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'T*hiLs ?apeir was prepared wJhile vnder contr'qct to the Logistic. Ta raneh, OZ~ms , of
Ngavel 'sanc#roh. The nbje-rt of tho paper is to point ouý from a regeerch Ter-
IsWlte ftofth mo e iportant relationships that aff'-ct machine parameteri%
for data v-oc~esing an~d for Mcc i ton-maki.ng comrplitaLtSono,. '1ort-ain desirable
=chine- ft'ituroci for d-nta proccooring ar'pr,3sentrpd.



In a previous papcr [11, the preiminary i*s.nof nn nutrmiatjn, dMA Nedl

* syutrnn for & produe-tion conrtrol npnient].on wag presnntoid in block dtniramo form.

* The systec, was the rcault of A uic.till 'C rcs'.ireh -tu'i; it a 3 inrf rnmifi-t-trine

plant-4 Thtn nflA-i mr n qki i~tomntir s¼'nwps' 1 orhjit rests ¶ar-tVly or, the

fact that thor,ý are to rirmy initv A ivit'iin tho vltodluottn nl"Aflt -t one

tieme that no on,.: m.e.n car. ccapr-hend W!1t9- ordolrs 'ir', on sehorulp, 1-),himinL1 eOxulro.

~AM Ahot4 of schediile. Pros-nt, day ori'tqnrob-l5Stcmm lsiaý,ny ilocontral-

is. the- problem;l whijm- A qoirkahle nvstr-in riinvltr, 4-)-' ie Is -n -vh(Irnt losst in

eftioii~ncy. It is Wilioved thPAt thr, use) of 0 .t-.-ni r drta, processing esirtý;nn
W11.1 heoip to cin-tr-Tiw tKr produotion ertu.1ct'nr~p4 at the Snne tifme

Aelhitvo a grecater >offlri may.

If there is -line unit in the propraaul Aloctronl~c "ystem thait Stt.Ands not ifl

impo*tiuneo. it is the Electronic DAta P-mr1Iitn.j ?4ohima ("11MF). ft ii tids rnvhinc

*similar in desig n to unsednt day mlsetrotic dý Aital omnrput, !rs, th'it imust tA'¼i over

the mnjority of routine ltat preecrsfiurý opration'. 1`A+. !Ir. bolnu I1oný by (.larke-

in ytosent day systemm. Another unit, tie rmotý(ronic Seh.-dIrfllr, Aric.a

*plays io. most important. role in 1h, m :r...t!", biy providing infor.ms linn thait is in-

*practical1 to obtAin under tod~iy' a rinthodlr, 1-ut. thist ort t di -rovnds Ccr 1 t- orer&-

tion ttpon pr,ývions dAtmL proesi)ý3nj! by thle ET¶M. it Is filt, tber-'forr. that tine

SD-3 iv the basi'c -maddunc around whiih thc sys t em will bfe built 'i9 Its thr unit

that irs irvo, tinitial dit- 1DO consideration.

in -ozp-lsitnry rnccolwnt nf th*p;;n prodiuction co-ntrol system was (H.irm in
E11. Frcr "is'd account. tho ina~or functions t':Pt thr WDIM wo'ild 1_1 ,Ynectc.6 to

rerforr. hanve bcai_- nýtrnct~ed and arfe litn+. 4 r '4i . The, 11 fNrcttons are

CLISSMIfio in two ways: bY tin type vf nrirthm.:tic n. locrIe-l iparat 4 rn which
the m'ichixc nu!at makeý. ain by av. cYs~it .)faI acc~esS V rn ;mns1:'-v. Ae!cuss Vt meof-ry

uas in 'in. trok'ri down into two clas~sec. 'ir~qnf-.1Atal (oýr g-stiuatic) ,nd rm'dcnm.

hobs:of tilt' 1.i~t~kAOi s of the, menlrli tic tnroc. unit'o. tIi-' Ar rosers of '-till,

infonosnti n steragn, It will be s..er, t'r.,t tb.h. l' of opurnitl4m 4n Lv~rr

rst t.1:r:tons it' tr~in ave ter i s tUt.. -- 1A ir, ,np-f'.'ryti. wit t ii u.tr t ',31 acc r'Ss toj
r.s..rv. vLth (J if th 18 functions, looting with r-nndcwt 4e~ o "irmry a!enviltr

for ; n'ý f-ire 9i)s. t~tt.t the o .ti 'sg Cure(-tin c~v, h(t cxpcrýt& tc Px-rt -i

;c r. ifluwrics ir - :1)ic- -f fl. chr-u~rc r ThIii :r'r±.'bo.n

A e-)ml-iti -n,';yn!, c cf e-i r r cirimtrr nrt frr 31, In foci'nrti i. b';
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som~e of the more impo-tant rr-litionshi ps thst Affrict mschine parr~initer.q. Prw1 t-n

U.cis piu4 only oni fiin-tion vil 11 c chosn.- for analyst s. However, th.) :;on j'ithofi

of attack could be us-id in Annlyzi.nF, thn r-m~injinq fut'ct 4 enn. 'Tii ffunotier o

is "Pontirig Requi-nentg." Am C~n br. "cor ýrm Table t, this funeti on mrupsomets

the !e-#gft- c~mth -f 'Sqn1Po~ tin~l' 1-'rat4-n,3. A! so, it ho'i t--enol

tional tr-insfers tyy thp mRchin.oi.ý 'lo~ tnig'r untt r-nird:.. inrl cr',r~r-I a 1iorr-er

vol~ivie of Idaly of~irations than th.. rtth-.r v~mting f~urnt .onn.

'While tVila poax'r ha.5 bo'..n wrliiteni with both pet ntmtal us-rs Pkod prnc'ucarb of

Uh.is equipm~ent in~ mirdda smanll 1knnw1kdpr of ettctrnnic o-cmut;orm h-s "ecn isssriaid

1PV exampln, such Utcrq an "noiman." "threec m'i~r-:s." and "cextru-t", h'Ave not.
been dogoribod eor cktnmincu Wthcy ev widrolv used in thp vncshulptry of' ic

tronio compiut'-rs. Po.-Oers iot f~miliaj WdAI thie voet'ulnrly ar-o rni'errr-i to r21.l

Th!.a next section of this pap--r will do-1 withi 9yst.*'sm rnnsi'Jrrktdionm that

affuct the WAMO; th.st is, what. type- of data hai~dlirg bas bern prorvon Ad, asod-msi

for thr. ;hoices. Folliwing thi:: 'dii Tho - nicf~on ci4ivitnd to A '1sctusson of som

desireble featurcŽs, from n dnt-i pro-cimstiiL nolnt )f' ri,-w. and t.Wn a sjet-inn deotl-

ing with n fcw considurations of' ormpitig rcou~r--mnts for thc. 771M. Th" TA.,t

section in coneorn.od with mome exp~ortd futur-! impr-oiort in el-,ctronA c dat-i

handlinog tcc'hniquovi.

11, .5ystt Consi.4diratinr

At tht plant mfurtiid. ord(,ris Por. a' r,-eved nach daý fr-irn vimt'ffo'2r5q fr finmi

as:aunhlies and. np~rp portf- mrido by the plant. ThŽ nroduiction Is )' the lob I-h

varityihd iz, i-1--: t-, custrmer orri-r, r~thorr 4h'.n t-, irvrentorv (As in th;)

msanuiaoture of stovf-.s TV4 PotRn. and R, -ml, A Thirpr van oFt-" ~if pryrnAtq 1i

possiblu sod Unly thos, Aar proiucod !cr w'rch ci 1'o'nnr )rlors ar! recev--d--An'

for tho qutritity spocifbid by the et'.a", .Pro. Thun wh,.r ar. --rr is rpco1 ved

for n final. assombly, fh3 Parts list (T-Itu of !Mint-rinl) "or tho-t .asm'74bly miust ho

"ex'aln'kd1' to dcterlain, whit c'1i¶T)nrnt pitrt; 'ir'- noado, whna thev ir-o nieved, ,jrj

in what qusntity. A scparstc iv'o.rd is niint~aincel far -1ll emcponant, p-arts nrul the(

tirv raqinirfrlor'ts ar". posted to those- rr'e'1 d-i P-k(1 dlv. 'ft is tkies )Tp',rc ¶ionnW

In tUri nroposocid myntuis. niescrilI in 1"l1. th, pornrn tl,'.t tl~- ve 1.f-j4 ~ld
f,L.Lw -n ix--tin- flhe -,ntrie:; maisht hn-t

ak) Pvmrid on- pirnched card iri''ý 'ohl:. ln the qusn.,tityz-1 Ant, lof -r-

-'atio)n fenr ,ne c'iotbrsur f~r -' -)ne r rip-nont paýrt. nunel>;'r. A'1lni nr



the card wold be the jprt number and -ape address number.

b) Search mapwtic tape for the airess indicated. Yhen found, read whole

rooord for this ýar4 , number into the manchine. Thig record consnint of

IthA total rqauirents ti. k,t÷.h Co. this pert. for lk nxnbmr of months

into the. future.

A AAA (or subtract, in cagm of cancllation5) the new quaititiesa from the

eerd to the old quantlites frtt% the tape. Machir imust cheek to see

that the entvies are made to th.- preVpr months.

d) Wh6n all entries have been mdeda record the new data on the wT.Rgnetic

tape in place of the old.

e) Rs&d the next card into the maalrino.

Ki Continen until all cards hawe k,-• ix-eOd a-,-' po .

It will be roticed that this operatton is similar tno that of filing--inaertin

.'few roeecds into the apWoprlate plces in a larger sAt of records, It W'w. ic,

tras a Co omWinine oporst on. such as payroll, where the two sets of records are

Z the uae 9s±a and one set is transcribed onto the other-~sueh ar. ntring the

Uwer of hows worked int- each employeo:e account. Also, it differs from an

""*mlysisa operation wthere a Xarge met of records is conden•ed inV- a few reports,

'optaet. parts of the 1-4V-e have been omitted fur the make of simpli eityl

fu em~mle. thý m.ow;ýi must be iastructed as to un,.At to, do if an alror in pen.t

"•be is detect" what sosith to begin posting 'nd when to stop pbstinp.

Several important principlps Pre evidentt frcj VA#s simple Woqra

1) The machine is expeetad to procesa one unit r:,,eord at n time.

4 The length of th" wtit record depends on the iw"ber of months it the
tut%&e for utih it is d•e•_r to keep a rechrd. Nhich wouan vary irn

e t4%vy to ope and even tim,, to tim.e. It is *Ueax tVILt periodi•rally.

obsolete totals can ba dropped and nvw saorths added.

3) 'It is likely that the tape a•reses dealr'e will not be adjacent on the

memftic taper and that the tau- uzit vIIi Imv to searoh for tha "t'Im"

) MaJr readift a wit record from thc magnetic tope, the tape unit awt

hwve the W $ty to back up again to the heiinning of thn blnck ad Uteen
'-•4ir n- -rwr"l on too of tho old one when a- instructed. (An

44-.Ative •eth.od, i described later in the paper.)

It twoe t&VS vvdt-0 We used- wiith the pet ntuwbers divided between them
to rw . seoeas tbw, then pmovtion mlust be. m;de for mtarii. g data from

to tards within the sactae.



6) Rapidity of block location deti-7Ainei the operating mpoeO of th "yitem.

mo that thero nhould be a good balance lu epeed bewede. cumputinp, .eed

ext.•rrnal accoan timo.

7) The sial of the intern1 ,•eamry •.f the PMqM need not be large for this

wrt•.ti-. *inun the dtat eA, be jprocpeeed from an 4nput bafrer rca-lter

th tJhe Ritah.tle unit to an output buf.ýr 'rogistor; witho'it goine'int"'
the internal memory. Also. the s'ored program for this operAtion would

not use many internal memory peos. tins.

While almost Pny gion-rd purposa computer with magnetic tape units cAn be

progrUAed to per-form those oparaeions. none of t' existing or Announced mathema-

ticel machines appear to meot All of the rcquiremcnts well. .•ome of the limita-

¶t.os of present d•y mA*.hinos will be mcntioned from time to time in the paper.

The proram for potiting this card datA to magnetic tape would require about Lc
to 55O proprm steps, uahirg a threw' adoreso mar~hino. And depending upon t'no rikrticu-
la wderr Available in the machine. The wvZH proposed in wl A wAs maRnetic drtM.

uachines ftr economy anC other reasons which Will boeome Apparcnt. With such a

%"vines a 50 step progrm wnuld requiro from 1/2 t- l/h of A second, again depenr4 -

ing rpon the particular design of the machine (availability of quick socot.a bands,

f exmples, etc.). A good balAnce of speed toultl result if two tape unite were

used, searahing alternately, with average external sccnes time such tait the compu'

ing ••t is kopt buzy msat of the time. Thus tho average tUpe access time should

be in the order of 1/2 to 3/A of a second.

At first, this rapid access requirement on the tapo u-•_t e lo-ok likeP an i.nps-
ing obetacle to the system. Many prosent day tqpe units use tAvis about 100n feet

it will be soen that it takes About 20W seconds (or .'A minut.•m) for thhp. "r-n

be oarch•^d from one eor to the othor. If tIr sw'rching is rnnd&ii, on the averake

it can bo expected that only 1/2 this amount ol time uould bc necessary, or 1.64

minutes. Thias fi;-.;rn is a far cry from th, necaesar- 1/2 or 3/11 of a second.

!.';cr. the picture is not quite so dark as it first Anpear-F. Tn the compen-

studiod, it was estimated that postings to alout 100o pert numbers were requtred

Onh d"y, on th Rvarsee- ThAr. in n tntAl nr Ah ..t. '7M .....tAv .A.t mm -f

the pw:hed cards, rpre•senting the inrut informatjon (see rib p•o those aUe

hii or matoraeta carasn are sortod into ascernding pert number sequence, thmi the

posting operation As graotly spooded up. Under those conditions, thn tip unit

U8 V.•U,11 ViL I iIE oLocKS, on Tlic avrage. bdiore the neat pnrt number is

foird.
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To estiate searching tiae under these conditions the awP tap speed of

6(-A/c Is still aseuimd. ag well as 100 characters per inch of tape. 200 oharac-

ters per block of information (%wlt record), and 1/2 inch between blocks for start.

avid #top apace. Then, the time required to eeirch the average 7 1/2 blacks turns

out 1e be aymeimaately .300 aecnnds. To advance just one bluck would require

about .046 eondoe and to advanme 12 blocks would take about .hM6 seconds. Aaaw-

in am a rcuh appozdatin a Poisson (randomi) distribution of "he nmmber of

bl*. to be searched before the next part nmher is located, and an expected

volue of 7 V/2 blocks, about 95 poereent of thO postings can be made with & search

of 12 blocks or less. .. us, if the 1000 cards are sorted into part number se-

quengem and if there ib * remonabla diatribution of part nrubers. the tape acess

time should be in the right order of magnitude.

The nmeessity of midng this part number sort eoses the requirement upon ttv

*yzatcn W-L' yowhing the pertinent quantity and due date infarmation into each of thr

111 of Material cards before they are terted out of Bill of Material ordoi. One

sothed of handlis this is to hae a vester card with this infomation for each

asaembly ordered. The desk of component parts cards rupefenting a, assembly (i.e.

a Bill of Matorial •6s•t) is selected and fed through a gong punch. This punch

enter# the qusatities br duo dates in each of the ceponent parts cards with any

neoded extensioin left for the WN to perfora. The cards can then be sarted out

f DUll et Material order and into asendin sequence order, and still retain the

needed informeati

The roader may won-er why all of this punched cp.yrd data processine ts done,

*Am the sm@e oWereti-on can be perfci.ted b. the 'MW and tape units, Pnd without

ts :t.t t.f iWnn --- A- -• Ayv- The anmier is cost -rid tirme. A gars pmunch and

sarter together rent for about l.6d per minutz, bared on a hO hour week; on the

easo basis, tho ZOW ili t't•po wsits could bo expacted to riunt for about LO-5OW per

minte. A rough estimate of time Involved (based on present day co"astor design)

indicates that it might tVko the MHM a maximum of about hO minutes (expected

values 20 mine.) to make the sort of 1000 Items, while the punched card equip-

ment would take abovt 20 sainuten to do the samo j ob, due to thm high relative of-

ficierny of punched card oquiApsnt for the sorting operation.

Irrethor point to be mentioned is bht the tae accesss time is laryoly inde-

pendaent ni t*11 COMytIAIVA" OFOO.? ~ ~!,~ that tape a' *w'.v

do not stop cou'xt-tion, Thus it might be expacted that the wiry fast cemmiIAtre

would show littl or no incrraso in ovorall spced, )o-r the cloer oporatin" drkii

--- chinem. for this pArtlcowul.; operntion.



jhss te. been muke r(ii uiee in O~crdoni 4Omputor circles of late of the
odiu.~per, of *ra~nd= "eog~s awmarloo. Mai tom- a~poies to thoee dC wiC bmrA

*Aw volum of OWa tAatoied ia qvuiti large and aco*si m txist assoend&Ily iriepem~on1

of meos. Ot* subh dewies mUndr dIvzlozxnt is wep-3rted to havr a conbt-o-t at-
as Ume of abo~it 2 aoconft to hlT one of )r~A Piltonm unit recordso of M0 Oheioc-

towrs saak. The ys1e nf such a dwices for 1&rgv volwne 'Iste storage Isa evidenit.

42a desriWe ilk (11P if eiast ApjWO~riatV.
for %* "Posting #Wrxwcmnte" oatSrtiqn# howfv(.r# it apS*.-,rs tJut maeunoo

Uspe w&U2 aw' lava thy sAdvatage, as I'nnt as the rWntx ataess Psýmcrise have a
amesnt &avces time of over, I asocord. aven thot* the "sot deftired &dfte~s is

AWi~int tn tlw- iwct ewpo W*OS:C. jL ` Vsglerxtja nawCre ot the lates

eM tecause tbe a%)oet'o4 length of ast~rch is to uihort, the tape urvdta could pro

wid ur effiieint ovorall o~Watlon.

Showal a rand'w waccsa owmcy be used ink thit s iystw A t is 11 kq1y thAt the

vwV*u opuration would boo skipped entiro)lyj the punzhing of the requirwonts dAte

Into oards would be *1iUn.atods also. In this epkaac allowing 2 1/2 assondn per

postift and asseatne thsat the input of Bill of Mstr.%rial data is inciwudo in this

tWsov the SotiLrt posng tine. for 100W entrU-s would be About 1JO ninutes. this

'Ar abosxt +-*ea sU tmo requir*d by' the propeo..d esstow. ucing cards. Montv-vie~e.

It appearsa %at the cooet of this oper'ati-n wzAdor the pripcscd aystm would be

aboet ose-Mif of that of the ramd accessu nemory asy-itw.m
Ow~ ndditional cawd Itandling operptiAon, raquiring thn %s*' of a'~ I- .Orm

be iwed to speed no the poseting oporation if two tap3 unite ari% used. The part
04"i be divdo between thei two~ tAnhi w"- -n -

first soating run an the cards (le~ot si~n-fickrit fttit. of the part numbor). the

oft e&M even nbors, could be wpr~ and then tho sorting (-ntinned on OJn two

p1a.. i* pass througe, a Collatoi (requiring b to 5 mirmxt~s) would th~ merge

those bea piles alternateilr. so that alank tearohing on tho tore upits wrould pro-
ommo4 in an allternativ.% fsahioai. Wag twi empaetmd valtuc of saarchinM time of

.300 econdis (nentionud aboire) .5WX seecs for rw~stirg, eM .0A46 se'mir~s each

for reading uAd writin on tape. and .010 iscnrds to select +too tpe unit. trana-

for a block Wkireg& to the search rW.m+ioto etn,,. it onn be calaulAte that two
enftje$ esai IV, Do~lt in AhiW~* I.. '00Q I~u-~isinao

timtes.. Rostemt reading ths unched cards r itttsa, 6- ou 3&/ ewnseOk
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w~4jg ,roment-da7 readers, a me that it would be this operation that 63t.-vrimid.
thi istnimma tin. required for poaitixW.

fli. esirable Machine ileatures for Daot& R.P sIng

A v4suet~d lo~ionic design fojr this MKIV itself 'Lis Kc-yonn the scope of V-03a
paper, largely becauve the subject is ro e-ontrowritFmat this~ 1is.-ent. tinec. fo
oxmilpet mam-hir-Ps ina1 been~ Wqilt using Onn, two, three and fI)ur aUUTaf avtw

aind each clairs superioritir in Pme rc so-ctse. In ,ddJtV on, peoud-to and -four
address s-tirns have been proposodt i~lere the last adclrpss is used covialtsor.&aI7.,
in easy of an overflowl othl)riwise, tth noXt wis-iiHIA1 al ~b-~stq in memnory is uised.
as in convtntional oen- and throo- ad-tress system~i. Some m ~hines wwe the P-

irng mf sub-routiin s ealier. -Therft are Ptsny vsr'iatt.ona of the conditional trans-

fer nommand. inC~uding the comporisorn of absolu1la mar-nitudess, almebr'xio coesparison!

equality of twro numbers. a switch setting, and so on. All of thase varlati~ons
anter into Ume logic of Wes machine to sinch nn eztiont, -And are influunced by the

yartioular applicaetion.. that Ltha choice n! A "rieral purpose" logical distirn here/

Iloiever, there are smem mptchtni! fe-itt-s thiet ttmear to be qlit*. deisirable
f~or the application being descri bed in this paep,-r. These featurces car be '-1jsuit-

:Uad finto thc irean of sxt..i'ial cmemry, vrachin&, logic. input-oxitenut. and reW13.ab-
lity; feafturs under oach of these trees wi-ll be drseribond.

A. Uternal Memory

i. the data poooecaiuii opermtion udr~r discusrien. the mRAlor function of the
,iachirm ipt to locate A. block~ of irftwm.tton on lhý Ytgncatlc tn,op., ru;ýh U'j--

the machine. p7erforme t*'a neossrx-r cwput.ations. tnd ' rhe correcte-d r~jtr
back onto the tape. In desrigning P s'schiný to ipairform +!Am operat4 on, thrin. con--

mi.:--ble t~hought should lte given to mcthiodis to svced wD these sinplo., renotitive

st-eps. One PtreA of prims importance is that !4 Ccmuniurciticon between the 'D1'M

aedO +he tape3 units.
1) Humeber of taipe arits. in thUY3t~i descrxibod in rni, tt !:.P,~t icrrr

tave uniten appo.r to be raquirad. ?or ýý!il !F-ttem L-Ž:ranL-nn, t~h, ma-hin-e
-. Orld have the fanility of adlinrý nort: t4., uits. ~'or min ovn-. larg~er

A Simary pwunh r.ard rao.-Arst operating -it 140 c-trdr per ininu~e, ar" Alistm~ld.
Righer wixed phot~oolactric carl rýýAd-rr )f th, futu;r.2 mhould inateH 1,11y reduce
the reading4 timea.



inst-'2latioa, it ise Iticly thant over ton tape- 'irtt would boi neederi, although the

never rendics Access memories may provem sn~itble hnre,

2) Indepe-ndent act-r-hi two or more tape unites. Am hAs be-en remntlontAd, 11h

use of two .oot units in lrostirW hequiraweoa"s wouild reenta-illy !Fperad up this

operation. To one two tape ximits 'rffte,ýtlty reouir'ae that thiey 1-e ahtIq to search

indep-endently of whet else ii gr~inR on in the mAcbinsý--while A bick of intforina-

tSon is being procasand frow one tnap. for inskvnct the otirt tee', uni.t ij search-

ing for the next block to bei procorsn'l. It Is likely, In fret. thit the tare units

would at tines be searching simult~rneousilv.

Alro, it sheuV, be mention'd that the Ability of r ~lgfor two or miorn

satu of drtta simultaneously s!hould b2 consi ticred oven for tl-e newer rPMnm accass

mactories:. Tnereý wiii oa e..srs woerev teý ronsrant' ti~ n' AC Crid or twn

seconds Im too long for ifficient processings it only onp sot of' data Gart be

acquit: at one tiint. It in realized. henwev'Er. Vtit this rzquir:emnt 'nay grestly

add to the, orwcpleyrdty of the r-tndoie access memory system..

Itin to be expected that msnngnnent. will often rsli fa.r rev reto~rt-s, the

dat-a for which has not been filed systen~atiA'i'y -r. t1h: tspe; it is known thint the

infoncatiori is on thu tpee hNut ncý+ 'cravr ;trea th. tiv-ro it 'ipht, be. In. thi e

case. the mach-inc must aeetch for thi infeflieti en by 'ýthrr then thec block numb mr

on thu tApe. Indepeindent setarch b) two or rninru tar--, inits for tnfonmat 4 on stnirad-

within the bleck, ratther then- by block nldrase. impltea; th-) n-fad far c'it-i tape

unit to havi thu ability to extrawct words .from the blocks, cnmpare. with thv cohý

troil ntvr.bc-r in the au'rch r'vt.,tc~r, Anor brainch. doponc'ing unron the- o)utc-,om of this

e-omparison. So'ie will arguet tha1t th',se requir'c-Pents will grestly incrons,- the

CL:U. -AItO VArp.O Ji Vi IL '.flý Out).L 6-" 1 .~ "AtlJt t I.U-) jt fi .'i T

do the extrect * compare. ;lnd br-ncli ap!eriti nun, This h tre s bet"' t snerel citig

.... *.npW-i Iudi At Atlr-mn. of' coursa. Ph:ý chln en depa-nee en how fnrn t,015

* "analystis" type of opera4.ion (sf10 page Aý) must N2 p-rf,)y-3rme in tin pnrtlcu1Ar firm.

if reqmir-ed fra-quuntly . .!.!c lllp~ .-n -rch b- ;ev-irnl tons- ':. -.:in wtll be

*consiqd,-red. Also,if thu quantity of rec-'rdr t^ b-- anlyzed is l'r'. rc-robnr

b-y onn taipe unit at A tiire nay net ho f--nslblo.; tiin a piA Ira rican mnre- ztIronoly

to ran'4 ern acr%:ss %roiceric. To arn-lyzu -nc&-ha-lf m~iion f:ecordc. -t ? 112 re-Me-d-

osch. woflrl rsqpRil"2n abot. WO) houirs ot -'phi no oTwnfii for "nple.

3) 1uA".Tot3no mnac-in in m'ua-r, Ar.ethcr nonei or spedci-nv uip th,3e omunica-

tier. ir, to provide automaitic rýAid-n to ai buffeýr rl-i st<-r, once the desired unit

record hasq bra!.n foinid, TPhis fiat'ue me-anu i tic 'Irformati u-, will be Peveilabtl

to i-in machine At the high internnl er'wheýn Iin .- c'llad f-n-, bct pr~-b~lklv wl-l



zPv4uire a meparate buffer regirwe~ for each tape unit. (3mam of t~he faster jveaneý

4^y machims, use only one buffer for all tatpe unite. because of their higt pe

of Ppettlng wiay the daLs irto internal memory.) The ucual machine do-014n is 1.0

peovide only mne buffnrl th'. blockc *4areh "~rattor' aiiply locates the desired

ilAok andI 6cte not read tt. ?inallyý when the informsation is desirod, a "ape
r*&d' instxiiction must b.o given, whereupon the 'blockr is read into tlhe buffer.

ncxisa17 at & speed mat;.Aially slower than the Internal cooptirig apd -

machins

41) Input and ou'4pot to tape unit does not interfer, with oonpu+Li*. flbvi-
ously. roiading infory~ntion in to and out of o butffer shoul'5 not .nixirfae with the

compating opyrationi of thn macahine, because this is the type of ol-sration that
w.ill be most copmra, in 4.*tit procsessing. Xwisiv ;.j~ ~1ne-~dc uut or- r! th'i

cmpating regist~rs 511 M Miqth speed inrut-output baffer. Par ao'l the. quick

aceoom Iewop in -, agnatic. dxz maci'ne or tho multiplier-quotitint r~,3ti~itar in an
alectrostatic 4ub~ machine ha-;' bnen used ýnr thin purpose. vihilc such a desien

slthar part4IlyA or ccseplatoly ties up) eeoumtina during tho inriut-output opera-

tions this 'Amitas.Uon is not so rtringant on wet hontical machines wlere tke amom~

of ingut-vAtput to usuall.y man I oonpero, to the amolint of infornat 4 on beirg pre-

ceased wi thin the m~achinm, In the design of ti~a VW. hoveyvar, the volume of

iiut,-o~4itpu maiko iaxdep~idant buffers almost a noeaesity,

cj ) apei unit sIgnaa 'when *Wr.ratinn cocplet-od. After the ,ji
ree'd. has tmen lm-sqtotl on the tape. Pnd r-iad 4 n to the input heiCfer, the rW'9

ahwald bu notified thvAt the search has been comipleted on thnt ptio'UIar tave Un-ix,

and tho daiL& la &vei1,abl-i for use, This sign-41 wev~ld sa.1ar jtilbdt the ZD11M from

tr-f toOW-961 9.ý ail-AýA&

ýý- tr~r!f-ý +.. Ye hl~ffer.

'dhaim thc inatrvetio'is ar-e givn to record Vin a',difici requirmii~ data back

an to the tskpa. the t,%e. unit can 'A'bo Ix given the asddrefi of the naxt unit
moeord. It can then yproeui1d with the search as soon as the ranoring has taken

place.

6) Read aid wrttA on ttpn its subsequnt operations. Aks can be seen from the

-PE*Ut& Row"iriasanta" opor,!iion, thi 9..chloa reAds a unit reccr-1 Irm th t~o
;rcoass~s It# end thn re'sthe new utilt record ir place of ti& old one. Th
fact, it can bo visusliled eUAZ in esoe e-ases only a pa,-L .,- . r..,

be 'trocsssod: (aso in posting labor diatr'ibutior racorde an the 'thop urdor s
ta.ps) WAn it. would b- dr-sirah1,s to I.nsert it b~Ack into Its proper rlacs In the
unit rzinrd without rewritingv tho whmls ri~eorM. The vothotL 5f Uaps rnocil4'



should be menable to this t"p of operation. This featture 13 i nVior~d tacquss

nwe important pe"isent-6ky mao'hines do not provide it.

74Ability of pTW-perirj( xmgptic tape& externally to UW It is ~~
31ioly tiat it Will be desired to wappare or use magnotic tap~s without tying 'j7
th M* $(.5me M.Roacnt dAy. comwputurs, for waxample, ha"' aspirate tape vrolxwsuon

unit. and output printer unitsjl this allov6 these lower smoli operations to be
perfosued without. slowing dom the ccoputer itscelf. It follow~s that the tapes

Uwmelv_& should be sasiiy re vablo.

8) Ability to work with Rerdion Acoesa )4arjorieis. H4ost of the di~scussion~ ob

extarnal memwy so far has beer concerned with m*gnstie tapes, In any machivw

built for a wide commexial market# howeverp i4t I* vory important for +.%t maehinia
to be c~aw4tIbi with th-. nowe ruAnd &*oins mamories, so these pomsite to be

poftrftl butding blockse for maWy system demigns. For one theng, six decimsal

diOit- w-Oll b-- rn-d-d Uo daO-*&rt* tho i4driesd of ono Tililion reordn. ard the
3W( 6.81gn should o"est such a reuremant.

.%% 0- Z czw di. i.,sat war ovi ouriy mer'.Laeneoo M& ectaon opew-
tiom will be that of be~~king upn the tape cm bwits or coo unit record, so that

the new data can be Written in the P>ae'0 t..---l.!t:tyt

font. to inolude a ocwanid to "back up or* bloek" In the ro,.-rtoirij of eamsand,
to make thin oporation as effirciont as pnosible. Tn fact, it s'oull be possible

to ~aeke tb* oparation Satowatic, to occur? stfAte every U~ps rendintyv, miles an
inhibitini arjm~l it prwas Li wmild b thse* ir tIatnql'wipW a"p1 5 .n1

prolAeat in..tastý v i,$ -iape and writtng the now infomwation in t~te

ioribeard diroction. simply run the tape tnewvaru and read t~ho dg~its ?)tit in thex

reverso nrdarr, This wth !ý "%e' in at I iast one present A*7 commusting

syrtemA. This solution. hime-!ýty, may present difficultioe when only a pwtrt of m

unit r-cord* is Iming, irmertod, plus the fact that the tape unit is loft atanding
one block farther awey from the next desired x~dras.,

hzwthe impart~nt ace)aw. inelWSA In Lom~e present dey mAchines. is that of
*aquality asinaing, 0 Fros the *Posting ftequiirmants" amp'licatioM. At can bo soon

:,a;U 'wu4JU- be acaparing part ?1umbers from the card and free

19n, taope to "oc that they agree. Sidilar3.yo the maschine would cmamnre dates to

determine whic h maouth to po.ot the onta7 to. The rnacuAiin mueat therefor* bo able
to Sense SqUtoiAty bet~sen two -- 9r. Tf they are tbe $-"a, cn-c czz of zatton



wa'ul& be tmkmm4 it rot* ajwmhw esore. Ths c~azaiid obvioausly is one form of the

U~pomtmt condtittswml trwaa9~w tjWe ot eaawnac. lWdi1e it can be protrwowl. %as two

eco t~ona trimesfara of other tjyp~s, It will probwbly be uised tr ruch a treat
Mttqnt that a sing~to ciman vOUIA be varra-ntp.4

kwetg typa of special comayid th~at snculd b~i r-nadsvd wouldi be that of

swtAn" md/sr eollatiyag. *Lls those vf'rc Lionm raq he u~eod lasa In sleotaoidc

mefmes than L4a imuweha4 *Oe machirnes (osp~oially with th3a advent of raa'do st-

ee it~) is 114'kely %hot tk" mAll still be ae~d to a Uar". extent.
Morikig mid collat~ing #ra rilated operations; indeed, one way of :%ceompliedhin

sutgis by a collati on oporatior. Present day' mathenatioal machinies are re-

aUwvely ineftii~oint at. tha10 epsratt:;as. eawared to punched card machines. In

n seoomwia:l mecW~nc the collationi operation could be built in. mid activatead by

a speacil O4mmeuW in orler to Improve the efficiency of the operation. Moch a

in~-t coamand would imply some additioinal features added to the arithme tic Ws&t

ef a4i Mm em-- ew 4tj.14 III= iich canvwt NO eoui ....... has

been oarried on by the authaor. Another solution, of courne, is to do most of the

Pmwtift and oolla¶jim Vr pamdehd varda haen possible, as is the case in the pro-

posed system.
Amtnr !no of conditional transier emon TnAt wou-1A "e most usonli flafft

be saleod the fleuiina er Ofeet swi~tch* apcrti"ý. For -Ample, 6vs..,r few geaa-Aý

the ii~uu14 A't(. haitear 4U Wk- 'ioiof and Check to see if a move ticket has

MOa beem inm.wrted, its sgnga.3 Woul oa=3~ the "DW. to switch over in its program

to --oases the movo ticket. If %a move ticket is in the render. thm r1W would

ps'20eod with mliatevfer it usa doisr. Ii~etLr awrlicattr.v% ---. ntdProvic.;zly,

Ox Ce = cea *i sea %r a dceirce Uoi has been loeated by the ty-pe unit.

?) Wo~rd tao lviwzqihs. CamuZ o the ma~jor probl.ems of an eleetroixie boaeU

Duge mchine w~ill 'b the efflic-ert Stmap o'f taae .how' amSc i the~ nwqilable

stairage mediu can be vsod for storing 1.,toemption -ind how much must bwe lost due

to inflexibility of Oie *"+Am. !n punched cards with 80 or 90 oolumas. for nx-

w-ýlthe sma ramtw of c'-rds will be used v' .,thsr LO coltmn. of dAta are

raemorc i n caah or- 0 columns of dt-'he h ena deck cr v ernrs vould contain

tavi,e am Pituch data. ad fto othazv. Zn %eltosdle ach-Inra~. ItIt; bol'Wvo. that the

id/wmatlon can hocone *ore seri-ou. If a glivn file of iiatA excee~s the oarme4 ty

Or OM taps LM-- to suc1h 1n-f-@jbi2-4.tr" it is probably net just a matter of Rro-thol

Peel of taps but also of a asoasee *Ape wilt Ut, atv.uet Ir um&i inr -r4,qr t--c ro-

vide machire access to oech.



IR&a w Raspamis ilk IAM ib~lo by maa.-A4: tof valw -- t CA vi A ft

Uo VNNSW AiM, it 10a &mo .WM PuAt0 thAt tUW SUCK"n WAilt P~evW- my

ittom ;Llgiwiy in .aoak 1.nems.h if mWW of *ae Wid' r~owr.,a Am eine 6L ef

Y-1 ±ita; in lemmgt (mas toth sw via. mac qh of thao data UO.#J in Tattle M) bet

se mMb'. rovd d--'%. bzaaioaly irk bloo*. u, cAy. itaW ew CA0dgite "ae same
-ý: ;-:'- -.!----- A-4A ~d*M", a ftjmavg ftipm. tkemr ra111 be a ysgýaty of

Pud oeC machdma have perl~ly attacked Owenf pwob1.ms by ueens at else

bef. %timeby - -, lAw~fts (fielde in the. cud can be mm*cte1 ror aiffsrevv.
tmit C~at wi~~nthelb Aplut. Dleo (car-A) Ia-igthe have boon reat~vely Inofm.e

Use bosm. Pr it. &W mahm'atwal meldm&. hava lply lpam~ Vwprbes

AW mK4m~ft vm&.. L-mg-f tarZ '&* bm wae umtovm um often approach Uag

mmm pr.aw~d -iet cctm maudm.
o-A-zin _"eem smarh~uam -mw -,l ua3ve these probiii' -- th 4-+Am o

as It to teing read off of We ui%,pout tap. ad pat into separata word am*"

I a l~-6 beffer -Gegsaer. An v~trct oods, fai *vch trpe of 4nta conid be

aeA star" iti Vve sm im (i..SabA with Afw** lubw aa

-a-n. atM thoftimwurr ---w "ld jtat* um qfsmn@ 3eade. This eamd
lp-1if eptkin vwxi larvthi ad laeek t1-th for &&.-I type of data.m, low

so'".iw at Waft staire epmaeo wtuid be Wpatiy r~adxwed, Ptm m yof-4ane 4eVjasa
-A_ n .a tgiuqi V~eMwg pyoiim.i of: -eý~1 _i~

'a tap'e utto. ;v4 ,..altsAt bighee Tr IwL-.ibg wIigt be maodei'od by a
-A %-t-eion the tf" WILULn Wa rat

=Are -V te be...".h

* T.Alerm moy. r- W4 beaw pdyk~au out Pmiml Va the umi~rk Q

my at i~ W.7) 6ýl aiow t-v r- - -~~~up r~-r-uu ic'a

=6-



buqffer. AMd would tt-rr e -aq-r' r:, int-~ -ýl I~,.u n t,2e a'nalrq

tcoxw~tae totals ýZ'-- exch C-.aexi" c" - -1 :i dw 1)"lh*10dIt t);pra wvam)lq*O7

fore. jh,,t 1na iu.mfri.q in tk nm6-'r if~ ti j,,'Y3 wcrs would be adequat*

:or mos applientt-otns

h) s1xt).uoji udt. Nos p '½' -hrrr ha-re thrne r~igtster' intjýý

wihsi wint. ore if gI&A~h (thij accumul-itor't g-nr~tJ45 --it of the *rewere

- r~~r t.-j4e snarer6 in cr'Ier to petriam.

the inperations c"Ie2z! Tur in th(, pjregrK In A seri.al fastabop. Tt'. trjwsercial

machinox, It mav 1- foT,,w '4.4~--1,,I - l U ?VtS 1i

ari~ttvtic xmit. For examnple, oultiplo nrita t4 p'erform cxmp.ara Ond branch iroara-

time ai ght ,creetly erwd up~ rstMrt.A a&-i!en rý,* L;. =qeict¶.,Mt

ty~bs by providin pw-sllel op~mr~atl-os n.a the date. Such i-.c41iiflatjona to the alj

Meirc =41 m~'~~ ~ ~ o the type of' data cwotpm-in: pl .. 4A-

5 PIerwbilflhy, r'r& of t~" yw'x'dmt}-'oa of sr']Prhjing tý"'

' roý__ln m a'ýýUiie pr"L- is ty t4.P 6Vqr 1 the t.j1r or"tp,nirWo=

who.re ony gi-er, in.ratsaetton v,,wuld b'ý !w~rosed of' at n'lectior ic :; vaqable cmý

pnnsto '*--+ 4*1- tztiol, ,nRT.*" tn4fQ4 's be

foldownd 1by 'he aanuTitwot','rr nf c*a*i w alitm rt, wr~th t rbl

It P',.a a rm~her of ikdNarL-tbg., ,.T, 4i, -PApnWi*h1P *,.-f

rv4ui~rf=*~nLt of 6flffai~nt. .,4.- i..- eo r-3ltalit-f~ bwcaue wrwl niily tho

tt Clindid he noto.! that "Sre I iq vpi-4- s. !,t .f- '*'.'.4 voC'l..

!b^P othear mastoi aprca-r, to thiorhl- 1ý in -rovtid. a fxAi 'l~,

tzti'ý ý.-L c0t c(A 0, Lii ofth d o i+- r.',e~

hc - V. ric. 0(m ', :4T~ WA¶! .jýýt rfl' n'rTTIn

naotdlnb is niacd. Pvrxy A:.ý41 r ts~t.it freq. t¶b 1-f-i~ r.nufct'orij ?"3t Pf tho

,-zor 1.'i~ p~'nt to MT. "'$d-4 ýOmh'-r. .)f'~.''' rnrp',rch
ti m-l



stardadi~sd ne, less re."t.1tion of equi -ent~ ( i~r.cr' sm mf thr -. 'rtj Of

oesc componont will bw! t.1- marea3. anti pehapý lear. incrnt-n- ensts.

For t~lz puirpan% -f 1.hisi p-poer, h,--wver, tt will I- -scrn-' Ihi t th- iiiAr

bl'ckw approach im this cv;-. follow-id. In.; p-A rit to~ c-ms!Ar-r. then-, is tv* Xebilitv

1,o switch buildin~g bloc.kq e--urlly. TY) pw'rh-m '-ar' oaii'-sslr~t. ff" M.oh the

operator cAn switxch fror. onc ctllat')r to 5not~h,.-7 (shou~ld V%~. first -Tie breal down)

a-'.nply by chAnging PluR biards. In --n Pl'kctronic ra'-Iinc w~th -L istnrd t~ngw

all pusrtincnt addrosz- m Ay ha'ir,ý t. b,- ri.n'oi , .. at th'- in-v urIt

can take ov3r th'.. ful¶ctionl cf 4-h- olAl inc. t in 3.g~li f courne. thpl. even

this stop iright b,- t-liminxitr), by sImply 4t.ro-w~ng svitki-s to enfllcet th.u TkiI unit

in place nf tho nic one.

C. rInput-Oitput

Much has a~lready bcon written On'ut iliý riced for lrnpryvcd input-output enuin-

Pont, for th'-ý cormercin)i applircttcin -f -jnctx.rnic ce'ziftiflo M. Achincs. At thý,

present tiu-i. the inscrt~ion of dat- Irt.- th-- m.-,h4.nes z~nd the ix-xpKA'i -n ýf rc~wulf

Qzatti-two :r the rrsp'r bot*l1:!c-rks in dp~tii proc:tr-qrv r-ystCms3. Fir tý,a VP-

sev,3rai cgw:nvsts aetraI. ,ro-'r or thi -,rh,,s '-f tho r irr-.

1) 'Jurbcr systae. It qppr.r i-.05t 'Iir-l f -r th: -- DW. t' 1cc:'pt ~~A~
decimal inforw.At on. wlith no :3calc ia'-t'.rin~r rf th. nu-i,ýr- r--.-,irCAr Ib th!

tor or progr-imcr, Aim! lar to t"e wsy pv's~nt rtay Oask ct lnul-stirs wwlck. Th're

should thsore by ýny 31*' tati.-.vi -mr~qprrl -- ',r --'~ l~' fT pridroml

the nunber sy-thre' used ;.j..-hin the rMachin- jjt noi det -r-ine~i byi thieo ri

it Mnight be binatry, binwry-eid~d dec-.'mn. bi-quinary, -r oth:r. A-1 i- tna o it

riects the innut-.'iutput ari-c 7ýtjhcr usowrr'i"'-'t.

Simil.'rly, it arm.. rsqm-t~,i~ f-tr tY½ -'oir-in t- h' -lil.7irbotie in-

form;.tionr on innut-outr-it, with pnc - r cwm Tip ne -iu V. ct-i rýe nvnrsic4,n.

or the ne t-ed fi)r tableŽ 1,o-up if -'iph-i-nrlimri: p'rt. rum,wtrs, to eAt tl-c martini

rod:s CPOUi',,tlnt. lince sli~v'4 eerting ardl r;,11t' on will Tvioe- sstrv, the
:tipn-'ctir. coY':ing witi- '-6. 1nhr .no~ . I n . ~ -.. I tn to. .. ~ ne-o

remsain one of thp irnpoi-'art, matfiums or Pertirn-l c et~a han,41i.ing *vFet,..m. f',r 3,Mi

time to come, especially where much 1ýu-ctcnbtweer, the nas:hine wd hiwtants

is called for. Th-y arm well -devcoloned, r-Iltihi, zt.;-ao d oqqily tiAvon'iable by



- 1-7 -

the ue'i ot roors cards. Al so, the iw.e 'arfl can bte read by a humian 0-- LT a mcii

aiM thus Vrtvd,% A gooe aiediun -i1herp ltlh tyowa uf readtng must +ý'- p.acF., A r.

axample of %i!-i s the Yove TVIcksta d~estrltKd In f 111:i;r p~e rint'n, nv %i li iiti,

to movwe thie shop ci-ders to tt.e Tight aer'-.ts r-C the punch4vi holnas rp rtAý!

ibe " Wehilw .o 1,1 opO-e ýz s taF- up x-, zit Tbe toinv. in contrzo-

versial, howvevr, in that eývmý lbcli.tve ,hat nvwr431 cffiftUhr'y will 'C. g~ined 'by

Ccin + alacturtic .3torag, almot ccerplxt.ýIy. Al,ý th,7 ýisBP of nsg'tvtic eiirf

has bean propond.

Ow~ cf thr- imriortant ivi aut-^-Aic, ditp handlinp is lz climin~ate J,,3

mialy miR~Au1 vptrktAons -!I prnetita% ýIrs-punclted -rl an~ nn,ý rethnd nt rli)ing

this; the uis* of iarY'.--seosinR to entvr now informrti:,r can alw) be consid-red,

piuked up ev-,! rsore 6irnctiy. ty na-rins Amr'flW-at-

pick-lips at the machitie tor-Is th.5maelv%)n, -nd el,ýctric-tlly. transmitti.ng tvie infe-r-

xiat-lor. to Vh~a Nu iuct invstig.atior. along this tine will be carried on by t~he

Mariagment~ Se1"necs Res a~reh Project.

It ~XAppo' that regulht t.vT,1nv oper-t'-2"" vili be vninti~il -.' ýv,ýrai -ooirt!

wi.thin the Vimt. at. least for sor.- tin,! to com-c. Vieh "isc ,,f ty-'vrwelters tt.at or"r-

dive e prn' apor ta~w ;a Wial a; tht- tvrM cov7sy A :A~ii in th;-1,
Uhs ixmnhed tAp. will p-'Ttde the Ino d~ n maehbnc 14 ibA--x

effort. !`Poroamwmi'g" -'r ruch typcnal L.ýrs. Lý,. ,irtch ~-Krly the deeired I nf~r-atio-n

tis *wtident that ths! iJnrt artt 'utput beftcr rcgistor- sh~ouiad hndl- U'e

varisty of w'_r'3 and 'alock lengUbs requir-"d U-v tho data, is r,,o W'er. di-cussed

e'rconnt dAy punchd care r-..-dors, for '9,! f, dtzn .r-tr fr~.4'!.

~tict datAt ol~~~n. der mmaserv ~-irnh: ,q whi ch hav!c beon Uled an cnrd rnndkr,

viii rand 100 cr!,-is par 'in,,t,? whc~r. oIrz-tifl 'ft-e rurvndno" hut thro'r 5pdis

At, ieaet oruj pi _-(ont- day cnmpkttr h'.s -n',' L- ýf 't c-ollnttr lnput. rurninq At

about. 240 cwrds peri- inute. 'At shoul V h. n-t.- t*a th.- intnt r-nd,"" nh'-n';i he

u.ie hi c')intr )i cf the comoutprr, with inr-%it Nn.r-'ir ing nialld fý -'n A

caud-by-e-rd4 baris as ne~doel by the inv~~r IA 1 -ibo'th~ CAS't.R

". -A!%irj -Lt i- olo

t,,at ni cheaper higher sp,-cd dai'icn d ~iw'r;.d f-jr 1'Msi psrtin~lV'r rrt oule bc



3) 7yue.futit.Three4 typa, of outputs ap;*a to bea of wPiuary imPor-

tw"e, printed, pur-hed cad or pswolod taon. and cdrsct visual.

roomor but vould seriously @low up tha if noraxected directly to the VQ14.

U ~~X iupe.-u printers provide oetter balance with computing "ped. but ars so far

de.1.-Ad for comntrauou paper food, rAther than thv typa of paper moti on

called for Ir' printing Inwoloes cr pay chocks. It appears. then. that tho printar

yre~bJ'. dwoiald not be connected directly to the %Aohlti-.e.

fenchod tapes and/or punched cards wouild providr. a Pisans -jl obtairnin trinted

empst on~ a separate prwntnr. iror auen spoeci prinmers, merneti', tape ;inigt be

used in the futura. also; tc.ý today. the punched card tabulators provide quite an

efficient means or printing many typet of bouairieua forms. and tape controllwti typs-

=it~a provido a low cost form of pr'.nter.

ilsa, punche taps pr-.ldea a rolativoily ch-ran, compr-ct sMeAne for thoý lonit

teem storage of Informati on. Aer' it moty he desa red to racd it backc into the I

mfctý-n it -- fu-t-rtlc C .ea pujiched cardif can be 11sed fer the sees

upw~aa. but roquire jr~ater zoreVu spai,ý for t-1- awe anuout of data; however.

a new c-ace ar sysubm r-~nti'-% .. -iou&-od wouid roqukrc cnij .bciut cne-nalf the

ox corrvantional size carid.

one important type of output, larg'Ay umc'piored so far, is a direct co.-ntrol

panel *ore tho inforsuation. t piresentei in some Mrarnuio.- manner. In the symit

described in [1). for .eammp,. the Procli'etion 'ControUer wrnts to sean quickly a

~rrnAT~jon cerwein crrimcol ixams. rages5 or print,*

members mai nnt easlly ý-anrd; but a pcoii dt~pl"y is. vhrsrei- osh

are stressed rathar than values. Since no such control boArd in yet 'kncvn to the

author,. these V"~ requirmo-nt-i Mv', nc-. bcrc- i~erod to ~Rn nrat 3xtent 'ret.

Ai. Rallabillt

icoat discussions on thn iu~hjit of olectrrnidc dats handling 2-.t=u- f-ot bUul-

ness agree uuar the machine w,mi't be !ighly relia-lc--i-but se3dar in thdis.~lcussion

carried beyond this point. 'TlitbiliL5'~ emn includ3 s3awral far-torn. AWnnZ t4-ý!

-, ~ ua. ' atui~m~tac correction) i r',1y10 trifnz

vnisaic~ior. rorn, to a very 'nigh d-'gras Of PrObebhOPYJ

0' Th.b detection of computation errors;

C! Saticfa " kf " OpS11-tU*U of' the~ un 5&n Ilyt

thours. Ov~lr long~ pari.ods of time a. ndnor nnrmal enviror.ent~1

ounditions.



rr.an a realirtic ,-tA~nrd-nt. th'- ftnimnsion shou2- &Ion D.iir1vi thep ~-.attwp
rollabi Lity of tha elw' tHn- rol mchin;ý vni imt.- thte pr rst--i- (-,,; nial n-rnco

card) '. :mfiortursts'ly, the roaccur-rant a or th- lattir are seldcs. oid&.

UD"t-Ption ca' iraramia.sjon -ri-ors. a-evpral methndlý have roan prope sod ariA

us-ad for the detecti on of tmpnnswltý in erro-er irithin an elertrnrie:; system. A

flWJLU ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~rc SSt~ LC~i>JWtL CUlkJi-S'" '~Uo~,z:stt*~

thtoug) the us:- of red~tidarcy in the c'-rIe; writh a s~-,crehat more rad'ntdant. code

some of the errnrs c-ndad ever b(- autc.-eaticnllv corr~lc*-i¶.". fln rirebt rv ,w4. a

*transfer weighted count to r~tect possibls rultiole orr~rs on ihe vme -re
1 di,irtr.'

t-sr rs salon, AM rn-,;thsr, t-id~: t baa bean u-sed is thecdir f! n-

tites in the "on" -sta
t
v!.

2) Dtoction ci' crrput.',tien- err irs. no 'the-d of Jtctir cruato

* arroars is to perform parallel ertputatt ins 
1

r. twte ar-truteatir. units within the
* ~ ~~ ~~ mab4c- "r oprer it. Thist rnethod in used by at least inc mor treo

oampvtesr today. Annt.he nethivi. rnq'drlnj Sedrýuhat lesq :q111pffineft. Is the usa )f

thea arithmretic weiglited r-nint fbi, wherre the sync irithrrti: opcrn'tlpns rer cr-

* formed on smaller cheek numbers As on th,- opcrairds thcinsolv'rs.

it is beiieved that, time will b-c -f thec essence in ii,' us,; -r th.ese Mitchtneze.

so that serial conpuitatins

In 013 eser. nrittreixc. organ ta checki atnswers .fuorldrl nt bŽ- trlerltni fPr

lo)ng. It nhould b,. Akr~tincd, aklso, tb.-it tor case or' a diserrovArrCY __Zwcivn too

onawors in. a :'li.blu cb.,ck" system. the correct insvpr is4 ont indicateda. b'1+t:'oIy

by soft. as a sche-me fir rrrstclyr-rrertlr.; nosputiti nf 'rr-rs. Unowvver, mar-

at the err-irs in trp-.osmL'.ssicn and cr-uL '.i. r fr- - f ti,- 'transIent, " or randn.v%

varie aty. T-hay sr-n m-ntrr--bhly 
4
iut to"-ra tn bh "rm-hine, rnth'r tl-sn t,, "he

consistent f-alure -f on, -of the! crtv.pnrnot. -n _ ia~.- -- rr:--t th'se3 err-rs. it

ix uuu'zlly !alfflciront ti, tz--.-nvimt the' nt~rebee ncc rig-Li. -rerm'-)". tk-- ciripute-

-4 ': 5r-'A+i?' e rrcn:,nt -iav machire- 1".'*--. fa''i ty built Into) then

at aultma"tt~ic-lly riv-wn _king a st-.p in. whir' cn~ cxr-r ',. r'etent-! 7`'hl~~ r.i

bc it very vniauab- %( nv-r-t~gn in the 's- -f the n-trrine -i'-f. na-uninn. ewli.h h-",.

require oith.-n L2.- tha -eper-t-n'r taks oppr-:prc't-' acti-on t- 9,ý th the stcen 13

reworked, or in somi? maanrir call ý p:-cvt-:usly rr-icvrf-Lnn rcrnsll-nl qut r-ct-,~att

opernti on.

"'I w- i-ndjahto for --his m-int V- Mr. 'd.L. 93perka f'I No-rthr-up kirereift. Tnr:



Anv therr dastrahle, fea ature. fuiv n. -in( re renert . day Tomachi n"!-. I- "A9..bi

ttist for -)wrfl.v' At any sit-; r' Vie r'c."r'utattnn. 1ii in annwtr cxcqeds the

hjVfnWahlej 1Arit.- -'f thu eci'.this e-rr-c &.uld be •'-udtrmeliitcly a79
the Tmachtnt stopped. v-e r't- fl r i¾7i 'tt r YVcril- an is -rrm:

oypvrsti:n; t~his vormiy X Vite 'f;13. -,f 'tstb, rovr, rls ftr er ,ut'-

matic teastand st'nning the v:nin I-r. i th r.' c ar kn~wq th-t rr. -nrfl-w can

occur at UhaL tý 3bmj hý, th.,... mici-'m whi t 1.' Ai- in crc. -:C :n -ver-

flwnu. ThAit test Iis cip alv irn rt nt wh---. var' sblv "v:,i Itngt'5ga u-n ii-s':d as

mrrnenezi -f, prir V . where I t r'irht br. n- hi f:r t -Mr 1~ 3 rin 'wir inc." tn-s

lIn 10ne atst'cAl rrbn. m -,Yt . 'yr-i c;rif rt<-r n ' ucvne

Li -n ,,- m -fi-it4 r -ire :et,.ninreA.

for exuaple. t':y .:,ulA " ittiu b-'l int" the1 equit'n 'in ~lM if itli': vus-

tiar. in vitattsV~d. In 1,< .nqio, - -nh~ nr.'o-z-nw-ii checke will 1he r~r' dif-

ficult to inoprt-Tinn" i-itt-Y niýce, -t -"'in in er4 nltn~~ -f the :atho:,

dAta. Simple checks rdght be used, roich -is n-4,ireý bw- ir~e nni thnsultr'et+-
jrng Ore.-Ao themn flnni the -tivri t-i sni~f 'I,, nt- unh is ;1binird.

3) (!ftif'ufi-krt-) np.!rstieýn -',ver lonr pwriods -' trp vln r-wc the n)-tnt 7f vit-a

6f satisfmctiry oper'tior 01rcr I-mri parilsi --f tt-.:'. rc:i-I:<tunb'-; -:rpcrt-nce in
h-s s ½'si. rtvrnT in i¶.,bto IT.

being zAined oni existing ir-At~huiaattc-il 'esehlnes. A. tabrulation nP 'raper-ted results!
In gensrý'l. oaaq'ttr dnnp m~achires '.ppoar t.),o m n&'5r'ý thi(- heaitv'r S"

ing at tha3 pentitne, W"ith dcliv, lien: mal-Ines runring a cl-so second. It is

n~rer to` reake A 'il~d n:-t'ýAanin. howvsvor. ½).c'us" if the. diff.-:ranrc In rtr4u-sittng
speqeds, In 7e7'; lArge vwIwi data pr ~cxv 1.fg aeicto-,The 'vcr'll crltehtl''j

singliw delay line 'r ::1te't tl,!e "?,-~o hP stin! %;q~r"tn -r~tn
5

'pplineation doer-rihed lc'n si n'i r- r-fýI hri 1fl~ i-lictel, f-r er(-i-
sonls 9f i.nrnm-v, relinbtli tv -irA l t-nc tw' '-; --i i_" - ~t".ŽN/ x -,Il -Cc

ceas ttsc. In a much 1La-ger inst ;11i"i .r-, i. - i rt -r'-" wll - he~lercqd t W-Ari"

one a? th.- 'thor t-pesi nC rrl-. thr i-xtrD.nl. Viii, *:Irrktr-stnttcstre

tube mrching ~u ai'cot atbout ten tiresq -is nur'`- r5s .i'cr.-tir h-Jvin meet-tnt Its

comiputing speed Caulitpli retton time) is rnurh11y ±ue-ýty tines es f.'int* Juturr

-athtcs u~n raaecieconsf-v i imc-al>1. r'c f-i 1 -quiintl,



1 Magnetic trim :'Mnchirna.s

A- Br:!,g':rall- - ý nro'rt. ' r 'e t - n t'~ih~ji AM~ (5)

F~. Har';ard M4aric ITT - 32 p-.rpanr f-ir w r~e'.s; )

C. TR 1101 - 96 ip'rcnt f h'- C h-uri; ~

1.j~yr b~rj~~~~I i t'-) 'V T-er.~nt C ~ Tr~r~t).*n at

Shotws omr week; (3)

R. OTflVAC bits, - 66 -Pcrr-cnt 'it lb hu T~r -r-'K;

C. lAS (Wilieirma) -Ap.~rcm;t -it '0 !ýurs ppr we!:k; 0(1

t). %4AC (williaii -251; bits) - 65 -Perccnt -At 2 .ýhaft- ix-r 3v

III Delay Line Me.chiro

A. S!.AC - 75 Per-cent ý-r X ¶int-hm At 161 hizr-i pcr we'k: '

B. P'WfVAC - 72-30 P-trcent f-r 2^ cjt' months Pt 119 hi-urqi r--r

weekc; (6)

Data P,'ferences for this tabkc:

(1) r)NR DipgtAl 'lcmot-v newsle,-trr, A-r'r11 1951
(2) OW2 D'igital~~~t~ i ~Jlily 19~l

(6) Tramsaatinr, 'f thp nPý. P~.~.r¾r1



fttriteave with mtwA*ssticaJ. machin.-. has Indicate'i that a A-3qrPi nf uraqn.-

tive ma-internmawe is Uftnet helpful In uxt-,ndlnw the l.-iogtii oir tOw ýml,,etof 'tAstis-

factory oporu~tion. Witthin thiw field of pravorntive umaintenanoe, the"r are tv'

main schools of though+.. fne acc>.oui tmar~hc-; t!~it tuýea and other crittlcal ce'po-

mineats should be remov..d perioaciatIl~y, tet ,. Yd rcsults #rnt,ýrad in a laq. Awhn

It is "--mtk e~t a ecomponent is falling belcar a certs1n n-'tnt in pcrfor'wanoe, it Is

replaca. ThM othei erno sch nA&e tinder +I~e nooo=zof 'o~~i ejailntr. Tisj

iwathod cal)@ for* obr..ginp 9ýw cr:Lticepl voltages during th.- "0"air mf U-A machine.

C-vapomsnts that are on the bnrytasl.1no zf failrpg ur-cPar ncrmal conditi ons will be

cauased to fafll wimen iulujacted is) theme abnormal e~ditions- and tien b'a rsu'ved.

MGe machinme is thin atsumed to be restdy for operation.

aavther'a profsrenc4- is for marginal ohecklrn. It is believed that the be-met way to

test 8C oapc-!nt * td%? act-ar C-)i-M1tuwaa in which it 1.3 tenpton-Id to unrk.

and nOt in emaf; Oatmitta fAmt trn4e_ fTh- 4cn~" __ ~tn.t_"
are oftert put back In the machneincr" ot- Wh'. es'o notat ~ i in theS case

of crystal diodes. Of ,ioursep such mr~strkas ahou-ld Lw corecttbl@ with- the trair-

Ing of maintenance porsoinel. In % arger aala machlno. the inearvorati-m of

marginal chtci~ing facili~tts can cause considermble Additionpl eznen-ji In taect.

lua these wachiness iberc a ene characteristic is very criticil., it maa7 n-t I* ný-msi-

WAn to irworporatme thid ffstitxe. Whore it eran bi use-d. thonugh, It sh-uld prove to

be moait hcipfid in extending the amowit olf machine operating Uiine.

Reliable opeeratinn w uth magnetic t'.r3-5 h,-9 i-t yet been firalyý Pltelished.

In the p.aste tapes ha'vs been found to orva ; 1* rgi ormbnr -ýf ara2ýo --, .wch! iri)r-

wea.Lun &id not repord ;rorerly. When rfild heleb. t ~ ~ ±crz ~f~tt
vould be obtaiiwd. Fo-tuietely, the martuf;.cturera of tnnqoti to p'es h.ive ieprov.F-d

their product greatly, to tý.-t print Vhorn ruch srhit-t hAvo been 2.¶rg.Ay nolimin'qtpd.

Ccuipsater engineers have devgJoped meth-ods fo)r detecting~ th-i rMa~ut.anr few. such

0ots on a tape, and avoiding than.

¶Iýe possibility oý tapeo brPA'Ag: vill sisr, be grP.Afly rc..uc v1,1ttýaat

of a neev plast-ic calind O.M-11-ar; 0 -- t"' t',,r bhttn. Pr~dftcti qu~tntA t~s -,f thir,

new type of tape -re waopectz-11 tr:. about tiM, ymlar5.
1N--t ar~etizlec ýnths tepa- uUMl must ba cz'nt~lern'i A problrn. niince thev

- -" -- m-'i oe avav trrrw -hr'rý~ , --.
4 

- -1. l- in

iflforetatinir. r-!!teQ coverj and nthnr such prot t-'c ire weiuraiu hOuld gr3Atly reduce

th-is poblsej, howveer. F~t.. or, 1the~w. 'Ievlopstents. it1 i!! th-? auth-or'a belief thin

mapwetle Up*@ wtill prove to buv a reliiaole inedl-xv cof data storAge f)r bugInevs ard



Another pribl"r in reliabtilty 1. 4he ffnot tat. e-cpenstve Prtrnniý- 4-1ta Vro-

ceG~ing machines will be o*ncWi4cA11y fcri',le vmpirly trcwi their value a-1 rontral-

it-_!5 recordIs davices--tho ýn osol',datton io* 'r-" A~tI~.~ o .r:a~COuiting recor-A.

for aRple. To psrfcrný ticr -t-, r-%!g .- i t:T shirirg Smait. t!!t~

iflt4L-Al speeds and ccmplexlty .tl n p. aril AS these fact~ors Inicrease.

so All3 the. likeli-hoo ox tyqwipeerL £ai'%&r. "' i~besolution to this prob-

iLn 1" th use of i-na Duilding bloc~t.k L,.' .,~-r ~~'l~.~na
breakdow#ns can be locA'.{zei without sto-qini, all cl'tvi rroc~sinv'

17. _ruv-3:deraUvr'.s u&* '4..chii 'atuL or! v-.t itlor

The discLaaicz- if tvi 1!nM so far h¶-s ecn cnc.ýrn.ad ifet-"i it3 3rrpllca~iro, +n

UrdAt records. "his till-? of uei will arise. for iný-tanci. In. p1pnts now having a

large amount of paper wirk in the contr'l off productien. 71-, ->)ratio~n, will be

* ~~toutifle in nature. suc~h As recýrdirrq tpi mimr n of a pprtA ord= r :om 0" n'ior-s

tion to the next, th6 recoin- of a parts or~r~r int-, thi -stock roon', -, the dis-

* b~r~e."',ntof parts to a'i as.-rmbly '-''-lr.

Cern of the prsi -An- applinetions f ur A.:!ctr ri'c P-.rnjwtný To)4 .. h f.'ver.

is in the ficid of ducIisir.-r,'kinEZ, 7r as an 'ici in dpel qion-iui1ktne, Much . t?'

*Vcrk if the Managa~ien' Wi~ nces Research Fr-jact 1.9 ---!cern,,d wl ,,n the rnmi.,latt~r

of V.athemAtic~i mode13 if c..rtiinrr r)cucuijn ancisinn no~ins D.L plants W-'urs

the "freedoti of chjcil Irn decicions is- vrr;!t. in rI-...'ve, m-'dals of 1;ir-in;

comlputntirr~alt .Xnrplcx 4 tr o.r". prt !ontc' r .r thr. 1onding and 4ch,ýdulirq funcTiovre.

The dqsA jr r -in tUP4~ cluld well cnnsý,dar th-e reoalrnso-nta thmt Vill b- Inrense,; liv

obinin imprr~vfd mAthjoat~cl nithids )f c-1-ctit~on.t it is still to, e-.rly V) dits-

cuss rri Mry n3ry pCifjC rUq-rT-l5 ~ttey will .mp-ge up-or the 'DV.1

-'mne mr.rthcm,-ttcal !,.deli. di~rc-l_-a in Fil, h~a' r-eeiv'-iAd Cpl i ~n.Addr' itC.

by sevi:ral pTroups tA'r po,!out the coýun'rr. This mnrrdl I., oriulld T,tn!,r T. grraitnmi

-L) r rr-:i-ra-ir-g lt %.rd ýcndert actJ ri cs. it- was- oniri-Inllv d',velnod byv

Ar~ r-,o4.Aog, for tl, !-11.tjinn i'A 1-ipti.ýj pr-r- rs for the- U.S. Air -reire,

Since th-,n. it. ý'os hNr ippllod t ; At'-'r pr-;bl-'ms by -other Wrnups; 'or exwnple,

In a pro-dr'ct4 or-0 ji0,i -rzc cartuin K 'r.rv-rlr.>r- r -str4 .tA -ns h'-ve bpc'r. re-

lAxed. ii ýoow q ized Pirodr`ct.~cr. e i~o.th', Tj tn~d;1 'c1,~cn's

A1T ý,n ilij".ced t- !.'r. Jilhn 1
1

oonn~tr- ! T',. ptj oi



.ilarqe m'ý.-trix of numbers witih perhape se-,A' hui-r.r-o rowsaa Ir-h~~5,~

ramoetnting product r~qurlr~ent-, sta1r-At- 'Pr ri 1,rodu-ýtlnn, in-vowrl q~iantl-

ties. avqaii&ae' mbcbinr,. *h7urn, ar-i ti,"e Irc-ci'. Thp r ý-c1 m fm dst~rmlne th

quantitioe in Anich to -rodune il *4,C Ite tiri' F-i,3o4 -ne,'ý fid. 3o as

t4 maxZI~ise profit or rmeit mm-~ oV,- mui~ aý npt.im'wm u%- of fad illes.

Dr. Danftsig, now at. the FA*I) Corporiti on, he 'v-cd . 'tn f,:r thr ii

ot large '-P problmas, al I t~d the 1 -.it m.P1Y" te.~hr !-I) e RT an& -Ia a Ian rI C nS

comiput~ng %aanhira Aspert- for such protl -i'~[lf

Surinlg an informal 11 ~sr-toin wilhl' b. !"antAav h- mt2tH I ',it as A ro- 'v% ioilt. -f
'4i~ nU.. prý- "r"u r1 -"7- on In.ra m~chira P-,nory vi -

twflce am many, woh Iav, Ity sth-r:;n-- 'r" A+!~ ins In the. trbio r-q'.nt pro-
gpmvang ealis for pr'rviC~nsz for two vor~to3 M, eoie A...ý in the -~r.ho1Ming ov
ftizd wh--Ic developing t~w: At Wr f1r v~~t-sfri~ ý rzllod in frow. mxr~

1  
nmey.

As -nmed.

Ukse, t~o eatimat'3 ccmjt.zt~t' Ain,;'I- r1)ont~tg C. It +h't tI"' numvher of MuJltt-
plieaTdons, awoull' wiojL. Wi'ly f41 l'etw"'v the litmtsi

whare X - sr. integer in thi eknene at -- o i.nli7tvir'ý ti-. -ppj-r of skill
in p-ogpwoming aMd coding toý p~robleam. 7tc,,

in - nivmbcr of PquotýVoyts (r~w3 in r~i~

n - mxaber .f Itcfls lcumvnns ir. n..ttrix),

T- ntr~bcr -,,f tin,, ~r i i .a

I.AS~~~ .n insalo as - - b('i.V ' i
'..nI Ap -1 nd in the worst ca.e ) ýt , The nuvmber of nultIipc-

+in- O)on woulid mo3t, 1,1kp.y 11- b~tetpfn qk. jM~ ')U LO
MUjt4PiCajtjkjn tim.J-I %~ g ood~ c~tim~ste -'t toti 'o. ~ t~~jr
quired for two of the more cclv'.on tvpos f pr'ýeri1 l'y 02'rtrtn~ic -miýuerq w'-u'l
lie. ir~ter p'roo! rnhnn. d2!gV-~ AMr~ eoy'ito ~-it'vz

najgntic- druzna~chtne 72 ?1M

tletrosltAtir tube n:. z3

Pu*.ing tire, especially f r "'a .flf tlc Arl-' & - "PKltc't "

',)r. tyTvtn"ig :,!- ýG+. tb jt it its 1.' t-.t r~o'1ýtinp ti'. O'Ad !kyn$ Wý'o"'
he rcuiue rirntý t'ýAlly ihelow the niaximvun r-A. fn * h "..



iTks aS.-)utinn or t¶r probles'~ cn a U)(IVAC commpter has besn acc pli.-tiha by th't

U. &~ -Ar Force, undo, P'rniet qr(ýOl. Pla&.4 on this ini1v4C exrierter. Ute Air

Force in oonrlzderiing machtne requirements~ for a e'sspliter carable@ oi ;..ndlinir larger

Lw prrtb.=. Scwae rt tria work is being z. -i!'d 011 ;lJy Zt 'n *.fth' 0i-t
t wcnle coapute-r davgolomalt grup a t1~ Ns 1.)nel Iureou of qtP-iArds.

In addition ii, the 1.)aling problem. a re!5'rictAd 5chneftllnc nodiel was dis-

=We. lin (11. Thi!r mods- povidas ni method of s7,strmatically ivnrirvtn a: 4 rhe-iulc

by an Iterative procedur@ t1hrou&h the use nf priority wnbý.r~ a'eO Dernaltv cc,;-,

"AntSft. It has not yet b',in doteTrmiflad how mu~ch of thi ur,~lr ioild bn hnedis

on th* Klectronic Schodul
4

ng Mq.cnire a sr hco much on 'he X"~ This ii an Ar-"e

that is being ivestigatod! furthr under tbhd Msnag,"o.ýnt lqcianoem Resop"eh TrniAot.

Sinco the a1ecieort-wnining moe! .L, ,., " tc c-----.ýr in !nr -. nt

Praetleal approach appear~- to be. to us!, prmeant- tiAy machine capabilities t. their

limit. IPU~tA5A1 of waiting for the roptjmurr -voohine.

V. Future 14~tati 019

The 5WI34, an die ruassAd so far -A' thisa pap~r, bears A gr'3t resemblanre !;n

prse~nt day ~t idachin-_.x in jiL: construction nnrd metei. This ~'as been

!lort pwposly beeauze it to nelinreti thd. th'; first c.i~ercial machiris will

follow Wkis approacil, for peas-nn of economy And reliability. At the same time,

macls advariced thinki~ng is being c-trrtd -n thr'ojrlout the emintry. on Lnprnvsd

laetinn for nomoutoy-r. 3Suwh tvAnb-o will urwa'oubtedly stffect. the devo'j^asent of

Wl~ei it. is Ae-rd tVw-retore. tr, mrontion a taw of these proposed improvfwm.!nts

(smea.lmowst ol a jelevicu fictlon nat~u-') ard their lik-ly impmet on rM Aesirfo.

1) ('&arl 'Neoro I~s'achiinm The tre~d tri thisý,Ing in ti-. ele9ctronic UtAr

procesasing field is in th, diroetimn -f A cent.-I rono!r,'s machine., that handles

s!!. of t'h*A paper workt Cf tlimn. asop)ý_r tý A ~r-riucti~n control inarll~-5.n ac-

counting machine, etc. C-.ntre'sUti-)n hAs many '.pparernt advioltages; e-sar-c
4

!kly

free., the fact thai 'eaist-ns can. ':. bam-ý .rn 0:e "picture as *. wholn" reibenr thai.

on JaSt Wat of the lici2 .:h u-n of s~td. !%-.ý_hine it.plinA several needed

donaelovisenta, hr'wvfta1

a) K!-,4or epeod. 3i.-cto +h-- machir.- wiY -~ tis-l ~ o betMroe qll deprot-

ments of a -flant -fa firm. iihor T;~; r~~o ~l
access tin. uftfro~soe1t day do'ua machines is. on tho average, .Thcut 3

for delay tUa-w r~ahinuis, alu 150 nicr.-tecnn'is; And for alvtctroste~tic tube YR,4,h'v

lin the order of 'ý tvo 20 m.icroseconds. rievil'senitM In MAqnetic coýres md ffer-,o-

electric sheat.o -jh-w x-nis'j of ecces- time,3 ifl the )Yrdr )f -one-t-,nth of A



-Aemmaoi-Ao wo.ud imply on~ sextrr.a! r-.ad-in time for sequential ree.-4,s in t1 Pe

____- r,! 1 mi~llieooryl per complete unit rccurd.

b) Squivalent 3r min internvii Iv y 5' -d -rogiokin. Tho machine Wili T-obabj

to intt .~s~td at. random tinea Vt ouchý* 4t ' *K' day by tU-f' various depar~t-

ments. As soon as a circuit in set-T *rS ma.i..na and t denartAbent, the

mawhins must dociie which of ito- praý,rr! it must Ls' tn rjrccees th# pArticular

type of data involved. !)ev'-lopnents in self-progre"ning techniques may 'he helpful

here. where the maehtine follows a systewnatic arwilysl., of V~ia data until it deter-

%.tnwz which programl is required!

e) Interpr -ting huana questions. Humans in the plt,.,+ will

"ak the machine tov c'!rtAin d&t.3 through1out tha day. Samni ha.va cuggs~ted a Ndial-

Jn?* wyatum similar to tdeptnoncs for this application. In order to a~void thes

M2_i ty nf all qujestions In numerical for-4, a limited vocabulary "-re~v-

bop..'o4 ry be doeired, vhich would give tllv? humananz le,... diffinutyitv Inr7-j!

their Questuoma.

d) Antomatin rending o, paper recordls. When oustomer orders are received.

for eaple. it would be desiroble to re-dr tn.-'-. directly~ into th,9 machine. for m.
ceasing. rDevvlapwents --re under way on devires which car rend st...Mhz'd rorm

decimal. numbers fran n printed page. directly into alet-ric.-l -eign~lgt, limve cus-

tomr ords-r forms akrc of venious sizes and shapes. a st-2nc~l. .verlay mieht Vq pre-

nrAfor. each. _.. .... wi th sancwtdng likcO a *.loz. colcf tr;tzn..1

piaee of information is vhertý. Anid thc- machin~e would be3come *yen vqoreý rumplex

wher. it hiad to kno% the. s3uirallenre of d*ekas w-rittpn Anw "rw-%.A1 1o .. . I I

ftrat gtepe toward autoimtirio"" hntr U---,--O -Mr 38igo

p~icbed. cards. a~nd poaition naisoing on onnxsus anu'crAtor dettR sheots, f9l.
a0 Rar-ilm zx"!ren. mmo.riec. rritren~ds in thec d.YclcounRant o- largo

seale random accoes P-oryr Yvatiuea A,r-~r * 'u-, In th, 11r,3ctito-r. o'f , Single rQAdi-

wriJte hea' unit Utht. is moved to thp :r-3n f the n.'morv iloccil tl~ in Meo procp-mi.

Acoee time in in the orir ýýf 1 to 2 seconds. A-1 heA been discuaxad previously,

suc eharacý-rls tic certainly are not optimlum, frrsL a cits" rroceasine po)int of

view, but they repraesmt a big imp-ovement over random~ access free.m ag t.ic tape!?.

NoMntion should be made of' Claude Shannon9, mech-ndical -a dev~loped at the
9U oflotlpihon LAborateries. The *mouse" follows a systasoitic prLoeedlrs- in ,oly-
ing a ma.". re ~boa-ine corrcc.t "~thn. f~ aoALt--uent trimsa R!! soon as it c-ts
across and recagnizio, tb-e correct ;Ax41, It Uhey- follows ths path dire~ctly to the



It may. hc 9,me tin-~'e~r a decidedly ilffef-nrt navroac-h to thý Di-:l apt~ars-

to) red-ice acces~s time t, any of mie-4 nt;on r-cordq below 1/-2 sp,ýond an~d to

provid&' fori Indeendont. searrh' lly two~ or ri; ~d~n~ hear units,

Thrue main searcld.q.i ý:~- (cAV. t-. i 'i irr ng the sonsing unit fi~old -IrO

moving .--he storagn wmridi~r (ar ý r m. -r-- t- - . anrJ fnn4-m-ient-Rl1Y in flCOS-a-

Unt delay lines), keqjping the 3tor.Ag: r.mad jw.-&i. r I v f1 x:-nd r m-viflV th ý

ine Urdt (AS in twr Iro rl.A74-i~c ma-'rcr" svdtn ar in elortrcstF~ic atorrog

tusb"-) PnrI h-wing a 1: 1 -Plationa9hip bptl~e'r scnsirg u.v tF anvi 5tnrnC"' r-oattlintt

with~ -q~ for" of wi~tchr'q rRrrpnggeent ý,o 4Lt,:jr- kti (,-t .n r~en, t -,or',

mrltol-ic's). For 'r-ry large -:oli*"o ,.uuaori.3. the, t.),irri ' .t' o onks Drchinitivolv

~elnaiv, using~ Stol-AM rev
4 
e7a_ q! '.. , v. qtra, -th1-: . 1 ýVtt hik

been discusgod. and a tYlit -f se-...inr si-il.-r tc -lhctr,-istattc tiitw a~n~ir. Ior

@yon Inagnoti-c cnra-t:4x. sc~nsinv ?SAy chiný-" th,j r-irdoin a-rc-s r-c'av-rv pivt-ure Quite

radically.

2) M~achine ConstrUct-ion anM Log~ic

at) Rorlirtion of sIize and Dower. A rcrlty-.1 r_ýcorli '.chln-2 fir AI 'r~c Dlr.

could become3 a aitenbIle M~chine roquirinF. A arg'- in,)-at ," c'.ectrical -oowor and

giving off corsidgrable bo~t a~tuine vras~nt day construction t.clhr~ilues. 'ný

prom.ising solutic~n V) thim proi.len appears to be *k_- ti-.-rmist-'r. vhilch is _-74,117

being lymprnv-d to the poi it wlh~rc it can bi2 fcr cd f ý lOplicVýt-nq. I

tho T'`D liscu-1e ill the presenrt I.Apcr. a-:r.no gren't a-yvgnt.A'e ~F tr'-oe1'4'r

h) Polijabilit7r. W.hcn one Wet -:f iho hinan i'Lr-tin --.n~ d t i~i~

T--TP+ ý +.'V- (nV 141 A pnwuible I am In uffjci,ercv) h 'nothý,r nrpa nf

of the futiure. The use o! a-11-~p ccrnponr.8r~. tr;ch Ai-rts qwr OOTitrntinns

tt, terf~rm but c'.pi~P_+ of h-ýrwilir~g othe-r functions; as w .110;, ý- ~-
reasorsAbIla.

Closely associated with this featar--'r th-a* of fill;~'~ h. b,,n1

wanti!oned. tr,,nmission cysr parallel pAths is onn -ft-th-W ~f 1mrip vkr.r reli'ýbility

Tatlke by nerve-net tnaorlsi sbplnt ouit that 1nforn-'tl'- in *h- htim-in br-in '1VT'ar1,

to toe trar~witti'd over ptrAlhle. ppths.

by rwrve-net V.. trts t'it -rofltiotn Tr-bably is r--t sto're'Iint th-: hu;-~nr tCrAin

ia the form :,f decimnal oý bin-vir nu~hrptrq a-n 10. -'mPIk t)ý_ Lr~f_,rtjr in t~he

c~aiior 1!.5iQptof'ttbiu to - usl nr nii' th-li, nrtrv. Dln

nn Iampelitent p.rt,



d) Mgtb apeed- pr1.rl-s. Clomor to ia.tX plctinpnh. are

Dom c."Uhs devkxlopmerts Ir. hli ~~n wipetd juintn. One r,:jor tech.ViqU;. r-ll.

teniPrtiay?. has the comcputer record the prL.-tad irtfontniton on & Saagat~iCi.1y

nom-timAd platia. Maia.netic ink lot sprave' .:i t'aI plaite and adheres to the waxne-

Used aroks; aft~ar c. f iring a-eatment. 0r' -lale .'a nov in norn-N& pintirr, fashiow

to rui off w1t1.ple c-pies [111. The quasti,ýn rtf w'ipther a3uch multiple copies Vill

be ftoepte'd as 1,Clei quivalenta ýf ca~leon copieai has not Yet been settled, to the

cathorl s k'ow-edgo.

a) Cwd-tiv-tape converters. Also cloaslr to practical applic..tion i;s the

der-lopeat of hight speed punched eard- toi-aapie .i. xcnps converters. This tyrpe of

emiae Probably will bo most inq~ortiknt during the transition p~hase inl electrordo

&It& !oC~eeing. Other developments. such an nutaisatic reaiders an3/cx maenaotie

-sd~ tk '?" h pwn--d cerd 1I.rrely obc-olete in timmo.

In brief. prevent day nastbomtlcAl Rechim. I Ar-!rsr rot hoo V-l i outted for

JA~~ta ti~ per.liivk .tu SiUu.)U4 .. , atml :,it jucle±wrý'IC

caliculatio-n,.

Data processing requi-rwe goodcca v nnic-tion between the rr and Us&- external

Norm. Wjdts8 Computing .i- should 'be sell balanced with external access tine.

amd i t aW a )+ Jk-* t-; ,.Tts will be very competitive with the ner

a00m gess memorims In sine applications. No genjral rule-of-tinmb ten !be&4

Seen 11Miz 1-oil have to @lvtlyse its wsn op~erations aLnd sce whapt choice of' units

This same typa of analysia is weioubtad~ly benry carri,,d on' t-, ocinpKute? aiare-

facturcre vvto are in to-e..d in &ent-crini tho cormrcin'l Mar~rt't. IT1 id homeA thai.

the reportilng of this production control application will tin !f value t*i them in

choosing thisir arcjAne char acteri stics. Perhaps evan more important. ho'ieovar, is

thie Possibl.!ItY that it will be of value to pntnnti-A1 users of equaitnevit. Thavi ar
the onus *-o arm ultixwi~tly zcsp.unaiojF- I-or arnaly-ing thieir req,,irmuen. a nd eceit-

in& theiui j,, Sank .. A-1--~, .4,.. A

Those this paere fttsa not pre-terv, to rivye a final or cony~lete anjswjr itr'0

44CIgn. It has attiw~ptad to poinlt ,-u'ý sci,,e rf Usei fundamenti.l rol.at!rlonhirg ard

i"Aieat ,oasiblo solutions frmu a remejarrh poirt of view. ^,onsikirabiv inore wc:r*x
Will ta necded in deternininf' spcific~ptlon3 f-xi ~iy i.uatli __?11stion.
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