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AGUTHACT

Tarou,tout the nlstory ol nan, storage hus veen of greatl
igportance becauss it is inaispsnpsables to comnun.caiion, hany
mecoanical devices nave been developed to store :nformation for
futurs use througn comsUnicail.ne f:u 2 ralatively permsnenl devices
Dave aiways Oeen necessary bto add man's lisited and shorl-lived
Bekory., Today, compact stolage 1s mure than ever necessairy for the
great nodsrn fund of general lnformation and for cosjuting mucn nes,

fiiere storage offers at least a pariial solutlon t. the jrob-
lem of tne sturaee of general inlorsation. Uevelojped convonitantiy
with vrdanacy photography, Lt hed onuy recenlly becons eC.nokically
practical for iargs-sc.dle storsge of recory materiwl. Througn the
use of nicruiile techn. jues, an aredl reduction ratio of about a
bhousand is at present possible, allowing l.rge apounts of materi.d
Lo D& 5.0Pelt AN & Bharl SpaCo.

Hagnetic rscoruiueg 28 another imporitsnt stor.ge welhboa whieh
has recently undergone exte:ssgive devaliol.ent. Inventea iy Valids-
mar Pouigen about isde, the recoruing of sounu on wagnetic tape or
wire anjoyed a short Ipitial pe.iod of populirity out was pracii-
caily furgutten thersafter unt.i the s1ood's, Since tiat tiee, .
articular.y during the war, ibhere uuas been a rush o explort its op-
wibilities, lsacing to tho develojprent of seversl new m;gnztic Ledlia
ek rewording mebbous, The Culdel advanlages of pognetiC recorulng .re

imsaciate pl oybatk ane the Coppacinens and pereafisn.gy of to. record.
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Altnough large-sca.e dizibasc com, uters bave obly Leen
developed sithin The last ten years, nunetous storsygs medla
are now used for computational stoviges In a copputer, storage
is necossary both to introduce dats into the sacoine ane to
atore partial resuite oil caleul.tions. The s,ecu vl a counjuter
ustarsines ths Uy, es of . tuTags ausb app..iCable tu ity veci. =2
there are 2 oumber of cor;uter: of ulfferent .jeeds inc oborige
cayucitias now o) erat.ve or under Jdevelo,momnil, various dif.ersnt
FHEOPHEE Lelilds are Ta ulled.

e ol the cadest stolugs meula now Ussd in conpuler: is
ponches pacer taje. Uriginaliy develo;ec in Lhe wey itednth
century to control wewvihg }p&1.3TRS, paper taje wag later ussd
Tor sutomatic telsgraphy, and, recently, a8 un e . lerna.l cosputational
storage medium. runchea ciras, sacn were first epployed {or the
tabulztion of large awouuts ol data by Herwano Hollerith in the
iBBUS, have since beek ajp;.ied L0 Lany robleis in gscguntxng and
zatharztics by the International Business Fachluss Cor,oration s
are used in Two modorn copputers ror external storage. altucugn
peititer magnetic Loje nor mloeroliie dis yob pean usew in o conjuter,
goveral racaipne: nos unue: cobrtruction @ ils uwtiadzs tosse keul. to
aviiove a4 wuch faster gpeca of recordin; alkt veauling informat..n
than 18 posSsibie with puneheu lape or ¢.rus,

Hotatin: wheels Dave Deol eBpioyed lor Lhe st rage 0l DURB.Srs
since tosy werg used in the first caloulabur, invenlew OF Dlalse
raseal im ibdc. Tie sariest projecled automatic-se uenCe—controlled

com, uter, dssligoed by Charies daobage in the sarly part of the
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nineteenth century, was to bave used severa: thousand rotating sisels
alth inscribed, circupferenti.d cigits for internal stoiage an.
junchey cards for autlomatic control. Electricaily set whe=i o unters
we e Ueveio; ea in respunse Lo the neas of autoratic teie hony oy
1oi0 an. Dave silpce bas: Wsew in kodern Casculators and in toe
Harvara Autorstic~Se uence-tontrolisd LUokputsr, s wodern o.uater-
#art o4 the origin.d Saboige wachine,

By far tie lar_est part of thic »ork on stordge peuia Y 0 uoe
1y computers s Deenr £iviieu o 40T Ted geveeopiunt oL nigh- peeu
interual sturage deviced, Thoe secies-Joraan 14d, ~{ivp c.rouit,
inverte. in luly, ks besen ussu o [ roviuw ould bipacy anl uedi-
Lal 3L0Tegs, abu velays have beon eg) loyedi Dy the sell Teic.hme
Lavoratories to sty ly the enlivre internd: sLOrd: & necss.ary [ur o
com;ut.re i nNew type ol €ransnosslon o .e, the acuu.t ¢ deliyy iions,
devaelo, . during the wag, nas a largs, reldatively ciwa; stovege
Cayp2Clly, and 8 to be usea in abl seast 1:0 corguters poew under
construciion. Tavre ire considsrab.z jous-iblist.es inherent iu Ths
storage ol d.ta ou tie ocrriumiereace. ol rotatin, ragnetlic or | hose
LHOT<Coaled disks or cylinders; ids storags melhod s NOow umder
ipvestlgatlon at Harvard.

4 congiueratioin I tas sturage cogecrlt.en ana Spewis oI ths
difterent types ol rouern wturage Ladii indicites that tuvse ueveoces
in wplen lnforina vion 8 cilsiriculsd uves a beo—u iBensiobad GontiiUus
are the post efticlent awia aliow dnfornation b be readisuw wost
quickly. Tosred.rs, ol tae ldab-8;98d 50 Tags JeV.css Dow in Lite

develogiental stag ., ;8rdags e post dmportant il pe elecirostatic
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aroragse tubes lise the R.C.a. selectron awd other tubes which
similarly store information sas olecrete chatye slepants on 4
two-iimengional dielectric puriace, and extrapolsating, the
computativual storuge asvice i the future sould sean .lkely
1o ve thres-cimensionasl, s ith slorige points arrangec iu a
thres-dineusional wmatrix,

Besides their uselfulBeuvs in coijputers, rany of the stovage
dagvices and tecimi usy thet bave bewun developsa For comutationsd
ap;lications wil: be of great value in the tuiure fov utber pur-
poses, Losputatiopsl selection and ssiiching methods prowise to
be very useful in the ra;id losation of large awmounts of informa-
tiop gtorsa on wicrofils, Dr,. Vannevar Busuy bas sven pousited a
generaillzed individuaai storsye reyesitory shicu will acmeve

aspociative linkage of iuforpation, 4% in thue orain, through ths

use-of bigh-egre=d selection and large nlorofils reluction ratios.
Finaiiy, stora,e #1131 0o uged in the future aubomatic factory o
sontrol the sequmes of pachine operations and thus toe silleinste

wu.n of the mpen.sal TelcTitive aors DUw LOCBHS&0Y .

vii




INTRODDUCTI O




A Tax dkboilalivn v digled o ITY OF Sl0bAG

The primary akn of vhds paper io Lo snow Low aou wly aiftersnt
seans ol indfurpstional stordge Dave Daud uevelo; vu aflu oy loysa in
wodern tices. Toe warlous rsasous Lor woee develop.ent of isportant
storass petlids wili ve ev.duated in terc: of tne Iunction ana
efficiency of sach welinwd, Fros 4 consaderavion ol tne new lypes
and usss ol slorage, an exirapoiation w ils iuture us.s will Le saus,

The storagzs of ipforsation Lo iclicately comrectee «ith tne
coraunication of bnat ioformation; hencs, 21 is ipjossivie Lo QiSC.88
ona process without the cuner. Lt iv obviousiy of no utility to
store infursation whsat »1il never e used agiln, ostorige ig of
importance beeause of 118 proaghatde reiation 1o cussunicat.oon.
degatce wanls wwwOly is Iinits pa rorgeliul, it mas alviys been
negessary W augrsnt it oy 8Somv kechnanieil or externad re.ans. ALl
.nyyas of $L0reye are Lms weabs 0l (Tessrving iaforaation i .n
ULCHAN. 81 d:dd CBhal.ly compunicavly 1ol

In. pigtory of storeu aulorialion Dy 00 weind weglide wilh
the bovention of writiag, sUeh desy sitn the iuvent.on ol writing
on aper, but, iunsitlad, bay e tracen bace o wne very oceginnings
of langlage. all OF pas's progres: pas been coutdngent wpon hes
being able {o comprunicate Lhe resulie ol experisncs e oluwrs &0
tnat ey migit rwke use i bhese vesudlis. Thereiors, ths hiJtory
of storage 18 a5 old as tne nlstory o wun.

Feuaps ons of tpe earliest usszs of storage was tnit f Jhe



¢ave man when he drew a smark on the ground or broke a tree branch
to indicate to his feliows the direction he had taken., This use
of sign lapguage conaiituted a coperete way of storing information
by association: an associative complex was set up in the nind of
tne cave man between the physical sign and the thing that it
represented. Thus, the sign, whether it was a mark on the ground,
a word, or a plcture becase tre symbol of some externmal, perceptual
reality.

With toe develojment of the ability o difrerentiate between
a thing-in-itself andg its sywbolic representaticn, san mude one of
his most significant advances, In efiect, he gained the ability to
mike abstractions. He represented a mastodon by the word for
mastodon and remembered the word, This use of words as sywbols
representing perceptual realities efilected an incalculable savings
in time ana efiort; instesad of veing forced to point oul the physical
rastodon when hs wished it considered, tine cave man hic only to use
the word for mastodon,

It is essentisl to note the dichotony betwsen the thing~ine
itself and the sywbol therecf. One is tue reil, itne olner, ithe
ideal. This distinction become: reaclly ajjarent when it is undere
stood that while a real object bas an infinite nanber of chairicter-
istics, the symbol of the object is uefined primarily in terms of a
finite uucber of its mosi obvious characteristics. kost syubols
are not completely uefined, since, if they were, tuey would, of
necessity be the object which they symbpligsd., This state of affairs

is actually tbe case with thne cardinsl nmumbers, woich are completely



defined symbols.

AS man progressei, the order of abstraction ihat he was
capable of making increased, and ithe next stage of storage develojeds
this is exemplified by toe written word, which is essentially a
symbol, or codea form of tus spoken word. {(radually, man's thought
and nemory began to be more and more concernsd with abstractions;
but even today not all memory consists of abstrictions., Those
percepts concerned witia tis bouy itself, such as pleasurs and pain,
nsed not be expressed in terus of words to be felt or remecbered by
tne individual, It is, nevertheliess, usually necessary to employ
words to ex; ress tnese ewmotions when they are o be cummunicated,

Juet as words make up ordinary language, o numbers and Babise
matical opsrations fore the language of mathematics, Trds luinguage
agailn coneists of abstr.actions, often of « bhigher order than thit
represented by the written word, Wumbers are gymbols representing
gertain inforsationy hence writing dowm a pursly punerical solution
to a mathewatical problen is as much storing inforpation as is
writing down 1 descripgtion of & method of making cherry pie.

It is important o maxe clear the distinction d.olween itike terus

7 gtorage and mewory “a: tuey will be employed in tlds juper, BHergson
sdefined memory as P... the intersecticon of minu ang matter,."™ Although
tids is a ratter romantic definition, it does imdicate that memory
is more than mechanistic, Thus, as a ulstinctlion is rightly made
between the brain and its thought, a distinction should also be gade

B . T T T S .. T T T . I )
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petweenr the physic.d mechanisas of cuiory ane .emory itself, the
vesult of ihis pechunism. There ls an essentlia. cichotogy betweon
the moechanise of somory ano the thing recemoered, solen constitutes
the neuorys. Unlesg ome 1s a couplete pateriaizst, 11 Lo neCossary
1o aaelt that althougr the 1oTRer 18 sateriilluviic, the iitter s
note 0N Who other e, ihe cass is aitogetier difier.ut for ald
ty;pes of extern.d stov.ge: Thw storage media, e process ol storiug,
anu the thing stored are i of e Bakd Kibue In Burguont: iwion,
storage s the imtersection of watler awi ratler,

It is also pecesealy to ueline teo gunarie Ly, vs ol storage.
The: distinction pelwszen the twe types s baged on the controliinig
potivati.n bpehing the uevelop:«nb and use o« gpecific -inu of
storige, To the Iirst Class 0Y $L0race bolohy LhoBe storigs nethoos
which were develogeu or Came o De uBsg LeCailse 0 4 GLTUCl Lusoe for
stoprage, while Toe secona ¢luep 38 conjresel o slor.ge retnous whicn
aid not originste privaridy frow o hgsu Lor storige ana, Coltoegueniiy,

sra pol wsuwaliy thougut ol as belng storage ot abd,

vomgon henpers ol the Iivst clacs are Lug LOOR s Lile
FROLO Taph recoiu,  These devices webs developol sbha als udea L
storz inforration ror l.ter corrwnication. Tois 1y« of stor.ge =ill
Dz arvitrally sesignibea "expdlicat? storage. Lo contr Wistineiion,
RGO .08 0 the geuund clase 111l be tersed "ip. 1icit” cloragd.
e rasentative pepbusrs of this claiss ure worsks ol art ano eleciiie
¢ircuits. It is unuunlacie thit 16 these objects nave beining, lney

are coneret. L cang ol storing inforsastion. Bub nesider Ly, e oi obj=cl

originated Lrroe uan swarochetss of 4 wesa 1or slori.e on the pare ot its



ereator, The inventor of a circult i concerned primar.ly -iih

what it ean dop it is only incidenial timdt the pnysicsdd convection
of wires amd CLrcull Coupone.bs represunts a storsg lore o the
inventorty idew. Ligewise, the artdst is wmore notivaten oy s uesive
to express nis subjective perception. ol realdly ilnan 4 uesive to
exjplors the practical possicliities ol nis peuius a8 a Beans of
stOTAECu

AlL physic.i: things taat Bave weaning stoee infornation, The
transforvation from lmplicit o explicit storage 1v efiected waen
the physicsl object or method 1s avariau tw ssrve Lw | ractical
purgoses of storags. This proces. 1s wsli il ustrated by tae transitoon
Trow pacnting o pbolograpty. The cistinvtion between ik iicit ana
exXjaleit poTage iy a4 Tine oae, but 1L is fundarental ane s very
psces. ary in iiciting wie scope ol tuw wora glorags. In the suce-
vesaing pages, only explicii storage cethods »111 be considersu,

Thne generasl storages of information ls necessary Lo ,4a88 on
knoscedge fron generation o generation, The bulk ol accuwsulitec
knowiedge i goders tikes 13 oo gredt tu e Danded aown oral.y Lfrou
Tatoer Lo son. It 1o noe ik, ov.ibic for any obe indiviuual o
encumass the entire sjund of inforuution in sven 2 very reo ricteu
fisld ol s eciadigation unlers e pas both a1 long Llilse ang thoe

wells’y
sxlsnsiole cramial espaciiy of Hew. =-sdts oelenitwes.”  Hot the least
igportuint of the wivanlac e of stlorage s tbBat storew lofuriation is
ustaliy sasily wvupliested, .nw Liie kuowisdyge can be wiuely disseninaiied.

Gecsul years iave seen wne applivsidon ol stors.e Lo autunatic

matienst.C ol Comuters and tner avtoraticddly controlled mechanisos,



Ln toose devices, wnose developheut ¢ 0o, Culbieeluble 1ijpol.s

fo

from tne newds of roctmized warlare, glori e Lay surve tuo

firet, to contrel tie se uence o gperalions
1 4

of o uevice, and second, in tho vas: ol o conpuling 1L .CL.nu,
w slore lnterpeci.te resuldts ¢ Bohe CORj ul.iluly Wniil necieud

o bae fuether soiuviion of the problen,  Soth fanctiong ol ctorage
are often [ownu ip ihe s.ope deve.oe, Taus, e computer also

usus eturage Lo girect the course ol tue jrobler belng solved;

and Baly Bechinss, Such <5 the progected "auton tie Loctory,®
wios: pripary function s not computition, nill, novertoeless,
inciude o computin, machine in .d.ltion to Luslir controiling

L tlrs that pust Lo uc.d up o petuing inlormataun

BLil &y

out of storage {"re.ding out"™ or "reudin.™), ana the tiic npeeossar

heA

e place informaticn in storsge ("recording") are the colef

len deberiiine e speed ot wich 4 corputor can oL«
anu g2, ti. tlse to sclve a goven problem. Tuus, it 1. of

wa jor irpoituncs to exuznine the vario 8 tyres of cokputational
storage ami to contrast the'r characteristics,

Thore «ve thres ssparate tojics which nust se trested in

any censideration of wctuzl stors; e netliods. The hyeic.d form

of the stori e medium, the mothod of recording, ind the mevhoa

ol reaaing oub information are all exlrerciy ir ortint and not
often indejendent. There are other fictors wihlch will be analyzed
in this pager, such as the sjsace rsquired by a ziven storaize

unit, its cost and jerwvanency; tul these subjects are concorned

witn the proolew of etiicioncy, shereas tae Uorm of the medium
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B, THE PHOBLEM OF CLASCIFICATION

In both thu gemeral and the computational storuge of infore
mation, it vecomwes iuperative, as the buik of stored material grows,
to elassify tids lofornation or data by mewns of scns viweriug
procedure, The speod witn which tne inforsation can be reucisd and
returned is of gre.t importunce in both of the above types of
slorage, and 1t is trrough classification thit the speed can be
greatly increassd,

The wora storage, as applied to general information, may have
several meaniags. This mulii-orvdinality arises wecause storage ls
emp loyed 1t seversli Gilferent leveis. It has boen shown tnat words,
since thwy bave an informational vailue, store informaiion, But also
tie oruerly arrangement of words in a book represents information
wndeh 1s stored in the book. Finally, Dooks way be slored in a
library. The function of ¢laseificuation is also sultiple., Clussie
ficuetivn is used to order informaltion sccording to sowe logical
soheme, and it is also used to snuble the information to be located
whan it is localisew in o vhysicil storage mecium such dé 4 bouk,
Toe tunction depends upon the level of storage veing en loysd. Thus,
a classificition systen cun be set up solely in terms of intangible
suh jects like Urecs Philosophy and Keynesian Sceouomicsy when the
syster 1s esploysd 1o order tie storage ol bocke de.i.ng with these
suv Jects, however, a diflerent function of classification is nade

use of, In practice, Lhe two fumcltions are seldom separ.ted,




Qur cuvilizstion 1is largely based on reading and writing;
nevertlieless, few people outside the library profession reaiize how
swittly written material accusnd .bes in itbese days of tectnical
éfziciemuy, ¢hesp duplication, and rapia transport.tion. Dr. Frewont
Rider, Librarian of ¥esleyan University, states that many large
iibraries have doubled their holdings every sixtsen yesrsg in recent
tines, and he educes considerabie daita to support this tkesis.é’é

£ this tremd persists, H.urv.rd University will huve 8,000,000
voluses in 136<, 16,000,000 in 13978, and so on. 7This &8s a geometrical
progression which is definltely alarming. By Judicious disposal
of some of its older holulugs, a libyary m:ghl be able to ster thds
rising tide of books to some extent, but toe trend could still not
be adeguately controliea by th«t metuod. Since the rate of incresse
is not likely to chan.e appreciably in the pear future, it is
obviously necessary to Lind some meins of storing inforsation mors
compaetly. It is also extrerely desirable to evolve and enjloy
seleciion meloods ol grester ra)ludity when boules ol material of
these oroers of magnituue or gre-ter nust be cex:lt with. Later in
this paper possible mweluods of aC.owplisning these desidsrats will
be described ana svaluated.

There are two generic types of classificstion: mnemonic or
assoclative, and seleciive, Toe v, erstion of assovlative clasi-
ification is best undersitood by considerstion of the human men. Ty,
ierory is assoclative, witn one fuct sugpesting anothsr because tusy
are rslated in Lbe wind in accordance with a complicated network of

trails in the matrix ol brain cells. This process is well illusirated

10
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L by the following observation of Samuel Butler:w#

Bhen askea to renesber "something" indefinitely you
cannots you look around st once for sometbing to cuggest what
you shall try and remember. For thought must be always ab.ut
sowe "tning,® which thing must elther be a tbiug by courtesy,
as au air of Handelts, or else a solid, tangible object, as
4 piano or an organ, but always the thing wmust be linkeu onto
matter by a longer or gnorter chain as the case may be., 1
was bhdnking of this once while walking by the side of the
Serpenting, ami, looking arcunc, saw some Gucks allgnting on
the water; their fest reminded me of the way sea-biras ussd
to alight when I waus go:ng to New Zealano and I sel Lo work
recasllin. satteng.nt racts. Wwithout help from cvutsiue I
should bave resenbered nothing,

Associative classification nas recently been apiliead in a very

interesiwng fashiop in tihw projescted %nmemex" ol Vannmevar Bush.
Tris cdevice is 1o be an indiviausl information rep.sitory walch
will use computational techonlques to achieve the eiTect of 1550w
ciative grouping ot informat.on. The actual opevaition of tue
pamex will be described in Chapter V,

The seconu type of clageificatlon is selective. 1ts operation

and limitations for lnaman use are explalnec by Vannev:ir Bush 48 follosge

The reil ne«rt of the maiter ol selection, nowever, goes
deeper than a lag in the adoption of mechanisws by libraries,
or 4 lack ol develogmeni of dovices for their use, Our
ineptitude in petting at the record is largely caused by the
artificiality of systews of incexing. #hen data &f any sort
4re placed in storage, tuey are {ileu alpbabetically or numeri-
cally, and information is found (wien it is) oy tracing it down
Irom subclass to subclass. 1t can only be in one place, unless
duplicates are used; one has {0 have rules as to which path
will locate it, and the rules are cumbersome, Having founa
one itewm, mwore-over, one aas to ewerge from the system ana re-
enter on a4 new patn,

- GeA e e WA W e W W W G e G A R e W YRR MR WIR e e e W R W e eme R e AN e e W e

#Butler, Samuel, Hel, b, . Go.
##3usi, Vannevar, Ref, ©, p. 106,
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Library indexing uses the selective system, Although there

) foldyo
are numerous methods, *°?7

all vse a combination of letters, DUl
bers, or letters and nuwbers to make up the classification coue oy
wnleh 1 glwen book is ordersd in the hisrarchy of elass and subclass,
Thus, the subject, The History of {talian Art, would be indicated

48 703,45, Wwod, ana N6Y11l in the Dewey Uscimal, Cutter Expainsive,

and Library of Congress classificalion codes., Through use the sbove
coties become partly mmemonic, and it is hencs not ilways necess.ry

to use a code bouk to decode a glven combinstion, For instaince, in
the Dewey Decipal system 702 design.tes 2 subject in the class, his-
tory of art, and 0.45 ilways referg {o Italy. Althoughb parts of the
selective system nay become mnemonic, the actu:l use of th. systen to
locate information i 5till time coniuming because of the great spatiazl
extension of 1 lacge nukber of LOOKE.

The .bove difficudlties are not im, ortant iu the case ol infor-
mition stored for corputationii use. This inforpation usually consists
of data in ths fory of 2 grest pumber of superficially unrelated
numbers, usually specifzed to ten deeimal places or more, To zach
number ig asuignes o position code number, Each position code number
corresponds to either a definite spatial position in ths storage medium
or a vefinite grouy of storage elewents, depeniin: wjon tne type of
st.o~uge used. The pocition numbers form 4 monotonie sejuence, and
nenge are the ordered part of ths classiflicatiion, Reroving a stored
nusber for use merely consists in using its position code tw countrol
a switch which selscis the proper jrosition in the storage mediun or

the prouver storise grour., The number is thsp reroveu electric liy and
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can be transpitted shers it 1s necded with exireme rapidity. I
there were 10,000 numbers to be sturea, a code nuuber for e.ch
could be made up from four wecinwl auigits, since these digits

could be permuted in 10,000 different ways, In practice, uscimal
codes are seldom used, but ilue principle rem.ins tos sume, It
should be enphasized that toese code numbers currespond exactly

to the clisses and subclawses mentioned by Bugn and used in

library indexing; sach nugber designaies one ol the pos2ible meubers
of' a4 certaln class or subclass. OSslectlve classificat.on is well
suited to wmdacnlpe stor.ige because Lne speed of lie selection switeh
ana associated ejuipmenit can be made so great that thelr operation
time is compsrable to the time necessary to prepare ihe machine to

wse blg stored information,
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IKTRODUCTION

In any treatuent or Wbe evolut.on ol storuge, sowe
conslderativn wuslL be giveu Lo tas vevelopment of goensral
sturage weloous oueivre any dlscussion ol cesputativnal storage
can pe logleally undsrbtaxen, UGeneral storsge 18 the basis
Upon wiich cokjputabional §ior.ge 0as been aeveloped, and,
apalt iTon providiug toe Iowwiatlon Lor tisis sevelopment,
general SLurke® 18 0L Ere.l iaorlsance io ils oun righi,

Hooks, EOVing pictures, LAOLOETLLJ Fecolds aie Lrademains of

QUY ape} wul, because guberil Stula,e wELLOUS are 50 much a

Pell 0 everyaay ddle, Loell LLsChAgpiouba Lo DaCbicslly connon
ANoniougee Kol oLy reason, tids cispbter wili be lisdted to

4 ulscugsliun of two 0r biiw iess well-kuown Yypes ol iniorzatlional
StuTage wW1CR MEVE YeCently Cuse LuTo WSy, EBICTOCOLY anu Lagnetic
Wire 4nu Lupte

The storagy metlwas W ue consiueTed mve elluer already
vsel adallea for corputational use or bave gre.t possibilitdies
Tour suci appiivations. In oragr L0 guab proper perspeciive for
an adeguate wderstana g of toe poscibililies of tids use of
sucn metnous, lwwsver, il is Lirst pecessary tu consiuer thelr
fislas ol uselulness ifov Beneral stor.ge, alu W coutrast their
charichberisiics witd Luose ol more common, compeling types of

STOragE.



4. KICRU STORAGE TECHWIU.W

Only witain the list century bhas bulk storage ol the
printed word buCume a problem. Luse of duplic.tion anu modern
bureauncracy, whicu demnands seven coples ol every wccunsnb, bave
combined to produce the faniliar spectacle of whole bulldings
deaiecated to thwe ; reservation ol recorus. Touay, more inin ever
before, a wethod of storing genvru: ilnfornation corjpactly is
urgently necessary. The rising flood of papser must bs checkeg
nol only before il inunaaste: us all, but aiso berore the very pass
of the stored information begins to defeat tie purjoss of storige,
ana it bscomes imiossible Lo locsite desired information.

kierofiln and agsociated micro-tecimigques of gtors.e furnish
the logical solutlon to tids problew, By ulilizing these metiods,
a filing spave sasving of more than 989 percent can be elfected. In
warny ivstances 1t is possivle to set up 3 retention schsdule whereby
docuwments are kept for a4 certain length ol tise, then destroyed;
yet, at present, tue total mountl ol stored matlerial is incre.sing
rapluly in spite ol suck procedurs:, By prescovang all future
msterial in the forw of microco.y, it should be possidle to keep
the total space regulred for a given storage prograk almust constunt.

The essential principles of microphotography are very sicple,
The material to be reproduced in microflilm is photograjhed in a
reducing cukera verpy siikdlar to modern nisiature camerais, Thus,

the ares 04 ab image on the {iim is wuch spali.er lLhan the area of

wrads

o



17

the ovigin-l irmage., Sisteen cidliipoler fidls of the mpotion picture
typs is most comronly used in :derophotopr iy, For normal rezaing
of the nicrofile, i jusitive [rint is rade which 18 vcoad by Lesns of
an enleavging projecter.  Figurs L ohows mocern Lypes of recoruing
Calelu «itd Teadiny ;rojectors, Bolh canwra ind rexdsr Lave Convolle
fenl conbrols for sl justeng e pewuctlon ans meoniflication of the
iﬁla&é‘.

Althoulh the basic Ldea of wicrophotosr gy 1s iasost as old
48 paobography itss10, 1t was pot until 1240 that the V8ib Congress
ruled that governceat records [raserved on sierefilm vere leg.l. It
is to boe noted that suca sileroflluming i: Lhus nade optional but not.
Bandatory.  Ysbt as sariy oas 3 0¥, John i, ¥, hsesehel, an bbglish
vathewutbiolvly, veo wab aleo one ob the ouriy soavboers in photograjhy,

v
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projosed the jreservation of abli
firet rlerochotopraphs were prowuced zbout 1340, .nu by 1885 the
technique of wdcrophwtography hwd be=an daveloren to a high degres of

perfection in Frauce and =ngl oi, ne o0 W0 monT TORANLIC 8xrly uses

s

of microphwlograpny was The "Pigeon Post® whnich overated auring the
¥ o fo A & &

Sreye . " o N .
suipe oi Faris in 1870, In this com.unieation sysiton, wihlch usea

besieped
vegeons to carry Licrollih wesSgzges to and frow tos beserpes city,
Venriil had a dirsct jrecedcnt. Toe Gereans also employes wicrophotoe

graphic teenni juer in thg last war o .roaucs tne "nicrodol.® id

Entire secret mesizpes were reduc«ad to the wize of dots and glued on
top of the perious in ordinary Lotisrs,.

It was not wntil guite roowt timss, hosover, that the mass

production of excellent lemses . photorriphde il pade it economi-



Micro-file Recordak Model C Camera photographing a huge
bound volume.

Microstat Corporation
Microtilm Reader by Microstat, Type R-1. for engineers and FiG.
exeeutives is electrically controlled.

Recordak Corporation

Film ar Piacement | or 11

»—Students Micronlm Reader



cally practicable to achieve the lurge reduction ritios necessary
for thne large-scale storags of inforwation on microfilm. It is
obvious that the larger the eflective recuction ratio cun be pade,
the more savings in area, and hence in storage space, will be
eliscted, Film resovlution, a. delermined by grain siwze, is pot at
resent the most serdious difiieulity in incresas.ing recuction ratios.
Large reductiocns reguire a caweri whoss objective lens will give a
sharply defined image over an ageguale fisla, and congiuerable work
on cameras is needed to wncrease the linear meducition ratio much
over the present practical maxduwus of about 30,

kicroprint is another wmicro storing asvice that has receutly
begun to be exploited commercialiy. Like that of wicrofilm, tue
iaea of mleroprinting is not new. Duncan (. Dailas, a London
engraver, was the first to develop microprinting technicues, About
1866, he produced a siniature reference Bible on pages reduced to
1 9/16 inches wide by z &/8 inches long. Tids decrezss in size
corresponas o a linesr reduction of about five. Tue pages were

produced on a prinbing press, but toe actual processes involved

. 12
weTe Kept secret by Nr., Dullag and seam never to have been disclozed.

Albert Boni, a New Yorx publisher, bas oeen lnstrumental in
developing wicroprint commercially in recseat tames. The headex kicro-
priont Corporation was formec about 1939 in New York uncer nis direc-
tion. This company produces read.n; bachines, and is carrying out a
fairly extensive microprint jublishing program, The jrocess involved
in the Headex metbod of producing micropriut on pa;er is altogether

diftfersnt from that used by Dullas. The normal-sized printed material

i9



to be reproduced im pigrorrint is first micro hotogerined, The
resulting negative is then used to nake s positive conbtact (rint

on diaze paper. The :rinting i3 carried out tnder intense lignt

and development ceocurs upon axp surs to awronia gas, The {inal
microlatiers avcear as dye lmuges on the paper ratier than ar ihe
silvar bromide images of ordinary phgtcgrajhy.lb {Anee parer is
consiuerably chea,er than orcipary pootographic paper anu wears puch
better than {ilm, The Hewtex Corporation is :ls0 ; roducing 1 .Cro-
print by a secret offset-tyre technique wiich allovs the uge of
ordinary paper and printing ink. 4 sample ot Readex rloreprint is
shown in Figure <. Une bundred ordinary pages are com, fas el on oae
slae of a 6x¥ imcq sheet and both sides nay be used. (4 h jape of
fhe aviginal ie rocuesc by 4 Linear factor of sboud Log

In contrcistinction to tho redr.ry Yoo of ricrolide reausrs,

&

which vee 11 Lt transnottes

¥+
4

Srovesn tee {ida v Tors the entarged
in =, the Reauex rescinpg rochine utiliues tre techniqus of retlsc-
tiot projecticn from this opzsie tapsr sediade. 100 Uitel ibeso is
crodect-d anto a grouma Llase or o lactie sereso sipilac to toose
usaed in rost microtil. Toouero. Joleciion oi pavos L versy ensily
ceorplished »itn e CeadeX pacilue.  Two anois ave boaaspud .ued o

g2t the tems <na Liae wnits arvts of Uie vesire. page nuwooer, U

light is turncd ony DG Thd @3 Lp.. 028 0N TS S5C. ile

There are sovoral [Lctors whoch ust ne © AGTUE AN deber-
mining the sificlene; ol wicrs storig devicer, The vosl ilsportant
couglderations are: spuce relict.on, e osmcy of bne medluw, cost

o

ana ease of duplication, and sz of voadiay,  r line s reduck.on of



Wilder, Thornton

The Bridge of San Luis Rey pp. 100—199

Readex Microprint SAMPLE New York 1940
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50 corresionds to an areal reauction of J0U, which is about lhe
present practical limit for microphotogra; hiy. Linear reduction
ratios of almost 1.0 have buen experimentaliy attalned, howewver,
by the use of rl¢roscopic objectives anu restriction of the field

14
of view to within a fev aegrees of the axis, Thus, given adequate
optical equipment, the final limitation on the amount of reduction
possible 18 seb by lae grain size, or resolviag power, of the
aevslopea emuision relativs t.. ths microletter . .ize,

The foilowing figures furnich dramatic exappres of the space-
reducing powers of microfilm, A «4,U000-page, 4000-cubic-inch,
lud-pound encyclopedis can be reproduced on li pounds of microfilnm,
occupying 75 cubic inchesy 750 cuvic feet of material, printsd on
both ¢ldes, can be reduced to 1; cubic feet of microfils; the ¢ ntenis
of led ordinary four-drawer iiles, when microphotogr.; hed, occupy
only one { ur-uraxer file,t”

In the matter of permanency, microfilp anu microprint are
quite evenly nmatched. The Pursau of Standards bas pade weasuregentits
thet indic<te that the ulazo aye will not fade «ithin fifty years.lQ
iieroprint on regular pujer, however, wili last as long as the pajper
itself, or a thousand years or pore fur good rag sbtock. Fost ordinary
Tilm is made with 4 celiuwlose nitrate bace, vhich bas an average life
of between five anu twenty yesars. Also, cellulose nitrate is very
inflammable. Botnh of theses disadvantages may be obviatea, however,
by substituting a wore britile, celiulose acebate base., Filn pace
with an acei e baise, woen slored undesr the proper conditions ol Tome

perature and hmmiuity ( 50=50 degress, o0 percent mwicity), willi last



y 4 - C . ;
48 Long a3 TR ga;er.l Nevertholess, the added care vhich must be

taken when handling fils and the speclal gtorage conditdons pecessary
make microfile infevior to nicroirvint ana ordinary rinting in this
rosyrect,

in interesting extension of the yermanency of sicrofils has been
wade possible by the devalopment of techniques for jrounucing micro-
filw on s et:l plates or ribbons. The idea first szeems 1o lLave
occcurred to T.K, Peters about lolo, After sowe experimentation, he
drojped the idea but revived it in the 1 20's anu produced wany
petal microfilms for the "Crypt of Civilisationt of Oglethorps
University in Atlants, Ga.la Pobert ¥, Carter claics that ae pro-
suced the first microfile on netal in Canada an 1350 Lo Since that
tire, he has perfectsd hie process, which uses a Tusieprocf aluminum
alloy, and dev:loped reacing wechines .f the reflectiovn variety. He
claims that the metel riboon tnat he employs is ao heavier than
coliulose scetate [ilw and that the performancs of the ribpon lg at
least the equa. of that of Tilm. Tee aavantiges of metal us far as
perpanency 1s concerned .re obvious, but the process han not a. yet
been developad comierciiily.

The microprint process is wel. adapted to lirge editions, since
the cost of sn edition decresases in groportion to its size and to the
requction in size of the ladividusl units of the edition. uplication
of wicroprinted matsriai, after the original negatives or platas have
besn destruysa or when they are not available, is relatively u.fiicust.
piecrofilm recvruesents th: oppousite extremey it iv vell sulted t. small

aditions «nd duplication at apny future time is easy und very fast.
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If, for instance, it is deslred to duplicate a vast awuaunt of printed
material on wiecrolilm, ithe paterial is nerely photographed, and the
text stored on the microfilm has the advantage of photographic
accuracy. Fositive anc negxtive prints of the original microfilm
negative can be made ly ordinary durkeroom rocedures, De Solaw
cites the following exwmples the duplication of 400,000 &xb inch
forms, which w.udd tsike 4 large erew of typists several months, can
bs completed with two wmicrofiluwing machines and two operators in
about « week,

There are two subdivisions under ease of reading: seleetion of
pateriail, and actual reading technijue, AY present, ricroyrint has a
definite advantage over microfilm in the ease .ith which a specifiec
part of a given text cain be selected. The classification of nicro-
filw and the rapid selection of material on ricrofily zre duf{icult
problens.  Because so much materlial can be put on a reel of microfilm,
it is often necessary, for economy, to put material geallng with
geverai different subjects on one roll. And it is obviously wuch wrore
difiicult to search through a roll of nierofilsm to find desired infor
mation thap it is to place a sheet of pleroprint in the rsading
mwachine and set two knobs, This difficulty can be elirinated by
making microriin in the rorm of sheets or cards, :nd re.ding the like
mieroprint sheats by specular 11551.1? This ayjlication of wicrofils
w11l be discussed in greater dotall in Chajter V,

heading machines tor microprint and for micvreliln five ulte
analogous resultg as far 4s reauing ease is concernes, However,
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#De Sola, K., kef. 10, p. 44.
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reading machines of the type shown at the botios rigot of Figure 1

wo not tire the syes as much an those shown a4t botton
the obgerver iz not looking direcily at the source of
generally conuadsd that reaving with a nachiae is not
tie direct reading of a ovook, becsuse of convenisnce,
loss of definition in ths photographic apa projection

su on., HNevertheless, the use of « reasaing machine is
1o

unplieas.nt and eye stralo is not greatdy lucreased.

Fiero technigues of storags «ili jprobaoly nsver

lsit, because
liont, It is
Ay pleagait as
external llghn,
procesces, and

wot actively

roy Lave ordi-

nary booke and magazines coupleiely. Yet, in toeir Iield ol applica-

bility, tusy are axtirenely lmportant. They pos. ess the waiuvanle and

uplygue advantages of great spave resuction and juick apa chexsp

reproauction, .
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B.  FAGNETIC UTORAG: TROHHIGUES

In the ileld of gemnersl slulage, Ba blouwd Latza ol various
types are uber W SLoTe 50U,  SoP baplelic slorage, sound is
converted to electric lppuises wlich are appilgs 0 &n <lectro-
BasBebic Tecoradip e, Tue reCorulng llsad converts L.e ippulses
ATO AUCI0=ITey e, .Uy Varialliols Al 3 beelulii sieda, .uaCiy, in
Pullly Lo hebited W CeCUIGMLE Wokile il Junb.posstach =ith Ghe heade.
The SlOTAEe MEU-Uliy WSUawsy & wiie or lajpe 0l dedivhiagnwlic malerial,
1E arask Taplody past tos retoradng e, L0 bias Dwonion, a
patleru ol wapnelal vari.bions corresSpontding b bude original souna
is budilt up on tbe meuwium, anc liue souna is wlursd, 1o reprouuce
tae originai sound, e paghelized wuadiww is run Luroeugd the sauws
recorndilly 484ld, No- Luncticnlig av 4 piukup cold, »0G Liaat voltagse
VAarlatlons Widd ve RUOGMGEG SO0 Uetonvesrsion Lo soiusia  Ib s
spsential Taal the seuluw pass Ludsuge bae osad in s sape wirection
46 in recoruiugi bLavs, iu wust ue rewound uvolure playoacke.

AN The 5Lulfag® 0d BUd Uy weagBulle, ; bolugia bic, or phono-
Erapide lwaus, LU pioldu Le Nnobed tiwl it 1o ube Lubg-in-itselfl
that 48 sbored, nol u Cuusu replossildlion ol Lhal Luallge The soupa
8 gopverted Lo atotivy o PebuelbelaUlly wlin U8 Gateluiobn i lipme
temporarily coangec Lo enlteusion in s;a6e, bul it ic nol trausliated
1o & eodeq Lform or ITon one voié bu anoiber, Auril woris are coded
by peans of au alpiwmbet anu storew us [rinleu chuaraclzos on papor;
pusic is couwa thrvug.: tie use of an elavor ale oFilollsw and stored

on paper; muslc 15 Coded 1n WRobHer way on Luas Eusle rolls ol a
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player plano.

I every case, the stur..- 1s wacroseo} lezlly uiscub-
tiguous, made up of discrete code elements,

On the other hand, when
sourdd L8 stoved without translation, the storege is effectively Culie

tinuour, T correspond to the original sound,

The technicue of mappetic recorving =hd reirouuction of sound

saé inventea by Valder~r Poulsen, g Danieh physicisi, about 1338,

0y Ryt
& ypicture of one of Poulsen's eariy machines, calied = telegraphone,
ig shown in Flrure 2.

A locg plece of nteel vire was -ound helically
aromud the central cyilinder, whlcs wag rotated rmanu

stant spaad,

waily at

fairly econ—
Recorcin: ana rey roduction wsre

accopplished Ly zeans ol
the sine nsad, which roved acrogs the ¢ylinder in following the wire,.

A wire velocity of avout 0.5 meter/second was employed, and maximum
playback tiwe was b out 2 pincte,

avelorau a methoo of erag

Fouls=n develo: ed other machines wsing tape ang cisks instead of
wire, dev: sing the

pagnatic patierns by saturating
the raterial witn 2 strong dec magnetic field, anc inventec Lhe two
princlpd nethods ol ma netizations

lonsitudinal und yerpemdicular,
In perpendicul.ir recording the peulum passes between the poles of the
recoriing hesd, and the magnetic flux lines thus pass through the
mediws perpendiculariy. 9n Lhe other hiand, ohe pleces are sgide by
side Yor lopgatudinai recording, and the seiium jasses over, rather

t

i ES
tizn Detween, th: poles; nence the flvx lines are up, roximately
par.ilel to the weuiunm,

In eariy magnetic recovdings, jerpendicular
magnetizat.on was wot wmueh used for

wirs becavse twiosting o tie wire
spdfBed the divectlon of magnetization on jplaybuack and | roduced a
aistortsd outrut,

Both longitudinal apg perrendicular rzcording were
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Pef. 20, p. 5.
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Fig. 3 0ld and New Magnetic Wire Recorders
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I novelty ua ovorn offy tho e was keen corppeltlition froe the wolle

erldblisiol phonegr., Ry the volure levios oV existing sacnines wis
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oo thar that of tae e 27 ctue reotides! fre-

eo¢ at thai tine wan lor an adejuatbe

avp tifier, The VACWY - LUl arplifier ras appiisd Lo magoetic
scovdlo, by 1¥e0, bub 1V wis not wntdl the 1335's th.t lairgse-scale

intevegt in and develorsent of Lhls vethod of recording revived.

. .

Li2d, 4 very sienificuct acvance in the fieln was mwe but

g

n
waw Nt recogrtyog - puch a4t bihwe tire., ¥W,Le Carlson pa G,¥,
Carient.r invert ¢ the petosod of swersculic biesing, in wiich a
sirnal of wWitrasoric fre sy is combineg witn tre audio gignal at
i s 3 Y ; ;:'é Y o a v o . B 3 : Fol
Lhe recorTiling nesd. The ulirascnic freguency compouly uszd is of
the omuer of £L to 80 kiloeycles/second, and so ig inaudible, When
biw macetic pedivp ls subjlectsd to o combined field of this char-~

P

acter, & ssrics of winegr hysterésis loops results. %ith proper
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~itfustient of the wwnitugs and drequency of the ultrasonic component,

tae renanent magnoti:etlos de, e (Lo 4 close approximation) only

upon the instistanec.s vilee of vme awdlo fielu, Taws, the pagnote

w

ilatlon curve is effectively straightened out torough the or.gin,

«

and distortion is minirized, Also, nolse is decreaced and signal

4,

Lewel inoreassd Ly ths metaod.  Supersonic biasing bas besn
further develoied and apy, lied by karvin Gamras and D.E. ¥ooldriage

since 1941.&4’“5
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Suring the 1320t's, thers woere saveral relatively unsuccessful
attenpts to uss magnetic rscoriing for motiom plcture sound, and
attention was comcentrated upon the possibility of using a wagnetic
coating on payer and Iils inmstead of a solld magnetic matarial,

In 19«8, ifleumer, in Germany, proauced & fairly sdsquate coating

of magnetic particies on jajer or plastic, and in 1ludd a dictating

~pachine amploying corted tape and achisviig a <l decibel signal-

tw-noise ratio was produced comsmerciaiiy in Germany.£5

in the years just prior to the war, the Bell Tele,bons labor-
atoriss, ithe Brush Be%elc;ment Company, amd tie Armour HResearch
Foundation bagen extensive develcjwent ol the art of aagnetic

recording, while during anu since The wal'y, LOT8 Companies Have
- 2

. o ,. 2,8
initiated their own developrent prograus.

Sucit renseEeg
interest bas led to a pumber of impportunt anvances in both the
axperimental and theoretical miue of wmugnetic recoralng.

In 1245, karvin Canras developed a very practical wire
Tooorder USLNg l@ngituﬁin&i wmagonebization of O.uld-inch diapeter
steel wire. This recorder smployeu an improved recording head, anu
used both supersonic bi&éing and sujersonic eracing. Eleven
thousand, six hundrea feot of sire wers w.ed to record eithe
66 pdnutes of gpeech or &0 minutes ol pusic, 4ire is often ussd
in place of ta;e bec.use it is inbersutliy les. Dusky. Canrasts
recoraer, which aliowed a lomger recorcicg tize Tha: previous
yoessible for a given welght ol wagnelic mabsrial, was used eXiuli
BAVELY during the war., Severai npodsrn wire recoriers are soown

in Figure S,

20



Recantly,; D.z. ®ooldriuge hds publisned a new and isproved
tusory of powse ia waepnalic recaruing.&& Acceording e this theory,
noLse is chielly caussa Uy sany randgom pagnetlic irresguiaritiss
less thn Ul.uli-inch in aversage clusnsion. 4 statist_cal varistion
in the pnet fiux entering the pole ieces of the plesu, head ccours
because of the (inite size of the magnebtic uok.lns ol the nater:al.
In a pagnestic wedium, there are nany ol lLaese shal. salulalea
regions,; so orienied as to cancel one anvther's fiusidsj bowsver,
accoraing to ¥ooluridee, there must be ioczl amperfect:oas in thas
cancestation proecess that result, at any igstant, io the passage
ioto the polepisves f 4 net fiux different frow zero., It 13 tuis
gisallgiient of sagn Tic Womzins L4t sets the lower 1lieat wn
DO188 1N BHELeTLiC recoruiby.

Hooldriage also founa bl Baplstic beps srasad Dy Loe suce
uilrasonic fregusney used i wiasibg was v Lo U ceclbels less nolsy
than ta) o Wi DaG DUSh BUASBG OF A ITYOLE u—C fitdoae 40 URo Bell
Lavoratories L, s rocurdsy de. Cribsd by Hoowdridge, Uhs Ussiul
Voe range s ol the order of LU decivzio. This machine uses
4 ta;e Usdb-inch wide ang GoUlci=dinch thicvk, run 4% 16 inenes/eauomi.
At Loy speed, Low fre uendy response cun D¢ v ualized v1i4t between
L0 ang BOUO cycies/secood, comaravle to ihe res;onse of copmeercial
phonograph recordo.  Anvider iwgrovement aevelojod at the Bell
iaboratories is the use of wide, offset polej.wcas to wecreas- the
reiuctancs at ths recordin, iedium. 4 cowbipaiion of Lobpitudilial
ARG perperiicudar saenellzation 18 jroducas st tme outjutl =i ldi

igvel ipuroased.
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Considerible work bas beci dune in the last few ye.rs to
aevelop recording medla that have high coercivity and are at the
samwe tine relatively inex;ensive, Bell Laboratories has usea an
alloy calied wvicalloy, cousisting of cobali, vanacium, anu iron,
wnich bas a coercive force of frow 200 to 460 versieds, while
Armour licepcees generail.y use 4 stalnless stesl wire with
guercivity of zao.‘s The Brush Develojment Company has perfected
4 process by whico low-cost ductile wire, such s brass, is uni-

. . . ; 26, 4t
forsly plated with a maguetic alloy.® 228

The coercivity of this
plated wire is of the orasr or 300 cersteds, its freyuency resjonse
is relatively poor (ses Fig. 4}, and its cost very low, It is
probable tnat in those ap; licatiocns where votia coust and spice must
be limitea, coated wire wili find an important spberc of usefulness,
There are two distinct tyjes of magnetic mpalerial curcently

exployed to coat pa, er tape magnetically.4 Ths first mpateriai

is an emulsion of irom oxice useu Lo form a magnetic layer 0,5 mil

thick. The secona type is mol an oxide, but ratner s finely-puwaered,

metaliic material, It hais been found that the coercive force of a
layer of sucn material is dependent upon particle size, By reducing
tuis size, the Indiapa Steel Frouucts Lompany hes besn able to  pro-
duce tape with a coercivity of 500 oersteds, Tapes wade with both
tyres of malerial are comparatively chedp, but their signul-to-
nolge ratios have not a8 yel Deen raiseud over 40 weclibels, urd
fiderity is poor above 600U cyeles/secona (ses Fig. 4). Because
wapes ¢an store more eneryy per unil leggth bikn cas wire, it is

possible to run them al siower speed than wire for eguivalent
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frequency response. At eight inches/second, the Imdiana Steel Pro-
ducta Company coated tape bas an equalised frequency rssjonse flat
between 50 and 5000 cycles/second.

Por solid materials, either wire or taje, frequency response
is not necessarily limited. By running the wedium through the bead
at a fast enouh rate, fine fidelity up to 5,000 cycles/second or
more can be obtalned, The faster the speed, however, the more of
the medium is used in a given recording time, so that in practical
caseg a compromise must be made betwsen playing time, frequency
responae, and the lengtih of material employed. The spexis in use
at present compare favorably with those ueed for phonograph
records {14 to «8 inches/second) and for sound-on-film (18 inches/
second for 56 millimeter Afih).zg A comson wire diameter in use
today is ﬂ.m Through the use of such szall-diameter wire,
& rather good space factor can be achiewed: an hour's recording
with good fidelity can bs wound on & spool ap,roximately three
inches in diameter by five-eighths inch thick.

Magnetlc recording has many advantages. Of great injportance
is the fact that continued re-playing of the recora neither affects
the quality of reproduction pmor appreciably decreasaes the volume
level (see Fig. 5). The wedlum is permanent yet may be sasily
erased, The recording procedure is extramely simple and bwwetm
no pmmaingfmqas&zy afterwards, MNoise level and frequency
response can be made comparable or better than those of phounogmi, h
records, and a pagnetic recorging can be stored in considerably

leas space than would be necessary for a phonograph record or film
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recording of egual lemgth, Recording itself is relatively unaiffected
by vibration and shocks, making it possible to use the system on
vehiclas, Also, as evidenced by Figure 5, the eyuipwent necessary
for both recording and reproduction is quite portatle and compact.
There are several disadvantages inheremt in magnetic recording,
but they are relatively unimportant in comparison to its advaniages.
The record wmust be rewound after rscording or playing. 8Since
rewinding time may be ruch shorter than playing time, this disad-
vantage is of importance only lor very long records. Also, it is
difficult to design the motor drive gyster so that the velocity of
the medium will be kept constant. Reproduction in large quantities
is not as yet easily feasible, Recording a numbaer of records at
the same time frow a master record secmns the wost convenient
method at present, but large quantity reproduction wouid be very
time consuming. In spite of these disadvantaies, thers are many
important uses for magnetic storage. It will be invaluable in
howe recording because it can be easily splicea and erased, It
can be used for recoruing interviews, automatic recording, indus-
trial recording, record players on vehicles, and possibly may

eventually become ap lmportant rival of the pbonogra, h record.
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INTRODUCTION

Computing and automatic control devices usually requirs
two basic types of storage for most efficient operation. The
first of these types ip “externmal® storage and is c&nx"acterisad
by low cost, large storage capacity, and slow spesd of recording
and reading out information. External storage exists outside of
the machine proper, although when it is in use, it is conmtrolled
bty the machipne. The second type of ptorage necessary is "internal®
storage. It is constructsd as an imtegral part of the machins,
and is usuaily of high cost, limited capacity, and high spesd.

It is not proposed to consider, in this chapter, thse
reasons for the need of these two types of storags and thelr
interrelations in a computing device, Instead, ihs development
of the more important storage wechanisms that satisfy this pneed
will be traced. A description of the wmodern representatives of
these storage methods will be given, and the efficiency of each
Bethod analysed, In the mext chapter, the applications of these
storage davices to modern computers will be illustrated, first,
in terms of the gemeral storage necds of a computer, and then
with regard to the actual storage methods used in several specific

computers,
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A. LOW SPEED STORAGE

External Storage

a. Punched Paper Tape

external
One of the oldest types of empidedt storage now used in com-

juting devices is punched tape, In its long history, punchad tape
bas been smployed to store many kinds of information of as diverse
types as naaving designs and Korae code. One of the earliest

~

recorded applications of moving paper tape was that of Basile

Bouchon in France in 1726.°C

Bouchon used an endless bend of per-
forated paper to control the pattern of cloth woven on a loom, The
boles in the tape allowed only certain of the needles of the loom
to come into play at certain phases of the weaving; thus, the
pattern was determined by the punching of the tape. In 1748,
E. Falcon replaced this form of tape by u nmumber of ;;erforat«od
cards, which, in later developments of the art, were laced together
to form an endless sequence. Such laced cards form the basis of
the Jacquard loom, first exhibitec in 1801, and still in use today, b» 3%
In 1842, Seytre was granted a French patent for his use of
jamched paper tape lo conirol a player ;;‘;:i.4fn.1'zc>..5:s iIn this appli-
cation, holes in the tape comtrolled air pressure, which, in turn
caused the various bammers. of the plano to operate., Keanwhile,
Alexander Bain, one of the inventors of the telegruph, mﬁs exLer—

imenting in England with punched tape as 4 means of sending
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tolagrayhic code automaticaliy at aigh spesd.?$#%% He jumcbed dote
and dashes in the pajer tajpe and converted thwae holss into slectris
impulses by means of feuler flngers, which, when they sncountered a
hole, passed through and made a contact. In order to record
mepaages swnl at the bigh transmission rites possidble with tids
ﬁsﬁa, he saployed o receiver of his own design, which dejpended
upon the chamical offect of eleciric current passing through ipprege
patsa gager, Thus, iu this systom, information was stored ob ﬁath
& sending and 4 receivimg tija. Haln developeu his method of autow
matic telegraphy in 1846, but the speeas it made possible were
unnecegsary at that tixe, since telsgra;hy bad pot then becomo widiew
spread, Comsequently, Boin sbandoned the automatic systes and
returned 1o pasual troosmission. It is tntercsting to note, bowe
over, that he was granted s Bcotcoh patent for the wse of punched
tape in ths player plaus in 1847, Bain's fdea of tape-controlled
teisgraply was later devalojed by Cherles Kheatstone, whe patented
an improves gystes in England in W.“'% He used a refined tape
transsitter and & secsitive zechanical imk printer, both driven by
clockwork. The tipe was ptnched by a perforator with three keys,
struck sapually with a small sallet, 4s is tbs gractice today, the
tape was zoved forward in steps snd resc while statiomary, Torough
thess contributions amd improvemenis, Hheatsione laia mapy of the
foundations of modern autosatic telegraphy,

Another interssting use of punched tape was that of Donald
Murray, sho, in 1898, used punched tspe to control the ojeration of

a typesetiing sachine to increase the composition a;:».aaa.":‘ﬁ Using
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Buarray's teclmigue, in con junction with autosatic btolagrs; by,
Chicago pewspapers ware set frox tape in Hew York for several
goalBe There ils a ypesetlier in use at presecat siich employs
saper tipe Dot only to set but also to Justify 1inos of tyje. '
The Bouolype sachine consists of a2 perforator with a keyboard
similar 1o that of i eleborate {ypewriter, and a caster, The
tupe L6 first junched with the naterial 10 be Bat uj, =ith sauh
ietler repressntsd by a particular copbination of periorations.
At ths end of each iline, a poibnter om the keyboard imdicates
wbal speclal keys are to be touchad to enaure jrast;fieatian of
ios line, wbher oventually cwst in motal, Aftar the tape i3 copw
paela, 1t is ipsertsd in tas caster in reverse. Conseyuently,
tue ioforeition punched oa the tape by the justifyisng key:
comes First in esch line, ratier thap last, and is usec to
coutrol inc spacing of the ldnc, The konotype thus seourss
liss jJustification by reversing ths se ueace of ojeration,

Flgure ¢ shows a noGern telegrijhic taps ana the cous rejre- ‘
sunied Oy e positlons of punched toles. 4 couplels telegraphlce
lagout consisting of jrinter, transasitier, and periorator ie

shown in Figure 5.53

Frionting is accospilshed autompatically fros
mé telegrs Bie isjuises, with no tanporary storage of sigmals
petwsen receytlon and pristing, Slectromagustic punching of toe
Jroper code for each letter is carried out smechanically by the
kayooard-cperatad perforator. The taps transsittier bas five
contuct-fingers corresponding to the five possible hole positions

on the tape. The tape is noved formurd in steps by maans of o



sprocket which engages the center holes cne by one. EKach time the
tape is moved, the fingers drop down on it, and thoss that emcounter
holes pass through to close contacts in corresponding circults. In
this fashion, the code om the tape is converted into an electric
impulse representation which is transwitted over the line to the
automatic printer., The chief advaniage of automatic transmissiun is
that it econosizes the time that the telegraph line is actually in
uses by bigh-speed transmission, the line is used for a much shorter
period than if the same information were sent at a slower mapual
rate, |
Funched tapes are used to a considerable extent &s input and
output storage media in geveral modern computers (see Pig. ?}.32’59’ ©
In such applications, each partlcular combination of perforatiocos
on the tape, re;srgm’dng a Btored digit, is read off by a sensing
device and converted into the slectric pulses that represent the
napber in the machine., Ar important disadvantage to the unee of
punched-taye axternal storage in high-spesd computers is that the
 speed with which information can be read from the tape, while
axtremely fast compared to manual operations, is yet very slow in
comparison to the computing speed of such computers, Also, it is
time-consuming to search for information stored on a long tape.
Another disadvantage is that p.per tape, unlike magnetic tape, is
aot eraaghle. Hevertheless, punched tape fullils a necessary and
important storage funciion in those devices for which it 1s

udap‘hsd»
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b. Foving and Pixed Cards

Punched cards represent another relatively old wethod of
storing information. Unlike paper tape, cards have the advantage
that they may be permuted; this property mskes it possible to
group ana select, out of a mush larger pumber of cards, those
cards mvi.ﬂg common informational characteristics, and so is
vaiuavle for tabulating datae

Falcon, in 1748, was one of the first to use punehed cards
for informational ammge; applying thew Yo the control of
weaving patnm&.sa It was an English inventor, Charles Babbage,
who first proposed ths application of punched cards to mi‘tmatic
computers, however.“ In the 1850's, Babbage conceived the idesa
of nis "analytical sngine,* tne first autosatic computer. WHe
planped to use tards similar to those ‘wy}.oyaﬁ in the Jacyuard
doow and originaliy develojed oy Falcon, Several uecks ol cards
were w be used both to store partizl resulis anda to control the
sequence of wachine operations. This idea of sequence control,
originated by Babbage, is fundamental to al) modsrn arithuetical
gomputers and 50 was an important milestone in the ptrugigle to
minisige unnecessary mental labor. Unfortunately, the analytical
engine itself was never completed because of lack of funds and
the imadequate development of the zachine tool industry at that
tima,

Dr. Hermann Hollerith, a noted statistician engaged by the

United States Governmeni during the cemsus of 1880, made one of
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the nost important advances in the com utationsd application of

i, 4 ‘ )
4l He poted that sowe mechanical mesns of

punched ¢cards.
speecing up the transcription and tabulation of the vast acount
of data oblauinea by the census would be highly desiraole. Lspem—
ciilly would .oke Jucn device be pecessary by bhe census of 188U
bacaupe of the rapid rate of population inecrease of that period,
Holierith finai:y decided to transcribe the ceoneus nformation
un pager gtrips by means of junched boles in place of written
nuE-.ers or yes-no guestions, Hach uestion on the consug was
assigned a defipite position wn the paper striy, and by punching
the holss within tids ;osition in 4 proper manger, the answer

to ths question could be unigualy indicateu. Dr, Hollerith
deveioped mechanical wecuvounting and tasulating machines to work
in conjunction witan the paper strips or cardsg; nu it wis fourd
that information coula be transeribea three-fourths faster and
could bLe taoulatea eight times fasier using toes pachinery th.un
by the best .ravicus nethod, Tne pupeneu card systen was used
with great success in the census of lo3U.

Sipce Holisrith's pionesr work, considerable electric
apparatus has been develo;ed to carry outl opserations with
jpunched carcs ana has added meteriiliy to the 5,680 4l Versd.
tility of the puncheu card storige wstiiod. The Internitional
Business kachinss bor,oration (IBE) bas veen instruxent.l in
the develugrent of mouern punched ¢ird eguipment, and has aidsa
in the ap lication of junched cards to 48 d.verse probloms as

astronony, mathesmatics, ina suaiulmgy.*a Figure 3 shoss two

45



IBik cards, rul. sizs, oune un uiuhed ane tiee obher com; .otoly
yunched, It wil:e oe noted that thsre are S0 coluen. and 1. rows,
paking a totai of 360 possibie junciing ,ws.tiows, Infurmation
is recorden on nc Cirus OF mea:S 04 a A8yLoalu-0)eTates nagnetic
puncii, The first ven rows of sach Cald are given cecimal deslge
pations s that murbers can be ex,sicitdy re; resenteds The
closing of an elsebrical circuiil st 1 derinits tipe and at o Gofie-
nite iixed position un the card is the basis upon wnic: tns
Various electricael accountime wacalnes function, In tue cara
reader (Fig. 10}, t.e car.s pass undzy bruse contacts wnich jernit
an elecirical imaise t§ LU Eadz bhrougi ths cara at boe position
of tne gunched hole. Unilke punched tape, however, cards canunot
saslly be movew foreaTus 40a DRCGAWErd..

In several coujputers, wovin, pulivaed APy ard Udwo invtedau
wit b8 to suppdy iloput cata, snd o come instances to ugrent

B.yds

the internadl sltoragez of the machine, Recentiy, thers aap

been sows considera..on of ihe possipiiity o using I.xed punchea

£

caras W =ugpply inpul aats for c»wputers.*J'%t in the ap, 1i-
cation o wovigy Calds Lo higles;@.d oL ULErs, whers Calz i
needed very ulckly, th-ore ars ser.ous difliculties ol accele
er;tioﬁ and controi of tue inltd dy-ab-rest cards. Also, wovVilng
eards are not wels ag: ted to situstiong bhere the dats may be
reguired in 2 seyuence thatl i DOL-BOG-LONe il respest to

the initial oracr of tie cards. For a finits externil sturage
cai_acity, botu of thsss dafticuliiens way be obviated througin

Jthe use of Uixed eavdee EHavh care is puncived «ith toe projper
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THE OPERATING PRINCIPLE OF THE PUNCHED CARD METHOD
[HOLLERITH PATENTS)

A tabulating eard, aecting ae an insulator, passes between o wive brush and o brass
roller.® A Tole punched into {he card eauses the hrush and the brass plate to make eovunfaci
(xee arrow Fig, 5) and closex an cleetrie ¢ivenit which, in turn, aetuates an electromagnet.
In the ease of the sevting machine (Glinstrated) this magnet opens u ehute along wlhieh
the eard slides until it falls into the proper receptacle.

In the tabuliding and geeounting machines a row of lLrushes, corresponding to the
eolrmps of the eard, takes 1he place ot the single brush shown above. The coninets, similarly
maide, energize counfeors or print hanks,

In either caxe, the classifiention to he made, the values fo he added or subtracted, ar the
Teiters to he printed, are defermined by the position of the enrd af the {ime the contaet

is made,

* The contnetr roller ix nof visible here, heing eomnpletely covereod by the tabulting eavd (see poage 40,




information and placed in position before a tank ~f photocells
or photoelectric tubes. When it ls desired to read a given
nu-ber {which lg assumed to £ill an entire line on #he card)
from the cara, a light scurce behind it is pulsed, and 1light,
siining through ths boles in the eard, strikes the bank of
yhotocells. Only the particular line of photocells that cor-
rasponds to the desired ilne on the card is energised, 4na
hence an vutpnt is derived which represents only that single
lins, The system Bas not been fully developed, but it 1s
theoretically sound zudg way yet be of value as a corjutational

storage method.
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¢. Filp and Bagnetic Storage

The use of film ana magnetic storige teciniquss for trans-
ferring daita into ami from & Conpuler allows severai unigle
advintages, not shared by yunche&:daru# or iupe, to be obiained.
48 yal, liaere are po operaiing com,uters using lLosse mﬁﬁ‘mﬁa of
exbernal st»;mge,‘buﬁ they are to be used in several projeciwd
muehince.

ravtoenulsion—-tcoated fiik eili be ucec only for storage of
ingut data anc coan:é_nu Beyguencss, since 11 18 nowras;ﬁie and
rugudres o relutively long procescing t;’ma.é? fpporiant in tnls
conroction 1s the new photograpiic process recently snnounces by

. ) \ - C e 4
feH. Land of tie Polaroid Company. 8

In Landt's systewn, « dry print
and neg . tlve cin be ;roduced wiihin fifty soconds after exjosure,
There ir every reason to suppose that, with the proper application
of this wethod, photographic control tayes, ready for use, ean be
rroduced as guicikly as an operator can record gzta on the film
from a number keyboard. When suen speed has been achieved, film
will be the equal of punched tape in this respect,

In order to maks full usec of the capabilities of film, it
will be necessary to record a large numbsr of signals per unit
length. Optical sensing and recording, unlike mechanical, sllows
the resolution of an exirewely lirge number of small, closely-
spaced signals. Tius, on %5 millimeter filu, perhaps 50 channels
could be recordad across the widtih of the film and 10u such rows
recorded per inch of lemgth, Dats obtained from the Zastwan Kodak

Company indicates that the recorded signals, conaisting of oblong

20




gpots on the film, must be greater than 25x10‘8 sguare inches in
aresx for reliable raading.47 It is interesting to note that a film
used %o store mumbers in this fashion is nothing more or less than
a microfilm record; thﬁrefere, many of the well-developed recording
and reading microfilm lens systems may be used slwosi unchanged.
Hecoriing of numbers might be accomplished eithor by absana of gap-
discharge or cathode-rsy tubes, amd reading, witsa a bank of photo-
tubes, as in the fixed-card reader,

. The speed with which nuwbers might be introauced into a come-
puter with this film storage method would be primarily limiiad by
ﬁha linsar speed of the filw, agsuming that the minlwuw spoi sizs
could pot be reduced. .ﬁith o0 channels and 100 rows per inch,
alnost 100,000 yes-no signais i #econd coulu be reaa out at the
usual film speed of 18 inches/asecond, This rate of input daia trense
mission is adequate for any currently-considersd computer4(

Another {ilm storage technique pow under development uses
light-seusitive phosphors in pluce of photoenulsion., The Hastwan
Kodak Company hopes to Le able to develop a comjosite phospher
coating which can be ralsed to apn exeited metastable energy level
by ultra-violet llgint in less than a millisecond, and can be read
by exppsure to infra.rsd radistion, which csuses visible light to
be emitted.d? This system would bave the advantage that recording
could be carried out at the sawe speed as reading, and tne recérd
would be erasible; thus, it sould be valuable for supplemental storage
of partial results when the internul storaige of thenécmputar waB

filled. There are still many technical problems to surmount,
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however, bsfore phosphor coatea s will be uselful for computa-
tional storaga.

ﬁagnetic wire and tape ars two otiher storags weala shicn may be
used for the external storags ol both imput data ang partisd rasuits.ég
Initial preparation of wire or tape reéords can be conveniently
carried out with a wanusl oumber keyboard or special typewriter, Hag~
nstic tape, rather thun wire, will doubtiess be used in thous appli-
cationg whers very nigh spsed 13 necessary, because muliijle chunnelg
can be recorded on it, It will proodbly ve practicii to recoru a
cbhannel for every ten mils of tape widthy sith such sejaration, 40
or LU chanuels could be placed on g haif-inch tape, Since rupning
the tapo 4t 4 speed of ten feot/second aliows an efrsutive frejusucy
resjonse of over «5,U00 cycles/seconu to be obtaines, it -hould be
possible to recora a julse on each chanunsl everj 40 wicrossconus. [
this f&shion, ovel 1,000,000 puises a sscond could be trunsmitied to
or frow the magnetic tu) =.

kagnetic wire, bsing less oalky than tije, will be usesw for
slower speed applicarionsg. At 4 wire speen of ten feqt/secons, nore
than <uY pulses jer lipnear inch of wire cin be recorusa. Thus,
14,000 feet of wire, welghimg aboul ome-huli & Lound, wound on a
spool four inches in ciameter and une inch wile, wouid slore u@s wany
yes-t10 signals as could 50,000 sl-column tabulating cards, vorjlstery
filied. The saving in bulk amd weignt 13 self-svident, In ad.ition,
wire and tape are much easier to handie than cards; recoraing ind
reacing are wuch wore convepiant and faster; and the mater.:18 ars

revarsible and erasibis, Althougin it 1o mot obvious tnit soriling
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and erosseplotting of aate storesd on mugn-ti¢ Baterliids could e
sasily aum};‘liahw, it iz actualiy truoc that chose operati.npe
corld be carried out ip response Yo commandy Ivos the compuler
itgelf at 4 epuch higher speea than that pos. ibls Ly .oy 63&13&1}%

mniwling machines,




ae Rechanicul fegisters

o4

4 storage register pay be defimun as a group of discrate storage

elenents, sach of which is ca,abls of sturing only one aigit. The
entire register is thus abis to stors & cuijaets many-alglt number.
Such a pumber p .rbltrar.iy caliea 4 7 ord" whei L4 is usel Loy
compub.tiousl L urTposesd aau reprTedcuts Lhe nupLer wiln whichn ¢ ilCle
lavions are porsally carried cut i the ¢ampu er,

Hugisters ars the sost eigpensive type of storags avillibie
Detalse 11 1 pecsessary W use an individuad storag. elesant lor
sacn 4igit of each voru s.ored. .ome coppublers use reoploilsvs as
their only type of internii ctorage, out badause of Lae usgh cust
and Lairge awount of spacs peedeu o secur: storags of many «orae,
such corjpubers sist havé a very lisited internal seorngs cspacitya

In avdition to inese types of conputers, al . com;uterz use a sBhall

number of stora,e registers o augrent toelr noswa: inte:nal storige,

bince regisiers way e sét wlowly and read julcily, liese auxiliary
régisters are used to uvriage thne gap petwecen the siow reacin. and
recouriing rates of external storige peais amd the a.gher operation
spesuas ol tbs macmene, Thus, 2 w»ord iay be rewd out £ om tne
extornai alorage . lhe register any nead until the exzct mosont

it is meszdea in the seyuencs of vperat.ons. Conversely, » final

or piriial result transsmititea Irue boe computer at qugh speed may
be held ob 2 Tegaster auring the lime nec.s.ary O resoore 1t on the
external storage meslum. Such uss ol registers .ilows tie internal

operation of the computer to be Jrealldy o ewdsu up.




'tne uds of registers, however, did not originate with mousrn
computers, kany ty.es of registers, developsd for otuner purposes,
hive recently bewn udapted for computsr uss., The eariiest kind of
storage register was jurely mechanical, counsisting, in its siuplest
forr, of a nuwber of whesls or gears witsn the deciwal digits inscribed
on their circumierence.. Thia tyie of register was used in the first
culculator, invented by Blaise Pascal in 1c43 (see Fig.-ll).bﬂ There
were, howsver, malLy =2ids to calculation before tne Pascil machine,
These aids used storage of a kind, in thet they represonted numbers
by tae positions of disereie physical objects, such as tne peads of
ann abacus. Tids use of easily manipuvlated material objects, ve they
peads, peboles, or knots on a s8tring, enabled the operator to see Lis
galculsition while at the same tise he tuoought it out,

The advance asade possivle by mechanlcal calcuiators was to
aliminate ths need for the opsratur to carry out the problem hingelfy
after selting ur ths asts on the nusper registers, he let the machine
produce ths reyuired result. Charles Babbage, in the sarly peii of
the nineteenth century, realized tndt it was possible to carry tme
process one step {urthery sitorage could be utilized to eliminate
the mupan operszior cobpletely, and tie solution of complicated
iroblexs carrisd out sutomaticaiiy through the use of a predeterminea,
storec sequence of orders to comntrol tie successive operations of a
caleulator, This basic idez nas pade poasible'all BOGATN 1aTge—
scale digitul computers. Therefore, a computer kay ve dlstingulsoed
from a calcujator oy its abliidy to warry out avtopatic.liy a

successlon of sluplie sathemslival operations l.ke aduitdon wna
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wultipiication, whereas only one such operation is pergormed A Lo~
watically by 2 ealcuwiatur.

Babbage's projs.ted analytic-d eugine was desighen tw slore
pumpers on a large juantity of mechanical registers. Thessz registers,
called the ”stare,* were to consist of a wast array of wheels with
inscribed uigits. A swall portion ol ths vhesls to hive buen used
by Babbage is shown in figure li, The analyticar engipe wis origi-
paly designecd to kave 4 store capable of contuining a LO00 80-digit
numbers, ovut the machloe was nsver eomplietsd. Hecnanical storage
regisbers probably reached thsir highest jpoint of develojm-wt in the
pabbige machine and have bewn rTeplaced in mouern corputationidl ap:lie

cations by differsct kinds of electro-mechainical regiitervs.
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b. Eleciro-kechinical Registurs

Some of the eariiest work on aleciro-mechanical registers was
carried on in conusction with the devslopnent ol automatic tele;none
:am::haéu:tgeus!.m"‘;m”s:j The Western Electric fompany began wors oun fns
Robtary automatic system in 1899, This type ol exchance was asvelopod
to a cam.ercial ;oint in 1210, ana a4 test instalistion set w in
¥ew York City. Unlikc the Step-by-Step asutomsatic systze (also known
as the Strowgsr system), rotary excoanges swmploy storage of the
wialled digits recsived fr . calling teiephones, Bach digit of the
diaslled nusber is storeq 1lnm an individual glectro-mechanlesl
counter, The group of counters necsssary to store the complete
number i actuaily 4 storage register, but in telephone sork esacn
indivigual counter 1s terwed a Yre istsr”, as s«sli av the totullty
of counters wihich go 0 sake up 4 Tregistsr pro,er,  Two stugss in
the developwent of telepbone ®registers” are phowpn in Figure iz,

The picture at botitom right chows & sodero rotary-regicter ibstale
Jation with associaiteu relay equijsent,

In operation, ths magnetlc viubeh at ube ottom S the counter
ig epgagea for each incoming impulse of 4 cdalles wigite. Thius, vach
impulse csusss the center sprincle W rotate opne position ang with it
attached evonite cdus (ses picturs at bottow lefi). These cums are
constructed with.s%ruumfarent&a; projections which ca enga.e wwitch
contacts, so that a given rotation of ths spindle causes certain
connaetlions Lo D3 gads wnd broxen., There are acluuaciy -~ (owatuoni

in & complete rotetion, but a cycle of o,eration 8 performed im a
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Figo o7 Namber register {Tull auto-
About 1912 miiv Ref, Bl, p. £58.

A~

;
e
e oo Bt DOy Nysrar HporsTrn., T, 350 Riroasten
About 1920 Ref. 52, p. 1RZ, Modern Register Installation Ref. 53, p. 930,

Fig. 13 Telephone Gounters and Register
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half-revoiution. an locowibg diglt is recorded in ihe counter
when the spindle has turned through a number of positions ejual
to the nurber of.impalsas sept in. This pusber is often the cume
proement of tho dialied digity umis, for tue nurberg four, six
inpulses are ssnt, and lhe gpiuudle woves through eix positions.
¥hen the digit is redd ocut of storuge, tie gpindle moves forward
to zero through the sueceeding positions, and tius transmits tae
original digit dialleu, The incivicual counters newd not wait
until wii the cigits of the telephone numver bave besen dialied
before sending oul preceding cigitss a8 soun as one counter has
received tne first digit, it may e roud out, thereby spewding
up the operation of the systewm. The use of regicters in auto-
matic telephony is waluable becauge it allows botn rapid dialling
and storage of the alalied digits uptil the secking switch has
foumd the reguirea connections,

Electro-mochani..al registers are also of grest vilue in
speeding up the operation of modern electric~dirive calculating
machines, In such appiications, ithe individuai whesls of the
register are turped elecitrically in response bo Linger-iip pressure
an the xeys, Such a modern caiculator presents a tresendous cobe-
trast to the early Fascal macinue (ses Fig. 1i).

The Harvard avtom. tic-Seguence-Controlled Calculator uses

52,54
gloctro-mechanicsl registers ay its main type of internal storage.
This machine is a modern electrical counterpart of Babbage's orig-
inal apalytical engine, with electro-machanical reglisters replacing

the mechanically-controlied whecls ol the Babbage machine. £ach
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register conslsts of « grouwp of .4 comuters, ope for each of <& dec-
igad ddpgite apd ope for algebraie cigne Fortiopms of teo registers
are shown in Flgare 14, 4 purt.iily esplodea wicw of alt ADEividual
coupler may be seen 1o Flgure 1lb. The counter iz composcd of a
compubator baving ten cegsental contacts musbered fros gero L Bl
and & Ball =11, ewing, a1 jair of rotatable brushes that can conlect
the sli; ring 3. ome of the contacts, & contimuously rotuting sheel,
And e magoetic cluteh tw coupie the brusi wounilipg to lhe whesl atb
e proper time,

Unlike telsphome registers, vhich are oy used W aol. Duwders,
the registers of tbe Harvard sachine are dou gned o accunul.te as
zall as store. Conge uvently, 4 musber s.nt Lo a register vhich is
slreacy holaing aspotisr musb.r olll be added to the eriganu musbder,
This funciion ve wires s pore com;licated couniaer structure biva
tit neconsary in tele; hoge counters, ince provision suel 02 caue
for *carry? hén the counter shesl passes barough bst. Alou, nuwbers
are introcucad nte the cowlers n oo diflarcent =51 sach cecigal |
algit iz ropresented by a sipgle pulse of lsmgbh jro,ortionsd to the
sagaibude of the oigit, ipotesd of by & verses of julses. During tha
ulse, the mignetic clutch sugsges lhae couster sheel, 3. that the
rotation of the whesel Lo proportion.l t. tae puise lesugth., Sine. the
ot of rotatiea iy ool dejenustt on lhe 103V sl yosition o4 .he
siaeel, any oumbur pircduced into the esuntoer »11l be auned Lo »hte
aver munbsr i alresuy storeu Lberein.

Helayg, rather inan counder vhwois, .oy also be used ¥ fors

elactro-Baciacical reg.gberv. Jdeveral sodern ecospubers usze ralay
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rogisters as thelr only intern.i sturage syotoewn; olhers use such
registers t. hold numbers during their transkmission into and from

0

the mackine .t 51 o% spesd. Ay teo—josition reldy Can funct.ou as

i storage device, e@ince, when cloged, 1t represents ihe storags of
thac impuise that causeu it to Clouss. Locking reluys are used in
Crelay regasters so that eaco reluy ~ill energioz its owsn bolaing
magnel upon closing sna thereiors resain closed after tne originil
impuise s over, I aecimal digits are t: be stures, suvera. relays
wust bDe used Ly edch Gilgil, sinve thers must be ten [ o8-iDie Jh-

ox 5 P

off configurationg. Hach set o reiays counts the number f .nooning

&

julses, and tae fin.l on-ofi copaltion of the gooup re rsseuts

<

s storas wigit,. felay repisters were r.rst usveiloped [ ¢ teisphone

dpfliGaticors ang are wiosly replacing rolary reglieters 0 100 (gé-
, bo : o . .
ty, = autoratic exchunges.,”  They are wols auapted for inverreuiute

use in relabively fiizh speed canputers, bul ihsiv size auwae cost

prohivit® their use Tor obtalaning lurge arounts of internal storsce.
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B. HICH SPEED I7T.7L.C0

pDiscrete ieqia
a. VYacuum-Tube Reglsters

The specific registers ulscussed thus far have been alike in
having ten distinct states possible in esach separdate storage elesent
or counter, These ten states corresponded to the decimal digits
from zero to nine, However, computational nusbers, or words, can
often be advantagsously rgyrasented by other than decimal number
systems in which each deciwar digit of the word is itzelf rejre-
sented a8 24 serigs of zeros and ones. Such a re;resentait.on alliows
all types of registers tuv be both simpler and faster, but it is
particularly wvaluable for vicuum-tube registers, If ten separate
stafes are to be distinguishbed in a vacuum-tube circuit, it is
possible to use either ten tubes or ten differunt operating con-
ditions in a single tubs. The first possibility is employed in
tring-of«ten" vacuum-tube counters, but the second is never used
in computational applications, Because of change in operating
conditions ind tube characteristics, it is not at present ;ossible
to design a vacuum~tube circuilt with which ten distinet operating
conditlons can be consistently distinguished., Om the otler hand,
it is quite possible to use vacuuws tubes solely as on-oil elements,
80 Wl correct operstion can be assured with slmost absolute

e CUTECY o




There are sevar.l non-dacii-l pumber cooes in use in rodern
computers, The “binary® system is the most usad in computational
work for several reasons. In this system, s number base of tro
instead of ten is used, snd there are thus opnly two diglts, one
and sero, Al larger nusbers are re.resented by covbinations of
onss and geros: two is written 10, three as 11, four as 100, five
ag 101, ang so on, The use of such a gystem reguires about 2.3
times as pany individual digits to represent a given puny-placs
number as required in the udseimal gystem. Alibough input und out-
put numbers usually must be converted from decimal to bipary ana
from bipary to decimal respectively, the use of the bipary system
in an electronic computer to zllow on-off o eration ci its vacuum
tubes 1s so important thut ithe conversion problem is trivial in
Cub P iooli,  Teo other codes soretines used are tihe Coded-decimal
and the pi-,uinary systems. Both systems rspresent ecach decimal
digit as a combination of four bimary cigits., Using such a wethod
of coding, a ten-algit decimal pumber requires 40 binary disits for
ite representation. On the cther hand, in the true bipary system,
only 34 binmary digits are necsssary to ropresent the sapue numbsr,
Cince sech aigit thut zust be carricd in i cowrutat.on involves
conslaerabls sxtra squapment, the blnary system is the kost ecouon-
fcal of apparatus.

"Trigger pairs", or "flip~flop" circuits, are the individual
storage elements in vacuum-tube reyisters., Such clrcuits nave two
Suaben 0ol 8table e ulllibrzuw; thus, one state cam rejresent . one,

amni ihe other, a zerv, Two tubes are used and are 80 connected

6’



that aa inpat pulse or trigger »ill cause e “on® condition to
transfer from ciie tube to the other. The Hccles-Jordan trigger
circuit, inventea by ¥.Hd. Eecles wnu Fo.o, Jordan in i3ls, still
forms the basis for almost 211 types of [lip-~flop sturage
circaita.‘ﬁ It has ¥ cuusidescably improved since that tinme,
but tie basic fore of the ciruvuit has repained virtusliy unchanged
{gse= Fig. 1£). An interesting modificat:on of tus Ereles-Jordan
57
circuit was m~de by H.Jd. Relch in 1358, In Relchts circuit, pen-
toxdes are used in place of tricdes, and the necessary feecback
batwe .n tibes is obtained by cross-~connection betmeen opjosite
plates and suppressor grids, ralber than between plates anu 8. goal
£rids, as in the sfccles-Jordan eircuit, Becauve of lhis wethoa of
interconnection, the circuit responds orly to negative imput ulses,
parliser £lip-ilop clrcuits had achleveu ihic deciratle condilion by
the inclusion of series rectifievs of warlous ty,es, .s in the
circalit of Figure l&,

For reyvister ap:lications in high-speed computers, it is
important that fli;-flop switching {dme be sade as short as pos-
uible, Torough gpecial design preciutions, both tricce und pen-
tode f£li;-flofp circuits can be Luilt with o switchicg time of less
tha Ul.x mivroseconas, but pentode circulits are sorevhat the raster.
Filgure 16 revresents s sim;lified triocds flip-flop elrcuit for use
in a storage register. As in electro-mechanical registers, the
inclusion of a earry circuit between the individuzl elements of
the register allows it to sdd and therefore to function as an

scouvulator as well as a register. If the binary syston is used,
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adultion is particularly simple. One plus one is zero and a
carry-over of 4 one to the pext digit ,lace, and one awmd »ero

18 one with no carry. Therefore, the carry circuit bast.sen .de
Joining flip-flops nesd oniy be a single connection, such thit

a carry pulse is transm:tted when the flip-flcp switches from
the "one" tu tue "zero® condition, but no puise is transwitted
when the switchinpg is froi zero to one., Ia the circuit sbown,

a one is arblirarily said to be storou when tube Vi is on sna

Vg off, and a zerc storsa when V; is off and V_ on; hence, the
jresence of & one is .etected as a low potential at tne plate of
Vis & negative pulse at "Irigger" switcass tie {lip-fiop to its
other state of syuilibrium, no watter whetlhcr 2 one or . zero
wag initially stored. A negative pulse at *Set" always clears
the flip-flop, leaving it with 4 zero stored, while 4 neg.tive
palse ipput to YHesel® leaver it with a pue stured, The sel and
reset connecllions are used for cledaring ana to grovide o.orry
inputs betwesn ad jacent elerents of tne regleter if it is used
as an agoumulator, 4 word is sdusd into whatevwer ls alresdy in
t..e accumulator by appiying tne ipcividual digit pulses of the
word to the trigeer inputs of corresponding £lij-flops.

In the past twenly years, tae principal surk on trigger
clreults uas been carriea on in an effort to meet the newds of
gh~spoed counting. Farticularly ha e high-spesu counting
devices been desired for the counting of very rapid inpulses from
Géiger-@aLisr chapbers ussu W deteet radiation ami charged

rticles. The usefulness of the trigger circuit in such applications
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stems from its production of one ocutput pulse ol « siven polarity
for every two imput julses, By connecting a chain of flij-flops
togetner, relatively large counting-donn ratios can be easliy
achisved, Althougnh tbe initial pulses may occur too rapialy to
ve counted by a wechanical devics, the use of a chain of flip-
flops wili reduce toe julse oCCUTIHLCE ©iw O SUCH « Vaiue Bt
machanical counters can be employsd. .M. ¥ypp-Willl.ws first
ugad byratrons in lvol two prosuee a ive-to-one counting-aown
ratic, but it was pot wntii 1907 Loal .5, Lewis adapted tiw
Eecles-—Jordan eircuit for couniting jurposes ind produced the
first vocuum-tube counting circuit.sS!SB

Ons of ‘he sost important ty,es of counting cirvuit wor
storage applications ls ths ripg-of'-ten, or decsue, counter,
There are ten aistinct glorage esilewent: in sucn a1 cireult, cube-
nectes together to fors a ring., Sipnce only one elemsnt of the
ring ie activited at 4 guven tiwe, toere arc tem possiblie
storags configurations. If ¢ series of jpulsss ls 4;;liea Lo
the input ol the ring, sach pulce causes the activat.un Lo be
trangferred from one slemeat Lo the pext sugceecing. In tids
pannar, tae device actuadly counts the incowming julses, amd
proueces an oubput fur every tenth pulse, Triocds fi.p-fiogp
ring counters are nsed as storage sccumulators in the siectromic
fumerical Integrator and Computer {(4LIAC) designed at the Univer-
sity of ?ennsylvaﬁia.éé The decimal system 1z used in thi: coki-
juter, waking declsul counterds & neceseity. oince a separats

counter is pecessary fur each declmal digit of a wora, 4 iatye
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pugber of vacuuwn tubes i rejuired Ior avsjuils SLOTAEES Ca, 4CL LY.

Ten tubes sre useu Lo store each declw .o aigit, -hereas only

tnrvee oy fouyr tu.wss are necessary to sbturs lhe 3zase diglt woen

cudea wn toe bipary sysisr. And, alibough ring counters ars

mucit Laster thun elsctru-sechanicai counwere, they are il

zlower ithdan Dinary counters. In the flijp-ilop register, only

the vn-off conciticn must be chinged in registerin. a wora, shilo

a nusber of digits equwl to the decvimal «igit €0 pe stored must

be appli=d in tem;orzl seguenc. o e ciog to seb b, Consem:.l.y,
recordily fay taks uwue Limes iunger foc 4 .sulpdl than for i

vinary counter.

7
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Gontinuous Mediq

ae Transmission Lines

Transmission lines of warious types have long bean used for
transmitting information or jower from place to pluce, out it has
only baen recently ihat they huve been ulployea Lo ztores infor-
wablon expiieitly. Simce it takes 2 findte lemgth of time for a
sicnal to trave. frow oue ena of a4 traissission lioe to ihe otusr,
W slgnal Bay bue thousnt of s beipg stursd on the lipns duving
the time it is in transit. In ordinary usage, the spatial exten-
sion of a transmiscsion .ime is utilizea to transport quantities
from one loc.tion to spnother, and ths delsy introduceu by thc
line is consicered an unavoidable by-proauct. For sitorage appli-
cations, an contradistinction, o lurge delay ls desirabie, ana
the bulk of the line is unaesirable,

dlectric transmission lipes have not tnus far bLeon ussa for

extrewcly bph
signal storage begause thelir, velocity of propagilion de—eateeraty
Yriakes ‘ ‘ A
~Himem, maedkar Lt imjos:iole to ovtadn deliys of pore thau & 10
wierosewonas in a pracilcad lepgta of idoe. Thoough special
design, U Bas deen fownu jossible LW construct iines wilcn nave
a aelay of about U.d microsecond/inch, bui uhis value is cloue
oy 3 e N 5 " > i 6U,61 v . e oy (4 .
to lbe mpaximun now attwinable, For the sturage ol Ccomju-
tational information, however, delays of tpe order of 100 1o
100U wicroseconus are desirablei hence, obther meais thun slectric

linesd are usea tu uvblaein ther., Nevertiwless, electric transwis-

ci0m lines can be useu to great advantage in cupputers to seours



exact tlwe coincidence between peariy coincident jpuiges. Tms,
if two puises of a tentb-wicrosecond width occur a ball micro-
secona apart, it is possible to delay one of thex half & wicro-
gecond in an eleciric iine, and so cause thew to sccur simulta-
nsously at a speciiied output po.nt, In this fashion, two pulses
may be made to ojerats s coincidence device suci as a "gate

tube® which will geperate an ocutput only when tuwe simultsncous
glgnais are applied to it,.

A much more im oriant application of transmission lineo is
that wiich mak;a use of acoustic rutber thap sli.e.ectric iines,
In tuese lines, the information to be stored,; which occurs as a
sequence ol sleciric puises in deflinite tenporal sequenc., is
used to modulate a continucus wave osciliator ol ultrasonic fre-
quency {(usually 10 to 1d megacycles/second). The wodulated out-
gut of this osciliator drives a plezo-electric crystal in inti~
mate contact with a solid or liguia sateriai, This crystal is
designated the transmititer ana converts the eiectric osciliativos
into sujersonic waves which propagate througn tne material with
tﬁe velocity of sound in that medium,. At the othsr erna of toe
line is a receiving crystal ehich convertes the s.suna waves back
into sleciric coselilations. During toe times of transwission of
information through ihe line, the information is actuuily
storec continuously on the line in a seriss of compres:tion waves
rovin, through the medium. Because the spesd of sound is so
much spuller than the velocity of signais op electiric transmission
lines, large delays can ve obtaineu in relatively sbort lengths

of icoustic lines.
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buring ibe war, the British develo, «d an acoustic aelly
line using water az tue velay elerent for usc in comn-tion ~ith
poving turget sslectors [or radar sco, es. rpercury~fillec deliay
linee were used in 194ds at ths kours School of Electrical Blig e
neering of the University of Penasyivinia as acourate timing de-
ViCOS alu in 1444 were adijpled ror com; utationual 5terage.6z HOW—
aver, Whe a.tusl creait for tihe pany indiv.adus' stages of cevelop~
want ol the agoustic ueliay lipe ane oiber storags devices still to
be discusse. cannot be properity assibeu al (resent becauss of
oot tas recency of such developisnl: iba Wie rasesncy ol Ths waTe

In the computational storags of imformation in a d-lay line,
it is often ussirabiz to store tue Informat.on fov pore than che
transit tlme or the line, ouch storage is acconpdisned with tae
cireuit shown in Figuve 17. After passing thyoupgh Uhe delasy line
spee, the storst signal 18 asplified and reshajed to copgensate
for attenuation and distortion intyduceu by tl2 line. The
plses of the signil are ilso brought inw exact tenporal coine
cidence aith “cloek” puises ino the amjlifiesr, The clocCk s au
08GIiLliLtor wmdch prvauces (julses at the rg etition rate of tos
computer; for correct operation, il is necessary that the ,ulses
of tne storea signad ocvour ip syncuroniswm with the clock pulsdas.
If 11 s ueslired 1o rea. oub tie signal ana at the same tipe stors
it again, s "read-out® trigger is appliec shich al;ow§ tie oignal

) Since

t be transmities throw.n the risht-hsnd gate tube.Aftha centrsl
sate tube oorwed.y pasguss juives, M@ e signal ¢ also transe

wibbed vo the driver, It is thsn used to podu ate Lo supersonric



osciliator and is .oivoducsy into the libe once again. If it 18
desired to reaca out the signal(witnuut ro-storing, a trigger .s
applied to the "clzar" line, preventing the centril gate tube
from transwitting a signal. To introduce imforsation into the
iipe, 4 "read-in® trigger is ajyp led to the left-hand gate tube,
allo.ing il to transwit the incomdng sigmal to the driver. The
¢xternal circuit used aith a mercury delay line requires about
tan vacuum tubes, |

Two conditions ..re necessary for the delay iine fesu-vack
system to fupction corveetlys first, the total 42in arcucu the
ioo; from ipput back to input pusi be unity; and second, the delay
time of thse lime must clogely z2p:roximave some pultiple of the
clock jerioa. Th; first condition 1s necessary to keep the
stored signals fromw increasing or decreasing io amplitude as
they maxke successive trips around the system, «nd the second cun-
dition is needed tu ensure that pulses which have ,assed through
the line s1ili occur close enough in time to a clock pulse tu be
brought into syuchronism witic it,

polid materials are not often used as the d&lay glgaent in
acoustic delay lines because thsy have tne uisadvantage thst there
4re several modes of projagation, easch et a aifrerent velocity,65
This disadvaniage may be svolded by usimg a liguia, so that only
the lopgtuainal mode can be jrojpagiteus. kercury is most cossonly
uged becuuge it bas a low wvelocity of propugat.on, ami, because uf
ity density, has an acoustic impedance comparaovie to that ol

quarts crystals, kost of the atisnuation cecurs ius the
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transmibting ang receliving oryobils, soe 20 s alpost ingspene
dent of line le;ﬁth.ﬁé 4 percury delay line baving a .elay ol
1u0Q microseconus iy 4;roxisately bY inches long.

Une disadvantage of sercury deiay iines ic the dependsnpce
ol their delsy times upcn tengevature. The tswrerature coelii-
cisnt of mercury is =uch tiwbt tue btomperata.e of 31 100U micro~
secoud Line st be maintsined consdant s.thin teo-taoir oz of a4
canli; rade wsgres Lo ensure thual ko welay of the line vemain
constanl 1o wittin U.< of o microsse.ond, Thus, there i prave
dangar of loss of .ynchronieh Det-2ci sloToa S1gHALR apu CLlOoCK
calses 11 the ten; srature is ot controiles. During the war, a
Geldy iline uslog muati;le sound ref.ection in a Duses-guarte
ulock was develuied. Hot oBly aoes the use of cuch s dilay
maun ensure excelisnt lprecance matehing betweo.n wnjut na
oubput Crystuis, bul «ieo bupperasiure control i ULDUCES-aTy
s.nce the tomperature cealilulent ol qUaArtz Lo very sfado.

There 16 one dizsauvantige o tloYage in uslay Liper which
arise. Lrog the langih of toe ueday liscli, 3inve 48 rany s <b

du-ig it soras can be storew ip a 10U0 plcvesecena line 4t ihe

sape tike, m@;d}' :;9 A C‘ﬁllBj:vE:fxEl:T:.:{w{uucz}’.‘)" bel re 4 gilven
#ra eberges {rom Lo llne., Throuen sultabie problen [rogran: lug,
sUCH un.esireq delays can bs rade inconss juent.:l In couputers using
seriasl éigit trsmswmiss.on, oul considsrabie time would be wasted in
a hih-s;eed jarallel computer (sze glossary for defimitivu oX
werlal ang paraliel transwission). for this reason, tuer types

L storsge are used in jarallel cowputer:,
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b. BRotating Ldsks

#ithdn the lust seven yeurs, thers havs been severdl pro-
osals for the use of rotating disks or cylinders coated with a
wagnetic or light-sensitive muaterlal as « possible intsrnal stor-
ape method, Separate disks, or multiple channgis on o long
cylinder, couida be used to.store 4 ralatively iarge «mount of
information compactly. The disks or cylinders would be rotated
At high speod ip gyncuroniss watbh thw rejetition raite of the come
vuter and puises revorded arounc tielr periphbeviecs. Sucih a
mathod of storage would constitute & serial storvogs systes lise
the ac.ustice delay iipe, Dscause, cece a pulse was recordesd, it
couin not be rewd cul upbil it A8sed 4 LICKUL neaG.

The use of mapnelic stoTage disks was probably first sug-
gestad at tue EBassachusebls Institute of Tecimology Gentor of
Analysis, and 1s ceseriped in o 1344 Baster's Thesis written by
FoJ, Crawford, who was wursking thers at tue time.ﬁb Crawiord
proposed that disks svout 20 dnches in dizecter, wolating at
approximately 15 revoiutions/second, be usea Lo proviae ths prin-
ci;al internal stors.e of 4 Tlrvu-controi cowputer,

Recentiy, this ty.e ol wugnetic storags nas degun Lo be
aeveloped at Harvard.eé Tests are seing .ads un several disks
12 inches ip giameter, rotaled together at .0 revolutions/sec—
one by & common shalt, This spgular speed corré&;gﬁas To 3 1ine
ear valucity of almost L0U feet/second, 4 cousd-ducinmal nusber

gyster requiring four olnary digite for eacn decimal Jdigit is to
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pe used, It is expected Lo be possible to slore «b seast ten u=digit



decimai numbers around the circumference of each uisk. in
order to recucs the maximuw dslay of 16 </3 milliseconas
aused by the serial nature of the storage system, ten pick-
Uy heads way bs used, thersby reducing the deiay time to less
toan two milliseconds. Ap advantaze not gbared by other
internal storage media is the :statie naﬁure of magnetic disk
gtorage: no ocutside agency is Tegwired to smaint.in sbordige;
tous, stored sigonais resain until erased.

4 llght-sensitive phosphor coating may be used imstead
of the magnetic materiui of ihe disks., For such am ap,li~
cation, the ,aosphor must nave very suort activation ana uecay
timss, 50 that o pulse can be erasswu in the time of travel of
4 point on the disk between an erasing ana & picku; head., As
in the case of phosphor-coated filu for data input, suitable
phosphors have nol yet been develioped, Botn phosphor and mag-
netic disk storage meula have the advantage that a relatively
jarge awount of storage cun be achieved at low cost; but difri-
culties of synchronizing the disk rotation witi the cumputer,
and the delsa) in reading out information, are important uisad-

vantages,
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¢, dlectrost.tic Storage Tubes

slectrostatic stor:zge tubes ows much of thelr develojseut to
previous wori on cathous ray and iconoscore tubes. Tioere are thus
gore distinct phases in their DisTory tamn 18 toe case Lor sowe of
tue other netbods of high-siees stora.e wolch were elther dovel~
opeq during the war, !ike the wercury asiay .ine, or like the
selschtron tube, have boen pepun sincs the war, Stored informa-
tion in an elgctrostatic siorvage tube 1l represonbed by

o Ll L rase

%

ence aud absence 0l charge at 3 large mupber of :pali giscrete
5,08 oo i ulielectric or wosaic plate, The stovags lube Ulers
principal .y Lron ibhe icoboseope tuoe useu in television o that
coarging of ths disieciraic storage siriace L8 [roducca Dy e
of 4 nigh-velou: by clectron beuam, inglead oI 1holoceectiricadly
L2h Tight raye. Bevertheless, b was the icounoveeojo tbal iirst
gemonstrates thsel large-scaie clecirostallic storace was ossible
ang practical,

The lconoscoy - taubes waes sevelopsc by V.h, dworykin about
Ludss 2 a qevice for converiing optic.. Waged LntD COTres,ofdilly

g

. R Y . . ‘ L )
2L3GHPPIC 81 nais. Tie tube sas pot deui ned =@ a computational

[2

BLOPage Lavice, bubk 1t woes store Lhs luforration in Lue ipnc.dent
Light Leww Iur short jericas ol time. Light, Tailllng upon 2
Losalc consisting of 2 darge nucber of twaii, photeclaciric,
metallic grains on 3 aiclectric surface, cuuscs the grains t.
wwat @lectrons in [ roporclvs. w toe ligst inteusivy. The iiaa~

vidual gralms are insulstec Troe one anc herj ther=iote, a charae

i bulib up on toe surfuce by e loss of slectrons, Ths jotential
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imsge created on tne plate is a repdica of the original optical
images In television use, the potential patiern is convertad into
alectric signals by an clectron besr woieh rapiuly scans and dis-
charges the elemental capacitors of the wmosalc. An output slgnal
is derived by the capacitative coupling between each mosaic point
#0d & copuuciting signal plate behind the mosaic gurface. The
discharge current causes 4 dizplacement current torough tue
dielsctric, so that the voliage of the signal plate for each

point scamned is proportional to the ori inai charge of that ,oint,

The first in. tance of the use of a wosaic to store sou
recover 4 ielevision ilmdge produce.l by a'highuveiociiy electron
bean, Tather than by photoslectrouns, was reported by ¥, Rnoll
ardi ¥, Schroter in 1907.5%  Une of the first reports on bic use
of tne icoposcoie primaerily as a storage device was that of G.
Kmawinkel, @, Kronjager, and iH. Salow in Germany in 135&.53
puring the war, considerable rese.rch worg was car.ied on to
adapt the mosale iy.e storage tube fuor use as a2 moving targ=t
selector in radar installsations, and R,i. Belonnull, at the
Hadiation Laboratory, developsd an improved theory of scanrang
witit 2 moving beam, ‘

There are s numbsr of sgiorags tubew in the pro jected or
davelopmental stage for use in varicus compubter projscis, but
the initial moedel «f the tube being develojed at the hBacsacuu-
sette institute of Technology Servomecbacisms javoratory wili
be uceeribeu, since it is faivrly vepresentative of the twype wma

71

the most avaiiablo. Figure 18 shows a diagraspatlc dra.ing of

82




the storage tube, The in.er structure comsiszts of wn slectron
euB, evlectrostatic deilection jiatss, and a speciilly designea
storage assenbly. An aguadag seconc 4ancde heldd st 41500 volts
with respect io the cathode o foliowed oy a signal grid, the
diegisctric surface; anc the conducting »ipnal plate. Horizontal
and vertical deflectlon ampiil ers ars uses o sup, iy lhe correct
voltages to ihe Jelisction glates 1o select oy particudar s ot
posction on ihe storage suriacs, AIn the Liksl smodel of the tube,
it iz e jecteu thal toere w2li be oe storage positions in each
airection on oie dlesiectiti~ surface, making o totas of 1 <4 josi-
tichs p8r fube. Hecording, reudlng, and reéeHboensif:ication of
stored gilgnals »1li aid be accom)liiibed vwilis L sike hRiphe
veloclity slectron vear aod wild tike pisQe wmwie Lhe beuan is
stationary.

The actual operation of the wube is reilavively oim le, but
the mechanise of stoTuge On » dislectric . urlace 5 lbssil not
yet ful.y understomi. vhsn electrons strike the storage suriice
with high velocity. secondary srectrons aré ammtieu Ly the
srelecirle, I wore seconusry wlectoons sre smitbeu than there

sakd Ld

W

are kncident siectrons, the seculuary emisclon ratic i
ve greater than one., wheo Lhis ratio is grealer than one, more
eiectrons leave the surface toan resen it, woa ibs potsmtiad
inureases cosataively. Om the other hana, if the secondary ewls-
sion ratis is lexw than onz, Lore siscltrons reach the nuriucs
Lhan leave Li, and ils potential falls., The sscouusy ckigsion

ratio itgell cepends upon the suriate waberisd and u on e
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energy of the incldent clectrons. It is grealer Lwn uns or
rost pateriais for electron accelerating volisges bstwaesn about
5 to several thousana voits, However, in the storige tuse, toe
signal grid potentisl cap be adjusted so as either to coliect or
repel thv secondary electrons smitted frow the gtor e suriace
and so control the efivcetive secondary wcsiigsion ratio.

The slectrostatic storage tube i designed to nuve two
status of stable equilibrium ang a2 peutral &tate. It 15 thus
well sulted for storage of numbers exprasssed in the binarvy system.
In order Yo sch.eve high accuracy in the FIT tubs, <t is jrow
josad be store a4 une as 4 positive chargs on ths dieiectrxcbanu
a geTo .y a negative charge, ratper than as e abscqnce of
charge {corresponcing to tie peutral state). In cne possible
recording wmethoa, the slynal grid is swlitehea ¢ a4 josltove (oten~
tial ol wne order of 100 volts to gtore o one., The bean wellec-
tion voitages ure estab . ished to gelect tne correct pos.tion on
the stora.e uu?f&ce, skt the bsar it turneu on Lor a very short
tive. Secondary electrons | roducsa by the wciasnt besn are cole
Lected by tis jositive griu, anu ths spol selecisd oullas vy 4
positive charge, vince the effect.ve sscondary em. csion ratio is
graater thun one as long as ths potentiul of the syob is less
than that of the gride oo the spot rotential becomes ap] roXie
mately equal bt toal of the grid, the efieciive swission ratio
drops to ons, anc the spot remains closs tu gria potential,
after apout i nicrosecond, the beaw is turned off, leaving toe

spot with & positive crarge. Sincs the storage surface i: a
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alelecteic, ge choarge wil. ratadn stored ol the point ol inuie
aence until it eventuasly leak: wway bhrougin ioe very ualgh ohmic
resistanca of the dislectric suwrfice or ie altered by elsclrons
ineident ot the s ot jesition,  decoiuss of thls gradual dacreass
in wignal level, 171 wiil be npegezsary W reiurbisn stored sig-
nais frow time to tims by resritii, ibse at tne suwe positions,
in order alwuys to paintiin roacable levsels,

Storage f a4 zers is ac . ompl.sitea by vetling the signal grid
W s nepative potentlal b gl 8iag the beéan on.  In this caze,
tad apc.dent slectrons 11l still iiberalu secondaress, Lul since
i apnergy P most ol the secunuary electrons is low, thay 4Ll be
Tepchate LY the pegaltive gria bact o he slorsge swrfoce. (onse-
yuantly, 2 pe atove codrgs »ii:i be budld v while ins be.s 18 ou
apad will vepain witer b A8 celiluie. X, mrnidn, per.re Tetoriilg
is pov pecessar,, sinecs the [ revious potenitlal of ths urface aioesg
not affsct tne storage oI @itaery a4 ofts GF . Z8I0,.

In order Lo reaw 4 digib storse at a certain positien on the
diesectric surfuce, the bew desrlieciion Voltagws ar2 2ot T s@leci
that poustion, The sipnal grud is bhela neubrawe at gevo olanlial,
and the besn 1s tulmsd ub. 4 positave 4rel, roressnbiig 1 one,
will then coliscl zisctrongs snd fall in potenblal, and o negasive
areag e, resenting o zero, will repsd secobdary ©aeClrols b Tise
in potentiai, %he raprid chapge in porventini of the Jielectric
81-00 48 Cxpaclitetively coupssd to the signd ;1l.te; dence, & ong
i read af 4 uepailive oUubtpul LUl8s Akl & BOLG 4s & jO5LLIVE [uiDe,

Hoaddne ©albes erasure; thersiore, 1t 1S necagsary Lo resp . te
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-the stored information alfter readin:g it il it is uesired 1o uce
it again later., Hewritiog can De rost simply accomplished, -hen
necessary, by ccupling the cutpul signal to the writing input of
the tube.

One of the principal proviers in ihe design of 2 storaige
tubs is cuntrol of secondary elecirons. Sibpce ths stored sipe
nzis must be spaced quite closely to comeerve opace, tuere is a
goud chance that not 11 of the secundary elsctroas emltted
during reacing and writing will remain close to thelr joint of
origin or will be .oliectes: some of the secondarics will redis-
trivute thewseives at v.rying distanves tfromw their jeoint of
spission and 1in so dodng will tena Lo charge ad jacent positive
areas, uestroying stored ones., Varicus methuds of seconasry
electron control bave been projosed, and it is exyected tint
the probiew can be adequately solved. The stor.ge tube combinpes
reiative slieplicity with a falrly large, higo-speed storage
capaeity and will be a valuable cosputational slorage devige

when its development is complete,
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. Selectron Storage Tube

The seiect on i8 a highespesd storage device pow bsing
develojaed by tie Radio Corroratiun of Arerica for use in the
compuber tusl the Institute for aAdvanced bhuuy st Pranceton is

Ty T4 . ) \
’ The salectron is an siectrosiatic storsge

po¥ bulicing.
tube whicu aiffers frow the Lube previouvly desceribes :n s
method of se.ecting =30t positions and reduing abd recurding

SigLais8,

The wbe 1tselfl s relativ.ay complicated (ses rigs. lo,<0).

It copsists of 4 cylindrical catboue surrundec by various grias
apd avodes, Toe firsi griq outsice tne catboue is ussd o won-
trol s;ace cuarge im Loe tupe, kext is a screen <h.ch is main-
ta.peu at aboutl - 1.0 voots, foliowed by 3 rect.iloear controle
gr d structure conslstiug of ap lbner seciion ol ssparate wer-
t.oeal wires ang an outer sectlion of separste uorizoptal wires.
The coutrui—grid structurs thus forbs s lirge nusbsr of rectan-
gular sindows, cacn surcounded by four differcnt grid wiros,
Cutside the grids are ve tical, reoilal figs wainisined at - 3.0
voitbe, Tollowed finainy by the cylindrical greigeieic stour.ge
surface, Tie storage suriaCe cunsiste of 4 wice gylipnasy with
Tluorese it katerial onp 1v8 inper suriace aud i Ball-si. verea
outside surlace (see Fig. .1).

Inuthﬂ tube under asvelo zent, tosre are os grid aires in
sach airection, bub, by ingsrious mmtercumwsctian, 1t s only
ﬁecessary to bave 8. sealed-isn ieaus Lo ese 1.0 wires. Jelec-

ticn of & guven window .5 currieac ocul by baging 1. of its

88




Two views of memory lube in which a multiplicity of images may be stored for later
release as, for example, in a caleulating machine (RCA)

Ref. 7%, ». &7,




peripheral wires jositive; a single negative wire on oue s.ue of
4 winuow is enough %o inaibit electron tiow tarougih the window
{see Pig. <2). There are lb lead-in wires Lo the vertical yrids,
16 t. the horizomtul grids, and sach grou; of 16 wires is again
ivided into two grow.s of B wires. The interconnection iu thoe
tubes is such that each wirs of each grouy is the pelghbor of
@very other group once and only cuce,

The selection of any onme of the possible 4026 uindows is 8.E-
pay acideved by makln, ops wire in sach growy pousitive, since ths
systes of 1ntercon:ecltion ensures thal onty ong sindow wil. have «ll
peripheral wires jos:tive., If pn is the nuwber of leaa-iu wives
necessary, tae muber of w.adows is piven by {n/é}é. Thus, « seieu-
tron with 1c8 lead-in wires wouid huve pors thao o 5iliion winaous,
4 Lrguenduis siorage Gapac:.ly¥e

dscorudn,, in the selectron, 1s dccos;lisbed o, pulaing ihﬂ
s8ignal plate. 4 jositive julse wili ecarry the alelectric surfuce
positive wite it by electrostatic znuuction. The assired winuos is
openou, ana toc incident electrons btost pass througn that sandow
strike the dieleciric surfacs, causing seconu.r <8 to be anittec, T.a
secondary electrons are atiracted by the coliector fing, leaving
the particular spob on Uhe sturage surface jos:tive. Tne pulse
dpitied to toe sigpal piate hus a shary leading evge and & slowly
gecreasing traiilng edge o jrevent inductiosn from aifecting the stor-
age suriice while it i3 belng charged, The posit.ve potential shoch
e dieluctiric s30T reachss is approximatoely egual to toat of the

catiector Lins and 1s stable, Seiuvw colluctor potential the
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effective secondary emission ratio is greater than one .
above Lt Wie ratic 18 less than one. insreisre, ths s, o0t iu
uriven to coiiector potemiisal and sticks there. in the seleC-
tron, a one is re.resentec by u positive charge ina a zsero by
the absence of charge, or neutral potential, Erasing a oue 18
the raverse of recurul g ity 4 negstive julse is «ppllied to

the Gognal piate so that toe dielectric surface is wonentarily
urives: o peubral potentisl anu the wipaow opeunsa, The incident
wluecbrons woico have pol oesn co .ecled by e Lollector iins
A4P8 yel 30 siowed aowd by ihese jpositive i1ins tualt tie er.eciive
pecondary enibsion ratio ol the surface .o .op: than une,
Lonsequentiy, the spot collieclts siseirons ine renaills sear oo

neutral potential. Th.s condition 1o otable zdso, sinee no

wlectrons «il. Oe coliected il ths surface L0es hDegative. 10101

tials on tie vigiectric bendnu clused  inwoss recsive no cithous
current anu hence return to thelr origins. value along with ithe
2ignal jlate.

Reuauilig out of a uwign.d is accomplished by opening the
winuow desirou and notiog if there is uny fluorescescie. Light
way be detecteu by several pnolotubss arrangec around the selet-
tron or uy a singae phototube anc xarror. i1 thers is lignt, it
inaicates thb the siot reau was a2l the up, er putential with a
opne stored uhere, sivue the wlectrins strike the wsurfuce witn
sufficient sner.; 1 cause [iucrescence opliy when tue storage
surfuCe L& chargea positively. Toe seleciron wuy also be reau

Oy pusBlug bhe sionil plate; 4 stored one | rouucss an oubtjut
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puise, & 2800, nonc. Unilke tie storage twbe previocusiy ais-
cussad, rsading dues not cauze erasurec,

The selectron has not as yet worked satisfact riiy, and
the probler of inleraciion belween storage ole.onis encountered
in the conventionzl elecircstatic atorages tube susi also be

facea in selsciron desizgn. Ths seleciron us 5 =onewbal snallsr

space factor thsn obher types of storage eS| 8.ge, bove digits

per unit voluss Cun be storsd ip e ssleciron, out its cost
promises w bDe sucl higher vecage ol the precisivn worsmanship
necassary i its construction. IL bas ths imgortant aonv.atsge
that ais windows owl bDe iefl open exus)l ahen 3L;0uis 4Y8 W oo
rocolded, Tsau, 0L e2rassd. Thus, the stured inforsation i1 the
tube .5 seifl-velnbaining, .nd olistTe 1s no chuncs ol signaie
agcreasing b inlensity below the noise levse uwne 10 need of

gpecial techniues ol signadl re-eriticyg aoe re-itevsificativi.
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A nuwber of facturs peed to be consldered in coni=tely
evaitating the efficiency of = storage device, O thsase, the
wost ieportant are cust and ) ace sfiaciency, and readilg and
recor.ing speeds. These factors have been analyzea in Tabie I
for & mumber of storage mecia., The rigures in tnis table shouid
not e takeu as exact, for sume of thne storaze petnods shown sre
still in thw developmunitai: staye, while comliels .nformation on
otiers is pot available, It 1s ex;ectea that bthe igurcs are
correct to within an order of pagnituds; such accuracy isiaue;u&te
for general eonclusions ¢ be uruesrn frow Lhe tavls,

Several cefiniti.ong wre necessary for complete unger-
standing of tie tablce. Midccessibility time® for reaciny c4n e
derined ag the averags ilwe thab 15 regquires to read UL any
piven digit I om storage; wiile #digit time® is that tine Decese
sary for reauing oul o Geg.d when voe daglt soolibang ot 1o uvame
or spaice has just been resu. A visdlar cefinition ap)iles to
rac.Teling. These twe facltors, thun, are o me.ours of toe reading
and recorving Limes of s storage device,

popetary sconady® of a4 storags unit s aefinsd an the
numbar ol digite store. in ths unit alvided by its cost (whicn
in¢ludes necassary auxiliary e usjment), 4na "spatd .1 ecomony,"
malogously, L1s the number oL digsis »tored diviced Ly Lhe Bpace
occy; ded by, a4 single storage unite Toers is another wethou of

analysing eost sfticiency, bowever. Tiw "Cost-pzr-gperation® of
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4 storage slewanl {urnisnes 4 reiatlonship betwsen initul cowst
and operating lire of the device not iroviaed by the simples
g pits- er-dollar® factor,

Because transmission ana recepticn of data to and fron
storage are the factors ~hich raxe the actual storage itseli of
importancs, 1t 1 useful te counslger how many Ttiwes 2 stor.ge
devica cAn Carry out tiwsge o.eratdons., Such & consideratlon :8
of greatest importance for those devices ilxe relays or vacuum

tubes taal 0ave « ratier cleariy deiineu operating lifetize.

o a first ajproximatoon, ithe cost ol a mounted Pelay Lo one ha.f

that of a Ciip-flop ciroait, assusing that the life of a rel.y
is 107 oper.tions ang thal of the wacuw. tubes of the {lij~

whog . .':i.'».}z} secorud, 1L can De 85l that the Cogle,er-0peralion

ol bthe Lo Gaviges widl 08 ¢ el i35 e rlip-flop ojerates fnace
4 sacuid, Althowzn Lt is yuate poscible to nake o flip-rlo,
chinge 1ts 3tate a million tikes o secoml, the agsusption that
tue Liip~Tlop eivcuits in & bipagy cuppuber o, erate about a
thousans biwes o second o the «verage it closzsr to the trutn,
Using this figure, the coste.sr-opsrution oi the tiip-fiop is
S beres lowsr bhan tiat of Uhe reliy. ere wore complet

cost ana lifetisme Tigures ava Jlatle, it might bs profitavle W
apPdly e coSte,or-oierat.on Criterion bo otuer ty.es of storage.
For most sloTage Eeuls, DuwWevsr, lhe digilsw—;er-dolsar fact.r .s

an adeyuale msasure of cost efiiciency.

The Tol.owing xeueral c¢onclusions can ve arawn Iro. Tavie I:

those slorage media in whicn o lacye ssount ol infork .ticn can be
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Monetary Spatial Access, Digit Access, Digit
STORAGE MEDIA Bconomy Tcomomy Time, Tine, Time, Time, EXPLANATORY NOTES
atgits/$ digits/fs reading  reading recording  Tecording
Inerasible Systems
7
a. Print on Paper 2x10 3X109 10 sec. 30 ms.
10 12
b. Microprint 10 3x10 2 oin, 30 ms, Areal reduction
6 7 ratio: 1000:1,
¢. Punched Tape 2x10 10 1 min. 10 ms, 1 min, 10 ms,
It
[*]
d. Punched Cards 2:105 10 1 min, 10 ms. 1 min. 10 ms, Hollerith cards,
6 10 80-column,
8. Moving Film 10 10 1 min. 1 ns, 1 min, Photoemuleion, 35 mm.
11 50 channels,
f. Cerebral Cortex 10 5 see, 30 ns., 30 sec, 5 sec. Man
Irasible Systems
2
a. Patch Cords 10 5xl0 1lus. 1us. 30 sec. 10 sec.
N
b. Mechanical Counters 5 5x10 200 ms, 200 ms, 200 ms. 200 ms, Ten position counter,
c. Relays 1 50 1 us. lus. 10 ms. 10 ms. . Individual relay.
d., Thyratrons 1 10 1 us, lus, 1 us, 1 us, Hydrogen thyratron,
8. ¥eon TPubes 5 103 1 us, 1lue, 25 us, 25 us. Miniature bulbs,
f. Trigger Circuits 1 15 1 us, 1lus, 1lus. 1 ue, Miniature dual tube.
g. Magnetic Wire 2510 5%10° 1 min. 40 us. 1 min. 4o us.  Speed: 10 ft./sec.
3 Y .
h. Magnetic Disk 10 5x10 16 ms. 16 us, 16 me. 16 us. Diam.: 1 ft.; 60 r.p.s.
i. Mercury Delay Line 20 2::1(}3 1 ms, 1 us. 1l ms, 1 us, Delay: 1 ms.; pulse
y repition rate: 1 me./sec.
J. Selectron Tube 2 2x10 5 us. 5 us. 5 us. 5 us. Digita/tube: LOYG,
k. Blectrostatic 5 5:103 6 us, 6 us. 6 us &
Storage Tube us. Digits/tube: 102k,
TABLE I

("
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stored have : rdgh accessibility tise, making tie. unsuited

for interna. swrage; those meaia zith a shorter accesu.biiity
time are costly and have a much spaller capacity; fiuaily,
storage methods which are leasi custly and wost ecopomical of
space, at both high and 10w accessibility times, are two
ulmensionals storage poi is are uistributea un a tw giscn-
siopal comtimuum. :zxtirapolatipg opmes tep further, it w usc
tusreiore se«n that the post econom.cal storage weiiue [os-
8ible ~Ouid be tars. slmensiobuil, DaVihg Storage points alo-
trobuted along o thres cimeusiomal latil.e or matrix. By
vuilaing sucd a wewlum Uy Ut of Layers anu sturing and reading
electricully, luw cost, greatl cijacivy anu RMigh Sjewu sight
well be acrioved. AL prescnt, thors ls _ore consideration a4t
the kassscuusetie Instituts of Technclogy & ihe possibiiity

of using a4 con; tex of gas discrarge patus, cilsl:. buteu Lorough
& volume, to actuaiiy jroduce three-aimens.onai storage; but

such storage is still sn o casceny stage.
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Parteular
Before discussing storage 1ndcomputers aEprivrehy, it is

necassary to describe urieily tue metboas of ojeration of nodern
computers, so that such conpuiational storage can be understood
in proisr contexti,

There are two generic typss of corputer:: uanalogus and
ddgital, Anajogue computers use continuousiy vuriible physical
quantities, such as angular positicn. or lenglas of rods, forces,
or alectrical voltagzes, Lo represent sumericsl walues in ths comja
tation. Both ithe siide rule an. the differentiil analyzer .re
analogue devices. OSince numb.rs are repressntes by physacal
suantilive, the accuracy of such anslogue uavices ix pecesvarily
iimited both by the phycicar tolerances of tie component parts of
trie machine apd by the precision «ith which toe.o phys.cal uan=
titied cun bs measursd,

In contranistinction, digitul cumpulers re;rescnl nusvers
explicitly by means of yuantitles which vary :n discrete obt:gs
only. Since muLerical quantit.es can be bandied aw ad ils, ratuer
than as physicai measurssents, the accuracy ol ipdividu.l numbers
Bay be ihncreased as TUCH 88 RECEeS.ATY LY USindg Eore diziils in Lie
words employed in computation. dSecauss au aniiogue copputer
roquires a plysical computing slewent such as ap auder or ipte-
grat r for each ratosiatical operal on in 4 given problei, the

interconnection betwesoen ilhese clebenis Busl Du allterea Tor sach



new problun. Un the other hana, the physical conmeciion of ihe
glamants of a digital couwpubsr is fixed anog indgspendent of the
probise Lo be solved., Jolisciiony of algils, veprssanlin, Ll
bers, are transpitted electr.Caily from ong wil ol the comiuter
to apobBer In accord with w stored [ roglai. T araer swlencs
widch deternines the successive grithsetical operations i the
compulesr.

sipcs ulgital corputers coiponly nave an ardtigstival
elasent capable of jerforwing vnly the sinjie .sathendatic:l vper-—
ations such as addltisn and guleipiieation, various reiterative
ay L roximation nellods are ugen ior more compiledted gperations
iixe inlegration ano extracting rovls. By Liln, evoush digits
in the calculation afu making the «; roximation interv.l short
enOugh, Dosever, 10 :2 podsibie to zonleve any desived usgres ol

agouraty. therefore, whils anaiopus coupulers ars wesigpoa to

3

sodve relatively lipited clasees of proviens, Jsigital couputers
nay be uses W 20lve .ny iy, ¢ ol Lroble. Logs solution le
votainabls by puserical nethiolc,

Storags In an anilogus cukputer s repressnte by the
physical positious of ths oiswéents of ths computer ime by ths
interconnection bebtween eicsents, corresponcdug to woatl nss been
termed herein o implicit storagw-, In a4 doigitsl con: uter, nowe

2Ver torsge is necessary for both jartiad resulils anc the
¥ J i

w

vider progra. that d=te mines the segu.nue ol vperatioc; such

storagoe s thus of the ex;1icit e,
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In order to simplify dijital computer design .o to
gevanopize storage space, it iy customary to reduce oraers tu
4 maperical code and to store thes in the sape stordage devige
useu for partial nuserical results. 4 coded order usualiy
consists of two gr oass of digitsr the first to s,ecify tue
ptorage rosit.on of o glven word, aisi bhe seconu o sel the
switches that deberrdne wbat svitimstical operation is 1w bu
carrisd oul on the surd sslscted iy the ordsr,

it 1g possible to vonstruct o order progran to control

the solutiorn of apy procies in o gereral clasy, raiuer than bhat

of a specliic pvobien, by e wse ol two ujecdsl owider.: the

subgtitution ovrder ang the concitionsl tronsier order, S0 that

the result of a grececin. c.deuistion can be introduced oty the

instruction contrailing 4 later calousation, 1t ir necessary to
substitute the storage position masber of the oarlier reruai
into toe onmisr shich conbrol;: Lae nexlt operaticn 01 bhe Later
caloulation, Usiue substilition orvers, the [ ro.rs can Do
initanily mace up sithouwt Knowlisdes of he storags Losit.on of
-

GTUBTE Cali o

5y

{

partind resuits, . & glven gene-al pajued

uped masy tdns. wilh different numbers louibed in ull ervent

parts of the storuge.

o
411

Too ugeiuiness ol the conuoticonal trancler orasr
clearly axplained by Burks, Goldstine, arnd ven houmapns#
The wtllity of apn asutosutic cow

ROBELDIEALY ol Using 4 given zuouence ol inebraotiods
repeatedly, the musber of times 1t i
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#Burks, A.W., Goldetine, H.ile, ano von Beumann, J., Retf, 7o, ;. G
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eitner preas-iguad or dependent wpun tos results ol the
computation. ‘‘hen the iteration is cowmpletea, a uiifer-
ent sequence of oruers 1s 1o be foliowed, so we pust, in
most cases, give two parsl.el trains of orders precweusd
by an ipstruciion as to wiaich routine is to be followed.
This choite can be cace o dujend upon Lae 8ign ol a
number (cerc being recsonsd a8 pius for wpuchine purposes).
vonsaguentey we introuuce an oraer (the condiiiopa:
transfer order) wihich will, depspoing upon lhe sign of =
given pumber, cause the proper ome of two routines to be
followed.

By stor:ng a eertuin order sub-segusnce like thal by shico inter-
polation is accomplished and using 1t whenever such a procesg is
neces ary in the Lrogress of ths solution, 11 is possinle Lo
oxnd Thet¥

simp1ifly grestly the construction of owier FTOLTnS x Tienwer
extendimyg the sphere of usalulness of ths awtomatic Jigital
conputer,

It s interssting Lo coppars ibe function of ione segueguce
control in a copputer with itbil ol lhe chromoscues in an apibal,
Hot only does the computer Lro.rap dslermine tha ruinge of jos.-lble
patos that can be followed in the solution ol a probiem, but iiso,
by controliing the arithmetical jrocesses of the computec, it
causes thg actual solutdiun to ve produced, acvording to Schro-
winger, thne situation .8 sleost entirely snalogous in tie case of
{tne caromosomesy®

.osit is these chrowosowas, or probably oniy an awial skeleton

fiber of whai we see unuer 108 BMICroscops as the chromosohe,

thatl contain in sowme kina of code-sCipt the entire pattern

of the ipdividual'ls future developsent and of its functionisag

in the rature stute. +..But The teri code-script is, ol cours.,

tw0 parrow. The ¢horowosores struciuces e 4T i 2ume bLine

WP e AN ws KK me ko e AN e e R W e AR W M WG e W W S e s e ek e A e o el e

FSChroaingsr, b, nef. 76, pie du-~cle
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wstrussntal in bripging about the deveio; penl tasy foree
shadow. They 4re la.—code and exevutive power -~ v, to
uss anotaer simile, they are tne architect's plan and
builderts craft — in one.
Tig, bota SOTVEOSOEBS and wemory [ina close counterparts in Lie
podern comguter,

Two - .in kinds of digitai cvonputer c.o e eiStingU:shew Dy
the type of data trapnspission enployed. {n the seriai comjuter,
the uigits of 3 word {order or .ure pumper) ire tr-atsmitteu one
ifter another in time sejuence over a sipgie wire or ulstribution
bus. The rnoaxviudual digits are llmeu o oscur syoncar.nousiy
with the clock pulses of the computer and ars usually al. of the
sare length. It 15 possible to use a varlascie-lengtn ju.sc to
re,lesetil o decinsl ulgit, but post fasl computers uuw Leing
developeu §1¢;-usa sope winu ol DInaTy number Cous, wWilh oneg
reprogentad by tae presence of pulves, and gecos by tacrs absencs,
Therefore, in seriual comyuters, tng lengith oI tims of truusuiscion
ol & wory 18 dependent upon the ifenpih o the eord.

Iu jaral.ol com;uiers, on tie olher hana, Uhe individual

103

digits of o word are transmitted simultaceously over i numbor of Ul

tributicn lines eyuai 10 the nucber of digits ln tne woru. 1o tiis
case, the transwissiou time is chiofly guverned by btie repetition
rate of the Cosputer and is much laster tiun that jossiule witln
serial oporation., DBesliaes increasing the operatlay spee. oi 3
womputer, ;aral.el operation alco simpiiiies Lhs necefuury © U-: -

zent by reducing tae pupber of difiterent elepents neCevuarly .l

oasiaerably simp Ll laes syltcidby and Jrograis 2hge otorsge



reading and recording times are materially shortened through
the use of parailel operation. In seriali operation, it is
nacessaTy to switch the bean of an electrostatic storage tube
to & different position for each digit of 1 word read . v
recordsd in tue tube. %ith jarallel operat.ion, on the other
pand, « pumber of tubes syuai to the pumber ol digits iu a
word 18 ussqa, witn each digit of a giwen eord stored in the
same syuivalant position in each tube. Heading or recording
is then accompliished by switching the beass of uli tubes to-
gether and takes little longer thuan a singls swilching tiss,
Figure <% -is a simplified block disgran of a high-sjpesed
digital computer. Iloput abd cubpul cevicss are pecesuary to
establish connection veiwesu the computer ana the outsiue world;
tie seguence of controliing orders and initidd dats ace introe
duced through the Inpuil device 'fm:_s the axternail storage mealun
to tine internal bigh-spsed storags at the teginuing of + probles.
Urders are withdrawn from storage ome at astisme, usually in mono-
tonic seguence, and send over tae distribucion bus tw ine control
unit woers tosy sare ussd to deteridue ine succeeding avithiete
ical ojerations. Upon the compistiva of an o, eratim, the (are
tizxl result is oither imwediately uses or sent over ths ulstribu-
tion systesm back Lo sturage until later nesuea, Fipaliy, at ibke
solution of the prublem, the results are sent toc externul
gtorage througn the output unit.
The types of sitorage ussa in conunsction n.th a digital come

guter forg a nlerarchy of speeds. Zer opewd 1s rejressnted by
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the iibrary £ control tapes that is built up for use in solving
different classes of probleps. Such 3 library is terueu "dead
storage.” ¥hen 2 control tape is conoeclsu to tie computer vy
maans of the imput device, 1t bscorss "live" external sitorage
apd rapresents the pext speec level., External storige is used

Lo introduce data into the machine (ami sorei.nes 1o auguent
internadl storage)} because the spesd of data transmigs=ion can ba
made much migher wWao would be possibos mablulily. Finsliy, highe
spesd intermal storage ls necessary so bhat the inlernal oper-
ations o1 the campulsr are pot slowed down by Lsing data which
wust be suppiliea frun the slower externsi storage., oseciuss
internal stor:ge must be very fast, 11 is relatively exjensive
and bulky; bthus, though it might be luealtly desirib.e Lo have

20 large 4 perzansilt interual storige Cazacily taat 2 great
pumber of orasr sub-s3yuences coulu be permanently storeu thers
and calisd into use when peeded for a given probles, suuh o
eapacity is at present imprucitical lor mighe-spesd machines, fon-
seyuently, oniy thoss sub-seyusnces tnat w11l be useu re; satsuly
during the solution of a given problow ave stored [n tihe internal
storags. Hdecauss 1t 1s ugsu 50 much, the sige ana s,.ewd vl the
internal storage of a computer are ilhs factors ohat ; rincapaiiy
detergine gos complex a irvoblew Can Do gcopomical'y aolved oy

the conputer.
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£lght modern computers are .bDalywoa in tabular fora on the BUC.
Ceeding puages with greatest eopimsis placed upon e storage methods
used in each macvbhine. In thig sapuer, the types of interan.i .nu sxter-
nal storage used in completed or projectea computers are coontrawted,
and the storage aevices that ars used {0 satisily the varyirng neeas
and speeas of tnese pacilines are shown. Blang 1:3}«&035 ire left whers
inforsation is ipmadequate, and dashes are used w inalcais Bal; Li-
eaple guestions,

Hecause the main storade in au anslogue compuler iz of tie ime
plicit type, cniy one an.logue cachine ls lweiudes fur comparison with
the diglial computers. Altbough the terss ana taois en rius ave
largoiy sellwexplaountory, special discussion of the new ¥.1,T “piri-
wina i Computer is necessary. Dasetrically o, . o0:ad tu the pew 1L,1.T.
tifierential ABalyzer, an abslogue uwdschine with & digital output, ths
Bndrlieing 11 is to be a digiital mscnlne %ith o pogaible analogus input,
In adaition 0 npurkal use 15 a1 general-purpose couwputing instrus.ont,
the Fhiriwino i is being desigaed to éerv& a5 an alrerail anaiyser.

By solving the equations of flignt ol a rveul or postulated aircralt vary
rapidly, it wili prouvce sigpais shich wili acvtuate cockpit instrmuwents
and controds to simulate the response of an alrerait in riigiat. Uone-
vearsely, sigha.s derived frop the "p:lot's” manipulations of the con-
trols wiii be trapem:tied to the computer, con&erteu to diglral dats,
and used Lo modily the eyuations velng solved so that woe proper cock-

it control reactions and instrusent readings «-ii be oblained.
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59,77, 78

The new g,I,T Afferantial Analyser is so designeg that
many of the disadvaptages usually associated with analogue
machines are obviited. Inltial counection of individuai. units
is carried out wery simply and quiékly by means of thres ;uwoched
tapes used to set relays which cause the different units of the
machine to be cotmscted sutomatically and set up ths projer gear
ratios and initial conditions. By bullding up s library of
such tapes, the machine can quickly be connected for the solution
of many types of problsw.

Another unusual feature of the pew Differ=ptial Analyzer is
its provision for aigital output. The gositions of the rotating
output shafts of the machine are neasured at given intervals of
the indspendent variable (time) amd stored until these resulte
can be used to actuate the automatic typewriler cutput, This
proces:s 1s accomplishad as lollowsp#*

eesfinole turns and tenthe of turns are detected and stored

by a set of contacts whieh control a group of colu-—catbode

gas relay tubes., Whon an acituatipg signal is received, the
tubes which are at that ipstant conuected to the :ignal line
conduct current and beciuse of ths gas they maintain conduc-
tion until the indicaticn is cleared by interrupiing thsir
plate circuiis. The digits which represent tems, mundrous,
and thousands of turns ars obtained from cruipary contacts
operated by cams. These contacts ojerate storage relays
ahilen hold the reading until th: recording is completsd,
Tmse, in aduiti.n to solutions in the icre of plotisd curves, the
actual namerical values of dejendent variables are tabulatea at

short intervals of the independent variable,

- A WS WS W M e W ww ter wk wmh e e e e e AR e W G e AN ik et e e e e e e e e e

”*BuSh, V. and &;&l&ﬁ@l-}.’ Stsu, Hef. 53; Fhe ﬁaﬁ,-){}ﬂ.



Hale: sesvcvecosenssrasns
StatuBs seresscvesrssacne
Typﬁ‘ NuBsesscssneRbenNL

BHES 200

Humber Systems

Transmission
of Data: ssssvssvssrinne

Repetition Rates

SE NS BE

Internal Storage

TYPGS THEBRSELBIROERANN O
S1l281I secuvesssesesans
Equivalent

Decimal Capacitys

LE A 24

Acceselbility Time,
Recordings

(XA AR LN RN

Accegaibility Time,
Ra&ding; BREEREESBERTRSY
External Storage

Hain Types

LA R R R R E RN R E 4

Recording Speed:

s8N

Headibg Speed: sesesss
Other Input Devices: ..«
Other Output Devices: ..
Typs of Dead Storages ..
Treatment of Orders: ...
Multiplication Speed: ..
Speed of Connections ...
Bumber of Tubesg

“4es08a0

Nusber of Relayss

[ X E RN

Commentsyg

(AR AR NE S AR MR NE ]

109

New M. I,T. Difisrential Analyazer (see Fig. 24).
Placeu in operation in 1842,
Analogue,

Pecimal outjut,

Ieplicit: rotating shafis ana inter-
coanection ol umits.
Limites by nusver of integrators (18).

Punched tape (see fige 7).

Kanual aod sutomatic function tsbles.
Automatic typewriters anu function plotilers.
Library of connection tajp«<s,

Orders on punched tape used for initial
apterconnection of the machino,

3 1o 5 miputes,
about 2000,
Several thousanue

. ‘ C oy s 4
For most problecs a precision of 1 in 10

can be attained.
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Reading Spaedi essesese
Other Input Devicest ...
Otner Output Devices: ..
Type of Dead Storsges ..
Treatment of Orders: ...
Multiplication Speeds ..
Speed of Conanection: ...
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Barvard kark I (ses Fig. 25}.5“’?9
Flaced in operation in August, 1944.
Digital.

Decimal.

dJerial.

5 1/3 cycles/second,

Klectro~pechanical registers,

7z vegistersy K& decimal digits each,.
1656 deciuwal digits.
(.3 ssgondise

Ued BECUIKIS.

BU=corunn [BE tuabulating cards.

Z4-hiole control tape; manually-set switches
noluing 60 <3-digit deeinal numbers,

& automatic typewriters.

Library of control tapes,

Coded on wice tupe.

6 secomis (& £3-digit decinul nusbers).

sutomatics

Weiphs about 5 tonsj 51 ft. long, 8 ft. wigh.
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Ejuiva.ent
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Decimal Cajpacitys

sCces.ibiiity Tiwe,
Recoruings

sesearsones

Ac.essgiollity Time,
REadlng: ewescvessansre
axterpal blorige

Eain Type: eecesccescs

aecaru;n; Sp080t sewss
feduing Spesus  eeessse
Qtacr Inpul Jevices: e..
Uther Qutput bevicssr ..
Tyie of Dead Dlordees <.
Treatient of Orderst ...
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Busber ot Helsyst
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Blectironic Rumerical Intogrator 44, 3G, ol . Be
and Computer (dhIil) (ses Fig. ocj, 2 7 7%
Full-time operaticn begun in 1u4db,.

Dhegital.

Decimal.

Parwslilel,

100,000 cycles/secon.,

Decace~countar accunulators.

«U accusulators; 10 decleal digits eacn.
<00 ascipal diglits,
«UU microseconds,

<00 mloroseconds.

SU~coluen IBi tabulaliog cards. {Jata btraus—
pitted fror ¢ards LU internal relay repister).
70 willissoong .

- Jlueliglt decimal npumber.
35 piliiseconas
3 pamlaily-set Iunciion tadles,
i’i"\)ne -
Nona,
Frograms manualiy set up with pateu cords
apt switches,
o8 mililisecvonds (< LO-digit decliial numvers).
Slows often a day or more is necesuary.
ig,a80,
1500

About <8U £t flour area re uirea.
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Number Systemy

LE R BB XN R R 3

Transmission
ol Dutay

[E N EE RIS EEE N YN W

L N W 2

Repetition lates

Internal Storage

Tyl»@: SusssrsREEERLTOER S
Sigez AwrsessamsesNwes
Eguivalent

LR N

bDecinal Capacitys:

Accessibility Time,
Recording:

[ AR R X ERE R N ER ]

Accessibility Time,
Re&ding: AR ERRENEENRENS]

txternal Storage

gain Type:

I E E R RN R W NN
Recording Speeds:

“-hhwe

*asv b s

Reading Speeds
Other Input DevicesS: ....
Other Quiput Devicessy ...
Type of Dead Storage: ...
Treatment of Orders: ...
Multiplication Speed: ...
Speed of Connection: ....
Number of Tubest

I EER E RS X1

sSSP RNS S

Number of Relays:
Commentay

LA R RS IR R E R ER RN

145

deli Lavoratories lielay Computarﬁqu

Flucea in operatdon in lscember, 146,
bigital.

Bi-guinacy 3 floating decimal point,

LAYGL LG .

109/7  wycles/secund,

feiay registers.

Lo registers; 7 devinil vigits ¢icCile
1Uo decimai digits.

T/iln second,

T/I00 secona.

#osiern Unlon teletype = .e.

e 191 -

0N,

Livrary of tapes,

Lodea oh endles: Luipose

1 sgcoma (& T~uigit ueciial Dusbers).

Autonatic.

Tustalied 4l Langioy Field.
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Harvard Bark ITI KRelay Co&puter‘as

Vi
Completion expectec by Lumper of 1947.
Digital.

Coded decimal; fioating decimal point.

Faralliel.

80 cyclies/second.

Belay registers.

10 cegistersy lu decimal uigits ewch,
1000 cecimal aigits.
L/ B0 Beconh,.

1/580 seconu.

Teletyie tape,

£ 1i-digit declpal mumber. punched in 3 sec,
< LU~digit decimal nunbesrs re.d in 3 sec.
sapuval gwilches,.

Automatic tyjpewriters,.

Library oif tajpes.

voded on tana.

0.7 seconu (& 10-tiglt ascimal pumbers).

Automatic,

12,00,

kany "latch relays? reguircing no holding
power used.
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Electronic Oiscrete Variable
Computer (EOVA() beavsyod
Unuer development st the Univ, of Pennsylvania,

pinary.

Serial.

1 megacycle/seconu.

Kercury uelay iines,

128 Bbc-picrosecond lines; ¥ 4:i-digit binsry
rusbers each,

13,500 decipal digits,

h

352 HiICTosec HiB.

A

352 miloroBesconds,

Hagnebic wire or tape; junchau paper tae
used Tor recorndliug of maghebic recoru,

100 woras/zecond to arnd frow pijer tipe.

20,0u0 words/seconu bets-en magnetic

record ana internil lines of cowputer.
Kone.
5 darg-trace catioue-ray vieewing tubes,
idbrary of wagnetic apa punched ti e records.
Un pagnetic records,
¢ writigeconds (& i3-uiglt deciszal Dumbers;
assuming bo delay in abstr.icking ifrvom storage),
sautomatic.

About 2000

%ili probably re uire about <5 £t< floor area,



Raueg sssRPNAcEIT ORI »
Smmst S cRBREBRERNSNECIDS
ﬁpeﬁ Seeanssassannenses

Mumber Systems

LA E R B2 KR X

Transwsission
~of Datax

I A X ESE RS SN SN XY )

Repetition Hatles ...ceeee
Internal Storage
Typer

Sizeg

(AL E R ENEREEEE SRR N

LR N B R N R R R

Equivalent
Deeimal Capacity: caee

dccassibility Tine,
mecordings

S BBDREIOCBOY

Accesribility Time,
Reaalngs

sescanveosnns
xternal Storage
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snseen

Commentsy
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Institute for Adwanced Study Copputer.

Complet.on expected by Ju4é8.

Binary or octal.

Faralieles

1 pegacycie/second.

selectron storage tubss.
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75,86

40 selectrons; 40U¢ pinary dizits/tube.

50,000 decimal diglts.
Abocut § microswscondn.

About b ricroseconas.

Fils or magnsiic recoris.

Tyjpewriter,

vathode~ray viewing tubes,

Library of control records.

Coded on sxlerval storage wedium,

LEU mwicropeconus (£ 4U-digit binary numbers).

Avtomatic.

About 000,

Initial cost over 41,00, U,

Ta ba uged

fur scivntifne comjuting wna fur collat ng

geatoer daia
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Sel.Te Fhirlwina IIX Compﬁter.d!
Upder developwent «t K,1.T,
bigital,

Bipary.

Parzlliel.

1 megacycle/second; jossibly 5 megacycle/sec,

in purtec of machins,
Llectrostatic storage tubes,

640 tubes; lux4 binary digits/tube,
135,000 cecimul aigits,
Avout € microseconas,

About 6 microseconds.
ruaoloesulsion or phosphor coated Lilm,

About 1OUO 40-digit binary nusb-rs/second.
Tyyewriter; couvkpit signals.

Catuoue-~ra; tubes; cockpit instrusents and
controla,

wibrary ol control {ilms.

Frograw cuntrodied by contiiucus tape.

Abwut 3% miuroseconuz. (R 40-digit binary #'s).

Automatic,

To ve used for gensral scientific computing
and as an airveraft asnalyzer,
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Ae  FUTURE CORFUTEHS

The highest function of computing devices iz tWw cetl man
free fros repetitive mental labor and thus to give him wore time
for creative endeaver. Storage iz nscessary iuvr both the cone
trol ana the pavbtial reswdis of repetitive computations; as
tuese computations cope to refiect more anad xore the lncreasing
vomplexity of modern soclety, larger siorage capacity will be
necessary, The normal trend iu cowputer design i:= therefore
towards greater storags capacilty ana lncreased spesd.

There arc many probiems is both jure and a;,iled rathe-
malics and engineering that wouwlu regulre a vast tovage capacity
for complote solution. Fartial ociffsrential equations, in par-
ticuiar, regqulrs an extensive cajacity because many varisbles
anc net points wmust be stored tarouchout the calculation, kany
of these problems bhave mot y=t besn attespted, not because they
are lwpossible, but becauss 5o much calculation is invoiwved that
their solution by wny but higb-spesd copputational methods would
be sconomigal iy un justified znd inowuinstely long.

Computing machines are wel. suited Yor the soiution of all
ty;es of problems where s large amount of data can be collected
anid wust be analyzed gquickly. The essential difference between
problews of this type and problems of pure mathesatics is that |
the former must, for suie reasou, e solved in "real tive,?

rather then in "computer time." Computer time is essentially
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unlimiteq, but many problams zust oe solved in a specific shortd
time to be of walus, To this class belon. such diverse problems
as socivlogical analysis and ibe solution of the pulded-missile
coptrol eguations, Botk of these problems wusi be solved belore
axtermat couditions change so wuc. Lhat solutions icunced on jast
aata are valueliess. AD Wportest rrobios of this tyie is that of
weather apaiysis, 4t present; the modsen xeteoroigist receives
more data fros aubt-walic wealbherv-reporting stations ibhan hs can
interpret in the sbort itime deiore succewmding dats chouls be aha~
lyzed. By using computational bechniques voth to store and _lawe
iy.s the d.ta as it coaes in, this difficulty could be poviated,
ALl dats coudd be used alvost ot 1bs arrival to » wify jrevious
golutions ana tlms keep thes solution ol tue weather problem aluays
u. to dite, Becauss of ihe great cémputins speed jossible, trands
foward dangerous wealuer cona:lions could be cebecied ilong snough
before crises deovelopea to snabic thes to be contrullew or jpra-
parea for, There nas alreawy beon sune considersiion ul’ such a
use fur compute. o, anu it 12 ex scted thal the com;uter being bullt
at the Inslitute Yor Advanced Study will be ajjplied to the weaiher-
anslys.s yrﬂblam.ﬁ~

The probi=ms th-{ bive been discus.ed thus fay cun ve solved
py compuiing machiges that differ Irow gressul vacainos only .o
incresassad speed and capaciity. During the war, a different kind ov
éomyuting waciine was qevelopea in &@rmaﬂy.&d Such a pachine,
called a logic computer, caiculstes with circumstanc<s and condi-

tions ratier than zith aritmetical numbers, The logic comnputer
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deals with formal symbaiic analysis, solving probless in logic
instead of jroblews in aritimetic, Since all such problems can
be analyzed into the fundam-ntal operation of conjunction (and;,
dis junct:ion {or), and negetion {mot), a machinz which can rapij~
ulate data by these operations can solve problems 1n logic. The
initial wvalues introouces into the maohirve and stored thersin
consist of envugn true and fuise declarations to upecify the jrobe
izm, New declarations can be constructed from the initidl decia-
rations by appiication of the fundapentai operations of log.uc.
Through the uss of the loglc compuler, not oply can problem: in
jure loglc be solved, but corpouite computers can e wuill which
wili autematically derive the fornulae and B2t uwp the prograp iLor
the solution of o matbesalical  roblek as well 4s caryy out the
actual mumerical calcutations invelved., 8o moTe can te pullen
out of such a compuwter than is jut in; theretore, only iths ; row
gramg of the limiteq ciase of problems whose general method of
golution is known can be derived by a loglic computers But this
function dtsell will 3y greatly in furtier reducing the rijeti-

tive lapor necessary in setling wp x proodlos,
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Be  Tihe  REREL

Ope of the most ipbteresiting asnd imortant fubure uses of
storage may be that envisioned in ihe pesex, Aceoruin,, to Dr.
Vannevar Bush, who proposes the memex av 4 possible future solu-
tlon of tone informational siorage problem, the pemex in Y,.. a
uevies in w«hich an inaividuzl stores ALi Qis books, recorus, and
compinications, ana which iz mecnanized so that it 1y be consulteuw
#ith exceedlng speed and {lexivility. It is up snlarge. supjle-
pent Lo bie sewocy.”  The ¢y to Uhe L ortancs of the Ldapex is
in tas last sentence. Tiw Bsbex 18 o D8 muTe Than in inﬁivi&u;l
and persounsalized iiprary; it sill be 1 mechanise Lﬁ wiioh stored
inforgation can be clascified agsouciatively, as in the brain. By
satavliisinlng an aszoelalive conneti.on betw o plece: of rolated
informartion upon snitidl storz, @, the mewexn «lli fender vbeoletbe
DNy jresanb-day appdlications of zalective cias.xlication. ureat
agounts of conpeuted inform.tion, wirtridubes i ranior whruglsul
tas #8858 of s10T8s water.sl, may be cun uiited 48 LHOUgd Lhs indi-
vodkal itoss were pounu lugelber lixe bthe jages of a bouk.

pxeept Yor the projection torward ol curreni nechanises, e
construciisnal features of the mpemex wiii bDe conventiond., It sill
consist of 4 gess ipto w=iicn all of «n inn;vlausi's’recorf; cun e
ingertec and classilied in the fore of sicrofilsm, By usincg s linearv
resuction ratio of the aorder of 100 or gredter, it -ill be josc.ble
to atore almost an unlimited aéount o1 malerial in s seall portion

e WA RRE e AR R e e M e W G amA W MY A BRI e e W e e A R YR e T e e M e

*Bush, Van:svar, Rel. o, ppe 100-1.7,
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of the desk. kost of the interior will be dev.ted to tne mech-
aniowg necessary for reducltion, classification, selectiun, and
rrojection of the stored material, Kot only #1ll it be possiide
to insert caterial airsady on microfilm, such as bouks, artivles,
and newspap.evs, bul it wili also be possibic 1o onter fuil-sized
waterial directiy oy means of . bullt-in microfilm camera. Thus,
pictures, typescript, longhand notes, in short, any matsria: that
iv is desired tw record jermanenily cun be converied Lo micru-
film and siorsd, In order to facilitaze vhe opsration of ihwe
mewex, Bush states that ary photography wil. be used., In July,
1045, when the articie on tas EBemex aplearsi, dry hotogralhy was
a dres.; now it is praciically a reaiity, for it is very ossible
tiet ooH, Land's Yome-step pnotographic process? (@2 jage . can
be acatea for wemwex-lise pacalnes,

Jne leporstant prarejuisite of vhy memexX 5 thus alsost here;
otners are in uevelophental stages. The deveiopuent of faat
switching technigues for uss in modern coisguters, tosether wsitn the
vonsideration of phovograpbic extermsl storage, are contributing
greatly to wn unasrstanding of the selection ana control nethods
that might be ussd in tne mewex., Itesms that are (o be stores will
firgt be given an orainary select.ve cods nuwbsr, Sucn s number
might be represented by o jatibern of dots wn the sicrotiy. for
photoeeil reacing. ¥oem a code nuwber i3 speciiled by means of an
axternal nuwpeer Keyboard, the interior selsction mechinizp of ihe
newsx wil: Uirst selucl the approximate ﬂturqge.gogitzon dus.nated

by the first numoter of the coue, then a clossr position as determined



by tiwe gecond pueler, and so continue until the actual iten is
raached, Tosn the itew wil . be projecteu fur reauing on a
Eround~g. 488 viewing surface ouilt into the desk. Sslection of
setual pages of 1 book could be easily accobplisned by comtrol
levears or outtons,

Asgociative iinkage of inforsation will be achieveu by masing
use of the same selective class.ficat.on nnmﬁers. Two itewns are
Joined by huaving sach vblerts clagsification pumbers racorded at
specii'ic positions on the microfiism, A trail ol 1ltems couwld be
built wp in this sapier Uy having one piece of inforsation lead on
t.: tihe naxt. The trail couid be foiloved sither backwaras or for-
wardg, and any item could belong to several dirferent tra.ls. In
this fasmion, it would be jossibls to interliccs a lurge awount of
connected, pertinent data. Bo :onger, en, wovic 11 be neCacsary
t . trust exclusively to tbe forgetful asuucaative btoadiic T the
brain to estadlish connectlon belween important items,

Stor.gy would enler in the mameX ln several ways, bost impor-
tant waula be the plurage of & vast amount of sicrocoyy, (ernups
representing a gpeclilized worserts anbire iiteraiurs as well as
nisg own reiations and inter-relations to it. Hext, would be tiw
storage of cuoue numbers on e record. Troese pumbers gowd store
the posliions ino the womex of Lioe itecs to wnicn they referced,
Finaliy, it wignt be uwseful to increase selection speed in some
cases by using s Lsravent bhighespeed storage deviee to stors the
conpection between the code numbers. of iwportant items und thear

precLes sborage loCuilons.
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The wemex is virtual .y a necessily today, The .mount of
material in almost any modsrn {leld of imtelisciual enaeavor is
so yast that the possibilities offersue by the memex cannot be
ignored. By couwbining the funcitions of a library ano the ol
cry, it offers & practicd way of waking large avounts of infor-

mation sore alive apg uselul. As Dr. Bush saysg#

wnolly new forus ol sncylopadisms wili Al ear, reaqye
matde wilth « fesb ol assoclateve tralls punuing torougn tines,
ready to b2 dropped into the mewmex and toere ampliyied.
essThere 18 a new jrofession of trall-bilazers, those wbo
find delight in the task of establishinyg useful trails
tarougit the enormous xass of the comson record. The inuer-
itance fros the warfer bev.wes not only nis adaitions to
the moria’'s revord, but 1 .r nis aiscigles the entire scaf-
iolding by whici they -sre ereclsu.

Thus svionle pay B iament Loe says in s=nlon S8 Fo-
GuLes, storcs, G cobsudis lhe Pecora ol Lhe uuo,

- e e T e ewn e WM s G e W ke e e e e e e e ek we e e W e e W i e W e e e

#Pusn, Vannevay, Rel. G, p. iU,




Co FUTUHL CLASSISICATION UoViCZS  AND TECHNIGUES

Becsuse of tiwe vast extent of the stored knowlsdge of
wodern civilization, mauy interesting and important classifi-
cation problems have arisen, kost ol these probless occur
because informaticn is desired in different forms and used in
different ways; therefore, po present system of clasuifigation
is unijueiy best.

Three different types of classification ray bve diating&ished
according to tbe kind of path uced to locats desired information,
First, bthere is lhe ordinary selective classiricat.on em;loyed in
library indexing in shich titis, autior, or subject nay be used to
lead to the speciiic information desired by veing corrsiated witn
a selective code number specifying storage position. Hext is 4850w
ciative claspifiention as used in the braip and propossd for the
nesex, Besices very swilt seleclion afiordesd by microfils storage
and computationsi swibching, inrormation stored in itne pemen could
ve located by following asscelatively conne ted trails until the
aesired ilems were reacnea, Howover, these triails would be neces—
sarily limited in scope 40a woula be only one-dirensivnal: itews

wouda usually be coppected in a trall ovecauss of one comior ChalaGe
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teristic, not because they simred a pluraiity of such cuaracteristics,

Great complication would be invelved i trails were set u,. to linmk
aspoclatively all lteus bavin: a pumber of comson characteristics
into 4 pulti-vipansional array of trails such that thers would be a

separate trail or grouping for eacn cowbipation of charactercstics.
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Hevertieles:, this type of information is often us:slreq,
In chamisciry, jatent searciing, bibliographicil work, and many
other {ielids, desirabic infogmition frejquently occurs in the torm
ol a nusber of itens belonging to a cluss aelimsu by several
.eneric characteristica. ¥hiie 1t is possible Lo derive szuch
inforpation fro. an ordinary seleciive search ol the storeu
material, ths labdur involved 1s excessive and extrerely time-
consuming. The tidrd tyys of classificationm, which wili be
discussed in more detail later in thds seclt.on, is [ roporiu 48
aG extension to the sciecilv. system wherecoy the above suiectic
grouping of imformation coul. be accowpl.Bhsu rapidliy and auto-
matlcaliy. itk such + system, informstion would bDe selectsd by
a relatively lacrge muebsr oI guenevie cparacteristiics, rut.er thuan
by 4 swmali puwber of specliliic guaiities.

One uf the nost interesting future application. of cruinary

seisctive classification is it possible use in cunnection widh

ths large-scale storage of informationsi paterisl o wicrovils

and micuro—-sheals or mloro-cards., Fhether pilerofil: or wicro-siseils

" shouid be useu for a given sloTage Lvobler woulu depena pricarily

upon wie ty, e of informalicn desirsu. Using Lhe riay id ssiesction
pachine 1o be presentiy described, information st.ired ob b LCroe
file could be seleclted very yuickly on the oas:s of a number of
goneras characteristics, Un the olber bandg, specilic ltems such
as books or articles in period.icals are often reguirea. “ithout
the necessity for compiicatsu rachinery, iue tinme nzcessavy to Iiuod

such a spseiiic itswm could be consiueranly short nes and the widk
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Missions — CHINa
Hodgkin, Henry Theodore, 1877~

Living issues in China and the possible
direction of their solution...New York, Friendship press [1932]

(viii, 215p. double map. 19cm.— "Reading list”: p. [204]-210.)

Discusses China’s government, educational system, social organization, economic
conditions, health problems, international relations and religion, and how Christian
missionaries can help in solving her problems. Author, a medical missionary in
China, 1903-10, served ten years as secretary of the Friends’ Foreign Mission
Assoc. and seven as secretary of the National Christian Council of Chine traveling
throughout China in its interests, MHe has written several other books on religion,
especially on its missionary aspect.

[Lst of 2]

Front, or Catalog Card, Side of a Micro-Card (The “1st of 2 means that the
micro-text of this particular book runs over on to two cards,
of which this one is the first.)

Back, or Micro-Text, Side of a Micro-Card (This photogravure reproduction of
the original micro-text is merely an attempt so show the general appearance of
the card; for, being a reproduction of a reproduction, it is not readable.)

Ref. %, frontpiece.

*

Fig, 27 A Micro-Cara
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{utuie tecimical iibrarvy mignt wel. nave a few ilhous.nd o. ihs
A8t pORMLAT Duuk: ald currs.t periodscals avalizvle unreduced
in »igs. Throug: the use of wicro-cards, storage space could be
recuuea aikostb 100 jercent, and the time s;ont in searching for
a volume after its ciassiiicslion number was Kuowh Couid be
eillwinatea entiraly,.

Purdng the 10206%'c, & Batd.ie celieu the "wmapid lelsctor”

.

wan deveioped by V. dush, (Ll, fzen, J.H. Howara, g otasrs at

e - , =R R
ine hasssciusetis Institute of Technolo y, Ths apla Select r

is a dovice wileh will sean lniorkationzd bitsps on o il 4t a

rate up W 1uls ftewms a2 second ang automatic.dly seiect ino paoito-

graphically recora ali litoms Baving 4 o.van Goue designatiou. The

:

opsrating jrinei;les o1 Lue Eachine are illuctrates ln Figure Y.

A large awount of cosnGunued information 1s storvel 4s wicrolly, on

ioUu teat ol &b pii_dmeter Mindsx® {iln, Bacho g arate il Irie

s

Gah contasn <uo woras ol wateriid reaucea about o0 times 20 that a

+

of fe transparent dots, s racorde. on the il Lov sacn infor-

waviopal franc, Each dot can oe recurded im iy one i <7 geparate

rositrons;y therelore, thars are 471“ code coebinstions avallavle.

13 bie incex il is poved bhrowgih the hachines atl The rate of DUS

test/minute, Lhe Sous seisclistis are scanusd oy ,notoslectiic cedls

and o Tiash law) energized whensver an iter baving 4 speciiied

cuue is detected. Tue iient from the fluch lal] Csuses sacn ilek

20 selected Lo be jhotograbed on a4 1t plilileter rec rain, iile,

Becauge the fissh durat.on iu oniy aboul = wictousscolv, 1t 13 uot

frape cecupies U.h inchn aiong tre filuw. 4 code gection, consiuting
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SCHEMATIC DIAGRAM OF BUSH RAPID SELECTOR
HIGH VOLTAGE
SPARK COIL
m To trip band 1gmiter
o tube
.
BAND IGNITER .
FLASH LAMP l
4 16mm RECORDING FILM
€ | _Recorded [tems
35mm UNPERFORATED ’
FILM REEL ]
o bl mowes steadily a1 500 3Bmm INDEX FILM ‘\ COPYING LENS | 4
foet per mmute.Ths 18 equivalent images itelligence -
fo 1.LOQO items every second. Intelligence section ;echlnln of ?émm |
Thece are 120.000 items on a2 . index him onlé mm o
e a2 vt e o Code sectio e e e 16m FILM
o scanmed in 2 mintes. ADVANCING
MECHANISM
PROLJEEPfST OR ' ouT 10
AUTOMATIC DEVELOPER
4
SELECTION MASK E ‘
O
Code Section of 35mm A .
sndex himisimaged here " o
[ i}
° L |
STROBOTRON
ROW OF 13 PHOTOCELLS \ © ;1 © y\ ° ° ° SELECTION CIRCUIT
Operales only when all 13 pholacalis ELECTRONIC
ROW OF 13 AMPLIFIERS umultaneously receive |xht
RELAY
Bef., 89, D.3. %~
fren
Fig. 28 The Rapid Selector Ce
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nscessary o slow down the index File for suih photogra, by,
and clear, unblurred images are proauced., Thuwe, the Hapid
Seleclor is abie to select all iltems Devihg ¢ <urlOn Coue
aesignation frow a iarge boay of inforoetion and record

theze rteme {or use outelde tiies sachine.

The Hapdd Select.r i slied in n &tmﬁe ol inconilete
developeent, but an ioitisl wodel has beocp cldlbt that snai-
cates that uhe principlss lnvolved are vounce, Junse ently,
hers is snoltier exalile ol & 28vaes or techpi:ue nearing
copyletion sndch coulda be used To great advabbuge In A &wbex.
It should bs noted Ined sciection ls made on the Lasis of obe
coae muber. Since there are an extrzamely large puebor of
OB bie ocousp avaliabis, it migat De possible o assign 2
grven code to ealh copcination o charactecistics that sigint
bo usad to Bpecily < given class, 4 much betier schese, hooe
gver, would be 10 use Beversl wuae nULors 1or cach lolor a-

*

tional unit or frase. Unless special rodifications eers aue,
the first codlng method sould wilos only btaose unlts naving ali
Lise charascteristlics s, ecitled oy the cods nuwber o be selecieu,
Sut oiten o unib nlelv be devired sbich s thsse charnotoeastics
af well as otherd; using . single nusber, itne units woula have

to e asslgneu L. cue or ihe olner ol thoe twoe Ciasgses. i Lhe
other bhana, 1I severai code numbers s-rs used fHr edch wat, it
woaklit D pos:zibie L czuse the flash Luaw; to be epergized only iT

ong; saveral, o all or the Cowe numibers corrsiponusd L Lhe

dosired cesignaticn. In thig fachl on, o Sods woluld i Ured for
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saco cinrtacteristic ol uhe lnforpsilacnal unii, awsd bae unit
could be selecteu by =nlering by cowbipation of thess chirsc-
teristics in the {orw of thelir cous oDumbers. Thus, the thuird
xinda of eclassification revicusly menbt:onsu Coula be acn eved,
anc there coulu be & large muwbsr of distiuet paths lead.ng to
eacil inforpationsl unit. 4nd, uniike ordipary liorary ndexing,
even with micro-cards, selection fro. 4 vast body of data cousd
be carvicd oul axtramely vrapwdly.

There nay De vne Jtaer place whers coppulat_oha. techuigues
pay be used to ala in the probasy ol ciagsificatlion ahua selecivon
of dabia. The dagid belector is essentia.iy a stubtistica. wevice;
that iz, it operates on duta which nDave Osen sntsred on itb.
record mewiWs in acdureancs sith o fleitey, standasrdizes pian or
coding gsenste, Tile scoere iy used W deters:ine Lhose lucas in
& ppec.fic ilies which night be cuued Lo aid im selscllon ol che
ileme KOt vhuy 18 Such » pTouess exbressily Loty shg adfficust,
put it as depenuent U;un the cavkgroulin. of the ) ers o waking the
cholce and sv extircsely subject tﬁ I ViIGWA. Varistion., By
using 1 -opic compucsr Lo alweiyze Lo ltems winlea wevre Lo pe
enteres, it nlght bs possible o alipinate such warliation i to
et Uy The Toctess. Sin.e nellbsr the logic c.mpuier nor ithe
Rapld Seieclor is iwily uovelojed, #UCu 3;ECLALI0H 1t 10UeT-

e3ting .ut pot at pres-nt jrofitable,
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Do THE CONTeOL OF  GOMILICA S0 SUTOBATIC OrERATIONG

Btorasge has aiways best used to minivize btmuan labor, The
whoie trong of mechun.asation bas been towara the substitution of
various autowsabic wev.ces cor repetitive huwan effort. The
several sequence-controiied automatic comiubters .irsady wlscusped
Turndsin exceliert axanpiaes of Luae gresbd saving in time anu s ent.d
el1ort that car ve erfected by tiz ust of 4 storew sontroi
se uancs,  Thers iz po reacon shy this sare technigue fannwt be
43, .220 b the control of olier operation: wrdci., sithou, b com) ii-
cateu 1n hskseiv. 5, are conposad of 4 reretit.vs sejuenve ot
simpeer operabions. Thon, Just 48 an aulonatic compuler 6C Mo
miges mental labor, iv » wld be poessible Lo scunosiie physicas
aifort.

Hecwntly, tw. Cahadaans, tl.W. Leaver anu Jod. SBrowu, suvocated
that suci: control methoas be applied o lactory krOCﬁSx@ﬁwﬁU They
LTOL08e an autob-atic ractory in <hach wechinus do de: oy 2bitive
#org 4 where thess machines the.se.ves are conlrolied vy oiher
wmachines, oven pore rocently, D.be Campbell, ab the Kassachuselis
Institute of Technclioyy, has stated thabl saver.l larpe cokjanies
are congldering pulouing ex;sri.ental jilot plante of Just sucn
attonatic facturies.sd

Toe main point briu ht ul by Leaver and Brown is that, in
contradistinction w curr-nt jractive, it shouwid be iogsible to
specialize iy given aa-hipe In terss of 1ts (unctivn ratuer (han

its proauct. The primary cisadvanbage to the accepbted spwcldication
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in teric of yroduct 1s that it ir extrencly inmflexible,

making Lt ususiny lmpessible o emjplioy 3 complieatec modern
machineg for anything bult whal 10 wap origins.iy deslgied to

du, Un ihe otn@f hana, it 12 theorsticalsy quite jousslole
tovdnalyze the construction of 4 given procucl into 4 finits
number of basic functlons, such as forming, boiaing, and cute
ting., If sachines eapavle of performing these owperations

wers aviilabie, .1 coula then be possible w procuce a wide
varisty ol end | rowucts by alteriag the sequencs of operations.

Isaver ana Brown state that "the fully auvtomatic iactory
raguires thrse‘fy}es of machine units, =1, availabie in reasone
anly efficient form. These bas.¢ uaits £ulo into tareae CLaBuesy

1) b pive sog receive anformation, {&) to c.untrosr through cul-
lation, anc (8) Lo operate on materials.™s Four main ty;es of
informpational units e also n@cﬁssary to obtaln, carry, amd
store information, and to carry vub caicilations, The indorns-
tional uplits are aiso used O supply necessary oruers o the ol
ration units, which are servowschanius provading controiioc
apounts of powsr Ior the raculnes that carry oulb Lag actusl faori-
Cation ; rocesses.

There ara many sovantages in the substitutl. . or utonatic
factories for present-Gay assembly lipes. BSesinoc the wost obvie
ous advantage of fresing wan fron stultifying repetitive labur,
the widesgread adojtion of suce an aulukatlc sanuiaciuring tecis
nigue wouwid lesd Lo a hicher stundarda ol living., decause o, eration

G R s e e we e e e e e ams WY e e e W ) MR WA e W W e AR AR v e e e e e e

#l,eaver, ueie and Brown, J.de, fwf. 99, 1o lds.
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could be contirious wid Wi ed URDECEESAry, pIUds COULD DE .00~
duced more cheaply. An importaent advantige of the automatic
factory, not menilooes by Leaver uawi Brown; souid be the elim-
lnation of the major amount ol aveguuting ind buokxseping nolr-
wally assocrated with toe ojerations of o fuctory. Thase func-
tio:.a goude certainly be accom_ iished m&s zavintagaously
warough ths use of @utvratie Caloulst.ong machinss anu computers
iptegraten wita tne otier autopatic vpsrat.ons o the faci ry.

Severas 4ilTerant types ol storape wouww thus be necessary
in an subceatic faclory. lhe most lsporiant stovage  ouwia be
that conbaining Uhe neca8sary sequencas: of controlilng order:.

By storing these orders oo bape, Jlbraries of tupes cou.d oe

built up, as in compulationsal work, &0 that it =coulc be poscible

to chunge the product seing menufactures nerely oy changlng the
control dape. In & complstbely wutomatic factory, » zaparate cowe
suter might De ussoCiazved wilh ol the fubricition (rocestes and
witit the DuvKkeepllhy ans acoouniipg jart of the ingtallation.

These cuopputers woued cartalnly re wire ssverzl glorage pedi. them-
selvesd, and L1 woula be unidssly tual the zolie pedis woula be peet
sultes for each.

It gesrs viostuaily cestaun that oo transstion 1o an seon-
oLy }-TLiy Dasud ou sublopatic producticn sollld CaUme ¥ .led) Tead
soCiviogical changss. The saoption of automatic ractories soulu
ulgplzaCe wurs workers than 1t would make Jobs Lor, but it -oulu
yet be lpstiumentas in raising the dversge tectm.cal lever ol

futures employoent. Abtbough e sutoratic fuvtory sy be slo
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in arciving and spreading, it prescots the poss«biiity of
eliminating a great amount ol menial labor and ol raising the
standard of living., Therefore, its sventual acceitance seens

inevitadice
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sceasibility Time:

Analogue vosputer:

Linary Kumber Systew:

Caryy -uver:

Olock:

Computers

Conversians

Uscade Counter:

Jigit Times

Plgatal vowputers

Explicit Storages

External Storage:
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The aversge tiwe reguirsd to introduce or
witihniraw o given uigit to or frun slorage,

A computer in which mupbors are represeuted
by weans of conlinucusly variable physical
quantities, such as lengths or ahgular pose
itions ol rods, voltaygs. or current, etc.

A number systes of vase (radix) two. All
nupber. are written as eowbinaitions of toe
two digits U ana 1, Two is written 10j five,
iul; six, llu; sevenm, 1il; estu,

A4 device cupable uf accepting two nusters anug
automativaley carrying out one of the sinple
wathepatic«i operitions on tuen,

The procegs of shifting a unit r'rom one cigit
jlace to tne next Rigner place wien ths Lirst
digit place becomes Iilliea through aduition
and vescies the base of the number sy.tem,

An internsl osgcliliiator of a computer whien
detersines its repetation rate,

A machins capable ol carrying out automatically
a4 succesuion of sirple mathemsticul oper.tions
4t storing toe necessary loterwediate resuits,

Toe ;rocess ol passing frog one reprassntat.on
of 4 Symbci to apotner (l.e,., irox juncisd tape
to au internal register).

4 vacuun-tube cougter baving ten states of stable
squisdbrivae (aiso "ring-of-ten’ countor).

The tice roguired o wnirciuce or witharaw a4
given dlgit to or frok storage whep the dipit
ad joining it in space or L me s Jusl been
recorded Or Tead cul,

A vomputer im wolen nuaosrs are reprezented by
me s of quantities wides vury onsy in discrete
steps (also Maritimeticai® computer),

Storage widch was developed or is now used
spocifically because of a roilized nead for
stUraEe,

Sloruge whicn exists outside of a cvompuler Lroper
and i8 used to introguce information into the
Cokputer apa of'ten to augpent tie internal
storage capaclity of the machine.

«
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A4 vacuum-tube eircuit with two staibie states
guch that the introduction of a woltage julse
wili cuuse the circust to awitca fror one stable
s8tate to the otuer,

A vacuuk-tube goincicencs device so connectea
that an output is generated only when itwo or
more signsls are appliea sisultaneously to
imdividual inputs,.

HStorage waich uld not originate or is not us=d
principally becasusse of a s;ecific neeq for
storage.

Storuge widcn exicts inside a copputer | roper
aiG 18 used L0 boid partlisl resulis ol CoEjpu-
tatlons «4nd oraar SuLl-Seyusncss.

Tie puosr ol digits siorea by & storige device
aiviuen oy twee cost of the device in dollars.
AS used bereln, the cost includss the switching
circuits ang auxililary ap, sara.tus pascessary f{or
stora,e in toe asvice,

A operatd wadi instruction in codsd fors to
controel 4 cunpuler o) erastion.

Tne transuvissiomn of the uigits of a number {worw)
in spatial ratuer thun tesjorul ssyuence. Tisree
fore, a nunber ol transsis.d B wires equal to

toe nuber of digits o tiw ounber is reguired.

Tue coued se venue of orders wuicn conirol thw
aritwucetical operations necessicy for tne solution
of a provlem in a Jdigitil conjuter,

Tiie jrocess of extracting and trapsmitiing infor-
mation fros storage (also 'resaing").

T process of trapsmitiing and introcucing infor-
mation into storage (also ®writing").

Toe trunseission of the digite of o number in
temjoral ratn:r than spaiial sequence, Therelors,
only one transma.ssion wire is reju.rei,.

The number of diglits stored by a storage davice
divided by ths volume in cubic igetl of the device,
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St.orage Kegister: 4 group of discrets stor.ze elements, eich
capable of storing oni;y a single aigit at
vone biee,

Tragslation: The process of jassing from one code to
anotisr (i.e., the transition irom aurai
to written worus),

doras 48 used in computer appliications, the nany-

dlgit pumber witn which cawculitions ace
normaily cuirriad out in a computer,
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