables the AND input of T As a result, the Dummy-Drive signal

passes T and d1sab1es».the dummy load for a period of 6. 2 usec during the reference,.
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STORAGE SEQUENCE CONTROL

,‘,The storage,sequence"contml, in response to initiating .signals from the control section of
the comput‘er,“: executes reading and'writing operations. by generating the signals which con-
trol the address selection and bit plane circuits. The basic pulse sequence for reading

and Writirig is shown in figure 4-17. The first pulse, called'the read drive, drives the se-
lected cbrg to its "O" state of magnetizatioﬁ. The second pulse, called the inhibit drive,
allows a "6" bit to be retained in the core by inhibiting (cancelling) the effect of the write

"1"

drive pulse. ‘The third pulse, ,calied the write drive, drives the core to its state of

magnetization if the inhibit drive is absent.

The stoi'age seque‘ncevcon‘t‘rol consists of the initiate storage reference circuit and identi-
cal seqﬁehce c_o_ntrdls for the odd and even storage units. . The initiate storage reference

circuit initiétes ’a r,eferer'lcet_‘by enteri‘ng the address in the appropriate S register and se-
lecting the appropriate odd or even sequence éontrol. The selected séquence control then

generates a fixed sequence of control pulses which executes the reference.
CHANGE ‘ : ‘
s

1

READ  DRIVE. ' ' INHIBIT ORIVE

—,
‘ \

—l0.4 US 1.8 s ———>

WRITE ' DRIVE

——>§o.4 S je——— 118 US ———>c 06 US e 22 U5 ——————>

Figure 4-17. Basic Pulse Sequence for Storage Reference
INITIATE STORAGE REFERENCE CIRCUIT

A sequence chain of the control section orders a storage reference by generating the signal
Initiate Storage Reference. This sigynal 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 fhe 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 iﬁitiate storage references. As shown in figure 4-18, the Imtiate Storage
Reference gsignal sets one of five f11p flops, depending upon the address source, - These
FFs control the AND inputs to eight control delays which generate the control sigﬁale that

change S and initiate the storage sequences.

TABLE 4-1. SOURCES OF ADDRESSES FOR STORAGE REFERENCES

Sequence : Source of Address

Read Next Instruction | Program Address Register (P )
Read Operand A

‘Write Operand

_Search and Transfer $ Program Control Register (Ug)
Iterat:iVe |

Auxiliary (Buffer Initiates §2)

External Function »
Auxiliary (Advance Clock,

Interrupt and Buffer Initiates Input-Output Control
#1 and #3 . ‘

SEQUENCE CONTROLS

The two sequence controls are identical. Each, in response to the Initiate Storagev Sequence

signal, generates a fixed sequence of control signals. The signals and their time r'elation-:

ships with respect to the Initiate Storage Sequence signal are shown in figure 4‘-19‘.
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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 shown

in figure 4-20, A loop of eight control delays (H061 through HO68) generates the basic

8-pulse éycle. The pulses are ‘separated by the 0. 2 microseconds intérval inherent in

control delays. The remaining circuitry of the timing pulse generator divides the control

delays ihto two logical groups: group one consists of HOG1 through H064; group two con-

065 068

sists of H . through H

A two rank, two-stage counter is advanced by a signal from each group of control delays

640/641 644 /645

Rank I of the counter consists of FFs K and K . rank II consikts of FFs

K642/643 646/647

and K During the first half of an 8-pulse cycle, the output of VO62
transfers the coﬁnt in rank I td rank II. During the second half of the cycle, the output of .
V066 transfers fhe 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 successgive 8-pulse cycles.

Table 4-2 lists the 32 steps of a complete counter cycle. During the first half of each

) 8-pulse cycle, rank I holds the count while rank I is being changed and during the second
half of the cycle, rank II holds the count while rank I is being changed. A distributor,
cofnbining selected outputs of the control delays with the outputs of the counter, takes ad-

. vantage of this"feature. Four inverters (J 160 J 162, J 164 and J ) translate the outputs
of Rank I to provide :negative outputs for counts 00, 01, 10 and 11, r,aspectively. A second

group of four inverters (J 161 J 163., J 165 and J 167) provides the saine translation for the

outputs 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

‘combined with the outputs of the second half of the timing chain. The combination of out-
puts from the inverters with outputs from the timing chain and the tlmmg pulses produced

by each combination are listed in table 4-3.
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TABLE 4-2. TIMING PULSE GENERATOR OF EVEN STORAGE SEQUENCE
CONTROL: COMPLETE COUNTER CYCi;E

Timing Source Rank I Rank II
Pulse L
0 - 4900 00 00
WA ,
2 v 00 Rank I < Rank I
, 063
3 A4 064 00
4 v 00
5 vggg 00
6 A\ Rank II+ 1~ Rank I 00
067
7 V068 00
8 Vv v 00
9 v 01 :
10 A\ 01 Rank I - Rank II
063
11 Voou o1
12 Vv ‘01
13 Vggg 01
14 Vv Rank II+ 1 - Rank I 01
067
15 VOGB 01
16 VvV 01
17 vl 10 4
18 A" 10 ) Rank I - Rank II
063
19 V064 10 .
20 VvV 10
. 065 :
21 V066 Rank I+ 1 - Rank Il 10
22 ‘ V067 10
23 V068 10
24 Vv ' , 10
25 vggé 11
26 : Vog3 11 ' Rank I~ Rank II
28 Vv 11
T T ;
30 V067 Rank II + 1 - Rank I 11
31 V068 11
32 : Vv 11
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TABLE 4-3. TIMING PULSE GENERATOR; SOURCE OF TIMING PULSES

Timing Source

Pulse Inverter Control Delay

"0 VQOO
Ty , J160 VOBI
4 7160 | V064
6 J161 | V060 |
7’ J 161 VOB?
8 Jl 1 V068
10 J16 VOSZ
11 5162 \, ,Vos‘s

12 J162 ’ ’ V064

, 13 ;163 065

15 J163 ‘V067
23 5165 ¥087
0y ;165 068
29 J167 .V065
32 J167 VOGB
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DRIVE GENERATORS AND PULSE GENERATORS

The drive éenerators and pulse generators of the odd and even se‘qﬁenc'e controls aré;)
identical. Those of the even sequence control are shown in figure 4-21. Each drive E"!gen-
erator consists of a flip-flop and two or more inverters. The FF is set and cleared by
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 Signéls
required. The inverters are connected in barallel to either the '"1" or "O" output of tile
FF as necessary to provide signals of the desired polarity. The pulse geherators are con-

trol delays which produce Z register commands and the storage resumes.

The following discussions refer to both the odd and even sequence controls. The logiéal

designations used, hHowever, are those of the even sequence control.
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' . 624/625, . ' I
1) Diverter Drive. The Diverter Drive FF (K ) is set by timing pulse 0 and
030 o,
cleared by timing pulse 23; during this interval, inverters J and J031 provide

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

03

by timing pulse 10; during this interval inverters J 2 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 (K°28/629) ig set by timing pulse 15 and clear-

ed by timing pulse 24; during this interval, invertersJ 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 (K3°/63Y) 5 set by timing pulse 13 and

cleared by timing pulse 24; during this interval, inverters J036 and J037 pfovide

the Inhibit Drive signal to the inhibit circuits.

5) Sense Drive. The Sense Drive FF (1(633/633) is set by timing pulse 4 and clear-

ed by timing pulse 12. During this interval, K632 provides a positive Sense Drive

signal to inverters JSSO, JSSI and J332

signal to inverters J333, J334

, and K°33 provides a negative Sense Drive

and J335.

The signais Enable Partial Write (upper) and Enable Partial Write (lower) from
- the control section control the generation of signals from the inverters. The '

signal Enable Partial Write (lower) enables the "Set" input gate of FF K612/613
and this FF is set to "1" during the read half of the storage sequence. Similarly,

the signal Enable Partial Write (upper) enables the input gate to 'KBM/ 615 e

output of k813 is applied to the "OR" inputs of inverters 7330 and 3331 and to the

"AND" inputs of inyerters J 333 and 3334, The output of k%1% ig applied to the

"OR" inputs of inverters J 331 ;nd 7332 and to the "AND" inputs of inverters J 334
335
and J .
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The absence of all of the Partial Write Enables from control results in negative

330, J331 and J332 during the period of the Sense Drive. These

signals from J
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 I5.

33 .33

If both Partial Write signals are present,' inverters J3 s, J 4 and JS?’5

provide
negativé 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 of 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 t”he generation 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 former combination writes the lower address aﬂd re-
stores the remainder of the word, and the latter combination writes the upper
address and restores the remainder of the word.

620/621

6) Dummy Drive. The Dummy Drive FF (K ) is set by timing pulse 11 and

cleared approximately 6. 2 usec later by timing pulse 42. A special chain of 10

FFs '(K160/161) through ([{1,78/179) is used to delay timing pulse 32 for 10 periods
in order to obtain timing pulse 42. Each FF provides approximately a.0, 2 micro-
second delay; the precise delay period provided by control ‘delays is not necessé.ry

in this application since the timing of the Dummy Drive signal is not critical.

38 39

During the interval that the Dummy Drive FF is set, inverters J 0 and J 0 pro-

vide negative J‘Du'rnmy 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 ciffcuits.

7) Clear Z. Control delays H990 and H992 receive timing pulse 7 and provide Clear
Z output pulses to the bit plane control. The output of Hggo is sent to chassis 1,
2, 3 and 4; the output of H992 is sent to chassis 5, 6, 7 and 8,

8) Set Z. Control delays H991 and H993 receive timing pulse 8 and provide Sjet Z
outpu‘t~pu1ses to the bit plane control.  The output of H991 is sent to chassis 1, 2,
3 and 4; the output of H993 is sent to chassis 5, 6, 7 and 8.

9) Resume. Two control delays, shared by the odd and even storage sequence con-
trols, generate the Resume I and Resume II pulses. Control delay HO71 receives
timing pulse 4 from both the odd and even storage sequence controls and provides

the Resume I pulse to the control section. Control delay H075 receives ti\ining

pulse 6 from both the odd and even storage sequence controls and provideé the

Resume II pulse to the control section.
FAULT DETECTOR

The fault detector detects the présence of more than one pulse in the timing loop of & se-

quence control. Such unwanted pulses cycle the drive generators on and off at a rapﬁd rate

and overheat the generators. The first control delay of both the even and odd timing loops
{

is odd-numbered. Thus, only evén-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 K6~34/635. 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).

634/635

During the period K is set, the AND input of JBS6 is not satisfied. As a result, a

fnyn 36

is generated by J 3 as the Storage Fault signal. This sighal is applied to the slave

inverters of the drive FF's, thus holding off the drive generators. A master clear, per-

634/635

formed at the console, clears the drive FFs and also K During the period the
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'CLEAR lever switch is depressed, the AND input of 3338 ig inhibited by a "0" from 3337

!Thus, the drive genefators are held off during the period of the master clear,

VOG‘D)_) - .
634
v065 K .

€38 ‘ 336 | STORAGE .
_ K ‘ T J > FAULT R
| e
“MC J337
(w'e0)

Figure 4-22. ' Fault Detector of Even Storage Unit
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ELECTRONIC THEORY OF MEMORY CIRCUITS

The storage section uses many non- standard cards in order to perform non-logical func-
tions Sﬁch 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.

DRIVE 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 qf the primary winding of transformer TOL. Each channel consists of transistor Q01,
connected as an emitter-follower, énd transistors Q02 and Q03, connected in parallel as
amplifiers. The input signal is received from an AND combination of two selector outputs.
A -1v input signal results in approximately 0V at the base of QO1. " The emitter of Q01 is
clamped to ground by CRO3 and thus neither Q02 or Q03 conduct. Consequently, there is

no current flow in the primary of T01.

A -12v input signal causes Q01 to conduct; however, the conduction is held below satura-

tion by feedback diode CR01. 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
TO01, to the current sources. The cur'rent pulse from the secondary of TO01, amplified by

the step-down action of TO1, is applied to the H and V wires of the memory plane assembly.

The polarity of the output current from TO1 is 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 Read'pulse 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 memory plane assembly. The diverter consists of transistor QO01, connected
as an emitter follower, and transistors Q02 and Q03, connected as switches. A -3v input

signal causes Q01 to conduct; the negative signal from QO1 enables transistors Q02 and
Q03. - One or the other of thesé transistors passes the current pulse on the H or V wire to

which the diverter is connected, depending on the polarity of that pulse.

A positive pulse passes one of the pairs of diodes CR03 and CR04, CRO7 and CRO08, CR11
and CR12, etc., depending upon the driver selection, and passes Q02. iA negative pulse
pésses one of tﬁé pairs of diodes CRO1 and CR02, CRO05 and CR06, etc., and passes Q03.
Iri 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”1 2

This connection equalizes the current flow 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 R0O8 and R12 aré
10k and 12k ohms, respectively. The larger resistance results in output signal levels of
-1v and -12v. Each selector circuit has two input diodes (CRO1 and CR02) and four output
diodes (CR09, CR10, CR11 and CR12). ' |

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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Figure 4-25. Selector (Card Type 53).
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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) i'8 used as an inhibit current generator and as a
dummy load., Each card has two generator circuits; the.circuits are identical to the
type 51 drive generatbr channels except for the absence of an output transformer. The
output of each channel is independently connected to a terminal of the card.

A -12v input signal to either drive generator of a type 55 card causes QO 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) arﬁplifies the sense signals from a membry pl ane
quadrant,. Transistors Q01, Q02, Q03 and QO4 are connected in a differential amplifiér‘
circuit. The signals from either end of the sense windings are applied to Q01 and QO03,
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 QO04, r‘espeétively, provide
d-c stabilization. Diodes CROl and CRO2 pass the negative-going components of the
signals from Q02 and Q04, and also serve as clippers. The bias a'cross/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 thejunction of R14 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 td the signal fronﬁ the sense
line and, weak signals tend to be dropped. When the MARGIN SWITCH is ""down", -20v
is applied to R14 and R15 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 "1's'".
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Transistors Q05 and Q06 are connected in an amplifier-inverter circuit. The output a

signal from CRO05, as a result of a ''1" signal from the sense wire, is -0. 5v.
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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 varipus 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 equlpment in communication with the computer.

The heért of the‘?“i’_nput—output control circuitry is the auxiliary‘scanner the function of which
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-
spo_nds to an action request from one of these eight sources only when the scanner is at the

position associated with that source.

Three basm steps are performed in establishing a communication path and handling trans-
missions: 1) control of external equipment; 2) actlvatmg a channel; 3) the data transmission.

process itself,
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Division
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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-
ment must use a.nly the two channels of the cable group to which it is linked. Low-—speed
eduipments use tfle three buffer cable groups; high-speed equipments use the transfer cable

group.

Cable group 1 is associated with input channel 1 and output channel 2; cable group 2, with
input channel 3 and output channel 4; cable group‘13,, 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 infotrmati,on or control lines and one twisted-pair common ground line; liné
éssignments of a éable group a:r:e outlined in tablé 5-1. The buffer cables éo’nnecte’d to ex-
ternal equipments are inte_rchangeableﬁas they are all wired in a sifnil'&r pattern. Cable
group 4 is .always used as*ifthe'tralfnsfer channell. Unused wires within the cables transmi_t. and

receive ''0",
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TABLE 5-1a. LINE ASSIGNMENT OF A GIVEN CABLE GROUP - DATA LINES |

Input Equipment to Computer

Comprise two complete cables and two lines of a

Input data :
(48 lines) third cable of a buffer or transfer cable group.
Input data:\ Function: Indicates equipment input register contains infor-
ready (1 line) mation which computer may sample.
Operation: Turned off by input data resumeé from computer.
(Computer resync circuitry orients itself about
leading edge of ready signal; atixiliary scanner is
stopped and input word is passed to computer. )
Computer to Input Equipment
Input data . Function: Indicates to equipment that computer has accepted
resume (1 line) input word.
Operation: Turned off by input data ready; turned on when

computer has accepted and stored input word.

Computer to Output Equipment

Output

(48 lines)

Output data Functioﬁ:

ready (1 line) g
Operation:

Comprise two complete cables and two lines of a
third cable of a buffer or transfer cable group.

Accompanies output data from computer.
Turned on when computer has word of information

ready for equipment; off by resume from equip-
ment, :

Output Equipment to Computer -
Output data Function:
resume (1 line) '
o Operation;

Indicates that equipment has accepted word.

Turned on when equipment has accepted word.
(Computer resync circuitry orients itgelf 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 5-1b. LINE ASSIGNMENT OF A GIVEN CABLE GROUP - CONTROL LINES .

Computer to External Equipment

External Function

Carries external function (EF) codes to select or
sense a condition within the equipment.

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:
(12 lines)
| Operation:
External master "Function:
clear (1 line) A
Operation:

Clears all equipment on all channels.

Occurs when Clear switch at console is in up
position. :

External Equipment to Computer

Indicates equipment's reply to sense code.

Sense response Function:
(1 line) ,
Operation: ON indicates presence of condition specified by
' sense code; OFF indicates absence of condition.
Interrupt Operation: External equipment or internal computer control
(1 line) sends signal when a condition arises that was
previously selected by a 74.0.
Computer to Input Equipment
Input Function Funcﬁon: Accompanies EF select code.
Ready (1 line) '

Operation: Turned on by instruction 74.0. Causes input equip-

ment to translate EF code.
Input Sense Function: ‘Accompanies EF Sense Code.
Ready (1 line)

Operation: Turned on by instruction 74.7. Causes input equip-
ment to translate EF code and send response back
to computer. ‘

Input Buffer Function: Indicates computer is prepared to receive a block
Active (1.line) of data. ‘
Opervation: Turned on when input buffer channel is activated by

instruction 74.1, 74.3 or 74.5. Remains on until

- final word of block is entered in storage.
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TABLE 5-1b. (Cont'd)

Computer to Output Equipment

Output Function Function: Accompanies EF select code,.

Ready (1 line) -
: Operation: Turned on by instruction 74.0.
: Causes output equ1pment to translate EF code.

Output Sense ' Function: Accompanies EF sense code.

Ready (1 line)
Operation: Turned on by instruction 74.7. Causes output

equipment to translate EF code and send response
“back to computer. :

Output Buffer Function: Indicates computer is prepared to transmit a block
Active (1 line) . 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, parallél circuits. Data is presented
“on the commumcatlon lines as one of two D-C voltage levels; the binary "1" condition is re-
presented by__(‘)L, the binary ""0" condition is represented by -20v. All binary d1g1ts ofa

cnm—

word are presented simultaneously on the wires of the cable group,

A second set of connectors in each external equipment enables more than one equipment to
be connected to the computer via one cable group. Unique select codes prbvided by the com-

puter determine which equipment attached to a cable is to ‘cdmmunicate with the computer.
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EQUIPMENT SELECTION

The External Function instruction (74) selects equipment to communicate with the computer.
A unique equipment and its operating condifcion are selected by 74.0. Instruction 74.7 senses
a specific condition within an equipment, The base ex’ecﬁtion address portion of 74.0 and-
74.k7 is the external function code, a part of which is sen’cv to the equipment to eithér select

or sense a specified condition. The base execution address portion of tliese two instructions

{ . “ External function code
. - : 7 - - -
23] 22(21]120/ 19|18} 17|16 151413 |12|11]10]|9|8|7(6]5]4|3|2]1fj0}
Z A A A A - v
Operation o Channel Equipment ‘Condition
, Designator .
(tl') i
74 () : ‘ ' Condition interpretation
-1 code specifies operation
0 Select : : * for selected equipment
7 Sense
0 Computer Fault 0 Computer Fault
1 Channel 1 ' 1 1604 Console
2 Channel 2 2 1607 Magnetic Tape System
3’ Channel 3 _ 3- 1607 Magnetic Tape System
4 Channel 4 Typical (Alternate) ‘
5 <Channel 5 Significance { 4 1605 Adaptor
6 Channel 6 . - 5_ Charactron Display Console
7 Channel 7 6} Special Input-Output '
R 7 [ Equipment ‘

Figure 5-2. Individual Bit Significance of External Function Instructions.
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is composed of three distinct elements: 1) channel selection; 2) equipment selection; 3) con-. .

dition code.

Bits 12 through 14 determine the channel to which the remaining 12 bits of the code are sent.
Bits 09 through 11 designate an equipment while bits 00 through 08 specify a condition for
"thét equipment Although bits 00 through 11 are sent to every eqmpment on the channel only

the one identified by the equipment selectmn code responds,

The external function code is held by the X register. After the code passes through the ex-
ternal function'inverfers, it appears on the external function liine's within the cable group;
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 equ1pment and- cond:.tlon codes by
the equipment: o )

input function ready - output function ready

“input sense ready . . .output sense ready

The use of 74.7 ig determined by its position within the instruction word. If the instruction
is pleced in the upper position, it is a skip instruction and the lower instru-etion of the word R
is’ skipped if the sensed‘ condition exists. If the condition does not exist, the lower instrﬁc- .

tion is performed in the normal manner. If, however, 74.7 is placed in the lower positidn,

the instruction is repeated until the specified condition ex1sts Th1s is a convement method

. by Which the computer can be made to await the estabhshment of a certain condxtion withm
‘the external equipment, The position of 74,0 within the inetruction Word does not affect its

operation,
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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 no iriput register as such but instead go to X1 and then directly

to storage.

INPUT BUFFER

CHANNEL 5 _[ 300 ‘,]} -
4 (1M1}
530 SET X—=1 000 T0
INPUT BUFFER W 10 — X — = STORAGE
CHANNEL 3 200 M= -
WSZO 000 | : Xom
INPUT BUFFER M2 1O I ,
CHANNEL | oo | VX
= M v
Y 300 |
: W5l0 . 0W |
TRANSFER MO 12>x'
CHANNEL 7 _[..000 T~
> M
h
W500
MZ=1%

Figure _5-3. Data Input to the Least-Significant Stage of X Register.

Inputs from the four cable groups connect to" ; e rank 10 The’d?tl;cﬁﬁﬁ ofIO ‘goes to the X
register as a single input rather than four. Because of the inversion by I0 X is first set to

all "1's" and the I° — X! command clears appropriate bits.

INPUT AMPLIFIERS

Type 6}1 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 exterﬁal equipment and the com- |

puter and they convert communication line signals t0 computer signal levels. Each of these

amplifiers has a single input and two outputs.
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COMPUTER OUTPUT

Figure 5-4 shows the path of data output 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 four
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 f{ank
Il, using only one output. Il, in turn, connects to all of the cable groups. Due to the in-

version caused by Il, it is connected to the clear side of X2.

OUTPUT REGISTERS
The computer has one separate output register for each of the four cable groups. The reg-

1 62 03 and 0*

isters, O , 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; X2 -~ 0 command enters the word into the output regis—

ter.

OUTPUT AMPLIFIERS

Type 62 cards contain the output amplifier circuits. Three identical circuits are located on
each card. Each circuit is assigned an individual L~ symbol. -Each amplifier has a single
input and a single output. The output amplifiers have two functions: they form the boundary
elements betwéen_the compui:er and the cable groups and they convert computer signal levels

to communication line levels.
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D- .‘.
Xz. Ol'
- w4eo
(L > 0002 ’ — Lloo
CLEAR O
w4|0 003
—_— O
{ x&—=02
W470 '
»<L—> 0004 >{ (200
CLEAR 02 | [
%002 w420 S| 0005
X203
x003 | _[i00 W480
**—(L—) o%0¢€ I L3°°.‘
CLEAR 03| *
owHe | goo7
X204
W490
*L% 0008 ——-—% 400
CLEAR 0% |
w440 0009

Figure 5-4, Data Output from the Least- Slgmﬂcant Stage of
X Reglster
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EXTERNAL FUNCTION INVERTERS
The external function inverters supply the EF _¢od§ of inétrucfions 74,0 and 74.7 to the cable
groups. All data within the X register autor'natically‘ apﬁéﬁrs%ithin the external function
inverters; only the absence of the proper reat_ly signal bars the interpretation of their con-
tent by the extefnal equipment, Figure 5-5 shbws the rnefhod by which the lowest bit of the

external function code is made to appear on the furictidn lines within the cable groups.

e L050
«002 | © EXTERNAL FUNCTION
X ' ) ' INVERTERS \ = L,',SQ
(NVERS ‘ ‘ s
o S D
x003 L. o 100 L~ si 5000 .. —>{ 00!
S 280
L 1350

Figure 5-5. External Function Cdde Output from the Lowest Stage of X R,egistér.
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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 function circuitry.

AUXILIARY SCANNER

The auxiliary scanner guards 'against the poés*ibii-i‘ty of & single f‘exte“fna;l device monOpolizing
the computer, and gives proper recognition to 1nterrupt and advance clock requests It
sequentially samples each of the six buffer channels, the interrupt line and the advance clock
circuits. In the event that none of these lines demand processmg, the scanner completes

one entire cycle in 3 2 mlcroseconds

When an auxiliary operation must be performed, the scanner stops at the line which démand,—.
ed the action. The computer is forced to halt'ef(ecution of the main prograrri»and to peff'o’rm
the indicated operation by enfcering the Auxiliary sequence. When the request has been satis-
fied,v the oomputer réturns to the main program and the‘scanner resumes its operation with
the next o’ount. In the slowest case (action demands by all six buffer channels occurrlng Wlth.
consecutive 66-microsecond instructions) communication is limited to a 5 KC word rate
During ordmary cond1t1ons the word rate may be expected to increase in the order of-

approximately 10 times.
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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 conn’c

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 11
Function Count FE
Advance Clock 000 . K806/807
Channel. 1 001 ', 808/809
Channel 3 C 011 «812/813
‘Channel 2 , 0‘10!. g 810/811
Channel 6 110 (818/819
Interrupt : P (820/821
Channei 5 " ' 10':1’. K816/817
Channel 4« 100 (814/815

When a Rank Il FF is set the associated line is examined by one of the action request
" FFs (I"782 K797). The scanner is 60 constructed that if a line demands processing
when it is sampied the scanner will stop the next time Rank I reaches the count of the

line in question
The scanner continues to cy'cle as long as no auxiliary operations need to be performed,
a condition which is indicated by a "0” output from the eight action request FFs. A""

output from a:ny of these FFs stops the scanner at the associated position.

'A remote possibility exists that all FFs of the scanner may stabilize at "0" after initial

turn—on To remedy this situation, the eight FFs of Rank II are formed into two groups as

5-14 Rev. ]‘.vl/v60 .
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Figure 5-6. Auxiliary Scanner.
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797

iputs to H'2% and H'°" to enable the inputs to all of the Rank Il FF's.

When the scanner stops, " the content of Rank Iis trahsmit\fed ‘towthe auxiliary referénce des-
ignator‘ Its state is translated to provide the gating for commands from the Aux111ary se-
quence. Thus, the position at which the scanner. stops determines by means of the des1gna-‘
.tor which commands the sequence will produce. This designator is also used during the

execution of subinstructions 74.1 through 74.6.

AUXILIARY REQUEST

Initiation of the Auxiliar‘y sequence is governed by the presence or absence of the auxiliary '
request signal; figure 5=T shows how this signal is generated. Each time a line demands ’
action, the scanner stops and this circuit then produces the auxiliary request sigﬁal which
forces the con;;pu‘cer to halt the main program and enter the Auxiliary sequence. Then FF

K'712 K'713 and its slave K714 K715 are set to indicate an auxiliary request.

When a line demanda action the scanner will stop when Rank I next reaches the count for

22/823

that line and the auxiliary request circuitry will be activated through K When no

line is active, this FE changes state with every clock phase. The stopped scanner causes

822/823

succeeding pulses of the same phase to enter either the set or clear sides of K until

finally the auxiliary request signal is produced.

DATA READY AND DATA RESUME |
"I“he sighals‘which accompany the exchange of data between the eompufer and the external
‘equipmént‘ar‘e: B | '
input data ready R output data ready

~ input data resume .~ output data resume :
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INITIATE
AUXILIARY
REQUEST

!

K712
KT

N940

940 | T END OF AUXILIARY
N T~ ‘ SEQUENCE

(SLAVE)

K?M

NO4!

K826
K827 ’

N969» N9§9

K824
K825

N960 ) 1 NSSO

K822
K823

SENSE FOR

SCANNER
STOPPED

Figure 5-7. Auxiliary Request.
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The reédy signal accompanies the data while the resume is a réturn signal which indicates

that more information may be transmitted.

Data Resume signals
Within the comﬁuter generation of the input data resume depends upon a simultaneous ful-

fillment of the following conditions:

1) An a.cfive input channel. Buifer c'hannely's. 1, 3, 5 are activated by
a 74,1, 3, 5 instruction. |
2) A resume from the s'ébrage section inditating that the previous word

has been stored.

Generation of the output data resume which depends‘updn the Opératiori of the external equip-

ment indicates reception of the previous word and a readiness to receive the next word.

'Data Ready Signals
Within the computer, the optpuﬁ‘ data ready depends updn the simultaneous fulfillment of the

following conditions:
1) An active output channel. Bﬁffer channels 2, 4, 6 are activated by

a 74;2, 4, 6 instruction.

2) One of the output registers .(0:l through 04) 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 eqﬁipment 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 equipmentlis outlined in figure 5-8 and table 5-2.

Transition of the input data ready line to the on state may take place at any instant with re- .
spect to the synchronized (clocked) operations of the computer. To resolve runt pulses and
to convert the input data ready signal into a single discrete pulse synchronized with the‘éor’n"

puter is the job of the input reédy resync circuits.

Figure 5-9 shows fhe'Channel 1. ready resync 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 c‘ompu'tlerr is

considered to be in the buffer mode until the final 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 Q'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) Ready FF

élear; (3) Wait Ready FF set; (4) Action Request FF clear.
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COMPUTER RECOGNIZES
READY AT ITS OWN SPEED

"on

BUFFER >> | I'—LEVEL
. N Nan
ACTIVE |~ @ ' , 0"-LEVEL
o - >> o
DATA ,
INPUT, —-—>>—@

iN?&‘) READY : @ | L
" INPUT : . :

INFO RESUME S >

Figure 5-8, Exchange of Control Signals for One Input Word, Timing Diagram.

TABLE 5-2, EXCHANGE OF CONTROL SIGNALS FOR ONE INPUT WORD

1) Computer, through proper combination of external select codes and ex-
‘ternal bsense codes, establishes equipment from which it is to take iﬁfor—
‘ mation. 4

2) Computer activates input buffer line. This line remains up until final

word of the block is transmitted, |

8) Equipment places a word on the lines and produces ipput data ready.

Repeat 4) Computer, When it ‘hshts accepted the word, produces input data resume.

until entire < 5) Input dfeita resume causes equipment to turn off its’input data ready sig-

block is . nal and pfepare another word of input data for computer.

transmitted*, (6) Removal of input data ready causes computer to turn off resume.

When the final word of the block has been transmitted and steps 3 through 6 are complet-

ed, the buffer active signal is dropped and the buffer operation is terminated.
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EXTERNAL BUFF ACTIVE
FUNCTION 7
SEQUENCE ] K 700
END OF K701 = o
BUFFER OPERATION v o1 |—]|
: CHANNEL ACTIVE
CH. |
: ACTION
: INPUT READY REQUEST
ggj\%:/ m148 I ;.IJ072 JOT3 |- =1 K720 - K784 | N9B2
/] 788 ADVANCE
vz X SCANNER
721 tos
K 4;~CHJK
v 20 END OF
BUFFER
OPERATION
WAIT READY :

: INPUT RESUME
END OF

BUFFER K723
OPERATION

CH.1

Figure 5-9. Channel 1 Ready Resync Circuit.

The occurrence of the input ready generates the following sequence of actions:
1) even sync pulse samples ready and sets Input Ready FF
2) following odd sync pulse samples Input Ready FF and sets ‘Action Request FF

3) scanner stops at channel 1 (‘KSOQ) because Action Request FF is set

The circuit remains in this state until late in the resultingA 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 Liue Relationships for Qutput Communication

The exchange of control signals for the transmission of a word to the external equ1pment

from the computer is outlined in figure 5- 10 and table 5-3.

TABLE 5-3. EXCHANGE OF CONTROL SIGNALS FOR ONE OUTPUT WORD

1

2)

Repeat - 4)
until entire
block is S

*
transmitted | 5)

7)

Computer, through proper combinations of external select codes and
external sense codes, establishes equipment to which infermation is to

be sent.

Computer activates output buffer active line. This line remains on until

final word of the block is transmitted.

) Computer places a word in proper output register. All data lines are

energized in parallel.

When all data lines are stable, computer generates Ouﬁput data ready
signal which indicates to equipment rhat data is available on lines in a
stable steady-state form. | A
’Equipment accepts ou’cputfdata ready signal and iufo,rruation at its own

rate. When it accepts o‘utput data ready it produces output'data resume

: Whlch it returns to computer.

\ &)

Computer accepts output data resume and turns off output data ready

Removal of output data ready in computer causes terminatmn of output

data resume signal W1th1n equlpment

When the f1na1 word has been transmltted and steps 3 through 7 are: completed the output'{ o

buffer active 81gna1 is dropped and the buffer operatlon is termmated
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EQUIPMENT RECOGNIZES
READY AT ITS OWN SPEED _ .
BUFFER >> ' —LEVEL

ACTIVE @ "0"-LEVEL

DATA @

OUTPUT >> : @
INFO READY @ -

OUTPUT @ I———-—@

INFO RESUME > >

Figure 5-10. Exchange of Control Signals for One Output Word, Timing Diagram.

As is the case with the input data ready, transition of the o‘utpt.J.t data ‘resu1:1.1e 1ine fo the on
state may take piace, at eny time with respect to the synchronized (clocked)" operations of the
‘computer. Figure 5-11 shows the channel 2 resume resync circuit, which is typical also of
‘the corresponding c1rcu1ts for the other two output buffer channels - When mstructlon 74 2
is programmed, the External Function sequence sets the Buffer Actlve FF (3). From this’

point on the computer is considered to be in the buffer mode until the final word of the,blo,ck

is réceived, 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 Resume clear, Walit Resume set, and Action Request clear.

Later, when the output equipment returns a resume, the following actions occur:
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1) Even sync pulse samples resume and ‘_sets Output Resume FF,

2)

4)

)

~ ouTPUT
RESUME

6)
7)

The following odd sync pulse samples Output Resume FF and clears Wait

‘ .~ Resume FF to turn off output ready.

3)

Turning off output ready causes output resume to be turned off.

Even Syric pulse samples resume line and ‘clears Output Resume FF,

The following odd sync pulsé sets Action Request FF,

Scanner stops at ‘channel 2 (K

811

) because Action Request FF is set.

At the end of the buffer operation that results from stopping the scanner

the Actioh Request FF is cleared to allow the scanner to advance and the

Wait Resume FF is set to send the output ready.

EXTERNAL

FUNCTION ———>{ 702

SEQUENCE

END OF ——u 3

- BUFFER OPERATION

M139 |

I R N

- END 'OF BUFFER
* OPERATION

'BUFF ACTIVE -

(763

’\ J|92 LIGB ]

OUTPUT RESUME

K72§ )

K725

CHANNEL - ACTIVE

CH. 2
“ACTION -
REQUEST

VIZO :

Figure 5-1L.

yiat-

WAIT RESUME

~

CH.2

<‘>—>

yviael

K726

KTZT

/(‘ K786 Kau

A\ 4

K787 | ADVANCE

SCANNER'
¢-cu 2

END OF BUFFER- OPERATTON
Ll48

OUTPUT READY

Channel 2 Resume Resync Circuit.
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INPUT-OUTPUT INSTRUCTIONS

Information transfer into and out of the computer is the functibn 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 B regzster whose contents Spemfy the
tnumber of words to be transferred. The quantity, m + Bl? -1, chooses the storage
location of the first word to be transferred. 7I‘he final w\ord comes from the address given

by m. The reduced value of the specified B register, when added to the m desighator; in-

dicates the storage locations in which the incoming or outgoing words are stored.

EXTERNAL FUNCTION INSTRUCTION (74)

Instruction 74 provides the‘means for selecting and sensing avvariety of conditiOns"Within”the
computer and the external equibments. These conditioné are determined by the extérnal
function code, m, a 15-bit designator which is used to spec1fy the approprlate channel, eduip-
ment and condltlon The codes for each equipment are given in the books accompanymg

those equipments, or, in the case of the console equlpments, in chapter 6

EF Select, 74.0
A 74.0 (external function select) Selects a condition within the computer, or chooses an ex-

ternal equlpment and places it'in a part1cu1ar operation mode as determmed by m. Within

. the computer executmn of the instruction sends the code to the relevant portion of internal .

computer control where it produces the specified condition.
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Codes for 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 5-12) either clear a specified 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

74..0 SELECT . 747 '~ SENSE
00010 Interrupt on channel 1 inactive . 00010 Exit on channel 1 active-
00011 Remove selection above 00011 Exit on channel 1 inactive
00020 Interrupt on channel 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 active
00031 Remove selection above T 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 above 00051 Exit on channel 5 inactive
00060 Interrupt on channel 6 inactive 00060 Exit on channel 6 active
00061 Remove selection above : 00061 Exit on channel 6 inactive
00070 Clear arithmetic faults - 00110 Exit on divide fault

00100 Interrupt on arithmetic faults 00111 Exit on no divide fault

100101 Remove selection above ‘ 00120 Exit on shift fault

| 01000 Start real-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
00141 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 23— HALT
INTERRUPT MAIN
- J 58— ——>
INTERRUPT CIRCUIT PROGRAM
FROM EXTERNAL
EQUIPMENT
A.
INTERRUPT
CIRCUIT
1=
CH.1 CH. 2 CH. 3 CH. 4 CH. 5 CH. &
¢ > 6 4
INACTIVE INACTIVE INACTIVE INACTIVE INACTIVE INACTIVE
CH.1 CH. 2 CH. 3 CH. 4 CH. 5 CH. 6
- o " < 4 © ~ © o (=3 -
§ 3 8§ 8 R § 8 g 8 g &
X X 4 ~ x b4 ¥ X ¥ X x x
00010 00020 00030 00040 00050 00060
0001 0002I 0003l 0004t 0005i 0006l
B.
INTERRUPT
CIRCUIT
-
X ¥ X X x N4 ¥ ¥ x b4
00100 00070
oolol DIVIDE SHIFT OVERFLOW EXPONENT
FAULT FAULT FAULT FAULT
c.
Figure 5-12,

Internal Select Codes and Interrupt Generation.
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EF Sense, 74.7

A 74.7 (external function sense) senses the pr'ésenc‘e‘or absence of conditions within the
equipment or the computer. The présenée'or abseﬁce of the condition (depending on the
codé used) produces a sense reSponse signal which is returned to the input-output section

of the computer.

Instruction 74.7 is a skip instruction v'vhve‘n in 'the'upper position within an 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 sensed: buffer channel status and arithfnetic

faults. Figure 5-13 shows how the sense code's are combined with the sp.‘écified cbnditions

968

to produce a sense return signal from J° ~., A pair of sense codes are associated with-each

condition (table 5-t4'); codes differ oniy in the lowest digit. Note that the sense ‘res'po_nse‘

signal from J»968.is produced independent of the lowest digit. _ For example, the sense re-

68 is nin

Sponse from J9 when either code 00010 or édde 00011 .aré used and channel 1 is

active. The lowest digit of the sense code is :combined within the sense response circuits
with the signal from J %68, ihis COm'pihatidn determines whether the 74.7 instruction is to

make a full or a half exit.
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Instruction 74.1-6 chooses one of six buffer channels as determined by the specific value of

the designator j. The m designator - which holds the étOrage address of fhe initial word of |
the block of information buffered, is Sent ’co the upper address pos1t10n of Spemal storage
location 00003. Specml storage addresses 00001 through 00006 are buffer control addresses
whose function 1t is to hold the control word for the asso<:1ated buffer channel The control
word is divided into an upper and lower address: the upper address contams the iriitiel
address of the block of information; the lower address c‘ontains the terminal addr(ess(;‘)lus‘
one) of the block. The purpose ofthe control .word is to define the block Of storage locations
Vto’ be used in the buffer operation and to terminate the operation when the initial and termi-

- nal addresses are equal.

SENSE
RETURN. CIRCUITS
JSGB
Y
> 530 |e ‘ —3{ 4531 e
 O-0014X O-001X  O-000IX - | " O-0003X Q-0004X B O~ 0006X
| ooI2x | o-ooo2x ~ Q-0005X
K239 ; K233, CH.1 - CH. 3 CH. 4  CH. 6
EXPONENT " DIVIDE ACTIVE ©° ACTIVE  ACTIVE v ACTIVE
FAULT K237 K235  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) executes instruction 74, External Function,
The basic dﬁties performed by the seqﬁence are:
1) Select an op‘erating condition for an external equipment
or part of computet' control (j=0).
2) ‘Sens.e a condition'within ‘a;n external equipme;nt.qr, e'part_ of .
computer control (j=7). | | | |
3) Ac'clvate buffer channel (] 1 6); the duty to be performed is

spec1f1ed by 3

In each case the unmodified execution address is used sonﬁewhat differently.

SELECTING A CONDITION

During a 74.0 ‘instruction the sequence sends the code contained in the _e;seeution address to
i

a spe01f1ed channel (1 through 7) or to computer control. This code establishes the cond:,-

' tion. Thus it 1s through th1s 1nstruct1on that the program retains control of external equip-

i

.ment 'and:, certam\mternal. matters, For 74.0 the followmg cor_nmands are generated. o
Clearx! - | N "
o2 !
e
%%+ 0° (sends out t code)

i

- Set Sense Resync FF if Exit FF = "0o" ﬁ&.‘;
| _vWalt 8. microseconds (due to EF counter)
| Full or half exit (chosen by state of Sense Resync FF)
At the conclusxon of these steps the code has been sent to the spec1fied eqmpment or part of
mterna} control, The purpose of the EF counter is to hold the code on the lmes for a lomg
)

enough perio‘dﬁ_(a ;x;icroseconds) to insure its proper samphng.
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SENSING A CONDITION

During a 74.7 inétruction the sequence sends the code contained in the exeéution address to
a specified channel (1 through 7) or to computer control.
to be examined; the pfesence or absence of the condition is then indicated by the sense re-
>Sponse signal. ‘,Irzl 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 74.7 appear in table

5-4.

.EF SEQUENCE

FULL

This code specifies the condition

EXIT

- n 7ol ‘ . H706
RNI - _ . THROUGH
- v7ol - V706
F:74 T
EF COUNTER
EXIT FF=0
~ INTERNAL. SELECT
CONDITIONS
| SENSE | SENSE
CABLE GROUP I— | 4 : SENSE
|CABLE. GROUP 2—4—>{,914 1,915 |—>{,916 |+ k136

CABLE GROUP 3—e¢

CABLE GROUP 4—

K137

LOWEST BIT
OF CODE =0

>l 4036

vo33|

HALF

EXIT

HO47

: |v°25 7

Figure 5-14, Elxternal‘ Function Sequence and Associated Circuits. -
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For instruction 74.7 the following commands are gener’éted:

Clear X 1

u? - x!

x! - x?
2 00 e |
X“ —+ 0" (sends out code)

Wait 8 microseconds (due.to EF codnter)

Combine Sense Response from 7914 with lowest bit of code

Resynahromze the output of J 916

o - Full or half exit as &etermmed by response

A pair ef.Sense'codes are ‘associated with each condition (table 5-4), For example: 00010,
~ exit on channel 1 actwe, 00011 exit on channel 1 1nact1ve. The lowest bit of the code is

not sent out but rather is combmed with the response recewed from J 914. For this example,

if channel 1 is active, the response received by g4 i o myt regardless of which code is
used; if channel 1 is inactive, J°1# receives a "0". After this response is combitted with
916

the lowest bit, the output of J is '"1" if the code is 00010 and channel 1 is active, or the ,

codé is 00011 and channel 1 is indctive. The full exit is taken for these cases. When the

916 |

outptit of J is "O" the half exit is taken. The exit chosen indl'eétes to the program whether

the specified condition is present.

When the 74.7 instruction appears in the upper position, taking the full exit ski@s ‘the lower
1nstruct1on and takmg the half exit leads to execution of the lower instructmn When 74.7
appears in the lower position, the full exit leads to the next 1nstruct10n when the spe01f1ed
condition exnsts. When the condition does not ex1st the half exit causes Vhe 74 7 “do be re-

peated Repetltmn of the instruction contmues until the condltlon does ex1st

5-32.



CONTROL DATA CORPORATION

Compwlen Dinvisiow

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:

1) Store m (initial address) in upper address position of buffer control word

for channel j (see fi‘gure 5-15), Address 0000j holds this word. Thé

terminal address of the buffer is loaded in lowef address position of |

address 0000j by a previous instruction. o
2) Compare initial and ‘terminal addresses.v

3) Set Buffer Active FF for channel i if addresses aré unequal.

UPPER ADDRESS 'POSITION LOWER ADDRESS POSITION

ADDRESS | TERMINAL
0000 J- - ADDRESS'

INITIAL
ADDRESS

v = e r @ e

47 - 38 24 14 00

Figure 5-15, Buffef Controi Word for Channei'j._ .

3 Figur_é 5-16 shows the sequence that performs 74.1-6. It consists of the EF Séquence

U LA

C(E) and a portion of the Auxiliary sequence (H76—, i The following com-
mands prepare for storing the initial address in the upper address position of the buffer

. confrol word.

STORE INITIAL ADDRE.SS ) COMPARE INITIAL 8: TERMIN,AL ADDRESSES

RNI —O—3{ 70T 1705 |-»[ k216 n760 W772 nie
y70l w708l | k217 | y7e0 vz e
WAIT " RESUME

Figure 5-16. External Function and Auxiliary Sequences fo

'74.1-6.

"STORAGE
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1 .2

LU =U

‘”LAdvance P (prepares for exiting)

Clear x1 o - ' "y ‘,

- T‘ra'ns‘mit j no duxiliary reference designator

Initiate storage (address 00005)

U2 - Xl

Complement Exit FF (prepares for exmng)

- Wait storage .

Following these commands, the initial address is held' in X1 ready to be written into stérage.

. This storage reference not only provides fot writing the initial address but also for reading

~out the terminal address, which goes to x!. The ifo‘llo.:win’g commands store the initial ad-

- dress:”

"Sense R = 0 J

5.6 1 : Reads conten’c of 00003 (except upper address)
I'm-x into x! _

- Store X1 in bOOOj : Stores injtial address

Clear R
1> R B B : | R .
: 1. .2 ' Compares initial and terminal addresses
Partial add R™ to U” . , T ke ‘
U2 - R.2

Buf ve FF i CERAO
Set Buffer Act;iv_ei FF for cha_pnel jifR#0 Acts on result

Clear Buffer Active FF for channel jifR=0f  ©f comparison
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Note that the terminal address is always set one greater than the address to be used in the

last item buffered.

At the conclusion of these commands all the preparation has been made to buffer 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 exeéution 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: buffer,

advance clock and interrupt operations.

The auxiiiary request signal, described previously,' causes the ,co’mpute'r to suSpend per-
formance of the main program while the Auxiliary sequence performs the required opera-
tion. "When the auxiliary operation is conch;‘de’d, ﬁérformance of the main program con-

tinues.

 An auxiliary operation may be pez,'for"xfne‘(':li wheénever any one of these conditions occur: (1) '
coincidence of an auxiliary request and a sequence exit; (2) coincidence of an auxiliary re-
quest and completion of a search or transfer operation; (3) presence of an auxiliary request

while the computer is stopped.
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BUFFER OPERATION
A buffer operation exchanges &n 1nd1v1dua1 word between the _computer. and an external equip-
ment that is, one buffer operation is performed for each WOrd exchanged in a block of
wqrds.-. The rate ‘of buffer oper"ation-s ona given channel is determined by th‘e speed of the
external equipment which is in communication with the computer., |
In order for buffer operations to occur the following preparatory steps must have been per-
formed: | |
1) l:Belect the external equipment and its mbd‘e ofoperation (accomplished
by 74.0 1nstruction with suitable EF codes). |
2) Load lower address part of buffer control word (for channel to be used)

w;ith terminal address of but‘fer. Terminai address is one greater than

last one to be used..

\

- 3) Activate the buffer channel and load upper aiddress of buffer control word
i
‘with the 1n1tia.1 address that is, the first address to be used This step

is accomplished by 74 1-6, as described earlier.

o

After these steps have been perforniéd by the main program, ‘\a block of words is sent to
or from the blo‘ck of st“o‘rage locations defined by thle initial and t‘erxninal addresses. The
‘actual exchange of words proceeds entirely independently of the program. -The‘vcomputer
input-output section contrbls the buffer e:cchange.

. For each’ individual buffer operatmn which exchanges one word the mitml a;ddress part of

“the buffer control word spec1f1es the storage location to be used Nea\r the end of the oper-

ation this qué\nhty is 1ncreased by one to prov1de the addre@s for the next buffer operatlon.

A buffer operation occurs for input when thé external equipmert sends an input ready indica-

ting it has va word to be received by ‘tHe cornp’dter; 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.

In the buffer operation, the buffer control word is first read from storage in order to ob-
tain the initial eddress portion. This quant1ty is the address of the locatmn used in the

next step, which involves either storing an input word in this address or reading an output
word from the address 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 buffer control word. At the same
© time the mcremented initial address is compared with the terminal address If fhey are

equal the channel is made inactive, since the entire block has been buffered; if they are

not equal, the channel remains actlve.

‘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 steps of a buffer
operation are listed in table 5-5, These commands are generated by the correspondmg

segments of AUX shown in figure 5-17.
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READ CONTROL WORD.
A
o N ¥
JUMP EXIT ———p——l
FULL EXIT .- ff H;Ho - “H'r‘;s» e
HALF EXIT ~———O0—3 — ' - :
SEARCH 8 5 vIo : 444 I I B
TRANSFER _ o " WAIT
STOP — STORAGE (1)
AUX.
REQUEST
. 'STORE INPUT WORD OR . . INCREASE INITIAL
READ 8 STORE OUTPUT WORD ADDRESS TEST FOR END OF BUFFER
r y : ‘
H720 W73 —>1 k214 - H740 . H753 K2re 5 .H7sb T n772  pi8 F—EXT
V720 S yT3l K215 y740 V53] | kal? ' V760 w772 Y78
RESUME _ . ... .. _WAIT  RESUME. . . . __. .. WAT  RESUME '
T T STORAGE(2) ‘ s STORAGE (3)

' Figure 5-17. Auxiliary Sequencre for Buffer Operation.
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TABLE 5-5. COMMANDS FOR BUFFER OPERATION

Read Buffer Control Word

s«

Set auxiliary reference designator from scanner

Initiate storage (address from auxiliary reference designator)

ClearkUlU

Clear R:-l

"Wait Storage

1°18 UlU ~ (upper half control word to UlU)
1 9 . ' :
v?-Rr? (save initial address for incrementing)

Store Input or Read Output Word

Input QOutput
Clear Xl
_ 10 - x? (input word to X) Clear X'

Initiate Storage (address from Uz) Initiate storage (address from Uz)

Wait Storage ‘ ‘Wait storage o

x! Storage (stores input word) 1 - x1 (obtains output word)

Input Résume ‘ X1 - X2 |
o sz-*ﬂO_' : (output register)

V,Outpu't ready |

“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 of:era‘tion. ,
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(Cont'd. )

Increment Address and Test for End of Buffer

Complement R2 to R

R1->R2

Reduce R_1 to R2
»l

1)

Complement R2 to R )

Clear UlU
1 .

)
17
Partial add,Rl, to U2

U

Cl‘ear‘X]‘, )

v? - x!

(R holds initial address)

adds one to R

(clears U2)

~(transmits incremented address 't.o U‘Z)

, Prepare 1ncremented address to be ertten m

control word

Initiafye étofage o

- Wait storage

Write X" ;4 m s-f:ora{geu :

56 1
1°1 XLA
X .X;;U_
%2 - x1

o 2
Xpa™ T
5 1

N

I = R

(address from auxiliary reference designator)

“{eniters incremented initial address in control word) |

" (read out terminal address) .

Bl

' prepare terminal address for comparison'

) ‘

Partial add R! to U2~

U2j_’ ,Rz

Test R2 0

(compares incremented and termmal addressas by
togghng first with second)

Clear Buffer Act1ve FF for channel ifR = 0 (termmates buffer)

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 in this address is increased every 1/60 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 sequenée. During each scanrﬁng cyc_l'e the scanner senses whether the clock re-

quires advancement. Sensing occurs 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 74.0 instruction with the codes indicated;

60 cps .
3.2 VAC

lJ004 I

cLocK _ ADVANCE
o ~ DISCONNECT CLOCK . '
01000 ——>f K44 K752 ' . - Oo—- . STOP

: ' o : SCANNER 000 . _ | SCANNER
02000 -——-—-—-9 K . K753 » __—___é_____a K754 T— L .

END. OF .
ADVANCE CLOCK———3} K755
OPERATION

3.2 VAC
60 ¢ps

| Figure 5-18, Ad{fance Clo’ck Resyn.é Circuit,
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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 (co‘untvOOO), and AUX is then initiated to perform the

advance clock operation.

Figure 5-19 shows the portions of AUX used during this operation. 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 advance the clock are:

Clear X’1
x! - x?
- Initiate storage ~ (address 00000)
Set x2 to0 1 (prepares increment) -
Ql ~ @? (Store A initial in Q! while @2 holds Q initial)
A2 gt } | | . 4 |
Partial add X
Wait storage
518 Loxl
xt - x?
Add X% to A
- Clear x!
Al x! |
Initiate storage : ‘ {address.00000)
. Qz» A \ v
Ql-q
A’~q
Q%~a |
Wait storage
Exit

2.t° Al

(transmits increment to A)

(old clock count read out)

1

'Return initial contents of A and Q

AN ™
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STORE A IN Q WAIT ADVANCE CLOCK COUNT WAIT

CLOCK COUNT TO A STORAGE I~ STORE COUNT RETURN A = STORAGE 2

H'IIO _ HT!G KZIZ H720 H?SI K2I4 : H‘MO
y 7o oy K21 y720 ' v73t ' K25 . | ©yTe0

RESUME - RESUME ' t—————>EXFT

Figure 5-19, Auxiliary Sequence for Advance Clock Operation,

INTERRUPT OPERATION

In each piece of external equipment, as well as in parts of the internal'computervcon’crol,
certain conditions may arise which make it necessary that the meiu program be notified of
their presence. When these conditions occur, the main program is halted and a _routine' of
inS’tructions is performed which determines the cause of the interruptien and takes the
‘actions apprOpriatevto the condition causing the interrupt. After these two Operatlons have

been completed, the main program is resumed at the exact point from which: the entrance

‘to the interrupt routine was made.

The signal which notifies the computer of the presence of the specified condition is called an
~i’r;iterirupt. The program has control of and determines whether the occurrence of a given

" condition Within an external equipment or a part of compute r control is to be indicated by an

'interr:upt An interrupt is produced by the presence of a condition only if a 74.0 has pre-
vmusly selected an interrupt on that condltlon Unless such selection is made, no interrupt

is produced when the condition arijses.

The occurrence of an interrupt in no way indicates to the computer the specific source of
- the signal. The mterrupt subroutme examines each source of interrupts by means of the

74.7 instruction; after the source is determmed the necessary act1on 1s taken,
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Sources of the 1nterrupt are cable groups 1, 2, 3 and 4 and 1nternal computer control.

Figure 5-20 shows how these sources are combined into a smgle line by an OR (Jsza). The

interrupts from arlthmetlc faults are combmed by J 523 ‘those frorn inactive buffer channels

by J 525, and the intérrupt lines from the external equ1pment by J 52 4.- ‘Any individual inter-

rupt will produce an output from J- 52 6, which-then causes the main program to halt.

" DIVIDE FAULT
SHIFT FAULT

4523

OVERFLOW FAULT

'EXPONENT FAULT

CARRIAGE RETURN FAULT »
END OF TAPE FAULT —_—

TRANSFER INTERRUPT ~ ————3T" 257] 556 1> INTERRUPT
CABLE 6ROUP | INTERRUPT——>f Y [P 7 > INTERRUPT

CABLE GROUP 2 INTERRUPT
CABLE GROUP 3 INTERRUPT-

CHANNEL | INACTIVE ——
CHANNEL 2 INACTIVE

CHANNEL 3 INACTIVE _ - Jbés
CHANNEL 4 INACTIVE - | ¢

CHANNEL 5 INACTIVE ———— |
" CHANNEL 6 INACTIVE

Figure 5-20. Interrupt Source. .
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Recognition of Interrupt

One position of the aﬁxiliary 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
when the scanner is at this position and if the computer is not already pérformi’ng 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 confains two unconditional jump instructions. For example:
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 fhis the upper address por’t‘ion (XXXXX) ié loaded with
the contents of the P register when the interrupt routine is entered. The lower. instruction
jumps to the interrupt routine which begins with an instruction whose address is indicated

in the lower address part of 00007, v‘c_hat is, it has been inserted.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 UIU so that it may be executed next

to begin the interrupt routine.
3) ‘Set the Interrupt Lockout FF in order to pr.even_t recognition of subse-

quent interrupts until the r;e's‘pbnée to the present one has been completed.
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When AUX has performed the interrupt operation consisting of these fiinctions, execution of

the main program ceasés and the computer begins executing the interrupt routine instead.-

Determining Soﬁrce of Irﬁ.‘errupt

Of crucial imbortance in 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 interrupt
is to occur when buffer channel 1 becomes ihactive,. a 74 0 00010 instruction must have been
programmed. Typically, after executing such an instruction the program loads a suitable
eense instructioﬁ in the interrupt routiﬁe; in this case the instruction would be 74 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 con.tairis‘ a series of sense instruc-

tions (74.7) such that there is one for each active source of interrupt.

Te determine the source of the interrupt, the routine sﬁccessively executes the sense in-
strictions in the series‘ described above. When the sehse return line indicates the pfesence
of the gondition (for example, channel 1 inactive) the interrupt routihvé, knows the 'soufce of
‘;he interrupt. Ordinerily the routine would branch to a subroutine designed specifically to

handle interrupts from this source.

This method of locating tﬁe interrupt seurce shows that no pridf‘ity distipction is made be-

tween two or r'no"re inéerrupts. The first source that is sensed as being in the condition for

producing aﬁ in"c’errupt-;is the one that is responded to. Should a second source '(wvhicvh is

' sensed later ih the series of sense instructions of the interrupt routiﬂe) be produ’cing an in-

terrupt, this solirce must wait ﬁri'ftﬂ the response to the first is complete., From this it be-

comes appéér“é‘ﬁ‘c that! each interript source must hold its interrupt signal on until it is sensed,
K

which 1nd1cates that the computer W111 then respond. One of the actions of the 1nterrupt pro-

 gram 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 within 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 Qperation

The address of the exact point at which the main program was interrupted must 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 (_:on?

trol word. The upper inst‘rﬁction‘ 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 com-

mands generated by the sequence are:

Initiate storage - (address 00007)
1 2 T
P =X1a
x2 -+ x!
1
Clear U
Set Interrupt Exit FF . (Stores Exit FF)

Set Interrupt Lockout FF
Set P to 00007 |

Wait storage

1 2
"X

x?% - x!

516 L gl

Half exit

X U
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The single storage reference prov1des for stormg P 1n the uppér address posﬂuon of 00007

and for reading the content of 00007 into U

~ Since the first instruction of the interrnptu‘program is located in the lower position of 00007,
the: mterrupt operatlon takes the half ex1t frbm AUX. (For thls reason aISO it does not
B matter that the unaltered contents of 00007 are placed 1n UlU by the storage reference. )

When the 1nterrupt program rs completed a Jump is made to the upper mstructlon of 00007.

- This 1nstruct10n rettxrns the computer to the correct posrtmn 1n the maln program smce 1t

‘causes a jump to the address defmed by the or1g1nal contents of P

The Interrupt Lockout FF mh1b1ts the recogmtlon of o‘ther 1nterrupt s1gnals untll the present

Ilnterrupt request has been honored The Interrupt Ex1t FF stor\es the state of the Exit FF
indlcating whether the succeedmg instructlon in the main program is in the upper or lower

.v poslthn w1th1n the 1nstruq}1‘:‘_1onword. (See dlscusswn of the Read Next Instruction sequence
_in Chapter 2.) At the time the E;}it FF is sampled during an interrupt operation, this FF

tExit)‘ has already been reversed \by the ex1t which '1eads to the execution of AUX; therefore

the Interrupt Exit FF is interpreted in a manner oppgs‘i,t_e to that of the Exit FF,

STORE P AT ADDRESS 00007 ,  ADDRESS 00007 TO U' k
H-no N 04 > k26 —O—> 760 Q764 > HALF EXIT
y7io YA K2\? {760 ‘ V‘réa ‘ ‘
N Ny e : - i
INTERRUPT . ‘ RESUME

Figure 5-21, Auxiliary Sequence for Interrupt Operation.
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SEARCH AND TRANSFER SEQUENCE

The search and transfer sequence (ST) performs six instructions:

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, specifies the number of words to be searched or transferred. These
words are located in a block of consecutive storage lo'cations. The first word of a block is
‘.located at address m + Bb-l, the second wvord at address m + Bb—z, add so forth. The last

word is located at address m.

A sequence of commands is performed repeatedly, once for each word searched or trans-
ferfed. After each repetition, Bb is reduced by one. Thus Bb holds et all times a count
‘ of the number of words remaining in the block. Reducing Bb for each repetition also pre-

pares the address of the word for the next operatlon since the address for the current word

is. the sum of m and the current count in B | A \
~_F1gure 5-22 shows the basic chain of control delays that generate the ST commands. The
'flI‘St segment address preparation, produces the same commands for each of the six ST

",1nstruct10ns theSe commands which y1e1d the flrst address are:

ul - u?
b .2.3 . :
B‘;I I done by RNI
I“1° - R ' :
1
R* ~ R
Reduce r! to R? BP-1)
R®~Rr!
Exits (b # 0 and R = 0 before reduce)
Add ' to U? (first address; m + B"-1)
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. ST COMPLETE
OR SEARCH
CONDITIONS MET

> EXITS

EXIT ‘
AODRESS . |B°%0 . , WAIT
PREPARATION : ‘ STORAGE |
HSO! Hso8 - " Hs2! ‘ H532 ; Kelo ' HO40 H 349 &ssa _—T
ysor - 508 yse! VL IO | ke v540  ysee  ysez

870 RESUME

‘NO ’AUX REQUEST

" AUX REQUEST- e —
" 1|~ TeErmiNATION FOR
: , ~ AUXILIARY OPERATION

,-"Hs‘svs PLIT I  yose

‘Vgiea fvssé \',ssl vose |

L INITIATE AUXIL"!AR_Y SEQUENCE

Figure 5-22. Search and Transfer Sequence.

" The seco'n‘d‘and all succeeding addresses are also obtained’- by a method common to the six
- instructions. Each execution of the loop performs the following commands to generate the

‘ address of the word for the next operation:

Clear Bb

: Rz - BP | (current count in Bb)'
ul- U2 ‘ (m to U2 for next.address)
Reduce R to rZ (prepare count for next op_e'ra"c_idh)
rZ-rl | |
Add Rl to U2 : . '(adc.iress of next w_brd)-

The storing of the count in Bb provides for the situation when an auxiliagfy 6peréiti0n must
be performed. In this case the series of ST operations is suspended after completing the '
current one, The AUX Opefation,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 stora"ge to external équipment. Transfer operations'f

may be performed at the maximum .cofnputer rate of one/48-bit word every 4 microseconds.

Input Transfer

The actual recei\}ing and storing of an »i-npﬁt word by the loop segment of the ST sequence
(figure 5-22) occﬁrs only wheﬁ the mpuf equipment ;sends‘ a ready. This indicates that a
word is available for sampling on channel 7. Thus it is the inp\ut ready which initiates each '
execution of the loop. The commands listed below are produced to store the word and pre- -

pare the next address.

Input ready

vClear X1

Clear Bb

Initiate storage : (address from U")
RZ - Bb ’
Complement x1 to x2 (Sets X to al 1's)

Xz—*Xl

ot - v

Reduce R‘1

g2 - rl

IO‘—’ Xl

Add Rl to U2

to R2
(Clear X for'0's in input word)

Wait storage

x!a étorage ( N
Initiate AUX sequence - (if AUX fequest);':
Exits (R =0 andb# 0) orb =0 |

Wait for next ready o
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Output Transfer _

The loop segment of the sequence ,ste'hds a word out on channel 7 only-ﬁrhen‘ithe‘ _6uvtpurt equip-
ment sends a resume. This signifieé to the computer that the preceding viord has been ac-
cepted by the equipment and that it is prepared to receive the next word. Ee‘é’h resume
initiates the loop. The commands listed below are produce‘a to read the word from storage,
send it out on channel 7 and preépare the address of the né’xt word.

Output re sumie

loop entry X - 0 send output ready

h’ere for -_>Clear Bb

first word

‘ Ex1t81f(R—0andb'1‘0)orb 0

Initiate gtorage - -(address frot U 2)
R -~ BP
ol - Uz
duce Rl 1o 12
Reduce R™ to R
r? + r!
Add R! to U2
Wait storage

P xl

x! - x? |
Initiate AUX sequence (if AUX request)

) Wait for next resumeée

v(a’ciiiﬁirés“’_ next word from storage)

Examinatidn of these commands reveals that the Iéop anticipates the output equipmetit by
acqulrmg the next word from storage while thd Gurrent one (in O ) is being sampled The

resume causes this word that was acquired in advance to be transmitted from X2 to O

SEARCH OPERATION

The ﬁﬁrpoe"e of the search instructions is to rapidly ekamine a block of operafhds for one

that meets the search condition, which may be either equality to A ot greater than A, The
pr‘dcess involves succéssively acquiring each operaﬁd from storage ahd condpéring it with
the contents of the A register. When an operand is found that meets thé ccvndltlon the search
is terminated with a full exit. If no operand in the entire block meets’ the <:ond1t1on the in-

struction half exits.
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The loop segment of the ST sequence (see f1gure 5- 22) performs the search operation for
each operand by the following commands: '
Clear X1 v |
Clear Bb
Initiate storagé (address from Uz)

ul - g2

r! - r?
Reduce R1 to Rz
Wait storage
Add R! to U2
P18 - x1

" Complement X to X2 (64, 65)
LQX‘(b’,_S, 67)
Complement x! to x2 (66, 67)
Sense X=A (64, 66) o
Sense X>A (65, 67)

‘Half exit if R = 0 (}seérvch exhaustéd)
Full exit search,condition mef- ‘

“ Repeat loop if R # 0 and séa‘rcﬁ condition not m'.e't,

Initiate AUX‘ sequence if 'AUX request
The LQX command for 66 and 67 masks out a portion of the operand This mask quan’uty is

loaded in. Q by a prior mstructlon. The complement commands prepare the operand for

comparison with A,
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TEMPORARY TERMINATION FOR AUX OPERATIONS

The final segment of the ST sequence shown in flgure 5- 22 is uSed ‘only when the eXecutlon
of a ST instruction must be temporarﬂy suspended in order to permit: one of the AUX opera—
lions to be performed. The occurrence of an AUX request prevents .the next repetition of
the 1¢op pert 'ot\'i{tne, sequence; ’It' algo initiates_.th,e temporary terminatien part of the ST
se‘quené‘e. - | | o -

For all ST 1nstruct10ns except 63 this segment sfmply initiates the AUX sequence For 63
(output transfer) the function of the temporary termination segment is to prepare the count

_ in Bb so that when the AUX operation is c0mp1eted the execution of thls instruction begms

'agam with the last word for which a resume has not been rece1ved Durmg this instruction

: Bb holds the count associgted with the output Word currently 1n O . Smce no resume has

been receNed for this word, it must be placed in O agam when the execution of the instruc-
.tion is resumed Th1s requlres that the count in Bb must be 1ncreased by one to allovv for »
'-"the reducnon that will take place in the address preparatlon segment Wthh 1s initiated in
) _re-,summg execution of 63. The followmg commands from the termmatmn segment accom-

. plish this.

' 1 ) 3
Complement R~ to'R ' o ',
1 5 ‘ ~ Adds one to R to make it
R™ - R” _ > SR b
T 9 equal current count in B~
Reduce R™ to R™ : ‘
wlagl 9 o
R 1 9 ‘ " Prepares incremented
Reduce R™ to R” . > : b '
_ 9 1 count for B
Complement R to R :
- r'+R? o o .
: Clear Bb ’ Enters incremented count in BP
2, b | |

R”—+ B
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CHAPTER 6
CONSOLE INPUT-OUTPUT EQUIPMENT

Three units of input-output equipment, mounted on the console, are an integral paft of the
1604 computer. A Teletype High Speed Ta{pe Punch and a Ferranti High Spéed Tape Reader
proviae for the processing of perforated paper tape. An IBM Typewriter, modified by Soro-
ban Engineering, Inc., provides for the dire‘ct keyboard entry of data and for printed copy
output. The console input-output units communicate with the central computer via buffer
channel 1 (input) and 2 (output). Other input-output units may share these channels but the }

éo_nsole 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 transmission between the console equipments and the computer may take place in
either the chamcter or the assembly modes. In the character mode a 7-bit character is

buffered to or from the computer one bit at a time. As shown below, the 7-bit character

occupies the lowest bit positions of a 48-bit word; '0's' are always transmitted in the

upper 41 bits of the word.

v

<— transmitted as zeros sje—7-bit
: character

In the assembly mode the 48—bit’ word being buffered consists of eight 6-bit characters.

T T T
{ Char. 6 ! | Char 5 Char. 4 ! Char. 3] Char. 2| Char, li Char. 0
[ [ |

| 41.. .36 i ol 20...24) 23 . .18} 17...12 !11...06 | 05...00
i 1 i N 1

’ Char. 7

47. . .42

’During an input buffer in the assembly mode (with the reader, for example) eight successive

characters are assembled into a 48-bit word, begmnmg with character 7. After such a

'WGI'd is assembled it is sent to the computer.
' For an output buffer in the assembly mode (with the punch, for example) a 48-bit word from

‘the computer is disassembled into eight characters. These are punched’successively 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 Extemal Function. The execution address of a 74.0 or 74.7 instruc-

tion is an EF code. Console equipments are specified by the following codes:

112XX reader

212XX punch

111XX typewriter input, referred to as keyboard
211XX typewriter output, referred to as type

A complete EF code consists of 15 bits; however, only the lower 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 selectea by means of the 74. 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

910/911 912/913

store equipment selection as follows: Reader (K ), Punch (K ), 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 Selecf 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 ciear; 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) S 1121X

Interrupt on End-of-Tape ' (K906/907) 1122X

Assembly Mode (gI14/915, IXKOX

Punch Motor ®18/917)  5190x, 2121%, 2122X, 2123X

TABLE 6-1. SELECT CODES FOR CONSOLE EQUIPMENT

Channel 1
11100 Keyboard entry and no interrupt én CR.
11140 Keyboard entry and interrupt (;n CR.
_ 11200 - PT Reader and interrupt.on end-of-tape.
11210 PT Reader and set end-of-tape indicator.
; 71‘1.’2‘2,0_ N PT Réader and no interfupt on end-of-tape.
| Channel 2
21100 5 Type assembly mode.
21110 Type character mode.
v 21200 ’Punch assemblyx mode.
‘21‘210 Punch character mode.
21240 Turn punch motor off.
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TYPE

INTERRUPT ON SELECT SELECT
END OF TAPE KEYBOARD

SELECT
READER

INTERRUPT ON
CARRIAGE
MODE - RETURN

ASSEMBLY

SELECT
PUNCH

K801

—Awoo

CH. 2 SELECT (NOT 211XX)

SELECT 21iXX

K903

Xoom

CH. | SELECT (NOT 11iXX)

SELECT 11i1XX -

Xwo.ﬂ

—Awom

SELECT 1120X

—Aw_-

Kelo

_SELECT 112XX

CH. | SELECT (NOT 1i2XX)

SELECT 112XX

PUNCH
MOTOR

Ko7

K96

SELEC: 2124X

SELECT 2120X, 212X

} —Awmw

—Awmw

2122Xor2123X

_SELECT 110X

SELECT 1114X

XO_O

—AO.&

SELECT 2XXIX or 2XX3X

Kels

—AQ-N

SELECT 2XXOX or 2XX2X

CH. 2 SELECT (NOT 212XX) -

SELECT 212XX

6-5

TRANSLATOR |

CH. 2 CH. 2 CH.

r

10

H
—

CH. |

I

- SENSE SELECT SENSE SELECT
~READY READY READY READY

7
N~
EXTERNAL FUNCTION LINES

External Function Translator.

Figure 6-1.
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SENSE CODES | |
Five different conditions within the console equipments are sehée_d by means of the‘ ’74-‘_7‘ in-
struction with the sense codes listed in table 6-2. As shown in figure 6-2, the tfansla‘tion
of the code is combined with a signal indicating the specified condition, The’o.utput of this

968

- gense circuit ig the sense return sent to the computer. The sense return from J is a

'"1" when the specified condition exists.

The sense circuit of the console equipment ignores the lowiest three bits of the sense code;
the sense return signal sent to the computer is thefefore,tﬁe same for either of the codes
in the pair associated with a condition (table 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 | Exit on keyboard CR.
11101 Exit on no keyboard CR.
11140 Exit on keyboard lower case.
11141 Exi’cv on keyboard upper case,
11200 Exit on reader end—-_of-tape. | ™
11201 Exit on no reader end-of-tape.
11210 Exit on reader assembly méde.
11211 | "Exit on reader character mode.

- Channel 2

‘ 21200 ‘Exit on punch out-of-tape,

21201 | Exit on no punch out-of—tapvele.
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SENSE RETURN
(TO COMPUTER)

JQIQ

JQGO

e an« , . . 7

SENSE j:;%E;; . SENSE [Jo#! SENSE [yo6s. SENSE | y937 SENSE J"T::)
Q! > }) J 9> X
Hiax J9 212XX | 963 120X | 992 1iox |yo4e iH2i1x | g9

Ml99-

M8 END-OF-TAPE ~ CARRIAGE ASSEMBLY
(READER) RETURN ~ MODE
CASE ' (k2% - (0%%%) - (k*%9
. PUNCH .

OUT-OF - TAPE

il

Figuré 6-2, Sense Circuit Console Equipmeht.
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INPUT DISTRIBUTOR

The input distributor (figure 6-3), which consists of the Input. Assémbly Register (IAR) and
the assembly counter, receives characters from the typéwri’cer keyboard and the paper tape
reader and forms 48-bit words from these characters for the computer. The 48-bit word is
formed in IAR under the control of the assembly counter, which detérmines 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

m

is advanced to prep'are for gating the next character.

During an input operafion from the reader in the character mode the assembly counter is
forced to the count th'at_produces the signal gate character 0. Each 7-bit character from
the reader is entered in the lowest seven stages of IAR. The remaining stages hold "0".

' 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 assemr
bly counter. After a keyboard character enters IAR the entire 48-bit word (consisting of
"0'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 i° inverters. When

neither the reader nor the keyboard is selected IAR is held clear.
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ASSEMBLY
COUNTER

(K270-97)

THROUGH
K OOO-D.I)

Division

TO X' REGISTER

O
[z |

9 IAR—+1°
(INPUT-OUTPUT CONTROL)

INPUT ASSEMBLY REGISTER
(I’OO -90! THROUGH I”"’”)

CLEAR IAR

(READER AND KEYBOARD
CONTROL)
P _GATE KEYBOARD
(s) (e) (s) : (s) (s) (s)cocs) (KEYBOARD CONTROL)
GATE CHAR 7
6 _
Q KEYBOARD INPUT

GATE CHAR 5 A " (FROM TYPEWRITER)
GATE CHAR 4 P
GATE CHAR 3 ' A
GATE CHAR 2 A
GATE CHAR | A j& < CHARACTER MODE
GATE CHAR O P (READER CONTROL)
SELECT
READER A
(READER
CONTROL) NOTE .

REFER TO DRAWING
FEED PULSE XD 102285 FOR
(FROM READER) DETAILED LOGIC

DIAGRAM

TAPE LEVELSYTAPE LEVEL
\0 THROUGH 5 6 )

\4
FROM READER
REGISTER

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 disassvembly
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-Dbit
word held in 0! into eight 6-bit characters. These charactie'rs are sent successively to the
punch or typewriter. Figure 6-4a illustrates the order of disassembly, which process is
controlled 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-

1

duces the gate character 0 signal. Thus only the character in the lowest stages of 0 is

sent to the punch or typewriter. The upper bits of 01 are ignored.

o' REGISTER ‘
A. DISSEMBLY | CHAR | CHAR | CHAR | CHAR | CHAR | CHAR | CHAR | CHAR
FOR PUNCH 7 6 5. 4 3 2 ] o (o]

,.‘_\Q , .
S mey — TAPE
2RI yoTion

8. ASSEMBLY | CHAR | CHAR | CHAR | CHAR | CHAR | CHAR | CHAR | CHAR
FORREADER | 7 .| 6 | S 4 3 I N

INPUT ASSEMBLY REGISTER
(IAR)

Figure 6-4. Character Orientation in Registers and on
Paper Tape.
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TO TO
TYPEWRITER PUNCH

SELECT TYPE
(TYPEWRITER CONTROL) PUNCH
REGISTER
O—> (0500- $01

THROUGH
opd¢0-361 )

CLEAR PUNCH
REGISTER

(PUNCH
CONTROL)

INITIATE
ADVANCE

PUNCH
(PUNCH
CD S CONTROL)

CHARACTER MODE
(EF TRANSLATOR)

A

DISASSEMBLY

956 -997
(K GATE CHAR A
THROUGH

GATE CHAR

K?66967)  BGATE CHAR

GATE CHAR

/’

o—nubumksn
NA

()

./

A

©® OO0 OO 6O O

ADVANCE
{TYPEWRITER | | |
CONTROL)
OUTPUT REGISTER |
002-003 4T2-473
(o] THROUGH O ) CLEAR 0!
(INPUT-OUTPUT
CONTROL)
I'—0'
NOTE :

(INPUT-OUTPUT CONTROL)
REFER TO DRAWING XD 102288

FOR DETAILED LOGIC DIAGRAM
FROM X2 REGISTER

Figure 6-5. Output Distributor, Si;nplified Diagram.
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PAPER TAPE READER

The Ferranti Type TR 5 punched paper tape reader is used for entering information stored
on punched paper tape into the corhputer. The reader is always connected to channel 1, "It
operates at a f}%aximum rate of 350 characters (lines) per second; thus, the time interval
between succesg‘ive charactexs from the reader is 3.3 milliseconds. The complete tape
reader is composed of a tape feed mechamsm an optlcal projection system, the readmg

and location photocells, the power supply, and the brake and clutch drlve c1rcu1ts

MANUAL CONTROLS
Manual controls for the reader are two 1éver 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

918/919

action sets the Reader Motor FF (K ); the y output of this FF energizes the reader
. g

motor.

The Reader Mode switch selects either the character or asseinbly mode of operation for a
reader input operation: the up position (ASSEMBLY) positions 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 6-6, the levels are designated 6, 5, 4, 3,
2,1, and 0 from top to bottom. The sprocket 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 control level.
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ORIENTATION OF BITS
Of A COMPUTER WORD
~ A

3
/"‘ CONTROL 8IT

of
O@@@Q@0°5
@OOOO®E®@®:-
®@@@3 'v DIRECTION

°o o ——= OF TAPE

.....@2 \ . MOVEMENT
@OOOOOOO

PEPEPEO®AO:
| | \— LEVELS

- Figure 6-6. Seve_nLevel Punched Paper Tape.

READER OPERATION

In the» assembly mode, the transmission of each character to its proper poéition in IAR is

effected by the feed pulse (generated by the feed hole in the framé) 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 JAR. 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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Division
INPUT .
BUFFER
READER . , . PULSE
MOTOR FF )

‘ , READER 922 878 READER
MOTORY [ MOTOR ON GATE CHAR 7 Km, e cLuTcH
SWITCH | DOWN NO LEVEL 6:>p~9 K

» PULSE . .
FEED BUFFER
PULSE  INACTIVE

_ .

UP K923

(ASSEMBLY) LOAD
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 Figure 6-7. Reader Control Circuit.
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TABLE 6-3. ASSEMBLY MODE OF READER OPERATION

ACTION 1 ~ RESULT

1) Select assembly mode (switch up) | 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 with information.

Clear Load Point FF (de-energizes clutch).

2) Buffer Active Signal | Energize clutch. : :
Remove clear on IAR, assbly. ctr., and Ready FF.
Gate first character into IAR.

3) Feed pulse , 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 feedppulse (ctr. at character 0) set Reader '

Ready FF to send ready to computer.
4) Computer samples IAR and Clear IAR.
sends resume Clear Reader Ready FF
Wait for next feed pulse; repeat 3.
. If no level 6 hole for character 7 Clear Clutch FF,

~ If Buffer terminates (made inactive) Clear Clutch FF,

TABLE 6-4. CHARACTER MODE OF READER OPERATION

) ACTION | ~ RESULT
1) Select character mode (switch Set Character Mode FF,
f down) Force assembly counter to character 0.

Set Clutch FF (energizes reader clutch).
Move tape one frame.
Clear Clutch FF since buffer inactive.

2) Buffer active signal occurs Energize clutch.
: . Remove clear on IAR, assbly ctr., and Ready FF.
Gate first character into IAR

3) Feed pulse occurs o | - 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 characterof a word on the tape (this condition is interpreted ;
as end—of-tape). |

904/'905) is cleared

The end—of-tapefcircuit is shown in figure 6-8. The End-of-Tape FF (K

when a mode selection is made; this FF is set to indicate theﬁ end of a tape on either of two

conditions: | ,

1) ' By extemal 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 operatioﬂ, by the absence of a level 6

806

signal (from I°"°) when the assembly counter is at count 000,

END-OF=-TAPE

(READER)
SELECT J“’ § g ‘
. }_) ¥ X le—y263
121X 4943 g (CHARACTER MODE)
K§29

(FEED PULSE) V27 (ASSEMBLY MODE)

(CEVEL 6 ) 189 goee k23! (ASSEMBLY MODE)

K975__a
K97| —_—

K979

oy —

COUNTER AT
CHARACTER O
POSITION

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 aretwo lever switches on the punch and reader control panel of the
console. The punch motof may be manually turned on by placing the Punch Motor switch
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 Punch. assembly fno’de 2124X Turn punch motor off

2121X Select Punch, character nrlodew_

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 neér the roll of paper ’cape 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 méchanism rotates. However, advancement of tl';e
" tape does not occur unless the punch feed magnets are energized. Once each revolu'cioh 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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Figure 6-9. Purich, Control Circuit.
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No. 2 contact"or, are résynchrorﬁééd 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 a(,'l‘, |

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 0l and sends accompanying ready. The sequence of events in punching a character .

appears in table 6-5..

TABLE 6-5. PUNCH OPERATION

2)

5)
6)

7)

'1“0)
11)
12)

1)

3)

4)

8)
9)

Set Ready FF during absenée 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 magnet).

- Clear Ready FF.

Set Resume FF if counter at character 0 (sends ,?esume to computer).'

. Advance disassembly counter.

Réturn to step 1 if counter is not at character 0 .bvefore, step 7.
Computer responds to resume (step 6) by .turning bt:f, ready.
Clear Resume FF. | | | |

Compﬁter loads 0'1‘ and sends ready.

Return to step 1.
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The disassembly counter controls the distribution of characters from ()1 to the punch regisf
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

968/969 each time the lowest-order

character last. A resume signal is generated by K
character is entered into the punch register; this signai notifies the computer that another

word may be entered into O1 .

In the character mode ‘the disassembly counter selects only the lowest-order 7-bit char— .
acter of each word in O1 for recording, ignoring all the other bits. The resume mgnal is
generated after ea‘chv character has been punched; thus a new word is recelyed fromvthe j,

corhputer each punch cycle. -
TYPEWRITER -

The typewrlter is an IBM Electrlc, modified by Soroban Engineering, Inc s by the add-
ition of a: mechamcal coder apd decoder The type*vrlter may be used as e1ther a key-
board input dev1ce or as an output dev1ce for producmg printed copy; for output the type-

_ erter can operate at a rate of approxlmately 10 characters per second.

TYPEWRITER CODES

All of the typewrlter characters and functlons are represented by unique combmatlons of
six bits.’ The complete set of codes is given in table 6-6, Where the characters and func-
tlons are.listed along with the1r associated octal codes. | ‘ |

During a keyboard input operatlon the depressmn of a character key causes the coder to.
produce as an output the code for that key. Space is the only typewriter functlon for which

a codeiis formed For other functlons (tab, back space, upper case, etc ) no code is

formed durmg 1nput operatlons 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
ucC LC UC LC Uc = LC
A a 30 p o 15 # 3 Ga
B b 23 q 35 $ 4 62,
C c  16 . R r 12 % 5 66
) d 22 s s 24 ¢ 6 | 72
E e 20 T t 01 & 7 | eo
O N A 7Y RS B T
G . 13 v v 17 ( 9 %7
H ho| o 05 W w 31 _ - 52
I S 14 x x 27 S e
J 3 52 Y v 25 oo % 54
K k 36 -z 2 21 e + 46
L1 11 1 42
M m | 07 ) 0 56 . 50
N n 06 0 1 74 , 40
(ON o) 03 @ 2 70 | - = 092
b.. Functions Code b. Functions ‘Cloc:ie
Tab 51 Carriage Return | 45
Space 04 Lower C_asé 57
Back Space 61
Upper Case 47
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KEYBOARD OPERATION

The keyboard contrcl 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:

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 TC1 thmugh TCE6.
6-bit code for the character assoclated with the key. At the same time that one of the con-
tacts TC1 through TCS6 is actuated the common contacts of TCC are actuated ‘This signals

to the control circuit that a character from. TCl through TC‘6 can be gated to IAR The :

‘sequence ‘of steps or events involved for one charac’cer is given in table 6-7,

*

TABLE 6-7. KEYBOARD OPERATION

1)
- 2)

3)
.4)

6)

7)

5)

.Depressmn of character key. .

Key actuates coder wh1ch closes appmprlate contacts TC1 through
TC6 to generate code :

Key actuates common contacts of TCC.

» Resynchronized mgnal from TCC contacts:

Gates character from TCl through TC6 to IAR

Sets Ready FF (sends ready to computer)
Clears K984/985

TCC contacts retum tc normal state later in typewri.tér cycle.
Computer resﬁonds_ tof‘read'y with a fesum’ewhiéhz‘

Clears IAR

Clears Ready FF

Return\to step 1.
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TYPEWRITER SELECT
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|
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|
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| I -
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| I
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i N
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r S wee | " CLEAR IAR

Figure 6-10. Keyboard Control Circuit.
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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., This feature allows the operator to 'gain

the attention of the computer so that subsequently he may enter information via the keyboard.

The carriage return intérrupt circuit is shown in figure 6-11, After selecting the ke»ybo‘ard

with interrupt on CR, the state of the circuit is: K988/989 994/995 93,6 /'987‘

996/997

set, and K , K

and K clear,

The sequence of events that result from a CR or tab appears in table 6-8, The si‘gnal.wfrOm‘r‘ o

. CR or tab is resynchronized and sfored_ by'Kg%/Q97 to groduce the interrupt mgnal

B TABL.E 6:.--'8 CARRIAGE RETURN OR TAB INTERRUPT

| ,:‘ Depression of CR or tab

994/995

jsetK which

996/997

sets K which

986/987

sets K to prevent contacts from being

Sampled again during typewriter cycle.
‘52)"' -~} Computer interrupt program

determines by sense code 1110X that typewriter is |

996/997

_ source of interrupt because K is set

does select 1110X Which turns off interrupt and removes

interrupt selection by clearing K988/989.

3) "Several milliseconds later CR or tab contacts return to normal state .

994/995 986/987

which clears K and K

6~24 " ‘Rev. 11/60 -
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pos SENSE
J
TAB 250
% . > M270 v
‘L — | o4 ‘ Ke%6 v INTERRUPT
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e - . K986
K987
Mi86
J960
SELECT
SELECT J962 Moo
ax  yee?
. Ks8s
, K989
SELECT J::: ﬁ 1‘
1mox J el

Figure 6-11. Carriage Return Interrupt Circuit.

TYPEWRITER OUTPUT OPERATION

The output control circuit (figure 6-12) provides for accepting achaz"acter»code.. from the.

O1 regis‘ter and sending it to the translator magnets (TM1 through TMS6) of the ?typewrité‘x".
dvecoder. Later the translator cam rﬁagne’c (TCM) is energized by the circuit to:- (1) type

the character; or (2) close a function contact and perform the function.

The sequence of evénts in typing a ‘character is given in'table 6-9. Operatlon is allowed to
begin:when the typewmter is selected and the computer signals by a ready that O1 is loaded.
The control circuit gates the code to TM1 through TM6 and thereby starts the mechamcal
cycle of operation in the typewriter. Later, this cycle closes ribbon feed or one of the
funcfio_n conta'cts«.' The closmg of one of these contacts signals to the control cn'cult that
(1) TCM can be energlzed; and (2) the code has energized some combination of TM1 through
TM6. This signal after resynchronjizing is used to prepare the next code. |
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Figure 6'-‘-12. Typewriter Control Circuit (Output).
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During character mode operation the disassembly counter is held at the count for character
0. Thus a resume occurs after each operation. When an illegal code (one not defined in
table 6-6) is gated to TM1 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 ""0" 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 ener-:

999

gize TM1 through TM6, the code is sensed by J which initiates the necessary sequence

of control signals.

TABLE 6-9, TYPEWRITER OPERATION (OUTPUT)

1) Computer sends ready after loadin-g O'1 registér

2) A character in O (determined by disassembly counter) is
‘ transferred to TM1 through TMS6. :

3) TCM energizeﬁ; to begin typewriter cycle that prmts the character
: or performs the function.

4) If code is for typewriter character, ribbon feed contact closes.

5) If character mode or if in assembly mode, counter is at character

0, then.set Resume FF. This sends resume to computer.
6) Advance disassembly counter (ineffective.in character'mode).

7) Computer drops ready because of typewriter resume; thls clears
typewriter Resume FF.

8) Near the end of the typewriter cycle the contacts open.

9) Return to step L.
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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, 80 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 output of the motor-generator (MG)

is regulated to within Ty per cent of 208 vac and distributed to various d-c supplies.

The cabinets are provided with centrifugal blowers (when required) which cool thé 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-GENERATOR

The motor-generator set (figure 7-1) supplies the basic 208 vac, 400 cps power to the com-
puter and external equipment cabinets. The motor operates from a three-phase, four wire
208 vac input-which is controlled by the MG contactor (see figure 7-4). The contactor, in
turn, is ehabled by the power switch on the console. When the Power On .switch is momen-
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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Figure 7-1.

Motor Generator Set.
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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 voltagé regulator circuit, which employs
two magnetic amplifier reactors, as shown ,oh 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, according 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 fhe main generator. As a result,b a dev.iat’ion of generator output voltage will cause

an increase or décreaSe in the generator fieid voltage. The regulated output vol;c'age -of the :
generator is brought out to the control cabinét where it is used for the meters, indicators,
etc. The 208 vac, 4'.(1)0Acps power output is brought through the air circuit breakéf (ACB)

“which is located on the control cabinet,

Figures 7-2 andv7—3 show the front outside and inside views, ~respecti_ve1y, of the control
cabihet,. which contains most of the control units fof the motor-génerator set‘. The:varioﬁé.
manual controls and indicators for the motor-generator are located on the cabinet door and
are visible.from‘,the outside of the cabinet. A standard ammeter and voltmeter diSplay the
current and voltage values of the generator output voltage, while a vibrating reed type of |
frequenc%y meter indiéat_es thé frequency of the génerator output. Both the ammeter and

the voltmeter are associated with a switch that must be turned on before the reSpectivé

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 associated 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 tlie line to the normally
open (NO) contacts of the contactor in the 60 cycle switch panel. The contactor is f‘lli:"!"vgifiif(f
by the dépression of thé Pov&er On switch, ‘A set of hoiding contacts maintains the contac-
tor energlzed through the: normally closed (NC) contacts of the Power Off sw1tch Whe n
this switch is depressed the contactor is de- energlzed and all 60 cycle power is dl%& on-

nected from the equlpment

The distripution.of power to the cabinets is accomplished by cables originating at the two
switch panels. All of the necessary CO‘nnéct‘ions are made in the junction box under *he

switch panels,

MAIN CABINET POWER DISTRIBUTION
The distribution of power in the main 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 power into

the cabinet.
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Figure 7-4. Main Power Distribution.
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Figure 7-5.

Main Cabinet Power Distribution.
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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 fﬁrnish positive and negative 20 volt power to the printed circuit cards on the
chassis (see figure 7-6). The Secondkary 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 applled to the -15 volt power supplies on relay chassis 20100 and
20200. These supphes, in turn, furnish -15 volts to the t}fpewrlter relays, the punch
magnets and the relays associdted with the ‘display mediles, | The ‘60 cps power operates

the lamps in the dispiay modtiles, the convenience outlets, and the three external equipments

in the console. A console power distribution diagram is shown on page 79 of Volum‘elﬁ.

The 208 vac, 400 cps power input to the console 1s connected in parallel to the prlmames of
the delta-star transformer on relay chassis 20100 and 20200 respectively. These trans— _
formers in conJunctlon Wlth the rectifiers and filter capacitors make up the 15 volt supply
for thelr respective reley chassis. The -15 volt supplies are identical to the -20 volt
supplies.?in the main cabinet chassis, with the exception that: (1) the transforniers- are
wound to produce -15 volts 1nstead of -20 volts after rectification; and (2) the capac1tors |
are 2000 mlcrofarads instead of the 10 microfarads on each of the type 54 cards. The 15
volt outputs of the supphes are connected to pin 1 of each relay on their reSpectwe chassis
as well as the relays located on the brackets behind the chassis. - The -15 volt output is also

used to supply the speaker coil,

7-9 , Rev. 11/60
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Figure 7-86. Typ_i¢a1_DC Power Supply on.Chassis.
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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 disconnect 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 digit display is deactivated while the computer is runnir;g. N .However,,‘ the '
6.3 vac circuit to the relays assosiated with the béckground indicator lights remains

activated during the time the computer is operating.

COOLING SYSTEM

The computer cab1net is cooled by centrifugal blowers which force room air around the
chassis. The room air temperature should be malrtamed at approx1mate1y 72°F. Blowers
are mouqted on the‘ framewotk beneath each half of the cabinet floor. The blov‘vers pull the
air through the boftdml section of the cabinet, through a diagonally mounted filter'ahgl through
the two screen grills in each half of the cabinet floor. The air is guided through vt‘he 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 air
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.

7-11 Rev. 11/60
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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
deley relay which is normally energized. (See figure 7-5.) A red indicator light is con-
nected in parallel with the NC contacts of eaeh 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 e particular quarter section becomes 85QF, fhe'eorres—
ponding thermostat opens the ‘circuit which turns on the associated indicgtor light and de-
energizes the time delay relay which is - mounted in the ;c_onsole (figure 7-4). The de- |
energizing of this relay immediately causes the Warning‘ buzzer to sound. (There is :nd
delay in the closing of the N(! contacts of this relay.v)k After a three mifite deiay, NO e‘on‘_
tacts 6-4 and 3-5 open which turns off the buzzer and opens tne circuit to the MG cozltactor."
As a result, all 400-cycle power is disconnected from the. equipment. ’i‘h‘e thermostats
automatlcally reset when the temperature falls to the proper level. Hovx}ever the Power

On switch must be depressed before 400- cycle power can be reapplied to the equipment.

The door 1nterlock 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. T'hus, 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 rninutes, the timer
NC contacts open which disconnects the motor from the line and turns on the door indicator
light. In addltlon 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 ﬁeutral~iine, 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 as this series circuit remains closed, the three minute time delay relay is ener-
gizéd. Thus, the circuit to the MG contactors is kept closed until one of the NC ‘cor_ltacts
in a particular cabinet opens, Which" de—energizes ,ther tﬁree minute time‘d‘elay relay Thi'.s
action causes the Warning buzzer to sound. Aftei' a three minute delay the twé NO contacts
of this relay open, which turns off the warning buzzer and de-energizés~the MG contactor.

The de-energizing of the contactor drops 400 cycle power from the equi?ment.

Rev. 11/60
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'APPENDIX A

BORROW PYRAMID

The borrow pyramid of the accumﬁlator is discussed in detail in this appendix. Since the
éyr#mid associated with the U2 régigter différs only in the number of bits, this discussion
applies to it as well, Figure A-6 (end of abpenoiix) shows the geper’al structure of the pyra-
mids anci gives the state of the output Ao'f each inverter during the performance of an actuél

addition. The operands used for 'illu'stration‘in figure A-6 are:

Addend (A) = 000 000 000 000 011 110 110 000 111 110 000 010 110 101 001 -111
Augend (X) = 000 000 000 000 001 010 000 111 111 100 111 101 110 110 001 011

Sum (Af) = 000 000 000 000 101 000 111 000 111 011 000 000 101 011 011 010

‘The output of each inverter is indicated by the "0" or "1" in its associated block symbol.
The derivation of the output given for any block can be proved by examing the figures which

‘accompany the diéc_ussion of the various levels,

Each level cbnéisté of single inverters which are assé;ciated\ with a class of symbols; for
example, the bit borrow enables are idelfxtified by the éymbol A0, The name of each level
is descriptiire of the functionvit performs, or, mofe precisely, of the condition it senses.
For any level except toggle cont'rol"(A"'?) the f,ollowihg, rules can be uéed to determihe
whether it is a "1" or a "0" output from the .inverters that indicates the presence of the con-
dition sénsed by that level: | ’

1) If the last digit of the superscript is even, a "1" output repr‘eSents ‘

‘the presence of the condltlon denoted by the name of ‘the 1eve1
2) If the last digit is odd, a ngH output represents the presence of the

.. condition denoted by the name of the level.

In the case of A~ T amn output indicates 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, group or section. The
borrow enable and borrow generation conditions in a given group or section are mutually
exclusive. For example, if the enable’ §ondition-exists in a given group, this group cannot
gen'e.rate an intergroup borrow. If the gener:ition exists, then an intergroup borrow can be

completed in t