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NOTES ON THE LOGICAL DESIGN OF THE IBM 701 COMPUTER

M? M, Astrahan and N, H, Taylor

R, P, Mayer

October 8, 1952

The IBM 701 computer has logical characteristics similar
to WWI except for terminology, the use of half-words, the
use of a slightly different central control system, the
use of diode logical circuits for handling both voltage
"levels" and pulses, etc,

IMPORTANT NOTE:

Please consider the contents of this report COMMERCIALLY

CONFIDENTIAL, This paper has been prepared to furnish information
on the progress of new developments in the engineering laboratories

of IBMNM,

Since the material contained herein is of recent date, it

is requested that the recipients confine its use to IBM personnel and
MIT Project Lincoln personnel who need to have this information,

1¥ Introduction*

The general physical out-

line of the 701 computer is shown in ﬁhdmd#u 701

the floor plan of Figure 1, Ac- Gillions Tobod [nbthmetic

tually, only the control unit is [Manval

designated by the number 701, while -

the other units have other numbers, g@“h‘ e

b rums

The over=all system has no number,

but is called an Electronic Data To

Processing Machine (EDPM), The T?ﬁ# Printer

title "Defense Calculator" is ob- ot

solete, b3 Eavd
e o Foch

* Appendix F is a table of contents, Fig. |.  Physical Outline

%% This paper has not been fully checked by

(Floor ﬂan)

IBM and may contain some errors,
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1.1, Drawings

The system drawings for the "701 and associated equip-
ment" are bound in two volumes, These are indexed by block out=-
lines which show a system number for each block, and these numbers
correspond roughly to the page numbers in the books, These system
drawings are called block diagrams, but they are almost exactly
equivalent to our block schematics, The 701 system has no draw-
ings like our block diagrams,

1.2, Characteristics,

The general logical characteristics of the 701 system
are tabulated in Appendix A, which should be studied at this point,
Details on the circuit of the "Havens delay unit" may be obtained
from Dick Best,

1.2.,1, Word Length,

Each half-word is 18 bits long and has its own address,
A1l instructions, and any numbers, are stored as half-words, In
this sense, the half-word is almost exactly like the WWI "word",

The arithmetic registers normally work with words 36 bits
long, Such a word is called a "full-length word", or just "word",
A half-word is always treated as the left half of a full word whose
right half is all zeros, Most of the 701 system handles each number
(not instruction) as a single, full-length, parallel word,

1,2,2, Addresses,

The address of each instruction refers to the location of
a half-word, If the sign digit of the instruction is positive, then
the addressed half-word is referred to, If the sign digit of the
instruction is negative, then the full=-length word referred to is
the one made up of the two half-words whose addresses are obtained
by making the units digit of the specified address first zero and
then one, '

1,2.3, Storage Tube Layout vs. Addresses,

The Williams tubes are laid out much like the MIT Electro=-
static storage tubes, Each shielded box is called a "drawer", and
contains two ES tubes (one from each bank) and associated 1ogica1
circuitry, Each drawer represents one digit of a full-length word,
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so there are 36 drawers, (See Figure 2. ) Each tube holds 512
spots (dots or dashes), There are two banks, so memory contains
102/ full-length words, each one with an even-numbered address,
There are consequently 2048 balf-length words, numbered consecu-
tively. An eleven-bit address is necessary, but a twelve=-bit

i TUBE,
Half-word Digit Positions: —\ [S i‘:‘.-_ ONE ES
el ) L. Sgmuadent . 010 AL SO -‘.'~--- il ¥l
(lﬁdnsses 2 g )) — + A Y| Addvesses
_'é FU,TOWO,J 4 (Thzd-' i[ts off @ hallf - we ..J) g \ ) '/ 3;_‘/—/)
£ Addvesses) | afdear|iw fTese tulles, c;\“.“_\f in these, //
H tozz|(—+ — i) S | : 7 [—)|1023
i
(1 these N \'w +hese, e
¥ IOZ?— C in these. )I C !: :‘ ' h thes Slozs
v \ (T'he dilalits | of 3 FYll -whpp-d alplpealr] in “H«ese +ubJ$, dl'); b the other bauk.
H | y
e s ] l.
20%6lC ! —H) Ro47
\

/19~~~ ~---34 35

..... /8
Fu”-wo»«J P'gu"’ Posu‘hons _/ (___.);\_,__
One Drawer confains

Two ES Tubes, each hoH-b\ 512 spots in
a s,oema“_g—:e,uence array,

“ Figuve 2. ES Addresses,

address is provided so that an additional storage block can be
plugeed in,

1,2,4, Signg and Negative Numbers.

The sign digit of a number does not enter into arith-
metic operations, but is manipulated independently, as discussed
in sections 3,2,3 and 3,2,7. The physical location of the sign
digit with respect to other digits has no significance, Thus a
full=length number is said to contain 35 bits plus sign; a half=-
word, 17 plus sign,

1.2.4,1, Interpretation.

The numerical digits are always of positive magnitude,
and the sign digit indicates whether the whole number should be
negative or positive, Thus, the blank part of a half-word is rep-
resented by zeros regardless of whether the number is positive or
negative,
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1.2.4,2, Location of Sign Digit,

Although the sign position is not associated with any
digit position of a number, it must be stored in some position
in storage and other registers, This position is, as in WNI, at
the left end of the number, Also, as mentioned above the sign
digit does not enter into the numerical part of the calculation.
If it is desired to manipulate on the sign digit numerically
can be stored in an odd=-numbered half-register, as shown in figure
2, It can then be brought into ACC as the middle digit of a full=-
length aumber,

1,3, Teruminology.

The terminology for the 701 computer is tabulated, and
compared witk WWI terminology, in Appendix B, An attempt has been
made to use 701 terminology throughout most of this note, Where
both the 701 and Wil terms are used, the 701 term is written in ALL
CAPITALS (which is standard for much of the 701 literature) and
the WWI term is placed in [Eracketé7 Particularly troublesome
terms are mentioned below,

AC - The 701 AC is either arithmetic-control o else the
ADDRESS COUNTER (which is sometimes called the
INSTRUCTION COUNTER or the PROGRAM COUNTER),

The 701 accumulator is called ACC,

Block Diagram - The 701 BLOCK DIAGRAM is like the [Slock
schemati§7.

The 701 has no /block diagram/,

Delay Unit - The 701 DELAY UNIT is also called the
HAVENS UNIT, and is described ln section 1.4,

The 701 has no [Eélay elemeqﬁ7;

Memory Register = The 701 MEMORY REGISTER is like the
Z§E7 and ZKE7 because it acts as a

buffer out of storage (but pnot into
storagé’gznd adds directly into ACC,

The 701 [ﬁémory registqi7 is called a
MEMORY LOCATION,

Reset = The 701 KESET is like /clear/, but sometimes is
like /set/.

The 701 /reset/ (to some number,# ) is called SET,
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Switch - The 701 SWITCH is like a set of /read in gateg/,
The 701 /switeh/ is called a MATRIX, or DECODER,
Transfer - The 701 TRANSFER is 1like /sp/ or /cp/.

The 701 /transfer/ is called STORE, or COFY,
(The COPY instruction is like /rd or zg/.)

Trigger - The 701 TRIGGER is like /FF/, and is abbrevi-
ated "T",

The 701 [trigger/ is also called "trigger" (verb)
(in lower case).

1.4, Symbolg,

The symbols used in the 701 BLOCK DIAGRAMS are shown
(and compared with WWI /block diagram/ symbols) in Appendix C, There
is little neeed to follow these symbols when drawing ZEiock diagrans/
of the 701 circuits, and so WWI /block diagrqj7 gymbols will be used
in 701 /block diagrems/ except where 701 BLOCK DIAGRAM symbols will
give a clearer picture (as in multiple-input AND [Ehté7 cirecuits, or
negative AND circuits, ete,)., Note that the major differences that
will result from this technique are: replacing OR circuits with
/zrrowhead mixen§7; and using a [FZ7 whose inputs and outputs might
be mixed uwp with respect to those of the correspornding "I",

1.4.,1, IRIGGER,

Notice (Appendix C) that the TRIGGER circuit is like the
1527, but that the lines to the box are considered to behave just
as if a circuit schematic were inside the box, Thus, & positive
pulze on the righthand side, or a negative pulse on the lefthand
side, will cause the righthand tube to conduct and make the right-
hand outputs "low", The upper output comes directly from the plate,
while the side output comes from a voltage divider connected to the
plate, The TRIGGLR is not labeled with a O or a 1, but a convention
has been established: if the righthand outputs are "up", the TRIGGER
is said to be "on" and ig said to contain "1", and vice versa,
Notice that the "TWEAKER" is simply a convenient termihal for
menvally changing a T, and has no logical significance,

l.4.1.1, Read in to a TRIGGER,
A number is usually read intc a TRIGGER register by first

RESETTING /clearing/ it and then /pulsing the opposite sideg/, An
exception is the input to the MDR (MEMORY DEFLECTION REGISTER) /ESD/,
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One digit of this is shown in Figure 3,

Page 6 of 24

The operation of this

circuit can be deduced from the symbols of Appendix C, The T
is pulsed either negative or positive, depending on whether the

inpgtvdigit is high or low,
1.4.2, DELAY UNIT (HAVENS DELAY),

Notice (Appendix C) that the
DELAY UNIT is the only kind of delay
unit used in the 701, and that its out-
put is a "level"” which changes to the
value applied at the input only at the
time that the clamp signal appears,
This time coincides with the end of
the sync gate, which has admitted the
input level, Thus the output of such
a unit does not change until just as the
input becomes no longer significant,

1l.4.2.1, Read in to a DELAY UNIT,

A typical DELAY UNIT SWITCHING
circuit is shown in Figure 4, Notice
that the unit "looks at its own tail”
when no control signal is applied, and
therefore acts like a /Jynamic FE/,

If & contrcl signal makes it "look at"
some other unit, then it is prevented
from looking at its own tail, It then
assumes the value of the specified input
number, whenever a clamp signel (not
shown) appears,

ouTPUT

-A2 +AZ

INPUT
DIGIT

Figure 3, Inpot To MDR.

w

READ IN NUMBER A

pumper ‘B

Fl'gure 4’ 'hru"‘ +o DU.
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2. General Logical Design.

Avopendix D lists the 701 order code and compares esch
operation with the equivalent WWI operation, with only a short
note to explain the difference. It is hoped that anyone familiar
with WWI operation will get a reasonably accurate picture of 701
operations by looking at Appendix D. It may be necessary to refer
to sections 2.1 and 2.2 (on Block Outline, and Timing) in order
to understand the operations.

2.1 Block Outline. Pl 8
. [£rer
The over-all logical organ- REGENERATN
ization of the 701, shown in figure coUNTER [GT] [6TIICT
5y is very much like WWI. The major MEM. DEFL)
differences are as follows: (MDR
Stored spots are not [held/ all [ES2

at once, but a group of spots is RE-

GENERATED whenever possible. The Zg? o Eg:‘
REG. COUNTER keeps track of which sTecHens 5
spots must be regenerated next. gyt S LI
Each regeneration regenerates a spot oF MR, AND !
in every tube (i.e., four addresses RIGHT 13 N‘f [[::,:L,;\EB(}'
at once). Thus, it is necessary to o B i ‘ H
include (in the memory drawers) a [
TRIGGER for each storage tube. These - |
T's form two_registers,each much iy }"?E%?E%—ﬁé%;J
like our 9}37. But, as they play '(-j“;‘;;f ;%;}C'%‘f‘:sc'
no part in the logic of the machine, To ALL 2

they have no special name.
The MEM. REG. acts like [PR/

when reading out of storage, except =os

that addresses also go through INSTR.

REG. before going to MEM. DEFL. The

MEM. REG. also acts like [AR] when L

doing arithmetic. After a half- ADDER Ace

length number is placed in MEM. REG. [Ac]
v

(see section 1.2.1., and note on
figure 5) it is handled as if it were Acc REG. 3
a full-length number.

MEM. REG., ACC, and MQ use
DELAY UNTTS. A "D" eannot be comple-
mented directly, so ACC is comple-
mented by running its contents through R ol w1 gt
the complement part of the TRUE/COMPIB-  |IN/ovT umivs SeL. | cARD & PRINT UNITS _
MENT (T/C) circuit and the adder (ad- P v- e
ding in Zero). (See section 3.2 for (7
arithmetic details). y

The MO (Multiply/Quotient) is most ‘
like [TOR/, but is also used for /3R/. Figure 5.
While tape is using 50 , care must 701 BLOCK OUTLINE
be taken to prevent any other use of MJ.

CONFIDENTIAL
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22 Timing Outline.

A general outline of the timing for ADD is shown in
figure 6. The general outline for other instructions may have
more cycles or less. There are two kinde of signals sent through-
out the computer to indicate the point in the timing of a single
instruction: time pulses (0 through 11) and CYCIES (I,®,E/R,R).
Each cycle refers to a complete processing of one word of storage.
(Bach R or E/R refers to four addresses. See section 2.1.)

Notice that any part of LBperation timing7 which does not need to
use storage allows storage to regenerate, and so is made an E/R
cycle. The R cycles do nothing but regenerate storage, and can be
omitted if storage‘is in good shape, as discussed below. If they
can not be omitted, an ADD takes 60ms, as shown. (Regeneration

is "safe", and the programmer never needs to think about it.)

TIME? 1205 t2us 12ps 128 2pys
Ve T A N\ A N~ — A
TIME PULSES! 01234 5 6793h1) 012 3%5 6739 012345 678911 012345678916/ 012345 6789101
cyerer [ .. T s SR R
T ¥ INSTRUCTI ON EXECUTE EXECUTE /REGEN., REGC ENERATE. REGENERATE
READ < READ READ
. D [REWRITE[DEF LECT RNE A BoT, Rlnll’mEﬂ‘ otn | WRITE
MEMORY: EFLET| REA }7 t” READ twm‘rl:‘rﬁ’ oTH g oTh Ly
ouT ouT IN EG EN BRATE REGENERATE REGENERATE
) LS : ol
- e Jkl— r——-—/ v~
'ﬁeAp orR WRITE {foTHER LIKE [Hotbints GUN WAIT]

FUNCTION:  /PRoGRAM T:m@:
\

'

THE NUMBER 7| 0PER ATION TIMING]
: L

U
[oPERATION TIMING]

FIGUR E 6. Ouvtline of 2 +9Pi(a, ADD ins"’kuc.flloﬂ.

2.2.1 "Free games" technigue.

One E/R cycle is used for each step of multiply or divide.
Thus, one of these operations regenerates a great deal of storage, and
it is safe to omit the R cycles on the next twelve instructions of a
program. Whenever a MULTIPLY, MULTIPLY-ROUND, or DIVIDE is performed,
a counter starts counting instructions as they are performed and al-
lows twelve to occur without any R cycles. This counter is popularly
called the "free games" counter. A single multiply or divide takes
quite a long time, but if it is followed by twelve ADD's (for in-
stance) then the apparent multiply or divide time is about as short
as a single ADD time.

GONFIDENTIAL
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ReR.,2, Iraffic Outline.

Figure 7 shows a rough outline of the flow of informa-
tion from register to register during an ADD instruction, The
vertical axis shows the registers laid out as in Figure 5, The
horizontal axis is "time", as in Figure 6, A dotted line shows
the influence of MEM, DEFL on ES, At the "end of operation",
the T cycle line comes on, but is suppressed until R cycles are
completed, The two inputs to the adder are actually applied through-
out the transient period and until the result is read to ACC,

£[ProG, TIminG/ LoPernTION TimMIve7 REGENERAYION (wext)
el R Np— AT —
——I —>¢—— E—ple—ER—>¢—R——>[¢—R —>|e—T —
[AoD on1§7
‘cﬁﬁyfg& v - [Abd onez
[ApP> on LAvo oNeT
REGEN ERATION
COUNTER
MEMORYY 3 g
DEFLETIENT\ ~ \ ‘ -
" [} \ ] \
2 \ \ \
ES '—][-(newm're)—r- gy (Rewrngf- \—REGEN)}—— —(RESEN)—+ ———(REGEN J+
MEMORY
ReGISTER T\ A —]r
INSTRUCTION \ i
REGISTER =¥ =l R
cyeLe T SR e \J:
TIMER e e s
TR‘N!:::VT %
ADDER &
| :
ACC »f N\t

Figure 7. Traffic Outline for 2 T'yr\'c-a' ADD,
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3. Some Details,

The following sections provide a little more detail
on some aspects of the 701 system,

3 . 1. ___._.Con-t'r.o-!'-" DVLSE GEg
PRIMARY ] | wme,

TPD

The general outline of

/central control/ is shown in Figure
€, 4 clock distributes 12 tire pulses, syYnNC RESET
A cycle timer determines the kind of %‘1ﬁﬁ~s
cycle, with the regeneration control DELAYS
telling whether an R is needed or not, ReseT cvcLEE
The INSTRUCTION REGISTER [0S/ tells (Gsrop sYE TIMER [ ER
what operation to perform, These - agiav) "
three kinds of signals are ccmbined
with other conditions within the ma=- byl
chine to provide control signals, T | &
\\FREE
REG [GAM
3.1.1, ' Brigsrv Drive and GLOCK. =R e © ,(p):L(;)
IWSTR. REG,| fmaneix T or o
The prinmary drive /pulse :’P‘ ”ﬂd{ ~—  CT - | ; {
generator/ supplies lmepulses to the e R b
CLOCK /TPD/, It also supplies sync i ::Ecks:f;ui O i
and clamp pulses to the delay units, FRE+ ere,
which can be /cleared/ RESET by stop-
ping the sync pulse, Fisure 9. Outline of Contrel.

The CLOCK never stops, because regeneration must take
place if nothing else, It contains 12 T's, only one of which is ON
at a time, When it goes OFF it forces the next one ON, The odds
and evens are alternately pulsed OFF by a 13th T, The ON conse-
quently progresses around the ring, The CLOCY is "stopped" if more
or less than one T is ON, It is "reset" by holding the number
zero T ON until all the others are OFF, and then letting it go,

3.1,2, Regcneration Control,

The regeneration control is sketched in the bottom half
of Figure 9, The counter on the left side counts to make sure that
each instruction has three regenerations, and if so, "R-completed"
line is ON, allowing the cycle timer to go toc the I cycle, If the
R cycles are not completed, the "R-required" line is ON, leeping
the cycle timer in the R cycle, The counter on the rizht is the 'free
ganes' counter, which is RESET ZElearai7 at the beginning of operations
like "multiply", It counts once on every instruction unlil 13 ilastiuce
tions have been started, and during ilhis time the "R-completed” line 1s
turned ON, indicating that no R is required at the ends of the twelve
intervening instructions,

CONFIDENTIAL
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3.1,3, Cycle Tiner,

Part of the cycle timer is
sketched in the top half of Figure 9,
It hes four T's, At the end of an
operation (see also Figure 7) the I
TRIG is turned ON, But if an R is
required, the R TRIG is also turned
ON, and this suppresses the I output
line, As scon as enough & cycles have
been completed, the R TRIG is turned
OFF, allowing the I line to come ON,
This same sort of arrangement is used
(not shown) when the computer is oper-
ated in a manual fashion, so that the
R line is on when you have manually
stopped the ccmputer, and yet the
other TRICGERS remember what cycle the
instruction is in when you want more
pulses in the computer,

A negative AND gate (not
shown) in each of the top three TRIG
inputs allows a negetive pulse to turn
OFF the TRIGGERS which are not being
turned_on, Thus, the setting of one
TRIG /clears/ the others (but the R
TRIG is special, as described above),

3.1.4. Control Signals,

The general method of obtain=-
ing control signals was menticned in
section 3,1, and sketched in Figure 8,
Notice that the cutput lines from the
MATRIX /cs/ do not go to a /control
matrix/ but to a system of AND and CR
pates, called EXECUTION CONTROLS and
EXECUTION GONTROL MIXERS, Roughly five
sections to these circuits can be rec=-
ognized: (A) a MATRIX line is com-
bined, if necessary, with other condi=-
tions in the computer to find out what
kind of instruction is called for,

(B) The resultant signal is sent to the
various COR_circuitg which control the
kinds of Lgommanq§7 required,

Page 11 of 24

AL
Kt il 7 | FF_|
OPERATION” ﬁﬁ-’ E
SR
L —t
FF
Al [
al o
gl &
& =
5| &
Part of o i
cYeclLE TIMER
ovtline of
ReGEN CoNTROL T

YoN" 1F per V3"
R REQUIRED

Figure 9, 5-’MF|-"F|‘9J Skelches of
CYcLE TIMER & REGEN, CowmvTROL,
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(C) The OR circuits activate these /commands/ regardless of

the instruction which calls for them (Sections B and C are roughly
equivalent to the inputs and outputs of the /control matrix/).

(D) The signal is then split up, if necessary, into several AND
circuits in order to combine with other conditions in the computer,
(E) A control signal appears if its AND circuit finds that con-
ditions, cycle, and time pulse are correct (this section is
roughly equivalent to the /epo unitg/),

3.2, Arithmetic,

Arithmetic in the 701 is much like that in Wil except
for the method of handling overflow and signs, and except for the
adder circuits,

3.2.1, Digits in ACC,

The ACC has two digits which never appear anywhere else,
(See Figure 10), They areocalled+f and Q (pints and quarts)
and represent the digits 2~ and 2, These digits are added and
shifted along with the remaining digits of the number so that
double~length numbers can be added simply by letting the over-
flow go into the P and Q digits and then later shifting these dig-
its to the least significant end of the ACC and adding in the most
significant part of the double=length number,

The binary point of the 701,
as with Wil, can be considered anywhere

for addition and either at the extreme TITLE IS & P I 2 ~-35
right or at the left (between P and 1) VALUE! Guﬂo a:‘eozﬂffa EY’;
of single=length multiplicands and their -
double-length product, An attempt is made '%Jf?

not to think of any particular location

for the binary point of the 701 system, Fijure 10 Diaits of ACC,

but when confusion must be avoided the
same convention as WWI is usually used,

30 20 20 QY,erflow.

VWihenever an overflow occurs into the P digit (when adding,
rounding, or shifting left) an overflow T is turned O, This T re~
mains ON (lighting a light on the operator's panel, but not influenc=
ing the operation of the computer) until a TRANSFER OVERFLOW in-
struction is performed, which senses the overflow, TRANSFERS CON=-
TROL if necessary, and RESETS the overflow T,

CONFIDENTIAL
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3.2.3., Sign Control for Add,

Because of the method of representing negative num=
bers (see section 1.2.4.1), a subtract instruction is the same as
an add except that the sign digit (but not the number digits) is
considered to be complemented., The adding and sign-handling cir=-
cuits are (with the above slight exception) not concerned with
whether a positive number is being subtracted or a negative one is
being added, Thus, the analysis of ADD describes SUBTRACT as well,

3.2.3.1, The Simple Cases,

If the two numbers being added have the same sign, we
wish to let one magnitude increase the other, and we know the sign
of the result must be the same as that of the original numbers,
Thus the two numbers are simply added and the ACC sign is not

touched,

3.2.3.,2, The Other Cases.*

If the two numbers being added have unlike signs, we wish
o let one magnitude decrease the other, We must then decide what
the resultant sign should be, The result will have the same sign
as the original ACC if the magnitude of ACC is large enough to nul=-
1ify the magnitude of MR,[AJ(See Figure 11,)

Since a magnitude smaeller

+
{ Acc *
than zero can not be represented di= 6 =.lace 0
MR Acc
& MR -
o M
kel = dAce

rectly, the decreasing of magnitudes
can not be done unless one of the num-
bers is complemented, As in WWI, the
9's complement is used, thus letting
"111111---111" represent "O" /minus
zero/ (or / -Q7). (Notice, however,
that ACC sign is not involved in this Fisure II.
complementing.) Therefore, the com-

ACC Sign 3fter “suptiact”

plement of the magnitude of ACC is
added (by way of the T/C circuit of Eof =g = = = =P g e in e vespet
Figure 5) to tre magnitude of KR, This T}/{;, 1 {Ig&' to [o7)

o
accomplishes the decreasing of one mag- Acc amr MR DR (vo Eact)
nitude by the cther with respect to © Aces Az
[ -0/, as shown in Figure 12, (The i A
brackets show the relationship between el
the ACC magnitude and its negative=- Bdsiins sy o o 1ﬁ??if?TffhméQU
magnitude-with=respect=to / =0/, and show P ol (EreT oczurs)
also the resultant magnitude-with- 0 —¥ T T
respect=to / =0/,) The magnitude Acc REE AR D mer B

Figure 2. Magnitudes with respect +o So7

*An explanation not used by IBM, but presumably giving the
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must then be returned to its correct form, In Figure 12B, the
magnitude is above / -0/, so an /EAC/ (end around carry) (as in
the WII system) has occurred, and the magnitude is in correct
form, In Figure 124, however, no ZﬁAg7 has occurred, so the ACC
must be complemented again (by sending it alone through the T/C
and adder of Figure 5) to arrive at the correct magnitude,

So far, our addition of unlike signs has produced the
correct magnitude, (An overflow cen not arithmetically oceur,
g0 it is not sensed,) All that remains is to find the correct
hCC sign, Ae in Figure 11, the sign digit of ACC must not be
changed if the magnitude of ACC is large enough to nullify the
size of Mi, Thie occurg in the case of Figure 12A, Thus, if no
end around carry occurs, the ACC sign digit is not changed, and

vice versa as in Figure 12B,

As in WWI, a result of "zero" produces no end around
cerry, But unlike WWI, the above rule says that in this case ACC
sign is not changed, but the megnitude is complemented, So the
sign of a "zero" remainder is always the same as the original sign
of ACC, and the number digite are all zero,

3.2.3.3. BRule for Sign Control on ADD,

Signs same: add magnitudes; leave sign alone; set
overflow T if necessary,

Signg different: add complement of ACC magnitude to
ma;nitude of MR;_ forget overflow,
Then: - = if no /EAC/: éACCI)IMRk Figure 12.1-9;
complement ACC, but not ACC sign,
- - i /Eac/s(acclIR| ; Figure 128;
complement ACC sign, but not ACC,

»

3. ~e 4«. Ad._d_e_:. - Ace P
n . % J Gps <
The circuit for the passive DioIT

adder is shown in Figure 13, Only one L '1”“

digit is shown, A "sum" output ep- ol :

pears if all three of the inputs are CARRY, & ) L aam

ON, or if any of them is ON and there is N

no "carry out", The "carry out" is T - :

turned ON if any two or more of the three

inputs are ON, Thus, when the input gates — sum

are turned ON for Gpseg the circuit out- oor” sum TO Acc

puts eventually stabilize, It takes the O LAST 1ps)

carry levels about 3,5,,%to become stabil- -

ized from one end of tﬁg.complete adder

to the other, Thus a safety rmargin is Figwe 3. APDER DicIT

included, since the pulse "sum to ACC" occurs 5 ysecafter the start

of the read-in gate, The sum is then fed to the ACC DELAY UNITS,
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and they eventually become set to the correct sum,
3.2.5, Shift Counter,

The ADDRESS SECTION OF THE INSTRUCTION REGISTER re-
ceives the address section of all instructions and is therefore
used as the [7tep counte;7 for shifting and also for multiply and
divide, A shift of up to 255 can be programmed, and any shift
over 72 vwill clear both ACC and M/Q, The reason for allowing
such large numbers of shifte is that a calculated scale factor
can be inserted as the address of a shift instruction with some
assurance that large numbers of shifts will clear the register
instead of simply produ c'ng small numbers of shifts (i, 6,, &
shift of 128 would result in a shift of O if this feature were not
provided),

3.2.6, Shifting,

Shifting is accomplished by making each DELAY UNIT of
ACC (including P and Q) and M/G "look at" its neighbor instead
of "its own tail" (see section 1,4.2,1.). A shift of cne place
per psec, cccurs as long as they look at their neighbors, so
the shift line_is merely turned ON for the length of time deter=-
mined by the 897 Actvally, no more then & shifts occur on any
E/R cycle, See Appendix D for long and short shifts, and sign
control for shifts,

3.2,7, Sign Control for Multiply and Divide,

The sign control for multiply and divide is similar to
that of WWI except that the numbers themselves are already in
positive magnitude form, and except for the fact that both 4CC and
MQ have sign digits whlch must be correct, (The "divide" leaves
a quotient in MQ with its s:gn and the remainder in ACC with its
sign, See section 3,2,8,)

3.2.8, Dividing.

In the "divide" operation, the adder is sensed to dis-
cover whether a subtraction was too much, and if so, the sum is
s1mply not coried into ACC, Thus, ACC always contalns a regular
remainder, rather than the plus-or-minus remainder found in WiI,
and no corrective add is required,

3.3 In-Cut,
As with WWI, the in-out system has so many variables

that it is not as easy to describe as the rest of the system, The
following notes, therefore, are even less complete than tne pre-

CONFIDENTIAL



CONFIDENTIAL

6889 Page 16 of 24
Engineering Note E-487

To operate an in-out unit, the general procedure is
to use an instruction READ or WRITE, like [§;7 followed by any
number of COPY instructions, The 11;7 used selects the type,
mode, and unit to use,while each COFY actually copies a word
into or, out of ES depending on whether READ or WRITE was used
as 15;7 If a COPY is not programmed in time, the in-out unit in
use at the moment usually simply disconnects itself from the com=-
puter and eventually stops, If a COPY occurs too early in the
program, the computer simply waits, See Appendix D,

3.3,1, Card Characteristics,

Standard IBM cards can be punched in binary fashion under
a program of control from the computer, When punched in this way,
each £0-bit row of the card will contain two full-length words, or
72 bits, There are 2. full-length words, or 4&€ instructions, on
each card, These cards read into ES under the control of a program
in much the same way that paper tape reads into WWI, E£tandard alpha=-
nuneric cardes can also be read in by way of a special program,

3.3.1,1, Card Read-in Program,

A special loading card can be read in by means of three
simple instructions programmed by pushing the LOAD BUTTCN, One of
these instructions is a COPY, which brings in the first word (2 in=-
structions) from the card, One of these new instructions brings
in another word, and so the card pulls itself into ES by its own
boot straps, The remainder of this loading card has on it a program
much like our read=-in programs, and allows reading=-in the remainder
of the cards in a deck, The remaining cards of the deck each have
a check number, a starting address, and a number indicating how
many registers should be loaded from the card, The last card in the
deck tells where to start the program that has just been read in, and
is called the TRANSFER card, The cards between the load and the
TRANSFER card can be in any sequence, since each has its own start-
ing address,

3.3.1.2, Reader, Punch, and Printer.

The reader can read cards at a meximum of 150 cards/minute,

The punch can punch cards at a maximum of 100 cards/minute,

The printer can follow cards at a maximum of 150 cards/hinute
and prints one line for each card, (It cannot follow binary=-punched
cards,
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In order tc operate the punch and printer, these de-
vices must receive information as if it were coming from a stand-
ard IBM card, This usually means that the information has to
be calculated beforehand, and placed in storage as a "card
image", This card image can then be copied halferow by half=row
into the punch or printer,

3.3.20 DM.

The following paragraph is to be considered HIGHLY
COMMERCTALLY CONFIDENTIAL,

The drum eircuit involves the use of a single counter,
and the address of the desired drum register is placed in this
counter by a special instruction, This counter does not count
until the specified drum passes the zero mark, The counter then
counts down until it is empty, at which time the drum is at the
proper address, Thus it takes on the average half a revolution
to start counting and half a revolution to reach the specified
address, so that the average time is one complete drum revolu=-
tion to find an address, The average time will be only half a
revolution if addresses near the zeroc mark are specified, and
these addresses are multiples of 32, There are four "drums"
contained on two separate cylinders,

3.3.3., Tape (magnetic).

The magnetic tape contains blocks of information, of any
length,with blank spaces between them, A single COPY instruction
pulls in a full word length, which involves six lines, each six
bits long, When reading, the tape will stop only at blank spaces,
The program has full control of what is recorded where, and so
must manufacture its own addressing system if one is desired, The
tape moves at 75 inches/second, and contains 100 bits/linear inch,

4e Further Information,

Some further informetion can be obtained from publications
in the Whittemore Building Library: Library number 2077, "Defense
Calculator Memos", contains memos on the 701, only some of which
are concerned with logical design (see list in Appendix E), ILibrary
number 2076, "701 Operator's Reference Manual®™ is a preliminary
manual which is largely obsolete, However, the descriptions of
operations (beginning in page 54) should be up to date except for
the description of the "read backward" (and of COPY after "read back-
ward"), Pages 47 to 51 might also be of interest, though possibly
out of date,
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Appendix A
Logical Characteristics of 701 sttem‘ (see section 1,2,)
(Footnotes)

TYID® o & o s 5 5 s o 5 ¢ 5 8 5 ¢ & s » o Genevalspurpose, high-speed, i
DOBIEH . o o s o 6 8 6 0 s 85 5 5 & 90 Sivetropie, dlgital,
Number SYStem. e & © & e o @ e o e e s Binaryo }l.
Register length (basic, or full word), ., .36 Binary digits, 5

(basic instruction, or #=-word) ., , 18 Binary digits, .

Method of handling numbers . . . . . . . .Parallel digital transmission,
addition, and storage,

Type of internal storage . . . . . . . » Williams electrostatic memory
tubes, (2 banks, 512 spots

per tube,) 3.
Capacity of internal storage . . . . . . .2048 half-words, numbered

consecutively, 4,
Access time to internal storage . . . . & 12 g sec, read-rewrite, }-5,

Basic functional design . . . . . . . . . Pulses (usually one M sec, 10ng5w
and outputs from basic memory
devices are switched via crystal
circuits to determine new states
for the memory devices,

Basic memory devices . . . . . . . . . » TRIGGER (1like ¥WI FF), and &
EAVENS DELAY unit, "

Crystal switching circuits . . . . . . . .AND circuits (1like gates), and
OR circuits (like mixers),

J

See section 1
See section 1
See section 1
1
o

.

See section
See section
See section 1

AW P N
o
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Appendix B
Terminology . (see section 1.32,)

Note:s 701 NAMES ARE IN CAPITAI.S, and ﬁfWI names are in bracket§7.
Abbreviations are listed at the end,

CSong nimes are popviery but net .ﬁ-‘ﬁil.)

ADDRESS COUNTER = INSTRUCTION COUNTER = /PC/
BLOCK DIAGRAM = [ElOCk schematig7 = SYSTEM DRAWING = LOGICAL BLOCK DIAGRALI
[block diagram/ = 701 HAS NONE
DELAY UNIT = HAVENS UNIT = /see sections 1,4, and 14257
[delay elemenj_'] = 701 HaS NOIE
GLITCH = @ botherless negative spike on an ON ling7
MENORY REGISTER = /PR or AR/ (see sections 1,2, and 2,1,)
Ln_lemory regis‘teﬁ = MEMORY LOCATION
MULTIFLY/QUOTIENT = /IOR or BR/ (see section 2,1,)
REGENERATE = /hold spots in IS, one spot in each tube at a time/
RESET = /clear/ or sometimes [set/
[reset/= SET (to some number, x)
SLIVER = /a hothersome spikg7
SPIKE = /spike: Dbotherless positive noise on an OFF 11ng7
/step counter/ = 701 USES PART OF ADDRESS REGISTER /fFR/. . . -
SWITCH = /rather like read-in gateg/ (see section 1.4.?.1.), o Zr_-liode
/switch/ = MATKIZ or_DECUDLR circuit/
TRANSFER = /Cp/ or [sp/
[Transfer/ = STCRE or GOFY
TRIGGER = /FE/ or [Erigeer/(vew)
TRUE NUMBER = [ number in "magnitude-with-sign" form/
TWEAKER = /a convenieni terminal for "screwdriver" setting of a FF/
= JANUAL "OFF" (or "ON") PIN CONIECTION.
UNIT RECCRD = CARD , or A BLOCK ON TAPE

Some abhreviations:

A = ALL CYCLES, or AMPLIFIER

AC = ARITHMETIG & CONTROL UNIT, or ADDRESS COUNTER

ACC = ACCUMULATOR

D = DELAY UNIT, or DURATION OF SIGNAL (as in "A2(D1)}" the duration
j % is 1/ sec.)

E = "EXICUTE" CYCLE

E/R ='EXECUTE/REGENERATE' CYCLE

I = INVERTER, or INSTRUCTION'CYCLE

MQ = M/Q = MULTIPLIER/QUOTIENT REGISTER /IOR or BR/

MR = MENORY REGISTER /PR or AR/

OR = OR circuit @ixer

R ="REGEIERATE’ CYCLE

T = TRIGGER

T/C = TRUE/COMPLEMENT CIRCUIT

/C
$-%= AID circuit [éat_e]
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Appendix C
Symbols (see section 1,4.)

Time notation:
Example: + E3 (D2)

l Ly Signal has duvation of 2.ps,
|+ starts with time Pv'ge 3
cyc E (T,E €R, R, A=AL creL€s,)
Polarity at time shown (nothing = r’vs),
TweAKER, unless it comes

(An input to a T which is wot labelled with the time is usvally Just a e seme e
Other notations on lines are pin numbers, [System wumbers/ PAGE NUMBERS , ete. cirouit,)

Ah a"H’empT is made Yo have information Flow From lef+ to h‘gk‘f.
So counters count From left to right,

Signal voltages are standard ¢
+10 (clanped) = ON
from 30 1o =I5 = OFF = DowN

is shown by a boxi

Kind of civewit

VP = HOT = PULLED

(1}

al location of plusgable unit

containing this block.

: T—_Tobe location (in the pluggable vni+>
for this block,

"

5] «— Physic

Each s‘f‘amJarJ' civevit .

Part
Number,

A bbrevi aTit_)hS ‘For-v'f;.n—zii __o‘_f:VCl"cu-'"’S.'

I =Taerters (-f-‘g;-r) CF = Cathode Followey, THY = Thyratron
o PCF - Power CF K
Is E SO'IN A 3 3"vv\¢'eJ 9)-iJ

ps = pullover Ahf"‘fier SHIELD
Pky = Peaker sl —— e O
ST = Sync T (_If(:mi,'ep‘ o';:) . 3 ] 5 CATHODE
CL -elomp  (ir oc conpled: s hidored) | |
i % [ D= peLar Ciavens uwir)

= & = AND circuit _‘f‘e T= TRIGGER
¢ = &=AND circuit [Gate7 T},:suw-r[n:]

OR = OR civeuit [Mixe 7 — SYNC & CLAMF
kreklg TRIGGER lu INPUTS ARE Mc,mg;)

—¢=—& = OR circuit _operated with megative Dntinied

ignal ; i
signals (f::f;;': ?F:i)'f all key) ese ne Bows (ReVSH ipeA)s
—OR = AND circvit with meg signtls Piate §§
©OFF if 3wy Inpit OFF) ﬁ"',‘.f, npe i Store -
W = RN S 4 e g = T|@er praer Syve =L ¢umr¢+-
Gl . R . B "E* 1) e ]
; R A A RN N g e s O

|

|

} Eauiv.

: wwI 8D, CATRODE e nnnnnn

Equivalent
WWI Block Diagram

SAMPLE LoGilcAL BLOCK DIAGRAM

M
. coz-4 ME ‘:E:‘Ei po2- SUPPRESS READ

s I&‘(n 3(0)) " coz-5 T : cF Z »7.03.05

« O] 2 - 02z~ m "
i a0 . & »7,35.02

€02 -6
3 MF3 -033
E02.~

END oP, foz-4 fEr32_S08 le- -Rd
7.03,06 4— * T2Fcr % P MEE - B i
192~ O s 2%. 02
L———-——Q--i7.°"°'
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Appendix D - Order Code

Page 21 of 24

(see section 2,)

Decﬂ Short Closest WWI
# Name Symbol |Equivalent | Explanatory notes (see section ,,‘212.)
0 STOP & TR STOP sp/rs, stop (0 & New [pcT addvess is displaged while stopped),
1 TRANSFER TR sp (OH [pe] addvess is nol vemembeved in [ARJ),
2 TR OVERFLOW TR OV (cp on overflow) 6’h-‘s is the only way fo)scnsc ov 'h[dntyﬂ'e
overflow TRIGGER),
3 TR ON PLUS TR + cp +)
L | TRON ZERO |[TR O (cp 0)
5 SUBTRACT SUB su
() . RESET & SUB |R SUB cs (ReseTS [lears] p 2 @ bieiTs OF M‘>t
7 | SUB ABSOLUTE |SUB 4B |sm (su magnitude) zeno ReSUT M T Acc,
8 NO OPERATION | NO OP rs, no stop OVERFLOW SIMPLY GOES INTO
P2 @ A IF THEY WERE
9 ADD ADD ad REGLLAR DIGITS, BT ALSO
aVi w ] R which
10 | RESET & ADD |R ADD |ca (Resers Pea), e IR A
11 | ADD ABSOLUTE |ADD AB |am (ad magwitude), LB L
12 | STORE STORE ts
13 | STORE ADDRESS | STORE 4 [td (b2 disits),
14 | STORE MQ STORE MQ| (ts from BR)
15 I1OAD MQ LOAD MQ (ca direct to BR) (No change in ACC).
16 MULTIPLY VPY mh MUST HAVE NUMBER PRODUCT SIGN
IN MQ (5\. LoAD MQ)’ GOES To BOTH
17 PY ROUND MPY R mr Cuo [Eleav "g). NOT N Acc, which is lost, | ASC sioN B M@ SIGA,
1¢ | DIVIDE DIV AV Lt 0 oA i hicma Siursed s MR, J fomacn 1 "3
19 | ROUND ROUND STr O J THIS DoEs NOTHING BoT RoUND-OFF, oo o &7
|7 Dees NOT cLEAR MQ. SI6N & ABDRESS
20 | LONG S L L LEFT slh }, OF ROUND INSTR, cAN BE ANYTHING.
CC 516n 15 MADE sAmME AS Ma SGN) p @ Acc MQ ARE SHIFTED,
21 IJONG S R L RIG'IT i Srh } mQ n n n w Acc n, D; TIRIG /|5 SET IF )" Goes
0 6 ° («t P.
22 ACC S L A LEFT slr) Acc, B 2Q ARE sHIETED, pur Mv‘rma.n m DIGIT | To Di6IT
LIKE LONG SHIFTS EXcePT MQ NOT ToucHED, AND sle’nE
23 | ACC SR A RIGHT |srr J(vo Rovno-oFf)(vo MQZELEARJ), (r;'ve’l." Wro::m ;:a]
2 PREP TO RD READ "} Sl e Mgk
. % (s read) }of molpsmmicdinesy ) ee secmow 290
25 PREP RD BKWD |READ B (si rd, backw, ) ,E? IO ITERLoCK 4 WHICH
IS [CLEARED (R w
26 | PREP TO WRT |WRITE |(si write) S
CLEARS 15:1105””_' IF INTERLOck (5 SET)
27 | WRT END FILE [WRITE EF|(si blank tape)}.‘.’oﬁ—m’fén'lf move” 1T was For biscowneeT,
28 | REWIND REWIND |(si rewind)} v2g whie er :
29 | SET DRUM ADR |SET DR |(si drum address)},,‘;’i,.’ﬁ:'(;.v".:t’ z"“"’ﬂ»fﬂéﬁ?i ’i“s‘;‘snz::?"lé?"m
NoT PROGRAM N
30 SKIP, CONTROL | SENSE (Si light, or Cp on manual)}::n:ﬁs=ﬂ£¢,¢rnr:$m oN 5 (oR TURN
g (ove seNse ADDRESS=waIT ForR To INT ERL,, SKIP owg’ INsTRUETION :f;ngg:nu.
31 | COPY & SKIP |COPY (rd or re) Fsre ove wstn, ik wo won® <505,

CARDS e, (END of FILE)
.

WORDS om cARD, ETC, (END OF

RECORD),

SkiP Two n IF NO MoRE
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APPENDIX B (see section 4,).

List of IBM Memos

Memo Number Description

*116 Some Symbols

117 Regeneration

(120 Checking)

125 Clock, etc.

131 Regeneration Control

*132 NOMENCLATURE

(138 ACC includes adder and T/C
circuit)

(140 "Add-to-Memory" instruction does

not exist)

150 Symbols (especially page 6).
(Sse also 157).

*151 Drawing block diagrams.
(See also 152 and 158)

(152 See 151)

155 Tape nomenclature

157 (See 150)

*158 Title boxes; labels. (See also 151)

(162 Neon bulbs)

(163 labels and diode circuits)

183 Order "+ copy"

(184 Octal-decimal manual table)

* ~ of basic importance.

( ) = of lesser importance.
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Appendix F

Index

Section, Figure

1,

IErOdROtIon o o « . ¢ v 5 o9 &% 5 0 % 5 5 o
1,1, Drawings
1.2, Characteristics
1.2.1, Viord Length
1.2.2, Addresses
1,2,3, Storage Tube Layout vs, Ad~
dresses, . . o °
e o 1,2,4, Signs and Negative Numbers
1.2,4.,1, Interpretation
e o o 1l,2,4,2, Location of Sign Digit
3, Terminology
o4e Symbols
1.4,1, TRIGGER
1.4.1,), Read in to a TRIGGER , . ., .3
e o« 1,4.2, DEIAY UNIT (HAVENS DELAY)
1.4.2.1, Read in to a DELAY UNIT, , .4

General Logical Design

Reds  Block QUbliD®, & v o 6 v 5 4 »

22, 'Timing Ouwbildne . . &0 0 & el
2.2,1, "Free games" technique

o oo ReBoRy TrarPhe-OnElANS s o v e v s o o T

* o o 5

Some Detaills

3010 Control, e @ o ¢ o @ ° o e 8 ° o e o o 58
3.1,1, Primary Drive and CLOCK
3.1,2, Regeneration Control, , . .,

llo e o o o o '301040 CyC19 Timer. & e e e e e e ¥ .9

3,1,4, Control Signals

b PRy, T 18 Arithmetic

3.2 L Deita AN ROC S L S e e 0
3.2.,2, Overflow

13 . 6 45 0.0 3.2,3, 3im Control Tor Add

2.2.3.1, The Simple Cases
.2.3.,2, The Other Cases , ,, IR 11
. . . '12

W)W

s o o5 ¢ ¢ ¢ 5 832,33, RBules Tor Sign Control on ADD

BOQQAO Adder e @ o o o o ° & ¢ 9 o o o 0 13

15, o o o o o 3.,2.5, 8hift Counter

3.2.6, Shifting
2.2,7, Sign Control for Multiply and Divide
3.2.8, Tividing,
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