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AN HISTORICAL PERSPECTIVE OF MASS STORAGE

Jack Worlton

Loa Alamos National Laboratory

Los Alamos,

ABSTRACT

The need to Btore information is older than
civilization itself, Primitive peoples recorded
information about their lives, activities, and
environment ag earls as the Paleolithic Era, arnd
some of these recorlis are still extant.
Beginning with these records, this paper will
revi + some of the symbolirms, media, and tools
use. recording informatjion through the major
ages of technology, vith emphasis on the very
early history of the recording of information.

IN/RODUCTION

Information is only as valuable as it is
accessible, and mass-storage systems contribute
to the value of information by providing
repositories for information and making
information accessible on demand. 1deally, all
humar knowlrdge would be stored on line and be
immediately and interactively accessible to all
human beings having a need and a right to know.
However, we are very far from that ideal, so
there 1s a great deal of work left to do {n the
development of mass-storage systems,

Regardless of the technolngies used, the
recording of inlormatjon requires three vhings:
a symbolism with vhich to encode the
information, a medium on which to recoru the
symbolism, and a tool to recosd the symbcljiem on
the medium. For example, the earliest recorded
information used talley marks as the aymbolism,
bone cor the medium, and a cutting implement to
record the talley marks on the bone. A modern
disk unit uscs binary magnetic mtates as the
symbolism, a magnellc surface to record the
information, and a recording head tu create the
magnetic states on the medium, 1n epite of the
differences in these technolcqlies, the three
requirements for the recocding of informatjon
are met in each instance.

The purpose of this paper {8 t) review the
history of the technologies used fur the atorage
of {nformati-n, where "the storage of
information® will be interpreted in the genperic
sense rather than limited to electronic
computera. As sBuch, this history overlaps the
histories of writing, mathematicn, compuiing,
and automatic control. At present, th:re are
three main types of repositorlen for human
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knowledge: the human memury, printed matter,
and machine-accessible storage, it is beyond
the scope of this paper to review human memory,
bu: we wiil review the his.uriee of the cther
two types of mass-storage systems, emphasizing
the recording of information using artifacts.

We will also take note of some of the hignlights
of the history of mass storage using mechanical,
electro-mechanical, an' electronic technologies,

RECORDING INFORMATION: ARTIFACTS

Although we do not normally think of them as
such, books and libraries are mass-storage
systems, Indeed, ‘“rough most of human history
they provided the only mass-sto:age syotems,
Thus, it is appropriate to review the history of
the symboliams, media, and tools used in writing
and printing in our review of the history of
TL39 gtorage.

Prehistoric records. The term "artifact” |s
used here to reter to an object made by humans
but limited to objectsa that are not machines,
i.e,, do nov transmit force or energy. The
earliest artifacts known to record information
come from the Upper Palcolithiec Era, the era
just before 10,000 B.C. Alexan’rr Marshack's
study, The Roots of Civilizatic U documents a
get of artifacts made of bone a teindeer
antler from the cavea of southetn France dating
to the Paleolithic Era and perhaps even

earlier. Marshack argues pernuasively that some
of these objectu contain notations, some ot them
recording a primitive form of a calendar and
others recording the number of animals killed by
the tribe. That theye people, whom we often
think of as Jittle more thah animals themselven,
nhould feel the need to record information and
use it in the conduct of thetir Jives 1na lattle
deflating to the modern eqgo,  The "Age ol
Information,” as some authorn vefer Lo Lhe
modern aqge, obvioualy han roots that lie very
deep in human history., 1t is clear that the
recording and use of information, which allows
that inf-.wacvlon to tranncend both time and
space, 18 important in the conduct of human
affairs, even (n relatively mimple cultuien,

Frecursore of writing, The sventa collectively

known an the Agricultural Revolution occurred in
the Near Eant about 8000 to 9000 B.C. when




people began domesticating plants and animals
and living in villages rather than depending
strictly on hunting and gathering. It is in
this eva that we find the precursors of writing
through studies in paleography (the history of
written documents) and epigraphy (the history of
inscriptions).

Recent studies indicace that the earliest
precursors of writing were invented by the
Sumerians. who used clay tokens of various
shapes to convey information.2:3 Tokens were
used for both numeric and non-numeric
information, including such mundane things as
bread and beer, houses and horses, lions and
dcgs. These tokens were used for some 5000
years as discrete objects, eventually leading to
the {nvention ol writing using pictographs of
the clay tokens as a symbolism impresced on clay
tablets with a wedge-shaped (cuneiform) stylus.
The invention of writing apparently quickly
pacsed to the Egyptians, who by 3000 B.C. had
developed their own form of writing called
"hieroglyphics™ (sacred carvings).

Evolution of alphabets. The symbolism of
writing passed through several transitions,
including:

pictographt (pictures that represen. the
object intenied),

ideographs abstract symbols of objects or
concep-s},

logographdy (symbols for spoken words),
Gyllabar ies (symbols for syllables),
consonantal alphabets (symbols for
individcal consonantal sounds), and

full alphabets (symbols expresming both
consonante and vowels),

Thia is not to imply that there was a aimple
flow from one of thase forms to the next

rather, meveral of them often covxinted even
within a single symbol wysmtem-- and still do.

The earliest pictoqraphs are the {nvention of
the Sumeriany and date from the lanrt centurien
of the 4th millenium B.C.4¢¢ [n the following
mi.lenium, the ume of ideographa and logugrephn
spread throughout the Near Fant; 910 powever
this form of writing has the disadvantage th.t a
lirge numbar of symbolr are requited (Rever.l
thoumand), and this makea learning the myatem
very difficult and inhibits LR use. The more
efficlient une of myllabarien deaveloped in the
2nd millenium B.C,, and thin reduced the
regui.ed number of symbolm to lems han 200.

The first alphabel, in which some 20 to 30
acparate avnboln reprepented dinlinct aounds (o
the consonanta, 18 refcrred to ar vhe
Proto-Sem‘tic alpnabet, which dates [1om about
the LUth century B.C. A HSouchern-Semitic foim
of this alphabet led to the development of the
Ethioplic and Atabic alphabeta that ars atil)l {n
uie .,  The Northern-Seaitic alphabet had two
branches, the Aramaic ana the Canaanitsy. The
Aramaic alphabet war the parert of alphabetn
used in India and Verria, an well an the wquare

Hebrew alphabet currently in use. The Canaanite
alphabet wag the parent of the Phoenician
alphabet and the early nebrew alphabet (an
earlier and different form than the square
Hebrew). Through the extensive trade routes of
the Phoenicians, their consonantal alphabet
passed tc many other cultures, including the
Greeks who by about the 9th century B.C. had
added explicit vowel symbols to the consonantal
alphabet to create the first full nlphnbet.15
The Greek alphabet was adopted by the Etruscans,
a people who dominated Italy before the Romans,
and whose alphabet was in turn adopted and
modified by the Romans to form the Latin
alphabet, which is the most widely used of the
approximately 50 alphabets in use today.

The Chinese independently developed a method of
writing using the so-called "oracle bones," the
earliest examples of which come from the Shang
Dynasty of about 1500 B.C.18 pBones were

scored and then heated, and the resulting cracks
in the bones were interpreted as a forecast of
the future, which was then written on the bone.
The 8hang symbols are relatively sophimticated
and must have had a long history before the
Shang Dynasty, but the details of their
development are not yet known. The earliest
symboles found in China come from the Yang-Shao
culture of 5000 B.C, iIn the form of pottery
marks that bear some resemblance to the later
Shanqg uymbols.u Curiously, 1n mpite of their
long cultural histories, neither China nor Japan
usen an alphahet even today, using instead the
kangl symbclism, which is a mixtute of
plctograghn, ideographn, and phonetic

symboln, 6 1n addition to Kangl, Japan also
uses the Kataskana and Hiragana syllahle syrtems,

The lack of an alphabet probably hindered the
development and spread of Chinese and Japanere
learning. The Chinese had developed both paper
and nimple forms of printing by the 2nd century
A.D. and had wooden type by the 6th century
A.D.}% The earliest known printed works come
from Japan about 764-770 A.D., and the earlieut
book comen from China about H68 A.D. A met of
130 volumen of Chinene clansics daten from 932
A.D., connftituting the £ rat known library of
printed books. MNowever, the large number of
symbole (tens of thounandr) required for Kangi
writing inhibited the preparation of orfginaln
that could be copied with printing. The

Eurvpean counti ten did not have both papetmaking
and the roola and techniquen Tor printing untal
about the 15th century,  Yet 1l wan from Euiope,
whete paper and printing were combined with the
cfficiency of the Lattn alphabet, that the
printing preas wan uned to provide low-cont
books and to aptead lite acy and leaining

wor ldwide,

Number synatemt.  An nymboliama for expiensing
numet fcal fnformation, numbor Ayrtemn have
played an important rtole in the 1ecording of
information, The four banic typen of numbe)

ayntemu include the tollowing, 4«



® Additive number syatems add symbols to
create larger units. The Zgyptians, for
example, used an additive number system with
individual symbols for units, tens,
hundreda, stc., and merely added the
appropriate number of symbols of each type
to indicate the number wanted. Roman
numerals are also an example of an additive
number system.

® Cyphered number systems use the first nine
letters to designate the units 1 through 9,
the next nine letters to designate the
wultiples of 10, and the next nine letters
to designate the multiples of 100s. Por
example, the Greeks used their alphabet for
both numeric and nun-numeric symbola.21
Cyphered number systems require fewer
symbols than do ad<itive number systems, but
they are Aifficult to use in numerical
operations.

e Multiplicative number systems use a
combination of units with multiples of a
base. For example, the Chinase and Uapanese
still use a multiplicative number system,
with a number like 4257 being expressed as 4
x 1000 + 2 x 1CO + 5 x 10 + 7,

® P--itional number systems are a logical
extension of multiplicative number systems,
buc with only the coefficients being
expressed and the orders of magnitude being
understood, Positional number Bystems were
used by the Babylonians (but without an
operational zero)21 and later by the Arabs
befote the introduction of this notation
into Europe in the Middle Ages., Positlional
number systems ware also used bx the Mayas
and 1hcas in the Americau. /8.1

The quipu, used by both the Chinene and the
Incas, provides an interesmting example of a
tecording nystem.’:20 The symbolimm consista
of knots tied in atrings, with different knot
khapes desnignating diffecrent units, and the
position of the knots on the string specifying
the magnitude,

Although base-10 number mystems have bheen the
predominant number myatems umed in the pant, and
Atill are for human ume, the birary number
wntem may well vecord more total information in
nodern timen than bare--10 number ayntemn,

KECORD ING TNFORMATION | MECHANTCAL DRVICES

We do not pnormally think of mechanica. devicen
an atoring information, but any machine cartien
fn 1Le mechaniam the anformation that specif ien
how {t wil]l operate, For example, a -lock han
fn the numbe of teeth {n {te yearn e
tnformat ton that determines how (t wiil

operate,  Thum, the recording ol informattion and
the donlgn of conti1ol mechantamn Aare clonely
rtelated . ) When machines weie fitnt invented,
thert operationn were fixed at the time of theiy
dentgn,

variable-function mechanisms, in which input
information determinea the mod- of operation,
began with programmed weaving. Programmed
weaving was invented in France in the early l8th
century, firast through the use of punched holes
on a band of paper (Bouchon, 1725) and shortly
thereafter with punched holes on cerds (Falcon,
1728).24 tThis was an important advance in
control mechanisms becauae it allowed a machine
to do different things depending on its input,
rather than having its operation fixed when it
wags designed.

The punched card was adopted fo. the storage of
information and for control in ccmputation by
Charles Babbage, an English mathematician, and
this medium dominated information storage for
almost two centuries.l4

The calculating devices of the mechanical era
were designed primarily for processing rather
than storing information. The Babbage design
(never completed) was an exception; it included
a4 "store® having a capacity of 1000 words of 50
decimai digits each and provision for rnff-line
gtorage of daata on punched cards.

The mechanical printing press, the punched card,
and the mechanical typewriter were the dominant
mechanical technologies used for recording
information until supplanted by electro-
mechanical methods.

RECORDING INFORMATION: ELECTROMECHANICAL DEVICES

The electromechtanical punconed-card accounting
machines invented by Herman Hollerith, a
statisticlan from Buffalo, New York, for the
American census of 1890 were the precursors of a
generation of machines that grratly expanded the
ability of business ana government to store and
process {nformation. He invented keypunches,
gargy-punchns, tabulators, and sortei s which
nignificantly improved the capacity and
accegnibiility of mass rturage nystemn,
hollerit):'s company eventuall; became the
Internutional Business Machinws Corporation. A
competitor of Hollerith's, James Power s,
invented the panched-card machines uwed in the
American cansus of 1910; the Powerdn' companry
merged with aeveral othera in the 19208 to form

Remington- Rand Corporation,  Electiomechanical
punched~card methodn dominated (nformation
astorage throvgh the decade of the 19400, and

were usea even after Lhe fnvention of electiont:
computers.  Although they are nttil in une
todey, they have a minor role an compated ta the
[RLLA

RECORDING INFORMATIONT ELECTHONTC DEVICE.

The firat electiontc conputer, the FNIAC, wan
developed at the Moore Scehool of I'isctrfeal
Engineering of the Univernity of Pennrylvania;
ft wan publivly demonntiated {n 1946,
Interestingly, thin very tieat electrone
computer used A ntolagye hiviarchy:



® 20 adding and storage registers provided
high-spee] electronic storage of information;

® 312 words of storage were provided in a aset
of "function tahl-~ *" which were initially

intended for sto: .ables of
transcendeiital func 18, but later used for
read-only program coi. :1; and

e punched cards were used ror mass storage.

The electronic storage hierarchy has evolved
during the 30-0odd years since th.. ENIAC through
the use of magnetic cores, semiconductors,
magnetic tapes, magnetic drums, magnetic disks,
and optical recording devices, but the
hierarchical storage concept is still an
essential part of camputer architecture.

CONCLUSTON

Mass storage allows us to transcend many of the
limitations of space and time in the recording
and use of information. The technology of mass
storage has changed 'dramatically over the past
several thousand.years, but modern methods are
the direct descencants of the methods usea by
our ancestors. In fact, the archival quality of
ancient r-sa storage systems is probably

super ior to anything in use in elect:onic
computers today.
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