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Fritz/rgd 
Aberdeen Proving Ground, Kd.. 
26 Dece~er 1951 

DESCRIPTIO?i OF TllZ E~JIAC co:;v.c:R7£P. CODE 

Tnis:report is intended as 
ps.ring probler.UJ for the ENH.C. 
tl:ose grou:)s who have conputing 
E!riAC. 

ADS'.i:'RACT 

a working manuz:.l for :r;ersor.nel pre
It shouM. o.l.co son·e as a GUide t.o 
problerJ3 tr4t coald be solved on the 

The report discusses the El:IAC from tho point of view of the 
coder, desc:.-ibir..c its neno:..-y as l·h!ll as the coc.e itself. The 94 
ir.st·;."Uctions which mako up the Co>:1verter Code are discussed in com
plete c.etail d.escribine what the instruction accor.:plisi1cs as well as 
how to use each instruction. A feu rernarf'..s a:::-c r.-.ade on 'the more 
:;cneral subject of problcn preparation for b . .rge ::;calc co;;:p'J.tcrs 
in ee;nera~. based on the experience of O:_)erating the EliTAG• . 
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SECTIOU I 

Tl.e E:l!AC-the Electronic l>tr;:::l''-<::'l.'.:.. I::.t·~~rs,tr;r and Cornputer-••as the 
first ;.ieh speed, electronic, gener1t .,urpcse, ·:i'l!:ital computing 
machine. It was d.:::si5neJ and c:Jn::>t.ruc.tad :.tt t.b::: ~::lOre School of 
Electrical EngineerinG of the ~lniv::r:Jity of Pen•1.'3ylv.m.ia by Dr. Jo'P.n 
"A. :-'ullchly, !1r. J. Presper !::cke:'t.~ Jr., ;tn:l t!'1G:.r· car>·.;.'.:llc staff, for 
th~ Sallis t.ic P.ese ::trch Labor:1 tori'~:; ::;. t tr:e Aber::le•.::.n Provi.11g Grour1d, 
!hrJland. 

The El'HAC ·Has colr;ple'"' .d in February 1946 !•. Philadelphia and 
noved to the Ballistic Ii.esearch Laboratories iL. 19tt 7 where it ha:;, 
heen in contLJU3.l operat.j.on since :;ov~rr.':)er of that :.·ear. It is operated 
24 hours per ::lay for a period t:egi!'lning OEOO !·!ond:i;r through 2400 Friday. 

At present ti;P E:·:IAC is controlled by a co.ie 'n'hi~h incorporates a 
s,ecially designed ·mit knc~~ as the Converter as a tasic part of its 
:>peration; he.oc£>; t,he n·i:lk1, 11 Eii1AC Co:wel:"tcr Code". These code digits 
arr~ brow~ht into the na.chinf-! eith£:;r tl:.roc~;.h the Reader frum standard 
12:'1 c:1rds or from the Funct~.on Tables, two di!;its at a ti.rne. The Ccn
~ertcr converts these .iig:its to a sequence of cperations such that the 
sptlcified ENIAC instruction .:escri~·.ed in t.r.is re~1ort is carri~d out. 
The details of how tte machine carries oat these instructions are 
describcrl in reference h. 

Ti:..e ENIAC !.as an IBM Re:ide'!" ( t:;rpa 797), as an input 1evice, and a 
Punch (an ISH pu...'1ch type 51.:~), •m:tch servzs as an outp·:1t, punching on 
cards the nu:nbers conputed by the r.achi:1e. Available for the pro
cessing of tne c:1r:l.s are the foJ.lm.d.ng pieces of IB!1 equipment: 
1) Y.e.:r Punch (type 031), 2) Sorter (type 0'/5), 3) Tabulator (type 
!ll6 J 1_.) P.eproiucer (type 513), ::md 5) Interpreter ( t:,-·pe 552). 

The E!UAC has been :1ade available to a l3.r(;e number of govern:nent 
agencies as well as private organizations with government contracts. 
Arr.onc these outside :.tgencies ha·te ~,een thA :'ollo.,..ine: 1) The Atomic 
E.."ler::r CommJ.ssir:n, 2) Uni t.e·::l Aircraft Corporation, 3) Cornell Aero
na'.lti~l Labor."?.. tor;, Inc., I~) Universit;r of California, 'ind 5) The 
Institute for A::h·a.nced Study. Approval for tlle use of the marhine must 
be ob!:..::r.ined through the Department of t:·e Arrv, Office vf the C:hief of 
0::-i.'lance, :\ashi.n~~ton, D. C., ATTN': ORDTB Ballistic SAction. Usually 
it is advisable ;,o conft:!r with t:~e staff of Com:-;uting Laboratory, BHL, 
Aberdeen ProYi:o,"]' Ground, ~·:J., before submitting a reriuest in order that 
a.'l esti::tJ.te car. be made of tha arount of r.achine ti!:1e required to 
com~lete too ;1ro~Jlom. At present a transfer o.f funds is required at 
the rate of $.35 per hour of machine tine or :;WOO for a full 2)~ hour 
day. The codi.r;g of the problem will be pcrfor~ned by the ElHAC Branch. 
It is ah1ays a-ivisable for the sponsor tc. bring a clearlJ writ ten 
stat~:~.-ent of the problem to Aberdeen when coming to discuss possible 
ENIAC solution. The Computing Laborat::>ry l.as a r.l~oer of other 
rr.acr.ir.es a·tailable for usc by outside eroup3. H.e 'erence J gives an 
introduction to the capabilities of thes(; other r..3.chinos in comparison 
to the E:UAC. 



SECTIC:; :r LE1'L7G ·~·1 3T:I3CILS 

a .. , P > Y." o, ••• reprJd\~:·l~:. 1, 2, 3. h, or 6 di~it num'Jers {u:::;ed 
when G:i. di;;it. !""::)r-zsenta~ior. is not nec~ssary) 

A,B.:'C,D~E 5 F,G,H,J,K the signed lJ :li(~it m:.mbers in the 10 fields of the 
Constant 'l'r.:ms:nitter 

AB the A (left) an-i 3 (ri;.ht) si:ies of tte function 
tables (co-:trol r.>ancls) 

U ,,V ,Ji X: Y.Z signed. lJ did t nu::i::.Jers as nor:r.ally stored in the 
accumu.l::;. to:::·s 

L,2~ ••• " 20 design::1tion of tho 2Q E:HAC accU!r.ulators frequently 
follo<.'C:J '::Jy pa!"cnth(~::.es to ·1cnot·3 decad~s of the 
accumub.tor :.nvolve-:1., su.ch :1s 15 (.;, 2, 1) to denote 
the three ri?,ht-:nost places of accumulator 15. An 
11 in the parenthesis i3 usei to denote the P:·r. 

Jl 6 (11, 1 -, 9) ...... ,.i > 

r 
0 

2 6 (8. 7) 
,. 
•,t-

.) 
6 (6, 5, 4) 

6 a 6 (3" 2, 1) 

q 
.. a 8 (3,, 2, 1) 

Ace accl.l .. iPlla tor {h. ish s~·.::e1 :nachin'=l rec~ister) 

.w or ll absolute v:;.lue 

.\T adri. +-,i:;;e ( 200 m:.crosecon:is at 100 KC operation) 

1"''1'1 
.... J. condi ti-:m3.l t!".:m.sfer 

Cl clear 

J del a~" 

DS drop slgn 

F1' f1mc r.ion ta~lc 
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FlC 

F'IN 

H 

L 

M 

I1P 

rlaD 

p 

Pr 

Rd 

sc 

La 

Ra 

T 

funct5.on t.::.t·lc cons :_.J.nt 

functi-:.:.:1 t.;:!,J.c number (frequently called numerics) 

halt 

listen 

minus 

master prograrr .. rner 

next 11a 11 digits (a • 2, u, 6) 

plus 

print (actually order to "punch" certain nu.rnbers 
in an IBH card) 

read 

select:l ve clear 

shift left 11a 11 places 

shift d g!'lt "a" places 

talk (add instruction) 

SECTION III DESCHIPI'ION OF ·THE ENIAC ~1EMORY 

The ENIAC has essentially three types of Memory: 1) fixed, 2) 
intermediate, and 3) electronic. 

1) The fixed (switch set or plug wire controlled memory) consists 
of four functior. tables containing a total of bOO lines and 2 lines 
(or fields) of the constant trans~~tter designated JK. These lir.es are 
normally fixed throu~hout tht.:: operation of a pro'c>lem, but can be changed 
between ru:1s if necessarJ. Tr.e f·,L'1Ction table lines each cont.J.in 12 
digits and 2 algebraic siens arranged so that each side (desien.;.ted A or 
B) contains ~ si~ned 6 dieit number. The JK switches of tr~ constant 
trans~tter consist of 2 lines of 10 digits each with atta~1ed signs. 

Each of the four function tables contain 100 lines. Table I con
tains J~ line3 of switch set rrer:1or-J ai-d 96 lines controlled by 2 triple
panel and l! single panel IBH plu.gboard.s. These 96 lines may be easily 
changed by simply inserting new pl;~boards. The remaining 3 tables 
contain ten position switches which arc set manually. Each of the 
control panels may be iisconnected fron th8 >rachine an:l. rr.anua.lly set 
without in+-.erferring with tr.e operatio:1 of th~ E~UAC if the current 
lJrogram does not require t~e use of this functio:1 table. 

7 



These ~(.)0 fixe:l :.i.J·::-s c:::,~l ~~~! 'lsed ~.o :.r'..u.r~: ~it.h·!r nu..-nJrical in
f.'J:'rntion or CO ie di,:;i ts • ~.~ :e:: ,>;.,3 li;,,o j,S lSSd for corJ0 di:~i ts, COding 
rust sta!"'t at the oecoin:~in::; ot t-he line. If t,he line is used to hold 
numerical informt.io:!, t-he S..i;~it,~; are p~ ::.~~(d so as to be !'rou;ht into 
the elect.ronic ::::e;.;orJ in the .. ::st. t:':Cnven.::r:~~ .f'r:.::-n. 

The KHAC a-ldrcsses whi•.::, ·a•c 'J5Cd t,;)· ·:!·~G. out the in :!icated ll!les 
of progra"':",;r.ing are sho'..TI in t::;~ t::~'..:;J.e b'.<vn.:: 

:Figure I 

F.T. E~i!AC Add!'ess F.T. Line 

I 1 ab ab 

II 2 ab a'o 

III 3 ab ab 

IV 4 ab ab 

Addresses 000-0;)7 are u.se:::l to desigm.te tl:e eight fields of the IBM 
card in tr:e con::;,tant trans~itter. Instruct.io;t3 may be taken fro::-. the 
constant transmitter at a.I1;J time by :":erely se:::iin;; the proper ar::dro:>s to 
6a. 'nnen the la:st bs truction of field E l:as been corrplete:i, tho :·a chine 
will auto:::atically rca:! the next c::rd ir: tile Header an.:i perforM ':.rc first 
ir:struc'.:.ion :.:; fiel:i :~ of the ne·d card '.Jy ch3.ni;i;1g the :-:d:irc:.>s in 6a to 
'JOO • 

• 
2) The ir. t8r:-:w:bte or relay ;~c:tcr;-r co!'l.sists of eir;ht of tr:e con

tant tr.:u1s:nitr.er crot;.;:,s de3it:n::tted ;... th:ro.:;:;t i-:. Zach ;o;roup cc.:t:dns a 
sic;ned 10 ii£it nur::'::er. '.i'h::.s ;-:ortion of t.he -,e:"or;:.r is fed by IlJ:1 cards 
ei t!·:e:r pr0inre::i :.:1 :.:. i1ance usin,s standard IJ:: f~qui!w~ent or :woducc1 tr; 
-::l';e E~:IAC J~ a result of cnrlie:- cornput.;.tior.::;. ,·,s ::; :'m as thE: \'ll·:.os 
:13.\'L; ';.:een read into t,;;e:: const:tnt trar:smit-t.f:Jr fro1: the IE;: CJ.r:i, the 
quantities arr; availa.,.,~le to the arithr..etic units o:;: t:1c E.·:ll.C in the 
sane tir-.e 1.5 ti:e ::1u:-:'Jr,rs in the aCCUJ'il..l~tors. Ti~r; co:-:trol of ti>E: L::II~C 

fro'T i~h"l ~'-"lst:-..nt t':"'it:S";ittP.r h1.s ·'llrc:tr~;:/ b.r;m rl.isc·1zser'! in the ;;revious 
par.:J.(:raph. 

3) The electro:-tic or in t.ernal !!'.emory cor:si.3ts of 200 deci:oal digits 
cr 20 accur.ml~ each ca;,-Jable of storing a signed 10 ciieit r:.Ul'1b·3r. By 
careful codin;; it is po:>sible to store two 5 1igi t nup;bers, or an eig1-.t 
ci;;it nur:h2r 'l.nd a 2 :!igi t a'idress, or other 3i~:J.ihr ~ombina tions. Cnly 
re[isters 61, 6

2
, 13, an:i 15 are true accuP.llllat.ors, accu:'lulatinr; :::mr::s on 

reception. All ol:.her so called accurr.ulators have the property of clear
i:ig what the·t have in storage before receivir.~ a new quantity, 

i.'i th the 
used li'i thou t 
18, 19, 20. 

;resent code, onl-, the fo]] o"''ing 13 accwnllla tors can be 
stor.1;c restrictio:1s: 1, 2, 3, 4, 5, 91 10, lh, 16, 17, 
Thc3e serve as ~ich spce1 storaGe registers. 

8 
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The s;ec1~Jiz~d u~es oi 
briefly in t.hc: r..ex:t J::al '\gra 
by referri.'1~ to U·e spcc.Lfic 
tl.is report. 

U1e rcrr.a.h~;';.1:(~ 7 accumulators are discussed 
• F'lrther cl:<.r:i.fication can be obtained 

~r~::; tr· . ..~,.::t:iu;:;:; d~scribed in Section VI of 

6 is the cor.trol cente:- cf tb) coders operation. It. is used in 4 
~arts as follows~ 

6 (11, 10, 9) 

6 (8, 7) 

6 (6,~~ 5, '!) 

6 (3, 2.'1 J) 

: cl l.S us~d D3 a s:i r-:ned 2 digit, acco..mulator .. 

: 62 is uced as a 2 dieit acc~~ator. 

= 6.3 
.:~ used to hold the new adr4..res~ to ~e used following .... _ 
the po3itive branch of a conditional tran~fer {tti.ccrim-
inatiou). 

• 6a holds the ~~rent adaress, i.e., the designation of 
the line of the function tab1e or the f!~ld of the 
co:1s tant trar.:lmi. t ter from w-:hich the code digits are 
!Jeir.g taken. 

7 is used as the denorr.i.na tor in each di 'li!Jicn. Otherwiae it may 
be used for unrestricted stora~e. 

8 (11-h) rray be used fer ~~rage, but the right 3 da~ades, Ba • 8 
(3, 21 1), a:.:e used as the FTI~ and FTC add=esses. 1'his address auto
matically advanc:~s by 1 at tbe completion of each !"TN or FTC instru.c;t.ion. 

11 is seldor: a·.railable for e·1en tempora4}" sto:r-age. It is used to 
hold the .nultiplier for multipllcation, to receive the B side of the 
function t:;.ble i.n r'TN instructions, and to receive the left h.o.nd field of 
tht! constant tra..rumitter on tl-:ose L1structions. 

12 receives t.ha rr..:.lt:i..~licand fron 15 du.:"i."'lg rrr..1ltiplicat:!.cn and the 
rerr.a.Llder follor:ing a di V'l.sio::.. or a square root. During shift priroos, 
it receivc.3 !.he part of thP. n'U..''loor that is sh::.fted off scale i.n 1.5. 
In uach of·thesu canc3, it cle~rs bafore receptionw 

13 add.s into t.he pro-:-luc~ followine a multiplic.ation. It mus"t. 'Je 
-:lear for :T.:L"'lJ of . the ins tr'.H~ tiom3 an:i shou.ld not ord.ina.ril:r r.)e •1sed for 
stor.:lce. TLe 11 t·.:d" effect,;;; of !lo·t, having 13 clear in the va4."ious in
structtons that 11 rE>quire 11 it to be cle:a· f'(',ay occasionally prove t'sei:'ul. 
J.r, exact sta.ter.tent of wr..at happ(o'ns to the number in 13 during each of 
these special instructions is d?scribed in Section VI. In ge'1ar'll, 
l':.cwevcr, 13 should be clear .fo:- all in:>tructtons, except Rd, Consta.'1t 
Trc..nsdtt(~r, FTN, FTC, Listen<>, Cl, SC, Pr, Talks, Delays, and Halts. 

15 is th~ arithnetic center of the code's operltion an1 ca~~ot be 
c::msidered as a storage accu.I'J:'Jlatcr. 

Fit::ure 2 suJ<1:n'lrizes the :!.nterrela tion bet. wen the various E!·'IAC 
meMOI7 components. 
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Figure 2g Logical transfer or :11~.nbers .:uc,o!t'; the corn?oncnt tu1its of the 
E:G.AC 1.:s:Lng tree C::nwurtt>.r Code 

:r:-:?~7 
!.3}! CARDS 

I 

I~DD! I··----------------·------

A 
c 
E 
G 

.. 
• 
CO~$I'At-.T 

TRA11SP.IT fER 
B 
D 
F 
H 

ACCS. 3-10, 

cm;s~·rsr 

TRAi\SNITTER 
ruxc:rmr 

TABLE 1~01-::aERS 

I.E:F'l' 

.. . 

I 
I .., 

15-20 

FIRST 

--1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I CtJ??;..:-; 

IB:·! C .. !JWS ~-----...1. 

T:-.c ~ .lid line indicate:.> aut~.1:::atic clcc:.ronic opera Lion on i:-lstrucc.ion, 
tl:-:.: .;.:o.;_.' ::!Q 11.11e indicate::; :;ct:l1ClniCal O_Jer·ation, an;:! :.tc eas::ed line 
ran~l operation. 
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r-oo 
I 

I H 

I p.33 
I 01 
I lL 
I 
1 p.l7 

I 02 
2L I 

1 p.l7 

03 

3L 
I p.l7 

t 04 

I 4L 
1 :p.l7 

05 
5L 

I 
t- p.l7 

06 
I 6L 
I 

p.l8 
I 07 

7L 
I p._17 

I 08 
I 6L 
I p.l7 
I 09 

I 9L 
I p.l7 
r1o 
I 101 
I 
1 p.l7· 

SECTIO~ IV. LIS:·.~:.:;:;. CtF E?HAC I:iSTRUCTIONS 

--..,..---r---- so--r-~o 70 80 

I ,tel I Ll L3 LS 

11 21 Jl +-~, p~~T~~l p;~l p~~l 
llL 1T 11T M CD L2 L4 

90 
D 

p.33 

91 
s.c. 

p.l7 p.23 p.23 p.24 p.l5 p.21 p.21 p.l9 
12 22 32 42 52 62 72 82 92 

12L 2T Rl R3 R5 12T N2D A.V. ~ 

p.17 p.2) p.21 p.21 p.21 p.23 p.l6 p.27 p.l8 

13 23 ' 33 43 53 63 73 83 . 93 
13L )T 13T R2 R4 ~ N4D N3D6 a 62 
p.13 p.2) p.24 p.21 p.21 p.25 p.l6 p.28 _p_.l9 
14 24 J4 44 54 64 74 84 94 

14L 4T l4T Rd EF y N6D N6D6 i 

p • ~-7-t-..:...P_• 2,..;;3--+-...:.p_._;2 3;;.,_,-+-"P~·ll. p .15 p. 2 6 p .16 p. 2 8 p. 31 
15 25 35 45 55 65 75 85 95 
CL 5T H ?:· G.'t{ }1JD8 eli 

p.1_8~~p_.2.~3-r~P_;•3~3-r~p.20 t~p-.1~5--+-----~P-·3~2~----~P~·~)l~ 
16 26 36 46 56 66 76 86 96 

16L 6T 16T n.s. JK 1 L'l L'3 r..•5 cdi 
p .. l7 p.23 p.23 p.27 p.l5 p.22 p.22 p.22 p.32 

~~~~---+~---r~--~~~ 

17 27 37 47 57 67 77 87 97 
• 

17L 7T 17T F"1'7·I X !.. 12 !.. 14 F1'C 

~~~-· ~p_._23~~p_._23~~p~~·-6-+~p_.2_4~-----~P-·_2_2-+~p_.2_2-+~p_.l_7~4 
lS 28 Jo 4B 58 68 78 88 98 

18L 8T ll'l R'3 R1 S leT 6R3 

t--=--P-•_1_7-+-=-P-• 2_3-+ __ p_._2 ~ p. 2 2 , _p_._£:_2-+-.:o..P _. 2..;..3-+ .... P-• 2_9~--+----t 
19 29 39 49 59 69 

19L 9T 191' .Ri2 R1 4 C.T. 

p.17 p.2) p.2) p.22 p.22 p.)O 
20 30 40 

20L lOT 20T 

79 

6 ... 
.) 

p.29 

99 
D 

p.33 

p~-7~~p_._23~~p_._23~~--~----._--~----~----._--~ 
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··. 

B., 

·. ,. 
I 
i 

1 ~ Re:1d (H;i) 

2 Const~nt Trans~~tt~r 

5 •· Functio:1 Table Co:st.:t.nt. (?TC) 

b " a Listen (al) 

7 · 6 Listen (6L) 

8 · 13 List.en ( lJL) 

9 ~ 15 Clear (Cl) 

10 ~ 6 I..ist.en 1 and Talk 

11 - 62 Listen and Talf. 

(61) 

(62) 

12 ~ Selective Clear ( f"'\,.., \ 
.J\.•) 

l3 ~ Print (Pr) 

Shift and Sl:ift Pr:i.:r,..>, ~.nstr:JCt.ions 

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

1 Add nr T~lk (• ~rat) 

J r-iult:iply 0<) 

4 .. :Jivide (:) 

r' .. Squi:ire fwot (...,--) .) 

6 Absolute 'Jalue (AV) 

7 Drop SiGn (!JS) 

GJI, JK) 



::>. Control Instructir,n;;; 

1 lJext 3 ii[;itz to " (N3D(~<.i.) - v:.~. 

2 - 1Jext 6 digits ~:- t. (li6D5) 

3 - Right 3 1.igi t,s of.' "~C: ...... to 6a \6H3) 

4 Right 3 d.iei t:3 ::-r ., ~- to 6~ 16 \ - J, .. # \ J} 
/ 

5 - Next 3 :i.icit::; 't.·) ;; (NJD6:.) ""-:; 
./ _, 

6 - Ccnd.ition3.1 Tr.l:;sfc:r cc·r) 

7 - i Count Conii :ioml Tnn3f·~r ( i) 

8 - Direct Ir.:;Jut to ?{?Stepper (d..i) 

9 - Clear Jirec:. lnp:.~t t-:> i·P Ste;::.per ( cdi) 

10 - FT A1iress (lane. a) 

11 - Del:1ys (D) 

12 halts (!I) 

A. Storare InstrucLi0ns 

These i:Ist:-uc::.~v;:s: 2:-:: ·.:3~~:! to gc·t 'l'.tmbcrs in~o tl~o rr.:1::;hine, 
to tran:::f·.·r :: ::c':.:-:::-.s f::-:::- a:-.~ :nrt tc::> ano::.h.::.:r, .:t:d to ;:;lace 
.1u:;bcrs CO''.Y:.J.:,_c,·: ~/ :_:,c -.1(;;11:'10 C•11 IrJ;; car::ls • 

a) T<t~-~~7:3 t;:~ :;i·,::·~~ l'J-~:!.·:it s 
nur.~2.:"'3 f~"'~ . the acx.t st.a~:/larj 

UJ colLL·:n I2~·: c1~ .i ir1 t!1G ;~e~Ger 
awi p:::tccs t::«·se .r."..::~bar;;j in the 
reb.ys o: !.he inte..-:-:e li::u;.c! 
sto:::-:1:;·J :L'1i: :~.:-,o'.:, .:.:.::> t:-:c Co::st.-..nt 

Cont~nts n1: ,~f.fect.::::i Aces. 

Ace. oofor~ After .h..'f. 

15JO 

* The code is descrited as usee c'..lring l95L Certain minor nodifications are 
contemplated, i.e. changing cert3.:in of the code digits and also reducing 
ti~e number of AT required to co::1plete nearly all of the instructions by 
shortening the basic seq-J.ence. 



InstruGticn Jescri.ption 

AB 50 

CD 51 

EF 54 

GH 55 

JK 56 

b) These input c:"'::-l•;; b:P'•3 ei::)tt:.·:: 
been prepare':. ' y '.:.:r:<~ IE:~ !;;:,7 
p1.;..1Ch and rcr~-·c·:i\~C-81' Jan::: F,;,•;•.:b 
or by the E:E.AC i t.;;;,;lf. :l~·, ~,£;;~ 

latter case t·,,.;:;I co·n;air; tLs 
results of nre·rio-...:5 E:UAC ru.ns 
(possibly sort.;:!) .:md 3.re re:>.d 
back L11to the :;.a.chi;1c for f•J.r
ther computation. 

2. Constant Tra..YJ.s::-J. tter 

a) Clears 11. 

b) The number in the ConstaJlt 
Transmitter fiel:i designated 

by the first letter of tbe code 

synbol goes to 11 an:i that 
na.'n~er ;:ie sign 'l ted. b7 the second 

letter to 15 adci:i.ng to any 

quantity alreaC:,y there .. 

c) The nu;;-.bers in ... ..,n3 Cor.stant 

Trar.s ..,j_ t t.er rel.1ys ar8 chan::;ed 

only by the rea ±!..r~g ')f a new 
card. 

d) lie~:.tive numbers are placed on 
Ii1:·1 C3.r:is by phcL'1g x punches 
i.rl tr;e first and sixth colwnns 
of the field an~ listing tho 
digits directly. :io·..-ever the 
E~aAG style ntt~r~e!" (10 1 s COr.iple-
~nt) is set 0:1 .. T}~. The PH 
s;.'i tches are set to M (2 s;.i. tches 
for J and 2 for K) • 

15 

Contents of Affected Aces. 

Ace. Before After A.T. 

11 I A 6 

15 y Y+ B 

ll I c 6 

15 y y +D 

ll X E 6 

15 y Y+F 

11 I G 6 

15 y Y+ H 

11 X J 6 

15 y Y+ K 



Instcruction Jescripr.ion Ace. D·;f c:r-c .. ·.fter ;. .• T. 

N2D 72ab 

3. ~lex:t Jirri :.s 

a) Sen 1s r.cxt 2, \, c:r 6 -:iirti ts from 15 
t~e FT to 15. 

b) These did ts :1.:id to 15 :. t t!;e 
ri;ht ha:"ld s.i:ie to 15 (2 .• 1), 
15 (h-1), a~i 1~ (6-1) r6~~2ct-

15 

X 

X 

X6D 7ha':Jc1ef i ·:ely.. 15 I X 

FTli l~7 

c) Occu?ies 2, 3, or h ord.•:r po- 13 0 
sitions res~ectiv~1y. 

a) Clear-s 11e 

b) F.T. tra;,s;c.i ts 12 d..i gi ts a~,.; .. ~ 2 

sicns fror. t.l:e F .... , . 
Sf:~Ci-• J. • _l..ne 

!'ie·l by t!!e . ::~.-! ircss in '3a • 

c) 11(11-5) :rccciYus :J.e 3icn and 
6 '!igits ( ~) .fnm tb," ~ si-:k~ 
::m1 15(11-5) :·ec~i·:.::s •.:--~e ::;i:n 
::i:-1.::_ 5 d.i::its (6) fro;: r.iF~ ,'. 
sl~e ~r the F.T. If 15 ~1~~~ 

e) 

L:.: ~1s a n:J.:;·:.;;.::-, C :..s 
:,5(11-5) ·u,: ~5(':-:) 
1..L~~~:" ... ~nt:c :::.. 

r l 
....,. } -. 

is l::ft 

'.:'f:e I:.~lAC nt .. ~ :l>_:r i.:; • ·l~c2 ! o:-"1 

:,:.t.: ; • T.; in o~l-~·~r- · .. ;,.:;~:ls, r~0::::.t

t~ "''"0 :1~~:-~~;·~~rs J.:'::: .st~:'~~ --: ::.ts :·: 
~·.:.. t~:. ~r.c lJ' s ~.:c;·--.::..ei:.Jt~J..,. 

11(11-5) a 

11( 1.-l) e 

15(11-5) y 

15( . ... ) 
·~-J. rt 

8( 3-1) ).. 

(sc:c ~r:J::r 0.: : r ..'. l "(·c~;s on :-':l~<~ 32) 

X+ a~ 

X + a ":Jed 

+ aoc:Jo::f 

0 

~ 

0 

·r· + 5 

' ~ 

).. + 1 

·:!- L.is is ::t :;ecul:i .'lri t.)' of tL.:: ·.:d.· -·• >.'i· ~.ch :.:·:>1 ::lchinc i.s ~~c-~:, :· .:r:: r:'<• 

8ccasL:ua11J it-~~. ,e •:sc.;.'ul. (L'":.::-...:r.c:::- h) 

16 

15 

21 

27 

,-
J...; 



Conte:1ts of Af!'ected J..ccse 

Instr11ction :Jescri,:ior. J..cc. Before After AftT. 

5. Fu.:1ct,i on T3.0lf. (;::;:·~~~ +....3.:--:.t __ ,_ .... _ _, .... __ 
FTC 97 a) Functio:1 ta~le lL':t.'. ies:.<:-;:::1 t,e d 15 I I+ y 13 

in 8a sends tb:: fir's t, s:.er~;d 
10 digits {Y) -::o ~ addi::.; to 
any mun.'oer alrr~ai,t t.ber•::: .. 

b) The ad.iress irt Q 
·.~a is autorr:at-

icallr a-iv::mced by 1. 

c) Zeros ~:r be set on tr:e two 
right mst di;it switch.:;s of 
the F.T. line. 

d) For negative nur:'.bers t!",e 10 1 s 
comp1e:1ent shou1:l be set and the 
left p·.~ 

" s· ... 'i tch set to n. For 
ex.a:-nle - 123hS67390 is set as ., 87b51:32110ab c • The hst t'WO .. 
dieits anrl 

~ ... the P1·~ may be SJt to 
a."1ything ..n.thout affect.i::.g the 
wa::r t!:e instr\lction is p:;rforrre i. 
r:or::Ja.ll:r thef :ar8 set to 00 P. 

6. Ace. a List~n ( 'J. -1 6, 13, : t:') 
"'-/ 

1L 01 a) Clears {a i 6, 13, 15) 15 I 0 
, 

a or 0 

2L 02 
3L 03 b) a receives the nu:nber from a y X 
4L 04 15. 
51 05 
71 07 c) 15 clears aftf;r transni3sion. 
81 08 
9L 09 d) 61 a.'1ri 13L are d~scribe:d 3e:x;.r-

10L 10 atel7 bel01.;, since sc::1e'lilat 
ilL 11 s;-A!ch1 cc.a "ii t,ions apply ir. each 
12L 12 c.a:Je. 
11.!.L 14 
16L 16 
17L 17 
18L 18 
19L 19 
20L 20 

17 



Contents of Affected Aces. 

Instruction Description Ace. Before After A.T. 

6L 06 

13L 13 

CL 15 

61 92 

7 • Ace. 6 L.i .::t<"H: 

a) This inst:ru::.t.::. ~D. is i_,: ~- ~:- !.~; i'1~~ as 6 
the a. list0r. t!.~~ S-0 ri l~r~ ·i a:J•-J\'(:; 

the right. . cit;) or l~~ be:;one 15 ·' 
the new addrer::so 

b) The order follo~ing 61 will be 
the first order of t!1e line now 
specified in 6a (fornerly 15 
(3,2,1)) 

c) This order thus serves 2 :Jurposes: 
(1) places n~~bers in 6 (11:4) 
(2) serves as an '.l!lcon:::i tior.al 

transfer where t.:-.e new address 
may be co~puted by t~e nachine 
or brought in ti·:..r~:r..;e~l t.:w con
stant tra~-:s~ t ter .. 

8. Ace. 13 Listen 

a) 13 receives the n'lr.lb:::;r iror: 15 

without fi!·st clearir.g .. 

b) 15 clears after trans7assion~ 

9- Ace. 15 clears 

a) Clears 15. 

b) To clear any ,'\,(~~ ~ 't 

(1) clear 15. 
(2) Give the ap]ro!)ri.ate listen 

ord2r. 

10. 6
1 

Listen a r·rl .. ~ -"' Talk 

a) The nu."'l'oer in 15 (11,2,1) adds to 
the nu.,;T~.ber 4,., 

~ ... 61 and the S'-1.'71 [;CZS 

13 

15 

15 

61 

to both 61 and 15 (llt2,1). 6(0-1) 

b) To clear 
, 

;..ri tllout distu.rlling 15(11-3) ul 
the re::1aincier of 6 we MUSt use 
the follor·l·i~6 sequence of orders: 
CL, 61' 

.. 
0~· T::-<iS seqnence i'i' 

J. 

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

y I 9 

X 0 

y X+Y 6 

X 

X 0 6 

a. a. + 0 1.0 

1':1, j3 ,~ 

"( 0 (a.+o~o) 

"( 9's ( a+f>.c".O) 

0 a. + 0 



Contents of Affected Aces. 

Instruction Description Ace. Before After A.T. 

s.c 91 

c) 1.3 r.rJ.st t;e clt:az·. I! it ls 
not clear its nunber will 
add to the m:mte-1• ln 1 
(1+1.3-:J~o-1) 

d) The 61 and 62 instructions a.re 

combinations of the listens des• 
cribed in this section and the 
talk instructions described on 
page 2.3. 

11. 62 Listen and Talk 

lJ 0 0 

a) The n~~ber in 15 (2,1) is 
added ~o ~~e number in 62 

Cl lO 

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

b) This order may be used 

f3 + 0 

6(6-1) T T 
only when 2 digits are 
brougb. t directly into 
15(2,1). This 2 digit 
au::tt-er is made minus 

15(11-.3) POOOOOOOO 0 

before the order is used 
if we wish to subtract 
from a quantity alreaqy 
conttir.ed in 62• 62 can 

M99999999 0 

15 (2-1) 6 f3 + 0 

1.3 

never be made to store a 
negati~e number. 

c) 13 must be cleaL'• If it is not 
clear, its nu.:11ber will add to the 
n~~ber in 1 (1+1.3~1) 

d) If any number exists in 15(4,3) 
it will be adJed to 6

1
, since 

we have carry over between 62 and 61• Thus we may control 

two induction variables stored 
in 61 a."ld 62 with this one 

instraction. 

12. Selective Clear 

a) Clears all accumulators (a) 
except 6 • a 

19 

0 0 

I 0 8 



Contents of Affected Aces. 

Instruction Description ~cc. Before After A.T. 

Pr 45 

b) A manua.Hy controlJ..cd switch is 
available on each accUI!lulator t,o 
prever.t its cleal'~~:i:_: if desired 
for a po.r+.J.cular prubl:::'l. 

13. Print 

a) Punches on the next IE:·r card 1,2,15-20 X 
in the Printer the contents 
of 1, 2, 15, 16, 17 1 18, 19, 
20. 

b) If any of these Aces. contain 
numbers that are ur1inportant, 
it is not necessary to list 
these field~ when tabulating or 
the prir.t switches for that 
field nay be turned off or. the 
machine. 

c) These acc~~ulators do n~t clear 
when printing. 

d) The print t~me varies de~ending 
on the rate of printing, taking 
3000 AT on successive prints. 
The normal print followed by 
2000 or nore AT of co~puting 
-eqcires a bout 1000 AT's. An 
interlock automatically con
trols the timing. 

X 1000-
3000 

These instructions are used~ (a) to line U;J t..~e n~'nt:ers so 
that as r..any si:;n::..fir:ant digit:::; as !"'eqtl"'.. r'"d can te save-1, (b) to keep 
decir-.al points set correctJ:.r !'or arithmetical Ci;:Jerati::P'1, and (c) to 
separate 10 dis~t nu:1bers into appropriate parts. 

Shift instructior.s can be interpreted in at least two 
different ways. First the deci~:al point can Le res arced as t.eiP .. 3" fixed 
so that the accwnulator contains a n~'"!'lber les::; than 1, r'l'llt"'..plied by an 
aiJpropriate power of 10. In this case,. the shlft ir.structions can be 
wterpreted as nultipl;,-:i.r.g the m.L"rlber by a pc;.rer of 10 accordir.g to 
Figure .3o 

20 

• 



. ·· .. mo-. 

-·-···· -'0::5-r-:-;--~ 

101 f lOS R1 lo'•..t. 1 1 5 ..... • .... .L R S 
,.., ,. 

102 f 
106 P..2 10-' V4 10 --() 12 RL. 

-· ... 7 
103 I 

107 R3 10 - 1 13 J .. O . L) R 3 

R4 10-L. 1 1 2 10-:3 ... ' L4 104 Rt2 lC'a . 
RS 10-5 1 11 10-Y L5 lOS R11 109 

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 tlle case where negative powers are necessary) the shift 
instruction ~AY be regarded as a physical ~ovement of the number to 
the ribht c,r left carryi~ the decimal point with it. 

In the shifts the digits shifted out of 15 are lost. 
In the sh ~ft primes these digit~ a:.·e savea and are ~ tort:c! in 12. 

Contents of Affected Aces. 

In~truction Description Ace. Before After A .T. 

:!.. Shifts 

R1 32 a) Sh:fts the digits in lS to 15 +abcdofghij OabcC.efghi 12 
H2 43 the right or left the num- lS II OOabcdt:!fgh 
RJ 42 ber of places indicated by 15 tt ()Q()abcdefg 
R4 53 t''1e order symbol. 15 " OOOOabcdef 
RS 52 15 " OO()(X)abcde 
Ll (;f) b) Hhen negative numbers are 15 " bcdefghijO 
l..2 7l shifted n places to the 15 .. cdefghijCO 
L) ?0 rlght 9 1 s appear Ln ths 15 " defghij000 
L4 81 left n places of ~5o(See 15 " efghijOOOO 
15 80 aLso (g) under shift 15 " fghijOOOOO 

p.:-1 !"leS) • In aJ.l other 
cases thP. decades vacated 13 0 0 
by n~~bers as a result of 
the shiii:. are replaced by 
zeros as indica ted on the 
right. 

c) Shifts do not affect the 
s~gn. 

21.. 



Instr·1ction Description 

d) 13 ~ust be clear. ~: it i~ 
not clear its n'J.<t,c:- ,.'i.1J. be 
subtracted fro:n ~.Le number 
in 14. (14-13_, 11.) 

2. Shift Primes 

R•1(L9) 38 

R12(L8) 49 

R~J(L7} 48 

R14(L6) S9 

R'S(L5} 58 

Lll(R9) 66 

L 12(R8) 77 

!..'3(R7) 76 

L15(h5) 86 

a) Shifts the n ".l. ~.:; e r~ in lS 
the nu'ntcr of ;:::ac~~s to 
the right or- left as in-
dicated in the o:r-:'ie::' 
s:rmbol and pla:es l.t l.n 

12. 

b) Takes the original 
n~~ber in Ace. 15, 
shifts it 10 ~~nus the 
nuJ':Iber of !;laces in
dicated in t1:e C:"::ier 
s~bol ~n the o~pos~te 
direction anu ?l~ces it 
in 15. 

c) The original r.:;::ber in 
12 will be los"':.. 

d) V:e thus split our 10 
digit nu..,bers in any 
nanner ~o;e liY.e. 

e) ?he sL;n or tte nu.1r>Br 
stored in 15 tefo:-e this 
instruction is g::...-en is 
preserved w"' ... ~""' -...., ... t.he n•J ... ""n-

bcrs that result :r;;~r~ 

this order '~ ... ')'""; _ .. d.:Jd , c:: 
·~~ 

f) The symbol in ;:'·'l :-en the~ 
sis indi::3.tes t!.e shift 
of 6 to 9 p:!.ac~s ttat is 
accomplished i:-t :5. 

22 

C:mten +;s of Affected Aces. 

J.cc. 3efore 

lS +abcdefghij 
~ "I X J..~ .,..-
J..::> •atc::!ef;hij 
12 X . ,.. ... abcdefghij .l...) 

1;:: X 

15 +abc::!efghij 
12 X 
15. +abcde~~hij 
12 X 

1$ abcd.ef§:.hij 
12 X 

":C abcdef?;hij _ _, 

12 X 

15 c.xde:~~·lij 
,~ 

.!..::. X 

..... abc::!ef:;::ij .... ;:> 

12 X 

15 abcd.e:'~l".ij 

12 X 

After A.T. 

jOOOOOOOOO 
Oabcdefghi 
ijOOOOOOOO 
OOabcdefgh 
hijOOOOOOO 
OOOabcdefg 

ghijOOOOOO 
OOOOabcdef 
fghijOOOOO 
OOOOOabcde 

O:JOOOOOOOa 
bcdef;hijO 

OOOOOOOOab 
cdefghijOO 

OOOOOOOabc 
defghijOOO 

OOOOOOabcd 
e:t;tijOOOO 

OOOOOabcde 
f;ihijOOOOO 

12 



-::::J;tt<-:nts of Affected Aces. 

Ir.strJction Description .Ace. Before After A.T. 

g) Note that :·!9 ••• 9 w:·.::.ch ::!~ 13 
the comple~ent rep!'~sen·· 
tation of 0 ••• 01 i3 ur~··· 
changed by a shift to u.e 
rlgh t; in otter .,n.::s, ·':! 

right shift of a n,::,,~!,i ve 
nu:nber intro:.~ces «~. err~)t: 
tJf +1 in t..~e leas"t. si:;:::.fi
cant place. 

h) 13 must be clear. If it 'is 
not clear its number Mdll be 
subtracted fr'Jm tte n~~ber 
in 14 (14-13~ 11) 

0 

1 

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

C. Arithmetic Instructions 

0 

These instructions are ~ed to carry out the ordinary 
ar1. th.:netical operations. Often shift ir..,s tr-;:.ctions are necessary to 
properly place decimal points ar.d storage ~~structions to correctly 
position nu~bers. 

Contents of Affected Aces. 

Instruction Description 

lT 21 1. Ace. a Talk (a ,t. 13) 
2T 22 a) The n~~ber in Ace. a (a ~ 13) 
31' 23 is added to the nu:nber in lS 
4T 24 and the sum is held ln 15. 
ST 25 
6T 26 
7T 27 
81' 28 
91' 29 

lOT 30 
llT 31 
1.2T 62 
l4T 34 
16T J6 
17T 37 
13T 68 
19T 39 
20T 40 

23 

Ace. Before After A.T. 

:l 

15 
I 
y 

I 6 
I+ Y 6 

6 
6 
6 
8 
6· 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 



Contents of Affected Aces. 

Instruction Description Ace. 

lJT 

:;ote: 

}! 

X 

33 2. Ace. 13 Talk 1J 

1} The nu:nber in 13 i:t ~ddec. t'J the 
n'l.l..'1'lber in 15 and t.he Si.L"n re:1ains 15 
in 15. 

2} 13 clea..-5 aftt~r t.!'ans:-:Li ssion 
unlike the previo,.:s talk in.~t?.."'UCC! 

tions. 

See also 61 ar.d 62 Listen and Talk on pages 18 a.'1d 

41 

57 

:;. Subtract or ~·~inus 

a) Cl:la."'lges t:"le sign and forms the 15 

10's cor::plement of the n'J..'Tiber in 15 

15 thus replacing the E?!IAC 15 

representation of +" .... ne original 13 
ni.L-r.ber by the E:~IAC representation 
of t:r-.e :.egative. 

b) By us in£ the talk and listen orders 
in C<Y.:!bi:;ation wit.h t-:li s minus order, 
subtraction can be carried out. 

c} This order does not affect the sign 
of +O. 

ci) 13 :c:ust be c:.ear. If l"< ..- is not 
cle~ it ;;ill add to the namber in L. 
(1+13-+1) 

ho ~:~11 ti.-pl:..-:a tion 

a) :?ef:>re t:-,i s orde:- is t;,SCd the r.mlti- 11 
...... , ~ ;!:).,... 
:-'..1....,;,.. ..... ~·..!st be ;:laced in , , and ""h.::. .l.J.. ...... ~ ..... 

~ulti-plica:-:d Lr. 15. (llXlS + 13->15) 12 

b) ?he l"':'.J.l::.plica::d goes .fro::1 15 to 12. 

c) Deci.'lal :;;::>:.nts are adJi ti ve; in otter 13 
~orcs, if L~e deci.~al point of the 
:r.ultiplier is m pla:es fr:J:n the left 15 
and ttat of the r.~ltiplicand n places 
fro:-. tl:e left, then tr.e deci:-;al point 
of t!:e p::.:-::>duct is m + n places fro:n 
t:~e left. ::1 an1 n are frequently ze"'O• 

24 

Before After A.T. 

I 0 6 

y X + y 

19. 

-x +X 8 

+X -x 
+0 +0 

0 0 

X X 20 

y w 

z 0 

w 11-1 + z 



Contents of Affected Aces. 

Ins~~ction Description Ace. Before After A.T. 

• • 63 

d) 13 if not clear r:1:.::t con'<·ain a n';.:n·~.:;r 
where the deci:nal ;J::>~ ;~t is m .;. n places 
from the left. 

e) All sign combinations are handled 
auto:natically. 

f) When foming ac + cc, t:::e form (a+b)c 
should be used to k::ep ro"L.:.nd-off error 
at a ~J.ni:.r...t. '"1. 

g) Hultiplication gives a rounded 10 place 
product by auto~~tically adding a 5 to 
what would be the 11th place and giving 
carry over into the 10~~ place when the 
llt~ olace is greater tr~. or equal to 
5. . 

5. Division: 

a) Bef;)re this .order :.s '.1Secl the 
deno~inator r.ust be placed in 7 
az1d the m:t'nberator- in 15. 

b) The quotient 15/7 goes to 15. 

7 

c) If the decimal point of the num
erator is n places fr~ the left 
and that of the den~ator d from 
the left, t~e decirAl point o: the 
q~otient is n - d + 2 places from 
the left. n and d are frequently 
z~ro. 

12 

d) The f :mr conbinations of signs are 
han:Ued auto.:na tS..cally. 

e) The design of the d::.vid.er unit 
req.1ires that t!1ere alwa:rs be 'a 
zero in decade 10 of Ace. 7. 

!) A basic require~ent is that 

1Zf<l0n-d+2 1XI or if n•d (L'"l par
t~cular n=d•o) then lZl < 100 lXI. 

15 

13 

* Dependir.g on t!1e size of the mL'1lbers involved. 

2$ 

X X 
A. bout 
120* 

I Remainder 

Z Z/X 

0 0 



Instruction Description 

64 

v 

g) Division sl-.'Juld Le l'·.Jplace(t by 
multiplication 1o:·~cne-;-er possib.l.~~ 
since division is :1 much lon,_.-:e!' 
operation t~an r:·1J.~."i:Jlicat:.on. 

h) 13 must be cle~. 11 is ~ot 
clear its r;:.;.""!ber >:ill add tJ) tllo 
nu.':l.ber in 4. (4+1}-.>~) 

i) ifhen for-:c . .i..""lg a~, tr.e order of 

operations s~::mld be (a/c)•{b) 
to lessen ro·n1d-off error. 

6., Square R.o::>t 

a) Tl-.e m.J.l"1t.er w~ose squar·e root is to 
be extracted is ?laced in lS prior 
to giving t:-:.is ol-der. 

b) 'lil.is n'...L"::ber n•.1st L'€! less tba.l1 
2500000000. 

c) !f tr.e dec:L-c.al Point of the 
radicar.d (Y) is· ~t the far left~ 
t.he decimal -point of the sc;:uare 
root is at t~e far left., 

d) If tte dec~,al point of the rad
icand is 2d ?laces fr·orn t:1e left. 
the ceci!nal Point of the root c·rn is d places from t-ho left .. 

"!) 3ecause of r:::u..11d off_ the E?HAC 
gets OOOOGOOOlO as th~? sq.1are 
:root of OG000000(;0. 

f) If t;,e ::·.L.,·::.:e:::- in 15 is negative 
t:-.r;,·;;:;:-. !:;H.C error ~r inaJequate 
;J.ro~ra'"l...-.ir:f!.t t?-le T:acl1ir1e wi.ll 
treat it as zero. 

g) 13 nust be clear. If 13 is not 
clear its n.~""l.ber ·.-:ill aid to the 
nu::tt.er in 7. (7+13-t-7) 

*Dc:pl'!nJ..ing on tr.e size of the n::u~bers involved. 
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Contents ·=>f Affected Aces. 

Ace. Eefore After A.T. 

12 

15 

13 

X Re~~inder About 
120* 

y 

0 0 



Inst~~cti~n Description 

7o Absolute Value 

J..,V. a2 a) Takes the absolute va.!.·:.-3 of the 
number in l,t). 

b) 13 must be clear., T ,~ ·- the nl.L':lber 
is negative and 13 is not clear 
it will add to tht n~!::"7tb~r in 1 
(1+13~·1) 

8. !?! cp 22:&: 
n.s. 46 a) Drops the sign of the number in 

1C: ... _... 

b) Only the PM decade is affected. 
A positive number is left un-
changed, but a negative nu.!nber 
is replaced by the absolute 
.._.alae of the lOis co~plement. 

,, ) This order is used (1) to insure 
t.he sign of a number, (2) for the 
s!orage of 2 n~':lbers in one Ace.,* 
a.."'1d {.3) as ar1special device for 
computing 10' -x, where the 
d~cimal point of ~ is d places 
f:-om the left .• The seque;lce of 
orders to acco:rplish this is +X 
t~ 15.9 M, DoSe It is obvious 
t:'1a t this sequence wi:U nt:'t work 
1-f X ~ O. 

d) 13 ~ust be clear. If 13 is not 
~1ear its number will add to the 
.; .. '..L'll b~J ::" in ll. (ll•lJ~ll) 

D. C=~trol Instructions 

Contents of Affected Aces. 

Ace. Before After A.T. 

15 

15 

13 

15 

15 

13 

+:I 

-x 
0 

+:I 

-x 
0 

X 9 

X 11 

0 

+X 7 

1od -x 

0 

The c?ntrol instructio:~s enable the coder to transfer- the control 
of the ~:IAC from one address to another either d:rectly (unconditional 
trausfer) or after investigating the slgn of a nlli~ber (conditional transfer). 
The Conditio~al Transfer gives the ~l!AC its power for 3Utomatic operation, 
since most co:c:putations involve F:cre or less simple inductions which in turn 
depend upon decisions based on the sign of a member. rhi'3 instruction enables 

* ~:o::-e freqa:ently, constants _are added to nu.rnbers stored in partial aces. in 
or:ler to ensu.-e their being positive. The constant can be subtracted at the 
ti!':e the nu.:'lter is used. 27 



the E:iiA.C to perform iterativE: f!~"r:,:;;.:s~;es, ::;;.:.:;r, :t:3 stepl-Tise integrations and 
successive approximations. 'l'he i .::~:unt C*'!'. r::--o\"ides a special t:,rpe of con
ditional transfer to handle a fi:;-:~c) li'J!l'lbE:::" ';f .~t.erations. 

Co~tents of Affected Aces. 

Instruction Descriptio~ Ace. Before After A.T. 

1. Next 3 digits to b 

U.3D6a 83 a) Transfers control tc the lir:;:~ of 6(11-u) a 21 

Oa codinG specified in the second, 

be third ~d fourth digits follow-

U6D6 84 

ab 

cd 

ing the 83. 

b) The first digit ::;houl(l be 0. 

c) 

d) 

e) 

f) 

2. 

6a is cleared and address abc 
is ser.t to 6a. 

In case tfus first ::i.d.t is not 
zero, ~"t is added. int~ 6(4) and 
will alter the alternate aJdress 
stored in 6

3 
o 

A N3D6a 0008 serves as an -..mcon
ditional tranJfer to the first 
instruction on the next card in 
the Reader. 

13 must be clear. If 13 is not 
clear its nu.l:'lbcr will oe subtracted 
from 18. { lc-13 -7> 12) 

Next 6 diE:its t:> 6 

a) 6(6-1) is c1earec~ a;1d abcdef is 
sent to 6(6-1)., 

b) Transfers cor.tr )l of the :-:a:::hir.c 
to the fi~st ir.st~uction of tho 
line specified oy dei. 

ef c) The + CT address nLc is sent to 6
3

• 

d) 13 must be clear. If 13 is not 
clear its number will be sub
tract~-:. fro:7l 18. (lE.-13~18) 

28 

6a def abc 

13 0 0 

6(11-7) a 27 

abc 

y def 

13 0 0 



Contents of Affected Aces. 

Instruction Description Ace. Before After A.T. 

). F.i~ht J digits of 15 t·J 6~ ·--·---
6R3 78 a) Clears 6a. 6(11-4) G c 13 

b) 15(.3,2,1) tra:1smits •'!l::!al" to Ga.. 

c) Any other digits ir:. 15(11··4) an;: 6a " 5 
lost in the proces!J and. 15 is 
clear at the conplE>tion of the 15(11-4) y 0 
order. 

rt) 6aJ is used as an unconditional 15( 3-1) 5 0 
tr:ansfer when the address is com-
p~ted or read from the card. In 
each case the address is broue;ht 
into 15(3-1). 13 0 0 

e) Serves as a special case of 6L 
wrt.ich does not destroy 61,6

2
, or 6

3
• 

f) 1.3 ~:.tst be clear. If 1.3 is not 
clear it is subtracted from 10 
(l,J-13~10). 

Note: ~i3D5a, !:6D6, and 6R3 cor.tprise the unconditional transfer instructions 
a."'ld :-:;ust eacn be the final order of the line that ia used since con
trol of the machine is immediately transferred to another li.."'le. 6!. is 
prinarily a storage instruction but also serves as an Wlconditional 
tra.~sfer. (page 18) 

Contents of Affected Aces. 

Instr...tcti:m Description Ace. Before After A.T. 

4. Ric;ht J diGits of 15 to 63 

6.3 19 a) Clea!'s 6:3 • 6(11-7) a a 

b) 15(3,2,1) tran~ts clear to 6
3

• I' p 0.3 "'( 

c) MY other diei ts in 15(11-4) are 6a u 5 * lost and 15 is clear at the com-
pletion of the instruction. 15(11-4) " 0 

d) 1) :!:USt 00 clear. If 13 is not 15( 3-1) "'(' 0 
clear, its mmbt.r will be sub-
tracted from 20. (20-1.3.-,.20) 1.3 0 0 

*Unless the instr~ction has carried over to the next line of coding in 
which case the address will have increased by 1. 

'29 



Instr~ction Description 

N3D63 89 

ab 

c() 

5. Hext 3 digits t::;, 63 ·-
a) Clears 6

3
• 

b) fiends t.he next 
F.T. to 6

3
• 

3 di gi t, s fro:'! t.he 

c) 63 a..'1d R3D63 are b~>th useful 

instructions for properly placing 
the +cT address in 63• 

d) 13 ~ust be clear. If 13 is not 
clear, its n~~ber ~11 be sub
tracted fr~ 20. (20-13~20) 

6. Conditional Transfer 

c.r. 69 a) Exa~nes the sign of the :;,Q~ber 

in 15. 

b) If the sign is Y-'inus ccr-.ti.m~es 

with the next instruction. 

c) If the sign is pl"..ls (zero is plus) 
t.ransfers 6

3 
to 6a and co:;.ti.:mes 

with the first inst~ction of the 
line n~J specified ty 6a. 

d) 15 is cleared. 

e) This order is freqaentl:;.r used in 
conjunction with t~e rc~Jte var
ia::;le co!".::ecti:m in \.;:.ich a 
seq1ence is re~~red a n~r.~er of 
ti:"'.es at vario:.1s ?Oi:"; .. .,s d·..:..::-ine 
& p:-otlem. The address to w:1ich 
we want to rct~rn is ~lacc1 in 
6
3 

before entering tt~ seq~ence. 

A C.T. on a cleared 15 at tte 
end of the sequer1:e .,.,::.11 ret'...trn 
control to the req~ired address. 
These re~ote variable conr.ection 
addresses nay be stm·ed in other 
memozy ~ositions of the ~:IAC, 
brought ir.to 15 ::t:;.d then tra.:-.s
ferrcd to 6a by ~eans of a 6?.3. 

Contents of Affected Aces. 

Ace. 3efore After A.T. 

6(11-7) a. a 26 

63 ~ abc 

6a y y * 
13 0 0 

15 I 0 

6(11-7) a. C1 

rJ 
p 13 

6a y y 
\., 

7 

f6J p 0 

6a. y f3 
\. 

14 

13 0 0 

*'""Cn~lor-e-s-:"s--:-t"\"'h_e_,.i":"n-s7t-=r-u-=-c-.:te"i":'o-::::i....,b.a'S carr~ea over t? t.r.e r.ext line of cocti!":g in which 
case the ad~ess will rAve increased bJ 1. 
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Instruction Description 

i 

di 

f) ·13 nust be clear. If l3 is not 
clear, its number wili be sub
tracted from 10 (10-13·.,...10) on 
the p~sitive branch. 

7. i Count Conditional Trar:sfcr 

~4 a) This instruction enables the coder 
to perform in succession a series 
of not ~ore than three distinct 
iterative processes where the in
duction variable counts are pre
set on the switches of the Haster 
Progrr~er unit {reference 1). 

b) i serves essentially as a C.T. 
returning control to the first 
ord8r ~f t~e sequence each t~~e 
until the count is reached. 

c) ·When the count is reached con
trol continues with the next 
order. 

d) The acdress of the first line of 
the sequence must. be placed in 
63 during the seq~ence. 

e) After we complete one czy~nt we 
are p:-epared to do the next 
count in cyclic order. 

f) 1.3 r:.'Jst be clear. If 13 is not 
clear, its number wlll be sub
tracted from 10 (10-1.3...,.10) on 
the positive branch, i.e. each 
time before the count is reached. 

8. Direct I:r;::ut to HP Stepper 

95 a) If on occasion it is desired to 
s:V.ip o.r.e of the pre-set counts, 
the •di" instruction is s~vcn. 

Contents of Affected Aces. 

Ace. Before After A.T. 

15 

13 

6(ll-7) 

[:: 

{:~ 

X 

0 

0 

0 

"'( 

0 

7 

6 



Instruction Description 

cdi 

b) For exa:nple, ~Y.l;'p:..>r:~ .:::;ur y;:-:~-
set induction counts are 1),1J, 
and 15. After completing r>"v::.· 
first count He al'e aut.o:-:Ja.ticaJJ.y 
set to do thn SCcorJd ·,JhC:'l ~-i~~ 

next i is givr::n. If howeV(o!' 7 w-3 

now give a di order, we •dll then 
skip the 10 coilllt and p:cepa.r-e the 
machine to handle t!w 15 count. 

9. Clear Direct Input to :·::P Stepper 

96 a) The cdi instruction returns the 
co~~t to the first count set on 
tne HP. 

b) The cdi is useful when ·,;e are 
only using the one count, or ~hen 
we wish to be certain the first 
count is set on the H.P. control. 

Contents of Affected Aces. 

Ace. Before hfter A.T. 

6 

!rOTE: Instructi.ons 7, 8, ar.d 9 have proven particularly useful in test
ing procedures on the ~riAC as well as for fiY~d ind~ction 
variables. Instructions 8 and 9 arc at preser.t nQt used on tl-.e 
macb.ine, but r..ay be casil~l added when required. 

Inst~uction Description 

::JD3 75 

ab 

cd 

10. FT Address 

a) Clears 8a. 

b) a,b,c, and d 
so.,J,2,1). 

are added to 

c) :'llis instn1ctior. .i.s -..:sed to 
introductl a :1 e-.,: F7 address to a. 

d) a is usually o. 

e) In the case ivhcrc this address 
is co::!pu ted wi tl1in tl1e problt:-:: cr 
brought into the nachlne ti-u-o·1;;h 
the constant tran~ittcr an 81 
~rder may be u~ed, ca~e beinc 
taken to preserve 8(11-4) if 
necessar:t• 

32 

Contents of :..ffected Aces. 

Ace. ?efo~e After A.T. 

8(11-4) a+a 21 

8a bed 

13 0 0 



Contents of Affected Aces. 

Inst~ction Description Ace. Before After A.T. 

D 90 

99 

f) This instruction is required t~ 
set the initial addre:;s for the 
Frl-1 or F'!'C instructtcm. 

g) 13 must be c1ea~. If 1} is not 
clear, its mllltwr will be sub
tracted from 18. (lB-13~18). 

ll .. Delays 

a) Does nothing but go to next instruction. 

b' I Used follvwing a C.T., when first order 
desired must be at the begin.1ing of a 
new line. 

12. Halts 

H 00 a) Halts the na.chine. 

35 b) Useful in testing the problem on the 
macr.d.ne or in coding checks on size 
of nu=~bers. 

c) A read ~rdcr will servce as a halt 
~hen there are no more cards in the 
reader. 

d) P. ... "'ly 2 digit m.L"llber not used for a 
particular instruction will stop 
the nachi ne. 

S.ECTIO:i VII. Pi1EPA.tlATIOli m~ PROBLEJ{S FOR THE KlHAC 

The preparation of problems for a large scale digital computer 
has been t:lOr:);;.ghly discussed in references 21 3, and 7; hovover, 
in Jrder to survey tt.e procedures req..J.ired in the preparation of a 
probler:1 for tte r:::: llC, the fol.lowir:e required steps ca...'1 be stated: 

1. The phyeiQal problem must first of all be reduced to a 
form suitable for ~4cr~ne computation; i.e., it must be e~ressed 
in the forn of equations that c:w be handlec! nu.'l!erically such as 
alge't:!"aic, o:::-dina.r-.r differential, partial differential, or integral 
ecr~tions. In other w~rds the problem must be stated in precise 
r~thematical form. 

33 
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2. A nu...,er~cal proced~e is t_:,.:.en ~~..i=h 

or can be sr.:::IWTl to co:1ve::-_se t::: :.2:e d"si=-·~::3 s.:~.:.::..cn. 
type of prob'!.el:'l, tr.is :::ay or ::·.o.:r net be ::~tf: :.·:>:c::.i..t.. 

,?referably is lmovn 
Dependins on the 

). The nu:uber size of all q..:.;;.r.titie3 to :.<:; handled by· the machine 
is t."len determined. Ey intro..:iu.::i:i:.: . ...-a:i:.us ,;;calL•g factors the numbers 
to be conside!'ed are r'requentl:.r :-r:t:uced tc- tn.e o::::en interval -1 to +1. 

4. A logical descriptio:: ~~f ti':.e pro~l;;-;:, is tr.en outlined b;;t setting 
up a i low diagra"'l of the :r:achir:!:! 1 s r::~ tho~: :);f c·p~!"a tio:1 fc:- the particular 
probler:l. The now diagr<L""'l re;.~·(';,c;·;ts a t::U:-'_ijJi::!~.o descriptiO:! of the 
E::UAC' S rneth.:>d 1·cr obt..ainint; tiH': sol '.ttio::: t-c t.b.e proCle;-;.. 

5. The ne.<:t step i11volves tne S'.lbstitution ::Jf the ::1.achine language 
for the m.t.';lberical operations to ee pe::-.:or:ed. A.-:en t.l-tis step has been 
COC'!pleted the codinG r.as been essentiall;.r co::1pletec, ::-.o;;e\-er, in order 
to insure eff~cie:1t ~acrir.e usage, steps o, 7, b, ~d 9 are also re
q-Jired. 

6. A sa~le problem or ~~ of the protlen is then co~pleted using 
~ desk computing ::l.ac!une to carr-.:r ::mt tl:e r...igh speed r:acr.i.ne method. 
~~en practical, t~...is so-called test ~• should be devised so as to 
e:tploy all vf the coding. '!':he ::-eS"-.1lts of trd.s r"..l:l are then co:npared 
\O!.th a direct S:)lutior. of the p:-oble:::t :>t:tained cy solw-1~:,:; the oribinal 
eq<.~.ations b:.r a.."1 i::de_i)ende:lt r:ethod. Good check 'a.l'l:.es a::-e useful for 
a va.:-iety of cases, part,icularl:.· those invoh"ir.g e:ct.rene ccndi tions. 

7. The co-dl.::g ::..s t.he!1 checked cy all pe::-so:---:el to be com~ected 
-...rith O?eratil:~ t:1e :-.acr.ine on t::e p::-oble:"l. E:-.-;:·2:-:.e::.ce '"'"ith a large 
:r..1.mber of pro'!..,le:"ls durinG t::e past J 1/2 years o: t:le code'~ use has 
indicated the t::pe or erro::-s r.ost likely to 1::e :-:a~e. In ,ge!leral the 
codi.11g is checked to deter:-i::e t::1at the :-'.achir:e ir.str..Ictio:l is in
tended exactly as desc::-il~d !n tr.is nar:ual. 

8. The !.nput data, ... ::::1·-.:di::ii t:,e i:::;Y.:.t cards ~md t!:e r-.achine 
setup shcetst. a::-e then pre;>a::-e;:!. 

9. .At the ti.:·::e tne ?!"Ob2.c~~ was first acce?tej fer :::~c solution 
a rour:;h estimate was :-;a1ie .Jf t..'1e a-:ou.r1t c;:f ::laC!'..i::e ti.~e req-.J.i.red to 
cx.plete the 4esired soh:.ti::ms. ::ow ho-.;e·.-er a :-:~::-e exact estL--:1ate 
can be made by appl~~b the :fib~es for ~~e ~~~ter of AT per in
st.!"1lcti:Jn given in &?ctio::. VI o:~ r.:U.s report. Applying this .fi&U!"e 
•e determine th~ r.~be::- of AT ~l e~ch opera~ion box. 7he r.~~cr of 
ti::.es each box: 1s ;.~sed i:: eac:: :--..:.a is :::ulti;;tlied cy tl:e r.u..--:.ter of 
AT for that box to det::r:-.ir.e t-!1e m.: .. "llbe:.:" ~1 A'£ per r-..:.l'l. To obtain 
t~e nu .. "llber :lr' :-:.inutes of a.ctual O?eration :::·J.ltipl:-· t.h.is fig-..:.re 'ty 
{1/3) X lo-!> tir:es the nu.··ioer of cases or r-. .:.J1S to 't€ cor::pleted. In 
case t11e nu."'l.ber of ti:"'.es a p.::u-ticular bo::r.: is '-"Sed is n·ot kr.=-~ 
e:ta.ctly, the ra.~ce of t:.~es ca."1 be deter:-.!.ned a::~ a.'1 a·..-e::-age 
c1:Jtained. 
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The figure so obtained wiJ 1 :-;r.:ed t., ce :-:,?dified tc obtaln a 
realistic time est:L":late because :.t is baS>::d. ')!1 a!1 asS' .. l.:·:ption of perfect 
cor:tinuous operation at lOOKr:. A .:..-~c· .. :.:re .::.:::r .. ~:. ·torice that obtained by 
an exact consideration of AT see."ns to te .::.·;:~:-.:·t tb~ best esti.":late of 
how long the problem will take to be Joly;::;:: ::a t!:e rna.cr£i..11e. (See 
Reference 8). 

A. large nwnber of problet:~s l~a\-e been r-rpleted on the ENIAC using 
the currently used Converter C:::;d~ (or earl.:!?:", sornewhat less efficient 
forns of this code}. This report ;;ill not. a:.t~:-:pt to give a description 
of even a single progra":l of r:1a:n.ine ins+..r-.1:: t:.:;::s, however it should 
be poi.."'lted out than an ever ir':prr.l'd .. :~g cata:i..:,::~..J.e of seq..1ences are avail
able for reference in adaptir:g new proble.-.. s to the r:;n.c. For instar:ce, 
t..'::.e various trigonometric and expo:r.ential r'u::ctions can be incorporated 
into new programs vi th very little difficul 't:t. 

Exa.l'!lples of ma."'ly different types of ;-rc:-le::1s in'\"olving interpolation, 
i::tegration, finite differences, !~onte Carlo, data red:'J.ctions, etc. are 
available for reference as an aid in prepari::g new proble.":ls. Each new 
problem, however, presents nev dif:~culties. Care~~ and thorough pre
paration of each probl~~ see~s to te the or~• ar~er ~o contin~g 
successful machine operation. 
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