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AN HIS’iURICAL PERSPECTIVE OF KA.SS SKIRAGE

Jack Worlton

Loo Alanroa National Laboratory
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ABSTR4CT

The need to store information in older than

civilization itself. Primitive peoples recorded

information about their lives, activities, ●nd
environment as earl,~ as the Paleolithic Era, ●nd
some of these recor3s are still ●xtant.

BegiMing with these records, thin paper will
revj f some of the oymbolism.s, media, and tools
urze recording inforrrrdtlon through the major

ages of technology, \,ith emphasis on tl,e very
early history of the recording of information.

It7,’~DLrCTION

Information i6 only as valuable as it iH
accessible, and rr!ass-s?.orage trystems contribute

to the value of information by providing
repositories for information and making

information accessible on demand, Ideally, all
hurrwn knowlrdge would be stored on line and bc

irrrmediat~ly and Interactively accessible to all
human beings having a need and a right to know,

However, we are very far from that ideal, no

there is a great deal of work left to do in tl]e
development of mass-storage systems,

Regardless of the technologlcri Ubed, the
recordlnq of in[ormatlon reqJlres three things:
a aymhlism with ~,hich to enccx.le the

information, a medium on whict) to recoru the
symblism, and a tml to recoid the symbcljrzm on
the medium. For ●xample, tl,e earllent recorderl
information used La]ley merk6 hs the aymholinrn,

bone ior the medium, and a cuttlnq implement to

record the talley marks on the bone. A irmdorn
dirik unit usctr binary magnetic states a9 the

symbolism, a msql)eLlc uurfncc to record the
information, and a recording head t.() cieate tho

~qnel]c ntaten on the medium, In 6pite of till?
dl[[etenccs In theBe technolcqirnl the tt,r~,.
requirenmnttr fur tl]e reco,dilly of information

are met in ●ach in9tance.

Tile purpsc of tllio paper in t) review ttle

history UC tl)~ I.ecl)nolugles trued [0[ the nt[)raqr

of infvrmat(~n, w)lt.rc ‘tile ❑toraqe 0[
information” will be interpreted in the gonrric
❑ense rather than llmlte[l to ~l~ctronic
Computc!rs. Arr LIUC)I, thin hlstuty ovcrla~)n the
hlcLorleo of wrilinq, matherraticfl, comlnl, inq,
arhl eutrnnm tic cunt. rol. At pronrnt, th,rt. aro
t.l)rec main tyl;t.~ or re~~itorle!l for human

knowledge the human memury, printed matter,

and machine-accessible storage, it io beyond

the scope of this paper to review human memory,

bu: we wiil review the his-dries of the ether

tw types of mans-storage systems, ●mphasizing
the recording of information using artifacts.
We will alao take note of some of the hig,]lights
of the history of mass storage using mechanical,

●lectro-mechanical, an ‘ electronic technologies,

RECORDING INFORMATION: ARTIFACTS

Although we do not normally think of tl)em az
such, books and librarlefi are mnss-storage

❑ymtems. Indeed, !\rough most of human history

they provided the only mans-storage syntemr,.

Thus, it is appropriate to review the I)lfitory of
the aymhc,liams, media, and tcmlfi used in writlnq
and prlncing in OUI rcvlew of the hlstr~ry of

TL.;S 9t0ragc.

Prehistoric records. The term “artifact” is—-.
uscrl here to ret’cr to on object made by I)umnnc
but limited to ohjectn tl)at arc not macl]ln~~,

I.e., do nou trannrnil. force or rnerqy, The

earliest artifact!; known cr] record Infotmutlor)
cane from the Upp+r P81uo11thlr: Era, the cIa
ju~t before 10,000 B.C. Alexanl~r Flarsl]ac<h ’u

study, Tl)e Iiwts of CIvilizati(, ‘ documen~s a——-
set of at ti[acttr made of bo!)r a L1-lnrferl

antler from the caven of noutholli FraI1rc rfallr)(l

to the Palcollthlc Ela and perhaps evrn

●arlier. Harnhack argurn pvrnuanively tl,nt. nomu
0[ tl)eue crb]o(. tu conta(n nu!ution~, ~omv [>f t,t)om
recording a p] imltive form of a ca!cndal aII(l
othcrn recordinq the numl)er crl anlmaln k) llr.(1 l)y
the tribe. ‘rilat tll~!)~ ~X?[)plC, Wtlom WC L]f(ell

think of a: littlpmore LhaII ~IIimmIH thrmsrlv(,w,
rrhould feul thp ne(:d to Icrok{! in f.)rmo( L[]l) nrl$l

uso it In tl)6. c(>hrlu ct. of tllrir IIvvs III n lilt 1,.
dcflatlnq tu the mNi,.11, p~l,,. Tllc “AIIV (II

Infr>rmal IOU),* ao ❑omv nuth(]lu lvlri (c) (I)v
modern aqc, ot)viounly han I(l[l! !; t 1),-i( 110 VP I y

(Iwl) 111 ll~)lntln Ilis LL)l y, 1( 1,; r’lrlll tll!lt till.
recol ding and une of Inf(]lmn( i[)l), wl]icl) nil,, w,.
tl)fil IIlf ,oud~iol) ~(> tlflnli(,t.lj(l IILII II t tmr. a,,cl

tapac,c, IE imlx)rtal]t in tllr u[)l)cl~l(.t [Jr hIInbIII

aflnirc, even in relal ivvly nim~)lr c~nll~llr.::.

Frecutwrrn of wlltkny,,—.—.. ..—._. __ TI1o @vent,l cullr(.tlv,,ly
kn[]wl) an tl]c AqIi CU](UIRl nvv~)lut,,>l) C)(,C.UI [,., ) III

tile Nocll Ealil about Uuoo !() 9000 11,[’. Will.11



people b8qan darresticating plants and anirsals

and living in villagaa rather than depending
mtrictly on hunting ●nd gathering. It in in
this eka thatw find the precuraorm of writing
through ●tudiea in pal~rmphy (the hintory of
written dccurmnts) ●nd ●pigraphy (the history of

inscriptions) ,

Recent studiee indicaca that the ●arliaet
procurmora of writinq were inventti by the
Su=riana. who II-ad clay tokenm of various

shapes to corrve), information.2~3 Tokena were
used for both numeric ●nd non-numeric

information, including such mundane thingo ●a
bread and hoer, houses and horncn, lions ●nd
dcgn , Th*ne tokann wre used for some 5000
years aa diacrote objects, eventually leading to
the invention of writing uainq pictoqrapha of
the clay tokens ●a a symbolism impres~ed on clay
tabletn with ● wedge-shaped (cuneiform) ●tylus.

The invention of writing ●pparently quickly
pa~aed to the Eqyptianrn, who by 3000 B.C. had
developed their OWI) form of writing called

“hIozoglyphic@- (aacrmd carvinga).

Evolution of alphabetu. The symbolism of
writing paaced through ●everal trarrmltiono,

Including

piCtOgraphL (pictures that reprerLenL the
object intc:lleri) ,
ideographm (abBtrmct ●ymbolm of objactq 01—
concap~~) ,

log Og raph~ (aymboln for apken mrds) ,

Eyllabaries (aymbolm for ■yllahian) ,

Cwnsonanti alphabets (mymtro~e for.—.
indivldL~al=;ns>nantal ●ounds), and
full alphabets (symbolm dxpre.snirry but])
conoonalltrr and VOWCIS) ,

Tl~is im not to imply thrrt there wan a mim~>ln
11OW from ons of t.hee,e forms tr-r clIe nent)
rather, meve:al of thornoftpn cc+nint~deven

within a single symbol r,yntcm-. and ❑till (10,

The ●arl.lent pl?toqraphs ar? tho Invmntion of
tl, a Sumar ian,I aI\(l date rr(~m I he IRrat c?nt~lr ion

of the 4t,h millnnium B.C.2f6 In thfi followin.1
ml .lonium, th? une UC id~raphn and loguyr?pl~n

f lo howrvel ,spread thro~ql.out.” tho Near F,antl I
t~.im furm of writing ban the dina(lvanteg~ th~.t m

llrye numlMr 0[ ●ymlrols ●rm r~quirr,l (nIIVpILl

thuunan(!) , an(l tl~irr mak~n la8rI)lII~ the fiyqtnm
v~ry diff!cult and inl)il~ltn ltn U8Q. ltle rrK>rP
efriclent uno uf myllalIaI ien dmvclolml in the

21)(1 mlllrnlum 1),[”., and thin k~du(:e%l (he
req(l~ir<l Ilwni)el of syml,crln t, l?nn llIrIr~ 200.

Rebrew ●lphabet currently in use. The Canaanite

●lphabet was the parant of the Phtinician
alphabet ●nd the ●arly tiebrew alphabet (an

●arliar and different form than the square

Hebrew). Through the ●xtannjve trade routen of
the Phoenician, their consonantal ●lphabet
paaaed to mny other cultures, including the

Greeks who by ●bout the 9th century B.C. had
added ●wplicit v~=l ●y’mtmln to tha consonantal
alphabet to craate the fir-t full alphabet.15
The Greek alphabat wan ●dopted by tha Etruacans,

● people who dominated Italy before the Remans,
and whone alptrabat was in turn adopter) and
mdified by the Romena to form the Latin
alphabet, which ia the morrt widely umed of the

●PProXi~*tely 50 alphabetn in u6e today,

The Chinese independently developed a methal of
writing using the uo-called “oracle bones,” the

●arlieat exemplerr of which come from tho Shang

Dyuamty o? about 1500 B.C.la Bone9 were
scored and then heatd, and the resulting cracks

in the bones were Interpreted as a forecast of
the future, which was then writt~n on the bone.

The Shang nymbola are relatively ●ophinticated
and must have had a lonq history b~fore the
Shang Dynacty, but the details of their

development are not yet known. The aarliest

●ymboln found in China com from the Yang-Shao
culture of 5000 B.C. in the form of pottery
marks that bear m>me raaamblance to the later

r3han,l ❑ymtmls. 11 curiou81y, In spite of their

long cultural hlntoriea, rrelther China rror Japan
uaen an alphahet even tafay, urrlnq Inntcnd the

F,anqi ●ymbclimm, which is a mixtuta of

::::;::!?
idaograpl~rr, ao(l phon~Llc

In addition to Kanqi, ,Iapan also
usen tha Katakana and Hiragana uyllahlr= rryfitem~,
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Additive rmber ●yatemn ●dd symbols to
create larger unitm. The Zqyptianu, for
●xample, uued m ●dditive number syntem with
individual mymbols for units, tans,

hUr,dredS, ●te., ●nd ■erely added the

appropriate numbmr of nyabolB of each type
to indicate the number wmnted. Roman
nuraerala are ● lso ●n ●xamp:e of an ●dditive
number system.

Cypherad number ●yatsms uoe the firnt nine
letters to denlgmate tile unitn 1 through 9,
the naxt nine letter- to designate the
multiples of 10, ●nd the next nine letters
to designate the ❑ultiple~ of 100s. For
example, the Greeks used their mlphabet for
both numeric and nun-numeric ●yfrIbOlB.21

Cyphe[ed number aystama require fewer
symlmls than do ●d?itive number ■ystemn, but
they are difficult to UBO in numerical

opmrationa.

)Wltiplicative number ayriterrm uae a
ccxnbination of unita with multiples of a
bae.e , For ●xample, the Chinese and irapane~e
still uae a multiplicative number ●yatem,
with a number like 4257 being expreaaed as 4
n 1000+ 2X lCO + 5 x 10 + 7,

P--i tional aumbar ■yatamu are a loqical
●xtension of multiplicative number systems,

bu~ with only the c~fficientn being
●xprwnnad and the orders of ma5nitude being
underatoorl, Positional number ❑y~tema were
used by the Bahylor,!ans (but without an

operational zero)2] and later by the Arabrr
before the introduction of this notation

intu Europe in the 14irfcfle Aqaa, Punltlonal
number •ymtem~ were almo uncd b ~ r.he Mayaa

and Incas In the AwricaH.7~8~1

quipu, unpd by Imth tha (!hinene and the

Variable-function mechanlama, in which Input
information determines the md- of operation,

began with programmed waving. Programed

weaving wan invented in France in the ●arly 18th

century, firmt through the ue.e of punched holes
on a band of papr (Bouchon, 1725) ●nd shortly

thereafter with punched holes on cord~ (Falcon,
172B) .24 This vna an important ●dvance in

control mechan{ama because it allowed a machine
to do different things depandinq on itm input,
rather than having its operation fixed when it

wan designed.

The punched card waa adopted fo.’ the storage of
information and for control in crxnputation by

Charlen Babbage, an Englinh mathematician, and
thi6 medium dominatd information storage for

alrrmst two centuries .14

The calculator,.q devices of the mechanical era
were designed primarily for processing rather

than storing information. The Babbage design

(never completed) was an exception; it included

a ‘ntore” having a capacity of 1000 words of 50

decimal dlglta each and provision for nff-llne
atarage or aata on punched cards.

The mechanical printing press, the punched card,

and the mechanical typewriter were the dornlnant

mechanical technologies used for recurdlnq
Information until supplanted by electro-
mechanical methcuis.

!IECWU)ING INFOFMATJON: ELECTROMECIIANICAL DEVICI:S.—.

RIX’(NU) INI: INt’olrMA’l’lt)NI KI, E[”TI((INIL’ I) I: VI (’1:.,.



● 20 adding and storage registern prwided

high- apmfl ●lectratic storage of infor~tlon;

● 312 uorda of storage were prmided in ● set

of “function tmhl ● fiiCh ware initially

intended for -to, ●blea of

trule4mn&, ital flrnc -IS, but later uned for

raad-only program COI, *1I and

● Ixnched cards were used [or reams mtorage.

The electronic storage hierarchj has ●volved
during the 30-odd yeara since Lh, mIAC through

the une of magnetic cores, semiconductor,
Mgnetic tapes, -gnetic drums, magnetic disks,
and optical recording devices, but the
hierarchical storage concept 1s still ●n
●anential part of canputer ●rchitecture.

CONCLUSION

Mass storage allows UE to tranacend many of the

limitations of rrpace and time in the recording
and uoo of information. The technology of rnrIEn

storage has cf’ranged ’drarnstically over the past
several thoursand, years, but modern methods are

the direct dtsmsndant,s of the method6 unea by
our anceators. In fact, the archival quality of
ancient r-so storage myntema is probably
superior to anything in use in electi onic

computers today.
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