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*T'n\.u saper was prepared while under cantract to the Leglstics Branch. Offisg of
Naval Yescerch., The ntject of the paper is to point ou? from a regearch vper-
spective some of ths wore important relationships that affect machine parameters,
for datw vrocessing and for decision-meking compntations, fertain Jesirable
muchine foaturas for data procesring zve pramentad.
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L. Imroduotion

In a previous paper [1], the prollainary desipn of an autematic date handling
systom for & production control apmitantion was presontad in bleck diagram form,
The system wae the result of » detail d restireh cwudy 3t a Jrwenl ranufa-turine
plant, Tha nead Far an antonatie syetem wos doreribady 1t rosts larecly on the
fact that thers are so many frdlvidusi srdsrs within the venductlsn nlant at one
time that no on: man ¢ah comprahend wiis» srders ar» on schedule, hohind schoduls,
and ahead of schedule, Present day ored-etinn contral systems 1m paly dosontyal-
ize the troblemy whil~ A workahls sysiom yasulte, thore de sn »vidrnt loss in
effieiiney, Tt is believed that the use of €1 .ctienic deta processing svatons
will help to eantralize the production aontrel functisn opd a2t the same Lime
ackiéve 8 groster of{iei ey,

If there 12 one urdt in the proprsad 2lectronie sysiem that stands ouwt in
impartances it 1s the Tleetronic Data Fandling Machine (BDUM), 4 44 fhis mdchine
sinilor in desipgn to vrasent day aleetronde d'rital eomputors, thet must ta%s over
the majority of routine Zeta precassing opiraticns, trat sre boine Aonz by rclarks
in procent day systems, Anothor unit, the Tlactronie Seb-duling YasWdne, nise
playg » most important role in the sv:tam, by providing infernntien that {8 ime
practienl to obtaln under today's mathods, dut this urit Aopends for 4te overa-
tion upon previens data processing by the EMM, It is frit, ther~forr, that tre
DKM ir the Das’e machine around whish the svaten will b built ~rd {s tha wnit
that drsarves Lnltfal ditciled considarationg,

An xpasitory aecount of the proposed production 2ontrol system was glvon in
{11, Prom "his account, the major functiens thet th~ TDIM wauld Lo oynected to
rerform have beon extracted and ars licted 4r Tovic 1, The 1Y farctions are
classifiod in two wapst by th  tvpe of arithmotic o lorie-l sporaticn which
the machine musnt make, ana by the sysiom of access t momary,  Acccss t¢ memory
bag boun Lrok~n down into two classes. acquertial (ar avstauatic) snd rordom,
bacauss of the limitatiang of the momitic top: unlts, tv1 ~ider means of "ulk
infom~tion atorage, It will be geen t'et the alnes of eoperationes =oyopice S)o
roa3t Maretions ir this svetar ia the yosiin s operatien with =ouintisl accres to
romery, with © of the 1§ functiona, TVosting with rondem acuois *o mumasry aegonnte
far 2 wer furations, 3 that the pozting furetion ean be expectes to exsrt a

Tarec influwnes wr ' cMelee af A o ching for fhig arstem,
A eampleta annlyale of aekin: roauivoesrds fer 1Y 17 fonetians 1~ hecand

th ceape of thja e P, Frem o4 oyt oaped L ororcoab{ee, 44 4 b gipad g naint angt
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some of the more 4mpo=tant relationships that affoct machine paramaters, and tn
this and only nne funstion will be chos:n for analysis, However. tha zame method
of attack could be usad in analysing tha rrmaining furetions, The fvnetieon choson
is "Porting Requir-mants." As can be seon [ron Table [, this funetisn roprosents
the lavge class ~f "Soquential Pestint! -porations, Also, 1t heq baen ahnsen
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th LAUITeSs more condti-
tionnl trunsfers by the machinm, Sas lenerr vait recards. and ceovers a larper
volme of dally operstions than th. cthor oosting functiona,

While this paper has bown wrlditen with both pot-ntial ws-rs and procducers of
this equipmant in mind, a mnll knoawledpe of elcetronie computers has been assimod
Por axampin, such torma ag "command," "three aidres.™ and Y"extrict", have not
boen desoribnd or dofinad, sinee they era widaly used in the vncabulary of clee-
tronle computcrs. Poaders aot familiar witi this vocabularly ars roferred to 121,

This next section of this paper will di2! with syst--ms consideratione that
affect the EDHUM; that is, what type of data handlirg has becn pronnn:d, and roasor
for thn choices, Following this will bo » scetion duvatnd to a dscussion of som
desirebla featurcs, from » data procaasing noint »f viow, and th-n a ssetinn deal-
ing with a fow considurations of computing requir-mants far the W™, The last
section 15 concernnd with some expected futur: improvimeris in clectronic Adata

handling techniquos.

II, Systum Conaidarationr

At the plant studied, arders are received nach day from customors t'or final
agsamblies and apare parts mndc by the plant, The production {2 of the ish shep
variety; *hal i3, it 15 b4 custemer ordar, vather than to inventorvy (as in thoe
manuf acturc of stoves, TV sots, and =zc -n)., A laree variets oF proaducte {a
possible Aand unly thos are produced for which eustomer orders are roscivede-and
for thu quantity specifiad by the ecustruaer wrdors, Thus wher an -rdcr is reced ved
for a final assomtly, th: Parts Tist (P1L} of ¥rtarial) for thot azsmbly ruat b
"exnloded” to determin: wht component parts are neaeded, whon thev are neaded, ard
in what quantity, A scparatc yceeord is naintained for 111 ecmponant parts and 4he
new roquiremerts ars posted to these recerds each dov, It e this operatinn wrich
Lo leaed *Posling Refulisients,”

In the nroposed systom, descritod in T1ls the program that the TDEM wauld
£01low in posting the antries misht h-y

a) Rexd onn panched sard inte machirc, mivirg the guantity nd Ande fnfr-

=atinn for one custemer ~rdéer for sne e mporent pat neter,  41an an
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the card would be the part number and vape addrsss mmber,
b) Search magnetic taps for the adilvess indicated, When fourd, read whola
resord for this part number into the maohine, This rscord consiats of
the total requirwments by mowpth to: this part. fer » number of montha
into the future,
424 (or subtrsot, in case of cancsllations) tha naw quantities from ths
ocard to the old gquantities frum the tape. Machin: muat check to see
that the sntides are mads to the propor months,
d) When all entriea havs bsen wrde, rocord the naw data on the magnatic

o
e

tape in placo of the old,
@) R3ad the next ocard into the macidina.
£) Contineo wntil all cards hawe busi reud and posts

It will be roticed thai this operation is similar to that of filing=~insertin

_‘lfw reqords into the apmwopriate places in a larger set of records. It differa
‘from 8 "oombdning” opoxration. such as payroll, where the two sets of records ave

of tha ssme sise and one set {3 transcribed onto the other-~such as sntering tha
wmber of hours worked intc sach employo:s account, Alsn, it differs from an
%eralysie® operation whare a jarge set of records is condansed intoc a fow raports,
Deportant parts of tho p=serse hawoe boen omitted fur the sakc of simplisity;
for exmmule, ths wmachimg must be instrusted as to what to do Lf an srror in part
‘noubers 1s detected, what month to begin posting =nd wher to siop posting,

Several important mrineiples ore svident fircs t™is simple progrem:

1) The machine is expeetod W procass ono unit raeord at a time,

) The langth of 4% undt record depends on Lhe mevber of months in the
future for which it is desired to keep a recryxd. which would vary rrom
comnany to nompery and even time to tims., It is alvar thal perisdieally.
obmolets totals can ba dropped and naw morths added,

3) "It is likoly that the taps addrussss desired will not be adiacent on the
magnetic tapecr and that the tare wdi will imva to soarch for tha proper
adiiross ea:h Wes,

L) Mior resding & walt record from thc magnetic tape, the taps urdt must
hawe the ability to buck up agsin to the beginning of the bloek amd tsen
wtéo the muu raenrd on top of tho old one when g5 instructed. (An
aliernstiwe wethod i3 described Iater in the paper.)

S) If twe fage wnits arc used, with the part rumbers divided botween them
o reduce access time, then provision must be made for storing data from
two eards witldn the mactding,
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6) Rapldity of bloex location detoruinue the operating spoed of the syuiem,
g0 that thara nhould bs & good balance in spesd betwsan cumputine aveed
extarnal accoss tisc,
7) The sise of tha interiil rmsmoty «f the FRUYM nend not be largs for this
operativiiy alfive the data can be processed from an input buffer rogister
25 tho arithmstic unit Yo an oiitput buffor rugisters without going intd'*
tha internal memory, Also, the stored program for this oporation would
not uso many internal memory positisnms,
) While almost any gevueral purposa computer with magnetic tape unita can bo
progreamwied to perform those oparavions. none of ths existing or announced mathema-
tical machines appear to mact ali of the rcquiremcnts well, Some of the limita-
tions of present day machines will be mcntioned from tims to time in the papor,

The program for porting this card data o maemtic tape would require about L-
to 50 program stops, using a thran sdornss marhino. and depending upon tho partieu-
lar orders avallable in the machine, Tho ¥DIM proposed in 1] was a magmotic dru
niohine, f2 sconomy and. other roasons which will bocome apparent. With such a
wachine, & 50 stap program would require from 1/2 to 3/l of a second, again depend-
ing vpon tho particulsr dssign of the machine {availability of quiok ascors bands,
for axample; etc.}. 4 good balsnce of spoed would result 4f two tape units were
used, searshing sltarrataly, with avarage external acenss time such tiiat the compu’
irg wdt i3 kopt ugy mead of the time, Thus tho averap: tape access time should
be in tho order of 1/2 to 3/4 of a second.

At firat, this rapid sccess roquirsment on the tape wdte lanks ilke an impos-
ing obstacls to the system, Many promscnt day tape units use tapzs about 1000 faet

Yornm awd wnamat nd vmcedo Paow DA A AN Be ahom e s L D - 5. Ny .
g mmem e wrne v mpwe et ae wws gv Vo s v matemetow  UA WWLUris vaang owuv f Oul, ST

it will be szen that it takes about 200 saecnds (or 1.3 minutes) for tha tamn #a
Bs soaxrched fyam ong el to the other. if tha aurrching is random, on Lhc average
it can ko sxpocted that only 1/7 this amount of *ime would bs necessary, or 1,66
minutes, This figure 48 a far ory from the nacessary 1/2 or 3/L of ~ sacond,
Heiowery, the pleture 1a not quite so dark as it first avpears, In the company
studiod, it was estimatsd that postings to ahout 1000 part numbers wers raquired
oaak Jday, on the avaraga. Thare is & total of ahaut 7500 active part mwhors, Tf
the piched cards reprosonting tho input information (sce M1). pago 5évj thase are
11l of Material cards; are sortod into ascerding part number sequenecs, th:s the
posting operation is groatly spcoded up. Under these conditions, the taps unit
®Wasi Searvhi uniy 7 i/ € DLOckSs O e &VOTHRE, DUIOrC the next part numbar 48

found,
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To sstimste searchinmg timo uader thase conditions the seme taps spead of
60/ ;06 18 st4l)l asswmed: ac well as 100 characters per inch of tape, 200 ¢harso-
ters per block of information {wilt rscord)s and 1/2 inch between blocks for start
and stop spacs. Than, the tims required to secrch the average 7 1/2 blocks turne
out o be approximately 300 secsnds. To advance Just one biock would require
about .0LS seconds, and to advarwe 12 Dlocks would tske sbout L56 seconds, Asawe-
ing a5 a rough approximation a Polseon {random} distribution of the mmmber of
tisaks to be searched bafors the roxt part numbher is loecated, and an expected
value of 7 1/2 bloaks: about 95 pereent of the postings csn bo made with & search
of 12 blocks or less. Thus, if the 1000 cards ars sorted iato part number se-
quence, ard if thera iy & resmonsbls distribution of part nusbers: the taps access
timn should be in tho right ordor of magnitude.

The necessity of malking this part nmmber sort isposes the requirement upon tir
sysiss of punching the pertinent quantity and due date infourwation into each of the
Bl of Material cards Gefore they are corted out of Bill of Matsrisl order., e
methed of handling this 12 %0 hawe & waster oard with this information for esch
assenbly ordered. Tha deck of compenent parts cards ropressnting on sssembly (i.e.

s Pi1l of Matorisl deck) is seisoted and fed through 4 geng punch, This punch
anters the quantitisy by duc dates in each of ths smponent parts cards with any
nesoded axtensiciis left for the PDIM to parform, The carde can then be sorted out
af Bill of Material order and into assending ssquence order, and still retain the
needed information,

Tho resder may wonder why all of this punched cesd data rrocessine is done,
wixn the same oparstions can be performed by the WDHY and tape units, and without
dma anmt af 10N savds ner day.  The anawer is cost and time, A gang vunch and
sorier together rent for abdout 1.64 per minuts: baeed on & L0 hour waek; on the
sama basiss the EDW and tupo wndte covld bo expactsd to ront for about LG-SO€ per
winuts, A rough eatimata of tima involvod (basad on prosent day computor dosign)
indicates that it might take the ZDHN s maximum of sbout L0 minutoas (expected
valuet 20 mins.) to make the sort of 1000 %tems, vwhile tho punchsd card cquip-
ment would take sbovt 20 minutss to do the samy job, dus to the high relative of-
fiotency of punched card oqdpment for the sorting operation,

Ancther point to be mentioned is that the tave &ocess time 1s largely inde-
pemdent of the compuilng spesd. of the DI, provided thet fope randiro and sriting
ds not stop commutation, Thus it might be sxpocted that the very fast commutars
would show 1ittle or no inercase in ovorall speed, »ver the clowsr oporatine drum
machinsa, for thia partioulsz operatinm,
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Thars has bean wuch digcusyion in alssdronds acaputer circles of late of the
sdvantagar of "random fccers mgmoiies.® This torm spplias to those devices whers
ths voluma of data ctoied 1y quite largs and zccesa $z2a 1s assenilally independord
of mddress, One such deviee mnder davalopmant 4 reported to have & colwtast se-
s dme of aboui T soconds to any one of one mitlimm unit records. of 200 oharac:
s sach. The walwe nf such & dovies for large volume dats storage is svidant,
Ta T’ ite nse for atoring Routs Shuet data for tha Firgtromds %cheduling Machin
ua dessrided in [1), iv scat spprowrtate,

For the *Postirg Requiroments” ofsratisn, however, it appears that maemctdc
Wwpe wials sy hava the sdvantage, &8 lang as the random accsss mumories have a
sonstant sccons time of over 1 second, even though the next desired addresa L=
adinoant to the Tast one wecsesed, Dagaues of Vs soquonitial navura ot the Aata,
and Decsuns the aapoetod length of seirch is so short, the tape wdis could pro~
vida wors efficient ovorsli oparation,

Showld a ranim socasg wemory be ussd in thiz systam, ‘1 is likely that the
sorting oporation woild bo skipped emtirslyj ths punshing of the requirements date
into carde would bo sliminatad, also, In this canc, allowing 2 1/2 seconda per
posting and sssuning that the input of Bill of Hatcrial deta {s incluwded in this
tino,: the sniirs pooting time for 1000 entrice would be mbout [0 mimutes, This
415 shoet the saw timo required by the proposed systom. ueing cards, Monew-wige.
it appeare that ths cort of this operntisn undar ihe proposed zysten would be
about ope-half of that of the randm accass wemory gystom,

Ooc additionsl oard handling opsrntion, voguiring ths usk of = flollatswr, goul
be used to spoed uv the pomting operation if two tapz units ars ussd., The part
feenvETe ssuld be dividod betwern the two tamm welta an an sA3-5van Saals, o e
first soriing run on the cards {lesst sigmdficant diwlt of the part numboer), the
ofd and even mmbers oovld bhe separriod, and the:n tho sorting continesd on tha 4o
piles. O pass through s Collator (requiring i te & mimtes) would than merge
these o piles alternately, so that olosk searching on the tace urlte whwld pro-
aaad in an sltswnms2ing fashion, Uelag the oxpestad value of soarchiny time of
2300 soconds (mentionad sbows}; 500 seconds for compubting, ant ,0L6 seaonds cach
for reading and writing on taps, and ,020 secomds to salect tha Laps wnit, tramse
for & YWlock address to the ssarch reelator, ats,, it onn be caloulated that tuy
artries aan e posws? in ahemt 1 7 azaceds, or 211 IGS0 entoios in avemt 12
slmtes, fovevsr, resding the punohed cards rewdves: shsud 1 172 gagcinds aask
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wiring rresent-dsy readers, A su that 1t would be thia operation that datermined
Wa sindmm tine requlred for posting.

IXI. Desirable Machine Yoaturss for Duta Pircouasing

A suggested logioal design for ths FDHM itsslf 48 hoynond the scope of this
papar; largely becauss the sutfuot 13 o controverrial at ths jrasent tims, For
axavipley machines hawm been bullt using ome, two, three and four address svsiemss
and each olaims superiority in somc rcsorcts, in vdditons pasvdo-two and -four
address systoms have bean propossd, wherc the last adiress ia wsed conditionally,
in casc of an overflow; otharwize, tho noxt sequsitial aldress in memory is used,
88 in conventional one- and throe- adirass systems. Some machinas uvme tha Be
regisiss philosophys whorc ommands can Ho MOW.Lisl Auloaziiczlly, =alas the nnde

ing ¢f sub~routinoa oasler, Thsre are many variationa of the conditional trans-
for semnand, including the oompariszor of ahaolute masritudes, algebraic ecomparison:
equality of two mumbers, a switch setting, and so an. All of thase waristions
oniter into ths loglc of the machine i» such an extaent, and ars influvnced by the
particular application. that ths cholce of a "gameral purpnse’ logical desipn here
would be impractienl.

Howaver, there are scms machine featur.s that appear to bz quite dasirable
for the application being described in this paper., Thess featurcs can be r~lisei-
154 into thc areas of exieimal momory, rachins loglie, input-cutout. and rsliabi-
1lity; featuras undor cach of these rreas will be deseribed,

A. External Hemory

In the dats procossing operaiion vnder discussion, the majer function of tho
machine is to locate » bloek of irformetion on the magnetic tapes rea¢ Li Zilo
the machine, perform tra nececssrry computations, nd eoad the corrected racord
baock onto the tape, In desipning » wachin: to porform this operation, then: con-
si..3ble thought should e gilven to mcthods to spcsd uwp thess simplcs repotitive
staps., One mres of prims importance ia that of commurication between the YOI
ard tho tapo units,

1) Number of tape units. In the svsicm dessribed 1n (11, at Y.mat foor

al

tapc wiita appo-r to be requirsd, For possible svstem expansion, the machine

shauld havo the faollity of adtinc more towe uindis. Yor an sven larser

A o

Summary punch card rsadirs, operating 3t LO cards per minute, are assumad.
Pigher sposd photaolactric card roadsrs of th: future should matert lly reduse
the reading tiwme,
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ingtollaticas it 49 ilkely that over ien iaps unite would ba neaded. although the

pever random agcess memories may prove suitable here,
2) Indepandent sverchs two or more tape urits, As has baen rantioned: tha

uge of two “anc units in "rostiny liequirements" wonld matsrially sgeod vp thia
operation. To uge tvo taps units sfficlontly reouiras that they te atle to search
indevendently of whrt elsn is going on in the machine--while a blcek of inforan-
tion is being procassad from ona tapes for inshonec the other tap. urdt i3 ssarch-
ing for the next block to bt procorsnd, Tt is liknly. in fret. that the two units
would at times bo serrching simultenaocusly.

Almor it should ba mentiontd that the ability of sz»r-ting for two or more
sets of data simultancously should bz conajdered ovan for the nawer rendom nocess
memorics, Thers wiil bo enwcs where thz econstant access iime of one o
ssgonds i too long For :fficient processings, if only one sat of data car be
aoquired at ona time, It 13 realized. however, thet this roquirsment may greatly
add to the oomplexity of' the random access memory systom,

It is to be oxpactsd that managenent will often cal) for rew revorts, the
data for which hes not bacn filed systeraticslly ~n the t-pej it is known that the
v on the fapes 1t michl be, In thie

casc, thoe machine must sesrch for th2 infarmation hy ather then tho block number

on tho taps., Imlepemdent search by tWo or more tape vnits for information sterad
within the blocks rather than by block aldress. implies the n-=d for cack tape
undi to havs tho ability to extr-ct words from the blocks, compare with the eon-
trsl number in the as-re¢h rgister, and branch. depending unon the sutemme of thin
compaud son,  Some will arpue that thosa requirarents will greatly incrense the
GOl MG nomplealiy UL UL baps unbizs 35 Wb b eouRG DG LuLlse Lut whe o w
do th

v ond tape unit at oa time. of coursa, Th: choica depancs on how often tnia

extract, compare, and broneh opsratinns, This k»irge vy bae's t3 saarching

)

-

Mannlysis" type of opera‘isn (sae pasge 4) must ba porformzd in the particular firm,
If reqmired Iraguwinbly, then independant =e-rch b sevaral tene umita ean well be
sonsidcred, Also,if thu quartity of rec-rds te be analyzed is l-rga, scrrehing
ty ~na tape unit 2t a time may not ba frasible; thda ~puiles evan mors sironely
to random acruss memories. To amilyze one-hslf millien reeards: -t 2 1/2 sas~nds
asrh, wonla reauira ahent :‘.q(_} hnures af ~achine sratinn, for '5}5““‘.}31?,

$)  AUTOIATI6 read=1n te puifer,  ANOTNCr means o! Spoeding up thz communica-
tion 45 to provids autom~tic r¢d-in to a buffer rogister, once the desired unit
record has been fornd, Thid fiatwre meanz Lhal the irformati s will be svrilahl-

to thi machine at the high intermal spees when 11 45 221124 far, but prebahly will
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rejuire a peparate buffer yegister for each tape unit, (3ome of the faster jessmti
day machines use only ome huffer for all taps unites because of thelr high zpesd
of "putting swey® the data irto intsrnal memory.) Ths uzual machine design is te
provide snly one buffar; thr- block saarch operation aimply locetes the desirsd
blook and dces not read At. Finally: when the i{nformation 4s desired, a “tape
read® ingtruction aust b glwven, whereupon the block is rsad ints the tuffer,
norwally at o speed mate. ially slowor than the internal compuiing spoed of the
machina,

G} Tnput and ou’put to taps unit does not intarfere with compufing, Obwi-
ouslys rasding inforv.ation in to ard out of & buffer should nct Lnterfere with ths
computing oparation: nf ths machine, becauvse this is the type of opsration that
will be most commca in datn processing. Huiy mesviil day @Rchings ule one of tha
computing registsrs s a high speed input~output baffer, Tor awempls: the quick
socans 1aap in . magnetlc drum machine or tho multiplier-—quotient raglster in an
olectrostatic wbs machire havn bren used for this purpose, Whilc such a desimm
eiiher partlsily or completnly tdes wp corouting duvring the inmut~output opera-
tion, this "Amitaifon is not so rtringent on methomatical machinas where tre amown
of input~pitput is usually smali comparod o the amount of informetion helng pro-
oeased %) thin the machina, In the dosign of the TOHM, howevar, the volume of
ingut-ottput makss indepandont buffors slmost a necessity.

) Taps umt signais when operation completed, After the arsivad witl
rear/ d has busn losatod on the tape, and road dn to the input baffer, the FTNUM
shrald bu notified that the mearch has bacn complnted on that navtiaular taps unit
ahd thw data 1z svrdlable for use, This signal wevld alse prohibdlt the EDIM from
Wylingg Lo ODURLT Gig GRBIA 4G w100 wigra s manant erens wees g5 TRA el 22y an
e FRoT3ss of Yranafaring ta s huffer,

When the instruetin®s are givean to record thn modificd requircs:nis dats back
oh to the tape, tha tspe undt can alszo be glven the addresa of the nawt umit
rocord., It can then prozesd with the search as scon as the vecording has taken
Placse,

6) Read and writa on tapa as subsequcnt oporations, As can bs ssen from the
*Posidog Requlrowsnts™ operotion: the machine reads a unit record from the taps.
jcoenses 1, and then recorde the new widt record ir place of tie 0ld ons, Tn
facte 4t con bo visualised that in some cases only & pact of n wibb arecor? acsd
be procesaod: (38 Ln posting Luber distwibution racords an the Thop Ardor $tatys
taps) and it would bo desiranbln to insert it back into its propér place in the
aidt rssord without rewriting tho whole recerd, The wethou 5f isps rosomdin

o
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should be amenable to this type of operation. This feature is mentionsd bacsuss
noRe important prasant-day machines de not provide 4%,

7} AWiily of praparing megnatic tapes sxternsily to WDHM, It is wary
Iikely ‘hat it will be demired to wmrupare or use magnetic tapss without tying wp
the EDEM, Some preasnt day somputurs, for example. hava separatc tape preparation
udts and output printer units) this aliows these lower spssd ovarationa ic be
performed without slowing down tha computer Ltaclf, It fullows that the tapes
themselvry ghould be sssily re wable,

8) Ability to work with Random Atcoss Mamories, Hosl of the discussion on
sxtarnal memory =o far has besn concarnod with mugnetic tapes, In any machine
pAlt for a wide commorcizl markest, howoewer, it 42 vory lmvortant for the mashine
to be compatibis with th: newsr random ascess mamories, ss these promise ¢o be
powerful Mklding biocks for many system dszigne, For one thing, six depimal
Slgite wil) b2 rgcdod ¢35 designets tho sddrrag of ono miliion regerds, and the
AN dexiygn should mest such & requiremsnt,

B, MNaohine legic

1) %averal prooicl coxmanda, A% War proviously wmentaoned, On) SOMMON ODArS-
tion will ba that of basking up the tape tne tlnagk, or one unit record, ao that
the new data can be writien in the plees of the old, It may b2 dosiratls, theiw-
fora, to include a caamend to Yhack wp one blosk" In 4he revertoiro of commands,
to makc this opuration as efficient as posvible. In fact, £t would he possible
to make the oparation cutamatic, %o occwr Afiar overy taps reading, urles:c &n
inhibiting signal {¢ proprasaad as would be the pase in Vanalywia? apepationa. It
ahacld ba mendt ool SnY Siwev ie we sease Wik DUIET POBYLOLE sofution to thia
problemt  vnwresa of tatine ue che Lape aml WilLng the new information in the
forward direction, aodmply run tha tape bneiward and remd the digits aut tn the
revers: ordar. This mothad 4m heins usapd {n at lazat one pressnt day somouting
syztem, Thia solution, howevor: may present difficultiss when only a part of a
unit roeerd is baing irsartod, plus the fact that the tape unit is loft standing
one btlock farther avay from the next desirsd acddross,

Anothzy lwportant eomand, fneludad in =ome present day machines, is that of
Naquality savsing.” From the "Posting Reundiramonts® amolications it can %o sean
that o LEROR Twwbivee woUWA0 DE compRTing part sumbers from the card and from
ihe t2pos to 568 that they agree, 8milarly, the machine would compare dates to
dotsrmine whioch menth to powt the ontry to, Tho machine muat thersfore bz ahle
t0 panse squality babessn dyo nwmbhars, If thay are ths zame; ons osvrso of astion



would o takeny 1f not. anotber gourse, This command obvlously is one form of the
inpartsnt conditisnal tranefar (ype of comaana, While it can ba prorwmed x» two

condiflonal tromaf'sra of othei Yypes, 1t will probably be used tr such a arest
axtent that 2 single eomound wouls be warranted,

Arother typs of special commard that siculd bs ronaddered would be that of
sersing nd/or sollating, While thaes {wctions nay he szed less in electromc
mashdnes than 14 munched card machines (cspssially with tha adwent of rardom ac-
oens SEmcries)s Lt 45 Jikely that (Rav will still b ased to s largs extent,
Sewiing ard oollating sra rilated operations; indecd, one way of ~ceomplishing
serting is by a collation operation. Prssent dsy mathematical machines are re-
1sMwvaly inafficiant a? thess operatizas, sompared £o punched card machines, 1In
» sommercial macking, the collation operation eculd be built in. and activatad by
8 specizl cosmands in orier to improve the sfficlency of the operation. Such a
Suilt-in coumand would imply soms additional featurss addad to the aritimetio wdt
af the mashine: sama wark alans $hds lins, widch canwt be desciited hera. hes
besa oetried om by the suthor, Ancther solution, of courme, 15 to do most of the
sorting and aollawing by romshed cards when possible, 22 {2 the case in the wo-
poasd system,

impiimy type of vonGitional trensfer comannd that would ne most useful mignt
be oalied the “senss® cr Ytast switch¥ sperstion, For =xample, sve.y few mecond=
the 2% woudd stop whatever it was doine and check 0 s2e if a mova ticket has
B3en SRESTAed inte s Toedins An the syoitom deseribud in [11, I & wove ticket
had boen inscrted, 4%s mignal would oausc the "DHM to switch over in its progren
o reaneaz the movo ticket, If mo move tickot 1s in tha reader, tha PRI weuld
PHuteed vith whatever it was doins, Arothar aprlicatisn wae mentionod provicusly,
WAL I CRECIRAZ T 8530 1Y & aA6sired Lisok has been loeated by the tape wnit,

%) Yoprd and biuok lungihs. Oos of the major probiems of an electrond: bust-
nens mashins will bs the effieient stowege ~f caime=g, 3. how mugh of the aveilahle
stoarage modiza ca2n be vesod for storing imformatien and how much must be loat due
to inflaxitdlity of %e system. Tn punched eards with 80 o 70 colwmns, for ax-

resorded in cagh o2 80 solmars of datsecalthoush ens deck f rards would comdein
e as pch dota 55 o other., In sisctoonic machinss. i1 18 Loliceed thai the
#iwatisn can bezams more psriows, If s given file of datn excosds the cananity
4T o tape. o to wuch Infloxibility: it ic probably not just a mattor of arcther
reel of taps but also of n zsoond tape writ thet audt ke ussds In order b2 oro-
vids machirs sccess to sach.
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Nemgihs i & Aigiter 3o j@oldcd 23 CIyee 7o movsl views R wwh 01 WER SioTwne
NMRES WEir P Weeoid, o esy GEwwnd This ia fo pE o wWSETR dn the s
wods anf thon meparaie Shewm vivs waldsd by means of thm eRirzst code, Thip 4=
SRR 55t & svmplatas malvdfon. reries adAitlonal maciiey time, whieh in o peint
o oomidur sivee 1t 13 & :wmon Speration that w machine wast perferm ery
ofton, Slxilerly im iocek lenging, if many of the wdl recoris s oome & det-
wel 214y in length (as 18 the eape wiih wuch of the data Meied in Talle 1), twk
W5 meokid recerds dszts Saslcslliy in bloeks 91, €3y, W0 ar B0 digits, dhe gmme
ol D TTINIem sTiess Yedvad within a addinvin fire. thero will be a waristy ef
Wi reemd largiin,

MNaskod eard mechinss have partislly attacked thasa problems by means of vies
dertce Thewedy meier lengtis (ficlds in the cayd) can be selscted for differens
topee of (ota within e plant. Moak (oard) lengtiis have boen relatively iaZimct:
bies Degvar, Prosust Gay methematical Rezhiney have largely igecred W [rouol
A0 MRS tioni wmieuss langthas (ard (o bw Sors uriform awd ofien apgroach e
meplisne $revigion of the RaGmARR.

2ot moiness seciiins uay ol polve thosa provlsse oy the i cdags wne
of sudamatie extrant techrdAwas, ubich aovld ek ap he data inte poper Fisids
a8 1% %o Yeing readl off of the mapetic tope; amd put into ssparate word avaces
ta e LSRR beifer sglater, 43 sxtrect oode for onch typs of Axts conld be

==5o08 wnd stored vithin e meckinme (¢ -mparsble with Mifers:t plughosrds on
mumhis arvi morarenl =58 e WRAT ene eallod ints uss Yot nwedad, This eendd

Pvlde eptimm word iwngthe ard sk longthas far oash Jpe of dnta, a2
oaanlir ef Wark storage spases wald B0 greatly ruvduced. Prom s machine dugign
sisanpalai. @52 tackindqse Lmpesss prodiems of relisble ilmdaxing, =owc ciriadisy
iz the tape wlte, 24 Tomllant Wghee ¢sat, Indosing wight Yo wiviewod by a
sieg Ting® hat moe—ciidl esh wed A reserd 6n the Lepa, which woadd pat
e Aertizs Ble wteeP acg sexld LGS U ortrriel cofe 0 be used,

3] Zouopma) memary. TO bau teas puintad out pryviczaly thai tae wwsiow of

ARSI CEEpm LERTIvem In & wRee aooioet '7:_ SSEssiich pratalie will nan e lmerss
%% s sstimated theh wnnv fov woold moaed
s, 46 14 gﬁ_ze.y thal wery may; &=
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weild be atared Intgraalty: the
S the drncolenvipet muifer 15 thr artthes? o ounkt oard theiae Bask e tha avee
Wffar. and would trerefare vaqire ro iptar el memary postticrna. In the analy-'s
o2 Apta, {such 24 the volua 07 shop o -3 ¢oalmd schedule Dy dopertannt) the
geommvlatad tatals 2o each clamzsifTic. ts 1 crd v Acy-loed in Giternal mewory.
(Incidentally, this indicrtas hw rlactronlc mrrhines wauld nnt Yo go dependent
npnn Yhe aerling principle 85 aré pawhed cuwd marr‘;ms‘h‘f 1T wowi4 se-w, thora-
fora, bt intarral mamnrisgs in the arasr of €00 tn 100 words world be sdequate
Jor most applications.

43 aritrustic udt. Moal prossnt A~y ma~hincs hare ihree rogisters in the
arithmetic unit. ohe of whirh {thy sccumulitor) genoritax wast of ths answers

whded o b skl e T e kL WU (3 LT LM SNATEA 1N crder 1o perlomm

ths operstions called tor {n the prepgram, in a sarial fashion, Tn =omeretisl
2001 MURA vl urits witpn the

wachines, 1t mav b founi Anadyablc I~ rred
srittmetic unit, For exampis. multiple writs %o perform compare snd branch spera-
tions might grestly evwed ur cartadn deds measszeling speraiicss of lie “selection”
t7p8, by providing pavsiial oparetions osp the data, Such medifications to the ari:
netic ani? wenld demnad oF coormm; on tho type of data procexainr heins sareidarc:

S} Flexthility. rmm of the rrancsad methoda of spigasching the rommarsis)
#2%5 procesaing maching troblam iy by the 9w of the "budldng Gleok" teshnique.
whers sny given i{nsts’lation weuld be ~mpnsed of &8 srlaction of avetladle come
ponenta to waet the Cooticyler reaniromants This {0 thy (Lilesovty WIRT nAs beer
follownd by “he manuf:cturars of punched card aqad gmant, Wwth rersllerable susress
1t has 2 ruwhar of wdvantagss, saci. iy ani aDAINAARle ewetem fhae oaw oo 0 oer
requirnanenty of diffsrrnt «=o Wil esean, goad rollability becauss normaily the

bregknzun ul one e nent dogr ned Gtam th whale so8tam, arel improwmment besagsg

the cremwnents son b
the whole svaten v= chenged,

It shodid he notad that “hira fa rpaibs e b
“he other majer sppros n o tha prohlie= ts in trovid~ 3 faes gerorel-parpsse

and replacec individually witheut raquirieg that

i= poipi,

sashing Wl enn oorio™ atl of the fenctiong of dat- reascyain-,  %inee 2 now

PRI W8 Yu 10Feaferd Taou wmatver x zohze can o switened Trom
the priLtasiin of one yoe of dadn ta atnthey mary clwne 2 4.0 Ftooo oos

saching is uacds seoncey should ramilt frop the lswer nopafactnring cnsts nf the

. -
i omm indubted for dhile polnt b My, Devtd Kemrvr. of Tlapmir wnsearel Qorporss
tiom.



stardariizad ma~tine, less repetition of aqui ment (airce som> of the warts of

oach component will b th~ =ama), and pevhaps less opcrater cnsta,

Por ths purposc of 'his pooer: howsver, 1t will bo naoumed fhat the "hiilding
block® approach is tha o followsd, 20 puint to considars thens is the sbility

40 gwiteh building blocks easily. In punch-d rard eqrismert, for cxamole. the
cporator can switch from one c¢dllator to snother (should thi first one break down)
s:mply by changing plug boards, 1In an clectronic rackine with a atored progrem.
all pmartinrcnt addrcss:s may have to be chanpen salto=swies1le oo lhat the new ordt
can take ovar th. functions cf th2 old nne, Tt 3a cossiblae, of courae. that aven
this step might bo rlimdnat)? hy simply throwing switch-s to conncet the new unit
in place »f thc ol~ one.

C. Input-Output

Much has already been written ahnut the nced for impraved input-output equin-
ment: for th~ commercial appliecition :f _lectr-nic coutine machines, At the
prosent tima, thc insertiosn of dst~ irt~ th- m-rhines and the cxtrasction Af reslt-
constituic two of the mejor bettlencaks in detn proc~reire systoms, Far tho DS,
sevoral coma>its aro in Iroor ar this rhase of the rouirem-nés,

1) Numbcr systom, It seers most dosirarle far th: "DMM ta acerpl st-ndmd
decimal informat on, wiih no seale fartaring cf th. nemb-re raquired v th: wneras

tor or progr-mm.r, similar tn the way proseont day dask cileulatsrs work, There

ahanld ha ma Vamn AP aamemdina ddm . Aus ba bk e Al dhl ey dandmal o -
elotot i te Bk ool comrad timoodwr W U VoSS RToLEmTL e S, T

should there by ~ny Jim® tatione improaerd nnan inmutacntrad aquimmstt v extorml
mamnarv ~and rment due ta tha Tart thet Adecim~™ mimhora ars sised e alto warde.
the nmbor sy=:tum used s-ithin the machin- Lo nat det r—ined by thesa ranirenontae:
it might be binary, biniry-¢~did dec'm»”, bi-quinary, »r othr. a+ iwn- as it
mects the inmit=nutput and -thor user rirementa,

8imilarly, it app.rs mest Aosirsnl: far ths raeckin: t~ hardls alvhrbetie in-
form:.tior on inovt-sutpit, with r2 1053z “n ~montire tinme 407 t~ cede conversion,
or the neud for table look-up »f alpha-num-riz port numbers, te g:t the machin-

cod2 gnuival:rt, Since alpasbotie sorting ard collstion will »: nee-ssarv, the

slpheteiie coling withia lho machin: chould be crnsistoni wiih thoce raquircmanis,

2V Topee o thpulae IV mlloval Ty wie avuien theas UG e s WLl
remain onm or the impor’art madiums of elertrawdc date haniiing svetems for some
time to come, espsciall)y where much comrur.cuticon Letweer the mashine snd humans

is called for, They ere weil develoned, r~1iible, ciran, and eas!ly sacandable hy
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the uaw of rore cards, Ailao, the zame ~ard can be read by a human o by a machine
and thus providey a good mediua where “oth typss of reading muet tak: plage, &n
example of thi- is the Move Tickets described in [11; tre printing nn them 1a need
to mowve the shop orders to the right deparueents, an’ tha punched holas sre pead
vy ine wachine Lo kuep, She %aap Orger S22t taps up 1o dite,  The poiny is comisro-
varslal, howevoer, in that some Bolisve “hat overall cifiziceay will oe gained oy

ing o slsciiundc slorage simost cowpletaly, Alss, the usa of a magnetic card
hu been proposcd,

One of the important prineinlea in automntic date wandling is ‘o climinate ==
many mAGuAl upcrations ax practical, Pre-punched rirde arc ane methnd of fning
thiss; the use of mark-sonsing to enter new informrti:in can slss be coneid-red,

Gl wyimis Ul Geva coan e pheked up even more directiy, by having asprapriats
plek-nps at the machine tocls themselves, and eloctirically transmitiing the infor-
matdon to Uhe EOWL. HMure lnvesiigatior along this tine will be sarried om by the
Managament. Seioncos fesgsareh Project,

It appoare that rapgoular typine operstionz ¥ill he cosentinl. 3% sevoral ocolnt:
within the firm., at leest for sor~ time tn come, The use »f tvoewriters that orne
dunge o puncarnd papar tave as wWoll as the tvped cmvv sheild b -out wsefuly, in that
ths munched taps will provide the {nformstisn in machine lnnensga al na eddiddans:
sifort, "Progrsmming” s such typewrii.rs. . pwnch oanly the desized infarmation
intn the darv. ds Yoing pruvided in sued nowic mochines,

t 18 uvident that the inpet and cutput buffor rogisters should handle the
variety of word and block lengths requir~d bv the data, 3% Pu+ hrer 4iscussed
pruvlously Wl iospedt e e wiilvsusl Feaoey,

C o aae mag ke At e e AL R

~rn

srosant day punchad gard roodorss for vomrls, oftun sporats fan slwls for affi-
2t ta pro-essing.,  Older sumerv curshog, which have heen used as card reader:
will road 100 enrde per minutz wher oporsting “free rynnine” hut thelr spaed i
ratused ta abaut KO eardz por minats whoo "slaved™ Lo ansther tiees ~f cqufmmoent,
At leart one pusent day crmputer has mss we of 3 enllater ingut. rumnipe at
ahout 240 cords per minute, It shoul? b p-ted that tho imput roadar shesld be
under ihs ¢ontrol of the commuler, with tnut {ni~mertion Ming called for w oa
card-by~¢-rd baris as ne:dod by the cormputir. fowowver, In ~11 ihaxe gasat, an
CajRIEL Ve PUnSING NG @ whikim &8 Lelig unsc. morULy N1 7EG eeasnry 1t iw belley
that a cheaper hizher speed davice designcd for #his partiecvlar speretisn zould be

~=An avatlahi..
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3) pes of outputs. Thees typds of outpuls ajppear to be of arimary impor-
tances printed, punched gard or panchad tave, and direct visual.

The printed output con be Mrectly connscted ta tha YHM. nr by wav »f punshed
tape, vanocbed card, or magnetic tape, Low £xws< priateca, such aa aleotiie type-
wrilars ar teletypo wd ts. can meaot tae formc t rejulrcasniis o ouyinsss forme and
reports: but vould seriocusly slow up the nysto= {f sorzacted directly vo the WiH,
Wow migp spead grinters provide vetter balance with computing speed, but ara so far
deel 554 for continuous paper feed, rather than the typs of paper motion
ealled for ir printing inwvolces cr pay chocks, It appears, then, that tho printsr
obebly should not be connected directly to the mashiie.

Punched tapos and/er punched cards would provide a maans »f obtalrdne orinted
suipwt on a separata prinwr. For hign sposd printers, magn2tic tape night de
used in the futuro, also; fe today, the punched card tabulators provide quite an
officient means of printing many tvps: of business forms, and tape controlled type-
wissss wovido e low cost form of printer,

Llgs, punshed daps provides a rolatdwvely chinape comprot means for the long
term storage of {aformation. whers it may he des‘red to rscd it back into the

mackine a¢ o futuss =3, Conmenlduial fixched cards can be nsed for the same

rposds but roquire grsater siorage spaet for the same mmount of datay however,
a2 rew C.oched card sysAlew recantly ~nnceiced would roquirce snly about cne-nalf the

B - S

veiwes 01 comvantional size carvs.

One important type of output, largsly une-plored so fars is a direct control
panel whaere tho informatien 12 presented in some graznicel manner. In the system
Sescrided in [1), fax exampies the Production Contioller wents to scan quickly a
waEn 3h Vw410 AN CONCOUTIWCALS OO O0CTISLN CY1TLCAL 1Tems, Fagss of printe
rod, et & “pletori~1" 3i-~play is, whers relatlonships
ars stressed rather tharn valnes, Since no such control board ie vet ‘nown to the
suthor, these IMM requiremints haws nct buon coiwiderod to any great axtent vet,

pabars are nob

D, Rsliability
Foat M scussions on th: suhjact of olcetronic deta handling syst=s £ buszi-
ness agree that the machine mmet be highly reliaidle-~but ssldom is the iscussion
carrisd beyond this point, "R111abdiiiz® ecan includa soveral factora:s Awong tham:
&) The Jduteuiiun (sl possi bl auiomaiic COTTECTAON) 7 random trans—
migaicn errors, to a very nigh drgree of meobability;
b} The detection of computation cerrorssg

e} Sstisfactory operation of the maching during schwduled working
hours, ovar long periods of tisa, under normal envirormental
ol tione,



Prom a realirtic rtandpnint, ths Hameussion should alen ireludn the ~elative
r.liabi lity of the elatronle machlnz varaus the prasant zvstas (mawms? er punched

eu'd)“. iinforturatsely, the reasuromsnis of th~ latter are seldom made,

1 Dutaction of irarsmission errors, Several metheds have hesn propcacd sra
ussd for tha deteotion of trenswisci:n errors within an elrctronic aystem, A
5 large maiorit, of iranswission errors
through the usz of redurviarcy in *he c-rde; with a ssmewhat more rodundant code,
some of the errnrs ¢>uld evon be .lutc.v.ahirall'{ corraeian, Ane macnine [4° uwse a
tranafer weighted count to a:tect possibls multiple erv-ra on the xwme ward. durire
t=eradggion, And s-sthur tzohndgis 23t has bean used {8 the ending »f in/>rma-

‘e . e - iy ~ . . - . n 2 I e |
Tiovs i om ie=dieirier s Feorve wiren e 030 ey e e e H Van st 8 amewed U Twesd

tions in the "on" statu,

2) Datoction of computstion crrrs.  7nc mothad of JAsteciing camwutatlion

errore is to porform parailel computatione ir. tws ar‘tmmetic units within the
machine, and compare results, This mcthsd {2 us2d by at lezst sne major tvpe of
aompter today, Ancthes m=‘hod, requiring somewhat leas cquimment, 1s the usa of
tha arithmetic woighted count (L], wher: the eame arithmztiz aperations ere per-
formed on mmaller check numbors as on thr aperands themselves,

jt is beiieved thati time will b» ~f thc esszrea in the: us: -f these machines.
8o that serial computatisng

in thy samr arithmeiae organ t- check answars sould n~t b tolerated for
Tang, It should B0 aceriencd, also, that in case »f 8 Al serzpancy Deilwcen the

answars in a "ouble check® system., the correct answer (s nnt indicatad. but snly

. . -~ - b . o s - .
Vi el i s b - It U o HP

mey s s.m s tru

by some as a schema f-r sutamatiecally eorrecting computatinr srr-rs, Ynowaver, san-
of the err-rs in trensm'ssizn and conru® “.i-n ar~ of the "transgiont," or randwm,
variety, Thay ar: most mrabsbly due t: "rois:® in the m-chin~, rathsr 4han te the
conslstant fatlure ~f o 5f the empennts. Tn pdir -~ 2-5rre~t Lthose err-re, 1t
is usuilly suiificien® to toanamit the number once 2grine v+ perforrm the eoamputa-
tiar o wocogd tims. Swme meceant day machires have ths £5:422ity built ints them
of automatienlly rew::king @ step in whieck n ervor s detected,  This apocsrs 4-

o¢ 1 very valuabl: advantags in the 2ase ~f *he machine Athor machinss. whieh h-v

P - i P e .- sl s r s . B .
e Poaoiltie a8 wre o S tens lo L wonld S Ty Selciiar ener oae orrar, an

T H
Lr revr el 3 T

royuire nithsi Liial the sper=tor tak. appropriate action t- s thri the step 13
roewnrked, or in some nanner call « previcusly vrograwmac romedial aubercoutine intos

operation,

X
~I ae irvdebtad for his point - ¥r, W,T., Svarks ~f Northrop Adreraft, Tne.




Anvither dasirahble feature, found it s :me preaent day machines, 4o "mrt-matir
thut £or overflow’ . t any ster f the covmtation, 15 an answar axcaeds the
nllnahle lindite ~f the machip?, this err-r shauld be dotectiad {mrediztely arA

“he muchine stoppad, Some roerings vr Se o st

I v wert)w as =~ programand
operaticng this varaisr of the "fail ;0 ' il gsby, mowever, calls €-r an qybe-
matic test and stonring the machine, vrles v the eader knows th-t oy worfl-w can
oceur at ihal step and ha
1w, Thia tast is agpeeianlly ime ré nt whon variable vsrd 1:ngt's ar> uacd. as

ad th machin® whi*t t- 4~ §{n crsa = an -ver-

men_ioned of paec 17, wheve 1t micht be ~hasitle for ta32Yg s yun avnr inte the
noxt woard. rowltine in mcaninslose data,

In long mathematieal prablems, ~ mmutalion 2rr~rs cen fton he une~vored
cgrere Y hacksy AfEor Lh: monts of or cauatiap are datermarad,

would b anizritnied onek inte tha cquation ta sea if th: squa-

I A4 teacesaing, 2uenh progrsmmed checks Will be rora 41f-

tdeult o fncorpor=ia, Sinne wack ploce f 2ata 4s lareely drdepondant € the othe
data. 8impie checks might be used, sach as »49%ins iu- nuhara, sand thap surtract-
ing crv »f them fyom the aum t5 sea if ih ather ruaher is sbénincq,

3) datisfactory ~poratien over lone periods ¢ tim:, Troem the point of view
of satisfrctory operstior sver l-nz poriods ~f time. =mu:h v-luable sxporioncs J«
being gained on existirg mathematical machines, -u;\'puzp‘:%t:;}e:{r?:;grgdﬁgg‘ilg'/

In genar:l, waghetic drum machdres rpear to he meing the heat ~vorall show-
ing at tho presint time, with delay “incs wmactincs runring a cl~se sncond, Ti is
nard %0 make & valid comparisons howsver. Meetuse of the difforince in aommuting
spaeda.  Tn wurv large v--lumc data prc = sing appilestisrs, the avernil raliantlds
SIogowor=l lomer s Uihinzs miabt o3 ho Vowav than the raldak ity a7 -
single delay line »r slactrssiatie tabe —sphine.  Ir th: *Prsting Sequirem ntaf
applizetion deseribed hosedn, a magnotia Arim roaidn has heon azlacted, for rea-
sons >f ancnomy: rellabi@ity, nd baline »stwren comywiire ¥ima ~rd exiornal ne-

ceas tima, In a much larger inst:llatisr, 1L fartors may well va Lalarncad ¢ mare

one of th: cther tpes nf machin.s, “or eXwpls, wiils ~r slectrast-tic stor-ee
tube wrchine mar ¢ast 2bout ten times as mueh ng - moerctic Arum mactine. its

cmputing speed (Muliinliration time) is rouphly twanty times as fast, Wyutyre

machines. using magnetie rorom 7-r inic . Tay woll oombing the adesntapec

Y omrmmant wnd R oh e Yl ang Y g
Lo SRS TRLAANILAT.



Reported Somenter helialflity

(3atisfactory cperitior hours aa pergentaga of toral avaiiable h~ped

1  Magnetic Drum Machinos
Eurraugh' s mashine - A3<8¢ parcert. £r 2 t- 2 monthe: (?) ant ()

a
ae oud

R, Harvard Mark ITT = 92 percent far b weees; (1)
C. TRA 1101 - 9 pergent f-r LROO houray (12

11  Flas*rastatian Tnh: Machines

L Whirluied (ewre tnhaeaiN%h hita) - A8 rayrent {nr 5 monthe st
95 hours par weck; (3}

H. OWDVAC (wiildema-102l bits) -~ 86 mercent at W houma nor creek; fl:

c. 1AS (Williems) - A pere~nt at °0 hours por wesk; (DO

D, SAC (Williame-254 bits) ~ 5 percent at 2 shift- wer davy (i1

III Delay Line Machins
A. SEAC - 75 percent “or £ months at 163 hours por week: ()
B. UNIVAC - 72-80 prrcent for 22 ¢am-ub~r months »t 19 houre rer
weck; (&)
Data Refarences for this table:
(1) ONR Digital Jomouter Newsletter, April 1951

(1
{2) ONPR Digita) omputer Newaleituar. July 1571
{2} ONB DhAts? Tanomier Nowsletter, Neisper 1v707
(L) ONR ' gtsl 7amputzr Newsletter, Arril 1972

(5) "Review »f ¥lectrciie Tioital corpuvsr, ATTR. “ebrusry 1ec?

(%) Transactions ~f the IRW, P37, Dererher 1652

_TASLE 1T



Bxrerience with methematical machine; has indicatadl thst s rasgrsm of Uregvan-
tive meantenance 13 mogt. helpful 1n ext nding the Jsngih of the perincs of eatie-
faetory operntion, Wiikin this fileld of praventive maintenance, ihere are tms
aain schools of thought. One school teachas that tuhes and other eritical ompo-
nents should be removed pericaiially, testcl, ar1d rasults entared in a2 log,  “hen
14 is saen thet a component 4y falling below a certein print in performenec, 1t is
replaced. The nthor schaol goss under the namgs o
nethod calin far oho.ging same criticrl volteges during the tosting ~¢ e machine,
Cmpoasnts that are on the bordarline >f faillrg undsr ncrmal conditd »ns will be
csused to f2l1l wien subjected v these abnormal eanditions. and ean bz remnved,

The machine is then ssiziRed to be ready for operation,
Witile there is aa vt nn sleav and dedandd on -2 o0 0h UG Lb o supdors Wir

zutherts proferenc: is for marginal checking. It is beliswed that the best way to

margin  «esting®, Ihise

ro

test & goaponent Ss-erdor dhs zotual Conditiuvae in whieh 1t 13 guptnsad to wark.

sna mamacad #-a ;.GL‘__:. tha-

s

and not in some gsvartte tast unit  Ihan ammnnnarn
aro oftern put baczk in the machine ineorrsotly: Lhis is most mtimsdl. in ths case
of orystal diodes, Of sourse, such wlstrkas should tw corrsctabla with the train-
ing of masnterance parso'ww)., In s large scels machins, the imgorvorsidsn of
sarginal checking facilivies can cause considerable additional axvenss; in fact,
4n these machinas wherc 3 me characteristic 1s very critiecal, it mar not be noasi-
tle to incorporate this leatura, Where it can b usad, though, it sh~uld prove to
be mogt holdul in extending the amsunt of mackdne operating vime,

Reliedble oparatina w th magnetic tsras has not yet bscn firmly estetilished,
In the past, tapss have bzen found to heve » large mmbor <f 2rs:; om which inf -
mailivn Gid MOt record jraperly. When raad haeck. thawafwea. inc~rroct inf5rmail o
vould be obtained, Forturetely, the manuf:cturers of magnctic ¢~pes have Lfmproved
thoir product greatly, to the puint whera such sbots have heen largely ~liminates,
Computer engineers have davsloped methods for detecting the rmalning few such
spots on a tape, and avolding tham,

Tre possibility o tape breairag: will alsr be grnatly reduced wiéh ihc atvent
of & new plagtic. callrd "Miler;% sa the tow bass, Praductd

raw type of tape e a<pectzd in sboul twar years.

¢ guantitigs ~f this

Durt particles ~n ths Lapss oiill must b3 eansidersi A prablum, sinee they
$RESS Wi tajw Lo bo pusped away from che reading homde. with 2 rosilt.4 lose in
informatisn. Dua’ zovers and ather such protective measuras sh-uld praatly roduce
this problei, however, Fessd on thewe devolopmentss 1t 12 the anthsr’s balief tha
magnetic topes will prove o be a relisble meddur of data storage for husinews and

intustry 15].



Another problem in reliability fs the fact that. ecpensive electrnris Jduta wro-
ceceing machines will be economicelly frasible mainiy [rom their value as central-
1gad pecarda devices--the consolidation of rraductinn wnirol ard accourting recerd:

3 i ‘m: ahs ARt
for example., To perfcim the nsc.arery Ast ., poroaeaing o tm: sharing nsts. thA

intorral speeds and compiexity will wzohsor o b and as these factors increase.
s0 1) the 1likelinood or sguipment Tuilur ;.A Ay assible solution to this nrob-

°
cnd e analr. wharehy
sed prosaonelys 3

lem 1= the use of the pmlding tiock teilinijue, d

troakdowms can be localized without stooping 211 data processing.

IV, fuisideraticns ol Machiin Features for Carruting

The discussisn of the TH'M 3o far h-s hacn concornad with 1ts anplication ¢n
QR [ OCUBBLINS Wik'fe 1 1w Clmpubabloms as oo iad vab oo 1tigs volldme of
uwdt records., This typ: of vens will arise. for instarca. in plants now having a
large amount of parer work in the conty~l of producticn, The onzrationg will be
toutine in natwure, such as recaiding itne movoment of a perts ordar Imom ore anera-
tion to the next. the racein* c¢f a parts order inta tha stnack rosm, or the dis-
borsemiant of parts to an asiembly orier.

(ms of the promising applications for oloctrric comnutine mashinae, hovaver,
is in the fiecld of ducisiorerasting, sr as an aid in decisian~maklng, Much of the
ucrk of the Manegamen. 3cf2nces Research Fraiact i3 cincerncd wisn the [ormulaticr
of mathamatical medals of c.irtrin rrocuctisn deelsisn prcopicas. in piants whorse
the Srreedon of chyicy' in deciaisns is er:at. In f1), raveral m-dels of varring
eomjut=ticral caaplexity arn presanted [r tho loading and schadulirg furnctiore,
The dasigr >f in MM ¢ould well consider the rroguir-mzmts that will b {mpeosed by

. o .. ~ PR ~a L s v
BJUCH A LILES L1 C WL BRI Y, D1 Lm0 113
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obtein improved mathamatical Aanthads »f comoutation, it 48 still S50 early to dis-
cuss vory mary spacific roquiraments that they will imp-se upor the DM,

e methematical model, discucsod ir 111, has rogeivad a29pi124 eonelder tion
by sevcral groups thr.ughout the countrv, This modal 13 cnlled TApe-r Ty rgramming
(LP): -~r prorramming ‘nicrdapendent act!ri*ies, Tt war orisinelly develeped by
Pr. G. B, Tantzig, for the s-lutinn »f ~pti-wm proorars for the LS, Alr Force,
Since thon: it hos boer appliazd t oti-r problems hy othar groups; “or examrle,
gos (5],

s it wan p it ed cut ey id o fmars - i poetiiencz W the T-ading orablom
in a predvetieon pilu.t, oreo ecertaln "oneoveorloopine® rostrictions have beern re-
laxed. i ~ : snonedls sized prodiactiorn 3p-li~~tion. the TF modsl woild convict -

A
T s ind~tcad to My, Jakhn Haanoure of T (e thie paint,
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« large matrix of numbers with perhapd sev=ral hurirsd rows and slamns, or more,

regrerenting product requ’ rements, standard haurs of predustion, invepiary quentd-
ties, avsilable machine hours, apd time paricds,  The prodlem 4a tn dalsrmine the

quantities in which to vroduse b3 rreda-tc- Ta i time perieds recified. ao as

< maximise profit or meirt som= otle~ cyi.ui such ac aptimum uae of facilitias

Dr, Dantsig, now at the RAMD Corporstion: h-a dev-icned a wwthog Tor the selullen

ot large 1 rroblons, called tha "atmplay" teshri-we T¢i, ard has also censiviersd

computing machine aspocte far such prett ey £33,7

ADuring an informal diascussion with Or, Nant2ig, b~ atated that as & rooh rale of
WmDs in U woish Ca32 & progermar wanlA Aeaire an intornal machine mamory vih
wce as many wordd ¢3acidy 22 thors are aavatisre in the prablam,  Prosant pro-
graming calle for providing £ar two vontors at sme *Aws in the «i==ory. holding o
fived wnilc dcveloping the ather, Dthor yeeters are 221l0d 47 fror exlrnal mome::
as reoded.

hlso, to astimats comoutatinn time: M, Danteiz € 1t thot the number of mylti-
plicavions, x , would mosi 1ik%ely fall hetweor the limits:

ka‘n? sz 2 wont
sthore X = an Aintager in the range of 1 w L o inKrcating the dogree of akiil
in programming and coding th. prodlem. ctc,,

B = number of equations {rows in matriv),

n * mmber »f itoms {eolumns in matrix),

T = numner of bine weriads,

(A8 an oxampic, astuny o prabi~m where o= 2T now SO0 T = O in th. bast
sasn. et X =1 and ir the worst caze 2% Y =N, The mmber of hul*tblic»-
tians than would most 1ikoly liz betwean 917740, 000 ano ',5 ﬁ.vJu..»J, R
myltiplication time 4s = good eatimate ~f total crmpuiaiica Yie:, the s ro-
quirsd for two of the more ccmmon tyoas Sf prasernt day slectrehic comnuters woyplAd
be, under prozant maehin: daaigre and eoding metbadsy

Av.Ye, Multsfsen “st, Problem Tim:
Urg, {min) Yrs {max)
Magnetic drum machine 120 2k 7807
Blectreastatic tube maniing 200 113 Hyds)

Thus whiie :')Tpniail.cn i
~ble order ol .unqu-vuug in urdbor wark le d2givetlo e rediogs omne
pating time, sspecially '_,z- vra'rnr_t&c Arim macking rpeddentiong, )

T Stotic tubs machine mivht be 27 o o oagane

Anar

i, Dantrig ¢ v othat {t was Tiknly thad snmting time eonld ang wanlid
be riduean matorially helow the maximum mivn ~hive,

e —‘m:a’ww“
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™ solution of LY problema con a UNJVAC eomputer has bean accomplithed by the
U. 8. Alr Forcs. under Praject 5CM0P, Pased on this IINTVAC exverierce, ihe Adr
Force im considering machine requirementn for a computer carable of jundling larger
L pretienm,  Soms of tris work 18 belng cioiled on An corfunctian wtih the glas-
tromie camputsr davelopmait group &t the Mauinnal Puresu of Standards,

In addition to the 1,ading prodbler, a resirictad schedvline model was die-
cuseed 4n (1], Thic mode: provides a method of s strmatically impraving a schedulr
by an fterative procsdure through the use ~f priority numbers and venalty cos
stants. It has not yet been dotermined how much of th: problem would be handled
on the ¥lectronic Schoduling Machirs and how much on the WM. This is an ares
that is being ivestigated furth.r under tha Managemant Scionoes Rescersh Frojant.

o

cr

3inco the decigionmrking models uvilei aia nio o clearly in mind eat. n
practical approach appears to be to us: prasent day machine capabilitiss t~ their

1imie. {nataad of walting fnr the opiimum mazhine,

¥, Fuoture Rxpectstiois

T™he DM, as dierusscd so far in this pap°r, bears a grrat resemblarce in
grosent day mstnomotiea) mechines: {n iie construction and locdic. This nas deen

Aons purposely because it 1s pelisved ihal the first coemerclal machires will
follow this approack. for vessons of ecoromy and reliability. At the same tims,
much advanced thinking is being cirried -n throughout the country, on imvrnved
Aseigns for computora, ek sdvances will unioubtedly affect the devel-pment of
EOMMtz. Tt i3 Aesirads thcreforc, to montion a few of these provosed improvsments
(some almnst o7 a iclencu Picilon natw—) and their lik:ly impact on YA desinn.

1) Nentral Tasords Yachine, The tresd 4n thiriking in tho elecirorde daia
processing Ticld is in th: droctinn ~f a centr-1 reasrds machine. that handles
sil of tha pajer work of 1 firm, as opporwad ts 2 rroductien control mertine, sc-
couniting machina, etc. C:ntralisation has many ~pparent advainlagesj esracially
fron the fact that facisins carn % basad on the "picture as a whola" rather than
on just part of the plctut:. Thz use of snek & =achine 4mplies several needed
duselopmonts, hrwavert

a) nighor epeod. M.es tho machirs will D time-<hand betwson all dapert-

ments of & Dlant »r 2 firm, higher spoe® of sparation #111 Be neaded.  Tnternadl
accegs time cf yrasend day drem machines is. on tha average: abcut 3 millisaconds;
for delay time rughinus, abvut 160 micrraeconds; and for electrostatic tube mashinc
in the crder of 5 tn 20 micrnseconds. Tev-logments in magnelic cores and fario-
sleetric shests 3hw womiss of rccess times 4n the »rder o»f ane-tonth of a

AT LR TR SR T e rEs o VY SO Y TS S
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i oroneaond would imply en external read-in time for ssquentinl records 4na the
smdar of 1 millimegory! per complete unit record,

b) Equ..inlont 2 neny inzernally ztayed programs. The machine will trobat}
e intewTagstad at random tines thouchsut h~ woklag day by the various depart-
monts. A8 soon 88 a circuit is getun b'vrar *re m2zhine and Ui denartment, the
machine must docide whien of it prograns 1t must us» tn precess the particular
typs of data involved. Dev~lopments in self-progreming techrdques nay be halpful
here, where tha machine follows & systematic analysis of the data until it deter-
mines which program 1s requirod.A

¢) Interpr ting human questions. Humans in the plant will vmaueettonavls
ask the machine for cortain data throughcut the day. Some have guggested a "dal-
ing” syswnm similar to t~lephoncs for this application, In order to zvoid the
ressssity of coding all questions 1in numcrical form, a limited vocabulary 'xev-
board® mzy he douired, vhich would give th2 human: lese diffisulty in Phraning
their questions.

4d) Automati: reading ol paper records, When oustomer orders are received,
for example, it would be dasirable to read tham directly into the machine for mwo-
cessing. Developicnis sre under way on devlices which car read standard form
decimal nusbers from » [rinted page, directly into clectrical signels, 3ince cus-
tomer order forms are of verious sizes and shapes. a stoncil overlay misht ba pro-
parad for cach custlor, with samcthing ke 2 eoler cok ts %11 the machiine what
plsce of information is whers. And thc machine would bscome aven more complex
wher: 1t had to know the aquivalence of dates written am Famedl 3, 10572 ~oa W) sn 0y

Firat steps toward automstis resiizg howe hoion (5 Uw Jorw of mark sansing on
punohed cards, and position scnsing on ornsus anumcrator data shsats, [97,

e) Random zecess memorics, [rzseni trerds in the dovelommant of large
soale random access mr=ory avatama apnosy ta ¢t ip the dirsction of - single read-
write head unit that is mcved to the -raa of the nemory =occificd in tha program.
Access *4ime is in the order of 1 to 2 seconds. As has been M scussad previoualy,
such charseioristic certainly are not optimum, from a date processing point of
view, Mt thoy repreas:nt a big improvement nver randam access frem magniiic tapes,

Aﬂontion should be made of Claude Shannons mechaiical -8, dev:loved at the
Boll Telephons Laboratories. 7The “nouse™ follows 2 systamatic proecedura in soly-
ing 2 mase, rcRmmbaring corrcct paths, On subssuent trials, as scon as 1t comes
across and recognisas thc correct paias 1t ther follows this path directly to the
"ghessc. "



It may be some tim= “elcre a decidedly A1ffersrt aroroach to the orablem appears.
o reduce access timz tc any of s.veral million records below 1/2 serond and to
provide for ludependent scarch hy two or moo: read-imrite head units,

Thrue main searchldiy, ach.”
noving *he storags m2dium

J2 come toow o7 pesving the sensing unit fixed

(ar ir meev-tie o7, Argrs. spd fundamantslly 4n acous-
the storag: macium relatir 1y
ing umdt (as in twn knesm randos

iie delay lines). keouing fixd and m-ving tha ssne-

Agcoss mamere svets and in electreststie storagr
tubes) and having a 1:1 ~elationship hetwesn scnsing unite and staraes rositions

with sema form of switchirg arrengement o ~htain selostion (23 in rmagn ti( rore
memorics). For vory iarge wolume mamori:s. the third mathod looks Orohist tively
expensivy usinz storaze cewizes as wmuwn Latay., Staraye -t the stomis Yavel has
been discusicd, and a tvie of sensing si-ilar teo ~lactrastatic tube sonsine or

even magnotic cora-type. sensing may chansze thy rardom asecss siemnry picture aqul te
radically,

z) wacihine Construction and Legle

a) Reduction of slsa and power. A contral racoré —achin: for 1 large plar

could become a sirendle machine raquiriny = larg: amsant of clectrical vowor and

giving off corsidarsble heat, using pras-nt dav construction tichriques. “n=

promising soluticn t5 this proslen appears to be *h: tiirsistar. vhich is cavidly

[

being impraved to the polat whore it can b2 consider.d for ensh arplicatfons.
tho PRI dlscuseed in the presert paper, hewewer, no great alvantare ~f transittor
awar wvacu.m tuhan ia resdily apparent,

B) Reliability. When one part of iho mman prain is domageds its Tunclion

aen aftan he talo- awnr (i t% a2 onasible 1,88 i officisrey) by ~nother arra nf
in: oralie  Such a pioved

T3 mAay well B sonsidered for $hn runtmal rosorde machin
of the future. The use of parallel-type camporer‘s, coch having fis owr funstinns

to parform but capebl> of handlirg other

functions ad w-l, w3 ot
TeasofAbLA,

Closely associated with this feater- :s that of salf-chackine. A3 h2s been

mentioned, transmission cvar parallel paths iy one methnd ~f improving relisbility
Talks by nerve-nct tnaorists point sut that informatinsn in *he human hroin aprears
to te tranamitted over prrallel paths,

¢} son-nmeric Liforration roproasatation,

Tt iz 2lan Bacn rointed sut
by nerve-net (orists

hat Infemintion orabably is n-t stored

in the hsean trale
in the form »~f decimal o binary numbers |aae 101,

Ta mrke the Anfarmatior in the
computors less suscontibiv 0 nolse. non rwscTie reoroscrtatisn meth-ds mayv olay
an impor tant part,



4) Righ speed pririsrs. Closor to practizsl apolication, parhaps, are
sote c? thy dewlopmarts in hign speed printing. One maifor techmiqus, c=ilsi
ferrography: has the rompuler record the printad information on z magnetica™ly
sensitivod plate, Magmetic ink ia sprave? un “he plate and adheres to the ragne-
563 areas) arter ¢ fixing ireatment. trs -la*a 's used in normal printirg fashion
%0 rus off wultiple coples [11]. The quesiicn of whether such multiiple copies wil)
be acospted as legal quivalents of carloun copies has not vat bsen settlad, to the
sathor:s knovledge.

s) Caxd-to-tape converters, Alro clos:r to practical application is ilhe
devclopment of high speed punchod card-io-magnecic taps conwerters, Tiis type of
fevice probably will bo most imporiant during the transition phasz in electromds
Gats wrocsseing, Other developments. such as automatic readers and/cr magmatis
sarde, may render ths punched cerd lergely obsolcis 1n time,

i, Sueeary

In trief, =esent day mathomaiical machines Aprasr rot too weli suited for
aftialind Jala Wovssarn upeTitions, but shwuld do well vn duclsivirwaniug
calculatiocns,

Data processing requires good cumwrdc-tion between the *™M and ths external
memory urits., Computing upwid Shouid e well balanced with external accoss tine.
and 1t apneaca that maemetds 4anc writs will be very campetitive with the newcr
rendo= aoces) memories in sme appiications, No genural rule-of-thumh ezn be cive
aash /irm woai.d have to anslyse 1ts own operations and sce vhat choice of urite
wnuld haet ro84 14s nasde

This ssme typs of analysis is undoubtedly beirg carriud on by computer wanv-
fasturers who are intarsustsd in entaring the commerci=l markwi, Ti ie hoped that
the reporting of this production control application wiil ba of walue t+ them in
chooring their mrcnine charscteristics. Perhaps evon more important, howewer, is
the possidiiity that 1t will be of value ¢o notnntial users of eguimment, Thev ar
he oncs wio are ultimsisiy responsiole f{or analysing their requirements snd ntat~

e

ing tham in a2 ijansunga som

i prava A
Tanguage e~ SSNAgTaATS Can

ty

Thus, this papor doss not pretert ta give a final ar comtleta anuwor tc EDRM
decign, It has aiteapted to poini su’ sciie of the fundatentsl rolatt onshirs ard
indlcate 20ssible solutions from a research poinrt ot view, Gonslderably more work

will te necded in determining specificotions fx sny industriil installation,
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Salveson, M,%, and Canning, R,0.. "Elec-roxic Produstion Controi.* Resesrch
Repord me. 17, Management 3ciences Recevah Proj=ce (&8 pages); distribulion
Urtted, PEssentdally the sime 1nlart. i cn the elactroni~ aquipment is slec
preaented in Pesearch Roport K., .(. "A 'rorosed "lectromic Data Handling
3ystem for Production Controi,* Yy R.7. (anrin~ (.9 pagcs).

Enginesring Rescarch Assoelates, Hizh Svred Comfuting Lwvices. “cCray-F41l.
New fork, 1950, espeaially Chepter 5,

ﬂ—iu. R.N., "Brror l'atecting and Correcting Codes.® Bell ®ws'em Techmical
Journal, April 1950, pp. Ui7-160.

Rehlar, K.M., “The Raydec System and Its Intornal Memury," in the "Review of
Inpu. and Output Equipment Used in Comjriting Systems® published hy American
Institute of Flectrical Fnginears, New York, 1953, p, &L

™%, (Revlew of Input and Output Tanipment) Several papers decuvss this

a e edg

probtlem: especially on pages 38, L9, 61, A7, &R, R0, 93, 9.

Charnee. A,. and others, An Intraduction to linear Programmine, Jonhn Wilay,
New Yark, 1953-

Dantsig, 0.0, =nd otiers, "Tha Jenerslized Rimplex Mathed o Minimising a
Linear Pore urder Linear Inequality Restriints.™ RAND Corporation, Santa
Mondoa.

Bentaig, 0.8,, “Computational Algorithn of ¢ho Simplex Method,® RAND
Corporation, Santa Mordca. pamphist p, 394,

"Proceedings of the Western Computer lonfarence," publisned by the Instituts

of Radio Bnginanrs, New York, 1953, Sea paper by McPharson, J.L.. on
"Commercial Applications-The Implication of Consus %xp.risnce.® pp, L9-S3,

ivid, See pagos 353» 43-~ud.

Ibid., Soce paper 3ims, John C,. Jr.. on ™agnotic Reproducer and Printaw, ™
p. 160-166.
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