


























































































































































































































152
Thers ara many woys of urlting a subroutine to do a glven Job, and
in sove eases the 1llbrary should contaln a gelectlon, The following
characteristics are desirable in a library subroutines
(L) Compaetness, perticularly of the final furm.
{(2)  Speed of execwiion.
{3} Fumerical precision.
{4) Simplicity of use.
(5) Cenersiity of application,

2
L

Thasw are often in conflict, snd a compromise has to be made, Differsn
subrovtines ars avrived at by weighting these chavacteristies dificyently.
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Resurn of Sasgion 15

o Romshanr wemavked thed cne difficulby vith haphazard collece
sion of subrouvines is they ave very often written in such a form as %o
malle subsequent modification by sommone obhor thon the author difficult,
J, Baeclaus rentioned that use of an algebraic pseudo‘code had the advantage

ol zequiring the use of standard notation. ' B, Voorhees exrg:haaiiad that
the user should be allowed to improve the subrvoutine and S, Gill menbioned
thab EDSACYs sﬁbmuﬁix‘ms were circulated a.mong' staff in order t0 en-
courags comment.

C. Adams favored the development of subrouiines only as the
nzed for "ahem océurred ag it was difficult to predict just what mathe-
matical routines \'iill bs needed, Subroutines. wuritten by users of .hirl..
wind arc generally ncdified previous to iﬁclusion in ‘the libvary. The
demand for input-output and arithmetic routines is usually predictable
up to a poini. .

D, Shell mentioned that ad hoc subrouiines could be written ai
customer expense by & skilled programmer in a form sultable for inclusion
in a library. Horever, developmeni of a certain type of subroutine can
z120 be used to stirmlate machine use in that area,

Yo Ramshaw rentiored that getting rid of old subroutines is a

oblem,  J.CoP. Miller sald Hhat in a fortheoming library deseription

et Combridge, the subroutines would bs listed as curveni or obsoleicent,
fda aiso advocated that deficiencies in a J.:ibi*ary' be remsdied by an expars
who would £111l as many gaps as possilt_)le3 rather than by a programmoy
vhoss Lahareste might b navowe, InAgeneml DrogrANmers sgomnd to

Like vhat wes avallable and scldom criticlzed oxisting subroutihes.

D, Combzlic advicsd kseping o fosh version and a shord version
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ol soms subroublnes,

Go Hopper comnshied that vhen attempiing o penallze poor
programiing by requiring that the erring p&ogramnwr write soms ree-
auired subroutines, it was found thet some programmers used the con
piler o write the subroutines and worriéd very littlo about the penale
Yo |

géugggggﬁ_adﬁocated letting programmer fill in some parts of
sﬁbrbumines which are subject %0 considerabls variation in individual
preference.

In response a question agbout the descripbions automatiecslly
writion by compilers and geneiated, G, Hopper sald that they usually
included length and temporary storage raquirsd bub rot the operating
ims, |

The notion of temporary siorage was clarified by a shord
discussion.

C. Adams advocated that "™unset" valuss of parameters by the

ones most commonly used,



! e .
Resume of Discusgion

Mr. J. R, Belford ovened the discussion by giving some facts about the
IBM 704. Trinsiers bﬁtween the drum 2nd the high speed memory will be af
10,000 words per second as ugainst 300 in the IBM 701. Iloating point #rith—
metic will be built in, and there will be & means of automatically &nd ranidly
searching & tuble in the store to find 2 given argument. There will ne three
index registers. Answering lDonn Comdelic, John Backus stated thut the reason
for not having mqre than fhree was that no room could ve found for more; &
point of diminishing returns was reached, Mr. W. A. Ramshaw exnressed the
ovinion that three was much too few.

#r. . M. Hurewitz said that in the development of the 8ISMAC at RCA,
the neeod for feedback of information from the orogrammers to the engineers
appearnd. Jonn Gomaelic asked how many orogrammers' ideus were rejected by
the engineers; Hurewitz revnlied that no ideas ware rejected without confer
ence betwesn nrogrammers and engineers. Unfortunately he was unable at this

“date to discuss the actual design. There ensued u heated -liscussion on the
ethics of industrial secrecy. , '

Dr, Grace Hopper raised the »sossibility of using several small comvputers
in sarallel. Yhe greatest demund was for small machines, and she hoped that
‘each university would eveantually huve one. The size of a big machine was due
to the numoer of operations it nerformed; this could be vprovided by automutic
coding. She foresaw a mass produced small machine, delivered with a comviler
and library annropriate to the customer's needs.

Mr, J. Wo‘Backus disagreed with this philosonhy on the gounds'bf comnie
ting sveed; since inireased sveed costs little more, a large comouter is
cheaper to use than a small one. Such things as floating voint require répid
computing. DUr. Hopver exvlained that she was thinking mainly of business
rather thun scientific apolications, and of machines costing less than 350,000,
Mr. G. B. iteynolds oninted out that the use of floating moint could often'be
avoided oy having long registers with the soint in the middle. Dr. Homner
agréed that the costs of facilities would have tdvbe bylanced, Mr. Backus
sdid;that it was not the extra facilities tﬁat rmade a nig machine cheaper to
ran, osut merely the highdw souged. Xven using bnaedoode. the IdM ?Ol was 10
tlmes us fast as the CPC on one job, ‘

kr. Go G. roster described the nrocedure emvloyed at IBH(Lnd1cont) 1n
designiné sample datn systems, using a fast rachxns with only one nrogramo
4 first estlmate of the pasic design durameters 43 made and the oroblem is
codéd for a machine with these charactsristics. The engineers are then cdn#

sulted on the cost and feasisility of the design, & revised design is pro-
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duced, and the prohlem. recorded for the revised design. A consilerable a-
mount of coding is inv01§ed,‘and this raises the question whether a iransli-
tor could be vproduced; the idea does not seem imnossiole. A method of auto-
matically coding for minimum latency would be.required,° ir, Hopper offeréd
the advice that this is oJest done by writing the routine in relative coding
and anply ng the latencyaminimlzation orocess starting at the end of ths rou=
tine and working backwards. ‘

Mr. J. H. Brown asked whether‘ﬂr. Foster had ever used an existing com-
puter to simulate the hypothetical one., Hr, ifoster reolied that this would
be done when the nrogosed design'reached a sufficiently firm stape; so far
no routlna had been completed before the design was changed.

Returning to the tonic of small versus large machines, L. ﬂosenthal
said that each had its nlace. Donn Gombellc intervpreted Dr. Hopper's remarks
as meaning that although ‘big machlnes were used in scilentific reaeurch many
businesses could use small machines., Dr. L. De¥Witte said that the small
machine was useful in experimental work too, Donn Combelic asked whether a
problem tried on a small machine would eventually be nut on a large one. Ur.
DeWitte replied that this might ne éo~-or a. problem tried roughly on a large
machine might be tailored to fit 2 spall one. '

- Dre J» Co P. Miller pursused the idea of a machine with a very simple
instruction‘code. Most machine operatlons are made of & number of small
units; these can each be made %o co%respoﬁd'to al.migro~instruction', and
biggeg instructiqng can result from the exscution of a microprogram?. Such
a scheme, using a microprogram of 2356 micro-instructions, will be used in the
new-machiqg at Gambridge University. One might arrange to se wuble to change
the microvrvgram for different avplications, and even to orogram this changs.
Donn Combelic remarked that the latter idea had also been nut forward by Dr.
Perlis at Purdue University. Prof, Adams pointed out that the plugboard of
the ‘GPC could be régardedias a changeable miceroizggram. Hr. s Y. Smith
said that a mchine with a drum-stored microbrogram had been built for milii-
tary applications. ’ '

Mr. Po Mo Williams said that his firm is trying to decide on a computer
to use. They w nt something intermediate between an LM 650 and 704, The
704 seems too large: they would not be able to keep it busy. dJojm Backus
said that by‘time'sharingo a big comouter could be used as several small
ones; there wouidLﬁeed to be a reading station for each user. Mr. H. Freeman
remarked that down tims would bé worse for Bne large machine thas for several
small ones. Stanley Gill said that the idea of a centralised comnuting

bureau sesmed a good one, excevt that if each subscriber were to have his own
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inout-outout eyui ment he would not be able to afford such flexible aequiv-
ment. <rof. dAdams nointed out that the idea was similur to that of a cen-
trilised stenograshic bureau, whicnwas not always successful. D. L. Shell
said that Jell Laboratories hud in fact used a central computer with rermote
inout-~outnut very successtully. He sajd thut the cost er oneration of a
miachine is roughly oroaortional to the square rost of the tirme mer gaerations
also the work load increasecsn exoonentinlly with the time, He w3t that where
olanved time 1s vikal in case of dreankdown, o Lorze commiter is gtill orefors
wh Lov,

Ve, aamghow safd Bhab he waulo mabhee howe oas IBM 701 thon eight GPCigy
tire b overy cosh ddfzereace in the work enoacity, ories for orvice,  Uhay
woauli, howvever, sbiil keop aosare srall mochinos bo boweddls tovortooal jousu‘
WBre ddouper reosumbed bl oabs wos rhiabilue of deondo whie soadd enly Lfford

ane small omachine.
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The use of flow diagrams in coding was the main subject of discussion,
In response to C. Y. Adams® (uestion zs to how many have a higher level
individual set up a flouw diapgram and persons at a lower level do the ceding
of each block, about 8 of the assembled 50 persons raiséd their hands.
i, i\, Ramshaw notcd that at Douglas . ircraft (under John Lowe) this procedure
followed unequivocally. Rigid specifications have been set up for flow
diagrams so that cod{ng can te done by coders with higheschool level train-
ing. Ramshaw added that flou diagrams are not used at United. €, Y. Ndams
suggested that if the specificotions are sufficicitly rigid, the machine it
self could handle the ccding.

Dr. HOpper renarked tha+t flow diagrams offer a potent means of come
munications since they are not tied to the computer., <She has filled the
squares with information varying firom mathematical symbols to sentencss.

K. Powell reiterated the usefulness of flow diagrams as‘a communications
medium and added that his group uses blocks, contsining arbitrary amounts
of information, that can laterx te isolated into subroutines., They hawve
found that engineers can use these blocks to suggest decision points, cte.
without being familiar with the coding.

G. E. Reynolds stated that his rroup uses a system that is half-way
between flow dlagram and basic machine coding. They wnake use of magnetized
blocks that are easy to erase and to assemble. He added that this system is
facilitated by the fact that they have a four-address machine,

There was general agreenent th%t flow diagrams can be very useful to
describe a routine after it Lias been written. Dr. Hopper remarked that
{lou diagrams have proved heipful in locating subroutines as common blecks,
- D, Shell noted that the Wowdimensional appearance of a flcw diagram is
.helpful and spaces-saving, Hoﬁeverb S, Gill gave an example of integrating
2 differential equation thal is easier ©o considsy as subroutines rathey

tha as a floy chayt,

I replying to C, W, Adans’s query as to the existence of mannuals opn

Fflew diagrams, Dr. Hopper indicated thal Reminglon Rand has a mimecgraphed

N 3 JR R LR o UL St DU W) . « T P T T T ]
sopy making use of Goldstine and vor Neumann syabols.
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In answer to a question, Dr. Hopper remarked that her group makes use
ol susstitubtion blocks with nvabered references to indicate hou one block
¢ a flow diagram may change another. ’

T. li. Hurevwitsz suggestec that flow diagrams can seive as a checl on
the problem. seb-up. S. Gill remarked that he had found a coding error from

& [low diagram rather than from ‘he routine itself.

C. W. /dams noted that in teaching the use of flow diagrams in his
course, he found that by introducing the concept too early, fhe problem
%o which it was applied was tco simple. Consequently the students did not
obtain a full appreciation of the usc oi" flow diagraas,.

In answer to a question, C. Y. idams stated that the Laning-iierlewr

system has proved very useful for a particular class of problems, -
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Mr, Randall Porter, Boedng Alrcrafy, Seattle, .ash., described

Boelng's experioence with thelr 701L. After waiting & year and a half; $hoy -
xacalved their VOL in Dec., 1955. About 6 months bhefore this they pﬁt three
people to work doing two important bthings: 1) Finding ouv what other people
were doing with their 701%s, partvicularly Los Alamos and Uﬁiﬁed Ajrcrafls,

2) Coding subroutines and assenbly routines for their cwn use. After several
months of this they spent a week on the New York 701, Their experionce thera
convinced them they should compleitsly revamp their plans by dolng things much
mora automatically.

They now have an exteasive Library of Sﬁhrouﬁines, most of which
are stored on a tape and transferred t¢ the drum during assembly., Subrouiine
words are of twoe types: 1) normal words, 2) excepiions. The latier are
words whose addyesses are not to ve criented or trsated in the normal manner
during compilation. A1l normal words preceds all ekeeptions in each sub-
roubtine and are theveby identified. Fach subroutins has a call numbsr
which is specified by the coder; the assembly routline then ealls the indi.
cated subroutine from the tape and integrates it into the main routines,

| The assembly roubine occupies about 1/6 of high-spsed storage; the
remainder is available for the coders poutines and for subroutines,

Although Beeing has btobh IR Speedeo and Log Alamos Dual'sjsﬁem'
available, they are little usédo Abcut 70% of all their coding is done in
straipht machine code. Most of thelr engineers ave wiliing and avle to do
the scale~foctoring recessary when using fixed point machine code. ilhene
ever ﬁhe.scélemfactozing ér $he enginesr bseomes H00 dirficult, Spsedco o
Dusl is used.

In vesponse 3o a question by D, Jilliams, Iy, Porter said that
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tho 701 has gained accephance among she engineers by word of meubh 9o

weil that it is kepi wery bugy - no proselyting has besn necsssary,

Ho Renghay of Unilted Alrcrafi comnmented that his expeﬁence had been
sorawhat different. He found it hest to have people abt as high a lovel
as possible be among the first to recelve training in the use of the com-
putier. ‘l’nen, since the computur is dei J.n_vaelv worthwhile, you have supgi-
visors selling its use to suboidinates --- a gituation very different from
subordinates trying o sell the compubtor {o thelr supervisocrs,

My, Porter discussed the scheduled nainbenence of Bosing?s 701.
‘Usually fron 2 w0 3 hov.t‘s per Ll6=hour day. In wesponss to a commani thai
this seemsd wunduly high, Mr. Porter rcoplied that it compared favorably
with Douglas, for imstance. However, at Douglas they schedule maintensnco
for less than 2-3 hours per de;7, but their sﬁu’c:&si;ics show that maintenarcs
requives at least 2.3 hours pe:r day. Mr. Poriter feels bime scheduled foz

meintenance should be realistic,

Qo by ¥, Ramshaw: ihat is the outpult of the Boeing # 3sebly

poubins? Answer: The routine on punched cards and/ov on magnetic tapes
the cholce ls made mnually,

Qo by W, Eunter: Have you converted aay CPC problems %o Y017

Answvor by My, Porter: Ve still keep getting problems suitable for CPC,
and we also keep CPC?s on test run data veduecticn, fox example, almost on
a stendby basls,

An exchango beibueen R Porter and S, Glll concerned subroutines,

The originator of a Boeing subroubine chocks it out and writes.it up,
occasionally getiting he.'!.'_n} feom stall members in the wirlie-up. The machinge
Jueraior, ancng his other dubtles, mrinbains the subrouitine Iibrary.

D, Com‘ha 1lc quesnied I, Porfter about how Roeing®s plans vo adopt

an alesshzaic ccding sysbom would affoct ussrs of the prosent gysien there.
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R, Porten believes ithab such changes can va made without serious disruption
50 existing voubtines, snd that it would nci be necessary‘to keoﬁ both syge
tems in effect indelinitely, In fact, old-~fashioned subroutines now are
zradually removed from the taps library and made more difficulﬁ to use by
hoipglavailable only in card dsck form,
o Fupther comment by R, Portsr. Typical division of %ime for prob
lom.$plution ig

cdmputing

Coding Tnput | Assembly ! l Oubput

Boaings emphasis therofore is primarily on decreasing coding and o&%puﬁ

tie,
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Dre G.Y¥. Cherlie outlined the necds of the Mutual Benefit Life

Insurence Company. Fox arithmetic, £ £ived point numbers of 20 decimal
digits would be usefuly also there is a need to store alphabetical Informe
ation. High speed tape scarching and printing will be required. Quick‘
‘access %o any point in a File is wanted. The pregent plan ig to review

the whole file periodically. With vegard to a baslc library provided

with the maching, ‘there is a difficuliy becausgse needs vary with the company
and with the timez. The pxoblem of transcribing vthe necessary records '
for awsomatie operation i a big onep this part of the aswitchover zay

take years. Variable length fields ariseg premiums nead only 6 or 8 digits,
‘zom2 sums of money muy necd 12. Thevccmpany is not consldering the electronic
handling of iavestmsnis: 1t is counsidering billing, accounting, f£ile maine
tenance, etc. Reliability is importants thers is interest in the "fall
zafe" type of checke: '

Mro TJMe. Hurewltz asked uhethav the acturial work would bs mechanized.
Ar. Cherlin replied that it would not. In reply te a further question,

e zaid that dividends would be calculated individuelly, not by veference

to a table. Operations ou different files would be combined as this bscame
pOSBible. With the I.BeM. 6309 1t would be possible £o combine first two

and then three files. It may eventually bes possible to corbing 50 files into
one for procesainﬁo | ‘

Prof.lﬂd‘ns raised the question of the extent to which antcmatic coding
night be uged in busiress, Weould it b ugeful In eptimizing Drogeuufes?
Could a manufactuver  userully p?OV"dO paseudo~codes?

fre C.G. Lincola put forward the viewpoint of the non-life Insurance
huginess. The amount of compubing is very swallsy it can be done simulbaie
sously with iaput and outpui, However, a transcripiioa pfoblem ariges.
Competition fowrces the ;&Jodiauv furnishing of policies in the fields iv
1s degirable to produce s 'mulaaxmoms.y a mechanical record. A mechine is
reguiyed that will orint polches and also make a tape or card record.
T the life insurance business, the Traveler's Insurence Company has no

'y S -

dividend calculation problem as it works on a guaranteed casi basigs. Instead

theve is a morelfrequent and more intrlcats eticulﬂ’won off guaran nised prewiiums,
Also the computation of forfeliure values is difficult ag whe 1acus dre

constantly changed. 1% is possibla that a'fcrm.of curve-itiing will Jgdea

up this comwputabtlon.
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Proi's Adsms polnted cut that in meny cagses if the management wowld
agree b0 use a formsl approximation Lo a curve, they might save mors
noney in compuiing than they lost thsough ervors in the cuwve. Payrolls
ans full of wabidy exceptions, and this 1s one of the difficultiss in
antomatic coding. Dr. Chsrlin said that his company would handle payrolls
©iret, end Mr. Hureviiz sald that theve are very few basic types of payroll
compubtations.

Dy's Grace M. Hepper mentioned an existing machine used for essentvially
business computationsg, ths I.B.0. 7Ol at the Aviation Supply Center. L.
Flosenthal said that the Univae at the David Taylor Model Basin also is
uged fov some business wipe calrulations, namely the plamning of supplies

by the centrel supply office.
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G. Hopper mentioned that for business problens it waz often
convenient to bresk data precessing by automatic compute?s.in%oifour
e¢lagsifications « iﬁbutg decisions, calculation, and output - and
that in business itevation on fixed data plays a much smaller role
than in methematical programaing.

A queation eroze concerning the difficulty of human access to
information stored on magnetic tape.

Comway replied that printing oub small files ow oniy changed
items in large files were two possibllities. The difficulty of cone
vincing gowe people of the reliability of magnsbicel ly stored date
was mentioned. In bﬁLkLPC, a lau requires chacks to be sorited and
veturned and this opsrabien is difficult to mechanize.

G. Hopper emphasiged ths importance of the developmsnt of a large
scale random access fils.

Carter emphasized cost and the abiLLuJ ‘o handle exceptional cases
as impoytant aspects of data«prccessing SYSTLEMS o

C.Adams nmentioned that the ability of elecironiec COJPUEB?“ wo maks

.

it pogsible to handle meny exceptions in a roubtine fashion, and in

some cages was a gtrokg point in favor of electronic squipment. The
povsrbﬂlﬂbJﬁx selling some inconvznience in return for faster processing
might ke considered and has been tried in some cases, i.e. punched card
personal . cheeks . ' -
Hurewlts wentioned that new auditing procedures probably would have
t0 be developed to handle avtomabic dsta~processing.
TLe possibility of an engineering quarantee of proper machine
opération veing conaidered a sufficient audit was conjectured by S. Gill.
Hurewits added that a conbinucus audibt would probably be move
prachicable with increased compubing capacity.
Regenthal inquired as %o whether.p?yallél chacks and individual
chocks, e.g. overly lsvge chang,s or item sizes, could be maintained.
Chevlin observed that in additlon to thie type of checkg engineera
could often suggest checks not obvious to prog?ammmrs.
C.W. Aclamg ewphasized that carsful ationbion should Be paid %o
ting the most uwnreliable parits of thz equinnent.
Carter noted that a cavsful p?obaoala bic gtudy of the economics of

18 been made end may be aveilable on vequest.
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Automatic Coding Technigues

L:‘Lst of Reference Material

compiled largely from lists prepared by Grace M HOppeI‘, ,Remington Rand Inec.,
and Frank E, Heart, M.I.T. .

Conference Proceedings:

A. Proceedings oi‘ the Association for Computing Machinery, at the Mellon
Institute, Pittsburgh, Pa., May 1952, .(Obtdinable.at $4.00 from the
"A.C.M., 2 East 63rd Street, New York 21, New York. :

Al. p.99 "Small Problems on Large Computers"
. C. W. Adams .

A2, p.l73 "Construction and Use of Subroutines for the Seac"
Joseph H. Levin

A3. p.231 "The Use of Subroutines on SWACY
' Roselyn Lipkis

A4, p.235 "The Use of Subroutines in Programmes“
David J. Wheeler

A5. p.237 "Progress of the Whirlwind Computer Towards an Automat:.c
. Programming Procedure" v
John W. Carr

A6. p.ZlB "The Education of a Compu'ber"
- - Grace M. Hopper o e e

B, _Proceedlngs cf the Association for Gomputzng Machlnery, at the Unlversi'ty'
of Toronto, Ont., September 1952, Obtainable at $3.00 from the A. C M.,
2 East 63rd Street, New York 21, New Y<>rk

 Bl1. p.l "Compiling Routlnes"
Richard K. Ridgway

B2, p.l7 "Machine Aids to Coding!"
‘ E, J. Isaac

B3. p.19 "Computer Aids to Code—check:mg" :
: J. C, Dlehm .

B4, p.21 “Input Scallng and Output Scaln.ng for a Blnary Calculator"
' - E, F. Codd and H. L. Herrick

B5. p.4b "Logical or Non-mathematlcal Programes"
: C. S.: Strachey
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B6. p.55 "“Simple Learnlng by a Digital Comouter“
A. G, Oettinger

B7. p.8l1 "Interpretative Subroutines"
' J. M, Bennett, D, G. Prinz, H. L. Woods

B8. p.121 "Pure and Applied Programming"
M. V. Wilkes

. Proceedings of a Symposium on Autcmatic Programming i’or Digital Computers,

sponsored by the Navy Mathematical Computing Advisory Panel, Washington,
D.C., May 1954, Obtainable after October 1954 at about $3.00 from the
Office of Technical Services, Department of" Qommerce. "

Cl. "Definitions"
- Grace M. Hopper

C2. "Differentiators"
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