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IBM 7094 DATA PROCESSING SYSTEM

FUNDAMENTAL PRINCIPLES

Modern methods of accounting, measuring, testing, rescarch, and design generate
huge quantities of information that must be processed quickly and accurately. A
vast amount of data constantly pours into such places as retail establishments,
weather stations, insurance companies, and tax bureaus. In addition, our rapidly
expanding scientific investigations into rocket and missille design, atomic research
and missile tracking need faster and faster methods for carrying out increasingly
complex calculations. To meet these demands, machines have been developed which
can compute, select, and correlate data at electronic speeds.

Automating paper work is possible because the actions involved are sufficiently
repetitive.' The variety of steps necessary in processing business records or in com-
puting scientific problems, for example, is small, indeed, compared with the
number of times these steps must be taken. One of the first paper work machines was
the ink stamp, possibly because applying a data or name was 'so obviously repetitive,
As additional mechanization was applied to paper work, machines beg;ln to take over the
long and pains-taking task of accounting,

Although accounting applications of business machines require a certain amount of
arithmetic, such as accumulating totals and balances, the problem is principally one
of processing data. A large amount. of information is fed into these machines (input)
and a relatively small amount of in: >rmation is produced (output). The machines
are therefore called data processi-g machines.

The first data processing macl.nes handled information in a series of individual

operations. These included punc'ing information into cards, sorting and classifying

cards, producing totals and bala; :es, and printing the results. Intermediate results
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from one machine were transferred to another, many human decisﬁons and interventions
were necessary for a complete accounting procedure.

With the application of electronics, the rate of calculation was vastly increased.
But, more important, a basic new technique was introduced which might be called
intercommunication. Electronic devices were able to make decisions, and, on the
basis of these decisions, to provide internal transporting of data and intermediate
results from step to step. Data are fed into one end of a data processing system and
final results come out the other, This machine system, as we know it today, is the

modern computer, or data processing system.

GENERAL COMPUTER FORMAT

A modern computer has five distinct functional sections: input, storage, arithmetic

and logical, control and output, These same general functions exist, to some degree,
o0

in all IBM card machines. Figure l illustrates these functions as they appear in an

IBM card machine accounting system.
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Figure 120 Functional Parts of a Card Accounting System
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All information that is to be involved in any mechanical method of accounting must
be made available in a language and format that the machines can understand. This
function is provided in the card accounting system by the keypunch. The printing on
source documents such as billing or various account statements is converted to
code holes in the punched card. The keypunch is, then, the input to the card accounting
system. Once the card is punched, it serves as a storage device. The information
stored on the card is now available for future use by all portions of the accounting
system. Exactly how this stored information is to be used in the accounting system
is controlled by several factors. These factors include such items as control
punches in the cards, the order in which the cards are used, the machines in which
they are used, and the wiring of the control panels on the machines. The summation
of these factors represents the control sectionof the card accounting sysfem. Items
such as counters, ’comparing units, selector units, and certain relay ;:ircuits consti-
tute the arithmetic and logical section of a card accounting system. Which of these
units operates on the information from the cards, and in what manner is dictated by
the control portion of the accounting system. The results or output obtained from
the accounting system are usually delivered as printed listings. If the results are
to be used, the output is also punched into cards.

It is important to realize that the machines which comprise a card accounting
system must receive detailed directions from the control portion of the system. The
control section in turn, is directed by cunatrol panel wiring, control punches in the
cards, and the card routing to the partict ar machines.

It will be secen that a computer

must receive even more specific directior s than those used in a card accounting system

© 00000 000000000009 00

because a computer does absolutely nothi g unless directed to do so by its control

section. The control section of the com) ter receives its directions from a programme.

/O .
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- who plans the operations to be performed by the computer,

The five functional sections of a generalized computer are illustrated in Figure/ﬁ./
In general, the computer is similar to an entire card accounting system, The advan-
fages to be realized by using a computer include greatly increased processing spe‘eds, a
higher degree of automation, and greater flexibility.

All information used by the computer must pass through the input section where the
incoming information is interpreted and converted to the language that the computer
understands. The input section includes such devices as card readers and magnetic
‘tape units.

From the input section, information is directed to the storage section. As their
main storage unit, most computers use an information-holding device composed of
magnetic cores. This magnetic core storage may serve as the source of all infor-
mation to be used by the computer. Core storage has some very important advantages
over punched card storage. Most important of these is the high speed at which infor-
mation may be placed in, or removed from, core storage. The highest degree of per-
formance from core storage and many other types of storage can be realized only when
the information is arranged in specific order. Once the information is located in core

storage, it may be called for instantly in any sequence.

»

Input
(Data and > Storage Output
Instructions)
/'\ 4,21 : struc—‘,\_ %—-_Data N
——¥ tions 7 '
Arithmetic l
Control and I
Logical l
‘3, 701/ - | |
I ' — [
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The control section of a computer directs :i.c operation of the entire computer.
Unlike the card system, the control section of a computer receives its directions as
units of detailed information from core storage. These units of information, which
tell the control section what operations are to be performed are called instructions.
That portion of the information in storage which is to be operated on is commonly
referred to as data. A single piece of data used in an operation is often called an
operand. From the above, it may be seen that instructions as well as data must be
delivered to storage from the input section. Notice in Figure 2 that the control
section receives instructions from storage and then exhibits the necessary control
over all other sections of the computer.

The actual operations are, for the most part, performed in the arithmetic and
logical section. The control section directs exactly what operation is to be performed
and what operand is to be involved in the operation. The instructions that may be
executed by a given computer includes such arithmetic operations as add, subtract,
multiply or divide, Some instructions may place the results of the arithmetic oper-
ation back in core storage. Subsequent instructions may tell the control section to
deliver the information to the output section. The output section may include
printers, punches, or magnetic tape units,

From the above description, it may be seen that a single instruction causes only a
specific operation to be performed by the computer. If a complete problem is to be

performed by the computer, a number of instractions are required to direct the com-

puter. A group of such instructions, and any 1ecessary constant data used to direct the

computer to the accomplishment of a job, is (1lled a program. Because, in modern

computers the program is contained in stora 2, the computers are called "stored

/0¥ |
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program computers. ' When operating under stored program control (or any other
method of control), the computer executes one instruction at a time. After executing
one instruction, the computer automatically proceeds to the next instruction. It is
important to realize that every computer must be directed by some type of program
during every step of its operation,
/8¢

A generalized stored program computer, as illustrated in Figure/f, operates

in the following manner. A program of instructions to direct the computer in every
v

step of its operation is punched into IBM cards. All ofjdata upon which the
computer is to operate are also punched into cards, The cards are placed in the
card reader, and a key on the computer console is pressed which tells the control
section that the information located in the card reader is to be read into storage.
The control section then starts the card reader and delivers the information from the
card reader to the proper locations in storage. Information contained in the last

card tells the control section where to find the first instruction. The control section '

then calls for and decodes the instruction to determine what operation is to be per-

formed and where the operand that is to participate is located. Next, the control

section causes the operand-also located in storage-to be delivered to the arithmetic
and logical section. The arithmetic section then performs the operation as called for
by the control section. After the first instruction has been performed, the control
section calls for the next instruction from storage. This instruction may very well
be one that causes the results of the previous instruction to be stored. This process
continues until such time that an instruction is encountered that causes the results

(now located in storage) to be delivered to the output section.
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THE 7094 FORMAT
103

Figure ]\ illustrates the organization of tne 7074, rlthough there is a slight change in
terminology, components and functions are cssentially the same as previously

described for a general computer. Tlic central porcessing unit (CPU) of the 7094 is

actually made up of two sub-units -- CPU 1 and CPU 2, CPU 1 is the IBM 7110

Instruction Processing Unit and CPU 2 is the IBM 7109 Arithmetic Sequence Unit.

Condaine all aniThimise, ond M/W) am/

As these names imply, CPU l4acccpts, decodes, and’routes instructions to the

ol pyition afteallon conTloky s ol enotsclom dhocp?

rest of the computer. CPU 2, contmns rosivters—to—pe Ptird—a-rttt

/W/Jé% o iThrelts wnd O conlirls

There is a'great deal of interplay and overlap between thesc two units, and in some

sequences iti is difficult to determine an accuratc {functional boundary.

Note that a multiplexor has been added in Figure 3. The multiplexor processes
most of the intercommunication witl;in the system. Some kind of multiplexing is
required since it is possible for the CPU to be in an arithmetic sequence, not re-
quiring reference to corc storage, at which time information may still be brought
in from the input section. As will be explained in detail later, such simultaneous
operation is highly counditional.

Priefly, computer information flow in Figure 3 is froin input through multiplexor
to CPU, to sct up the stored program. Instructions then come [rom core storage,
through the multiplexor to CPU for decoding and reference is made back to core gstorage
to the address specified in the instruction. Finally, core storage instructions are
necessary, to place the answers in core storige to be read out to the output cquipment.

Figure 4 is a block diagrani of the 7091 showing a possible combination of u its
making up a 7094 system. Of course, not all units are recquirced in ¢very installatiow,

The final selection would be determined by customer need.

/06
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THE 7094 COMPUTER WORD

Before a computer can be told what to do, a common language is necessary between
programmer and computer. The 7094 is a binary machine, so all inputs and outputs,
internal processing, and internal communication is in terms of 1-bits 0-bits. These
1's and O's are combined in a 36-bit word, in such combinations that are meaningful

to the computer.
For example, the combination of 000100000, properly placed in the computer

word, instructs the computer to perform an addition. Another portion of this particualr

36-bit word tells the computer which word in core storage is to be added (the operand).

The next instruction might contain the combination of 000110000, which, in the proper

location within the word, instructs the computer to store the sum just obtained. Again,

this address portion of this word will instruct the computer where the sum is to be

placed in core storage.

From the foregoing, two types of words are apparent -- instruction words and data

words. A third type exists, the channel command. Channel commands tell the com-.
puter which input or output device is to be used for a particular operation, such as

read or write. These three types of words -- data, instruction and command --

are arranged by the programmer into a logicallsequence that will result in problem-
solving or data processing to a desired end result,
With three kinds of words, made up only of 1's and 0's, it becomes apparent that

the computer must be made to distinguish between them in order to perform the

proper operation. Some reference must be established against which the computer

can compare the word to tell immediately what action it is to take. This reference

is established by timing.
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A word occurring at a certain time is recognized as an instruction or an operand or
a channel command. Timing is established by a 3-megacycle oscillator in the mul-
tiplexor, —thewomprter~clock: Output pulscs from this clock are shaped, inverted,
and gated to become clock and sct pulses. Twelve clock pulses constitute a computer
cycic, having a total duration of 2 microseconds. Each pulse, therefore, is ¥6d /87
nanoseconds long.

These groups of 12 clock pulses are gated by appropriate circuits to become
instruction, execution, logic, or g@éles. Now, a word coming into the CPU at
the beginning of an instruction, or I cycle, is immediately identified as an instruction.
The execution, or E, cycle instructs the computer to refer to core storage for an
operand. A logic, or L, cycle means no reference to core storage is necessary but that
arithmetic. or logic operations are to be performed. B time always means the use of
input or output equipment.

Timing in the 7094 is critical, and for this reason a section of this manual has
been devoted to timing secquences, gating, and the development of permissive and
non-permissive circuits which allow the computer to function properly. A thorough

understanding of computer timing is essential to understanding operation of the 7094.

COMPUTER SECTIONS

The input section of a computer system accepts information from any outside source
and places it in the storage section. This information may come from punched
cards, magnetic tape, or manually operated keys. The information may be instructions
data (numbers for arithmetic calcula:tions), or alphabetic characters for printing page

headings, comments, and so forth.

/0 8 <
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The storage unit accepts and stores information that comes into the
system through the input section. When any portion of the information in
storage is needed, that portion is located and seant out to the section requesting
it., All information in the system is at one time or another, in storage; therefore,
computer speed depends on storag® speed, The storage scheme of most computer
systems today is random access -- any portion of information can be ik
located directly without searching other locations.

The arithmetic se ction is the calculating section of the computer system.
Here, portions of information, either instructions or data, canbe transformed,
combined, or altered.

The control section directs the other sections. It tells them what to
do and when to do it. Instructions come into the control section from storage.
The control x3x section also controls itself in that it keeps account of the in-
struction it is using and the one that it will use next.

The output section takes calculated informatkon from storage and presents
it to an outside user. Commonly used forms of outputs are : information on

magnetic tape, punched cards, printed reports or indicttor lights.

7094 SYSTEM MAKE-UP

The 7094 system includes all five of the sections previously mentioned,
Figure 103 shows the general grouping of these sections in the 7094 system.
Arrows indicate the general flow of information, Although t};e sections can
be neatly separated physically, there are many functional combinations
not shown in this grouping. Inputand output are combined with a portion
of control in a data channel, and arithmetic with another portion of control
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Figure 103, 7094 System Functional Arrangement
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 Figure 104. Block Representation of 7094 System
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in the computer. Storage is the only functional section that is a separate machine
unit, The multiplexor controls routing information into and out o storage.

The arrangement shown allows input-output (I/O) to operate somewhat
independently, sharing storage with the computer. The highest order of £»
controls is in the computer, where control béxgk is delegated to the lower order
controls in the data channel and multiplexor.

Figure 102 is representative of a 7094 system, showing the grouping
of 7094 functions with machine types. The 7110 Instfuction Processing Unit
and the 7109 Arithmetic Sequence Unit are jointly referred to as the computer.

The number of machines applicable to 7094 input-output (I/O) operations

is variable and includes the following :

7607 Data Channel 7607 Data Channel 7909 Data Channel
Models 1/3 Models 2/4

716 Printer 72911 Magnetic Tape Unit 7631 Disk Storage

721 Card Punch 729 IV Magnetic Tape Unit 7640 Hypertape

711 Card Reader 729 V Magnetic Tape Unit 1414-6 1I/0O Synchronizer

729 Tape Units 729 VI Magnetic Tape Unit 7750 Programmed

Transmission Control
The reader, punch and printer can only be used with the 7607 Data

Channel models 1 and 3. The :129 II and 729 IV tape units can be intermixed
on any model data channel. The 729 V and 729 VI tape units can only be used
on the 7607 Data Channel models 3 and 4.

The computer is the control center of the 7094 Data Processing
System. The computer also performs all arithmetic and logic functims.
The computer receives information from storage, decodes it and performs
the necesaary operations. Even thoug' 1/0 is an independently functioning
section, its operation must be initiate by the computer.

The IBM Magnetic Tape Units 'rite information mu magnetic tape or
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read information from magnetic tape. The higher model numbers indicate
advanced versions of the basic unit -~ usually referring to an increased
character rate capability.

The IBM 711 Card Reader reads information from punched cards at
250 cards per minute.

The IBM 716 Printer prints information from core storage at 150 lines
per minute. The typewheel echo pulses are available to the 7094 system,
where they may or may not be used to check the accuracy o printing.

The IBM 721 Cad Punch punches information information from core
storage at 100 cards per minute.

The IBM3Z% 7607 Data Channels control the flow of information
between the I/O units and core storage. The model 1 can control any com -
bination of ten 729 Il and 729 IV tape units and up to me o each reader, punch
and printer. The printer must be present if either a reader ar a punch are
to be used. A 7607 Model II can control ten tape units, but neither card
machines nor printer. The 7607 Models 3 and 4 perform the same functions
as models 1 and 2 but with the added capacity for handling 729 V and VI tape
units. The 7094 Data Processing System may include up to eight data chanpels.

Each data channel can be regarded as a subsystem, with its own ma;\dxi\
control console and indicator panel ( not shown on the drawings). Once a data ’
channel is set ;in operation by an instruction in the computer program, it
can call its own instructions ( called commands in channel operations). These
commands make up what is known as an I/O program. This program controls
the operation of the I/O unit. Information received froin an 1/0O unit is placed
in core storage, or information is taken from core sto:age to be supplied toa
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The IBM 1414-6 Input - Output Synchronizer permits the attachment of

communications and paper tape devices such as :

IBM 1009 Data Transmission Unit
IBM 1011 Paper Tape Reader

IBM 1014 Remote Inquiry Units
Telegraphic Input-Output Units

The IBM 7302 Core Storage is a fast, random-access storage unit. A
unit of information can be read into or out of any o its 32,768 starage locations
in two microseconds. Storage serves both the computer and the data
channels. The only restriction is that no two units can be using storage at
exactly the same time. If a data channel calls for storage while the computer
is using storage, the channel waits until the computer permits storage
priority to ﬁ;‘sq to the channel.

The IBM 7606 Multiplexor is a time-sharing and switching device.

It provides‘ a path to and from storage for the computer and the data channels.
The multiplexor also performs certain anticipatory, or lookahead functions
associated with data channel operations.

The IBM 7151-2 Console Control Unit provides a manual means of
controlling kthe system and displaying, by indicator lights, the contents of
various registers, or any one of the storage locations. Several registers
are continually displayed. The console also contains a CE test panel
and a marginal voltage check panel,

The IBM 7750 Programmed Transmission Control isoax links a
central computer with telecommunication equipment such as telegraph
machines, IBM 65/66 Data Transceivers, and IBM 7701 Magnetic
Tape Transmission Te - minal.
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[ 7094 COMPUTER WORD

1

A 7094 word may be a numeric quantity, an instruction to the
computer or a data channel command. In all cases, the word contains
a full 36 positions or bits. The contents of the word become significant
according to the cycle of operation the computer is in. Thus, a word
coming into the computer during an instruction cycle is treated as an
instruction. Also, a word coming into the computer during an execution
cycle is treated as a numeric quantity.

The computer is incapable of distinguishing kinds of words by
their content alone but it will be shown that bit positions vary in significance
according to the computer cycle.

Data Word

T When the 36 bits are expressing a numeric quantity the word is
referred to as a data word. Figure 20l-1 shows a data word. Notice
the numerical value is expressed in positions 1 through 35 and the sign

of the value is expressed in the 0 or S position. When S is a 0, the value

is positive. When S is a 1, the value is negative.

Ty T T T T

- _ L. " " -

Figure 201-1 7094 Data Word
Instruction Word
A computer instruction word is shown in Figure 20l1-2. Because

this word is coming into the computer during an instruction cycle it will,

in effect, be segmented, and the various segments interpreted to determine
what action is expected of the computer. The 36 bits of the computer word
are now broken into significant sections -- prefix, decrement, tag and
address.

201,1
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Figure 201-2,.77094 Instruction Word
The sign position is always a part of the operation code, Along with
the sign, either the remainder of the prefix field, or the decrement dictates

the function to be performed. Ifpositions 1 and 2 contain zeros, the sign

and decrement determine the operation code., If either or both positi ons
1 and 2 contains a 1, the prefix contains the entire operation code and the
decrement is used for another purpose.

The address field usually contains the address of a data word in
core storage. This data word is brought into the computer as a part of
whatever arithmetic orlogic function is called for by the operation code.
Thus, the instruction not only dictates the operation to be performed,
but also specifies the address of the data to be used. In some instances,
the address field is a part of the operation code. When this is the case,
the address field is not used to address the data in storage.

The tag field causes the computer to calculate a storage address

different from the address field of the ins truction,

Following are variations of the computer instruction word,

Oecrament
P A ——
Fio, Ton
—T * Y ] *—vﬁ-—ﬂ—r ] T T T LA S
S 2IJ 112058 e 20 Addies, }
; bk 4 | i " ! N i "
[ [t
Iroseegt (frective
Adaess Acdreuw

Figure 201-3. Instructio» Word address Modification Fields

Vacionle Login Shifr
Misor L5 Toum
(_J\_._\
T ¥ T T i T 1 ¥ T M R J T T
S0 2(3 0 2 a 21 28 35
. e e i i A N
S [ —

Convert

Count

Count

Figure 20l-4. Instruction Nord Count Fields
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Data Channel Command Word

Similar in format and application to the computer instructio;m word,
the data channel command word , Figure 201-5, gains its special significance
by being called out of storage by the control function in the data channel, This,
as in the computer, occurs when one operation has been completed and the
data channel must be directed to perform the next operation. The two major

differences are :

1. The prefix is always the operation code in the data channel.
2. Positions 3 - 17 are a word counter. Whether the operation
is reading or writing, once the command is in the channel, the
word count must become one less each time a word is handled.

Thus, when the count becomes zero, the channel must ask

for a new command.

Pretin Tna
M S B S M A A S B H I IS Sl S SN S S S SR SRS S R S S

1 2103 Word Count RS 2002 Address 35
LN WIS U N N U SV S A SN LA U SN S S N O S W L AL SN SN N S A 1

Figure 201-5. Data Channel Command Word

201. 3



IBM 7302 CORE STORAC . .. 4-usec)
Some of ‘the 7302 Core Storage Units {2.0-usec) have been modified to accommo-~
date the 7094 Data Processing System.. As a result, the storage cycle time of the
modlfied machine has been reduced to 2.0-usec. In addition, it is possible to gate
out two words (72 bits) to the computer on one storage cycle. Thus, full advan-

: tage is taken of the 72-bit readout feature 6f the 7302. Because these innovatlons
represent comparatively few circuit changes, this section will cover only the af-
fected circuits. It may be assumed that the descriptions of the remaining circuits,
as presented in the previous sections, are applicable to the modified machine.

WORD PATTERN (7094)

The word pattern used in 7094 operations differs from that used by the 7090 system.

In the 7090, the lower word (planes 0-35) and the upper word (planes 36-71) are a
mirror image of each other, i.e., bit positions 0 and 71 represent sign, and bits

35 and 36 are the 35th (last) position of each word. In the 7094, however, the sign
positions are 0 and 36, and bits 35 and 71 a re the last position of each word. This
can be determined by Figure 94, which shows the MDBI to MDR cabling for the
modilied machine. The typical cabling circuit (Figure 94A) gives all the connectlons
between the MDBI, and MDR positions 35 and 71. Because they are jumpered to-
gether, the status of positibns 35 and 71 are the same in their respective words.
Compare this clrcult with the typical MDBI to MDR cabling circuit for the 2. 18-usec
machine (Figure 62). F{guré 94B givea the jumpering arrangement for all positions.
STOKAGE LOCA ().~

Recall that when an address was presented to the 2. 18-usec machine, the two words

subsecquently read out of storage consisted of the requested word, and the nonselected

w/ord
Alocuted in the same relative position in the opposite half of memory, but displaced
by 400008 . For example, if the word in locuiion 00 “TOc wae requested, the word
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in location 401768 was also read out; if <1 17n .5 requested, 001768 was brought

out a3 well. Because the 7090 used only one wovrd 2t a time, {t did not matter that

wibr4
the word held in the nonselected location had ro relation to the requestcd/\. Both

words were rawritten into storage on the sccond hnlf of the cycle; a duplicnte of

the requested word having been sent to the computer, the nonselected word return-

ing unused. It made no difference, then, that storage locations were numberd con-

secutively:locations 000008 through 377778 inclusive in’ lower memory (planes

0-35), and locations 40000g through 77777, inclusive in u er memory (planes
8 8 PP

36-71).

In the modified 2.0-usec machine this storage arrangement has not

l.e., to request a particular storage location, the cane specific combination of 1's

and 0's must be presented to the address circuitry of the 2. 0-usec machine as was

rciuired by the 2. 18-us‘ec machine to read out that location. In addition, the two

words read out will be displaced by 400008. However, by means of a crossover

newwork in the multiplexor, the 7094 causes the 7302 to act as though lower mem-

tne
ory contilned only,even-numbered locations (OOOOO8 through 777768 inclusive) and

upper mermory only the odd-numbered locations (OOOOI8 through 777778 inclusive).

for example, it has previously been shown that if locztion 0017éb,is requested, the

nonselacted word from location 401768, which is in the szme relative position {n

upper memory, is also read out. However, as far s the 7094 computer 18 con~

cerr.ed, the nonsclected word come from Crper memory, thereiore it must have

c¢ome from an odd locztion. In cddinion, becauzs the ro

e nonselected wond wasg brought

out with the word from locaticn 001‘7(’,,%, it must have come from the 1. xt highesg¢

odd location, or 001778. Figure 95 depicts core siertpge a9 seen by the 194 come
il s Coeee L,
puter. Notice that each even locazion is shown in whe zamoe relative position ¢ * the

d

been changed,
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next highest odd location in upper memeory, e.g., locations OOOOO8 and.OOOOlB.
Bear in mind that the computer considers the first location in upper memory to

be 000018, wher: actually it is 400008. Therefore, when the computer sends out an
address requosting location 000018, this address must be converted to 400004 be-~
fore it is presented to the 7302 . This is the function of the crossover network in
the multiplexor which will be discussed in detall later.

Unlike the 7090, the 7094 computer may request two instruction words on one
storage cycle, one from an even-numbered location, and the other from the next
highest odd-numbered location. The even instruction is gated out of the MDR first,
and the odd instruction follows shortly after. While the even instruction is being pro-
cessed by the computer, the odd instruction is examined (partially decoded) in the
instzuction-backup register (IBR) to determine whether or not it meets certain cri-
teria for an overlap operation. If overlap is possible, the odd instruction may be

£ ol Tome of He
acted upon duringftre even-numbermd instruction cy<la; because decoding has al-
ready been initiated. This substantially reduces (up to 50%) the number of instruc-
tion cycles required. If it is determined that an overlap operation is not possible,
the register {s reset, and the odd {nstruction destroyed. It is brought back on the
following storage cycle and proce8sed as a single instruction.
STORAGE ADDRESSING
T:e crossover network in the multiplexor enables all even addresses sent out by
the computer to request locations in lower memory, and all odd addresses to re-
quest locztions in upper memory. This is accomplished by gating computer address
position 3 into positidn 1% ofthe 7302 MAR, and computer address position /Zinto

=
MAR 7, In this way all addresses sent out by the computer are made compatible

with the storage arrangement of the 7302, and changes to the addressing circuitry

Zod S
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ol (i¢ 7302 have baen avoided.

Fizure96 {5 a logle diagram of the crossover network, During normiil anenie

- o

-2 memory diagnostic gwitch on the 7151 Conzole Contro! (nit i-
A3 & result, the converter partially conditions -Aa and eA,, and dissbi.c -4, aad
~4,. U computer address position 3 holds a 1, the output of +O, is minas. wed Ao

ditloniuy ¢of -AB is completed, This causes -MAR line 17 to coiva . Lo winh

et WYGREL WILG

Yot Rpha i

cointidonce ¢f an active + memory select lne, a 1 i3 get in MAD positive 17 ol e

72032, In the come manner, a 1 in computer addrecs poaftion 17 vesults tu o 1 s

AR pooiticn 3 of the 7302,

& crdor to run memory diagnostice , the 7094 ig placed in 2 7090 meda, L. e.,
tho ¢crocoover notwork must be disabled, This is the function ¢f the memory diag-

. RPN e
TAu

nesiie switch (Figure 96), When this switch is clesed, the convuiia: pamtinii;

Clolonmn "Al ord -A4. end disables -AZ and -A3. As a rosult, the censsaver nate
wouk 13 dncporative, and computer address positions 3 and 17 can now onty 2ffoct
MAR pesitione 3 and 17 redpectively. The memory diagnestic ow!

el opoynting o

cenjunction with the crossover network affects the syetem 8o follnws:

-

Switeh Open Switeh C locad

Y. Cemmp, 2dd, position 3 gates MAR 17. l. Comp. &dd. pesition 2 nries MAR 3.

2. Com, add position 17 gates MAR 3, 2. Comp. add. position 17 gutes MAR 17,

3. Plonss 0«25 contatin el evenenume 3. Planas 0-35 contabn 22 locayiuns hoe
Lo d losaiions, ‘ low 400008.

4, P 50 56«71 contain all odd-num e 4. Planes 36+71 corinis ait fooniiang
o d lcections. abova 37777
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The block diagram in Figure 97 illustrates addressing procedures during an
instruction-overlap operation, In the example, the computer sends out address
00176g. This address passes through the multiplexor, and enters the MAR unaltered
by the crossover network:{)ecause positions 3 and 17 both hold 0's. The MAR sends
positions 4 through 17 to the core selection circuits, and MAR 3 to the gate-out
circuits. As a result of the specific combination of 1's and 0's in positions 4-17,
the instructions held in locations 001768 and 401768 are read out of core and placed
in the MDR. Because of the 0 in MAR 3, the lower word (001768) is gated out of the
MDR and sent to the computer. Shortly thereafter, the "eplit DOG'' line comes up
and gates the upper word (401768) to the computer (the modification to the gate -out
circuits that permits two words to be sent out on one storage cwucle will be covered
later in '"Gate-Out Circuits'). Remember that the computer considers storage lo-
cation 401768 to be the next highest odd location, 001778.

While the instruction from location 00176g (even) is being processed byﬁth‘e com-
puter, the {nstruction from 401765 (odd) is partially decoded in the IBR to determine
whether overlap operations are possible during the current storage cycle. Assuming

that overlap is not posesible, the odd instruction I destroyed in the IBR. A second
storage cycle is necessary, therefore, because the odd instruction must' be brought
back to the computer and processed as a single instruction.

Because it requires that only the odd instruction be returned, the computer

sends out address 001778. Note that 0017’78 actually corresponds to storage location

401768, and must be presented to the 7302 as such if the same odd instruction is

to be returned to the computer. When address 001778 passes through the multiplexor,

the 1 held in position 17 is gited into position 3 by the crossover network. Thus,

the address that enters the MAR in the 7302 is 401768. Although locations 001768

Zod., §
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and 4»01768 are both subsequantly read out of core, the 1 held in MAR 3 causes the
gate-out circuits to select and gate to the computer only the word f}'om upper mem -
ory (401768). The split DOG line has no effect on the lower word.
GATE-OUT CIRCUITS
It was stated earlier that the 2.0-usec machine is capable of gating out two 36-b{t
words On one storage cycle; one from an even location, and the other from
the next-highest odd location. This is the result of a modification to the data-out
gate circuits, and to the presence of the "'split DOG" signal from the computer.

| Assume that an address has been presented to the 7302, and by virtue of the
combinat‘ion of 1's and 0's in positions 4-17, the two words sharing the designated
storage address have been placed in the MDR (Figure 98). Assume also that MAR
position 3 holds a 0. Because of the 0 in MAR 3, the -MAR 3 input to the 1RG cir-I
cuiti-i{s plus, therefore, its output is alsoplus. As a result, the the minus out-of-
phase output of Cl causes the in-phase output of -O1 to be minus. Both inputs to
-A2 fare minus. Conversely, both inputs to tAq are plus (split DOQ is not active at
this time). The resulting plus output of +O1 is applied to the output AND circufts of
MDR positions 0-35, and the word from lower memory (even) is gated out to the

computer.

Shortly after the even word is gated out, the split DOG line comes up and causges

the output of ~t-02 to go positive. This output completes the conditioning of the output

AND's associated with MDR positions 36-71, and the upper memory word (odd) is

gated out to the computer.

When MAR 3 holds a1, the output of the IRG is minus, and the out-of-phase
output of Cl is8 plus. Because both inputs to -Ol are plus, its output remains plus

throughout the entire cycle, thus preventing the even word from being gated to the

computer. Notice, however, that both inputs to -A3 are minus, insuring a plus

A O,/
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output {from +O2 and gating of the odd word to the computer. Fromn the foregoing
discussion it can be concluded that:

1. When MAR 3 holds a 0, two words may be gated to the computer during the

storage cycle.

2. When MAR 3 holds a 1, only the odd word can be gated out.

The timing chart (Figure 99) gives the gate-out times for MDR positions 0-71,
with respec to the first and last strobe pulses. All timings are a pproximate, and
are referenced to the rise of memory select. All MDR positions are reset at 400 ns,
therefore, no data exists in the MDR until the first plane is strobed at 800 ns. It is
assumed‘that data from the entire 71 planes will have been read into the MDR by
1050 ns, which corresponds to the last strobe pulse. If MAR 3 holds a 0, the data
from MDR positions 0-35 (even word) is placed on the MDBO lines and sent to the
computer by 940 ns. At 1500 ns, the split DOG line comes up and places the odd
word on the MDBO lines. If MAR 3 holds a 1, only the odd word is placed on the
MDBO lines, and this is considered accomplished at 1050 ns.

7094-7302 ADDRESS CORRELATION

Half of the possible 32, 768 different address combinations from the computer will
have been altered by the crossover network in the multiplexor before being pre-~
sented to the MAR in the 7302. This will be true whenever positions3 6r 17 (but not
both) hold a 1. Therefore, the address exhibited by the MAR indicators on the CE
test panel may not be representative of the address originally sent from the com-
puter. To correlate any address shown on the CE test panel with the computer ad-

dress required to produce it, use the following chart:

> 051/ 2
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MAR Indicators Address From Computer
000008 to 37776g (All Even). As indicated.
00001g to 377774 (All Odd). Subtract 1, and add 40000g.
400008 to 777768 (All Even), Subtract 400008, and add 1.
400014 to 777778 (All Odd). As indicated.

To determine the address that will be presented to the 7302 MAR for any address

sent out of the computer, use the following table:

Address From Computer Address Presénted to MAR
000004 to 377764 (All Even). Same.
000018 to 377778 (All Odd). A Subtract 1, and add 400008.
400004 to 777764 (All Even). Sabtract 40000g, and add 1.
400018 to 777778 (All Odd). Same.

SENSE AMPLIFIERS

The isolating pulse transformers used in the sense amplifiers of the 2. 18-usec
machine are too slow for 2. 0-§sec operation. In the modified machine, these have
been replaced with a suitable type. Figure 49 shows a portion of a typical sense
amplifier. This {solating pulse transformer is T1, and the differential amplifier.
that: feeds the transformer, consists of transistors Tl and T2.

A diode clipping network has also be;en added. This network limits the noise in-
duced in the amplifiers by inhibit current. Recall that the sense and in.hibit windings
in a core plane are wired perpendicular to each other to reduce the noise induced
in the sense windings by the Z drivers. However, the noise that gets through to the
sense amplifiers is troublesom=:. Even though the sense amplifiers are not used
during Z time (rewrita), the vo}tage induced in the sense windings makes it difficult

for the ampliiiers to recover before read time on the following cycle.

203505



These modifications to the sense o - lifiar: have resulted in a change in the

card type designation. The ZN-- cards {F/" 395454) in the 2. 18-usec machine

have been changed to DDQ- (P/N 380081) in the 2.0-usec machine (Systems 01.17. OO;.

‘through 01, 17.13. 1),

STRODBE CIRCUITS i

oz i
The manner in which the strobe circuits are turned on in the modified 7302;diffctcr

from that of the 2. 18-usec machine. RECAIIHT: strobing in the 2. 18-~usec machine

is initiated by the strobe level pulse. This pulse, which results from a matrix
switch flipping in the selected Y switch Ssegment, is applied to the basic strobe de-
velopment circuit shown in Figure 37. In the modified machine, however, strobing

iz initiated by the same circuit that turns on the Y driver-timing trigger. This is

shown in Figure 100,

The combination of + memory select from the multiplexor and + select gate
from the timing error trigger produce a plus-level pulse at the in-phase output of

the +AND circuit. After a delay of 200 nanoseconds, the + strobe pulse {8 developed.

This pulse is applied to the basic strobe development circuit (Figure 37) at the in-

put to the converter (line A), replacing the strobe level pulse and DLY 1, Operation

of the remainder of this circuit,as well as the strobe generation circuits (Figure 38),

is the same as that described for the 2. 18-usec machine.
This change to the strobe circuits is significant in that the basic strobe is no

longer dependent on the true-one driver for the selected Y switch segment, This

greatly expedites the process of determining the cause of missing or late strotos,

For example, i the strobe pulses 2o one particular

i group of sense amplifiers is mia-

sing, it is safe to assume that the trouble is probably in that portion of the strobe
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generation circuits responsible for providing sirobes to the sense amplifier group
concerned. If the strobes to all sense amplifiers is missing, ths basic strobe de-~
velopment circuit is the probable cause. In addition, early or late strobes may now

be traced directly to the strobe generation circuits.




MAIN ADDERS

The adders in the 7094 CPU are made up of the basic building block shown in Figure
205-1. The adders perform all arithmetic functions and are involved in most internal
transfer functions within the computer. Note in Figure 205-1 that inputs to the basic
adder circuit may be from the accumulator or from the storage register. Other input
lines may be selected by programming. Outputs from the adders usually go to the
accumulator although, again, programming may select alternate routes.

The adders are comprised of 39 individual adder units, or bit positions. These
include 1 through 35, Q, P, 9P and 9Q. Positions Q and P are used for overflow which
might occur during certain arithmetic operations. Positions 9Q and 9P are used during
floating point arithmetic.

Individual Adder

The adder unit shown in Figure 205-1 is for bit position 33. The four outputs, singly,

or in combination, indicate the sum of the incoming bits, whether a carry has been
developed to the next high order bit position and whether the group of adders (bit positions
31 through 35) will result in a carry to the next higher group. The combination of bit and
group carry indications constitute the lookahead capability of the adders.

Lookahead Feature

To facilitate lookahead, the adders have been divided into ten groups, according to the
following chart. A carry-out of each group and the levels required for lookahead are
developed in two sequential logic blocks of OR and AND circuits (Figure 205-3). Groups
one through five are combined into a section and the section carry lookahead is developed
in two sequential blocks of AND and OR circuits. The outputs of groups one through five,

and six through nine are combined in an AND circuit to develop the carry into group ten

2087/



(Figure 205-4). Provision has also been made for a generate output to be developed
from groups six through nine, indicating that addition within the adders is going to result

in a carry into group ten. The total number of logic blocks involved in carry development

or lookahead is six. With 20 nanoseconds delay encountered in each logic block, the

total delay between the time a one is injected into position 35 until it is felt in group teﬁ

is 120 nanoseconds. Without this lookahead capability the carry one would have to ripple
through each bit position, resulting in a two-level delay of 35 times 40 or 1400 nanoseconds.

The speed of the 7094 cannot tolerate this delay.

Bit Positions Group Number

35, 34, 33, 32 1

31, 30, 29, 28 2
Section 27,26, 25,24 3
23,22,21,20 4

19,18, 17, 16 )

15, 14, 13, 12 6

11,10, 9, 9P 7
Section

9Q,8,7,6 8

5,4,3,2 9

I,P,Q 10

Chart of grouping of bit positions into groups and sections.



Lookahead and Carry

To understand the development of lookahead and carry it is necessary to understand the
meaning of the terms propagate and generate. As used in relation to the individual bit
position, refer to Figure 205-1, the term propagate means that the sum of the inputs
(exclusive of the carry input) is at least one, i.e., atleast one of the inputs must be a
one (the other may be a zero). Accordingly the +P Propagate 33 line will be up whenever
the conditions of the exclusive OR (a 1 and a 0) at the adder input are met. The chart on
Figure 205-1 shows this to be the case. However, the chart also shows that if both inputs
are one's, the propagate line will again be up. By definition the sum must be at least
one, therefore, a sum of more than one (1+1 =0 and 1 carry) will result in an up level
on the propagate line,

With a one on both inputs, a generate condition exists. The generate signal means that
the sum of the adder inputs (exclusive of carry) must be two (1+1 = 10) and a carry to the
next high order bit will be developed. The generate line must be high whenever both
inputs to the adder are one's. Because the complement of the signal is used, the chart
shows that the +P Complement Generate 33 line will be up for all conditions other than
the addition of two one's and down for the generate condition.

’fhe Complement X or 33 output develops the sum and carry of each bit. This should
be read as "complement of the exclusive OR condition at the input of bit position 33''.
Therefore, when an exclusive OR exists at the adder input, i.e., a one and a zero, this
line will be down (complement). Note that the sum is developed through a negative
exclusive OR.

Assume the input from the storage register is a one, that from the accumulator is a

zero and there is a carry from position 34 (+P Carry in 33 is high). With these conditions

2053



we would expect to have a sum of zero and a one carry to the next high order bit, position
32. Inputs to the negative exclusive OR are -P (+P Complement X or 33 is down) and +P
(Carry in 33 is up) so the negative exclusive OR conditions have been met and the output
will follow the sign of the function -- a negative output indicating a sum of zero.
Adder Carry
Refer to Figure 205-2 to see how the carry out of a bit position is developed. A carry
into position 33 means that bit position 34 adder either added two one's from the primary
inputs or added a one to a one carry from bit position 35. With either condition the three
OR circuits into the AND circuit are conditioned and the carry output from the AND logic
block is high, indicating a carry into position 32.

The foregoing discussion illustrates the arithmetic function of addition and carry within
a group of four adder bit positions. Figure 205-3 shows these same propagate and
generate outputs develop carries outside the group, as part of the lookahead function.
The propagate output will be down for the condition when both inputs to the adder are zero
and up for all other conditions (1, 0 or 1, 1). The complement line will be up for 0, 0;
down for 1, 0 or 0, 1; and up for 1, 1. Witha 1 input to each of the four bit positions and
a carry into position 35 logic circuitry causes the Generate G1 and carry into 31 outputs
to be high.

Figure 205-3 also shows thata 1, 1 input to adder 32 must always result iv a Generate
G1 signal and carry into 31.

Group and Section Carry

Figure 205-4 illustrates how the group generage signals are tied together to advance the
lookahead into group ten which contains the 1 bit and two overflow powitions (P and Q).

For a carry into group ten there must be a generate condition in bits 2 through 15 OR a

7xH 4
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section carry from bits 16 through 35 AND a propagate signal from bits 2 through 15.

These logic circuits then predict that if there is a section carry out and each bit position

in adders 2 through 15 has a sum of at least one, there will be a carry into group ten.,

Also, the logic circuits predict that if the sum in each of the adder positions 2 through 15

is two, there will be a carry into group ten.

Special applications of lookahead and carry will be covered in those sections on

multiply, divide and floating point operation.
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209 Index Registers (XR) Systems 03.05.00.1-03. 05.14.1

There are seven XR's in the 7094. Each XR consists of 15 single triggers with a delayed

output labeled 3-17. All seven XR's are identical in their operation and are used for

address modification. Individual positions of all seven XR's have a common output.

The outputs of the XR's are gated out by a specified tag (see section on tag registers)

to the XAD's where the actual address modification is performed. The XR's are read

out in their complement form and by addition of this complement number to an address,
the address is effectively reduced by the contents of the XR.

There are many instructions which operate on the Index Registers, thereby making

these registers useful programming tools for counting, word alteration, program loop

coniral, and so forth.
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Instruction Backup Register (IBR) Systems 03.08.00. 1-03. 08. 05. 1
The IBR is a 36 position trigger register whose positions are labeled S1-35. The IBR
is used during Instruction Overlap operation and contains the next higher odd address
which will be brought out if the instruction reference was to an even location. (See
sections on DLA, SLA, and TLA for operation of the IBR during these operations). The
IBR is loaded from the Multiplexor Storage Bus, with the odd address after the even address
has been placed in the Storage Register. The IBR is also loaded from the Storage Register
durin g Double Precision and also while performing the instruction ERA.

Outputs of the IBR are gated to the Program Register for decoding and also to the

Tag Register for indexing. During TLA with TIX, TXI, TNS the IBR 3-17 is gated to

the XAD. (See section on TLA,)
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2¢1  Accumulator Register (AC) (Systems 02.03.00.1-02.03.19. 1)
The AC is a 39 position register each position consisting of a double latch (See
scction on 7094 double latches). The register positions aro labeled (8) (Q) (P) (1-8)
(OP) (9-35). Position S1-35 accommodates the word in standard operations. Positions
(Q) and (P) are used as overflow positions because the sum of two 35 position numbers
can be greater than 35 positions. Position (P) also holds the S bit of a word during logical
operations. Position (9P) is also an overflow position which replaces the 9 overflow
trigger which was used on previous systems.

The term accumulator is somewhat misleading since the register is not able to
accumulate. The AC can contain only one word at a time. When adding, the AC and

addcers work as a unit to perform the addition, and the AC merely holds the result.
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211 Multiplier - Quotient Register (MQ) Systems 02.04.00.1-02.04.09.1
The MQ is a 36 position register each position consisting of a double latch. (See
section on 7094 Double Latch). The MQ receives its name from the functions it performs
in the CPU. During a MPY operation it contains the Multiplier; after the MPY it contains
the least significant half of the product. During a DIV, it contains the least significant
half of the dividend, after the DIV it contains the Quotient. Due to its shift cell makeup
the MQ has the ability of shifting left or right. In addition to this it also has the ability
to perform a function called Ring Shift. This means bits can be shifted out of the S
position and into MQ 35.

The entire MQ can be operated upon as is the case with the instruction STQ, In
this case the entire MQ is gated to the Storage Reg and then to memory. There are
instructions that only operate on portions of the MQ such as in CRQ where SR S1-5
are gated to the MQ 30-35. In this case only these positions are affected. During CRQ
and pAQ MQ S1-5 are gated to the XAD 12-17. During Floating Point operations the
ACC and MQ are shifted right and bits leaving ACC 35 are gated into MQ 9. There is
another gating line which is only used during DFAD which gates MQ 35 to ACC 9 while

shifting the MQ and ACC right. This is effectively a ring shift.
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ADDRESS REGISTER (AR) SV . .0~ u.. . - 03.00.04.1

Tiae Address Register is a 1D posivion “risrer register whose
positions ave labeled (3 -~ 17), Tho conwers s ol e Address Register
are sent to the storage adaress ¢ croun the sroeper storage

location to L uacd oran the case of ndcxin, rhe contents may be

gated to the lndex i -
mation from the Storane Register, Index Addor or IBR., The Address
Register is resel prior to recading new inforrnation into it, There is

a delay block on the cutput of each position which is used during

indexing to prevent you from affecting the XAD's while you are

resatting, Tho Address Register and P. C. outputs are DOT ORE'D
tegethor and dopending upon certain condcitions being met will determine
whether the FO or AR will be gated to Memory . Example - On success-
ful txransfers the AR will bo gated toe Memory. I the transfcr was

not successful then the P. C, contains the location of the next instruction
and {t will be gated to Memory.
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PROGRAM COUNTER (PC) SYSTEMS 03,06.30.1 - 03.06.34.1

The Program Counter is a counter in name only due to the fact that
when it is to be stepped the information in the counter is read into the XAD
tho counter is reset, a hot one is added to the XAD and the information is
then placed back into the counter. The P, C. consists of 15 triggers
labeled 3 - 17, with a delayed output to prevent the reset of the counter
from affecting the contents of the XAD which are going to be placed back
into the counter., The content of the program counter is normally stepped
at each 17 time and gated back to the counter at 8 time and is used
to tell the computer where in storage to obtain its next sequential instructions.
Under these conditions the PC is sent directly to memory. When a success-
ful transfer instruction is executed the new address is located in the Address
Registor which is sent to Mar, In order to change the contents of the P, C.
the A, R, is gated to the XAD at 2 time and then gated to the P, C, at 3
time. At 7 time the contents of the P, C, are routed through the XAD's,
stepped and brought back to the P, C, There are instructions which cause
the computer to skip one or two instructions. These special conditions will
be covered during the discussion of these instructions.

When performing an STL the compliment of the P, C. will be gated to

the XAD's where it will be recomplimented and gated through the Storage
Registor to Memory.

2/, /
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PROGRAM REGISTER (PR) SYST N & viv v venl - 03,04.06.1

The program register is a ten position register, cach position consisting
of a single trigger. The program register receives the operation code of
the instruction from the SB which can be brought up {rom a storage address,
the Instruction Back-UP Register (Sec Section on IBR) or from the Entry Keys.
‘The output of the Program Repister is docodea to initiate and control the
computer so it will execute the instructicn, Positions (1-5) contiin the
primary operation part of the operation code and positions (6 - 9Y) contain the
secondary part. The Program Register is loaded during I time which dis-
tinguishes an instruction which is only brought into the computerx during 1
time and Data which is brought in during £ time. The program register is
loaded normally with an 16 (L2) pulse. It is reset the following 16 DI, During
manual operation we have a special I0{D3) reset.

Note: See section in Instruction Overlap for special conditions of satting P. R,
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214 Sense Indicator Register (SI) Systems 02, 06.00.1-02.06.11.1

The Sense Indicator Register is a 36 position register labeled 0-35. Each position

is a single trigger with a delayed output. The SI register is controlled completely

by the program and is not used by the computer as a part of its arithmetic operations.

It can be used as a set of switches which are set and tested by the program to check the
progress or direction of the program. The SI register may also be used to store words
or parts of words temporarily and, in this way, it is useful for altering and testing words.

The only path for information into or out of the SI's is by way of the SR.

214.)



215 Shift Counter (SC) Systems 03.04.14.1-03.04.17.1
The Shift Counter is an 8 position count down counter labeled 10—17; each position
consisting of a single trigger with a delayed output. The delay prevents interaction
between groups when stepping the counter. The SC counts the number of shifts taken
during a shift operation (MPY, DIV, ALS, ETC) and is also used as part of the decoder
for operations that have a primary operation of 76.

Because the SC is a step down counter, a number must be gated into the counter.
The time at which it is gated is controlled by the operation being performed. During
a primary operation of 76 the XAD are gated to the SC during Itime. During a
Variable Length MPY-DIV the XAD are gated to the SC during E time and during a Convert
insuruction during L time. The SC is used during FLOATING POINT ALSO. While
periorming a F AD instruction it is used to line up our characteristics. At E11 time
tic characteristic difference between the SR and ACC which is computed in the Adders
Is gated to the SC to keep track of the number of shifts necessary to align the fractions.
Adders 3-8 are gated to the SC 12-17. .

During a MPY-DIV operation a number must be gated into the SC to keep track of
the stifting but it does not come from another register. It is a constant which is used
during these operations and will always be the same. In the case of a DIV operation 338
is set into the SC and for a MPY operation 438 is set to the SC during E time.

Lae SC is stepped every clock pulse providing a gate called SHIFT Gate is conditioned,

Sco Figure an generation of 3hift Gate and Figure for stepping of the SC.
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) STEPPING THE SHIFT CTR
In Figure B we have shown only 4 positions of the SC for simplicity.

Let's assume that the SC is loaded with 178. Initially all the -T.O's are on in
Figure B and all input AND's 1-8 are deconditioned until the step pulses come.
Figure A shows the formation of the step pulses which uses a form of lookahead.

When the 1st step pulse comes the +A at 5 in Figure A will be conditioned and bring
up the outputs of the C at 9 step SC 17. The +A at 8 in Figure B will now be conditioned
resetting SC17. The out-of-phase output of the DLY at 10 will be minus preventing the
reset of 16. The -A at 5 and -A at 7 can not be affected because the output of the DLY
at 9 and 10 were plus when the step pulse came. The next step pulse will again condition
the +A.at 5 and bring up step SC 17 again. Notice that the Step SC 15 line cannot come
up because it is conditioned by 16 and 17 being off. When the second step to 17 comes
the +A at 6 (Figure B) and the -A at 7 will be conditioned due to 17 being off and 17
will be turned on and 16 turned off. The third step pulse will again bring up STP SC 17
which will reset 17 thru +A at 8 but cannot affect 16 because the +A at 6 is deconditioned
by the output of the DLY at 10. Note use of delay here. The 4th step pulse will condition
the +A at 5 Figure A again but this time the -A at 3 will also be conditioned bringing
up the -A at 8. The purpose of the delay at 4 was to prevent the step pulse that stepped the

counter to 14 from affecting the Stp SC 15 line.

The stepping process continues in this manner until the SC = 0. Notice that STP

SC 13 cannot be conditioned until 14, 15, 16, 17 :re off.

252
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7094 SHIET-CZLLS

Shift cells usad in the 7094 storage register and accumulator and multiplier-quotient .

registers have been especially designed to: .
-- increase system reliability,
-- reduce component cost and space requirements, and ‘
-- roduce the number of logic blocks required for the storage-shift function. .

Accomplishment of thesc design goals resulted in shift cells affording simultancous .

rcad-in and road -out; a double latch configuration in which inputs can be sensed prior

to being ''locked~-in'' and faster rcad-in and read-out as compared to the double

trigger configuration prcv{Ously used, .
The 7094 shift cells usc third and split level logic. Arecview of these different logic '
blocks is contained in TRANSISTOR COMPONENT CIRCUITS Formy 223-68+9-1,
F.r thig discussion it will suffice to recall the following:
1. A split lovel AND circuit functions normally when the split level applicd is
up (active). The in-phasyc output is up and the out-of=-phase output down when the

leval is down.

- mmrum——————— ST

Jp/,sl

ll’uf/ 4]

2, A split level OR circult functions normaliy when the split lovel input is down.
When the split lovel {s up, the in-phase cutput ia :lways down and tho out-of -phase

output is always up,
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3. A third level AND circuit functions normally when the third (supervisory)
level is up.  When the supervisory level is down the logic block is deactivated and

both the in-phase and out-of-phase outputs are down.

— s

Superrisery <E
W,Mé: Leaton
4. The bRG4A third and split level circuits is determined hy sérzxit

233« i.e.,”external or internal. The symbology for a third level, positive AND

circuit follows.

'fﬁ/wf /.(,1/(/ " -

The shift cells function as temporary storage units and provide for transferring
information from one register to the other, or to adjacent pogitions within a register.
2/72=1
In the following example, Figure » & single shift cell of the storage register is

illustrated. Note that inputs r.ay come from the MQ, AC or AD, Outputs may 5_e

gated to the SB, AC or back ar:und to the SR,
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