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EALLISTIC RESEARCIE LLIEORATORTIES

MEMORANDUN RIPORT KU, 562

Fritz/red
Aberdeen Proving Ground, Md,
26 December 1951

DESCRIPTION COF TIE ENIAC COLVZRTER COLE

ADSTRACT

Trnis’ report is intenced as a working manuzl for personnel pre-
paring problems for the ENIAC. It shoula2 zleo serve ag a guide to
those groups who have computing problems that could be solved on the
ZLIAC,.

The report discusses the EKIAC from the point of view of the
coder, describing its memo.y as well as the coce itself., The 94
instiuctions which make up the Converter Code are discussed in come
plete cetail describing what the instruction accorplisies as well as
how to use each instruction. A few remarks arc made on the more
ccreral subject of problen preparation for larpge scale corputers
in general. basced on the experience of cperating the EWIATe - :
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SECTION I TTRCOOCTION

Tl.e ENTAC-the Electronic |

N
32, dirital computing
machine, It was d=signed aad corstiructed 4t the lsore School of
Electrical Engineering of the Univaorsity of Pennsylvania by Dr. John
W, Mauchly, Mr. J. Presper Lckert, Jr., and their capidle staff, for
th~ Ballistic Eesearch Laboratorinzs it the Aberdsen Proving Ground,
Maryland.

The EHIAC was cormple*.d in February 1946 i'. Philadelphia and
rmoved to the Ballistic Research Laboratories in 19,7 where it has
heen in continual operation since loverder of that year. It is operated
2L hours per day for a period teginning 0800 Menday through 2400 Friday.

At present tie ENTAC is controlled by a coie which incorporates a
srecially designed -nit kncwn as the Converter as a tasic part of its
areration; heace the nime, "ENIAC Coavertcr Code", These code digits
ar? brought into the machine either thrrouch the Eeader frum standard
I2ZM cards or from the Function Tables, twe cigits at a time. The Cen-
verter converts these ligits to a sequance of cperations suck that the
specified ENIAC instruction Zescrited in this report is carrized out,.
The details of how tke machine carries out these instructions are
described in refercnce h.

Tiie ENIAC lLas an TBM Reader (type 757), as an input device, and a
Punch (an IBM punch type 51%), which serves as an output, punching on
cards the numbers cormputed by the machine, Available for the pro-
cessing of tne cards are the f{ollowing pizsces of IBM equipment:

1) Fey Punch (type 031), 2) Seorter (type 075), 3) Tabulatoer (type
416, ) Reproiucer {type 513), and 5) Interpreter (type 552).

The ENIAC has been mmade available to a large number of government
agencies as well as private organizations with goevernment contracts.
Among these outside agencies have heen tne “ollowing: 1) The Atomic
Energy Commissicn, 2) United Aircraft Corporation, 3) Cornell Aero-
nautical Laboratory, Inc., ) Uaiversity of California, and 5) The
Institute for Advanced Study. Approval for the use of the macrhine must
be obtained througzh the Department of tie Army, Office of the Chief of
Orinance, Washinston, D. C., ATTN: ORDIB Ballistic Section. Usually
it is advisatle wo confer with the staff of Comnuting Laberatory, EBRL,
Averdeen Provinz Ground, Xd., before submitting a request in order that
an estimate can te made of the amount of machine time required to
comnlete the nroblem. At present a transfer of funds is required at
the rate of $35 per hour of machine time or 800 for a full 2L hour
daye The coding of the provlem will be performed by the ENIAC Branch,
It is always a<dvisable for the sponsor t¢ bring a clearly written
statement of the problem to Aberdeen when coming to discuss possible
ENIAC solution. The Computing Laboratory has a rumoer of other
machires available for use by outside groups. [ie’erence 3 gives an
introduction to the capabilities of these other machines in comparison
to the ENIAC,
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Tne followins symhols arc used in explaining the EAUIAC Converter Code.
a,b,¢,4d,e,f 0000 sinzle decimal “izits (2 such letters placed side
by side 1 Al sequence such as ab represent
a i c.)
P, Y0y ees represant 1, 2, 3, L, or 6 dizit numers (used

when single digit representation is not necessary)

AyB,C,D.2.F. G ,H.J,k the signed 1T digzit numbers in the 10 fields of the
Constant Transmitter

AB the 4 (left) and 3 (rizht) sides of the function
tables (control panels)

U.V.W.X.Y.2 signed 1D dirit numvers as normally stored in the
accumulators

1,2:000, 20 designation of £h0 20 EAHIAC accwmulators frequently

accumulator involved, such as 15 (2, 2, 1) to denote
the three rizht~most places of accumdlator 15. An
11 in the Jarentnes 3 iz used to denote the PM.

™
)
followed by parentheczes to <denot2 ZJecades of the
1 s
;
A

51 6 (11, 12, 9)
6 6 (B, 7)
2 b
s 6 (6, 5, )
6a 6 (3, 2, 1)
8, 8 (2, 2, 1)
Acc accuwmlator (hich szeed machine rerister)
AV er || absolute value
AT add time (20C microseconds at 100 KC operation)
CT conditional trancfer
ol clear
P o delay
DS » drop sign
FT funcrion table
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F1C functicon tablie consiant

FIN functiza fzvle number (frequently called numerics)
H halt
"L ' " listen {(storafe instruction)
M minus
MP master programmer
NaD next "a" digits (a = 2, L, 6)
P plus
Pr print {actually order to "punch" certain numbers
in an IBM card)
Rd - read
Sc selective clear
1a shift left *"a" piaces
Ra shift right "a" places
T talk (add instruction)

SECTION III DESCRIPTION OF THE ENIAC MEMORY

The ENIAC has essentiially three types of rmemory: 1) fixed, 2)
intermediate, and 3) electronic, :

1) The fixed (switch set or plug wire controlled memory) consists
of four function. tables containing a total of 40O lines and 2 lines
(or fields) of the constant transmitter designated JK. These lines are
normally fixed throuzhout the operation of a problem, but can be changed
between runs if necessary. The function table lines each contain 12
digits and 2 algebraic signs arranzed so that each side (design.ted A or
B) contains a sipned 6 digit number, The JK switches of the constant
transmitter consist of 2 lines of 10 digits each with attached signs.

Each of the four function tables contain 100 lines. Table I con-
tains l; lines of switch set memory and 96 lines controlled by 2 triple-
panel and h single panel IBM plugboards, These 96 lines may be easily
changed by simply inserting new plugboards. The remaining 3 tables
contain ten position switches which are set manually. Each of the
control panecls may be <Zisconnected from the rmachine and manually set
without interferring with the operation of the ENIAC if the current
program does not require the use of this function table,



sior~ either numorical in-
5 ssed for cods digits, coding
I7 the line is used to hold

These 430 fixed lines
formution or cole cigzits.
mast sta~t at the berinning of

vhe line.
numerical informatio:n, the 4izits are plzced 50 as to be brouznt into
the zlectronic mezmory in the nosl coavenisnt {orn.

The E:IAC addresses whicl q“e useld to 2213 out the inldicated iines
of prograwming are shown in tic tzuie below:

Figure I
F.T. ENIAC Address Fe.Te Line
I 1 ab ab
IIv 2 ab av
I1I 3 ab ab
v L ab ab |

where 00%ab<90

Addresses 000-007 arc used to designate the eight fields of the IBM
car<d in the constant transmitter. Instructions may ve taken from the
constant transmitter at any time by merely sending the proper azdress to
€a. when the last instruction of field H has becen completed, the machine
w*ll autematically rcad the next card in the Iieader and perform tre first

nstruction 3n field & of the new card Ly changing the z24ddress in 6a to
)\'JO .

2) The irter:ediate or relay mc"cry consists of eipht of the con-

ta“v transmitter grouss designated a thro:gh rn, zach group ccatains a

-ned 10 21git numer.  This =ortion of the —erory is fed by IBY cards
either prepared in zlsance uszng standard 1350 equinment or oroduced by
~he ENIAC ag a result of eariier compubtations. s s5»on as the vilies
Oave teen read into the counstant transmititer froin: the IBT card, the
quantities are availatle %to *he arithretic units of tiae EI1AC in the
sane time as the nwdors in the accurulators. Tae ntrol of the LUIAC
fror +the enastant trarns-itter has already bwen dise vsc* in the nrevious
Darag raph.

3) The electronic or internal rmemory consists of 200 deciral digits
cr 20 accumulators eacnh capable of storing a signed 10 digit numbar. By
careful coding it is ; 05sible to store two S digit numbers, or an elb“t
dizit number and a 2 digit address, or other 3imilar combinations. Cnly
registers 61, 62, 13, and 15 are true accumulato”s, accumulating sums on

reception. 1 other so called accurulators have the property of clear-
ng what they have in storage before receiving a new quantity.

¥ith the sresent code, only the foljowing 13 accumulators can be
used without storage restrictions: 1, 2, 3, L4, 5, 9, 10, 1L, 16, 17,
18, 19, 20. These serve as hich speed storage registers.

8

£ e



The specialized uses of Lihe rema2ining 7 accumulators are discussed
briefly in the next paragrachis, urther clarification can be obtained
by referring to the specific 'rstrusticns described in Section VI of
tLis report.

4

-
1)

4

6 is the cortrol center c¢f th? code's operation., It 1s used in |
narts as follows:

1]
o

6 (11, 10, 9)
6 (8, 7)

38 uszd a3 a signed 2 d&igit accurmlator.

"
(&)

> is uced as a 2 digit accumlator,

L]
[¢a)

6 (6, 5, 1) = 3 ic used to Lold the new address to be used following
the positive branch of a conditional transfer (diccrim-
ination).

(]
o

6 (3, 2, 1) holds the current adaress, i,e., the designation of
the line of the function table or the field of the
constant transmitter from which the code digite are

veing taken,

7 is used as the denomirator in each divisicn. Otherwise it may
te used for unrestricted storare.

8 (1l-L) may be used for <“orage, but the right 3 decades, Ba a8

(3, 2, 1), ave used as the FIX and FIC addresses. This address auto-
matically advanc2s by 1 at the completion of each FIN or rIC instruction.

11 is seldom avallable for even temporary storage. It is used to
hold the rultiplier for multiplication, to receive the B side of the
function table in rFTN instructions, and to receive the left hand field of
the constant transmitter on those iastructions.

12 receives the rmltiplicand from 15 during multiplicaticn and the
remainder following a division or a square root. During shift primes,
it receives the part of the numter that is shifted off scale in 15.

In each of -thesce cascs, it clears before reception.

13 adds into the product following a multiplication., It must be
zlear for many of -.the instruactions and should not ordinarily e »sed for
storaie. The '"bad" effectz of no%t having 13 clear in the various in-
structions that, "require" it to be clear may occasionz2lly preve vseful,
i exact statement of what happens to the number in 13 during each of
these special instructions is drscribed in Section VI. In generil,
kowever, 13 should be clear for all instructions, except Rd, Constant
Transrditter, FTN, FTC, Listens, ClL, SC, Pr, Talks, Delays, and Halts.

15 is the arithmetic center of the code's operation ani cannot bte
consicdered as a storage accumulater,

Figure 2 summarizes the Interrelation between the various ENIAC
memory components.
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SECTION IV. LISIILG OF BNIAC INISTRUCTICHS

- S——

02 12 22 32 L2 52 62 72 82 92
2L 121 2T Rl R3 RS 12T N2D L.V, 61
[ Pel7T | pel7 | po23| p.21 | po2l | pe2l | po23 | p.16 | pe27 | p.18

.
|00 50 o0 | 70 | 80 | 0
! A3 L1 L3 LS D
| p33 . F+15 ¢ 1p-21}| p.21l | pe21l | p.33
I o1 11 21 31 N 51 61 71 81 91
: L | 1L 1T | 11T ¥ ch 12 L | s.c.
1 Pel7 | pel7 | pe23| pe23 | po2h | p.15 p.21 | p.21 | p.l9
I

|

| o3 13 23 | 33 L3 53 63 73 83-| 93
3L | 13n 3T | 13T R2 RL 2 NLD | N3D6 | 6
p.17 | p.28 | p.23 | pook | p.21 | 521 | p.25 | p.36 | pe28 | p.19

oL 1Y 2L 3k L sh 6L 74 8L oL
| L | 1T 4T | 14T Rd EF ' N6D | N6D6 i

| Pel7 | pol7 | pe23 | po23 | pelh §pedS | p.26 | po26 | 028 | po3l
o3 | 15 | s | s | us | ss | es | s | ss | oss

SL cL ST H Pr cH N3D8 | di
Pe17 | pel8 | Pe23 | pe33 | p.20 ] p.l5 p.32 pe3l

06 16 26 36 L5 56 65 76 86 96
6L 16L 6T 16T DeSe J |11 |L'3 L'5 cdi
Pel8 | pel? | pe23 | Ps23 | D27 | PelS | pe22 | pe22 | pe22 | p.32

07 17 27 317 L7 57 67 77' 87 91
I 7L 17L 1T 17T FTH X L2 Ll FIC
pol7 Fol? p.23 p-23 p.lé p.?h p.22 }7.22 p.l7

08 18 28 38 L3 58 €8 78 88 98
L 18L 8T n'l R'3 R'S 181 6R3
Pel7 | pel? [ pe23 | pe22 | pa22 I De22 | pe23 | pe29

09 19 29 39 'S 59 69 79 89 99
ST, 15L gT 19T Ri2 R'Y CuTe 6., N3D63 D
p.l? p-l? po23 po23 p.22 9-22 p.BO p029 p'30 p.33

10 20 30 Lo
10L 20L 10T 20T
p.l? r‘.l? p023 po23
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read (a)

Constant Transrmitter (AZE
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flext Dizits (idba ®LD,

Functaion Table umizr (

. a Listen {aL)

6 Listen (&6L)

13 Listen (13L)

.15 Clear (Cl)

- 6l Listen and Talk (ol)

6
2
Selective Clear (SC)

Print (Pr)

R (1-5), L (1-5)

Listen and Talx (62)

By
oo,

s —\‘\}

IR

— e

Il

ucgions

. Function Table Corstant (FIC)

ey o
ConNIAC

=

T
o

NSTRUCTIONS*

3

GH, JK)

2 « R' (1-5) or L (¥-5), L- (1-5) or R (9-5)

Co Arathmetic Inscructions

1

[ 2 R

#The sa.ne lejacal

Add or Tulk (+ <r el)

Pinus |« ar B)

- Maltiply (X)

Divide (3)
Square Rouot (V )
Absolute Value (AV)

Drop Sign (DS)

Listing 1s follcw=3d in Section

i3

1.7
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J. Control Instructinns
1l - Hext 3 2izits %o &a (N3DAx
2 - Next 6 digits 5 & (l6ED3)
3 - Right 3 digits of 15 to Ga (HR3)
L - Right 3 dizits of 15 te 6, (63)
S - Next 3 drits to &, (N3D6.)
- 4
6 - Conditional Traasfer (CT)
7 - i Count Condi“ion:l Transfar (i)
8 - Direct Input to MP Stepper (di)
9 - Clear Direct Input to P Stesper (cdi)
10 - FT Address (n3Dfa)
11 -~ Delays (D)
12 Halts (4)
SECTION VI. DZSCRIPTIC Jr TiHI CO VouTik CCDEs
A. Storare Instruciicnas
These instruciiocns zr-:z usad to gobt numders in
to transfor nurmitars Ir2m gre ourt o another, ani to
aunbers cosutet Uy the macaine oo IR cards,
Contenis of
losavoasuion Gesceizeion Acc, Before
ad Lk 1, ead
a) Takss tre oi-is 10-417it si,ned
numbers fro. the aext stan)qri
GJ coiwnn I2M carid in the Reader
and placces tnese numbers in the
reliys of the interreliac
storaze unit nown x5 tne Constant

Trans-ituer,

# The code is descrited as used Zuring 1951.

wo the machine,
=lace

affacted Accs.

A.T.

1530

Certain minor modifications are

contemplated, i.e. changing certain of the code digits and also reducing
thie number of AT required to complete nearly all of the instructions by

shortening the basic

sequence

BN



Contents of Affected Accs.
Instructicn Description Acc., Before After A4A.T.

b) These input cxris have eicher
been prepars< ¢y e IBM ke
puwach and rerveduc
or by the ENI/
latter case thzy ooan
results cof previcus HIIAC runs
{possibly sort:d) and are read
back into the machine for fur-
ther computation,

2. Constant Transmitter

AB 50 a) Clears 1l. 11 X A 6
b) The number in the Constant
Transmitter field designated 15 Y Y+ 3B
Cb 5i by the first letter of the code 11 X c )
symbol goes to 11 and that 15 Y Y+D
nuamber designzted by the second
EF 5h letter to 15 adding to any 11 X E 6
quantity alread} there, 15 Y Y+F
GH 55 11 X G 6
15 Y Y+ H
c) The nwibers in thz Constant
JK 56 Trarnsmitter relays are changed 11 X J 6
only by the reading »f a new 15 Y Y+ X

carc.

d) llezative numbers are placed on
IBM cards by placing x punches
in trhe first and sixth columns
of the field an< listing the
digits diractly. GHowever the
EXIAC style nwrser (10's comple-
ment) is set on JE. The PM
switches are set to M (2 switches
for J and 2 for X).



Contents of aiffected £ces.
Instruction Jescription Acc, D2fcre After LT,
3. iext Dirmits

N2D 72ab a) Sends nexi 2, ', or 6 2ipgits from 15 X X+ar 15
the FT to 10,

NuD T3abuad b) These dicits azd at the 15 X X+ anhed 21
3 .

N6D Thabedef ively. 15 X X + abcdef 27

c) Occupies 2, 3, or L order po- 13 0 0

a)

L. Function Table urher

FTH L7 a) Clears 1l. 11(11-5) a B 1
b) F,T, trans~its 12 Aigits and 2 11( 1.-1) 8 0
simms from the F,T. line sgeci- 15(11-5) vy ++ &
fied by the adfiress in 3a. 15( 4-1) & g

c) 8( 3-1) 2+l

G

e)

in widch the nachine is precnvimool

(i.:ferenece I)

16



Conteats of Affected Accs.

Instruction Descrintion hce, Before After A.T.
5. Function Tabpin Conatant
FTC 97 a) Tunction ta.ie linc designased 15 X X+Y 13

in 8a sends the firsh sigrod
10 digits (Y) <o 15 adding to
any numoer alr2atdy thercs

b) The address in fa is automate-
ically advanced by 1.

c¢) Zeros may be set on the two
right most 2izit switches of
the F.T. line,

d) For negative nurbers the 10's

- complement should be set and the
left PM switch set to li. Tor
exarple = 1234567590 is set as
¥ 8765532110ab ¢, The last two
digits and the P} may e s2t to
anything witliout affecting the
vay the instruction is rerforrei.
Normally they are set to 00 P.

6o Acce @ Listen (¢ 6, 13, 15

1L, 01 a) Clears a (a # 6, 13, or 15) 15 X 0 6
2L 02
3L 03 b) a receives the number from a Y X
LL 0L 15.
SL 05
7L 07 ¢} 15 clears after transmission.
8L 08
9L 09 d) 6L and 13L are described separ-
10L 10 ately below, since scrmewhat
nL 11 special coniitions apply in each
12L 12 cade.
UL 1L
16L 16
17L 17
18L 18
19L 19
20L 20

17



Contents of Affected Accs.

Instruction Description Acc. Before After A.T.

7.
6L 06 a)

b)

c)

CL 15 a)

10.

b)

Acc. 6 Lizion

This instruction is =whe
the a listen deznrited a
the right 3 d:sits or 15 besome 15 X
the new addrecns.

The order following 6L will be
the first order of tne line now
specified in fa (formerly 15
(3,2,1))

This order thus serves 2 purposes:

(1) places numters in 6 (11-4)

(2) serves as an unconditignal
transfer where ine new address
may be computed by the machine
or breugnt in tirough the con-
stant transmitter,

Acc. 13 Lis*ten

13 receives the :aumber from 15 13 Y
without first clearirgz. 15 X
15 clears after transmission.

Acc, 15 clears

Clears 15. 15 X
To clear any 4.z

(1) clear 15.

(2) Give the apohropriate listen

order.

61 Listen and Talk

The number in 15 (11,2,1) adds to 6
the number in 6, and the sun gces
1 40

to both 6, and 15 (11,2,1). 6(6-1) 8

To clear 61 without disturbing 15(11-3) ¥

the remainder of 6 wWe rust use

the following sccuence of orders: Y

CL, 61, i, 0ye Tnis sequence

also clears 15. 15(11,2,1) &
18

X+7Y 6

a+ 6 10

~

£
0 (a+86%0)

Gts (a+6<0)

a+ b



Instruction Descriptioen

¢) 13 rust be clear. If it is

not clear its nunter will

Contents of Affected Accs.

Acc. Before After A.T. .

13 0 0

S.C 91

d)

11.
a)

b)

c)

d)

12.
a)

add to the muvter in 1
(1+413->1)

The 61 and 62 ingtmictions are

combinations of the listens dese
crived in this section and the
talk instructions described on

Page 23.

62 Listen and Talk

The number in 15 (2,1) is 6
added to the number in 62

and the sum goes to both 62 B
62 and 15 (2,1).

This order may be used 6(6-1) &
only when 2 digits are
brought directly into
15(2,1). This 2 digit

before the order is used
if we wish to subtract 15 (2-1) )
from a quantity already
contaired in 62. 62 can 13 0

never be made to store a
negative number,

13 must be clear. If it is not
clear, its number will add to the
nutber in 1 (1413->1)

If any number exists in 15(L,3)
it will be added to 6,, since
we have carry over vetween 6
and 61. Thus we may control

two incduction variables stored
in 61 and 62 with this one
instruction.

Selective Clear

Clears all accumulators (a) a X

except 6&'

19

B+o

Y

15(11-3) POOOOOOOC O

~ nunter is made minus M99999999 O

p+b
0



Contents

of Lffected Accs.

Instruction Description Lcc. Before After A.T,

b) A manually cantro]lﬂd witch is
available cn each accumulater to
prevert its c¢learing 11 desired
for a particular problem,

13, Print

Pr i4S a) Punches on the next IEM card 1,2,15-20
in the Printer the contents
of 1, 2, 15, 16, 17, 18, 19,
20.

b) If any of these hccs. contain
numbers that are unimportant,
it is not necessary to list
these fields when tabulating or
the prirt switches for that
field may bve turned off or the
machine,

c¢) These accumilators do not clear
when printing.

d) The print time varies depending
on the rate c¢f printirg, taking
3000 AT on successive prints,
The normal print follcwed by
2000 or rore AT of cormputing
~equires about 1000 AT's. An
interlock automatically con-
trols the timing.

B, Shift and Shift Prime Instructions

X X 1000-
3000

These instructions are used: (a) %o line up the numters so
that as many siznificant digits as required can hﬂ saved, (b) to keep
decimal points set correctly for arithmatical operat;:p,, and (c) to

separate 10 dizit numbers into appropriate parts.

Shift instructions can be interpreted in at le
3

different ways, First the decirmal point can te regarcdsd a

so that the accumulator contains a number less than 1, multl

ast two
tel.ﬁ fixed
plied by an

aporopriate power of 10, In this case, thc D%L‘t irnstructions can be
interpreted as nmultiplying the number by a power of 10 accordirg to

Figure 3.

20



the rignt or left carrying the decimal point with it.

_ —
Rl 107t LS 107 A 19t R' [ 10S
R2 107¢ L'k 107" L2 102 7'l 108

-3 . wn=T R A3 ' 7

R3 10 L3 190 1.3 19 R 3 10

Rl ].C-h' L2 10"5 L 10“ Rt'2 108

KS 1072 L'1 1077 L5 105 | R'1 10°
Figure 3.

Secondly, if the decimal point is not regarded as fixed,
but having any position you wish to give it without using powers of 10
(except in the case where nezative powers are necessary) the shift
instruction may be regarded as a physical movement of the number to

In the shifts the digits shifted out of 15 are lost,
In the shift primes these digits are saved and are stored in 12.

Instruction Description

R3
R4
RS
Ll
1.3

L5

32

b)

c)

Shifts

Shifts the digits in 15 to
the right or left the num-
ber of places indicated by
the order symbol,

When negative numbers are
shifted n places to the
rizht 9's appear in the
left n places cof i5.{Zee
alsc {g) under shift
primes). In all other
cases the decades vacated
by numbers as a result of
the shirt are replaced by
zeros as indicated on the
rizht.

Shifts do not affect the
51gN,

Contents of Affected Accs.

Acc,

Before

15 +abedefghil

15
15
15
15
15
15
15

.15

15
13

2T I 3 T X 2 33

o

’tfter A oTo

Cabedefghi 12
OOabcdefgh
C00abedefg
0000avedef
00000abcede
bedefghiil
cdefzhijCo
defghi jo00
efghi jOO00
fghi j00000

0



Instriaction Description

R'1(L9)
R12(L8)

R*3(LT7)
R1L(L6)

R75(LS)

LV1{R9)

L'2(R8)

L'3(R7)

L-L(R6)

L'5{KS5)

d)

58

13 must be cl
not clear its

o s ie 5o
ear, .o it is
- T N

:

numGey

subtracted from :le number

weow boY

in 14, (1k-13=-914)

Shift Primes

the numter
the right

symbol and
12.
b) Takes the
nunber in
shifts it
nunber of
dicated in
symbol in
direction
in 15,
c) The origin
12 will be

d) We thus sp

digit nunbers

nanner we
e) The sizn o
stored in
instructio
preserved
bers that

this order in 12

f)
sis indiza

The symbol i

-

S
~ e
of o
had
or i@

to

.
er in 2
i S
- 3
M iN-

Dizces it

original
Acc. 15,
10 rminus the

al nu~bter in
lcs*,

lit

<

cur 1
in any

like.

I the nunber

15 tefore this
n is given is
with the num=-

resuit

3
4

+ ~

Les

b ped et pd B g
PO P U Ry

Contents of Affected Accs,

Zefore

+abcdefghij

After A,T.

jJO0oo000000 12
Oabcdefghi
1300000000
COabedefgh
hijoc0o0o000
0O00abcdefyg

ghi jOO00C0
0000abedef
fghi jCo000
C0000abede

20000000a
bedefzhijo

02000C00ab
cdefzhijoo
£000000abe
cefzhijoou
C0C000abed
efcghijlodo

00000abede
£zhi3j03000



Sontoats of Affected Accs.

Instruction Description Acc, Before

g)

h)

Note that ¥9,..9 which is 13 0
the complement recr=agen-

tation of C...01 iz un-

changed by a shift s e

right; in other words, =

right shift of a nepative

anumber introluces ax error

of 41 in the least ziznifi-

cant place,

13 must be ciear, If it is
not clear its number will te
subtracted from the nunmber
in 14 (1L4-13->1k)

After

' .
Note:An L 0(61l) instruction is available for saving the sign.,

arithmetical operations.

C.

Arithmetic Instructions

0

These instructiocns are used to carry out the ordinary

Cften shift instructions are necessary to

properly place decimal peints and storage instructions to correctly
position numbers,

Instruction Description Acc. Before
1T 21 1. Acc. a Talk (a 4 13) a X
2T 22 a) The number in Acc, a (a o 13) 15 Y
3T 23 is added to the numter in 1%

LT 24 and the sum is held in 1%,
ST 25
6T 26
T 27
8T 28
9T 29

10T 30

11T 31

12T 62

4T 3L

16T 36

17T 37

13T &8

19T 39

20T LO

A.T,

Contents of Affected Accs.

23

After A.T.
X
X+ Y
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Instruction Descripticen

137 33 2.

Acc. 13 Talk

Contents of Affected Accs.

Acc.

13

1)

in 15.

2)

tions,

Note:

See also 61 ard 6

3. Subtract

or

13 clears after tran i
urlike the previous talk instruce

The nuzber in 13 is addec to the
number in 15 andé the

sum renains 15

(I)
,.v
L0}
0

Listen and Talk on pazes 18 and

Minus

a)

Changes the

10's complement of the number in
15 thus replacing the ENIAC

representation of the original

sizn and forms the 15
15
15
13

rurber bty the INIAC representation

~

of the negative.

b) By usins

the talk and listen orders

in combination with tnis mipug order,

subtraction

c) This
’ f +C,

o]

13 must
clea: it
(1+413->1)

Multinlica

te cleare.
will add to the number in 1.

can be carried out.

order dces not affect the sign

If 12 is not

tion

K]

this

’

X 57 a) Se

ore
iz2er

13t
s
)

1)
E,
ot

b)
c)

-
h

Decimal
worcés, if

r nust be ;Taﬂc*
ipliicand i

multiplicand goes from
coints are additive;

the decimal point of the
multiplier is m places fram the left

ig used the nulti- 11
in 11 and *hs

in 15, (11X15 + 13->15)

order

1

12
15 to 12.

13
15

in other

and that of the multiplicand n places
from the left, then the decimal point

of the product ism+ n
mand n are

the lert,

rlaces from
frequently zero.

24

Before

X

19.

W

After A-To

0 6

X+7Y

20

W+ Z



Contents of Affected Accs.

Instruction Description Acc. BRefore After A.T.
d) 13 if not clear rmuzi convain a number
where the cecimal point is m + i places

e)

)

g)

5.
63 a)

eofo

b)
c)

c)

1)

from the left.

A1l sign combinationsg are handled
automatically.

When forming ac + zc¢, ize form (ath)e
should be used to kcep round=off error
at a minimun.

Multiplication gives a rounded 10 place
product by automatically adding a 5 to
what would be the 1lltn place and giving
carry over into the 10th place wnhen the
11th place is greater than or equal to

Se

Division:

Refore this orcer 13 used the 7 X X
denorinator riust be placed in 7 About
and the numberator in 15. 120%

The cquotient 15/7 goes to 15.

Remainder

(o]

If the decimal point of the num-~ 12
erator is n places froa the left

and that of the denominator d from 15 z z/X
the left, the deciral point ol the

quotient is n - d + 2 places from 13 0 0
he left. n and d are frequently

28ro.

The ijur combirations of signs are
handled automatically.

The design of the divider unit
requires that there aiways be'a
zero in decade 10 of Acc. 7.

A basic requirement is that

iZl<10n-d+2IX| or if r=d (in par=-
ticular n=d=0) then 12} <1001X}.

# Depending

on the size of trne numkbers involved.

25



Contents of Affected Accs.

Instruction Description Acc.
I d

g)

h)

1)

6.
6L a)
-

b)

d)

£)

g)

Division should & N
malti pllcatLon wrensver poqsible

since division is a much longer
operation than miltiplicationa

13 must bte clear. 1I7 13 is not
tlear its number will add to the
nunker in L,  (L+13-2L)

. ab .
When forming 2;, the order of

operations siaould te (a/c)e(b)
to lessen rowmd=-off error.

Square Root

Tre numbter whose square root is to 12
be extracted is placed in 15 prior

to giving tzis order. 15

Tinils nunber must be less than
?SU”OO 00C. 13

If trhe decimal point of the
radicard (Y) is at the far left.
the decimal point of the square
root is at the far left.

If the Zecinmal point of the rad-
icard 1s 2d places ifrom the left,
the cecimal pcint of the root

(¥~ Y) is d places from the lefte

Decause of round off. the ENIAC
gets OQCOCO0D10 as the swquare
roct of OCGOTO0COCO.

1f tre numter in 15 is negative
nrougn IZUIAC error or inalequate
prograring, the machine will

treat it as zero.

rf

13 nmust be clear. If 13 is not
clear its number will add to the
numter in 7. (7+13-27)

%Depending on tre size of the numbers involved.

26

Before After A.T.

Rena;nder Atout
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Contents of Affected Accs.
Ingtruction Description : Acc. Before After A.T.

T« Absclute Value .

A.V. 382 a) Takes the absolute wval.e of the 15 +X X 9
number in 15.
t) 13 must be clear, If the number 15 X X 1
1s negative and 12 is noit clear
it will add to the number in 1 13 0 0
(1+13-+1)
8. Droep Sign
D.S. kL6 a) Drops the sign of the number in 15 +X +X 7
1C.
b) Only the PM decade is affected. 15 -X lOd -X
A positive number is left un=-
changed, but a negative number 13 0 0

is replaced by the atsolute
value of the 107s complement.

~) This order is used (1) to insure
the sign of a number, (2) for the
storage of 2 numbers in one AccC.,#
and (3) as a,special device for
computing 100 =X, where the
dacimal point of X is d places
from the left. The sequence of
orders to accomylish this is +X
tc 15, ¥, D.5. It is obvious
that this sequence will nct work
i X * Oo

d) 13 nust be clear. If 13 is not
~lear its nunber wiil add to the
number in 11l. (11+13->11)

De crnirol Instructicns

The control instructions enable the coder to transfer the control
of the ENIAC from cne address to another either directly (unconditional
transfer) or after investigating the sign of a number (conditional transfer).
The Conditional Transfer gives the EIIAC its power for automatic operation,
since most computations involve mcre or less gimple inductions which in turn
depend upon cdecisions based on the sign of a member. This instructicn enables

# More frequsntly, constants are acdded to numbers stered in partial accs in
orier to ensure their being positive. The constant can be subtracted at the
tirme the numter is used. 27



, such a3 stepwise integrations and
C.T. provides a special type of con=
er i llterations.

the E:IAC to perform iterative proce
successive approximations. The

Contents of Affected Accs.
Instruction Description Acc. Before After A.T.

l, Next 3 digits to @2

N3D6a 83 a) Transfers control to the line of 6(11-Lk) a a 21
Oa coding specified in the second, ba defl abe
be third and fourth digits follow=-

ing the 83.
b) The first digit should be O. 13 o - 0

c¢) 6a is cleared and address abc
is sent to 6a,

d) In case tnis first Zizit is not
zero, 1t is adced into 6(L) and
will alter thne alternate alddress
stored in 63°

e) A N3Dba 0008 serves as an uncon-
ditional transier to the first
instruction on the next card in
the Reader.

f) 13 must be clear. If 13 is not
clear its numbcr will be subtracted
from 18, (1R-13-1%)

2. Next 6 dirits to 6

N6DS 8L a) 6(6-1) is cleared and abedef is 6(11-7) « c 27

sent to 6(6-1).

ab b) Transfers contr>l of the machine 63 B abe
to the first instruction of the

cd line specified by def. 6a ' def

ef ¢) The + CT address abc is sent to 63.

d) 13 must be clear. If 13 is not

clear its number will be sub= 13 0 0

tracted from 18. (1&-13-»18)

28



Contents of Affected Accs.

Instruction Description ' Acc.

6r3 78

3.
a)
b)

c)

")

e)

£)

Rizht 3 digitsg of 15 v bxn

Clears 6a. 611-L)

15(3,2,1) transmits clazar to Ga.

Any other dizits in 15{1)-L) are fa
lost in the process and 15 i

clear at the completion of the 15(11-k)
order.

623 is used as an unconditional 15( 3-1)
transfer when the address is com-

puted or read from the card. In

each case the address is brought

into 15(3-1). 13

Serves as a special case of 6L
wnicn does not destroy 61,60, or 63.
13 must be clear. If 13 is not
clear it is subtracted from 10
(13’13 '->10) .

Before After A.T.

Note: !3D6a, NEDH, and 6R3 comprise the unconditional transfer instructions
and must eacn be the final order of the line that is used since con-
trol of tre machine is irmediately transferred to another line., 6L is
primarily a storage instruction but also serves as an unconditional
transfer. {nage 18) '

Contents of Affected Accse.

Instruction Description Acc.
L. Rizht 3 digits of 15 to 63
63 79 a) Clears 63. 6(11-7)
b) 15{(3,2,1) transmits clear to 63. 63
c) Any other digits in 15(11-L) are ba
lost and 15 is clear at the com-
pletion of the instruction. 15(11-L)
d) 13 must be clear. If 13 is not 15( 3-1)

clear, its number will be sub=-
tracted from 20. (20~13=>20) 13

Before

C*

T
0

After ALT.
a i3
-

6 #*
0
0
0

#Unless the instruction has carried over to the next line of coding in
which case the address will have increased by 1l.

29



Contents of Affected Accs.
Instruction Description Acc. RBefore After A.T.

5. Hext 3 digits o &

N3D63 89 a) Clears 63. 6(11-7) =@ a 26
ab b) Sends the next 3 digits from the 63 B abe
F.T. to 6 P
3
cH c¢) 63 and N3D63 are both useful 6a ¥ Y #*
instructions for properly placing
the +CT address in 63. 13 0 0
d) 13 must be clear. If 13 is not
clear, its number will be sub-
tracted from 20. (20-13->20;
6. Conditional Transfer
CeTe 69 a) Examines the sign of the nuxber 15 X 0
in 15, 6(11-7) @ a
b) If the sign is minus centinves 63 B B 7
with the next instruction. éa Y Y
.
c) If the sign is plus (zero is plus) 63 B 0 1L
transfers 63 to 6a and continues
with the first instruction of the ba ¥ B
line now specified ty ba. \
d) 15 is cleared. 13 0 0

e) This order is frequently used in
conjunction with the rcmotz var=-
iatle conrection in waich a
seqience is required a number of
times at varicus points during
& protlem. The address to wnich
we Want to return is nlaced in

6, before entering the sequence.

3
A C.T. on a cleared 15 at ikhe
ernd of the seJquence will return

control to the required address.
These remote variable connection
addresses may Le stored in other
memory positions of tne ZNIAC,
brought into 15 and then trans-
. ferred to 6a by means of a €R3.
#({nless the instraction nas carried over to wLe rext line of coding in which
case the address will rhave increased Yy 1.

30




Contents of Affected Accs.
Instruction Description Acc. Before After A.T.
f) 13 rmust be clear. If 13 is not
clear, its number will be sub-
tracted from 10 (1C~13-#10) on
the possitive branch,

7. i Count Conditional Transier

i 94 a) This instruction enabies the coder 15 X 0
to perform in succession a series
of not more than threce distinct 13 0 0

iterative processes where the in-
duction variable counts are pre- 6(11-7)
set on the switches of the Master

Progremmer unit (reference 1). 63

(2]
(<]

b) i serves essentially as a C.T. 6
returning control to the first
order of the sequence each time
until the count is reached.

w
< ™ < ool
™ O X W

¢) When the count is reached con~
trol continues with the next
order.

d) The acddress of the first line of
the sequence must be placed in
63 during the sequence.

e) After we complete one count we
are prepared to do the next
court in cyclic order.

f) 13 rust e clear. If 13 is not
clear, its number will be sub-
tracted from 10 (10-13-»10) on
the pesitive branch, i.e. each
time before the count is reached.

8. Direct Ingut tc MP Stepper

di 95 a) If on occasion it is desired te
skip one of the pre-set counts, 6
the ®di® instruction is given.

31



Instruction Description

cdi

lOTE:

b)

Fe

9 a)

b)

For example, suppora our pro
set induction counts are 9,1
and 15. After completing i
first count we are automatically
set to do the second when iz
next i is given. 1if howevar, ws
now give a di order, we will then
skip the 10 count and prepare the
machine to handle the 15 count.

-
~
.
7
o«

LT R

Clear Direct Input to MP Stepper

The c¢di instruction returns the
count to the first count sei on
the MPe.

The cdi is useful when we are
only using the one count, or vwhen
we wish to be certain the first
count is set on the M.P. control.

Contents of Affected Accs.

Acc. Before ifter A.T.

Instructions 7, 8, and 9 have proven particularly useful in test-
ing procedures on the ENIAC a3 well as for fixed induction

variacles.

Instructions & and 9 are at p

reser.t not used on thre

machine, but may be easily addesd when recuired.

Instruction Description

3DpA

75

s

.

10.
a)
b)

FT Address
Ciears Ba.

a,b,c, and d are added to
Le)
U(;l_,3,2,1)0

“his instructior. is used to
introcduce a :ew FT address to O.

& is usually Q.

In the case where this adcdress

is computed within the problex or
brougnt into the machine tirough
the constant transmitter an 8L
arder may be used, care being
taken to preserve §(1l-4) if
necessary. '

32

Contents of Affected Aces.

hece Tefore After ALT.

8(11-L) a a+a 21
Ea B bed
13 0 0



Contents of Affected Accs.
Instruction Description ' Acc, Before After A.LT.

f) This instruction is required to
set the initial address for the
FTH or FTC instruction.

g) 13 must be clear. If 13 is not
clear, its number will be sub-
tracted from 18. (18~13-»18).

11. Delays
D 90 a) Does rothing but go to next instruction. 6

99 b) Used following a C.T., when first order
desired must be at the beginiing of a
new line,

12, Halts
H 00 a) Halts the machine.

35 ©b) Useful in testing the problem on the
machine or in coding checks on size
of numbers.

¢) A read order will servce as a halt
when there are no more cards in the
reader.

d) Any 2 digit number not used for a
particular instruction will stop
the machine.

SECTICH VII. PREPARATIQII CF PRCELEMS TOR THE ENIAC

The preparation of problems for a large scale digital computer
hiag been thorouzhly discussed in references 2, 3, and 7; however,
in order to survey the procedures required in the preparation of a
problen for the ENIAC, the following required steps can be stated:

l. The physical problem must first of all be recuced to a
form suitable for machine computation; i.e., it must be expressed
in the form of eguations that can be handled numerically such asg
algetraic, ordinary differential, partial differential, or integral
equations, In other words the problem must be stated in precise
rmathematical forme
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is known
z on the

20 A u‘.L"{eY‘lcal ‘Dx-oce-l“-o(-, i
or can be snown to converge to Uis
type of problen, this may or may

3. The number size of all guantities tc e handled by the machine
then determined. Ey intreducing varizus acaling f ﬂ‘ors the numbers

4
1G]

to be considered are irequentlr rec

Le A lozical description of inhe prodian

is inen outlined by setting
up a ilow diagran of the machinet!s rethod 22 operati
s o
e

fer the particular
problems The flow diagran regresont ption of the

o

[ ]

ot 3

[ 2!
1

ot

o

ENIAGQ!S methiod fer obtaining the solation
5. The next step involves itne substitution of the machine language
for the numberical operations to te performed. Wnen this step has been
corpleted the coding ras been essentially completed, Lowsver, in order
to insure efficient machine usage, steps 6, 7, &, and 9 are also re-
quired.
6e A sarple problem or run of the protlen is then completed using
a desk computing machine to carry out the high speed rmachine method.
when practical, tﬁls s*—cal4°d test run should be devised so as to
erploy all of the coding. The results of this run are then compared
with a direct sclution of the mroblem ottained ty solving the original
squations by an independent rethode. Good check values are useful for
a variety of cases, particularly those involving exireme conditions.

Te Tihe coding is then checked ty all perscnnel to be connected
with operating the rachine on tne problen. BSxperience with a large
number of problenms during the past 3 1/2 years oI the code's use has
indicated the tipe oi errors nost likely to te made. In zeneral the
coding is checked to deternine that the rachine instruction is in-
tended exactly as descrived in this manual,

8. The input data. including tihe inmput cards and the rmachine
setup shcets, are then prepared.

Se it the time tne problen was first accepted for ZIUIAC solution
a rough estimate was rmade of tne amount of machine tire required to
camplgue the desired solutions. Iow however a morme exact estimate
can bte made by applying the figures for the nunter of AT per in-
struction given in Section VI of thais report. p"].;,'"7 g this fipure
we determine the number of AT in each dperation tcx. 7The nunber of
times each box 13 used in each run is multiplied bty the nutter of
AT for that box to Jetzrmine the numver 21 ATl per -« To obtain
tne number ar minutes or actual ocperation multiply this figure by
(1/3)X 1077 tires the nunber of cases or runs to be cawjeved. In
case the number of times a pariticular box is used is not xnswn
exactly, the range of times can be determined and an average
o-tained.

g
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The figure so obtained will need dified tc¢ obtain a
realistic time estimate because it is n assuption orf perrect
corntinuous cperation at 1O0KC. & figure about fwice that obtained by
an exact consideration of AT seems Lo te zlzu% the best estimate of
Low long the problem will taxe i3 te solved in the machine, (See

Reference 8).

£
Y ¢t
D oD
20
‘c,)‘(.}.(“.)
I
.1\
"9—‘!-‘

A large number of problems nave been completed on the ENIAC using
the currently used Converter Cude (or ear;;e:, scmewhat less efficient
forns of this code). This report will not a%terpt to give a description
of even a single program of macaine instrucstions, however it should
be pointed out than an ever improving catalogue of sequences are avail=-
able for reference in adapting new problems to the ENIAC. For instance,
the various trigoncnetric and exporential functions can be incorporated
into new programs with very little difficultye.

Examples of many different trpes of rrcblems involving interpolatioen,
integration, finite differences, }Monte Carlo, data recuctions, etc. are
avallable for reference as an a¢d in preparing new problems. Each new

problem, however, presents new dificulties. Jareful and thorough pre-
paration of each problem seems to te the oxly answer to continuing
successful machine operatvion,

l. Report on the ENIAC Technical Repart I, Vol. 1 and Vol. II.

2. Planning and Coding Problems for an Zlectronic Computing In-
strument - Goldstire and von Hew*ann - Part II, Vol. 1,2,3.

3. Preparation of Problems for the B3L Calculating Machines =
BRL Technical iiote o. 104 = September 1945%.

Le Detailed Program - ENIAC Coanverter Code (available for local
distribution).

5. A Logical Coding System Applied to the ENIAC = R. F. Clippinger -
BRL Report No. 673 (description of a theoretical 60 order code
similar to the present code).

6. Description and Use of the INIAC Converter Code = SRL Technical

: ¥ote No. 111 (an early vanLOn of toe present report bty the
sane author describing the code as it was used in November 1949).

7. Notes of R. F., Clippinger and R. Dizsdale prepared for Ballistic
Institute Coding Course.

8. An Operating Survey of the ENIAC = W. Sarkley Fritz
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