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1.0 BISTORICAL CCLDENTS

search Laboratory of the Aberdeen Provgng;croundlis e

The Ballistic Re
. ﬁ { =

¢orced, by the nature of its work, to carry out numerical computations whici

sre notable both for their volume and for the variety and complexity of the
procedures employed. Of necessity, the Laboratory has become an important

computing center. To expedite its work, it has sourht improved techniques

for the use of existing.equipment and has fostered the develojment of new

ievices for "mechanizing" and specding up the processes of numerical compu=-

tation.
In August, 1942, J. W. ilauchly sumnarized briefly, in memorandun

form, the advantages to be expected from an electronic high-speed computer

such as could reasonably be developed at the time. Capt. Herman H. Goldstine,

of the Ballistic hesearch Laboratory, and Col. Paul N. Gillon, of the Office

of the Chief of Ordnance, became interested in the possibilities of such a®
device for the Laboratory. Mauchiy and J. P. Eckert, Jr.-then wrote out a
tentative technical outline of a wnachine which would be capable of numeri-

cally integrating trajectories for firiﬁg tables and which would handle other
computing jobs of similar complexity. dJ. G. Brainerd then incorporated this
material into a report which was submitted to the Ballistic Research Laboratory.
The United States Government then entered into a contract with the University

of Pennsylvania, to have the iloore Sechool of Electrical Engineering carry out
research and development on electronic calculating devices for the Ballistic |

Research Laboratory. The project was set up under the administrative super-

-
F

vision of Dr. Brainerd with ir. Eckert as chief engineer and Dr. !lauchly as

principle consultant; Captain Goldstine was appointed to take technical

cognizance of the project for the Laboratory. 0 - : ,
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Undor this sontruct, a stuff at the ..0ore School have, since
July 1, 1943, worl:d continuously on the deusizn and constructjon of cloc-
tronic comrusing dovicuss A {iret nachino, the <luctronic Numcricul
Integrator and Computor (ENIAC) has boen dosijn:d wind constructcd, and will
soon d¢ put into onnration, It was nunecsowry, in order to coaplcte a
task of thic megnitud: in 1litilc mors thar tuo ywars, to £ix tho design at
.n carly duate and to coneaontrute theroaftcr on production and testing.
During this lutter poriod of work on tho ENIAC, it becamo more
.nd pore cvidoat thut close scrutiny should Yo giwn to the m.y ia which
the high specd of slectronic dovices could bo utilized im computiag machinos.
It becamc apparont that sorial oporation was in goncral advantcgoous, and
that when scrial mothods woro uscd whorcwor possiblc tho cquipmont was used
sost efficiently, Honec, in Jaauary, 1944, a "magnctic calculating mechine®
was diseloscd, whorcin the successivo digitc of « number wore transuitted
in timod scqucnec from magnotic ctorage or mcmory dovices through olcc-
tronic switchos to ¢ central electronic computing circuit and similarly
returnad to magnetic storagc. Gn important foaturo of this dovice was tact
opor=ting instruciions wnd function tnbloa_ would bo stored in exactly tho

s:mu sort of momory dovice as that uzud for numbcrs. The cloctronic switche
ing moans for sucih & muchinc wero alroady disclosod == tiw ENIAC function

tzbles usc onc form of such a oswitch,

Tho invention of tho ucoustic dolay linu memory dovice by Eckort’

and kcuchly oarly in 1944 provided o way of obtaining large highespood

storug. capicity with comparativoly littlo oquipment, -n autamatic olec-

tronic ealculuting machine was then plenned, using the delay line dovice

for tho ®internul® momery, and using tho somcwhat lowor spood magnotic

dovicus only for input ond output mochaaisig,
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I: wwes clear thut tinis now macnine would, with much less ojul
Y

ment, easily handle proolexs boyond ths intended scopo of the EillaC.

Thorefore, by July, 1544 it wus agrecd that when work on tho ENIAC permitted,

the dovolopment and ceastruction of such a machinc should bo unlcrtaxon.

This machine lhas comc to be knovm as the EOVAC (Elactronic Discroto Variable

Canputor).
Although vressurc of werk on tho ENIAC has mado it impossible to
conduct much experimcnt:1 work on the EDVAC, ull of tho cssential compononts

+0 be used in tho EDVAC aro known to work. In dosizning a specific machino,

nowover, a zroct numbir of decisions must bo medc -- decizions as to quune

tity end proporticn of various parts, cni dccisions us to which of govorul
possible methads shall be employwd, During t.h;. past ywar, many quostions

of this sort havoe boon considcred in a scrios of discusaions held just for
this purposc.

- During the lutter part of 1944, and continuing to tho prosont
timo, Or. John von Noumann, concultant to the Ballistic Roscarch Laborctory,
has fortunatoly boon uvailable for coasultution. ilo has contributed to

rany discussions on tho logical cuntrois of thc SDVAC, hus proposed certuin
instruction codes, and has tosted thoso proposad systams by writing cut tho
codod instructlions for specific probloms, Dr. von Ncuwauna has also vrittin
u proliminary rcport® in which most of the rosults of ocarlicr discussions
ar: susmarized. In his roport, th. phy:sical structurcs aal dovicos proposod
by Eckert and hauchly are rcplaced by idonlizod oloments to anvoid raising

'onginoerlnk probloms which might distroct attontion fraum the legicul

considorutions under discussion,

SFirst Oraft of = Report on tho EDVaC: Juno 30, 1945
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It must be omphasizod that {incl <ocisions on many quostions cane
not yot be mede. In many cuces, closor study of altornative circuit dusigns
of further oxpsrimontel dat. will be nscéossary before intolligont choicos
can be mndes The discussion:s that have boon held hav. sorwved aan ocsential
purpoge by formulating tao impertent questions and indicating waat oxpor i-
mental deta is pertinent to thoir answore,

1,1 CONTRAST OF THR EDVAC WITH THE ZNIAC

Tho EDVAC and the ENIAC have very 1little in common, Although they
ar¢ both olcetronic digital comput ing machincs, tho resemblance onds thorc,
A fow salicnt contrests will amphasizo this. In meny rocpceta tho ENIAG
iz an olectrical anzloguo of mochunical computing mechines: it hee dogade
counters instecd of decndo gear whocls, und all the doucimal digits of o
givon numbor ars added Simultandously as in &ny mechanical adding machino,
Aultiplo channols «nd multiple cquipmont are noceoscary to do this, In
tho EDV.C, tho varicus digits specoifying o number will bo transmittod
gsoriclly through a singlo channel, Switching oquipment is conscquently
sinplified and roduced, h'oroov.-.r.. thy storage cr momcry clomonts to bo
usod in tho EDVAC are ontiroly diffcront frou thoso wsed in tho ENIAC,

4 typical unit, involving abeut 10 vucuum tudes, cen bo made to held Buny
dizit soquences in doryinitc time rclationship, =

In fact, tho EDVAC will hnve cn internal highespood RLMOry 0OPCm
city for cbout 2,000 ton-digit docinmal nunbirs, while the ENIAC cocamodutcy
only 20, quorthcloss. the EDVAC is oxpcoted to roquiroe an‘ly ono=tonth as
much cquipment &8 the EXIAC, As o Gonscquence, tho colution of wide ¢lasses
of non=linonr particl difforontial oquat;ons will b 0811y muneged in tho
EJVal, whorvuas such probl;ma ¢an be carriod out on the ENIAC only with the

aid of 2 much slowar oxturnal nemory ecapacity in the form of puachcd cards.
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Another important conntrast botwe:n the ENIAC and the EDVALC is

To change over from ona type of rroblen to anocther, the LNIAC must

thioss
be prepared by settin; numerous switches and plu;;ing in nany interconnectw

ing cables, vhile tho EDVAC will be 3ot up automatically and electronicully

for oucih now prebleri, Indced, the EDVAC will store its operating instruce

tionc in exactly tho samo rianner aus it storcs numbturs, The total storuge

capacity will bo ut tho disposal of thu opecrator to allocatu az ho VwishoSee
part to operating instructions, pert to tables of functions, and part to
the numbors whicih ontcr into and come out qf the various calculations.

Tho input ani output dcvices fdr th- two machinos aro also diffore
ont, Tho ENIAC roads from IBM eards, and rosults ar: punchod iato IBL
cardg, It is cxpoctcd thut tho EDVAC will road from a ctcel wire or tapo
on which the required inforwution h;a bcon recordol by magnctic moans, and
that tho output data will be magncticully rocordad on stocl wirc, Typo=
writors for proparing such wiro and for printing from wirc rccords will bo

¢ oagil d
provided, Records on stcol wirc wure lows bulky u ;?Lt&;&%té&f?} handloed

thun stucks. of scpurato cerds, Alse, highor rocding and recording apocuds
aro cttainablo with steel wiro than with cards or with pupor tape.

Sorting problems, for which eards huve always boon cansidered dusirable,

are alco dono oxpcditiously using wira,

Tho EDVAC will be, thcn, & mathumcticzl tool of much rentor

powcr and scopo than the ENIAC, At the some tims it will bo physiczlly

smzller ond oacior to scrvicc,

Finzlly, much attcntion hus be.n glven to tiu qucstion of "ecoding

tho problem® so as to simplify thc work of the mwthunitician who wmust

wﬁ n " *instruct® the naehino‘:s to whii he wants donc in symbolc which the mechine

}

*undorstands®, On this topic aad many othurs the projoet steff =t tho Looro

i e . Pl 2
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hool hus bencfitcd greatly frou confercacos with wnd work donc by Dr. John

gon Noumzna, actin &s consultant to the Balliistic Rosoarch Laboratory.
. In Table 1 are some comparative figures for the ENIAC and the

EDVAC. The figures for the EDVAC are estimated on the basis of the tenta-
tive plans outlined in Part 7 of this report.

1,2 SU.wRY OF RZIPOAT

The earlior sections of thic report are siven over to o zonoral
diccussion of complex computing machines, with emphasis on the way in which
such machines employ mernory devices, serial scanning procedures, and prow
gram:ing methods, This approach ipndicates that u machine of tho _necessary
genor.lity, capacity, and accuracy cun be roalized without excoseive and
unrossonsble amounts of equinment if (a) *scanning® is emploved so tpat ono
picco of oguipment can_bo used many timcs rathor thajn having mapy gimilay
gomponents_vwvorkinz similtancously, (b) tho spood lost by this sorial progo:s
{s_rogaincd by cmployinz cloctronic olomepts, ond (¢) sccuracy is insured by
digital mothods, as, for instancc, by tho us> of vacudm tubos as on-off

dovices, rathcr thin as gontinuous var ichle doviccs,

Although sorial usc cllows computing and switching oquipmont to bo

roducod to a minimum, the large storage capacity which is osscntial for
nunor ical data, opurating instructions and function tublec would iavelve

prohibitive amounts of clcctronic oguimmwnt if dccade rings, binary countcrs,

or othcer proviously kanovn mothods w.rc cmploycds. A now and incxpensive

momory dovico, tho delay linc ro_istcr, conccived by J. Pe Eckert and J. W,

Mauchly in 1943, makes it possiblo to roalizo with a smcll amount of cquipe

aont thc momory capacity nceded for the EDVAC, The csscntiul fouturcs and

oporation of thic dovico arv oxplained in Part 3,

CHFIDENTIAL
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Comparative figures for the ENIAC and the EDVAC

NOTE: As explained in the text, the work of arranging or coding
probleias for solution by the ZDV.C will be simpler than for the
ENIAC, and the physical set-up of the EDVAC will be automatic,
while there are 5000 manual switches and hundreds of cords to
be plugged in mamfally in order to set up the ENIAC.

J‘J’M"" ..—d-u-"u“dh

ENIAC EDVAC

MEVORY CAPACITY (each unit is one
" nine or ten digit decimal number,

or one program instruction)

|' Auxiliary memory Unlimited, Unlimited,
on IBY cards on magnetic

wire or tape

Internal high speed memory 20 Over 2000
Manually set up programs
and function tables 725 0
€ SPEED OF OPERATION in milliseconds
, ~ (9 or 10 digit decimal numbers)
# Addition 0.2 0.06
wultiplication 2.6 1.0
Input from auxiliary memory 35 3tob
Output to auxiliary memory 70 3to6b
| EQUIF: BT
; Vacuum tubes 18,000 1,925
i : danual switches 5,000  Possibly a tgu
,’ Digit and program channels 200 2
J[ Power supplies 28 3
SPACE KOQUIRDIENTS (Sq. ft.)
Floor area actually occupiod
by machine 250 25

O
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The high computing spaod of tho ZDVAC would be largely wastod if
conventional input and output deviccs wore used, A now mothod, using mage
notic wiro or tzpe, has thoroforo boon examinod and feund to meoos EDVAC
roquircmonts, Input and cutput doviccs of this typo urc doserivod in
Part 4. A diccussion of sorting and collating is includod to show that
mngnotic wirc dovices are better for this purposc than oxisting card

mochines, Typewriters for preparing megnotic rocords and for printing from

magnotic rocords arce nlso discussed,

Part 5 contecins u bricf doscription of cll of the principacl come
pononts which will be used in the EDVaC, Theso aro tho momory units, tho
computor and the controllor, cloctronic switches, tho magnotic input and
output doviccs, an oscilloscopo unit for visual output, tho power supplics
and auxiliary dcvicos such as typewritors,

Some dcsid:rata for coding are presented in Part 6, which also
contains an instruction code sugzested by von Neumann and a proposed numerie
cal code,

Plans for the EDVAC are presented in wore detail in Part 7.

These plans are tentative, and will be ;odifiod as the design is advanced,
For the purpose of this report, it was decided to present plans based on
use of a coded decimal number reprosentation, although & binary system nay
ultimately be used. Tho computer oclemcnts are t..erofore somewhat more come
plicated than they would be for a binary machino. Two different plans for
switching conncctions and corrosponding pulse codos for orders are ziven '
to illustrato ways of organizing tho components of the EDVIC,

In part 8 the reliability of cloctronic canponents «nd tho
mothods which chould be usod for dotecting failures in the EDVAC arc givon

careful oonsidoration. Until oloctronic digital computors aro in use, and
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portinent failurs statistics bocomo availadble, it {5 difficult to know
how olaborate cheeking motiiods must bo, It is thcr.fore proposcd that
tho EDVaC have a rathor complcto choczing systom which will juurantoo the
dotoction of almost wll feilures. Thi: systom chocks all standard oporoe
tions automatically, without instructions fron tho oporator. J<ince the
oporator may clways instruct tho machine to porfora further mathemutical
chocks, full coanfidonce in the accuracy of EDVaC solutions is assurod,

In conclusion, it is intondod, as statcd in Part 9, thut addie
tional roports will bo issuod to supplemont this onc, and that semo of
thoso roports will ;ivo oxcmplos of how spcoific problums would bo hundled

by various proposod instructlon codles,
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the same order of magnitude. For various reasons, the cards may have to
be used inefficiently (only half filled, say) while this is not true of
thw wire. Hence cases can arise where this spool of wire is the equiva-
lent of 100,000 cards. The woight and bulk of this many cards is very
large compared to the weight and bulk of the wire an@ spool.

This is an important consideration for storage purposes, but it
is also important in.the way if affects calculating and sorting operations.
Handling 50,000 or 100,000 cards, and sceing that they are fed into and
taken out of a card machine, is to be compared to placing several spools
of wire in magnetic devices which thereafter operate automatically. Cards
maj easily get shuffled out of their proper order, while the informatioﬂ
on tho wire is not subject to such accidents.

&e5 SORTING AND COLLATING
4.5.0 Tho Need for Surting and Collating

Sorting and collating are not always thought of as computing opera-
tions. Nevertheless, there are numerous ways in which & need for these oper-
ations may arise in the course of computing problems. Consequently, it is
1m¥ortant to consider how sorting and collating can be done efficiently and
at high speed. '

It is a common notion that machines which employ cards are pecul=-
iarly suited to this work--and that tape machines are inherently at a disad-
vantage. This belief has been encouraged by the fact that commercially avail-
ah{e tape dovices are much inferior to card miachines for sorting and collating.

If during a cogputing problem certain sets of numbers which are held
in the high-spoed mamorylmuat be sorted or collated, it is obvious that this

should bo done within the machine if possible. Thore is, in fact, no ob-
stacle to this, and it is relatively simple to provide the controls and in-
struction code to take care of such situations. It is estimated that the

and coll.t speeds attainable ﬁithln the computer will be consider-

POANEINCEMTIAL
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ably higher than those now ~chieved by eard machines.,

Given that the machins §s %hws egquipped to 40 “inturnal sorting®,
ani "intornal colluting®, it ic tempting to ti.iuk that the guncrcl problen
hus boen colved by the cxpediuat of traunsferring all tape laformation to the
machino, doing tho job witiiin tho highespcod cloctronic part, snd then
putting tho results back onto tho tapce This "solution® iz, in faot, quito
inndcquate for larpo sortiag jobs, sinco the monmory capusity of the olcotrone
{o maciiins 1s nccessurily limitud, vihlle the number of cards (roproscnting
the wmonory) which may Lo procossed by a card sorter is cssenticlly une
linited, Tho mugnctio wirc or tape is tht corrusponding unlimited metiory
for tho clectronic muchine, and  sorting and collating procussce must bo
dovisod which will utilizc this mcaory without being rostrictcd in any
way by tho linitntions of thc internal highespoad mcmory,

4:5.1 Tapo Versus Curd Sorting

Tho osscnec of sorting and collating is to tuke information which
is arrangoed in ono order (whioh mey bo random) and roarrange it in somo
othor order. ihun the information is punchod into cards, the information
is "movod® from cn. placo to anothor by woviag the card which ourrios thnt
information, Whon papor tapcs ore usod.'thin mothod is no longer foasiblo,
und thoe inforastion itsolf must bo moved by norforating tho samo informatiom
into a now tapo. The only jnhsrent dinndvnntﬁgo of this procoss le that
the old tapo may bu of no usc, so that in cach such transfor of inforuation,
pap?} ic wested, A large number of transfura“nny have to b¢ mede bofore
the sortiag procosc is complot:d, so that the wi.stage {6 by no mcans unhn;
portant, Lkegnotic tape or wire, on the other hand, Iamcdictoly overcomos

this problom tiace it can be orasod und uscd for now storage aé oftcn au

ney bo desircd. "CG;;F%&ENT!A ‘";;‘;._
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The fect that sorting is dono moro slowly with pepor topo than
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with eards has nothiag o do w#itk tac fuet that ono mudium is "oontinuous®
wiilo tho othor is "discrovc®, Thc problom ic sololy that of how fest tho
informctien cun be "moved®, It So hopoens th_t commorcizl dovices usinz
papor tapos move thz topo intormittently, rcuding it whilo at recst, and
} 3 then advancing it to the noxt reading pesition. Also, such tapus usuclly
_kavs enly five or six chunncls, whilo ecrds have 80 or 90 columns. As
brought out in Suction 2,9.2, pupor tape dovicues of this sort havo an
offoctive rato of onc theouegond or morc pulscs por socond. Thclgrout spoed
cdventage of th. card device over the paper tape devica somos not fron any
innoront prep:rty of cards as opposcd to tupes but from tho fuct that
(2) cord uschinos have mony wore channels, «nd (b) card mechinoes h.ve boon
dosizned with spced in mind, whilo the papor tape machines havo boon
o

dosignod to work with othcr oquipment which is t.lsc slow == for instance,

o scricl typowriter,

(Yuch highor cpseds arc known to be possible in dovices vhich
rcad paper tame photoclectricelly. It is likely :hut perfor:ting spocds
c~uld bo incrounscd, but not to the samc cxtont. A singlo chcanol of o
ccrd punches holos at an approximide rato of 30 por scoond, while a single
‘ channel off 2 paper tupe machine erdinarily punches $ helos por socond,)

Sinco = mognutic wire or tape dovice ean, through o singlo chzmnel,
rowd or r;coﬁd et least S000 pulscs por socond, infermution san cortainly

bo movod from one place to ancther ot loast gevoral times fustor Ly those

maans than by oard machines, in spita of the fact that the latter uso 80 or
90 channols., Since this is so, sorting and colleting should be done with :
maznotic devicoes rother then with curd machinos.

. -CONFIDENTIAL
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4.5.2 A Rinary forting Duvico

The type of cquiprent which is noodid for corting and solliting
will nuw bo descrilceds  Tho most c¢lomuntiry sorting procoss is onc in
which ¢ siagle class of dut~ is s.parctod into two classcs. This may be |
czlled binery sorving. The corresponding bfnary enllating oporation is
that in whici: twe ordcpad clussus wre moshod togothor to form a single
crdored ¢lass. a1l more complicatud cesos of norting or collating may bo -
porfermad by a scquonco of such binary procosses. (It may bo noted that
card machinos usuclly have disary collators, but usc docimal, or ovon o
twolvo or thirtoon-pookot sortors.) At locst throo topos or wires aro nooded
in order to carry out thoso binary procosses casily, without rocourso %o on
cxtonsive ndditional womory dovicc.

Lot it bo supposcd that o singlc'magnstic wiro contains a sories
af words which roprescnt numbers, znd that those numbors orc in rondom
order. }t is dcsired to arrange thom in "nctural ordor®, that is, in monow
tonic scquoncc, If onch numbor is spocificd in terms of its bincry digits,
thon the first stop is to sort on the units digit, That is, as succossivo
numbers are road from the original wiro, all odd numbors aro to So rocordod
on onc wirs, and all oven numbers on anoth;r; This is accomplishod by
pessing the pulsc trcins from tho rouder through an cloctronic discriminator
circuit which thon gutcs cach word to tho propor rocording station, tho |
propor gato boing sclocted by tho prosonce or absonco of ¢ ®"ono® in tho
units plcco ?f that word, At tho ond of this oporation, tho original wiro
wi11 havo beon orasod (unloss thoro is some rocson for presorving tho ine
formaticn in its original ordor for other work), Further binary, sortings
aro now rcquircd (on succcssive digit poaitiung). cnd two "clcar® wires

must bo aveilcble. This could bo crrangod dy transforriag all tho odd

CONFIDENTIAL
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aunbers to tho owen wire, or vice versa, but sueh trunsfor is wastcful of
tioc and con de aveided by providing four menetic wires instoud of throo,
It will thoroforc be wussumod that four wiros aro usod,

Tho socond bincry corting procoss can then bo bogun by roading
fror. the wirc heving odd numosrs, and discriminc.ting.on the socond rathor
then tho uwaits digit te det. rminc which of tho two freoc tipes will rocoive
Gtoh worde | ATEF a1l of tho 034 Masbsrs hews boon 01aasifiod. fn thIs-way,
the owa numbers cro likewisc classiricd by thcir scocond digits. Thoy aro
rocordci on the swme twe wirc.a. but sinco thoy follow the odd nu.mb'urs. 'tho
result of tho first scrving has not bcoa lost. At tho ond of this sorting
process, thwre will czoin be two wires "clouar®, and sorting on fhc third

digit can be swrricd cut in c sinil.r minner, Yords consisting of N bincry

digits can therefore be arranged in monotonic scquonce by N binary sortings, .

and during cach such sorting those words aro transfcrred from onc wire to

cacthor 2t tho ratc of S000 or norc pulsus por sccand.

It is in op.raoticns cuch as that just doscribed thet the prictical
nccoss ity of being able to stirt tnd stop the wiro or topo is koonly folt,
Werc overy wire tc run centinuously (oxcopt for roverscl ot tho ond of occh

binary sort) thon oxzca bincry sort would result in doubling the loagth of

wire ncedcd to hold the deata, Te wasto wiro in this way 15- undos irzblo, but

.f oven greater importunce is the frct thut tho tino roquired for canploting
c.ch sort is proportionzl to the loength of wirc which his to be fod through,
whother thut wirce is blink or aoct. Furthormorc, in cases whcro tho origie
nzl duta occupied wn catire spocl of wiro, thon cven norce tismo would be
w.sted beesuso auny apovls of wire would have to bo handlod by the oporator
beforo the job wis {inish:d, Howovor, tho s'urvo devicos to bo discussed in

scction 4,6 ovorcomc such difficultios, Whichover wiro is not boing usod ot
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any moment is ot rest, and no blank sprccs weccure, Tho totel length of wire
occupicd by the data oftur ¥ dbinwry sortings is oqual to tho longth of wire
ceccupicd by the datn in its originul form. Ewch biatry sorting thoroforoe

tokos the swmc length of tine o5 any vther.

4,53 Sorting Spocd L

It is nuw pessible to mko soac romcrks con.{orning thc spued with
which sorting nay be duno by magnetic wiro methods cnd capero this with
card spoods. 4as = consorvativo ostinctc, take 5000 pulses por sccond for

tho rato ot which informw.tion is transforred by mognotic devices, cnd

essunc thnt this figurc already zllows for tho accolorction and docolerction

tincs, (Toao justificitiun for this is in Scetion 4.6) Furticr cssumc thet
a "full c.rd® coarrics 80 docinmcl digits, thit occh digit is oqu.imlcnt to
four bin.ry pulscs, cnd that t card sorting mechino will hendle oight cords
per sceond, Thus informiticon 1s passcd throggh & card sorter ot about 2500
l.nulscas PUr sccnd wWhew tho curds ore cowpletoly filled, Tho bdinury sorte
ing dovice using mignotic wire passos information’ at twice tais spood,
but four binry sortings irc mcessiry to oqu-l vnc docimul sorting. Honoco
in this cise the singlo-chinnol nigetic sortor is only half as fast o |
tho 80-chcnncl card scrt.r. '

This ecaparison is, howovar, bianscd in suveral woys. In the first
plcco, & 7ery oonservative figurs hus beon usced for tho mignotic doﬂ.oo.

—

whilo thc eard dovieo hus boon favored by assuming that tlic cards wore

; cconletoly fillod, If <he cards mro'only helf filled, ond tho nagnotic

.‘.M woro sperablo «t-10,000 pulses per scoend, then tho ncgnetic wire
sortor wculd be twico a8 fast o8 tho ccrd sortor., Furthor, this coupirison
hes noglocted tho foet thot the nognotic wiro devico is fully cutonatic in

oporc.‘.;ibn. whoroes tho volumo of data which can bo placed on onc spool of
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“urirc mi kit requirs 100,000 curds, co that cn operator would bo kopt busy
.' scvorzl hours attonding te the card aortc;r. Furthornoro, if sorting is to
bo carricd out cn more thon ono card column, or decimcl digit, a groct
deal morc card handling is nccossarye. This not only takos tiuo, but intro-
duces tho possibility of crror# on tho part of tho oporcltor. Pinally,
if tho reguired sorting is in foct binary rathor than docimel (as for
instancc, in corting out cll cards with zn X punch in a cortain column) an
additi-nal factor eof four favors the magnotic dovico, ‘
Taking into account tho considerutions of tho proceding paragreph,
it appears romsontble to stuto that there would be vory fow if cny corting . ,
oroblems which cculd be done 25 fast on the card mochino a3 on the magnotic -
wire devico. For cll sorting probloms invelving o largo volumo of data,
the card mochinc would probably bo slowsr hecause of tiac time lost in
P conuzl manipulctions, and would cort:iinly bc slowor whon tho cards were not
filled or aocarly fillod, or whon binary or non-docimzl sorting was sufficient,
Although in most ccsos censiderably loss than the total capacity
of o card 1s nooded to rocerd cll of tho information which {s to bo sortod
=5 a unit, problcuc do ariso in which the capocity of a single cord is
insufficient , If morc complicated ccding systoms are used to onablc more
informotion to bo, put on the same card, now sorting difficultios usually
ere introduced, On tho other hand, if two cards aro used instead of onec
to obtcin tho ncoded capccity, tho sorting and handling problom is doubled,
‘In corrl;rast to this,” no compliciutions or now procodurcs arc introducod in
the mugnotic wire sorting mothod by longthoning tho informction groups.
The only rcesult of heving larger "units® of information to sart is to
lengthen tho sorting time in proportion. Thus cxsos may occur for which

* the carrying of 6lightly moro information through tho soartor will doublo
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tho eard sorting tiwe but hardly affuct tho wiro scrting time,
4.5.4 Systointic Sorting .

In tho previcus scctions, the natorial t> be sorted was assunod
to be in rondom erdor. Sorting machines cro offten usad for processing
systenatic dota., A simplo oxcaple would bo th;a transposition of a non-
synnotrical mctrix. A mors complicutod oxample occurs in tho numorical
sclution of partiacl differential equetions with throe indepondont voricbloSme=
sy, two cpacc variablos and onc time varizble, Tho cnlcul:.ti.ons for tho
zosh-peint (x,y,t +At) denand informaticn concorning not only tho pro-
visus results for point (x,y,t) but also tho spatial noighbors of thi'q.
such s (x +_'\.x. y +4y. t) and (x =AX, ¥ =AYy, t), otd. If tho intornal
mcnory capasity of the computing machine is not large on.ugh to rotain all
such prior d=tz for aany mesh-pointc, then the oxtornal magnetic wiro mono=-
ry oust storc this infornction., The wverious quantitios waich aro nocdod
for ccleulating tho solution =t (x,y, t +At) will originally havo b;dn
rccorded on quiteo difforont purts -of tho wiro, but in somo systomc._tio wCYe
A systomatic roarrangonmont, or sorting, may bo desirucble in ordor to
assomble the quuntitics nooded for the noxt stop, Howovor, it will usuully
bo found that with proper usc of four inputeoutput dcvico;s. th.oro will be
no need to roarrange tho natorial on tho wires, But if, for any rocson,
such rearrcngenent must bo doac, it can be dono moro quickly and cutomtte
ically using wirc than using cards,
4,5.5 Collating

Tho dovicc doscribed in Scction 4.5.2 nc a binary sorter ccn
function clso as « Liniry collutor. Ono output wiro can rocord inforiation
which has boun sclucted from onc or tho other of two input wiros according

to uny dosired plen., A systouuntic conlletion might roquire that N words bo
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tokon from one input, the M from tho othor, thon N from the first, and so
forti. Thorc is obviously nv difficulty in doing this., Ofton, howovor,

a ronotonic collativn is noeded. In this caso, occh input topo contuins
3xta in momotanic scqunce, and it is dosircd to *mosh® those te form a
sizsle mupstuaic Fogueavu iz e cutpule  Fel growp of werds o v tfeade
forrcd &s a unit c.ntzins a "key word® according to which the wvarious unics
are ordervd. Tho Colittor must coopero the kecy words from tho two inputs
=nd dotorninc which of the two units of input dcta is to bo rocorded noxt
cn the output wire. A compuring circuit (soc Soction 7.6.6) is ablo, withe
in onec or twe =incr cycles, to dotormino which of two numbors is thc largor.

This timo is nogligiblo rolatiwe to thc timo roquirud for roading or rocorde

ing ono word cn a wiro.

Honco any sort of collcting, systomctic or uonotonic, can So
carricd cn ct tho spocd with which tho nagnotic wiro dovice can transfor
{afornstion, that is, st c rato of §,000 or pocsibly 10,000 pulscs por
sccond, Card ¢ llating nnchinos arc not neurly as rapid as curd sorting
p.ckincs, Lorocver, they cre birm‘y whilec sorting machince have as uany
=g t:irtcen pockets. In eauparing sorting spoods, four binury runs on the
negnetic wire device wore ncodcd to cccouplish what is donc with ono run
on the card machinos, but in couparing eolloting specds, onc run cn tho
wznctic wire devico uccouplishes oxactly the scmo thing as onc run on tho
cerd collator., It thcrcfore cppecrs that, tcking into cccount only tho
rto at which infuraction is transforrod, tho magnetic wire collator nust
bo ot loast five timos fastor than tho card colletor, If the cards cro ine
couplotoly filled, or if tho wiro douvico ccn bo dewsloped to work at aore

than 5000 pulsoes por sccoend, tho spood ratio night bocome ton or twonty,
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Tho Jdiscussion of sorting and collating specds ziven in tThe

vuirious subs.oticng of <5 it buen ccncerned with mugaotic wire devices
to handlo volumes of data which far excecd the highespcod memory capuclity
of' the ZDVAC itsolf. It should bo omphusized ugain thut, when the datc to
bo sortod or collutod cxist catiruly withia this high-spcud momory, thon

cuch highor rutes zro ootaiacblo,

4,6 SERVO CONTROL FOR waGNZTIC RECORD IiG
The nced for ropidly starting =nd stopping magnotic wiro or.
tape was brought cut in Scstion 4.5.2. Although doviccs for doing this

n-wc not so far been dovelopod, siacc cammercial sound rocording doos not

rcquire this, sorvo motors .ro new obtaincblo with suituble porformanco

chorocteristics for this purposc. It is oxpoctod that a snall motor,

with high torquo-incrtiz retio, will bo used to drive thet part of tho wire
which is pessing tircugh tho rocording, rcading, and orcsing positions,
Othcr servo notxs, which nood not have as ropid rospense, eon then drive
the spocls in such a woy o8 €O ceintain epproximatcly the dosirable anount

of 9sl-ck®, It is ostinctod taat -the timo required to bring tho wirc from

zcro> spood to rocerding spood might be one or twe 11illisoconds or oven

lcsse
4,7 TYPZ RITIRAS

suxiliary deviecs nust be provided for preporing tho na n.tic
rocords shich :re to oporatc the EDVAC, =nd for cutomctically printing

or typing thc :utput dute which the ZDV.AC rocords on magnetic wize oF topee

iutenmatic tynowrit.rs arz now comicrciclly obtcinable which will scriclly

tyre 12 to 18 charactirs por sccond ond theso could Le ~dantcd 80 as to

rord Pron ma:nvtic wircs or tapes, lighor typing rotes oro now obtained

by cultiple cguipront, &3 in thc jong printing busincss machine tibulators

o
which, workia; frow enrds, print 80 to 100 choructers s iuult:ncously, and

CONEIDENTIAL
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6.3 THE ORDZR CODE

At this point, the general scheme now contemplated for the order
code will be outlined, As a practical matter, questions concornin.g what
should be included, and what should not be included, in the system of orders
deponds upon how many long tanks and how many short tanks are available,
what time durations are expected for various operations, and the- importance
of those wvurious operations in calculating. The docision as to how many
pulsos mako up ono woard also has a direct effect on the order codoe, by
liniting tho information which may bo put within one order.

Pulso codos for ordors will be taken up in Section 7,3 in cone
Junction with cortain specific suggostions as to switching and control
mothods., Tho typo of ordors which arc considored dosirable, and uhich‘auch
pulso codes ought to bo capablc of reprosenting, ere given in tho list :
bolow, This plan for orders is ossontially that which vc;n Noumann has pro-
posod aftor trying out various coding methods on typical probloms, His ‘
notation, and an equivalont ono which usos only ordinary typowritor symbols
(in accordance with Soction 6.0) aro ziven in parallol columns,
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Xaz/r
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Codo Synmbols
(von Neumann) (Sugzosted)

z
x
t

u

ztxn

xtzn

xlvxz

tzn

qtx
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Meaning

Denotes a long tank

Deaotos a short tank

Transfor to

To be replaced by

Transfor r consocutive numbors in tonk 2z
into the tonks X, x“‘l' X+2, evey X+r=1,

If this oxhausts tank z thon move on to
tank z + 1

Transfor r consocutivo numbors storod in
short tanks X, X+l, ees, X+r=1l, into tho
tank z and if nccossary into tank z+l.

Conncect control to long tenk 2
Connoct control to short tanks X,

Sond tho nuﬁbcra in short tanks X, and x, to
tho computor and porform the oporation w
(soc bclow).

Transfor the "noxt® r words into short tank
Xo X+l ceey X + r=l,

Tronsfor the noxt r quantitios into tank z.
Disposc of thc computor rosult to short tonk X

Tho oporations donoted by w aro

Additicn ,
Subtrection 1 ousm e

g u{-:-..,:l-‘}.;:‘-.:Jlr’i"m‘r,a MTHAL
lultiplication TRIUETY A

Divicion

Comparo (doturmino which of two numbers is
largor, and ncko some cholce of ordors to
bo carricd out, dopending on tho outcono)

Squarc root (possibly this oporation will not
bo includod in tho fundcmontal ono above, but
will bo 2 subroutino storod in tho momory)



Claiiscwitab—
Von Nourcan has spocified thot somo order synbols bo capablo of
nodificesion by dcluting n given part of tho ordoer cnd insorting samothing
olso in plaics of this purt. This sllows for .the subatitution roforrod to
in Scotion 2.S.4, su that function tcblos nay bu usod, subr.utinos called
in, otz.
Scvorul nccessery symbols are nissing from 't.ho adovc list: thoso
ers concorned with ordcrin: the input cad wutput doviccs to opurato. -
Frou oxanipstion of the cheve 1ist in conncction with particular
pulsc c=d¢ possibvilitios, it zppocrs that the designotion of an o;;orn.t:lon
(cxzlusivu of dssignating x wad z nunbers) will roquiro soloction. frm
—orc then 16 but 1:55 thon 32 possibilitios. Thus only S pulsos would %o

nocccssary to mako such o soloctione

PART 7 TE{TATIVE PL4NS FOR THE EDVAC 7o
7.0 NULBER AND ARRANGELENT OF COAFOWELTS

A tontztivo plan for tho EDVAC is illustratcd in fig. 3. 48
roprosented on this drawing tho machino consists of the units listod in
Tablo 3. )

Anothor possiblo arrcngoment is Fig. 4, the mtorosting'foc.turo
of which is the fuct that cll tho units cro on torninals of the switchaes
which choosc thc ncuory tanks. In contrast to thesc plans tho machine '
could consist of 64 leng tunks, 32 short tanks, and tho-vzriot.zs othor

- units =11 connoctod to a trunk systom and the nccossury isolution provided

by o nunbor of gate tubos. ;
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