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ke Definitiods .

- - b 4 .
Lok The conaiderations which fullow deal with the structura

of a ‘JE‘:‘_’_.;' high 5_,-;-3&5;.' ut.nmat.in diﬁgal c.v:'npdt.'i.rlﬁ syqt.ern' end in particun-

" ! A i

lar with its legical con'brcl. Eefcrre .-o_rg Hnta upetific details, scoa

EENeTal exXplanaiory Temarks ragar&ing the;s& concepts may bo a.m-.-rnpr';a.te.
¥ LY 4 Y r # I’
1 2 Ani aumma.tir: com ;ut.ir'ﬁ, E.rsLer lg a (a=udlly nighly com=

i -

pesite He‘flct, IHL.Gh na.r: currJ out _'i.n_mt.ruc.t.lnnz ko ]:erLu: o L-EI.],.E‘.‘..IJ.EI.t.ll:lnﬁ

'Jf i tunsiqerabke u*'iez ::-f E\'JmFlLI'l'tY = g.g. Lo sulye 8 non- lmﬂar par=
us_L :Li'l'erent:l.a.. Equnt.mn 1n' 2 or 3 1nﬂeperndent T-H‘J.ab;’:?-ﬁ numericaliy.

1 The inat.ruﬂ:,i.am which govern 1!1i.<' operaticn mist be

+ SreeE i 4 AL [ ! { ) - )
flwen tothe device inabsclutely exbauvgtive detail, They inelude all
numerical infnrmtion’whi.ch iE faquired to solve the problem under con-—

sideraticon: Initial and bou:me.u':,r vsl.aes cf ’rhe. -jsflawd.ent variables;
valusgs of fixed parameters [corstmta], tabl» g -'-I." Bl =0 (5 & Jra';'-f'l."-"'$ which
Loy in the staltement of t.h13 praoblem, .me instructions must be given
irn aome Form which the device c.:.m aqnar_-;l E:mnh..-_--: ilnt-u ﬂ-."_.-'.'lt::."_'i of punch-
cards ar on .1.5.].1:-'_;,-1:-3 tape, ma,gneti-t.:a.lly imprassed ;:-.n gtaal bape or Rirs,
pactog raph:.ce.ll impressed on 'mnti-nn. picturs Film, wired into ope or mors,
fixed ap -:x:hang::nble -:-].ugbuards - t.h"ﬁ list being by no meins necaSsir=
ily complete, ALl these prns:u.dnres pequirs the use of some codis, Lo
express the logical and the alpebraical -ie:t‘inill.i-c.:.n D-f the problem undsr

consideration, 88 well a8 the necessary aumerical material (ef, abavel,

Onee these ins¥ructions dry given to the device, It must

be able bo garcy them olb completely and without any pesd for further
intelligent human intervention. At the ond of the required operations

the gevice must record the resylts spain in ong of the [orme roforred 40



above. [He resuits ard numerical dats) they aran specifldd pirt of Lhe
numericsl material produced by the devies ;n the progess off' sanrsting (oul
the dnstrustions pPefurred to abovs,

i.4 It Ts-workh noting, howevir) that fhe dovice wild dn
ganersl producs gassphislly mors mumeriesl faterisl {in order fo rouch
tha results) than the (final) resuits aenticneds Thus only & Frection
gf its numﬂrichi cutpub =111 have Lo be vecorded as indiested In Lotk
:‘.ﬂ.mj.nfi-.r witl andy cirtulate fn Ghs Intepior ol thy devige, apd movs
bu recernded for hunns sensing. This poiat will r&:e;va pleser sonsider=

ution sdbavquenkly, intperticular in

ﬁ. Tha temerks of d.2 on the desired adtomstic functiondng
of thu device must; of course; assume thet it funetions lawltlessly,
MalTunctioning of any dovics has; however; always o finite prebabalicy —
and for = Beuplivated-device and o long sequence nf operations &L may
not Be possible Lo Hesp this probebility necligiblo. Any errfor may
vitiats the entir. outiput 'of the fevice, For the recognition cnd cor-

rectiog of sieh el Punctlons intelXrent, humah fnlervantion will 3n

‘goneril ‘BE nofESEATH.

However S f may bepossible L0 Brold-wven: Lhese phono—
Mmanis e Boieaxtonts The dﬁv}cg miy recopniee the nest froquent mal-
fupeticns automabizal by impthicate Ehedir prizénes ond Tecation Inr sxter-
nally visible =ignn, and then stop, Under oertain condttions it slght

gven eafry oub yhs negessary torruetion sutomitdgslly Snd conptinaed.

Pt B

Ling= -



“requiTes closs seruting, - E¥en bho abowre list of oparations: 4, -, %, &
. S

P 2,0 Uain shbdit—g,j.an BF the system /4 i

i I.n analy zing the funstioning of t.he c:.nt.empl,a,t:,d, ueu-ie,,,
certain cL-sa:LI;Lc:t.ur;r diatinctiens sugeest La‘]cm;stl‘l.’._x frmediately.
2.2 .Flr_at.: Sined theidavice 18 _;-r:.;.'i!'i!.y 5 eomputor, 4
Wwill Have to plirful;ml‘the_ element nry cperationg af arlt&nctics mneat fra=
qﬁently. Thers: &0 l;'n-_id;;’Ltic:n, gublraction, :::ultip.l..lcat-i.cmwm'hd division:
o Xy . It is therefors re:lsmabl-:r that it sheould u:&r!i_:.ain 5;'43-::.1511—.
izad orEans for Just thesg aperationg.
It must be ahgcmd, hewewer, thet while this princig:;l_i:
a5 much is p_rnbn.hl;r sound, the gpeciiic wny in which Lyg-dsideilizad
5 )
is J.:!Dt. b-n:.r-'nd« doubt. Tt miy be cxpended to inelude sueh operaticn &g, (7o
E'H, sgn, 1ol alse —Jlog E'1‘c>g,. In, sin -and thedr iwverses; =ic.  One
mizht also eoasider xt.,strmmn-g Aty Big. omitiing = cand even-X. fpe
might' sisg Rensider more clastie ?.rran.g_r_-mmfs.l Flor some uperations rad-
ieally diff’&"?ﬁi progodursE dre oonceivabie, -:.Ig. LSknge ‘i.".l¢i:é5$i‘|.fe ap-
prizimation méthods or funeticn tabl 5. Thesk mattors will Be gone dntc
in ’ 1 « At Eny ratc algentral arith-
metical part of the gewice will pmﬂ-nbly have to exist, and this c-ill.'_l__ti'—

tutes the [irst speoifie purt: Ci.

=42.3 ~ Sscomds The kegicel control ofithe devies, that is the s
’ . O o
propar geguencing oft ite cperiiions can be most fliciently carried OutL,

by 2 centrals ué:.ﬁt,h;_'-_ nrém. If thotdevies ig-td bo slasticy thit de ag,
riarly as pbssible 211 purpose, then s distinctien must be tade botween!

the sp;a.e:t.l'.'!.c instructdshatgiven for and defining = porticular problam,

and the goneral conbrel-opsana’mbiich sse to it t]'u.t. tﬂﬂ:}c ingtructibos —

w ]
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e o i
g . Tiomatter what they ax;é,q— arg garried out, The [ormey mist te stored
-2 ﬁ:Ln Bons way — 4R existing devices this s doneas igdiested in 1.2 -

the latter ars reproccnbed by delinite operating paris of the devipe,

Bythe tentral contrsl e mean thiz latter function ooly, Aad the orgins

.'4.]1,‘_1:]'1. perl_.'?rm it form the second specifls past: Ch,

ﬁ Third: .l.,n;y devico which is to carry gubt lone and eqan—
pliceted ssguences of a‘;e;'zr_ir.\ns (specifically of l:'nlw-i abipns) mast
Rawe-a considershid mamory. At lesst tae: Cour following phases of ite
operation reguice 4 EEmory:

9 {&). Even in the precess of caprying gits n el s B B
tioh or o division; o ssriss of Imtermcaizte (partlal] results misl ba
t s romemberad, This applies to a lessor axtent owen to odditions =nd sub—

Ernetdons fwhon & fared distt may bove Lo be ecapriled ower sevorzl posi-
1 .

E
Ve titns), aud to s greater cxtent to Wiy 2, 1t Eheagl operatd ons - ArE

= . ) yanted, (G, - .
"&'--‘&f : ¥ | ta (Y "The imatr@etidns which paveril n cenpligsted probe

«. RenL Ay ﬂanﬁtit.yta* cenEiderabls materisl, partieulaciy aw, il the spde
] i1 ig c;rcm‘hmni_ﬂ_-(ﬂhmh Woisodn aost Brr--.ng_en:.-_-nts}. This matorisl must

3 be ra-m.emhr.-rﬂ.d'. :

) ! A el ! In-aany problems: apecifie functlons play on eSS
-;?‘.{'“‘ tish rele. They sre _usu-:ny: given in fera of ® tabla,  Indesd in Bome
o o crfas thisg A5 tha Ja;IEJ_u which Lhey are J;'i*::.-:*;_ by eXpariencd (e tha
ey
;_’L _ ' sauation of stabe of 2 subsbsnce in winy Sydicdyndmics]l problugs), In
f"—"i“ athur cases they msy be Eﬂ'm by afislyticel oxpressions, bub it may
¢ nuweﬂh&teaa be ain[:'ue'rfmﬂ"i!uickﬂ to obtaln thelr values from a Llxod

o8 tahulation, than to E_a{npur.:: fkam snew [an the brsis of the apelyticnl
i, ' -d- '
: .;:-c-.. ;



definiticn) whenever as valte ia required.. It is ususily canvenient te
hava tables of a moderate pumbsr of entries only (L00=200) and to use
ipterpolaticon, Linear and even suadeapic interpolation will nob. be
sufficiznt An most cESes,; So it 35 best to sount on-a standard of cotie
e bigvadratic (om oven Wigher ovder) Interpalation, ofs

Some of the functicns mentiened in the dourse of 2.2
ey to pEndied #n this wais ll",'_,;, .‘215, In, sinanpd their inverses,
posgiply alsa _\,-" s = Even the riciprosal ‘might be treatad in this
manner, thopsby rodusdps. = to X,

{d} For partial differeniial eguaticns the initdal con-
ditiens and the boundary conditions maz -:-Jnsti.':..ui.e an extensive numeriesl
gaterial, witich n!i'u:t.- b pemuegibargd throdghout a gleon problem, |

fe) For partial differential equEtiong of ths hyperbolic
;}r-pa.mhn]iﬁ‘t:;pu, integrsted along & variable £, the (intzemediats) ra-
sults belonging to the cycle L mast be remenbersd for the caleniation of
1I'.-3\:::.?{‘LP. £ db. Thi= materlal s mash of the t¥pe (d), except that it
is notoput dnta the dsvies by human operaters; but proouced (and probatbly
subsequenttiy again reoovod and roplaced 'b;;.‘[.hu carresponding data For
to+ db) by bhidodevige ItEell dn he courst ofits antomatic oprrat bonl

{r) Eor ickal differential equations (@), (e} apply
too, bat they roguire saaller memcry capacitics: F_ur:.h-:r mempry require—
ments 2f the type (d) are reguired in problems which depond on given
constants, Tixed peroperers;ater.

(g} Protclems which zre solvcd by sugcossive approxiina—
ticks (gl part el A fementlal squstisne of b cIliptic t.‘_ﬂ‘:lr.-, freatad

by relaxation petiicds) . raguire 8 memosryoof the Lype {o0): The (intermodiabu)



results of edch Approxametion must 'he-.;"'e.umﬁ'mbf_-rei, while those ol the next
dnpe ure veing computed. "

(b} Sorting problems and-certain statistdcal experi-
m‘.-n‘t.ﬂ-- (for which a vory high speed devies cffers an interesting upp::ﬂl.ﬁ:_‘-
ity) reguire s memory for the materizl which iz being treated.

2.5  To'sum up the third remsrk: TEe device requires s con-
sidorabnle :!:'m:i"‘&'.f White it appearved, that varidhizs parte of this momory
hava to perform functicns which differ somewhst in their natupe and cén-
sidersbly in their purpces, it is:nevertheless teapting tc trest the
entire memory as one =urgﬁn. and to haye {thports ewen®as 1nt-:.rcl"iang-.-ab1e
28 possible fm: Lhe various Tunstions cnume_ruted aboves This point will

be gonsidered in detadl ef. o

.
At any rate the total memery :eonstitutes the third specifie

nart of the dewvice; K.

.9 Thethres specific parts A, G0 together Cand U corra-
epond to the sssociative neurcns in the human nervous a:.rateml+ It pomairns.
te discuss the eguivalents ol the sensory or afferent and thﬂ-m ar’
::ffrll‘:lnt neurons. These are the input and the oubpul opgens of the de-
vice, and we shall now eonsider them LGri :';i'-l'}r. .

in cther words: ‘A1l trapsfers of numerical {or other)
informaition between ;M.pansiﬂ'it'ﬁ' M of the deviee must be effected by
the adehanisms sontainsgd ln t;!l'ﬁﬂ purts,..-" Thepe remaine, however, the
nanessit‘.y of potting the Qrigu!‘&l :idf.irli.‘tary informatien From utaide
inte the device, and z_lg.;u of getting the final informaticon, the rasults,
from the device into-the sutside.

By tha cutside we mezn medie of the typs described in®

o \I



































































































































































































































































































