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In ary business or industry a larse quaniity of infermetica 2::iete oa o | g

¢ ointerrratlon in random, unprocessed form is of liitle or no valve o wi.aapi €.

i
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2 o Leele for deeision-makinm.  VWhen informeticn is orpanized and pracessed, 55

F. 3

"3 "jatelli~once". In many cases, cuch intelliaxc.ce is useful ¢aly if it

e}

Taole =opidly. Hany statistieal stucics pad dalwiations now Xrowa to be usaful.
~ewent are not made, beecause they cannot b2 sccompliched with suificient spueid
wenlir whe intellipence before a decis icn meat b2 rede. Such information
ronenstne falls into the ficld of npplic-:rl;ion of the elecoltrenic digitel comutors.

sraies quite stringent conditions on comouter operations sinee the elapsad tine

e L Fas

sl Bre cubmission of row data and tre delivery o resulis nust be redvced to e
‘2ums. Hany such studies are rade buh once in the particvier form desired, and they
Y1l U lie caterory of "one~time" problicms for wnich proprems sre not immedistely

Cv3 15570,
darely will any computer installatica te able to defend itcelf from the plecas

for camputation of the engincers, production managers. and actuories aszociated with

w
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‘stmye  The computing center will frecuently find it advisable to Ma1fill sush :iceds.
re gmin, the "one-time" problem will eppear. It cen only be eicnoizally exseutod
if prosvemrmine time and cosls can be reduced to a minirmm. Any i:llf"ul:-l 2tion ef a
service burean nature will, of economic necessity, be roquirad to raduee prograrmir(
time and costs. Universal, automatic pregramming is recessasy. Time and effor: nist
nover Lo dsvoted to specific programs :}‘or "one-tine" vse. A penoral precram will rot
oaly rcndle speeific problems but will be aﬁi?.ab].e for 1l variants lik2ly to irise
in the Suture. F;or exarple, if an application requires t‘:ie predictlon ¢l Philadelrhie.

"

Sales M collections, it can be so coded as to predict Sales Tax eollections a3 Lo

¢4 125 in any cother installation requirine the ealenlation of a a:miler prov intion.



ie 2om0ilers are so dasigmed that ‘hoy zre poncrol, &nd car also headlo 11
2blerz and the variations, derivations, and chungprce ar LI].I" ¢l S 2ife oF

4
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jpoehlene  The investment in propramnine »>f a conmereial 1:5.3:3 ol nxr o293

I3

tmond fifty man~yeers of effort by high-ealibvre tiaiaod personncl, A chanze @i
7nernnent rerulations, city ordnances, unlen centracts, or requirerknta of e N
raratenant, oven a simple chonge, such as Income tax exemptlons, may {avelidate act.
aaly pexts ef runa, tut vhole rmus in sush a bare preblems. Usually, by tre naure of
zach cheares these runs mist be corrected or reprogrenned on oxtremnoly short notice,
‘With the problem cot up bty compiler te:chnizjuﬁ:;, it it possible to inatruet tho

L)

sormuter to make tho required alterations and chonzac-at a momente noties. Thus tle

-

aarpider permite chenses to be made, whish are eubomzticalldy chackad, at r:o.'?.;m".-ar
o0 in o . matter of mimtes, ard with complcic olim imu-.on of the hnzards of luman
eri'0r.
A peneral compiler, using the compurier to pensrete its own sell--chacked ﬁ:t*Or—:z:m;:,
“oreduscs the follouiag rogulte,
La veducticn of staff with recnl’ant rodustion of costs,
> increased speed of problenm prescreticn sioplylag. answers wharn nceded
3.  problems propared at speeds ceparable with their exeentien,
4. checked rcutines producad by chaecked comuler eliminating “hc huran
error facter.

AN

ez facts are telng inercasingly recogmizod throuphout the computer indastiys.
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¢ installations (Cenous, Afr Comatroller, Ariy iap, Livermcr2,

XYU aad Tufalps, a2l have a.utomatic cociing prajc iz und arve bactiag their i"llu‘l.“"l plini
cn en ins: .ogi:~ use of these techniquai. In%erpretive I:O’J‘bin-:E hava oern d—:w 0lo:nc
at man - utall-tions notably Vhirlwing, !MIRAC, ILLIAC, SEAC, < ¢ IFM-7CL Upned C:ido
Do onts s iie prorramning project was orislaniod In the fall of 1251. Tt @
of 3¢ 5. sjeet con bo validated by the fact @it the orpunizaticas ronilsted ebove b

siacs ctarted simllar projects as ours 1as bocone krowm. | .
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Jarmoatines end corpiling rowtinss. i w305 of raatires ofnend wen ci

cude-erfes and cubeontine lilgvyicas (A pouiine may be cefircd o3 ga cqilied .

a3 r'lc- lons, cefzd in scamuter lenmuave and arranved ia Hropor sesvercs: Lo

Lo the eoiputer to perform a dasiyed cperaidsn or saries of oporatisng saca as

Wwilon of a problem or the rearrairement ¢ Jale. fleace a gubegutice Is deilin:

L& ]

z % of instruciions necessary to ceiry cutbt 5 22il-defined ¢

E 4

wthernstdeal cr lor.cal

sretien - & supinit of a routine, urnzlly storsd in relative 2cinz. A g_?_tf;.lg:g_-}gjg

ig & ..:-tltr,.ry instruction code, chercn for th~ convzaisnce >f <he user, ird- r" ilent

Uz» hardware of the compiiter, which nust be trazsfomed into the ceuputer code :in
covar to control the computer. )

in summary, ‘the use of comniline 1cutine %2’ quea iacorpx:eatinr the spalicnt

< o
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¢f pamudo-codes, permits the programmer in ein;: i1stalia=ion to prepare problems is
» lapvape, in hls own terms,.based or his own matiieds. The compiler then tikos
sver the job of making an accurate tran:letien to cornuter code,

Wnen a nrahliem i f0 he mm weine sotomatic toch 'ﬁqn—‘s it 3= mslzcinct.l}' aad
efliciently defined in terms of a pseudc-code. If tle problom is svond.tied -10 (o
averarative roifane or interpreter, .t}lt’ computaticn preceeds a8 follizvs -

. A "wur3d® of the pseudo~code i: interpr:t:d. l.e., the irte f'j.é-]".’.“':-'.'-".rr TN i3

"extracts”’ the necessary infoimation froy “he pseudo-coce and trensfors
operands and control to the arpropriats sulroutine. Tac subroutiae is

aither {a2) available in storaze and . thz trunsfer of conirel is zeccanlisiie

3
.

d

o

by RU orders, or (b) the interpretive -outine locates the zcbrevticze cn :ane

reads i uto storare and trarsfers cp2rands snd controls.

e |

»  The subrcutine executes the coreratien.

2 s The reanlt is transferred to working siorare and control r:turncd to the

interoretive routine in order to process the next word of Llhe prenca-encii,

i
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interpretive rovtine is ¥rncua az 8Specd Tcfe Lo A manwal v

ty the IBM Scientific Cemputine forviee. 'Tae first psracrad o

iz reqairad cperation. o permanent secord of thc encrubiciis. Ao fracdng
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sitrodnetion states:
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701 Speedcociin~T Sresten was Jesisnszd to rinkmize the emo
P

» tire spent in problem preraratica. [t is arplizeble <o small cormuiiig
poobléms and to mony larpe corruitirg pwocbtlenie £ deseription of H3:ii--

Cediap 1o herely made avalledle in aa inforted feshion, frea tae s. :o-

pornt of printin~ and distribution, secause pro= amming for tho (3.

Eieetronie Mat.-Frocessine !fachines, Trpe 701 na6 Assoecint:d Zgu dinriy

iu €ovelopine rapidly aad it is advaitaeeous to mske ch.nges ia “he

¢vntem easily and informally. Bp ' .

+ . « Once the IPIL702 was anncunced, s2ientists concerazed with wredering

for these machines, actively consiccred the prellams of redaciyy protlien

ni*cparation®.

’

An analysis of *the IPH<701 philcserhr and loric shows that it is mancators that

an sutemitie techninue (in this casc intzrpretive) be used to make thv ~2quizme

commoercial lyssatisracteory.

the proolcm is submitted 6 & gemoi.ins ~ouslue or eormiler, the comout Lic

procticin as folliws?

). A wvord of the pseudo-code in inléernretcds

- .
. 'ln-
LA i

eerpiler locntes the requirsd subreutine and records in the rwwmii -2

ins . ractione for the trancicr of the operands and coatrol to the

‘ot ., sa’ the transfer ¢f the results anc fizal controls.
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Wt sucrentlag 4s 10 frbe yroaass cieretl ubdac tenlang e
prattom, the compllow prrweds Lo svwen d.
b) I ian suorontine dis to e tepe.atored vhile rurnias the preblen,
the comniler tranaforms tie reiativs codiiae end orteve Loe gubycotin
in the mnnlinrr tann.

4. 'The compiler records the oper: ien and the wroing-toce neeltio: of tie

sulroutine in the record.

The compiler continues proces:ing the next veord o tie pseudo-core.

Ak

"y

s, the recult of the compilatioa proszcdure is a “romaing tape® apeediizally codel
Jor tre verticular problem. ' e

repeatad apadn

it should be noted that the intersrotive sieps 1 and 2 are r9’
e3d asain 19 the commilation meilcd of ~osrarrdnp Is usode esrase of the

ervantapee and time-savine offered hy tix n?cm;.i?, 1 Lermigue, cfforic wer2 directed

-

teward corpilers rather than toward inte pretive reut.zes.

crndles A

—_— T h e ———

E"’

Compiler A-;O vac completed ard testu d prior te 1 gy 1852 & pope TiZuestien
of" a {'-c:'?;‘.ute.r" cevering the compiler taclnicues was prisented b Doy feppar av e
reetiop of the Association for Comruting llchinery in Pittsturp. 3 I

Thenph cur initial effort in the decim and develepment of this techiicue, the
A-0 Corpiler, was comletely loeical in orranization mnd arranpeﬁout, 3t was cemabeLar
ir fts appilcation tecchniaquese It is nov of‘ historicsl interest only (a very f:w
craiid conidh are available). _

In Centenber 1052, Richard Koo iidemveyr ¢ the Prosrayming Fosecieh .!'l‘-'Jll‘:'.“l‘C.‘;.O:"]'.‘C."
th.e turther developments in corniler techniques ia a yaper "Compilor f?ctz‘\.;x‘lr:s" 2t ‘iie

sretiar ¢f the aw.coiation for Cormutins ‘mchinery in Torento. (Exiitit ') A f.othor

- ]

¢inusslern. o™ anco tie prerrarmin - vas trecented by Pre llopper at oro Dicdesh ese oner
Jestizaoe ta Jantazv 1953. (Exhibit C)

5H o



Comailer A=l

The A-0 Compiler, eorplete as it was, vita fundamental concepts sound and
aprlicable, served as a base for the developneat of the A~l uac A-2 Compilers.
Cormiler A-1l was corpletad and proven by 1 Jﬁzuurﬁ 1952, and muich of the cumberscoreness
of A-0 hnd been refined and eliminated. Tt was supplied vith a peneral (elcven 2
sirnificant dirit, unlimited exponent) two-word floatinr-decimal library. It was used
to propram the "Carne" probler concerninc the response of s particular F-C circuit to
a pulsed sirmal as well as several shorter prctlers. Ixperience with A-1 lec to
further refincments which have bean reflrcted ii the A-? Cormiler. Scre of the‘
conditions corrected were:

l. the paeudo-code has been made less cumbersome;

2. segmenting has been mada automatic)

3 input and ovtrut subroutines are penerative rather than staiic.

In May 1953, Computers and Automation printed an article by Dr. Hevper on

Corpiline Foutines". Reprints of thig article werc later circulated ty the
Electronic Corputer Department to all Pranch Cfices. (Exhibit D)

First ‘lorkshop on Automntic Promramming

~ Cn 16 July 1953, at the Tirst '‘orkshopo sponscred jointly by the Pureau of
the Census and Pemineton Fand was held in ''ashinrton, . C. &r? Savidee's efforts
resulted in attendunce bty over ninety peorle, nct only from the'UNIUAC iustallatious,
.but fron ell branches of the covernrment ae well as from certain nearby ecivilian
activities. The A-l Comnilrr was presented in lectures and cemcnstrated on the
UNT.C, (Exhibit E) Comments were favorable and ~reat interest was expressad in
the development of the techniaques.” This led to offers from the existine installations
to use the corpilers in actual cay-to—'ay ovcraticn. Such arpiication of the coinilers
.requircd hovever the production of a manual telling; how tc use a commiler, how to write
informatien, hew to write mubroutines to be adided to the systome, as well as hew to

orerate the cormuter Tir cormilatirne.



Comniler A2

.

By Aurust 1953, Corpiler A-2 vas coerpleted, tested and operating. Drafts of a

‘manual have been preparéd and reproduced in ditto form. A limited quantity 1s

.

avallable. B ' e,

Mo

Two paperﬁ presented by members ¢f the Prorrarming Pesearch Group'at this

conferonce, “

"Analytical Differcontintion by a Dipital Computer" by llarry G. Kahrimanian

_ "An Fditing Generater" by Adele Mildred Koss end Joﬁn H. Waite, Jr. |
do not cdirectly enter the historﬁ of comrilers, though thef both contributed to,
and received contributions from, the compiler technicues. Also, Dr. Hoprer was
‘a rember of the panel on autematic preeraming.

At this aessiﬁn. es well as from published mat@riﬁl, and from the seminars

held up to that timo, it was evident that Femington -‘Fand's Prorramming Research Group
had prorressed considerably further in the development and applicaltion of autematic .
proerrarming techniques thaﬁ had any other sincle or combined effoft.in this field. It
can be definitely stated that this procress dotcndad on seﬁeral irportant
considerations:

1. the compilinp-ecnerating ﬁechnioue is fér more-ﬁouefful than the
interpretive technioue; I

2. since thé UNIVAC is an alpha-numeric systom, it permits preat flexibility .
in the desipnation of pseudo-codes and srocifications;

3. the readily avnilable, checind, and pfnctica?ly limitless secondary memory
provided by the UIISIRVCs anc tanecs surplied the necessary resocurces for
translators, tape librarics, etc. to a derrce not attainable in any other
cormiter to date;

4. tho UHI?AC,Ibninr a chnck;ﬁ corruter will permit. the production of corputer

-

~



proved routines, taking over from the proprammer ths detailed and tire-
-concuming effort recuired te insurz recliable prosrams.

Second_Yorkshop on Autematic Presrarmine

On 1 December 1953 at the Seconc 'o:iston spensored by the Cffice of the
Air Comptroller and Peminrfoh Fand at the Pentacen approximataly one hundred people
were present. lNot only vere reports presentec by the Prograrmina Research Grofp but
existing WIIVAC installaticns reporied sucecssiul avtomatic progrurming. Lectures and
demonstrations of the A-2> Comniler were piven, includine the »wropramming and running
of an optical ray problem. (Exhibit F)

Recent Tevelopmenta

The Compiler A-2 has been succcssfully applied at Army Map (Exhibit G), Air
Comptrolier (Fxhibit ¥ and I), exd Livermore (CSxhibit J). Cooies have been
transmitted to YU and BuSiins. Yith the delivery in Jammary ef preliminary
mannala (xhibit K), it is te be Exﬂectcf trat further sunqestions, eriticisrs,
and comments will be received. Thms as the A-0 Compiler led to the development of
A-~1, and likewise A-0 anf A-1 to Ah-2, da*a i5 beinr accwmilated and étudied for
further refinement of this technigue which could lead to the A-3 Corpiler.

The work with the three corpilers, A-0, A-), and A;z; has received unanimous
acceptance from the existing U?IVAﬂ'iﬁsta3iaticns. This leads to the conclusicn that
. the approach is correct and that every ef”ort shculd be put forth to correlate the
dieta on hand for the developnment of an A-3 Compiler.

The A-2 Compiler was slanted by its aveilable subrcutincs towards applicution’
to scientific and enrineering prﬂb]PTS; llowever, the basic concepts of A-2 as well
as its lorical composition are completely gencral. The transition of the cormiler
technique from A-0 throu~h A-1 and A-2 has been so rulded as to insure the developnont
of a technigue of creat renerality. “ith prorcr librarics of subroutines, includiip
these required by commercial preblems, the a-2 Compiler will operate just as

=gk



satisfactorily, and funclion with the same derrce of effectiveness, in commercial

applications as it will In scientific applications.

Surmary

1. Automatic proerarming techniques have heea accented by the corputer industry.
This statement is oret sunperted by reorcducin~ a table included in the

scction on comrutins davices ef "1€5) Encincerine Tevelcpments" revieved by the

AIE" Technical Cormitteas in the January 1654 issuc of Llectrical Engineering.

A momumental effert is beine expended by 11, NCA, Faytbeon, C7C (National Cash),

Consolidated Enpineerinr, Burrourhs and all their users and prospective users,

and by their affiliated university insta]}at;ons, to dovel?p similar technigues

for use with their Airital computers. It is our understanding that the EPA

orpanization is developins techniqu&s of this tyre for application of tre 11101
~.and 1103,

5. The response to the two ‘'crkshops oh Autcmatic Prorra-ming confirmad the
importance and effestiveness of thi; technique. The Yorkshops were attcnded not
only by the WIIVAC usars but also by represent;tives of many other governument
apencies includine those contemplating 7017s.

3. The response to *the publications concerning compi]ers-(includinp the article oy
J. U, Yhuchly and G, . Hormper on "influence of ﬁrorramwinngechniqucs on the

Nesipn of Commuters" in the Prcecedings of the TRE, Computer Issue, vol. 41,

no. 10, Octcber 1953) and to other seminars cendvcted by independent organizations
demonstrates the emphasis being placed on thesé prosrardng technigues. .
L. The number of contacts by individuals and orsanizations searching for information
and kmowledpe concerning thesc technioves confirms the universal accentanca
of what has been accomplished.
5. Throurh personal coatacts, it has been determined that our closest cempetiters
ar¢ makinr an all-cut cfforf to apvrénch the level that Remington Rand hae

attained end to =tepuio us
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s Ce Autonutically Jontrelled Power Tool Co Lacge-Scale Aut-nmuatice Commuter
(1nc1uﬂ:o prirltive compuiineg 2le- Commlecte sequenccs of FALRAML. 1o
ments, ;. Lzomple: stcel rill drive. or pueiness caleulaticnas ars vl iy

- Trograrned.
L
d. futenatic Taeter or Proeess Line. d. Self-Proprarmed Automatis oo
The cormruter is mature co-ordiiat- puter. Interprets simple
in~ rroups of machires and makine b into extensive crograms
intriczte Qecicieons s+ hish apeed, and indusiry.

Teken from Tlectrical “rrinceriar, January 1056/ pave 24



This repert is beinp supple-ented as noted by transimittal of material and publications
on work dene bty the Prorramming Fesearch Groun.

llacomnencations

1. That a cororehensive veview and report te prépared on the compiling techniques
developed to date coverine MIHIVAC, 1107, 701, 702, RayCom, Elecom, Purroughs, CRC,
MIT, Illinois, Michiran, Feiranti, KTSAC (LEG), Consolidgted.Engineering, ete.

2. That based on the findines of the above rcnorﬁ; personnel be devoted 1C0% of
their timec to the development ;f_the.ccm;iler techniques and particularly to the
dovelopment of the A-3 Corpiler. |

3. That periodic reports of the developnenis in the field of automatic propramning
and compiling technigues as epplied tc ulllcoﬂputers bé.suhmitted to support the
evaluation anﬁ detormination of the direction and scope the development of these

techniques should cake vithin Pemin~ton fand.

DR. GEACE MUTTAY IICPPER

31 December 1953

v
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Coapiler ip road into computer

Inforuation is rozd in seccondly.

3. Cempiler bogisns to zrocess infermation.

L. Compiler looks for proper svbreutine on Servo 35 findo ity
prepares propor dota trzasfor inwilouelliconsjy LUjusuld 8il LLUISIS
in the rolative coded svbroutines that aro to be modificly tosa
writes the subroutirs on Sorve 4 in the form of a findshed part
of the wacle prozran.

" Sswa 5 Sragmns rd of ez routine proccused and

5« Tape on Servo 5 ecps a record of eoch _».O-C..u.u....a PLOCCLI
the line zmumier on waich a2 rouiizne SIZ.LAS in the pToOSTLIL

III Runnine Praovon
Servo 1 Serivo 2 Sexvo 3 Secrvo 4
Cozpiled Progran Input Data Inputs Blank
or Runaing Tape # 3 paramater
arTesys
A. socription

e

1.
2e

3.

Compiled program oa Servo 1 is read inte cspuior

R e

Input data (3 paremeter arrays) is read into ke cow, misr

cccondly.

Calzuiation of the Cubic cosfficienis thca eczaxzcca

Tirzs is 30 seconds.

{3 paraxeter arrays ere valuss needed to calculaio coclfisleate
P :

CoefTicients arc writts: on blaak taps on S2rvo 4.
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