


Frogram Duwmr

Amhuw G. ﬂﬂhlﬂﬂ is Prnfmur of I._mqulni::. and Gordan
McKay Professor of Applied Mathematics énd a member of the Fa-
culty of Public Administration at Harvard University, where be has
alon served at chairman of the Committer on the Computing Center
arsdl a5 & Research Associate to the Program on Technolagy and
Society,

He iz & rmember of the CATY Commission ol the Commarn:
wealth of Massachusetts and an adviser to the Subcommittes an the
Ecanamic #nd Social Impact of the New Broadcas: Madia of the
Committes for Econamic Development. He has served & presidgent
of the Assaclation far Camputing Machinery [1966-68) and & a
conssltant 1o the Office of Science and Technology, Executive OF-
fice of the President of the United Seates [1861-73), He iz @ Feliow
af the American Acaderny of Arts and Sciences, the American Asso
ciation for the Advancement of Seience and the Instituve of Elec-
trical and Electronics Engineers,

As chalrman of the Computer Science and Enginéering Soard
of the Mational Acadermy of Sciences [1967-T3), he led 1he prepar-
ation of MAS reports on A Technical Analysis of the Common
Carriers/User Interconnections Ares [Lowis 5. Billig, Project Directar),
Databenks in a Free Society: Computers, Record Keeping and Pri-
vagy [Alan F, Westin, Project Director], and on L ibrarses gnd frnfor
mation Technology — A National Systam Chalisnge (Ronald L.
Wigingtan, Project Director). He is the author of Automatie Lan
guage Translation: Lexleal and Technical Aspects, of Run, -
puter, Run: The My thalogy of Educational Innovation, and of
mumerous papers on the information technalogies and their wses,

© Assocista Director

: ﬂl_ computing, oo

O Johin ©. LeGatas's experience prior to joining the Fr'ng
been in the d-wllumnt nr ldu-nl'lldﬂ-lt md mudim! I'D'FI!II
1""": . fr,m‘.‘-'i.‘:"' ﬂlﬁr
At EIIJLI-III-M b m&ﬂ-rtha:uﬂ“ director of the
Infarmation Metwaork (EIN) and the author of several lrth:la:
compating networking, Earlier, as Vice President of Eambndga
Information Systems, (nc., he was director of the technieal ﬂI‘H ,
anwd responsible for the company’s nationwide marketing aﬂnru, ‘a-'.'
He alsa directed the developmant of the Massachusetts Ganaral
Huospital Integrated Information Systerm., -m'f:é"gsf
At Computer Advisery Services to Education Ine., he was ...
vice president and director, At Bokt, Beranek and Nl-'ll'l'r'll'll.. Ine
he was responsibile for exploring the potintial of the TELﬂDhFlaw :

guage in education. 'i-. ,‘_1
His studies ware in mathematics (Harvard] and philosophy © hi

[ala). . -.-:',- ';




A PERSPECTIVE ON
INFORMATION
RESOURCES

The Scope of the Frogram
19731974

Act a5 man of dhowght
Think a5 man of action.
—Hemri Bergson

Program on [nfofmation
Technologies and Publie Policy
October 1974

Harvard Liiversity
Carnbrsdge, Massachuzetts

— — R R R
POLICY COMMITTEE EXECUTIVE COMMITTEE STAFF
1973-1974 19731974
Harvey Brooks Aimee D. Lelfer Chris Argyris Anthony G. Oettinger
Faculty of Arts and Sciences gchonl of Education Schools of Educanon and Director
PFrafesar of Applied Mcsistant Professor of Business Adminksiration John C. Ll{iiml .
Phivsics and [ean, Education Professar of Education Associate Director
Division of Enginesring Lawrence Mann and Oeganizational Claire M. Bishop
and Applied Physics Echonl af Design Behawior Sacratary
William M. Capron Professor of Clry ana Harvey Brooks Peter D). Shapiro .
1. F. Kennedy School of = Regignal Manming and William M. Capron Res=arch Fellow in _
Govarnmant Chairman, Departrsent Robert H. Hayas Infarmation Technologies

Lectwrar on Political Econ-
camyy and Associate Dean
Lawrence E, Fouraker
Schonl of Business
Ardministralion
Professor of Administration
and Daan
Howard H. Hiart

of City and Regianal
Planning
Anthony G, Dettinger
Director of Program on
Information Technobones amnd
Pulsl = Policy
Prafessor of Linguistics and
of Applied Mathematics

Sehood af Business
Adminestration
Professor of Business
Administration
John €. LeGates
dszociate Director,
Program on Information
Techpologies and Public

and Public Poliey
Carol L. Weinhaus
Staff Mermiber
Mikki J. Zapal
Statf atfiliare
Fred Hapgood
Ann  Lowe
Town Parmignder

Sehaonl of Public Health Albert M. Sacks Palicy Corsulting Editars
Profassor of Medicine Laww Sehool John R, Meyer
and Cean Prafessor of Legal Process Schoot of Dussmess
and Dean Administration
1807 Professar in
Transportation, Logistics
and Digtribution
Arthar B, Miller
Law School
Professor of Law
Anthony G, Oettinger
CORE PROGEAM SUPPORT CONTENTS page
American Telepfuone and Tele: Jahe and Mary R, Markle 1. |"||!rt|i2|IJl:[|:}ﬂ_ 2
graph Company Foundation 2. The Infgsmation )
Arthur [ Litthe Foundation Lockheed Missiles and Space Industries '
Encyvelopaadia Britannica Compairy I, A Coherent View & .
Federal Reserve Bank of Boston  Mippon Electric Company Availatle on request s 8 compan- Informatien 5_'!'“*"'”'
Ganeral Electric Company Cautharn Raitway Syitem ion booklet, The Program Year 4. The |"f*3""_"=""-"" .
Harvard Liniversity Fentth Radio Corporation i eview, describing the specifics.  Technologies ) :
af Program ressarch, teaching and 5 Program Suratagies U

Imternational Business Machenes
Corporation

coMmrmunication activities amd its
administration and finance,



Flgure 1.

Broadcast talevision - .. T -0 - o
Cable tebevision <% 7T T T g gy
Broadeast radio : 1.1
Telephonz . 14.2
Telegraph 0.4
Specialized common carriars 0.0
Satellite carriers ’ a1
Mobile radio systems 19
Motion pictunes 4.8
Organized sports, thastres, aic, 4.4
Computer software suppliers ‘.‘\; 1.9
Computar service supplisrs :
Postal service 6.3
Private information delivery services 0.7+
Mlewspagpars; wirg sarvices 1.0
Perindicals (including nevwsletters) 3.2
Businews consulting sendces og
Advertising 7.9
Atarksting 719
Brokerage industries 40,5
Book publishing and print 3.4
Libraries : 21
Sehooling 70.0
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Insurange 92.6
Legal sarviess 8.5

GNP [1970): 976

The Information Industries
Approximate Gross Revenues (1970}

INTRODUCTION
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Informarion 11 3 commodity that
pervades 2l organi zed activity;
its eeanamee and socal charae-
teFEstics are walgue and ill-under-
stod. There are dozens of in-
dlustries arl gowerrimental oper-
atinns in which infarmation i
the primary or sode output, and
yet there i no comprehaensive
souree of ewan the most basic
lacas sbawl the information in-
dustries as a group. The data on
ine variows information indus:
tries are scatlerad and daparate

The major reasons for his
lack of information on informa-
tion are clear. First, as shown in
Figure 1, the infarmation “indus-
tries’” are 3 diverse group, includ-
ing the Census Bureaw and the
Social Seaurity Adminstration;
Hollywood, Madison Avenos,
Viall Swreat, and the Pentagon;
Book publishing and printing,
cormputer software, telegraph,
telephang and satellite carriers.
This just kegins the |ist, but these
arg organizations employing
milligns of people and dealing
in Billians of dollars, employing
wary mg echnologies 1o achisve
diverae misbons, gach develop-
ing independantly with ligle
reference to any but direct com-
patition.

Thi sacond major reason
Tor the lack of cobbiive, compea-
hensive snformation on the infor-
rmation industries s the wast in-
crease in the shapr amount af in-
formation processing that nas
pocurrad in the |last 30 years, Az
Figure 8 in Sectian 4 shows,
while population gréw at an
average rate of 1.5 percent 3 year
between 1940 and 1870, the
mumazer of checks written wernt
up &, 7 percent a year; the num:
ber of motaor vehicle regrirations
wint wp at the rate of 4 per
cant, the numiser of indivedual

federal tax returns grew at 5.8
parcent @ year; passports iswed,
at 16 percent; individual social
spcurity paymants, at 17.1 par-
cenl, |mprovements in elec-
tronics have greatly increased cur
capacity to handle infarmation
andd greatly reduced the cogs of
haredling infar rsation, bt the
rapid growth of the informatian
industries reflects changes in
saciety Far Beyord simpie tech-
nidlogical inngation,

A tinal reason for confu-
sion and lacks [n the dats an the
infarmation industries is that
these industries ocsupy an unus
ual public-private milicu with
ragulation an warying scalas and
af varying intansities, with com-
patitive stances ranging from
ronopaly 1o fear of As-man's.
land and with institutional
anergeas ranging from tor pid
eontermplatian of the past to en
thusiastic ambition for the
furwre. Wirtually afl atrempis
to study the afor mation in-
dugtries have concentrated on
particular cases and not an
hasic functions, on diversity
rather than affinity

In other words, the
reasan for the unclear viesw we
hawe of information indus-
tries a5 & group is that wery fesy
atlermpis have been made ta
sen themn as a group, This no-
tion of the importance of
thinking about basic functions
and not andy Baut paricular
cases i3 notl yel widely ageep-
tedd in the realm ol information
sarvices, but it has been use-
fully applied slsewhers, As
competition grow from alumi
rum, plywood, plastics, glass
fiber, and ather materials,
steelmakers came slowly 1o
understand that they were
supplying only one of many



ctreseturnl m.pl:l:rfpl'i. ;nd’ l'|1.|1_
rmiany al steel's functions coukd
be fulfilled by altérnate materials,
Similarhy, most railroad men have
lgarnad, sormetimes forebly, that
traing are but ane of several cor-
aEting modes af transportation,
01, coal, electricity, radioact v
iy, the wond and the sun are
alternate, compating sources of
enErgy.
Alteratbons in the relations
between aif and coal in the en-
ergy industries, or amang trains,
boats andd pipelines in the trans
portation industries clearly hawe
large implications for public pal-
ley. It is squally clear that
changes in the relations between
wrllarmmalien indwsirnes have &
simular impsct o the public. |t
it ali clesr, however, that infar-
matian is a very different kind
of commadity, one that does
not warm us or shield us from
tha elerménts but rathar one that
fills owr heads and the memories
of computers.
Thus, it s the thesis of the
Harvard Program an Information
Technologies and Public Policy
that the public has a wital inter-
a5t in the rapid and fundamental
changes Qcourring in;
® how information sysiems per-
farm

& who controls information flow

& and on what terms what infos-
matlan is made available o
users b meet their needs for
the knowdedge and wnderstand:
g reuired 19 participate
fully in our society,

Of caniral imgortance is the gues

vion of who ho'ds how much

powEr GVEr whom.

Today, mapor social, ecano-
ree and tachnolegical lactors
ard aligring or eminating the
histaric barriers bapween infor-
maticn indwstries and making
rew aliernatives available toin-
formation wsers. Most notabls
are the wvast increases since Worlo
War 11 both in transactions
entailing information processing
and in the capahility and reliabal-

ity af electronics, insrsases that
o hand in hand with barge de-
craases in the cosms of electronhe
technalagies. What therefore
happeans 1o ona information
industry strangly affests not
anly all the others, but also the
public genarally. These relation.
ships have ot bean widsly recog-
miyed and little is known about
thair affects on either the indus-
traes ar the public.
It is the aim of tha Pro-
gram, therefare, to dewelap an
undersranding of information
systems and infarmation technal-
oies and t0 use that understang.
ing to lluminate public discus-
siong of information policy and
thig infgrmation indusiries,
I thig boekiet, the sec-
tions that Follow define the scope
of the Program in terms of:
® services that private Tierms ar
GOVEFTIMENT BIENCIEs now par:
farm [Secuon 2, “Tha Infor-
rmaation lodustries ]

® interactions amang these actv-
ities (Section 3, A& Coherent
View ol Informamon Systems®)

@ social and technological changes
taking place in the mformation
industries and their markets
iSection 4, *“The Information
Technolagies™]: and the basic
guestions arising from these
charges angd interactions,

Finally, broad *Pregram
Srrategies” are putlined in Seq-
tion B, These strategies are tha
principles which are wsed to get
a grasp on an wrwiekdy Bnd in-
wractable field of sudy,

A frank ang detailed ac-
count of the Program’s work
will be found in a companen
booklet, The Frogram Year in
Aavigw 189731874 In sub-
stance, it describes the specific
mowes toward the broad objec-
tives deseribed in this booklet,
and gives detalls of Program
rmanagement and finanoe,
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Figure 2. Mail and telephone use increases; telegraphy declines.

Il rmaitian Tunctsoms shilt from ong Informanan imdusery 10 anothar, Thege
charti, sdapied from "Cammunication”™ by Jahe R, Peice [Semmnfie dmevican,
Septeminer 1972, p. 37, ndicste @ decling m ielsgraphy in recent years and a
raped grawth in masl and telephone commurcaton. Mote (hat ihe charms e
reaf corgackbie, ol that 1o senles are superimposed n the chart an mail and
BNNE LG




THE INFORMATION
INDUSTRIES

‘lr

It is clear that an important

task of the Progréen is 1o char-
acterize the vast and waried in-
formarion imdustries in @rms
gerrmane to the airms of the Fro-
gram. Seme of the elements -
public and private - of the pre-
sent constellation aof information
industries are illustrated in
Figure 1. & comimon radt of the
listed scrivities is that, un &ach
caze, information s tha primary
or foke outpul. Ewcluded fram
the tatale, but important as infor-
mation wwers, are all the indus.
tries whesre infarmation proces
sing, however impomant, is inci-
dental 1o producing such primary
OUTPLITS &5 cars or haircuns.

The Social Sacurity Admin:
istration, the county agent sys
rem Bnd the banking, insurance,
seguritles and legal service indus-
tries are Jsted 10 mark the bos

derline sugogested by such a
“primary business test”, Whether
the autput of these industries is
infarmation ar something else is
arguable, Howewer, sach indus-
try's “'production line™ is assen-
tially mathing other than an
inforrmation processing lme,

The scope defined by
Frgure 1 is ambitious, especially
given the tradition that treats
these industries a3 isolared or,
at mast, a5 chstered by the
peisdiction of the Federal Com-
municatiors Commission Of
grealest inverest are activities
that interact parvowlarly closely
and are in a state of ferment.
Thase hawve begn placed at the
head of the fist and received
the Program's initial attenticn.
&g the Program continwes, cri
teria may amerge that will change
the list and the order within it,

A COHERENT VIEW OF
INFORMATION SYSTEMS

K7

Historically, patterns of infarma-
tion use, of market structure, of
pulblic intervantion, of analysis
and of evaluation have developed
mdeperdently inthe information
ingdystries, Presumably, these
patierns wire adapted 1o the
particular users, markans and
technobogies of each,

However, 1he recard of the
past cecade suggedts thar the
information induskries &e be-
corming increasingly i nierpwined.
The technolegiss af compute
swstermes and (ElepiRong Syitams
for exampla, appear to be medg
111 0 the gaint that each
razy b soon eansidered a4 a
branch of an overarching digital
technatogy for infarmation
processing. This gaint i do-

cussed ir detail in Section 4.
Tig grosing interchanps-

ability and indistinguishability is

& natural development because

all infarmation syauems perfosm

gre gr mare af the tollowing

bagic Tunctigms:

® creafimg information

# storing information

& processing informatian

® distributing information

& using information.

Thess inlormation Tunctians, of

course, pervade all organizsd ac

tiwity. In tha information induw-

trags, Rowever, they are primary

funetions. Elsewhere, they are

A ral T soame Ot her unmarl.r

rale, Even the masiive informas

tion processing performed by

rallrgads oF supermarkeats quali-



Fizd therm st important informa-
L users, but not as infarma
thor Imduistries.

As the phirmary functions
of the infarmatian induseries
awerlan, sa do the technologies
available to parform thess func
tiand. Thers ara many more
aliernate technalogical means
for creating, stocing, prodessing,
dtributing and wsing infarma.
tior: R phere ware at the cloe
of Wiarld War 11, ar évén just
fiwe years aga. (See Section 4]
Figura 2 illustrates in simple
forrn some of the shifts in
ehcices of information-handling
rmaciizs that have taken placs
sncs 1960,

The nead for 8 coherent
view ol infarmation systems, for
a loak at the procesies that mold
the structure and performance of

infarmation industries as a grown, -

can be best indicated by some of
the quastiond being ssked about
relaticnships within the group.

Many varied cambinaticn
af hitherio separate informatian
industries are pockaying for con-
trol af ald and Aew Turf. The
questions will be Fouwnd in Figurs
A 1abeted “Business Questions™,

Present differences in
structure, in jurisdiction, in legal
a=d ather traditions among the
informatian induwsteles are as
impartant to understanding how
their interacting atfects the pals.
lic a3 are tha growing similarities
of basie functions,

Zome of the information
irdustries, for example naws-
papers and tha telephone com-
paries, are primanly i the gei-
wate sectar, Others are aden-
tially in the public sector, like
1he Postal Service and the Fed
aral information institutions.
Ztill athers are mixed, ke librar-
igs angd schooling. Some, ine -
ing the telgphone and telegraph
comganies and the Postal Ser
vica, transfer inlormatson with:
gul exercising substantial coatral
aver what content flows among
umars, Others, includimg tedevi-
S0, Aewspapers, book publish:

ers and public schools ereate,
process and digeminate informa-
tian coatent,

Ditferent traditions af
gavernmant and other public
interventian apply, The sampe-
titive ook publishing and news-
paper industries have been affec-
e indirectly through devices
such as taxation of postal rates
iwhich side-sten judgments as
bateesen “warthy ™™ and “un
warthy® publicatians that might
interfera with the protection éx-
tended ta content by the First
Amendrnent) and directly as
through cersorship. The tele-
phona and telegraph companied
are monopolies subjected to
econamue requlation, but essen-
tially free fram intefvention as
1o contant, ouver wihich, in any
casa, they hawe littie contral,
Intervention in television con-
tanit is manifest through such
devices a5 the Fairness Dactrine
through gowernmeantal prassure,
and through the sctions of con-
sumer groups belare regulatory
agencies of the courts. The pui.
lie schaals are mstruments of
state and vl pal gQoverniments

Althaugh attention bo goy
erpmant redulation has tanded 1o
focus on such means as the Com-
raunications Act of 1924, which

created the FCC and on the eopy-

righit laws, the toals of govern:

ment that rray ar may not be

auprcised rangs fas wider, includ.

ing:

& Taxes

& Tax writenoffs

& Fegulavan of price, guality
ardd &8ty

& Standards

Resparch and deseslaprment

Frohibations, financial and

griminal fanetions

& Subsshes

® Rewards for innovation and
insEniion

& Incentives, 8.9, matching
funds

8 Model legisiation

& [mportfexport trade
manage ment

@ |nformatian exchamge

. e

What determines... 7 e

Whi shall delivar motion picture entertainment to the
public? Movie howsss, hotels, tabephone companias, over-the-
air broadcasters or cablecasters? Whether transportation or
telecommunications shall ba used to disseminate the pictures?
Whather the service shall be paid for by adwertisers, by the
wiewers directly, through private or public subsidies or by
ather means?

Whaether data vhall be carried from computer U0 s
puter or 1o and from terminals in bininesses or homes by tele-
phono companies, spacialized common carriars, cable televizion
syeterms, the Portal Sarvice, or private information delivery
services? Who shall own the terminals snd maintain them to
the users’ satisfaction?

Haw servicet to laarnars will be allocated amang the
schoals as we now know them, libraries, broadeast or cabila
television, publishers or new institutions, publie or private?

Who among the banking, tecurities, telephana, telegraph
irdisstries, the Postal Service and privats information delivery
services hall perform which information services? (For
example, some 0% of the matl deals with financial trans-
actions, so that the fates of the Postal Sarvice and of paymeant
mechanizms sre intimately linked.) With how much super-
vision by whom? The Federsl Communications Comemisgion,
the Seeurities and Exchange Commistian, the Federl
Resarve System, associated Congretsional sommittess or
state authirities? Whao shall set standards for medis and for-
mats of data tramsfer and storage?

Figure 3. Bamsineis quaiiions.

Transactians a5
[Mall eontalming checks, bills,
statements of account, purchase
arders, ete.
Advertising %
Corfespandencs 22%
Pertonal 13%
Business 5%
Gower nmant 4%
Magazinas and Newspapers 1%
berchandise 1%

Figure 4. What's in the mail?

What s n che mad ¥ Weenyg figunes Fram Towerg Poaesrl Execlience, the 196 ra-
gart & (ke Prasident’s Commission on Postal Orgasi parion, we min decuce the
Anigtence Gl @ large averlag berwaen imbormanion handlsng in gransacoions and
thie rroyls, Sorra S e céni ol &l eail g s2aled letgers. Thus, wea sae from Ehis
wabde than of sealsd |2138rs are prirdcily Eransacticns and correspondence, bwi:

ek of The lemar sarvice may b devoied (o Erenddclicaii.




What determfied ..« .
_ Whather broadeast traditions, publishing traditions or -
i telephone traditions respecting control over infer mation con:
tent shall pravail in cable talavision?

Whether the schoal board would pass on educational
materials to b shown on 8 TV channel in the way it now
| passet on textbooks used in the school? Whether the Federal
| Communicatioas Commission’s Fairness Doctring would
apply? What a teacher’s rights to twitch to a noncurriculum
dhannal might be? A student’s? A parent’s?

If the use of private facilities Tor state-approved learning
continues to grow, what shall govern the rights and the abliga-
tions ol teachers when, traditionally, private employers have
had much greater frendam in hiring and firing employees than
gehoo! boaards have?

What happens to rights of privacy or to rights of acosss
to information when the information itsell i transferred from
an institution following one set of traditions on this 1core to
ona following another? When the allocation of an information
function flows from ons industry 1o ancther? When informa-
tion held by an international organization moves across
national boundaries? .

if satellite surveys of natural resources move from
experiment to routing operation who shall operate such sys-
tams? Who shall have access to the infarmation abaut
natural resources and other data collected by these satellitas?
Whether operation and acoess shall be public? Private?
National? International?

-

Figure 5, Social and legal guestions.

# Ectablizhing or supporting
an imdustrial base by
GOV Rmen L purchase

& Institutional |meestian

# Gowernment contral or
monapoly

8 Building civil waorks

#® Propaganda

8 Fear

This ligting was adapted
from Joseph F. Coates, Stmectural
Failure: The Case of Local Gow
erament, 8 paper fortheoming in
Public Sctance.

Bacause of the differing
patterns of structure, perisdiction
and traclition among information
induzstries, a shift in the perfor.
mance of soma basic inlorma-
tion Function from ane informa-
tion industry 1o another entails
important secial and legal
guestiors and not only dassical
BCONOMIC questions about re
turns to scale, price-setting mech:
anismg and 50 on,

Still broader questions
arise wiven taking & more eecu-
lative langer point of view. Infor
mation, materlals and energy are
the fundamental resources e
sential to the physical and
spiritual well-being of every liv
ing creature. Protound wechnolo
gical changes characterize all

three realms. The already eanoe-
maus and still forthcoming in-
creazes in (ha capacity and
decreases in the cost of slectronic
infarmaticnprocessing dévices
can effase contemporary time
and distance on & global scale and
profoundly alter information
flew aver historical time, The
wery context of all other ques
thens may thereby be altered, a3
illustratzd by some af the long
range questions being asked,

In the opening discussion,
we To0k note of structurad m
tecials, transporiation and ener-
gy as precedents for the wider
choice among alternate maodes
now available in information
gysterma. But, in the United
States, structural materials are
primarily in the privete sactor,
witlle information sysiems are
spresd in g complexs pattérn
acrott the private and the pub-
lic s=cior. The procedents af
public intervention in trand
portation are not encouraging,
Erergy & in crisis.  |n any cagé,
a frazh objective look at some
bashe guestions is necessary and
tirmely,

THE INFORMATION
TECHNOLOGIES

e
-

The story of the growth since
Warld War 1l of altarmate techno-
logical and ingtitutional means
Far creating, storing, praocessing,
distributing and using informa-
thoan is mainly, thaugh Dy no
misans exelusively, the stary of
alactromics.

Figure B speaks valumes
ahouwt hiow pubilic and private
transacticns atfecting millians of
people gnd entailing massive in-
formation processing have in:
creased in the past three decades,
wiather driven by, or driving,

simultanesus adwances in infor
rmation technologies,

Advances in electronics
continmue swiltly in both the pri
vate snd the puldic sectors. For
axample, in the pubdic sectar,
defense research and deve’op
ment is stk an important factar
in electronics today, as it was in
the develapment of electranic
computers, According to 18510
many By 1he Pentagon’s Director
of Defense Research and Engi-
riaasing, “meles y-orisntod
plectromics techrmlagy continues



What detormines ... 7
 How patterns of aceass to information will be distribu-
tod among netions? Amang individusl citizens? What the
' likely effocts of different patterns will be on political and
i sconomie processes? Locally? Nationally? Globally?

How joint growth or wadeotf smong information and
tramportation functions will affect tha distribution of peopla
and of meaterial and energy resouroe?

How the very suppliers and users of information them-
selves will be altersd by changes in the means of learning? By
the changes in organizationsl structure and changes in the pat-

flow and eontrel of information?

tarn of power in arganizations associated with new patterns of

Figure 6, Long-range questions,

What are the implications for information users of
jockeying smaong old and newInformation arganizations for
i old end new information markets?
f What are the likely effects on information usars of in-
cressing or decreasing competition among obd and new infor-
| ration organizations?
| How does the traditional mixture of private nurptlum
| and public agencies perve Information users? What would be
the likely affects on users of shifting the allocation of any in-
farmation functions from one Industry or agency to ancther?
From the public sector to the private sector or ¥ice versa?
From national 1o international control or vice versa?

How responsive are traditional patterns of governmeantal
and other public intervention in information systems to the
needs or domands af infermation users? What would be the
likely effects of mxtending or curtailing intervention nationally ?
Internationally? What alternative pattarns are availabla? With
what lilkely effects?

What gaverns the nature and the rate of technological
mnovation in information systems: and with what likely effect
an informatjon wiers?

_T"g'_’I_"_E OF TRANSACTION ... . AVERAGE ANNUAL
f f - GROWTH 1“1}1!10
Checka Hrhtm ' BI%
: Tﬂmﬁunﬂhuu : B B2 -
“individual Social Security Fﬂ‘l’ﬂiﬂ“ 17.1
Individual faderal tax returns BA
Public welfars recipients 35
Airline papsengers 14.3
Persons entering hospitals for
traatmeant 3.8
Persans covered by private hospitali-
" zation insurance 9.5
~Motor wvahicle registratihons . R
Passparts lssued 16
Studerts enralled in colleges and
uRiveriitien 52
Applications received for federal
smployment ar
feew York Stock Exchange
transactions 8.3
Pisces of mail handlad,
1.5 Postal Sarvica 28
1.5, population 1.5
IS, gross national product a9

Figure 7. The Program’s basic questign.

Figure 8, Average annual growth of various transactions.

Ircraasis in the volume of anaul ransections, Adagted lram Alan F, fatin
and Michaal &, Baker, Derrhanks in & Free Socary [a cepary of the Camputes
Selence and Engeneering Board, Mations! Acsdemy of Scencil, Quadeanhe
Books, Mew York, 1972, po. T34-27_ The GNP growth raie i besed on GRP
axpiEseed o constant dallarc.




Ones wpon a time, telephon technology searmed tn_htm;_
what the telephone industry used to supply telephone service. ™
But the scientific and technalogical foundations of telephona
systems and of computer syitems are now merging st both
increashngly rely on the sama large-scale integrated digital
technolegy for thelr information transmission, storsge, pro-
cessing and contrel functions. The boundary batween the
talephonn syttem and computing has been the subject of &
major inquiry by the FCC, but the issue is still wide open.

Motion pictures onge meant anly film echnology, but
motion pictures are now routinely recorded, stored and played
back an eithar film or videstaps, often under the contnol of
computers, Digital recarding of pictures axists, but is not yet
routine, Ones wpon a time motion pietures had to ba physi-
cally “bicycled™ to thaatres. Now they may sl be electri-
cilly brosdeart aver the alr or sent over telaphane company
or cable television lines o theatres, hotels or homes.

Cakle telowision relies on coaxial cables fo retransmit
broadeast television material, induding mation pictures, bat
abio ralies on microwave wireless technology to captwre this
material. Coaxial cables are also a2 major element of the tele-
phone network whare they are used, among many other fung-
tions, 10 transmit tefevision pictures and computer data. Most
computers alsg incorporate some coaxial cable, And, coaxial
cabile is by mo means the only technalogy suitable for non-
bresdeart distribution of either television signals or computer
data.

Printing, once amociated exclusively with moveable,
reusable slugs of metal type, increasingly relies on computer
sided composition directly onto film. Some visions of future
home defivery of “newspapers” foreses an all-electric opera-
tion fram the moment @ news item leaves a reporter’s hand at
& keyboard, is transmitted over someona’s wire or wireless
service for display o an editor working at a TW-like screen,
is assembled with other materials in a compuier’s storage
predim and then is retransmitied over Someons's wire, micro-
wave link, light pipse, laser beam or whatever 1o the home tele-
vizion 18t of 8 reader who then has the option of capturing
the text permanently through some form of dry-copying or
printing technology.

The exparimental Mailgram service links glectrical trans-
mission by the private sector with en-foot transmission by the
public sector into a single systern, Customars of the telegraph
company with teleprinters on their premises ransmit messages
to post offices equipped with telaprinters where postal amploy-
g=y remove messages, place them i envelopes and put them in
the first elass mail stream.

—— T

Figure 3. Motes on marging technologies.
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1o e one of our Taspest moving
and mast productive areas of
applied research and devebop-
ment,"” scoounting for £218
millian or mearly 15 percent of
the 31 474 million budgeted for
the “total technology-hase of-
fort™ in fiscal year 1974,

The technalegical bases of
compuiers and telecommunica:
tions are increasingly similar and
both of thesa tocls are increas-
imgly pervasive as means far con-
tralling and linking hitharto sep-
arate  odd and mew technalagies,
The notes an merging technalo
gigs illustrate haw this is e major
factar in making the functicns
that infarmation indusorias per-
tarm and the techaologies they
usa both less distinguishatde
and more interchangeahle,

The inoreasing pervasive-
ness of slectronics owes much
to massive increases in capabili-
ty accompaniad by egually
massive decrasses in oo, both
in absolute terms and in com-
parison with older information
rechrmlagies, For examgple,
cemputing speed increased by
a factor of oo hundred million:
to-one e tween the 40's and the
70, By the erd af the decads,
a transistor cou'd “be zhowt as
cheap as a word printed on the
page of 4 hard-cover book.”"

The cost per component
imastly trandsstors) of the first
rudimentary integrated circuits
mada arcund 196D was about
ong dallar. By 1973, this
casl had dropped o abaut one
cent and it iz predicted e drap
1o absout 003 ceat by 1980, a
ratica ol thirty thousand-to-one
in two decades.? In the same

IJI.'.-hn 5. Foster, in ""Hearings on Sost
Escalsiicn in Bederse Procursment
Contracts and Wilicary Postuns and
HA 67227, Commimnaes on Srved Se
wigks, Pk ol Rapraiambatieeg, 330
Camngrdid, Firit Sdann, 1973, . 701,
Angiher gstimate hat it that “the
Fentagon's direct amd indirect ouilays
for electramics and mmaerias R&D wel
ton 3.2 nilllan ir liszal 1974 The
gl aparoarmataly $0% ol the Des
parimert ¢f Delfarye's 380 bilan in

time span, the nuwmber of cam-
panents per integrated cancult

Is expected 1o grow by a factor
betwean one hundred thousand
and ane million-to-one, Similas
factors in other dimensions are
illystrated in Figures 10 and 11.
Im electronics, large increases in
capability and large decreases in
o5t go hand-in-hand, alang with
significant increases inoreliability.

At prasent, many of the s
Formatian rrdustries do ot pro-
duce ar contral the production
of their techralogy. A notable
exception i the telephans in-
duitry. American Telephone and
Telegmaph owns Ball Labara-
raries and Western Electrie far
resgarch, development and manu-
'f.:l:turirrg. General Telephana
and Electronics owns GTE Labo-
ratarigs, Automatic Electrie,

o LemEurt amd Syluara,

The details and Erénds of
comman control patterns wary
amanyg majors information tech-
nolagy suppleers such as Eastrmar
Kadak, Hughes, 1848, RCA, Xe
rio, gtc. But, with seme axcap-
tons [see Figure 12}, these sup-
pliers now are ganerally sull
distinguishabyle jboth by fune-
tian and institutsonallyl from
tha industries whose autput is
information itself, The struc-
ture and performance of theie
supplying industries is a matger
af clear irmaortancs te the Pra-
grarm since the relationship be-
vamen technology suppliers
and information systems (4 &
major factor sn understameing
how patterns of competition,
tunction allocation ang pasblic
intervention in the informatian
industries affaet the publie.

planrd RAD exgendiswies bar (e
wear, 15 ot anly the largest R&D ouk-
law by far of any Federal Agency, 115
glectranics conteni exoeeds Shai ol all
gy agenciEs combired. . in face.Fed
eral sunpart of elecironics technology
i W% gErvsie a5 alecrronecs icseld "
Elveprarmics, ot T5, 1973, o, 200

2l.l'.nllu.r-'. L Hittenger, “Mietal - Owide
Samigareiucrar Technalogy™, Sceen-
iffar Arrdieae, Miaguse, 1973, p. 4841,
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Figurz 10. Costs of alternate methods of information trindmision.

Cot trench foe peorestiad franesnissian ol infarmation are down while carmying
capacity = up. Faired cable & the arigingl telephone tedtnalsy 4000 in e
e ptners ars lader developments. The increases in 1he hardling cepacty of
the Four tramsmission systers represent develppments cwver time as well S
technical imorovements. The invEsimen: costs are expresed o 3 réngs, This
ehart is odaored from s1all papens prepared far che Presicent’s Task Foroe an
Communications Policy. 1968,
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ACCESSTIMES . ..
N
Typical today: - L A R AT
Millions of bits 10-100 milliseconds (10°3
e}
Expacted in future:
12 1 Billion {10%) bits 1-100 microseconds (10°6
sae)
to at least 100 milliseconds {10-3
1000 billhomn bits wae |
o perhaps 110 seeonds
100,000 bilkion bits

TYPICAL ON-LINE CAPACITIES

¥ 8 Tape unin 1-6 billion (109) bits

£ 8 Disk units 1-5 billion bits

¢ 1BM Photo-digital store 500 billian bits

E Precisian Instrument Co. 1000 billion bits

£ Unicon 690

v New™ disks 4-20 billion bits

E Optical technology 100-10,000 billion bits

£ Elactrom beam tachnclogy  100-1,000,000 billion bits

SOME ROUGH COSTS
0.1-10 miien {109 bits/

Papar

dollar
Micrafilm 1-100 million bits/daliar
Prasent dishks 10,000 bits/dellar

Future high capacity stores 1-100 million bits/daliar

Figure 11, Information scoess time, storage capacity and costs.

The cadacity for handling infarmation will griw sancrsausly in the nese 3
years, judging from che pechnologioel innauetiony alssachy in tha warks. Com
peurers pracesd mlarmanch o “hits”, sach repressnteng a Cyms-or-nG' ankwer.
ar iFa pnfor mation regpeesenied By @ dengle hoke 0 @ puached card. It may take
peymral bits 1o erpress a word ar nurber, Scoiid 1 e nldrmarion —making 1w
feom the cimaules S1orege capeoty and teanging i1 to the ares ol ke magh:
ina where 1o be manogulaled — 4 measdred ineha numioer of kit that can ba
raqridryaed im @ geeem e “Ovi-lane” capacity mepdures i araeal of anformas-
tipm dhat can b8 kepr on the mackine, companhle (o dhd caac®y oF S0 o
maric pharoagraph af a juke box. To ger ar marg miormaiion yiu e 0o
crgnge storage unify rammEltly. The new rechnologees referred 1o utifioe mag-
mEtie Bubibbes, |amery, Fologreping or deceron geams, which permit the packing
of larger amounts of I nformatian ines irdller ipacas. Ag 1or 1k oot measurd, 8
primary disadvaniage of the misalilm or punched papds rechnolagies s 3k
the mechiurn @f s10re0e cannot be renewed, Extimates ded by Jofin W Wesl,
Ayrs Srovage amg Darabasss— Tachmoad fmpdications far fhe Future, presantad
at Imstidui ce la Wee Conlerencs, Bordeaws, 1870

PROGRAM STRATEGIES
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Az this boaklet indicates, the Pro- Mo other sort of researeh i

gram on Information Technaola-
gies and Public Policy has chosen
an uncommonly broad field of
study. The alm is 1o develop an
undarstanding of the infarma.
tion industrics and o use that
wnderstanding to i lluminate
public discusions of informa:
tion padiey. Since the informa-
tion industries have hardly

been sthdied as a group, and
sinca thare are hardly sy dis-
cussions of information policy
as such in the public realm ar
present, 0w Slrategic considera-
s have baen essential.

Howe aré we 1o proceéed
in msking a field of study out of
this prefusion of institutions and
technoloaghes, mailmen and
saldiery, pragrammers and movia
producers? How we did in fact
proceed (3 the subject of 3 come
panion bookler, The Program
Year i Raveew, Bul we will note
here the principles that guicle wi.

First, we hawe ral dives
siiy with diversity . WWe have
saught to dewelop the closest
cofseratean among specialists
and generalists of the maolt var-
iod kinds from inside and out-
sude the university, from gos
ernmant and mndustry. By
brirging thase people rogether
wer hope to develap & COMMmon
language for discussian af infar-
mation problems, & cormmman
language, we hope, wil | overcome
further Iragmentation of know:
ledge, and foster a reasanad 19+
rarplay of conflicting philoso-
phi=s, apinions and points of
vigww, Not Lo mentsen prajedices
and articles ot faith.

Wae are aware that “iker-
dhiaciplinary ™ s the first ward
that an infant research program
learns, bat wee simply could Rot
procead of wee wers not able to
supper each otner's endeavors

feasible in this Yiekd.

Any research wark has a
tendency to sprawl and imterdis-
ciplinary wark in a new broad
fiald of study is hardly an ex-
ception. Ouwr second strategic
prinzigle then has been to
attempt to keep each research
prajest within managezble poo-
portians and to allocate research
efforts so that the projects sup-
port each othar and ara suitable
to being drawn together inan
approach to theary .

Thar great i mosrtance of
the sformation issues and the
current low Jevel of public dis
gussion ol them encouraged the
farmulation of our third strategic
principle, that resparch projects
should be formulated in ways
that help specify and assess poli-
oy options and thair likaly
effects on the public. & corallary
principle hasg bean that the Pra-
gram should not only produce
conventignal scholarly publica-
tions, but alzo material ina form
pmelul and incelligible po the gen-
eral puhblic,

Qur final strategic principle
s aimed at assuring that the Pro
gram's work represents both in
tellectual independence and
rirmely resgonsivenass to specific
niseds for knowledgs, Thus, we
hawe sought and continue o seek
funding from multiole private
and public sources and aim at
a balance betwesn general con-
riautions to foster indepencence
and praject monay that will make
tor resparsiveness, This variety
of funding methods will, we
hoge, forestall the complacency
that can result from ganaral
funding and the servile hustling
thar projecs-oriented fund raiding
somaetirEs entails
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Figure 12, Hardware/software cost trends

Hirdvware/Software eodt tramds in computer WWECEms $how a promouwnced whit
rovwa rd @ highar croparton of sobveare eoses. The rasks that any particular
compuli yyitem sciuslly dods &F apacilimd only in 28E Dy oy (M phyiacal
sysierm (hgrchwars] s buikt, Programs of enstructioni s ftvisral moar b e -
10 e gyvbem o camplebs the specilication, Thiy comglamaniarity Lo, in-
desd, interchangeshill sy ) of hardwsare and softwere blues the bourdery betwesn
mehnodogy suppliers ana the computer safoware supply induibry, which s
eourt amoang the information indimerios. The trend estimates are by Barry
Bowhm, in Softwars amd fo impect: A Queatiarin Aasssment. AAND papes
PADAT, Decamir 1972 5 & i
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