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Figure 1. Approximate gross rewenues (1970-1971]
Thig i & rons® gy AR edrmslaee cendus af 4Be imlgromation o, ir.
cluding comparabie revenue figures gahersd to date, The endusines anclosad
by the bracker are regulaced oy the Feoeral Commeanecatians Commissan, In-
B /ol 1elich OSey 08 o parBieular 1@rmend in tho ares, whoich Ras been the Tt
chiact af ik Pragrams Attenticn. The figures sré drawn frim § Program Yook .
irsg Faper peepared By Wearren G, Lavey. Doubile counting has ot ke
ahiminaed .

INTRODLUCTEON

Informakian i a cammadity that
perwadies all organized activity;
its #oonomic and social charac
teristics are unigue and ill-under-
argnd. There are dozens of -
duties and goverrmesttal aper-
ations in which information is
the primary or sole outpur, and
yel there 13 no comprabendive
waurce of aven the most basic
facts about the informarion in-
dustrigs a5 a qraoup. The dara an
the varuous infarmaticn indys-
tries are scattered ang disparate,
The major reasans far this
lack af informaticn on informa-
tign are clear. Firgt. as showen in
Figura 1, the infarmaticn “indus
tries” ara 3 diverse group, includ-
ing the Cansus Bureau and the
Socia Security Administration:
Hollywood, Madison Awenue,
Wadl Street, and the Pantagon,
Book publishing and printing,
computer saftware, telagraph,
telephone ard satedlite carriars,

This just beging the lise, bul These

are organizalions ampboying
rmal ligrs af peapde and dealing
in hilligns of dollars, emaloying
varying technologies to achiaws
chiverse musiians, each davalog.-
ing ndependently wath litele
reference to any but direst com
patition

Ihe sacond major reason
for the fack ol cohedive, comore-

Fansive information aon the infor-

mation indusires & e vast in
crease in the sheer amount of in
farmatian PrOCEESING that has
doturred in the last Al wears, As
Figura B in Section & showss,
while DOPWEATION Qe ar 85
average rate of 1.5 pércent a year
betwesa 1940 and 19, che
mwmber of checks writken went
up B. 7 parcent & yesr; the num-

ber of mator vahecte registrations

went un at the rate of 4 per
cent; the numibes of individwual

fecderal ga= reqerng gress at 5.8
percent § yesr, passports iaued,
81 16 percent: mdividual socal
security payments, 31 17,1 per-
cent. Improvements o alog-
tranics have greathy increaded Gur
capacity 0 handle information
and greatly reduced the costs of
tandling nfarmation, but the
rapid grovesth af the information
incustries reflects changes sn
sacigly far beyond Simple 1ech-
nodogical innovation

A fimal reason for confu-
sion and lacks in the data on the
information industries g that
nese indusIries Oooupy an g
wall pulilic-privae milleu with
ragulation on varying scades ard
of varyirg intensities. with com
peEbitive stances ranging from
moncooly 1o faar of no-man's-
tand and with ins1itutional
energios ranging rom sorpd
corigmpiation of tha past 1o an-
thusistic amisition far the
future. Virtually all attampis
o siudy the Information in-
dustries have concentrated on
particular cases and not on
bBasie funciions, on diversity
ratfuer than affiniy.

i ather weorcs, 1he
rexgon For the unclear view we
havs of information imdus-
tries as a group is that sery fow
attampis hawe been made o
ipe them 25 a group. This no-
tion &l the impartanss of
thinking abouwt bBasic functions
and ol only about partigubar
Clgad 1% A0l wil wiclaly BoBap-
ted in the realm of information
agrwiced, Bk 11 fas besn s
fully applied elspwtiere. &2
compatition grew from atum-
nurm, plywood, plastics, glass
fiar, and other materials,
ateel md kers came slowly o
unddeestand thag they were
supglying anly one of many



structural materials, and that
many of steel’s functions could
t9 fubfilled by altermate materials.
Similarly, most raitroad men hawe
lgarned, somatimes Torcibly, that
trains aré but one of several oam-
pating modes of Transporation,
il coal, electrecity, radigactiv
ity, the wind and the sun ara

gl ernate, compering sou ces of
BTy,

Alterations in the relahens
between il and coal in tha en-
grgy industries, or &g raing,
boats amd pipelines in the trans.
partation ndustries clearly have
large implications for pubkic pad
poy. it 18 equally clear that
changes in ke relathons batween
information mdudkries hawd &

s milar impact on the pubkic. It
i also clear, however, that infior-
mEtion 5 8 vary different kind
of commaodity, ona that does
not warm ws or shield us from
1he elements but rather one that
fills guwr heads and the memories
al somputars.

Thus, it i tha thesi of the
Harvard Pragram o Information
Technodogies and Public Policy
that the pubslie has a vital inber-
a5t inm the raped &nd funda mental
EfangEs OCoUrTing in:

& how infafmation systems per-
farm

wha comtross infarmation tlow
and an what terms what infor-
mation 5 made available ts
Lsers o meel their needs for
the knowledge and understand
i ragqueired to particigate
fully i our sociaty

DOf central mpostance s the ques
tign of wihno holds haw much
powar over whom

Today, major social, econo-
mic and technologeal factars
are altering ar &llm'nating the
histarie barriers hetwesn snior-
mation industries and making
mews Blternatves availabde o in-
Farration users. Most motable
are the wast inereasss sonce Waorld
Wiar 1| both in bransactions
antailing infarmatan processing
ardd in tha capahility and reliabil-

ity af electronics, increases that
g hand in kand with large da-
creases in the coswi of selectronic
technalogies. What therefafe
rappens ta one information
industry strongly affects not
anly all the others, but alsa the
oublic gengrally. These ralation
ghiips have not bean widely recog-
niped and litthe is known abawut
their etfects an either the indus-
tries or the public,

It is the aim of the Pro-
gram, therafore, to develap an
wniderstanding of infermation
systems and infarmaran echaol-
agies and o wse Hhat undessrand-
ing to iHurenate public dscus
gsians of infarmation policy and
thig enformation industries,

In tnis booklet, the fec-
ticens that follow getina the scope
of the Program in terms af
& services that private firms o
QOVRITUTIN AEMCIRS MmOw Der:
form (Section 2, " The Infor-
mation Industras”’)
nteractians among these achiv
itlet (Section I, A Coherent
Wiew of Infor mation Systems™ |
social and technadogical changes
1aking place in the informatien
inglustries and their rmarkets
{Section 4, "The Infarmatian
Tachnologies™); amd the basin
questions srising from thess
changes and intersdct ions.

Finally, broad “Program
Strategies” &re gutlined in See
tion 5. These strateguss are the
insights of the first vear of wark,
the princ ples which will be used
Lo get 3 grasp on an unwisldy
and intractable field of squdy.

A frank and detailed &
count of this irst yaar's work
fwhich was undertaken with the
halp of & planning grant from the
John and Mary R Markie Foungd:
atigap will be faund n 8 compan-
ion boaklet, The Program Year
it Aeview. In substance, it de
wribes the first moves toward the
broad objectives describad (n this
bk let, and gives details of Pro-
gram managerrent and finance,
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Figure Z. Mail and telephone usa increases; telegraphy declines.
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THE INFORMATION
INDUSTRIES

It is clear that the first impor-
tant task of the Program iz 10
characrerize the vast and varied
infarmation industried in (erms
germane 1a the alms of tha Pro-
gram, Some of the glements -
pubdic and private - of the pre-
sent constellation af infarmation
induestries are illustrated in
Figure 1. A comman trait of the
listed activities 1% that, In each
cage, infarmation s the primary
or sole output. Excluded from
the tahle, but impartant & infar-
mation users, are adl the indus-
tries whers information proces-
§ing, however important, s inci-
dental to pradusing such primary
outputs a5 Gy ar haircuts,

The Social Sacurity Admin-
istration, the county agent dys-
em and the banking, insurancs,
securities and |egal sarvice indus-
tries are [sted to mark the bor-

darline suggested by such a
“orimary Busingss test”. Whaether
the cutput of these industries is
infarmation or samething else is
arguable, However, dach indus
try's “plodestion line” 1S s
tially nathing ather than an
information process.ng line,

The scape defined by
Figure 115 ambitious, especially
given e tradition that treats
thede industries a5 isolated or,
at most, as clusterad by the
jurisdictign of the Federal Com-
mmiunecations Commisgion. O
greatest interest are activities
that interact particularky clagely
and are in a state of ferment.
These have been placed at the
head af the list and are recaiving
the Program’s initial artention,
A the Program conbinges, ofi-
terin may ermenge that will chamnge
the list and the arder within i,

Histarically, patterns of informa
tian wse, of marker structure, of
public intervention, of analysis
and of evaluation haye developed
independantly in tha information
industries, Presumably, these
patterms were adagted fo the
partleular usars, markets ard
technologies of each.

Howewer, the record of the
past cecie suogests that fhe
information indusiries are b
Soming increasingly inTerTwined.
Tha technologies of computer
swarerme and telephome systems
for example, appear to b marg
ing 1 ther paing that each
may be spon consbterad a5 a
branch of an averarching digital
rechnalogy for intormation
procéssing. This paint s dis-

A COHERENT VIEW OF
INFORMATION SYSTEMS

cugsed in detail in Saction 4.
This growirg (nterchanga-

abiliy and indistinguishabality

& natural development because

all infarmatian systerms parfarm

g ar more of the followine

basic Functions:

& creating infosrmation

& sroving infarmatian

& procesting infor mation

& oigrribring imformation

@ wsing infarmation

These information functicns, o

course, pervade alf organiked ac

tivity. In the infermaticn induws-

tries, however, thay are Qrimary

functiong, Elewhere they arg

ineidental to some other primany

rala. Eves the massive informa

tion procising performed by

railroads or supermarkets quall-



feps tharn ai important informa-
tipn wsers, bt Aal as informa-
Thon industings,

A3 the primary functions
af the information indusiries
owerlas, 30 da the techRolagies
guailable to perform thess funs.
tians. Thers are many mare
alternate rechnologeal means
far creating, $Laring, processing,
distributing and uging infosrma-
tion than there were at the close
of World War 11, ar even just
fiva years 3go, [See Section £
Figure 2 illusirases in simple
form some of the shifts in
ehoiced of imformation-hardling
mades that have taken place
singe 1950,

The need far a aoherent

‘l'_ﬂ'

wipwr of infarmation systems,
a lgok at the processes that mald
the structure and performanrce of
il rration industebed 85 & group,
can bee hast indicated by some of
the guestions Caing askad about
relateonshn e within the group,

Wlany varied combmations
of hitherto separate information
idustries are jockey ng for con-
troal of old and mow turf, The
questions will be fowwd in Figure
3 labeied “*Business Questions™

Prasent differences in
structure, in jurisdiction, in legal
and other traditsons amemg the
infarmation industries are as
important 1o understanding hoew
their interacting affeces 1he pub-
lie a5 are the growing similarities
of hasic functions,

Somae of the informartion
indusiries, for examole news-
papers angd the welephone com-
paniag, are primarily in tha pre-
vaie secroe. Ohers arg pssen-
tially in the public sectar, like
the Postal Service gnd the Fed.
eval infor mation institutions
Still others are mixed, Like libear-
185 and schaaling, Some, inclod-
ing the telephone and talegraph
companies and e Pastal Ser.
wize, tramsfer information with:
Out Bxercising subsantial control
aver what cantent Elows amang
wsers. Oehers, including tekevi-
S0, newipaperd, hook pyblish.

@rs and public schools create,
process and dissaminate informa-
tgn coniént.

Critfesant traditions of
gowernmant and othar public
wtarvention apply. The compa-
titive ook pubdishing and rnews-
paper induwsties have bean affac.
1ed indiFeetly through devices
such ad taxafion or postal rates
{wihich side-step jwEgments as
hetwesn *worthy™ amd un-
warthy' publications that might
interfere with the protecnion 2x-
tencded to cantent by the Furst
Amendment] and direct!y as
through cansarship. The tale-
jphane and telegraph coompanies
are mongpalies subjected to
econamac regulation, bur essen
Lially free from intersention as
to content, over which, im any
case, tnay hawa little contral.
Intervantian in televidssn con-
1ent is manifest through such
devices a5 the Fairness Doctrime
through governmental pressure,
and through the actians of con
sumier groups before regulatory
agancies ar the courts, The pub-
fiz schools are ingiremaents of
state and municipal governmants.

Althowgh attention to gow-
eroment reguiation has tended 1o
focus on such means as the Com-
manications At of 1934, which

created the FCC ard on the copy-

right laws, the tods of gowarn-

ment that iy ar mey not e

waercised range far wides, includ-

Ik

& Tames

# Tax wrate-ofts

® Regulation of price. guality
and antry

& Standards

Hn—s.n.ln.'.h and developemeant

Prahitrivions,; financial and

criminagl sanctions

#® Subsidies

& Fawards for innovatson and
insEntion

& Incantives, &g, matching
funds

& Model legislation

& lmporl/expaet 1race
ma nagemeant

# Inforrmation exchangs

What determines.., 7

Wha shall deliver motion pictufe antertainmant to tha
public? Movie houses, hotels, telephone cormpantes, ovar-the-
air broadcastars or cablecasters? Whether tramportation or
talecammunications shall be wed to disteminate the pictures?
Whether the service thall be paid for by advertisers, by the
winwers directhy, throwgh private or pubie subsidies o by
ather meann?

Whether data vhall be casried from computer o com
puter or to and Trom termingls in butinesses of homes by tele-
phone companies, specialized commaon carriers, cable television
systems, the Postal Sarvice, or private information dalivery
services? Who shall own the terminals and rmaintain them to
the users” satisfaction?

How services to learners will be allocated armong the
schools a5 we now know them, librasies, broadeast or cable
television, publishers or new institutions, public oF private?

Who among the banking, securities, telephone, 1elegraph
industries, the Postal Service and private information delivery
sarvices shall perform which information services? {For
auarmple, some 400 of the mail deals with financial trans-
actions, so that the fates of the Postal Sarvice and of paymernt
mechanisms are intimataly linked.] With how much super-
vision by whom? The Federal Communications Cormmission,
the Securities and Exchange Commission, the Federal
Rasarve System, assosiated Congressional committess or
atate authoritiea? Who shall et standards for media and for-
mats of data transfer and storage?

Figure 3, Business questions,

Transaction A%
(Mail containing checks, bills,
atatements of account, purchase
orders, eic,|
Aclwertising 26%
Carrespondence 2%
Personal 13%
Buginess 0%
Government 4%
Magazines and Newspapars 1%
herchandise 1%

Figura 4, What's in the mail*

What's mn the mail? Lsing Tigures from Tpaacd Portal Excailence, the 1063 ra-
pot of the Presicent’s Commission on Postal Organieatian, we can deduce the
existence of @ lage werisd BErveen infor mation handling i trarssctions and
Fhe wnaile, Some B0 per ceal ol all masl i sesbied Merais. Thos, # e Frgem 1S
talln that if sealed Ingters gre primaeily Sranmctions o Gorr s ponden e, el
thirds of 1k leceer service may be devoted 1o transacticns.




What determines...?

Whathar broadcast traditions, publishing traditions a¢
telephons raditions respecting cantral aver informatien con-
tent shall prevail in cable televislon?

Whether the school board would pass on edueational
materials to be shown on a TV channel kn the way it now
passes on textbooks used in the school? Whether the Fadaral
Communications Commimion’s Fairness Doctrine woubd
apply? What a teacher’s rights to switch to a nesncurriculum
channel might be? A student’s? A parent’s?

If the e of private Facilitkes for state-approved learning
contknues to grow, what shall govern the rights and the abligs-
tions af toachers when, treditionally, private smployers have
had rvich greatar freedom in hiring and firing employess than
school boards have?

What happens 1o rights af privacy or to rights of access
ta information when the information itsslf is transferred from
&0 institution following ong set of traditions on this score to
one follawing another? When the slloeation of an information
function flows from ene industry to another? When informa-
tion hald by an international organization mOvas ACrosy
national bouwndaries ¥

If satellite surveys of natural resources move from
superiment 10 routine operation who shall operate such s
tema? Who shall have secess ta tha information about
aatural resources svd other data eollacted by thesa satellitas?
Whethar oparation and aceess shall be publicT Private?
Mational? Intarnational?

Figure 5. Social and lagal questions.

W Establithirg o supgarting
an industreal base by
gawernmEnt purchages
Inskifutional [rvenissn
Gaverament caniral ar
manopol y
#® Building ciwl wii ks
& Prossgands
& Faear

This Hsring was adapted
from Joseph F. Coates, Strctoral
Faifure; The Case of Local Gow
armment. unpunlshed paper,
mrational Science Faundaton
Washington, 0.0 1872, Pubti-
cation of an fupanded weriion of
that paper i farthcoming,

Becauss af the diffaring
patierns of structure, |w sdietion
and wad ition among informaticon
industries, 8 ShitT in the perfor-
mance af some basic informa
tion function from one intarma-
vion imdustry to anot ber entails
1EEarTant social ana legal
guestinns and not oaly classical
BERMOMIC guesTIonE about re-
turns 1o scale, price-senting mech-
ANIEME andgd 50 an

Zxill broader guestions
arse winan raking a more specu-
lacive longer point of view, Infor
matian, materials and enargy are
the fundamenial resources &5
semtial 1o the phyaical and

sparitual wall-beirg al @very liv
ing arpaturs. Profound technolo-
grzal ehanges charactesize all
thres realms. The alresdy enor-
rgus and il forthcoming in-
craases in the capacity and
decraases in the cost of electranic
information processing devices
can pfface contemporary Tima
and distance on a global scale and
profoundly alger infarmation
lipew over Mastorical ime, The
wery context of all other ques
tions may thereby be altersd, as
iIhmstrated by same of the long-
range questions being asked.

In tha cpening discusdson,
we took nota of structural ma-
tarials, transgartation and e -
0y a3 precadenits for the wikder
chaice amaig alternate modes
now awailabla in information
systems. But, in the United
States, struciural materizls ara
primarily in the privame sacior,
while information syilems arg
speaad in & complex pattern
across the private and the pukbe
lic spctor,. The precedents of
pubibic interventian im rans
pOration are nat ercouaning
Energy i In crisis, In any cige,
a fresh ahjective leok at gome
basie questians is necesiary and
Enrmidly,

The story af the growth since
Wi ld War 1l of alterrate techno-
lagical ardd inskstutianal means
far creating, S18TNE, Processing,
distributing ard wiing informa-
tian ls mainiy, though by no
means exclutively, the stary of
wlacrran o

Figure B speakd voiumes
aboul how public and provare
transactions atfecting millions of
peopie and entaling massye in
formalion processeng have in-
creaied in the past three ducades,
wihiethar driven by, oF driving,

THE INFORMATION
TECHNOLOGIES

simultanenus dduances im anlor-
mation technologies.

Aalvances in glectronics
continue piltly (7 both the pri
vate and the public sectars, For
exampla, in the pulkfe sectorn,
defensa research and dawvelop-
ment is still an important factor
in slectronics today, as it wasin
the developrrent of electronic
compters. According 0o et
mony by the Pentagon’s Director
af Defense Aesearch and Engi-
neering, “military-orianted
glectronics fechaalogy cOnTIRLES



What determines ... !

How patterns of access to information will be distribu-
ted among nations? Among individual citizens? What the
likely affects of diffarent patterns will ba on political and
sepnomie procosses? Locally? Matienally? Globalky?

How jorint growth or tradeaff amang information and
transportation functions wall affect the distribution of people
and af material and energy resources?

How the very suppliers and users af infarmation them-
selves will b2 altered by changes in the means of learning? By
the chinges in arganizational structure and changes in the pat.
tarm of power in argani zations sssociated wath new patterns of
flow and contred of informatian?

Figure B, Long-rangs guestions

| What are the implicstions for information usars of
joeckeying among old and new informatian arganizations for
old and new information markets?

What are the likely effects on Information wsers of in-
creasing or decreasing competibon among old and new infor-
mation arganiz@tions?

How does the vraditional mixiure of private enterprises
and public agencies serve information wiers? What would be
the likaly affects on wsers of shifting the allgcation of any in-
formation funciions from one industry or agency to another?
Fram the public sector (o The private secior or vice varsa?
From national 1o international control of wice versa?

How responsive are traditional patterns of governmental
and other public intervention in infarmation fystems 1o the
raeds or domands of information users? YWhat would be the
likely effects of extending or curtadling intervention nationally ?
Intornatiomally? What altermativo patierns are awailable? With
what likely effects?

What governs tha nature and the rate of technological
innavation in inlormation syaterns; and with what Higely effact
an inlormation wsers?

Figure 7. The Program’s basic guestions.

TYPE OF TRANSACTION AVERAGE ANMUAL
GROWTH 1940-1970

Checks written ET%
Telephwones in wse [ ]
Individual Social Security paymenta 17
Individual federal tax returns 5.8
Public welfare recipients 35
Airling passengars 14.3
Persong entering hospitals for

treatrment 38
Persons covereel by private hospitaii-

zation insurance 9.5
Motor wehicle registrations 4
Passports rswed 16
Students enrolled im colleges and

universities B.2
A pplications recervad for federal

emplayment a7
Mew York Stock Exchange

L AnERETIOmE B.3
Fieces of mail kandled,

LIL5. Postal Service 3.6
1.5, population 15
U.5. gross national product k]

Figure 3. Average annual growth of various transactioms.

Increases in the yolume of sanual traresctiars, Adspted Trom Alas F. Westn
ard Wechee! &, Baker, Dacabanks o1 @ Free Sockery (3 oot of 1Be Compupe:
Scncs and Eagirearing Board, Nanaas Acsdonmy of Sceencest, Dasdrangls
RBacks, New Yook 1977, pp 274-277. The GNP growth e s based on GRP
axpressed inocamtant dallar



Ones updn a time_ telaphone technobogy ssermed 10 be
what the telephone industry used to supply telephone service,
But the tcientific and technalogizal foundations of telephons
systems and of computer systems are now merging as both
increasingly raly an the same Large-scele integrated digital
technolegy for thesr infarmatron trantmsshon, Forage, pro
caising and control functions. The boundary betwsen the
telephone system snd computing has besn the subject of a
major inguiry by the FCC, ba the issus is still wide ogen,

Motion pictures once meant anly film echnology, but
motion pletures are naw routinely recorded, stored and playod
back on gither film or videotapn, often onder the santrol of
enmparters. Digital recording of peetwres exiats, but i not yet
routing. Onee upon & time motion pictures had to be physi-
gally “bigycled”’ to theatres. Mow they may alo be electri-
eally broadenst ouer the air or sent over telephone eompany
or cable telavision lines to theatres, hotels or hames,

Cabbe television relies on coaxial cablas to retransmit
broadeast talevision material, including rmotion picturas, but
also relies on microwave wireless technology to capture this
matarial, Coaxial cables are also a major element of the tele-
phone network where they are used, among many other fung
tions, to transmit television pictures and computer data, st
computers alio incorparate some coaxial cable. And, coaxial
cable it by o meamn the anly tschnology suitable for non-
broadeast distribution of either television signals ar camputar
data.

Printing, once amsociated exclusvely with movoable,
reusable slugs of metal type, incressmgly refies on computer-
gided composition diractly onto film. Some visions of future
home delivery of “newspapens” foreses an all-electric opera-
tion from the moment & news item leaves o reporter’s hand at
A keyboard, is transmifted ower somedns’s wire of wirelass
serviee for display o an editor working &t a TV -Jika screen,
it aszemblad with ather materials in a compates’s siorage
miedium and then i rofranmitted over someone’s wire, mbcro-
wawe link, Hght pipa, lassr beam or whatever to the home tele-
vision set of 8 reader wha then has the option of capturing
the text permanently through same lorm of dry-cogrying or
printing techpology.

The experimental Malgram service links olectrical trans-
migsion by the private soctor with on-foot transmission by the
public sector into & angls systerm. Customaers of the telegraph
eampany with teleprinters on their §femises Tranmit Mo ged
o poet affices sguinped with teloprinters where postal amploy-
et rernove memsages, place tham in envelopes and put them in
the first class mail stream,

Figure 9. Notes on merging technologies,




to be one of our lastest mowving
and most produetive areas of
applied research and develop-
mant,” accounting for 5218
millian or nearly 15 percant ol
the 51,474 million budgeted for
tha “tatal tachnology-base ef-
fort™ in fiseal year 1974,

The technological bases of
cprmuners 8 ni {alcnmrmunica
tiars arg inaraasingly similar and
sath af these 1ools a8 INCrKe:
inely pervasive 35 means for con
tralling and linking hitherta sep-
srate oid and new technologies.
The notes on mer ng techngla-
gies iilustrate how this 15 a najor
factor in making the funaotions
that information industries par-
farm and the technalagies thay
use both less distinguishable
and meore interchangeable

The increasing parvasive-
ness of alectranics owes much
po miasslve imcreases in capabili-
vy accoimpanied by egqually
FrEssive decreaies in costy, both
m absaiute terms and in come
partison with older infarmarion
technologies. For e xample,
computing speed increasad by
a factar of ang hundred miliaon-
1o-one between the 40's and ths
70, By the end of the decads,
a transistor coulkd “be aoul 84
cheap as a word prented on the
page af a hard-cower bk 2

The oofl per componenk
{mastly transistarsh of the first
rudimentary megrated circuis
made around T960 was abourt
are doldkar. By 1873, this
aaal had drapped 1o about one
cent ard it 18 predieted to drop
to about 003 gt by 1330, a
ratio af thirty thausand-to=one
in tan decades. ? In the Lames

tJE“'I" 5. Foster, in “Haacings on Cost

Egealarion i Dalfense Procurs el
Camracti gngd Milkiasy Posturs ard
HA BF32", Cammuilpe on Aomes Ser-
wicwd, Hause ol Regraiantatives, 8drd
Cargrass, Fersp Sempaen, 18073, 8. 7O
Anorier &EEimata has i1 than “the
Pratagens direst anid dinst autlays
Tar alecironem sno marerials A&D will
g $12 billinen in liscal 1374, The
tanal, appird iimately 40% of ike D
partmaed ol Delensa's 35,1 Bl in

time span, the number of com.
ponents per integrated circuit

i4 axpected 1o grow by a factor
hetween one hundred thousand
and one million-te-one. Similar
factars in othar dimensions are
Austrated in Figures 10anc 11,
I electronics, large incfeases in
capabil vy and large decreases in
exst g0 hand-inchand, alang with
significant increages i raliability.

At present. many of the -
formation industries de not pro-
duce or contral the production
af thedr rachnology . & notakble
exceation is the welephons in
dustry. American Telephone and
Telegraph s Bell Labora-
tories and Western Eleceric for
research, development ard manu-
facturing. General Telephone
and Electronics oaons GTE Labo-
ratories, Automatc Electic,
Lenkust and Sylvania.

The details and trends of
comman conira! Patiarns vary
armaary majer information tech-
riology swpplens such as Eastran
Kaodak, Hughes, 1BM, RCA, Ka
ron, et But, with soms excep-
tions (3= Figure 12}, these sup-
phiers now are genarally still
distinguishable (both by func
rign and institutionally) from
tha industries whode cutput is
infarmation iself, The struc-
tura and performance of thess
Supplying indusiried 5 8 matter
ol chear imporiance 1o the Pro-
qram since the relationship be-
eeen technology supleers
and infarmation syetems s a
major factor n understanding
how patterns of competition,
lurction allpcation and public
interyention in the information
inclustries affect the public,

plarmed SAD expendituris 1or the
woar, i ngt anly the largesg R&D cune
|y by Far ol gy Fadera| Agendly, it
Epoiranics conbin? exceeds that of all

Giker sgencies coembined... In P, Fad-

peyl supEort of electronees technology
is a5 parvaEve 25 Slpctomics isetf
Eracoroaver, Ot 26, 1973, p. 200,

Tiapiam C. Herrenger, Uhetss-Owide
Bamcandustor Technalogy ™, St
tific American, Bugust, 973, - 486
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Figure 10, Costs of alternats methads of information transmission.

Cet trends far tarrestial wansmissionr of inlarenation are doven whili carrying
capaity 15 up. Paired cabe n the arigingl telaphone techralogy sl in wEe;
the gbers gee later developments. The incressed in tha handling canacty af
pha Faur SranEmeiDn SYStems nEprsen T devel opments over time as vwall &
techmicad imprierments. The investment coars pre exprded 4 3 range. Thin
chart i adapted Trom staft papens pragand for the President’s Task Foroe on
Cammunications Pobicy, 1969,



ACCESS TIMES
Typhcal today:
Millions of bits

Expested in future:
ta 1 billion (109 bits

to 3t least
1000 Biilion hits

to parhaps
100,000 billion bits

10-100 millissconds {10°3
sac.)

1100 microsecands [10-8
e}

100 milliseconds (10°3
sec.}

110 speonds

TYPICAL ON-LINE CAPACITIES

E B Tape units

=

i 8 Disk wnits

¢ IBM Photo-digital stose

% Precision Instrement Co.
2 Unicon 690

= “Mew" disks

a

E Optical technoiogy

& Electron beam technobogy

15 billion (109} bits
15 billion bits

500 billion bits
TO00 billion bits

4-20 Billicn bits
100-10.000 hillion hits
T00-1,000,000 billion bits

SOME ROUGH COSTS

0.1-10 million {109 bits/

PROGRAM STRATEGIES

Ag this booklet indicates, the Pro- Mo other sort of ressarch is

gram an Information Technalo-
gies and Public Palicy has chosen
an uneommanly broad fleld of
study. The aim iz to develop an
understanding of 1he informa-
tiom industries and to use that
understanding to iluminate
public discugsions of |rlarma-
thon paolicy, Sinee the infarma-
tign industries have haedly
been studied a5 a growp, and
since there are hardly any dis-
cussions of information palicy
a3 such im the pubdic realm at
present, our sIrategic considera
tionms have haen essential,

Howe were we to proceed
in making a field of study our of
ths prefugion of institutions and
technalogies, maifmen and
spldiars, programmers and mavie
producers? How we did in fact
pracesd is the subject of a com-
panian Bookier, The Prograrm
Yaar in Rewiew, but we will noo
Ferg the principles that guided wus.

First, we nrave met divar.
ity weith diversity, Wi have

teasible in this field.

Any resedarch wark has 3
tendency 1o sprae! and imterdis-
cipdinary work in a new broad
fiabd of study is hardiy an ex.
ception. {ur second strategic
principhe then has baan 1o
Attampr 10 keep each research
pragect wwithin manageaile pro-
portions and to allacate research
efforts so that the projects sup-
port each ather and are suitahle
to baing drawe together in an
approach te theory,

The great impartance of
the information 45023 and the
currant low level of public dis-
cuigion ol them encouraged the
formulation of ow third strategic
principle, that réssarch projects
shauld be formulated in wa
that felo specify and asssss pol-
oy aptions and their likely
ellects on the pultlie. A eorollary
princple kas besn that the Pro-
gram showld not anly produce
convantional scholarly publica-

Papar tions, but alss material in a farm
dollar sought to develop the closest ugelul and intelligible to the gen-
; . _— _ caopEration arong soecialists -
Microtilm 1-10¢ million bits/dellar ] eral public.
?nd generalists of the masr var- Our final strategic principle
Present disks TOO00 bits/dallar ied kinds from inide and awut- s aimed at assuring that the Pro-

side the university, from gow-
eroment and industry, By
bringing thesr people togather
we hope to develop 8 common
language for discuition of infor-
mation prodlems. A& commaon
langussge, we Dope, will cvercome
further fragmentation of know-
fedge, and foster a reasoned in-
terplay af cantlicting philasa-
phies, apinions and points ol
vigw, not 1o mertion prejudices
aned articles of faith

We are aware that “intoer
discipdimary™ is the first word
that &n infant research pragram
learns, but we simply could not
procesd | we were not akle 1o
support each other's endeavors.

gram's work represents bath in.
tellect sal indapendesce and
timaly responsivensss o specific
needs for knowledgs, Thys, we
sk ‘fIJnding from muitiple pri-
wate ard public sources and aim
ar & alance bevween ganeal con-
tribrutions To foster independencs
and project money that wall make
for responsiveness, This variaty
ot funding methods will, wr
hope, forestalt the complaceney
that can result from general
funding and the servila husthing
that groject-orsented fund raising
SOMEDimes entails.

Future high capagity stores 1-100 million hitsidgllar

Figure 11, Information access time, storage capacity and codls.

The capacity for handling infecmation will grow e mesly i fhe nesn 30
yuars, judging from the technalogice’ imnovateas alrgady in the wiorkes. Cam-
Pters pracess mioremation in “birs”, sich répresenting a “yes.or-an” armer,
of tha inloe matian reapresenited By & single hole in a punchit @ard, 1 may take
saunrsl bits 10 Bxpeess & wocd o nwmber. Aeeess te this information —takeg i)
from che compatar’s §10ra0e cpacity and beinging it to the area of the mach-
Its® waltdrd it chn b manipulated i mestured in ghe nurkier af bits thas con be
s im 8 Gowdn sime, UOnding” cagecity measunes Ihe @ralnd of infarima:
o that can be kept an the machine, comparable 1o (ke capecity of an aus
matic gharagraph or @ juke bax. To qer ar mos infarmarian you hae 1a
change seorage units manually. The sew sechnglagies relerred to arilioe mag-
e bubblis, lasars, molography of #lactan beame, whien pecrsie fae [T
ol lerger grmaunis of informarian inta smaller spaces. Ay lar the cost messuwe, 4
grimary disadvantage of tha micrelilm or punchog papss tephnalbagiss i that
the mediwm of starage camngt be renewed. Estimaies 0= by John W Wi,
Aless Srarage and Darataeer— Technioal Impicafitag far the Fururg, pretentad
ar legrinue o la Wb Conleranoe, Bordeaus, 1970,
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w 1970 1985

Par cent af total costs

Figure 12, Hardware/software cost trends

Hardwaare!Saf rware ooar mrends in cosrpaber fyilema shiw 3 pranounged shaft
raward 3 higher proaoetion of softwaré casts. The tppkd Thar any partslar
cEmpUt e dyiidim actually Socs are spec fied oMy im part by how the ghysical
wystem {hardwaral w bailr, Pragrars of instructions kofteaare] must be feo in-
10 The System ta comphets the spec Feetan. This complementcanty {ard, in-
s, iar ehangeatiiliny ) of harchesars gnd softases Blud thie Boundery batwoen
techapicgy suppliors and che sompuber softaced supply induttty, which wa
count amanyg tha e larmation indusmies. The trerd estnmates are by Barry
Baehm, in Sofnsare and it fmpact; A Quantitetia Agsisman s, RAND papes
P49 T, Decombser 1972 o B



