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ECONOMIES OF SCALE IN COMPUTER USE:
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Abstract

This study is concerned with the existence of economies
of scale in the production of data processing and other
computing services, and the possible regulatory and public
policy implications of such economies.

The rapid development of the technology of computation
since the Second World War has raised many questions as to
the supervision by public authorities of the use and
progress of this technology. A study was initiated by the
Federal Communications Commission in 1966 in an effort to
consider that Commission's role in the production and
distribution of computing services where the use of
communications facilities, supplied by regulated carriers,
forms an integral part of the computing system. The present
investigation is concerned with the production of computing
services per se; the direction that public policy takes will
be greatly dependent upon the nature of the production of
computing services, and perhaps secondarily upon the
interdependence between computer systems and the
communications suppliers.

The relative economies of the use of large computing
systems have been known for some time, in terms of the
relationship between some measure of the quantity of output
of a machine and its cost. Indeed, it is demonstrated here
that, when one considers, in addition to the cost of the
computer hardware itself, the various categories of
operating expenses associated with a computer installation,
the relative advantages of large facilities become even more
significant.

*This report reproduces a thesis of the same title
submitted to the Alfred P. Sloan School of Management,
Massachusetts -Institute of Technology, in partial-
fulfillment of the regquirements for the degree of
Doctor of Philosophy, June 1969.
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Yet the evidence would seem to indicate that, despite
- these apparent efficiencies of large systems, the
overwhelming majority of installed computers were generally
fairly small operations. In an attempt to-determine whether
actual experlence of users was ‘that, ‘all thlngs ‘considered,
there were no true economies of large size, an analysis was
made of data on nearly 10,000 -computers installed at firms
in manufacturing industries, usging the survival technique,
which uses market experience as a basis for studying levels
of optimum plant size. The results of this analysis
suggested that ‘users did operate : éomputens a8 if there were
significant economles of scale 1n thelr use.

None of the ev1dence, in fact,‘suggested that even the
largest size system available today is the . most .efficient
possible size of "plant"; hence, the key 1mp11cat10n for the
formulation of regulatory policy toward the computer is that
such policy should encourage, to the greatest possible
extent, the shared use of large sy%tems by these who require
computlng services. Those barriers thét do exlst whlch tend
_ to mitigate such shared. .use ahculd be reduced or elm;nated
~ Public utility status would be-;nd&cated,only if the costs
associated with shared computer use - -distxibution, software
development, system overhead and admlnlstratlon - are less
~than the potential direct savings ‘resulting ‘from use of
“large systems. ‘This is at least as ‘muach a"technologlcal
problem ‘as it is regulatcry, the futufe of*the computer
utility concept will thus be . dependent npon thg degreé to
Whlch technology can reduce costs in. these categorles.
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CHAPTER ONE
COMPUTERS AND PUBLIC POLICY

INTRODUCTION

Much discussion is presently taking place regarding the
issue of possible regulation of computer services as a
"public utility"” in a manner similar to that characteristic
of the electric power, gas, transportation and
communications industries., This study is concerned with one
posstbie basis for such regulation - the existence of
significant economies of scale in the production of
computing services.

A general background of the various issues involved is
presented in this chapter. Chapter two examines the direct
operating cost side of the production of computing services,
and concludes that there are definite economies in the use
of large size facilities, although various Institutional and
technological factors may prevent end-users from taking full
advantage of them,

In an attempt to determine the extent of economies of
scale in practice, an analysis was made of computer usage
patterns in manufacturing industries. The results of this
study, which are reported in Chapter three, do indeed
suggest the existence of noticable economies of scale in the

production of computing services, Indeed, it Is concluded
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that the optimum size of computer plant may be greater than
even the largest machines in use today., Hence, Chapter four
concludes the study by suggesting that public policy should
be directed toward reduction of the barriers that tend to
prevent use of larger more efflicient systems by groups of
individual users., However, it is pointed out that there are
costs associated with multi-user éharfng of a‘\arge sistem
that may not be present when such a sYstém IS operated by
and for only one user organization. These costs must be
less than the adVantéges assoclétéd with the lérge éystems
in order not to merely offset an eéoﬁ&ﬁ? with a diseconomy

in the use of large facilities.

BACKGROUND OF THE PROBLEM

In November, 1966 the Federal GCommunications Commission
announced that its Common Carrier Bureau was uyndertaking an
extensive inquiry aimed at determining what, If .any,
interdependenclies exist betﬂeen the computer and
communications industries, and to what extent, if any, such
interdependence warrants regulatory action by the Commission
or some other regulatory body, (1)

The "Computer inquiry," as it Is.commonly called, was
given impetus as a result of several significant .
developments in the technology of information processing in
recent years. Since the Second World War, when military
requirements resulted in the first really lmportant

innovations in the development of~cgmpu;lng machinery, the
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extent to which such devices have taken up key positions in
the economic, social and political 1ife of this country has
been quite remarkable, espécially when one considers that
all of this happened In less than two decades.

As the computer's role in the nation's -1ife has assumed
greater import, so too has the need for sound public policy
toward§ the machine, and its implementation on a fairly
general level, become more urgent. Although there is,
today, a considerable amount of interest in the problem of
public policy formulation covering the technology of data
processing, much of it has been stimulated by the
aforementioned FCC study. As a resg}t, the questions
currently being considered by those studying the overall
issues of public policy toward data processing have been
those raised by the Commission. (2~6)

The intrinsic importance of the questions raised by the

Commission cannot be underrated; however, in a sense they do
stem from perhaps the wrong direction. The regulatory
implications of the interdependence between computer systems
and communications companies forms hut one aspect of the
overall issue of public policy toward the computer.
(Another issue Af at least equal importance is the matter of
personal privacy protection from potentially uncontrollable
computer-based data banks of the Orwellian variety.) Others
include such anti-trust matters as company slze, market

share and marketing practlces; such technical issues as
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programming language standardizatlon, machine specificatlon
and design standardization; and of course the issue of
privacy raised by the possibility of the Federal Government
installing and maintaining a "National Data Bank'" covering
all individuals and organizations. The communication
issues, as raised by the FCC, do have some particular
significance insofar as one key development in compute;
technology is concerned: the remote access, time~-shared
computer system, Such facilities provide for simultaneous
usage of large computing systems by a number of Individual
users, often doing a number of individual, and different,
things, all connected dirgctly to the computer by
té]ecommunications facilities usually supplied by a
communications common carrier.

The intrinsic importance of the time-shared computer Is
that (a) it has the potential for making available to users
of modest means a (possibly) large computer system at a éost
that is based upon the quantity of service actually obtalned
(7); (b) to the extent that there are economies of scale In
the production of computing services, the_shared use of
computing facllitles may bring down the average cost of
computer usage; (c) extensive use of such syséems can
replace and to some extent render obsolete some portions of
the installed communications plant now operated under
exclusive franchise by communications carriers; and (d)

because the computer's services may be '"piped in'" to the end
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‘user's location via communications lines, the limit of
possible applicatlon areas for such systems hecomes bound
only by man's imagination, : e

In a sense, none of these attributes of time-shared
computer systems are new to.the computer field. A user of
modest means could always purchase computing services from a
firm specifically established to onovlde;themvhor from
another user who did maintain-his own -in~house computing
facility. Shared use of large machines might have enabled
many individual users to ebtain the henefits of -the scale ..
economies: In the operation of machines of thls size.
Computers have been slowly replaclng many iconventional forms
of coomunication, replacling written notes and spoken words
with specially deslgned messages that modlfy a data base or
cause some speclflc actlon to be taken. Flnally, wlth the |
increased experlence ln the use of computers,'there would
seem to be virtually no llmlt, even wlthout remote access,'
time- shared systems, to whlch this technology could be |
applied. | S

Hence the tlme-sharlng development has not really
created any new problems and ralsed any new qoestlons -1t
has served to brlng several dormant lssues out lnto the
open., Tlme-sharlng malnly Increases the axgllahlllsx of

FE

computing machlnery, and as the computer becomes more

CTEE R

available, as it enters more areas of llfe, the concerns

over how lt should be controlled and regulated multlply.'
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There are, in fact, two categories of regulatory issues
that have been raised. One concerns varlous operating
practices of the computer Industry and computer end-users,
and includes such Issues as technical ;standardization,
personal privacy, sales practices of computer manufacturers,
etc. The second set of issues, certalnly not unreltated to.
the first but nonetheless ldentiflable as a - distinct problem
area, is the question of poss!blevpubthc utlllity status for
suppliers of computing services, along:similar llines as
practiced in the natural gas, elaéctric spower, transportation
and communicattons industries. The study reported-here was

principally concerned wtth~the»¥s¢ttr*groapwof issues.,

NATURAL MONOPOLY AND THE PUBLIC UTlLITY CONCEPT
John Stuart Mill observed in 18&8 that (a) gas and

water service in London could be suppl!ed at lower cost if
the dupllcation of factlitles by competttlve flrms were
avolded, and (b) that ln such clrcumstances, competition was
unstable and lnevltably replaced by monopoly (8).= Mill thus
noted that, under certaln cond!ttons, :he forces of market
ompetitlon would not result in either the lowest posslble
cost or the best service to the communlty.x The condlttons
may be met when the production functlon for a g!ven Industry
is characterlzed by slgnlflcant long-run decreaslng average
costs, | ., economies of scale. Nhere productlon of goods

or services may be accomp\Ished at substant!ally lower cost

if done iIn large quanttties, it is Inevitable that larger B
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sized firms will be able to produce and sell their output at
lower cost, thereby driving out smaller producers. If,
instead of operating under a competitive environment, the
industries characterized by economies of scale were forced
to operate under conditions of monopoly, then the potential
duplication and waste resulting from competition might be
avoided. In its place, however, would be a monepolist who
could exact monopoly prices from the community and engage in
other monopoly practices. Hence, some substitute for the
forces of competition I's . in order. Such :a substltute has
historically taken the form of some government regulatary
body charged with the responsibility of safeguarding the
public interest. Generally, such bodies ‘have permitted the
"natural monopoly" to earn only a “reasonable return” on-its
investment, in exchange for an exclusive franchise to serve
the public with whatever type of service it provides.

The existence of substantial economies of scale is not
a sufficient condition for regulation, however. One
additional test that must be met Is that of necessity - the
output of the firms in the industry mist be necessary to the
public good. (An Industry that has a decreaslng cost
production function but does not produce a necessary good or
service is, ln effect, competing wlth other Industries that
produce non-necessary goods or servlces for the buyers
money, and, as a result, the publ!c does not need to be}

protected from possible monopoltstlc practlces ) (8 9)
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This study has, as its primary objective, the
determination of the extent to which. the tradittonal concept
of public utility regulation may be applied. to the provision
of computer services, To thlis end, the -primary emphasis [s
placed upon the question of ‘the existence of significant
economies of scale.

it would be difficult for anyone to deny the fact that.
computing services are necessary servicés; they have
attained this status over the past two decades by the extent
to which computers have taken up lmportant positions In so
many aspects of social and business life. Lf computing
services may be more efficiently supplied by a regulated,
"natural monopoly" than by free competltion, as Is the
practice today, then public policy must be directed toward
the creation of a matural monopoly status.for computer
services. However, If such economies cannot be
demonstrated, than public policy must safeguard the freedom
of competition in the provision of such services by
preventing any monopcly in part or all of -the.computer

industry from being formed.

THE COMPUTER SERV!CE !NDUSTRY 7

The "Computer Servlce lndustry“ Is deflned, for the
present study, as consisting of all “plants" that producexf
computing servlces. Such plants need not be independent -
computer servlce ftrms, such as servlce bureaus or o

datacenters, although these flrms certalnly form part of the
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industry as defined here. All computers, whether operated
as in-house facilities by the end-user ‘organfzation or by
firms specifically ortani:edﬁfd,sdbﬁﬁy'suéﬁfiérvices to
others, constitute the computer service iﬁ3§§iry;

THis "I'ndustry" is considered as including all computer
serviceiptdducingfplaﬁts'béqausgvin éffeét“iﬁy;ehd;QsQr of
such services has, avallable to him, the optiéh of.éithér
purchasing the required services from an oui$l&§'sUpp1!er'oi
producing them with an in-house faciltty. Under this
definntion, at the end of 1968 there wgre some 5&,000 plants

producing computing services in the United States.’ (10)




(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)
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CHAPTER: TWO
ECONOMICS OF COMPUTER SYSTEM OPERATION

INTRODUCTION

It has generally been asserted that tKere are certaln
economies assoclated with the use of large slze data
processing systems. The purpose of the present chapter Is
to examine the relative validity of the varfous contentlons
made, and to provide a basis for an examination of the
patterns of computer use In manufacturing Industries, the
subject of Chapter three. S o :

We consider flrst the previous work in this field =
Grosch's Law and the research by Krfght 6n the subject of
computer performance vs. cost. Next, ‘the results of an
analysis of cost patterns of computer Installatfons In the
Federal Government is presented, with the conclusian that,
when one includes in the cost of operating s computing
center all cost categories, not jusf‘mééhfﬁeﬁ?ent, the
magnitude of the economles of scale become even more
pronounced. Finally, this chapter considers several
possible bases for (short-run) diseconomies that may exist
in the provision of computing Sef9fées;;wﬁf3h may minimize
the impact of the scale economies as reflected in the

pattern of direct costs.

19
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ECONOMIES OF SCALE IN COMPUTER HARDWARE

In the late 1940's, Herbert Grosch proposed a
relationship between hardware cost, and ‘quant ity of
computation that could be provided by the hardware. This
relatloqshjp, which has slncembegome&knownlgg_Groscn's,Law,
states that |

Computing Power = C + ( System cost )f?h o ,ng)r
where C is a cons;gnt»4etermlned by the leyel of
technological development, , L
Thus, according to Grosch's Law,. it would be posslb!e to
obtain a computer with four times the 29?"%§"w§5~99'y:§b°%f,
twice the cost.{ , v ' RIPT 3» g' |

_Kenneth E. Knight sought to consider the lmpllcatlons
of this relationship In 1ight of;gqaqgeshipeggchqqgosx- o
(1,2) * Certainly, It was true that newer computer models.
were often:mqre_qqstlx,,eqd sqpsgaqg[glly @gggﬁpqwerful'
than their predecessors. (KnighgfsefLQQIggsxqere_thag indeed
Grosch?swLaw.gas&sg!II valid, even UQQQEEQQleQ'Q"S of
changing technology, By holding etécfgs'gj,@s!éo.-estent by
considering all quels introegeed [Q;any;oneJyear
seperately, Knight ;_d¢te!f,"_ﬂ"e'd, that the exponent was more
like 2.5 for,scieh;lfic applications and }&i%fqr eommerela[
applicatlons. (2, p. 35). | * _ f

it Is not clear, of course, whether or. not the prlces
of computers reflect costs of development and production, or

whether or not the computer manufacturers conscliously
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establish prices for their. products #n accordance with some
relatlonshlp of this type. However, to- the extent that.
there are now a falrly~large number-of hardware system
suppliers, one might be willing to discount any overt
prlclng decision based upon performance rather than cost.
(Although 1t is certainly valid that, wlthln amslngle |
manufacturer s product llne prlce ls based upon relative
performance, to at least some extent.l | ‘ |

Besides the dlrect, somewhat measurable economles

proposed by Knlght, there may be certaln other economles

= b

assoclated wlth relatlvely large systems that are not

generally avallable ln the smaller models. Thls ls F] result

T

of the development of the technlques of multlprogrammlng and ”

RIS R W |

ultlprocesslng. Any zlven program belng executed on a

-

computer wlll, at varlous tlmes, requlre use of dlfferent

E R s \; SRS X AT N O S O

components assoclated wlth the computer system.

Tradltlonally, when one component was ln use by the prozram,

N

the others would remaln ldle. (The computer had a o

"one-track" mlnd, concernlng ltself wlth but one thlng at a

fo -

‘f}f::rl N ";,s&

tlme.) However, lt ls now. posslble for several programs to

B

i

be run on a machlne slmultaneously, elther vla a batch
processlng or remoteqaccess tlme-sharlng opera;lon. Under
such a procedure, when any one program ls uslng one‘w
component and leavlng the others ldle, these mlght be made
available to other prozrems, thereby lncreaslnz overall

system throughput. of course, there are costs assoclated
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with this procedure, and these must be weighed-against the - .-
benefits. In general, the larger. the machine, the greater
the opportunity for savings._under a multiprogramming

environment.

ECONOMIES OF SYSTEM OPERATION

Hardware costs represent, however, only one part of
total costs |ncurred In the course of runnlng a computer
lnstallatlon. Other cost categorles lnclude perlpheral

devices, keypunchlng and other data collectlon actlvltles,

=L E T

programming support personnel, system management personnel,

physical slte facilities, alr condltlonlng, malntenance,

magnetic tapes and dlsk packs, and expendable supplles such

as punched cards, contlnuous forms, and the llke.' ln

general, these costs wlll rlse as hardware cost rlses, slnce

'} BTN \ﬁ L L : oy

a larger operatlon ls needed to support a larger slze
machxne. To determlne the exact nature of the relatlonshlp

between computer system rental and total operatlng costs, we

“ ceini oabzsmas

analyzed cost data on 1 039 computer Installations ln

Y

service withln the Federal Government, ln both clvlllan and

LE SR 5 £ N F T T

mllltary establlshments. lnterestlngly (and somewhat
surprlslngly) |t was dlscoveredythat, at least wlthln the
Federal Government, the rate of lncrease ln overall |
operatlng expenses is slgugz than the rate of lncrease ln
hardware system rent.{ Thls would sugzest that, desplte the
increased staff and operatlng facllltles requlred to support o

a large system, and desplte the exponentlally lncreaslng




23

capabilities of larger systems, the average total cost per
unit of computation decreases even faster when all expenses
are considered than when only hardware rent is considered.

The analysis revealed the following relationship
between rent (R) and total operating expenses (X):

In (X) = 1.9016 + ,7657 In (R) : - €2)

Table I1-1 presents a summary of average rent and
operating expenses for Federal Govermment installations
divided into eight size classes. Some of these
installations may contain several different computer
systems. The curve that was tttted to these data is
plotted, along with the actual data points, in Chart !l-l.

The same analysls was made for Federal Government
installations with two or fewer computer systems, in an
attempt to lsolate the operatlng costs of runnlng a slngle
|nstallation. (ln lnstallatlons wlth two systems, one Is
most often operated as a sate]llte of the other, usuallv
larger, system ) Here the rate of decllne of total
operating expenses versus har#dware system rent was even
faster than in the previous case, suggesting again that the |
number of systems may be of Jjust as much signif!cance as the
size of the system in determin!ng the amount of operating
expenses required. These results are presented In Table
11-2 and Chart ll-2. (Details of both regresslon analyses

are presented in Table 11-3,)




24

The direct applicability of the data on computer
installations in the Federal Government to commercial,
non-government operation may be subject to- some question.
Indeed, there are several differences in Federal Government
accounting practices vis-a=vis commerclial-practices that may-
alter the magnitudes of the costs reported; These are
considered: in somewhat more detall in the Appendix.

However, it is quite unlikely that any:-differences are other
than in the magnitudes of the figures Invoived, and the
basic trend that was uncovered from. this data is probably

quite valid generally.

KNOWN DISECONOMIES IN COMPUTER OPERATION
The cost flsures presented by Knlght and by the author \
are deflc!ent in that they generally refer to dtrectly | o
applicable cost categorles that are charged d!rectly to
computing center ooeratlon, and wtthln that to routlne
operation. ln fact, this ls not suff!ctent because the‘
computer directly affects many other categorles of costs
within an organlzatlon. 7 o ;_ -
Certannly, some of these other cost categorles ought to
have very llttIe to do wIth the relatlve slze of the '
comput!ng system, but may be affected by the results, or
output, of the computer s operatlon.‘ However, certain other
costs are more dlrectly affected, and“these are consldered

here.
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% Many” end~users of-

computer systems consider 1t essential that they be able to
control the activities of the computer Installation;: hence.
they demand that the computer they use be an in-house

facility. There may be several reasons for-this feeling, : -

some of which may have greater validi ty: than others: first,

to the extent that the computer 18 still a novelty in many

facets of Industrial actlivity, there is-an important: element

of prestige associated with havi ng one's own:system, without -

having to deal”withr'som'e;ou*fstid'é«’siwo’lﬁifer.‘ " Then there: ts: . ..

the concern over security of the data- ft les maintained by
the machine, and the bellef: that such: seturity tould hot:be

guaranteed were the organization to contract with some other..

source for computing services. There*1s also the desire to. .

have the computer available on a priority basis when needed, . -

something which a service bureaw might not bk able to
guarantee, In any: event, whatever:the: vali dity. of  these -
reasons, many end-users have deen of the: view that, since
the cost of the computer was sach a shall part of: total
company expenses, and, since the cost of ‘the:machine was
possibly justified on:the basis of perhaps only one -
application, there was ne reason to be concerned about
saving some money and sharing-a larger inachine with other

firms, some of whom might even:be’ competitors, -

General use of large size; more effieient machines is
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mitigated by the existence of certain technological and
institutional factors In the computer service industry.
First, virtually every computer application in existence,
and there are perhaps over 100,000 distinct applications In
operation, is unique to at least some degree. Even the most
common, pedestrian applications, such:as payroll accounting,
accounts receivable billing and accounts payable processing,
are usually designed especially for the end-user firm.
Moreover, once a user hes committed resources to the
development of an application program package for one
machine type, he often must amortize this Investment over 2
certain time period, lrrespective of other economles of .
routine operation that he might-realize by-a switch to some
other model. Such.a process is often cestly and. is not done
wlthout considerable justification in most: instances.

Two opposing forces have been-developing that might
perhaps modify this situation in- time, One is. the fact that
newly developed applications are often far more complex, and
hence far more expensive to implgmen&,‘thanqpreviously
existing uses. However, at the same time, new developments
in software may make the development of new applications,
and the conversion of old ones to different machines, a less
arduous task. A new software industry is only now beginning
to pass along economies of software development to Its
clients by, in effect, sharing development costs of 2

package among several of them. The software firm writes the
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basic programs in a fairly machine-independent format, and
then implements the program individually on each client's
system. In the past, end~-users usually wrote their own
applications programs from scratch, since there was no easy
means of modifying a preexisting program without, In many
cases, pirating the programmers from the organlization where
it was written.

standardization. There Is relatively little of
significance In the way of standardization within the
computer manufacturing industry. Programs written on one
machine will usually not run on' a machine of some other
type; indeed the program may not .even run on another machline
of the same type! On the sof tware side, programming
languages have achlieved some degree of standardization, but
the standard is rarely implemented on a widespread basis, A
case in point Is~therASA~Standard'FORTRAN?&V”ianguage‘
specifications, which seek to provide a uniform language for
all FORTRAN programs. This standard has, in practice, been .
used as a minimum, rather than an optimum, by the
manufacturers and users. Many have developed their own
versions of FORTRAN 1V that include additional capabitities.
The effect of this Is that a program written in:the expanded
version.cannot be run on anaother system -that does nat use.
the same expanded version; the adoption of a:standard _here

has been virtually worthless. i S s
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it does not follow, hOWever,'thatmthjs~!s necessérily
undesirable. Adoption of a firm standard by the computer
field would necessarily act as an impediment to innovation
and development. In the FORTRAN example just cited, many of
the "added" features are qutte;usefui,and~iﬁbortant; they.
might not have been Introduced at all i1f the standard was
firmly adhered to. The value of setting standards must- be
weighed against the value of innovative freedom. - In an
industry so characterized by lﬁnovaxien; adoption-of firm
standards would seem to be premature at:-this time. Hence,
the diseconomies assoclated with the necessity for a user to-
adhere to his present machine as long as possibie will stitl
be present for some:-time to eome.: L e

Diseconomies of Sharing. It was suggested earlier that
there were advantages, as well as:costs, assoclated with the
technique of multiprogramming a large computer.  These
"costs of sharing" arise in both technical and operational
ways, some of which may never actually show up on any user's
books. Technically, additlonal hardware-isvreduiced to
support a muitiprogramming environment. The.cost of such
hardware may often exceed the cost of the:basic processing
capability. In another study-(3) |t was learned, for
example, that the “sharing overhead": compenents in:_.one major

time-sharing system then under development: would be about

65% of total hardware cost, not to mention:such additional - -

cost factors as communications facilitles, and the cost of
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writing the software for the system, perhaps. as. high. as $6.
miltlion. .

From the operational standpoint, the user of a remotely
located computing facility must lneue‘certata;eosts'ln;oréer
to gain access to the machine., If it is-a time-shared,
remote .access system, he must contract for communications
services from a common carrier, and lease a remote access
terminal device. If the service involved is a batch
processing system, the user must arrange for plckup and
delivery of his jobs, and must bear the cost of any

inconvenicnce that may result from some delay in transit.

CONCLUSION

From the foregoing, we conclude that although there are
certain obvious and significant economies in the operation
of a computing facility that would tend to make large
systems far more efficient than small ones. We have also
observed that there are certain factors that may negate any
such efficlencles,

Thus we must ascertain the extent of actual economies
of scale jn practice. To accomplish this, an analysis was
made of acquisition practices of firms in the manufacturing
“industries to determine whether they were acting as if the
economies did outweigh the diseconomles, or vice versa.
Although few of the installations studied operate in a
time-sharing type of environment, the analysis does present

a basls for assessing the nature of demand for computing
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services in manufacturing industries, based upon the
presently existing structure of costs for such services. |If
economies of scale exist under the present technology, then
the more widespread use of shared facilities will serve to
increase the efficliency with which this equipment is used.

The results of this analysis are the subject of the next

chapter,
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TABLE 11=-3
RESULTS OF REGRESSION ANALYSES

1. LOR(SYSTOT) = AO+Al+LOG(SYSRNT) §$,

NOB = 8 -NOVAR = 2

RANGE 1 1 8 1

REGR4

RSQ = 0.9975 SER = 0.0718 SSR = 0.0309
F(1/6) = 2437,8990 DW(Q) = 3.0744

COEF VALUE ST FR T-STAT

Al 0.7657 0,0155 49,3751

AQ 1,9016 0.0521 36.4693

a. All Federal Government Installations

1, LOR(SYSTOT) = AO+A1~LOG(SYSRNT) §,

NOB = 8 NOVAR = 2

RANGE 1 1 8 1

RFGRY4

RSQ = 0.9924 SER = 0.1143 SSR = 0.0784
F(1/6) = 784,3572 DW(0) = 1,9961

COEF VALUE ST ER T=-STAT

Al 0.7050 0.0252 28,0064

A0 1,.934% 0.0837 23,1157

b. installations with 2 or Fewer Computers
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CHAPTER THREE
OPTIMUM PLANT SIZE IN THE COMPUTER SERVICE INDUSTRY

THE SURVIVAL PRINCIPLE
The last chapter considered the determination of
relative economies of scale in the provision of computing
_services by an analysis of relevant cost areas and by
consideration of known short-run diseconomies which might
act as detriments to obtalning the fullest cost advantages
of the use of large scale computer systems. The present
chapter considers the question of economies of scale by’
attempting to determine the dp@lmum plant size in the
- computer service industry. A plant Is defined as a srhgle
computer system, although severél;such systems might be in
operation within a single installation. '
in considering the question of optimum planﬁ slze,
Stigler (1) noted that:
An efficient size of firm . . . Is 6he that meets any
and all problems the entrepreneur actually faces:
strained labor relations, rapid Innovation, government
regulation, unstable foreign markets, and what not.
This Is, of course, the decisive meaning of effliciency
from the viewpoint of the enterprise. . . .
The survivor technique proceeds to solve the problem of
determining the optimum plant slze as follows:
Classify the firms in an industry by size, and
calcylate the share of Industry output coming from each
_class over time. If the share of a given class falls,
it is relatively inefficlent, and in general Is more

inefficient the more rapidly the share falls. (1, p.
56.)

36
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Under this view, It should be possible to determine the
relative efflclency of plants of varlous slzes merely by
studying the existence and survival patterns of plants of
various slzes in an industry. - In the long run, only the
most efficient firms, which presumably are those of |
relatively optimum size (assuming .a continuous production.
function) would survive in a competitive market. indeed,
Stigler observes that
Not only is the survivor technique more direct and
simpler than the alternative techniques for the
determination of the optimum size-of firm, it Is also
more authoritative. Suppose that the cost, rate of
return, and technologicalt studies alt €fnd.that within
a given industry the optimum size of firm Is one which
produces 500 to 600 units per day, and.thit costs per
unit are much higher If one goes outside this range.
Suppose ‘also that most of the:fierms:in the industry are.
three times as large, and that those firms which are in
the 500 to 600-umit class are-raptdly falling.or = -
growing to a larger size. Would we believe that the
optimum-size was 500 to 600 units? _Cleariy:-not: an
optimum size that cannot survive in rivalry wlth other
S‘zes 's ¥ B QOﬂ!radlcf;‘Oﬂ i . .(1,9- 55’. e 5. EE
In another study, Simon and Boninl (2) used this
principle to disclose the fact that in general, :Industry
cost curves were "J'" shaped, that is, above a certain
minimum size of firm, cxpanélon would take place:along a
constant cost portton of the long-run average cost curve and
that, for most -relevant size magnltudes, the.theoretical
upturn in what is considered to be .a “U" shaped curve will
not oceur. The:-Simon<Boninl model was based upon-the .
observation that over time there was no greater

n.roportionate change in 'size among firms at various points

o T P A Mok R B e e T T T e L ST ST i T
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in the spectrum of firm sizes. If an industry were

experlencing economies of scale (i.e., expansion was taking

place along the decreasing cost portion of the industry cost -

curve) then firms of relatively large size.would have. an
increased probability of survival than their smailler
competitors., Hence, under such cost conditions, we would
expect, over time, to observe a greater proportionate change
in size of large firms than of small firms,

T. R, Saving, In yet another-appiieatlon of the
survival technique (3) suggested tbat #here was some value
in cons!der!ng only the slze dls&rlbutioa ef plants at some
single instant tn ttme, thus, in effect, maktng the (perhaps
heroic) assumptlon Ehat the exts%las dlstrfbut!on Qf plants
is optimum (3,‘p‘ 578). ceﬁtain!y, &h!s Imp%ies that any
movements or trends touard opttaum p!ant stze ln an industry..
are reflected in the existing structure of that tndus:ry,

that a "snapshot" is sufficlent to Indicate some direction

of movement., The survlvai_techntdue;is used, .in the present - .

study, in this manner, since the rapid rate of technologlcal
change in the computer field would render comparisons of
plant sizes In different periods of little value.

Saving also concluded that '"the greater: the size of the
market, the larger will be the optimum size: (of plant)
because It Is the size of the market:which allows ‘a pltant to-
be large enough to take advantage of all the economies of

production which are avallable." He further notes that 'by
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size of market we refer to the size of the market in which
the plant competes, and not the Industry,-  since &E is the
market for the individual plaat's output which determines
the extent to which that plant may take adwvantage of
existing economies of scale." (3, p. 587). MWelss. (5, p.
253), came to a similar conclusion by demonstrating that for
any given industry'theipercentazeaofxtote& ceaacitv“wlthln:»
any market (region) that was in plants of at least mlnlmum
efficient size increased wlth the size of the market.

(t.e., the larger the market, the more the pOtentlal
economies of scale were rea!lied ) "

In the computer service lndustry, as we have defined
it, the "market" that ls served by an indlvldual'"plant"
(i.e., computer) is most often restrlcted to the flrm whlch
uses the computer s servlces as an Input to lts productlon
process. Hence, by segmentlng the computer servlce Industry :
into its indlvidual markets, we may examine the relative
economles of scale in the lndustry as a whole by determlnlng
the nature of the effect upon optimum computer slze of the
specific market in which it operates. | B -

This was accompllshed by classlfvlnz the lndlvldual
plants in the computer serv!ce tndustry lnto groups
accordlng to the speclflc (manufacturlnx) lndustry that each
machine serves.4 Thls, of course, assumes that all firms in
a manufacturlng lndustrv possess essentlally ldentlcal

o NPT

productlon functions. Further, if we assume, as Baln (k)




40

and Simon and Boninl (2, gp, clt,) have suggested, that
industry cost curves are usually- J~shaped such- that in
general constant costs exist above some' minimum critical
point, then by assumption the quantity of computing service
demanded by a firm in any one industry should vary in direct
proportion to its size, along a linear homogeneous

production function for the (manufacturing) firm, -

THE SURVIVAL PRINCIPLE APPLIED TO COMPUTER SERVICES

The operattng cost data consldered In Chapter two mlght
lead one to expect that no computer save for the very
largest Is effIcIent, and that the prudent user wIII always
obtain the Iargest system he can. However, thls does not
seem to be true in practlce. In an attempt to determlne
what does occur in practlce, the survlval technlque was
applied to data on nearly 10 000 computer systems In A
manufacturlng Industrles. StIgIer su;gests that survlval
gver time is the key variable to be observed. However, as
already observed, with the rapId rate of technoIogIcaI
change in the computer Industry, time serles wouId not
indicate any meaningful pattern, slnce the productlon‘
functions in different years mlght not be strlctly
comparable (or even remotely slmllar!).j As an aIternatIve
to studyIng survIvaI patterns over tlme, usage patterns

across a number of Industrles, each of thch has Its own

characterlstlc structure, were analyzed.
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If there were no actual economies of scale in the
production of computer services, then we might expect the
size pattern of systems serving flrms‘w}thiq‘a particular
industry to reflect the structure of that Industry.

Further, proportionate changes in lndustrx‘chgracterlstlcs
should result in a change of like proportion in the typlcal
size of a computer installed within a firm In the industry.
If economies of scale do exist, then the relationship
between Industry structure and computgr sizgépattern would
be less definite. Also, changes In industry structure
should result in less than proportional chanres in computer
size, indicati ng that because smaller imtallations are less
efficient to operate, relatively large systems are required
to serve Industries chara;;erjzed;gy,§malj firms.

Assuming linear homogeneous prpductiop,fuqctléns.for
firms in manufacturi ng Industr}pig then |

d = Ws;
where d s the quantity of compg;lhg#servjqe dgmanded by a
firm of size S; jn Indpstry I, andﬁ{)s a:Fonstant. The
Bain an¢ Simon-B onini findings lenq”;rggibili;y to this
function for outputs as rela;ed to direct iﬁputs,‘ Optpufs
here are gsven by firm size Sie slnce we measure size In
values of product shipments, but the input here, d ., is very
indirect; computer servlce is part of adminlstrative,
research, and process contro]xfungtigns, n;pg Qf»ﬂh!CH

approach. "labor" as a direct Input. But all three of these
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indirect services are used to explain the exlstence of
firms; that is, analysts of organizations place
responsibility for limits on O?zanTZatioﬁ'(or firm) size on
the decreasing returns to scale of services in these three
categories. We assume only constant returns, as a cautious
first step in our analysis; decreasing returns would add to
the strength of the findings beTow.

Thus, If p; is the aVeragél§1ze’of‘a computing plant
in industry i, then |

d = ‘d‘Pfy

where £ Is a constant and ¥="1.0 If no economies of
scale exist and ¥ > 1.0 1f they do. That is, If economies
of scale exist, then a ‘less than proportionate change in
average size of computing plant will be reduired for any
hchangé in quantity of computihg services demanded, d. This

relationship may be rewritten as

] 3
p; = ;'-; d = A‘\’s‘-'zg forﬁa—;;

where 4 < 1.0 undeér conditions of economies of scale.
Thus, if firm size is increased by some factor k,
_then kp < kd. We would expect a proportionate change
In power as a result of a change 1n firm size only If no
economies of 5ca1é érefpreﬁénflyiwaé;é?: where such
economles dbyeXTéf, tﬁenwthe;gm;ffe}.flrﬁ§”are élréadQ'using
larger machlneé:fhah'theyfmlgﬁirse'déiniwdhdé} conditions of
constant costs, such that the magnitude of the Increase in

computer size is not asﬁgreat}éémtﬁét'ln'¥ffm'si2e;'
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MEASURES OF PLANT SIZE IN THE -COMPUTER SERVICE INDUSTRY

In order to test this ﬁypothests, It was necessary to
find a sét of variables ‘that would characterize the .
structure of the user [ndustry and another:group to
characterize the structure of .installed -computer systems
within the user industry.

Six variables were selected to describe -the user
industry: Industry size, industry growth, industry
concentration -in the four largest firms, number of
establishments in the four largest (and most Important)
firms, labor intensiveness, and caplital Intensiveness. (The
appendix describes éach of these more fully and presents, in
Table A-1, a summary of these variables for ‘the 119
industries studied.)

The variables used to characterize the structure of
computer sizes were average rent, average total expenses,
and average power. These are summarized, for each industry,
in Table A-2,

Average rent. Average rentiwas computed by using, as
mean rental values in each of eight size classes of computer
systems, the values obtained from an analysis of the cost
patterns in the“FedefalrGevemnmaut«lnstallatloas (see Tables
A-2, A~3, A=4). Although a more valid method -might have
been to determine ‘the actual .rent. for :each ‘computer
installed, the data were not sufflclient to develop:such

price determinations. However, cansidering the number of .
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systems studied, any varliatlons can ‘be éxpetted to be
averaged out over-all systems;:. -Hence, the use of the
experience within the ‘Federal Government:is probably a
fairly good estimator of actual average costs..

< Once again, the data on

computer systems In the manufacturing-indastries was not
sufficient to permit any determination of operating
expenses. However, .the results of :the:amalysis-of the
Federal Government-experience were used and are believed to.
reasonably estimate non-govermment exgerlence. . it should be
noted, however, that certain expense catdgories are not .- =~
Included -in the Federal -Goverament"s dbrect -computer .System .
operating costs that are usually fligures by nongovernment
users. However, it Is believed that these:are probably a
fixed percentage of non-rent expenses, and will not
materially affect the results obtained.in-the present
application. |

Average Power. A measure of the productive .capacity of
computer systems i's provided by Knkght's indicies of
computing power, discussed earlier (and En -the -Appendix) . -

Although rent and operating expenses would seem .to be -
measures of system.east,7than—anesaJsOaﬁeasuweSsof,sys&em
size, ju%t"annumbir"ofZémalave05¢zszlcsaﬁkjlowatt hours
used per month, etc., ‘are all measuves of plant oc. firm
sizé."Use of the power varlkable, -however, provides the best

measure-for change in praoductive capecity which 'we assert
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should be proportional to a change in any structural
characteristics of the user industry if computlng costs are
constant. However, the change ln one of the cost variables
will provide a more direct measure of the change in relative
expendi ture on the typical system. If this change Is
approximately In the same ptoportlon as a change In industry
structure, then clearly there are no ecenomies of scale.
However, to the extent that thls chaastrls,EQSSQtﬁanwthe
like change in the Industry structure, then there would seem
to be certain efficiencies of large scale systems that are

Indeed being enjoyed by flrms of larger size.

CONSTRUCTION OF THE MODEL

Linear regresslon analysis was used to test for
relationships between any of the slx Industry variables and
the three computer size variables just decribed. In the
case of industry growth, labor {ntensiveness, and capital
intensiveness, there was no significant: relationship between
any of these and any of the three computer size descriptors..
Hence, these three var!ables were dtscarded from further
analysis. The most slgnlf!cant relatlonshlp was found In a
model whose independent variables consisted of the natural
logarithms of Industry size,. concentration:ratio, and number
of establishments: In the feur%3argest;Jifm&,uéiteathreev,

multiple regression equations were, then e
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In R =.a, . * a'tn Q+ aginTe a’la~5m R & 9

InX =b, +bInQ+bylnTebglnE  (2)

where

E =

2,;.,

In P'=c, + c,!u Q-+ e:lnfrfwﬁcjﬁﬁnE*‘” ~(3)

et

-average computer rent -

average total computer operating expenses

‘average computlng ‘power ' -

industry size

ratio of size of four laigast f l.rms to
industry size N

number of establlshment ln four largest flrms.

b, » c‘ are resress!on coefflc!ents.

o

In effect, the three |ndependent vardiables, in a -

non-logarithmic form, form a measure of average plant size

in the four largest, and most dmportant, fiérms in the

i ndus

try:

Average establishment size ?'ggiL !“‘ L ;(h)

The results of these regressions are given: in Table 11i-1.

A plo
of th
ti1=-1

t of the logarithm of average: plant size against each

e three computer: size variables is. provided in Charts

, 2, and 3.
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DISCUSSION OF THE MODEL
The three equations used are transformations of the
hypothesized relationship, which Is non-linear. Hence, each
of these equations could be written
P=c Q% T% g (5)

Since, from Table !I1-1, ¢, =~ - 03 ., we may rewrlite

ﬂp ¢
p=e’ (%) T = (6)

where C.QBFQ: -Cx .

equation (5) as

If there were no economies of scale, then bOth/gp and Ck
would be approximately equal to one, such that any change in
average plant size in the user industry would result in a
proportionate change in average computer size. However, the
results of the regression analysis, as shown In Table I111-1,
indicate that in fact /3P is approximately 0.4, and C,
slightly less than 0.7, indicating that there apparently
are economies of scale in computing services, and that these
economies are most pronounced when average establishment
size Is changed.

Turning next to the other two cost-related measures of
computer size, we find that, for average system rent,/?R =
approximately 0.15, and a, is approximately .26; in the case
of average total expenses,/ﬁx is about 0.095, and bz'
about 0.17. Once again, economies of scale are indicated,

especlially with respect to average establishment size.
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However, the cost-related measures would seem to suggest
highly signiflcant economies: I|f average establishment size
is doubled, the average cost of a computer Increases by

2#20.095 times, or by only about 103%. Average rent would

increase by about 142,

EXAMINATION OF THE RESIDUALS

Table t1i=-2 presents a summary of the actual and
estimated values of average rent for the 119 Industrles
studied. In an attempt to explain at least some of the
variation from the model, the subject Industries were
classifled Into three groups, depending upon the nature of
the applications to which computers had been used In that
Industry. Table I11-3 summarizes thIs analysis. In
general, the model seemed to overestimate the average rent
in Industries with significant analysis types of A
applications. These include such activities as englineering
design, simulation, Job-shop scheduling, mathematical
programming, statistical studles, and what not. In the case
of Industries with process control applications, such as
machine operation monltoring, computer typesetting, etc.,
the model seemed to underpredict the average size of the
computer systems installed. The tht?d class Included all
systems where business applications were predominant, and
reTatively little analis!é'or cgégkél“iéfivlfia; were taking
place. The original model seemed to be falriy accurate for

this type of industry. Using this same grouping, the
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original model was re-run in an effort to determine whether
there were any differences in the-coofflctgnts, and hence -
elasticities, when the installations.with non-business
applications were treated seperately. The purpose here was
" to isolate those grdups of users whose industry production
function requires that they make a different type of use of
computing devices than most industrial users. A
determination of differences in the regression line based
upon application area would suggest that the degree to which
economies af;scale are present - in any instance is, to at
least some extent, determined by the nature of the service
being obtained from the equipment. Table lli=3 presents the
results of this analysis and Indicated that, although there
were some small. changes, the original conclusions are in no

way invalidated.

CONCLUSION
The empirical data suggest that users of comput!n;

quspment are behavlnz as lf there were sisnlficant
economies of scale in the use of such devlces.‘ There seems
to be a general tendency for users to acqulre larzer systems
than their firm or plant size would indicate is required. A
doubling of average establishment slze results in only about
a 35% increase in the average power of compu:er ‘
installations in the industry, far less of an increase in
-the two cost measures - machine rent and total operating

expenses.,
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Further, only about 40% of the variation in computer
system size could be explained by variations in industry
structure. Even when some cognizance was taken of the
specific application areas to which computer were used in
the subject industries, the relative proportion of the
variation that could be explained by the industry structure
was not materially altered.

From this, one may only conclude that the decision as
to which size machine to use Is based upon factors other
than the straight quantity requirement for service.
Companies do tend-to obtain systems that exceed thelr
requirements, because they are substantially cheaper to run,
on an average unit of processing basis. What is done with
the excess capacity is not clear from this data; there Is a
developing market in excess computer capacity (within the
last two years several new firms have been organized to
provide brokerage services in this market).

If there are apparently economies of scale in the
provision of computing services, one must then inquire as to
what changes might be made to the economic environment of
the computer service industry to promote greater efficiency
of computer usage. This question is considered in the next,

and concluding, chapter of this study.




(1

(2)

(3)

(4)

(5)
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TABLE T11-1
RESULTS OF REGRESSION ANALYSES

ALL 119 INDUSTRIES
1. LOGCAVGRNT) = AO+AL*LNA(INDSIZ)+A2*LOG(CONCFN)+A3*LNG(ESTABR) $,

NOB = 119 NOVAR = |

RANGE 1 1 119 1

RERRYL

RSQ = 0.3565 SER = 0.2670 SSR = 8.1988
F(3/115) = 22,1815 DW(0) = 2,1211

CorFk VALUE ST ER T-STAT

Al 0.1585 0.0398 53,9789

AD 2,9057 0.3050 9.5253

AZ 0,.2611 0.0396 6.6026

A3 -0,1408 0.0330 -4,20631

BO+B1+LOG(INDS1Z)+R2*LOG(CONCFN)+RB3*«LOG(ESTAB) $,

2. LOR(AVGEXP)

NOB = 119 NOVAR = 14

RANGE 1 1 119 1

REGRU

RSQ = 0.36o4 SER = 0,1751 SSR = 3.5278
F(3/115) = 22,1712 DW(0) = 2,0545

COEF VALUE ST ER T-STAT

B1 0,0088 0.0261 3.7816

B0 4,7507 0.2001 23,7416

B2 0.1740 0.0259 6.7088

33 -0,0912 0.0217 -4,2099

CO+C1*LOG(INDSIZ)+C2*LOG(CONCEN)+C3*LOG(ESTAB) $,

3, LORCAVGPOW)

NOB = 119 NOVAR = 4

RANGE 1 1 119 1

REARRL

RS} = 0.3440 SER = 0.7602 SSR = 66.4561
F(3/115) = 20,1027 DW(0) = 2,1500

COEF VALUE ST ER T-STAT

C1l 0.4702 0.1134 4L,1460

co 5.2613 0.8685 6.0580

z2 0.6764 0.1126 6.0069

c3 -0,4036 0.0940 -4,.2927



53

€ 0 1L 16 Lz 690ST siueld SurisiydneTs IesH 90T 6€°€- 6651~ 8ETL"Y 0£6S Y 1102 0t
0 ] 0¢ 0s2 ¥4 cent ATTR PTNTL 6€ H'e- TIST - 8L2Y"Y T AL 920t 67
Y 0 e 1z 44 6ETE *0'HA'N ‘s3onpoig Ieqqny 49 €6~ 6291~ €LT9'Y Evsy'y 690€ 8¢
0T T Ly ST 7T z0z¢ o1ydeadoyiry 3dedxy ‘Buyiurig 44 6S°€- yE€9T " - HEHS Y 078€ % TSLT Lz
1T 0 0z LA 8¢ LA 4T *0'd'N ‘saempaey 6€ 89°¢- 8CLT - 60LL"Y TG6S % 6TYE 92
Vi 0 Lz 0T 23 €TLe K1sutyoey uoTIRILfTIFAY 8% 08°¢- 8781 - 8/08"Y 0529°% §85€ Y4
€T z 9T €T 9g 66€T s3urieaqg 191704 pue ITeq 27 8T v~ LL6T"~ €O0EL"Y 9ZE5 Y 296¢E %2
T 0 8 00T 8T 1682 sisutRluoy Furddrys pajesSniio) 0T A A 8SET - L9%E"y 60TT ¥ €592 €2
0 3 L v S8 2661 d1soTn[aduoN ‘sieqr] o1uedigp €T ST 9- LH0€" - 1856 Y ovs9°Y %787 (44
0 0 Lz <8 (%4 8EYY spasy Tewiuy paiedsig % LT'9~ SLLT - 0L6% % S6TT Y 902 12
S T 62 A4 ¥4 L00S $30npoid paleoy pue peslg 37 1€°9- 8LL7°- %07y TL21°% 1502 0z
z 0 €T A 8z Z50T SuTyloTy ioyM 8T 8€ ' 9- v28Z "~ 96Zh"H TEYT Y 87€2 6T
T 0 9T €1 9 1647 stydexBoy3zry ‘Burjurag 8T £9°9~ €82 - 7Ly 0686°€ 474 8T
9 0 12 vz (37 9%8¢ 3vimeag pue Buryoy Isddop 1z 0L°9- 06T€ "~ LT9L"Y LTy TS€€ LT
Y 1T 44 Lz 8¢ XA ¥4 syonporg doyg 1a7Tog (27 8.°'9- T21€° - 9209°% S06Z"Y E9vE 97
B S 92 43 i 7092 19935 TeINIONII§ pajedTiqeq % 88°9- LE0E "~ EavAl) 60TT "% T99¢ ST
(4 0 Lz 9 vz 1891 s30npoid AIBUOTIDDIUOY X3 €G- 9v6E - 9ITL Y £95€ % 1L62 LAt
9 z 0T 95 0t £52T OTtneapLH ‘Jusuwa) 1€ 29°L- 8L€€ - TZEY 'Y £E760°% e €T
1 0 61 6 18 0982 sa1121e81) iz 8T 8- o%TY "~ ¥850°S gy 112 71
€ T 9 1T 0s 969T 81B) 399131§ pUEB PEROITIEY ST 0z°'8~ 966€ "~ %928°% 80EY ‘Y ie T
z 0 L ot 9z zL0T a2qny pue adrg 991§ 0T 6¢rg- 0€6€ "~ LL6G" Y LY0Z'y L1€€ ot
z 0 €T 6 6 SveT SIUeTd NAOATTIN (T £9°8~ 0LL€ "~ 099€ ¥ 0686°€ TEYZ 6
L9 [4 L0T 6C Vas 0z5¢% siadedsmay L0Z Sl 8- €L6€" - OwS Y TEYT Y 112 8
0 0 €7 62 9T 7082 sjueTd Burssadolg IwaR x4 68°8- Y968 * ~ 896% "y 7090 Y €102 14
Y 0 €T €c Lz £682 STTTW paroqaadeq 8T 07°6- Te€TY - SL6S"Y weLT Y T€9T 9
€ Zt L S 15 vZ1T §1030NpPUOITWIG €L €8'6- 6Ly - 9€L8'Y YY6E Y v19¢ S
0 z 44 6T zY 6£€C Suratedey pue Burping drys 8¢ 60°0T- TO8Y - 89GL ¥ £942'% TELE 2
z 0 0z { 1€ €21 s3ut8iog [9231§ pue uoil €¢ €8 1T~ 6L6G° - 89TL % 68GT'Y T6€€ €
9 € Al 1T 0T L6ET wrly pue ‘yseg ‘1ooq TeISK A4 v TI- HeG - 0ELE 'y 9828 °¢€ ve z
0 0 vZ LL v SELT SYUTIQ 3JO§ pauue) pue psI3Ijog (z ST 9T~ 9669~ S90€ 'Y 6019°¢ 9802 T
TALND TVNY sng qv1sa JNOD 4718 X4ISNANI A0 FWVN dWOIN WA-12d naIsm 114X X 018 Juey

§3T723snpul §IT TIV - SONT®BA POIDIPAIJ Puy TeNIDY :7-TTT OqEL

8°L0TT M
€pPUT x3108 1



53a

~

—

mﬂNHNHV\OgO@HHI\\DOIﬂH

L2l el SN ST O
2 @ 5 o~

O\NNF\HH”Q(”H("}HNV‘

Chal
=
(3]

- O NN N

—

1T
£y
£9
(1
7
91
19
Ls
€1
8L
11
6T
L4

ot
€T
%4
81
87
L
(448

ot
st
8¢
9¢
9T
1
114
€T
1
0T
€1

114
Ly
661
7€
sne

€1t 214
6€ 8
1 8y
ST i
T 9T
o ot
€1 e
"2 6
41 €9
sz oh
91 0z
™ 6€
2 A
T ¢4
€2 6¢
141 9%
ot 2t
€1 9€
81 99
ot L9
€ °
Ls 6%
1 5z
y vl
€1 0T
€€ <9
Lt sy
st .62
ot S
€2 iz
sz u
8v oy
1§ vz
s 28
] 9§
1 u
ot w
8€ £z
et 6L
82 9%
avisd ONOD

1€92
859y
760
1512
19T
6201
ZEMY
L9yt
Lsy1
ZEEY.
7001
TiE
<881
6291
0047
TS01
€29
0Z0T
£50T
987¢
9TLE
£61T2
:3 449
£L21
0€ZT
00T
99L€
72e1
8122
822
96£2
1922
0041
€8T
9101
et
LSTT
0L62
0E95Y
459
q2IS

(GANNIINOD) T-TTIT °T4B1 ) 058°L+0SE°9TH

s TR L2 v2'1 0850° 809"y zocLy  TIYE OL
*9+g'N ‘s3onpord SOTISNIL 8¢ vZ°1 9€50° Y8ZE"Y 0z8Ey  6LOE - 69

s19g BUTATaOFY AL PUR OTPEY L6 £T°T 1950° 8LY6°Y 6£00°S TSt 89
siosse1duo) puw sdwng  7g 60°T L0s0* 8859°Y s60L'y  T9SE L9

>1210e7g deoxy ‘Jusudynby Buriwdd oS z6° 60%0° 669%°9 60TS°'y  €E¥E 99
8p0CH UOTIWITUES PUB SPUFETOd  OF L8* 000" 58Sy 0sZ9'y  TY8T €9
suoj3saedeag TwOpInAOREINGY  COT 98" © o Lo%0” TSSL"% 8C6L°Y  YEST 9
snjeaeddy ydsafaye] ‘wsuoydeysl  6ST sL® ooTgo’ 7996 Y 9€86°Y T99€ €9
seyaiIeiseds powuwy 61 75 g¥c0’ . 8ZER°Y cLe8*y O 7Y

Jupmdynba, vg.\hu.aaam ud 991 65" 870" £IE8°Y gesg'y Tzse 19
sxostioal mwivel 1 €e” 6910° cily'y  LZET 09

+033 .ﬁlup 2174 WNALS »f.“ 87 . 8" T WY LEE &
sa7qe3989, oty 1€ 9z° Lz10° cEWC Yy (A0 88
se0TA nnwus.u.f - wg Lo ogoo’ EEYS'y  TLEE LS
o usuw Huﬂ 0y so" 9700" okt WO 9§
*0*3'N_‘Supanag 9T - S0 - wegety  9set €S
peze3sToydy Jo§ SINIY Maar ze 62°- oty - getY'y  TISL VS
s3uaENIISUT uﬁu..._-m! cuh 304 9"~ SoTO - osz9’Y  TI €5
oY - gg" - £810°~ 6v¥L'y T 6

Juewmdpnby oF mﬁw.agqaa 9 €9°- 81c0 - 9ce6'y T98E T

saqn] Iatul puw ..uaa/ 60T - 29€0°~ 096 gesey  TEOE  0S

SITTH 19938 pUv. -c,ol%m €SE v8°- 14, 9EE6 Y 9Ty Y b4 1%% 6%
0*4'N ‘Alaupyowl Bd nnn .z 92 16°- 8Ty0" -  TSES'Y EC¥Sy  gwse 89
ITTIR 2V ; ] S0 T~ €8Y0°~  608S"Y gzesy  €s7T LY
8971088900V vgc..aoop;, ; Lt 80°T- 1890~ LY1S'Y 659¥'y  GysE 9
Supseag puv SUTTIOW wnu) 91 7T°1- ovs0"-  STY8°Y sigly  IGEE  SY
A1supysey uopINTIMOY €9 v T- wg90'-  IT98'y  @seL'y  TESE oY

*p*g'N ‘sucpivavdexg fwiTEeE) €€ 1 ov90°-  9905°Y ityoy  e68T £V
s7ooy pue #atq Triseds 17 8¢ T~ 990°-  €ZLZ'Y L90Z°'y  whsE Y
sopipunag uody A1y  6¢ 651 6€L0°-  Z8E9°Y €995y TZEE ¥

siusBisjeq 19yl0 pus ddog g7 L6°1- 1560°~  €998°% LOLLY  THOT oY
STIPYIUAS *STTTH 1 81 £0°2- LEGO-  SST9°Y arzS'y 1T 6F
sIUvTg poomLld puw sewe) LT Lz L00T" -  HIEV'Y LoEEy v 8€
s3onpozg 18] T90) SIWFpaMaeitr 97 sgreg- €21~  eSIL°Y v£99'y  ST8T  l€
s39npo1d wATERRQY TT ge"z- 6ZIT" = 9L4L°Y L9€9°y  T6TE  9€

Juswdnby [eoTII0eTH surdey €1 6c°2- 19TT°-  4i88°% LOLL'y  969E ST
skog, puw sswey  Of v6°2- EYET - TS99°Y gOEy°y  T¥6E  ¥E

830npoxg POFITY Pu¥ sIBFRd L9 6627~ GSET'- LTINS LSOy 168 €€
831eg puv SITOFUWA I0I0W €4y 70°€- €651~  ZITI'S gec6r  LUE T
-5*d'N ‘ersoyoewp oyuwedio 021 12°€- L9ST™ - 188°% wize'y @18 If

XULSAANI J0 IWVN dROON wa-10d naisad  LIidA X 218 Auey




54

(TANNIINOD) T-TTT d19el 068" L+0SE°9T ¥

ST sy 6 14 VA €95, jusudynby SUOTIBOTUNWWO) AL ‘OTPEY kaY4 oL ShEE” YveLy 6890°¢ 299¢ 01T
6 € [44 T [49 8711 Su®Bj pu®B SIIBMISNOH OF1308TH £y 89°9 ®9TE " yeeEL Yy 66%0"¢ %€£9¢ 60T
T 0 8T oy 8 806¢ sa88a1q €2 6S°9 L8LT" TET"Y 60TS Y GEeT 80T
(A8 S oy LS o€ T95¢ uo330) ‘STTTH Sutasapy L 99 962" 9986 Y 8788'% 1122 L0T
0 0 8¢ T oy 1e9C suoy3ieiedalg 3I8TTOL Tz 9 L6 668L"Y 9.(80°¢S wv8¢ 90T
L 0 oy 801 9z 0592 1aqqny 3deoxy ‘saoyg %9 ET 9 60L2° 0Tty €T69°Y v1E SoT
< 19 6T (A8 0¢ 6%0T 87013u0) TEFAISNpUT (4 90°9 9L82" 8evL"Yy $0€0° ¢S T9e 0T
6T 9% 00 61 (44 z200Y *DtE°N ‘sijusuodwo) dTuCIIIATH 8ST 70°9 8182 " 6999°% 88%6° % 649¢ €01
:14 0 119 S - BT 8TLZ 97e01potTa’g %01 18°S 818Z" 8%8°Yy 66C1°S TTLe 201
€ 8T 8T ST 8¢ TLGY s1aeq pue saurduy IJRIDITY 08 09°¢ 18L2° 9€L6"Y €262°S TLe 10T
4 0 kA [44 ST [UTA) paxeaisToydn ‘sanjjuing pooy 114 [ A9 €T’ 0ZLE"Y 7509°Y (4834 00T
T T e 9¢ 1€ 142%4 STTTH anoTd ve 0T’s 8G€T" 8YeEC Yy LOLL™Y Tv0T 66
T T 6 82 6T 6L%T TooM 1dsoxg ‘STTTW uiex €T 1T°s 1922 8LIY Y oys9°y 1822 86
0 0 61 184 114 8YET Ieanly3TN pue SIITYS SSAIQ §,USN iz 6% 6LTC" T9€Y"Y ors9°y TZET L6
0 0 18 z9 Yt 9TZE 897q®3935 pug SITNij pouuw) G9 (4 L1 710S "% S8TL™Y €€0T 96
kas Lz 99 113 8% 68227 §103BI9U3) pU®B BI03O0K T oSy L1712 £80L Y 00Z6°Yy T29¢ S6
ki £ 1 0T 9 G982 £12UTYOBR *ISTRH 1 X4 8y°y TG6T" L8SE"Y 6£5S°Y 665t %6
T 0 [ 08 Sy 0011 3TTR pejeiodeay pue pasuapuop 6T ey 6061 " STLY Y 7€99°Y €202 €6
4 6T [ %4 sy (43 TvL8T Sutuyzey wnyroalnd 01 LT°% 9€02° 0v88 -y 9.80°¢ 1162 6
0 T 6 (44 k3 E8TT SIIZFTTFIIRL T (6°¢€ 0S8T" 2659°Y hve Y TL82 16
8 € 6L 9 0z 9661 Burjuiig pue Buyystiqng ‘sxyoog 9T L6°€ T98T" 1689 % [474: 08 4 TeLe 06
o T (1 %9 9T 9022 *0*d'N ‘suoyjeaedaig poog (44 88°¢ 0€LT" LT9% Y LY€9°Y 6602 68
8 9 Lz €T 49 2502 sauT3uy UOT3ISNqUO) TPUIBIUT 8¢ 98°¢ TL8T" £ewe Y %0€0°S 6TS¢E 88
ST € v8 Sy k14 co8Yy Surpring 3deoxy ‘sTTIN 1odeq 7T 79°¢ 8991 8€09°Y LoLLY 1292 L8
€ T X4 €T 8T 991 S19YSEBM PUB SIBATY SINN ‘s3Tog 0t 433 8YT" oLey*y 75097y [4%4% 98
6 0 9¢ 61 T 96LE sBurduwelgs TeIsN 19 t6°¢ GOET" IATA A 2509°% T9%¢ S8
€ 0 9t T 8T 96T soIn3xtd BuraysTy 6T 16°C 6TET" STES™Y 9€99°% Zh9¢e 78
0T 9 TC S 0T TELT *0'H'N ‘Aasuryory L13snpul TeToads Y 6L°C 86¢T" 0605°Y Lye9°y 6GGE €8
0 0 0z 8¢ sS 7eeT Apueag 1dedoxy ‘xonbTT PeTTTISIQ 62 6s°¢ 66TT" €269'Y I8’y $80¢C z8
8 0 91 6T {1 068T S180) PUB S1INg ,840g PUE §,Ud 0t 0s°2 0ZTT" €8y Yy 189194 T1€C 18
S 9 9z % 4] 66T SPIBOQUDITMS pPuB 1838yd3lTAg 1% e 4488 0059°% 29l €19¢ 08
£ 0 0C 44 ST 70T 1eamiapuf] 8,USIPTIYD pPU® S,U3mOM Lz [ Y44 0860° Lyve*y Levyy 9T 6L
T 0 Lz %8 €€ Y11 §119883(Q UdZ014 puE WEII) ¥O] [ 39 sz°¢ L860° 006€ "% 988% "% %20t 8L
T 0 [49 Tt 6S LTET S8T}00) pur ‘sI3YOBI) ‘SITNOSTY 9T €6°T 9060° 8969°% SL8L"Y 602 LL
0 9 [49 j ¥4 (43 Tese Sursey pue STRTISIBH SOTISBIJL 78 99°1 %8L0° 8€EL"Y I8y TZ8e 9L
4 T €T LS (44 62T S9Tapunog Ta93g 94 ES°T €690° 66EG"Y T509°y X423 SL
€T 9 €E 0T (44 9281 ST00T SUTYIBH BuTIIND-TBIBK %9 AANS 6990° 9€€9°Y S00L"Y 18493 YL
S T €L 0T 114 P1eT juswdynby uoyssyumsuely Iamoq 1¢ 6€°T 790" 6LT9°Y T789°Y 996¢ €L
T T 0T 1z €T 00T *D°d"N “s30onpoiq TBISH pIIEOTIqE] 91 6€°T 090" €9ve "y L90Y Y 8%¢€ L
Y T LE [43 9¢ L9TT TooM ‘STTTH BuTysTurd ‘3Buraray LS 91 6850° 9659°% S8TL"Y TEZT TL
TIIND TVNV sndg qv1sd ONOD dZ1Ss KALSNANI 40 FHVN dAO0DN dd3-10d naisTd LI4X A 018 ANVE




54a

[4 8
€T 6¢
0 0
S 4
0 6T
LA 98
€ 0
0 0
[4 6

TILND VNV

snd

T
%8
074
SL
oY

87

LECARLC

JNCD

¥Z01
18L¢€
T6€E
60CC
S98¢
0006
L0271
6G¢€T
£8¢T

dZ18

(GINNIINOD) ¢-TIT ®T9=l

"0 4N ‘seuryoey K13sSnpul [eIdUIH
J*H°N ‘auswudinby 3Jexoary

ST1TW 3utueld pue s]lrumes
s8ur331d ad1d pue seATeA

"D N ‘sTEOoTwey) ofuediouy
13BeIDITY

SISUTBIUOC) SSEBTH

s8eg oTTIXeL 31deoxy ‘s8eq
ButzeTs pue Burieony iadeg

AILSNANT 0 FWVN

€Y
[XAS
49
6%
7eT
SS%

1T
23

dWOON

8T LT
L0°ET
6L°6
6€°8
[448°]
674
¢6°L
WL
LT7L

dI-10d

8%6L°
8€79°
e
LTLE"
[4 735
SOt "
89¢”
£87¢”
[414%%

narsay

LSC9°Y
WLl
612¢"Y
€CEY 'Y
0EGS "%
S08T"S
T6%9'%
[ YA A
00Zs "y

LIdA

S0t ¢S
7868 °S
6L
0%708°Y
€LT6"Y
0166 S
ELT0"S
9ESL Y
Ak

068°/+05€°9T ¥

696¢
6CLE
Teve
76%¢
618¢
T2.¢
Tcee
£%79C
792

61T
81T
LTT
911
q1T
711
€TT
[ans
1T

ANVE



PP AR R T SR -

55

TABLE I11-3a
RESULTS OF REGRESSION ANALYSES

93 INDUSTRIES WITH MAINLY BUSINESS
DATA PROCESSING APPLICATIONS

1. LOG(AVGRNT) = AQ+Al+LOG(INDS!IZ)+A2*10G(rONCEN)+A3*LOG(ESTAB) §,

NOB = 93 NOVAR = 4
RANGF 1 1 93 1

REARY

RSO = 0.4305 SER = 0.2279 SSR = b_6236
F(3/89) = 22,4293 DW(OQ) = 2.1672

COFF VALUE ST ER T=-STAT

Al 0,1682 0.038Y 4,.3830

A0 2.5770 0.3069 8,3963

A2 0.2634 0.0381 6.9135

A3 -0.0652 . 0.0335 -1.9488

2. LOG(AVGEXP) = BO+Bl+LOG(INDSIZ)+B2+#LOG(CONCEN)+B3+10G(ESTAB) $;

NOB = 93 NOVAR = &
RANGE 1 1 93 1

RE R4

RSO =  0.4001 SER = 0.1584 SSR =  2.2336
F(3/89) =  19.7826 DW(0) =  2.1305

COEF VALUF ST ER T-STAT

81 | 0.1068  0.0267  4.0036

B0 4.5k44  0.2133  21.3026

B2 0.1736  0.0265  6.5566

B3 -0,0461 0.0233 -1.9801

3. LONCAVGPOW) = CO+C1+LOG(INDSIZ)+C2+LOG(CONCEN)+C3*LOG(ESTAR) §,

NOB = 93 NOVAR = 4
RANGE 1 1 93 1

REGRY |

RSQ = 0.3765 SER = 0.6978 SSR = 13,3331
F(3/89) = 17,9141 DW(0) = 2,1855 ‘
COFF VALUE ST ER T-STAT

c1 0.4715 0.1175 4,0134

co 4_.7656 0.9396 5.0719

c2 0,7033 0.1166 6.0302

€3 -0.2728 0.1024 -2,6628
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TABLE 111-3b
RESULTS OF REGRESSION ANALYSES

13 INDUSTRIES WITH MORE THAN
25% ANALYS!IS APPLICATIONS

1. LOG(AVGRNT) = AO+A1*LOGC INDS1Z)+A2+#LOG(CONCEN)+A3«LOG(ESTAB) $,

NOE = 13 NOVAR = 4

RAMGF 1 1 13 1

RENRY

RSQ = 0,4513 SER = 0.4554 SSR = 1,8664
F(3/9) = 2,.4680 DW(0) = 1.6657

COEF VALUE ST ER T-STAT

Al 0.2566 0.2080 1.2339

AQ 2.9351 1.2433 2,3607

A2 0.2374 0.2401 0.9888

A3 -0.3650 0.1618 -2,2559

2.'LOG(AVGFXP) = BO+B1+LOG(INDSIZ)+B2%1.0G(CONCEN)+B3+LOG(FSTAB) §$,

NOB = 13 NOVAR = 4

RANGE 1 1 13 1

REGRY4

RSQ = 0.5029 SER = 0.2662 SSR = 0.6378
F(3/9) = 3,0353 DW(0) = 1.6718

COcF VA LUE ST ER T=STAT

Bl 0.1504 0.1216 1.2369

80 4.6786 0.7268 6.4369

B2 0.1926 0.1404 1.3725

B3 -0.2201 0,0946 =-2,3268

3. LOR(AVGPAW) = CO+CI1+#LOGCINDSIZ)+C2+LOG(CONCEN)+C3+LOR(ESTAB) §,

NOB = 13 NOVAR = 4

RANGE 1 1 13 1

REGRUY

RSQ = 0.5009 SFR = 1,0615 SSR = 10,1405
F(3/9) = 3.0113 DW(0) = 1.4121

COEF VALUE ST FE T=-STAT

Cl 0.8665 0.48438 1.7876

co 5.,1936 2.8981 1.7920

C2 0.3645 0.5596 0,6513

C3 -1,0278 0,3771 -2.7254
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TABLE I11-3¢c
RESULTS OF REGRESSION ANALYSES

13 INDUSTRIES WITH MORE THAN 25%
PROCESS CONTROL APPLICATIONS

‘1. LOG(AVGRNT) = AO+Al+10nr(INDSIZ)+A2+LOG(CONCEN)+A3*10G(ESTAB) §,

NO3 = 13 NOVAR = 4

RAANGF 1 1 13 1

REGRY

RSQ = 0.4514 SER = 0.2680 SSR = 0.6465
F(3/9) = 2,4680 DW(0) = 1,1661

COEF VA LUE ST ER T-STAT

Al 0.2445 0.2160 1.1317

AQ 2.8487 1.66u5 1.7115

A2 0.2122 0.1267 1,6752

A3 -0.2660 0.1126 -2.3630

2, LOG(AVGEXP) = BO+B1+#LNG(INDSIZ)+B2%LOG(CONCEN)+B3*10G(FSTAB) $,

NOB = 13 NOVAR = 4

RANGE 1 1 13 1

REGRY

RSQ = 0.4494 SER = 0.1737 SSR = 0.2716
F(3/9) = 2,.5434 DW(0) = 1,2563

COEF VALUE ST ER T-STAT

B 0.1016 0.1400 0.7258

BO 5.1397 1.0788 bL_ 7644

B2 0.1286 0,0821 1.5666

B3 -0.1619 0.0730 -2.218%4

3. LOG(AVAPOW) = CO+C1*LOG(INDS!IZ)+C2+#LOG(NONCEN)+C3*1NG(ESTAR) §,

NOR = 13 NOVAR = 4
RANGE 1 1 13 1

REGRU4

RSN = 0.2216 SER = 0.9107 SSR = 7.4636
F(3/9) = 0.8540 DW(0) = 0.9387

COEF VALUE ST ER T-STAT

c1 0.7677 0.7339 1.0460

co 2.9378 5.6556 0.5194

c2 0.6205 0.4304 1.4419

c3 -0.3848  0.3825 -1.0060
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CHAPTER FOUR
FINDINGS AND IMPLICATIONS FOR PUBLIC POLICY

The conclusion reached, as a result of the analyses
carried out In this study, is that there }s indeed certain
evidence of the existence of economies .of scale in. the
production afAcomauéin; services. Gliven that thls Is the
case, public pollcy ought to be formulated in a manner so as
to encourage the more widespread use of larger size
computing plants. The purpose of this concluding chapter is
to review some of the the possible .directions that publlc |
policy might .take, and consider, for each, the relative

appropriateness Insofar as meeting the objective.

REGULATION AS A PUBLIC UTILITY

One of thé most widely dlsCuésgd"dlrecildns’for public
policy is the establlishment of awrozdiate& computer utiilty,
along fairly traditional lines. tinéded; the analysis
pfesented here would seem to prov!dé'idd!ilohél support for
this view. However, the preseﬁt'Stndi is Inconclusive as to
the rationality of thts.abproach to polfcy‘fofmuiatlon for
sevefal reasons, |

Iin the tradttlonal public utiiities, such as electric
power, the optimbm size of plant Is cutté‘larze; the

capaéity of én electflc generator might'be sufficlent to
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serve a city of one million people or more. To construct a
plant of less than optimum size would be inefficient, so
that the granting of an excluslve franch!se to the power
company in a partlcular area tmol!es that publlc pollcv
dictates that only plants of opttmum slze, or approachlnz
optimum size, can be buéllt, “Thé same may be sald for plants
which generate computing power. -Howéver, We do not #s yet
know what Is the optimum-size of plent in this industry, Of
perhaps even greatér'Fmportfnce;;weéﬁoznot”knéw the ‘extent
to which sharing and distribution costs wiil .increase as: -
machine size becomes sufficleritty farger than the limits of
" present technology. The present ‘analysis siuggests that this
optimum size 1s at Teast as large“ss the largést systems -now
built, ‘but is'fneonéﬁuifveMafﬁééﬁﬁﬁwiﬁﬁchft&aiiﬁﬁthan the
present scale the average costicufve Decomes horizontsl.
There are 2 number of reasons for thls lack of knowledge or
wexpertence wlth !ar;e systems, some ofgwhich have already
been consldered (Chapter two). But, for whatever the
reasons, relatively few very lar;e systems have actually '
been tnstalled, at least by comparlson wlth the number of
V‘small and medium size fac!l!tles. Further, and as 2 result,
manufacturers of complete systems have not as yet bullt any
system that is more than an order of maznltude away from |
what is presently consldered to be a “large” system.‘ |
Regulatlon of the computer ;ervlce tndustry as a publlc

P

utiltlity Is Indlcated If It can be shown that computers can
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operate far more efficiently If oparated as very large scale
systems,: whose capacity far. .excesds #ny one individual
user's requirements. Hence, before any attemst s made to
devise a: structure for a regulated. computer. uttlity, some
additional experience with: large.systems must be gathered.
Thus, the most immediate objective of. public policy should
be to reduce or perhaps. eliminate some of the presently
existing barriers that mitigate sgainst the (perhaps shared)
use of .the largest computers available. -

BARRIERS TO USE OF LARGE SYSTEMS
In Chaoter two we consldered several of the short-run

diseconomles that tend to lnduce end-users to contlnue to

g

operate thelr own relatlvelv small systcms !n-house.
Brlefly, these lncluded the (perhaps psychologlcal) deslre
to have hands-on control over the computer, the st!cklness

caused by the hl;h cost of converston to some other mechlne,

- )

vthe relative lncompatlb!ltt!es of d?f?eren’lmodels end, in

=

some cases, dlfferent unlts of the same model, and flnally
the costs, some dlrect and some lndlrect, of sharlnx one

computer with other users.‘ There ere several means by whlch
government authorlty, If properly dlrected, mlght reduce S

some of these barrlers.

-

) ST, Ly ; oo - CFran ;“ Much of the

5. e .
G imags mabr %e g

reasontng behlnd e flrm s deslre to operate lts own ln-house
computer Installatton may be treced to psychologlcal factors

such as the presttge assoclated wlth the machlne, the R
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security over the company's files and records maintained on
the computer, and the feeling that, so long as the machine
Is on the premises, the firm's work will get done. The
prestige factor will, of course, wear off In time, as
computers become more and more comwon and hence impress
fewer and fewer people. However, suitable legislation can
significantly alter the businessman’s views concerning the
other two Issues. Operators of shared-use computer centers
must not only guarantee the privacy of thelr client's flles,
but must assume a large measure of llability for any _
leakages that may be attrlbuted to thelr.nexllgence. Also,
laws or regulations may fix limits of llablllty for
uncompleted jobs that more closely reflect the cost, to the
en¢-user, of the delay. At present, there ls usually no
such llabllity for asslgnmentsfwhlch the computer service
organization could not complete elther when due or at all.
Sgsxs_gi_xxxsgm_sgnxgzalnn. it ls dlfflcult to lma;lne
any way In whlch the costs assoclated wlth converslon from
one computer system to another could be slznlflcantly |
reduced or eliminated unless we were to edopt a pollcy of
freezing technolOglcal lnnovatlon. lndeed, vlrtually no
computer has ever had to be replaced because lt was "worn
out" by usage; most conversions from system to another have
been the result of the user' 's deslre to obtaln the fullest
advantage of the most current technology. Houever, if

technology cannot be frozen, then conversion expenses may
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still be reduced by encouraging the development of the
relatively new software industry which has the potential of
significantly reducing applications programming costs by
sharing. these costs among many clients who require basically
the same applications programming package. Thus, software
must be viewed as a product and must enjoy the same
protection that is available to other products. Its
uniqueness must be fully protected by copyright or, where
appropriate, patent. Purchasers of computer hardware must
not be required té pay for manufacturer<supplied software
for which they have no need. With respect to software,
policy should be directed at making:.a distinction between
"computing power" and “computing servtcg.“ Clearly, the
greatest economies are potentially possible In the former
sector of the industry, since raw power Is, In effect, a
common denominator that can satisfy the requirements of many
end-users, Service, in contrast, must often be tajllored to
individual needs. Hence, an end-user should be able to
supply his own programs, or contract for thelr'deveIOpmeﬁtv
(or lease) and then be able to run his applications on any
of, perhaps, a number of competing services. Thus, the
separation between hardware and software should apply to
more than the computer manufacturers, but also to the firms
engaged In providing computing facilitles far -hlre.

The power produced by

an electric generator may be shared among many Individual
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users because a distribution system exists to transmit the -
power from the generator to the user's heme or factory.
Although the electrical distribution-system is costly to
construct and maintain, the potemtial-savings that result
from the shared use-of the genéiatdor more than outwelgh
these costs. A viable computer -utlltty must also hdave a
distribution network to transmit:|Aformation between user
and machine. For batch processing service bureaus, this
network might consist of a fleet Oof messedger cars, or-
perhaps the U, S. mall, For on>Tine remote access systems,
where the greatest-potential for shared use-lies, the
distribution network would consist of telecommunications
facitities to carry the two-directiona) fiow of information
electronically. The existing communlcations plant of the

nation's communications ¢common carrfers s or can be more - -

_than adequate to serve as the distrbbution system for the -

on-line computer services. Howevér, there~are presently
certain factors in the relationships bétween computer users
and communicatlons suppliers ‘that may peevent the fullest
advantage of the apparent économies of “scale of computing
systems from being made avallable to the:public.  Several
recent works (1-3) have suggested the xisture of some of
these problems, ‘including some of -tive resporses to the?Fccrv
Inquiry. These irdcludé such "I ssues a8 the right to = .
lnteﬁconneét‘orivaee1y-ounﬁdwddﬂiﬁnﬁnﬁglnasxsyxxams&ad&

apparatus to the common carrleér Fkines with & minimum -
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interface requirement, the ability of several eustomers to
share communications servites in much:the same way as they
wotlld share the computer's services, and the possible
offering of services tatiored specifically to certaln
computer communications requifements. - lt'lsfessentlal that’
any barriers to the use of shared computer systéms that may
be attributable to policies and tarlfﬁs*of?commuthatFons‘
suppliers be eliminated, where possib¥e, and that the cost
of this method of distributing thé power not be so
prohibitive as to hegate any economies of ‘targe=scale-

computer operation.

LIMITATlONS OF LARGE SIZE COMPUTER SYSTEMS L

We have suggested here that apparently slgnlflcant cost
savings might be reallzed by the more wldespread use of
large computer systems, perhaps on a shared bases.’ lndeed,
recent developments in the art and technology of
time-sharing and data communlcatlons make the Drospect of
more wldespread _use of large systems, perhaps simultaneously
by many users, much more probable. However, the advantages
of large scale computer facllltles can only be reallzed, by
many users sharung thls faclllty, lf the varlous costs

“r

assoclated wlth sharlng are less than the dlrect cost

4

advantage of the use of the large system. Certalnly,_
communlcatlons costs, requlred ln order to dlstrlbute the
bl

computlnz servlce to the users, may be a slgnlflcant factor,

However, several other posslble costs lnclude software
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development, system overhead, administration, sales, and
perhaps others. Modification in.existing policy with
respect to communicatlons services might serve to decrease
the significance of this cost area, although it is still not
absolutely clear that this will be sufficient. As for
software development costs and system overhead, present
experlence would seem to indicate that operational
limitations’may have been reached in the development of
large-scale operating systems, a factor which could
seriously limit the—potenzial for development of large
computers specifically designed for shared use. (l.e., 3
large system may be quite efficient If used by one
organization for a 1imlted number of different éppllcatlons.
However, when shared among a number of "hostile"
subscribers, the sof tware deiélopmeht_costé and system
overhead required to protect the users and the system and to
provide for effective user-system communication and |
interface may prove greater than thé'eCOndMIes of scale.)

What we have learned in this present investigation Is
that efforts must be directed toward brovldlng the
computer-using public wlth the‘advantageé of’large systems.’
This means that technology should be foédsed.upon the
possible solutions to some of the more formidable problems
posed by shared use of large‘systéﬁs.? Where possible,
public authorities should seek to remove certain cost

barriers pértfcular]y In the dtstf(bdtfonﬂ sector of the
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imformation processing fleld. The industry has demonstrated

its ability to survive and prosper under a multi-plant,

competitive environment. The computer utillity, if it comes

at all, will be the result of advances in the art of

building, operating, and administering large-scale computing

systems,
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APPEND I X
SOURCES AND DESCRIPTIONS OF EMPIRICAL DATA

The several sourcés of empirical data used to test :he
hypotheses described in this study are discussed in this
appendix. The data fall In}g_;hrgé broad categories, as
follows!

(1),Manufac;ur(ngiiansggies:geniuﬁfdgta_, -
(2) Compute( Installgt{on data
(3)_Compqtgrlcost,data

. Each category will be considered in turn below.

MANUFACTURING INDUSTRIES CENSUS DATA

The data on Industry structures was obtalned from
several publicatlons of the Unfted -Stiatés Department of
Commerce, Bureau of the Census. They weré& bBased partly upon
the 1963 Census of ManuféctUrés and upon th& 1966 Annual *
Survey of Manufactures, Manufacturlng industries were
chosen for analysis In'tﬁls"étddfﬁﬁéésﬁééhfgf'fhéﬁ'féﬁfésént
/‘abproiTﬁéfélv one-third of ‘the computer ‘service market, ‘and
C(b)'they*afé‘éﬁaréctéfTZe&&By’thgfﬁosf:cbﬁ§?§fentiéﬁd ‘
“apparently accurate statistical’ reporting -of any Indistry -
group. | ' Pt g

The source documents referred to were: '

71
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(1) 1963 Census of Manufactures - Chapter 1, General
Summary, and Chapter 2, Size of Establishments.

(2) "Concentration Ratios in Manufacturing Industry 1963,"
report prepared by the Bureau of the Census for the
Subcommittee of Antitrust and Monopoly of the Commlttee on
the Judiciary, United States Senate,90th Congress, first
session. |

(3) 1966 Annual Survey of Manufactures, U. S. Department
of Commerce Bureau of the Census, "Value of Shipment
Concentration Ratios by Industry."

Six statistics were selecéed for each of the 417
manufacturing industries. The baslis of selection was the
apparent relevance to the use of computer services within
each of the industries. ‘Where possible, the statistics were
obtained from the 1966 ‘Annual Survey; however,fln certain
instances fhe 1966 flgures were elther missing or were
ascribed questionable validity by the Bureau of the Census.

The Census of Manufactures is conducted every five
years by the Bureau of the Census. It is, theoretically, an
exhaustive canvass of all firms in all manufacturing
industries. Manufacturing industries are those with
Standard iIndustrial Classification (SIC) codes between 1900
and 3999, Industries 1900 - 1999 were a recent addition to
the Manufacturing group, and, as a result, the statistics on
these industries were not reported as consistently as for

the remaining manufacturers. Hence, only:data on industries
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In the 2000 ~ 3999 range were used. The Annual Survey of
Manufactures, in contrast to the Census, is based upon a
stafistlcal sample of firms in each of the industries
covered. As a result, It is conceivable.that certain
figures reported in the Survey are relatively inaccurate.
When the Bureau considered the standard error of estimate
for any one industry to be sufficiently great that the
accurac9 of the data was open to namstton;‘tt-soﬂfnd(cated
in the report as published. The six statistics used were
selected because they provided measures of -slze, growth,
concentration, establishment size, lahor Intemsiveness, and
caplital intensiveness., Each Is discussed belaw:

- Industry size. Value of Shipments as reported in the
1966 Annual Survey of Manufactures was tused as the measure
of industry size. - Certalinly it Is not tie only possible
measure of size (value added may be another). However, this
statistic was selected because It provided ‘a measure of the
overall quantity of business done by the industry, not Just
in the actual manufacturing process itself. To eliminate
sporatic variations in the more marginal industries, only
industries with value of shipments In excess of $1 billion
in 1966 were used in the analysis. -

Graowth. A measure of growth was pravided by a ratio of
the 1966 to 1963 value of shipments for. each industry.
Loncentration. As a measure of -Industry concentration,

the ratio of value of shipments In the four largest firms to
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the industry value of shipments, using the 1966 figures, was
used. ‘Industry concentration provides a wmeasure of the
relative size of the largest, and:hence most important,
firms in an industry.

Establishment size. A measure of establishment-size in
the four largest flrms was ocbtained:from. the 1963
Concentration Ratio report. This statistic glves .the number
of indlvidual establlishments in-the four largest firms. -
Thus, a large -industry with a hi gh eoncentration ratio and -
few establishments in-the four lLargest flrms would tend to .
be characterized by relatively :l1arge plants -and
establishments; ome with many esteblishments, and perhaps a.
smaller concentration ratic or a small value of -shipments,
would exhibit establishments whose typical size.ls -
substantially smaller than in the flrst case.
a, A .ratho of Salarles-and

Wages /Ad justed Value Added was obtained:from ~the
Concantration Ratio report snd.'subsequent Iy wes updated with
data from the 1966 Annual Survey. - This provides a measure
of the relative use of labor in the manufacturing process In
the industry.

Capital Intensiveness. A ratio of New Canital.
Expend itures/Value of :Shipments, was used :to. provide a @
measure Of the importance of current acquisition of new

capital assets in the Industry. =
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A summary of .the above .data_for the .219 -manufacturing

industries used in the analysis are shown..in.Table :A-1,

COMPUTER INSTALLATION DATA

The source of data on computer lnstallatlons In the
manufacturing lndustrles was the ”Computer lnstallatlon Data
File" malntalned by the Internatlon data COrporatlon of |
Newton, Massachusetts. Access to thls source flle was
provided for purposes of the research reported here.:

The Computer lnstallatlon Data Flle contalns
descriptive data on lndlvldual computer lnstallatlons In the
United States. Included in the flle are data on the uslnz
firm and data on the nature of the computer lnstallatlon(s)
operated by that flrm. Although thls data base does not
have 1002 coverage, the flle S coverage ls about 702 to 853
overall, wlth the greatest coveraze ln the larger slze ; ‘
lnstallatlons.' Hence, the use of this data base A
necessltates some bias toward blgzer machlnes and blgzer
lnstallations. However, the coverage ls falrly constant
over most systems ln the $S,000 per month and up range, |
coverlng most medlum and large slze systems, wlth the f
greatest deflclencv occurrlng ln the small, desk top systems

used prlmarlly for speclallzed analysls and control

purposes.' Records contalnln; data on nearly 10,000

-
<

lndlvldual machlnes lnstalled at flrms ln the manufacturlng

lndustrles was studled and analyzed
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Several attributes of each installation record were
selected for use In this study. These were:
(1) The primary SIC code for the user company.
(2) The manufacturer and model number of the computer(s)
installed In that company. -
(3) Principal appllcatlon areas of the computer
installation, where available.
(4) System conflguration data -
a) number of tapes
b) number of external memory devices
c) size of core memory |
d) number of line printers
(5) Company sales and employee data
Although the COmputer lnstallatlon Data Flle contalns
records of systems in all lndustry classlflcatlons, only the
manufacturlng industries, 2000 - 3999, were used ln thls
study. 7
Each computer system (manufacturer model) type was
classiflied according to several possible attributes: rent,
power, and size class. Table A-2 presents a summary of
these data for the machines consldereo; lntcertaln cases,
it was not possible to classify a glven machine for one
reason or another, due to lack of lnformatlon on the nature
of the system. However, ln terms of market coverage, some

95% or more of all installed systems were classifiable.
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- “Rent. -The typical rent.-for.a:computerasystem type was
obtained from-several sources. :A .studywas made -0f 'the .-
rentat ‘ranges for computer systems:knstalied_.in tha Federal
Govermment, vwhereca fairlty eomplete is#nd cdonsistentiy: -
réported ifi be of “data on:these scests @xists (seebelowd.: In
addition, 'several reference sources were donsalted, - i+ 2 .~
including the.Adams ‘Assocli ates :"“Computem:-8Haractentstics - -
Quarterly" :and the mm:b;:feormt&mn be-"Standard EDP. ;.
Repor ts /. APthough some :data 6n specitkc icanflgunations was
aval Tabl'e “Fram tive .Computer’ tnsta] Tatbon-Data £l Tesclt was . -
determbned sthat ‘the use€ 'of m&wk oS tom srontals . was:
suf ficbentty .Sccurate s "and ssomewhatnbéss tifased; than the
use oficany basis for direstly pwickng icud idack bastatlations
This Is due to ageners] .backiof .Gvdratl scoanslistency in. the-
reporting in the CLDE, and :the:dven:greatdezdifficulty of -
actu#l'ky determining :whbch 'spdchkfic:components, having, kn. -
many - Ivstances, -3 wide rasnge of caats, werezlp-useiat -
particutar knstablation. bt is - recognized:that, as s>
result, ‘the use of 'some “typhcal'.imdtaltlation eent=may not -
diredtly provide s means of assessing the size-of an-
instatlation:at a:glieen:flrmpihowever, -wl th:the ‘rather -large
siZe ‘of “the sanplae vsed, :-nedr iy ;*}Q;O%;sbndbﬂ dual systems, -«
any diseontbniities would -be dvdragdd outsoverndtl systems. -

POMBE. ?‘Ammrq\f@ﬁ?stn ~Ypowd' :ofi -a sepeclf ke computer
systemIthat was used |s the ‘result ofzsistudw:by -Kenneth €. -

Kekght (9,10), :that :sought ;técassign acsbnglecdimension af ;.
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thewquanti ty ‘af ~precesstng -per unht itime i te icomputer sy:stem
typess it TRis «bs; efwcaorse, /2 dbffhowkt (tasks since the ..
"power' ofirany computersystem:is astunctioncaf zthe natyre-
of the applieatiancto:whieb:=it-ts apnlbadsandof the-avallity
of thepiegrams irun: i The same sgpsitem may spravi ¢¢ idi ferent -
quanti ties of service per :wnktctimewndée diEferent nouijitl.
applications: maﬁWm;zwd -the inetatl vespower jof ane o
systedi type sbosdAdthér systen type may she eubtedifierent .o
for dhffdrent appbticitions. ~This:is mma 1GOMPUter 1 cun
system idonsists w0f ‘sevarsl | kmpentant vcongonentsyo each of i: .
which may-have :several mr!Me atselbutes: - Generalhys ot
bus ingss stype rappl ications sregubee imare oknput-0u tou tisthan 4R
anafysisstype apphicatianss iwklecl igendtakly cdoulrqmore sz
computation-relative to ki@, " cHened, (aapahen whithgoad -7
input autput dipabblbvles pebavie bts casgatatiton ! . ii-oas:
capabi.lhtles weuld tend to ipdobarm hd tte g indern o3 shusiinesa »:
use thkan for scientbficzandotéchnicak apslicatiens.;feasides
the issue of .Inpat "ouimtsimr:us sdompubit kon s any Spsten may
hdve ather 'sets<of -attebites cohat aprrender -kt detter (.- .
sulted for Ome-type:of applicathioricoversanethern. cknight. - &
recognized ~this and :attemptedsita:ndso bee | bt ~to ssome ;&X tent |
by -detdrmining; ok eah isgsten e s tudbed s ipower ind heles -
for both bus bness candcsbbentifkc sus e, . oFh ke, 1d0findourse, ;on ke
reduces the ‘extent -of «d I'fiferefices ;adang 1thesapnl icatlens In
each ‘of ‘thése -twé . dategdri dd; -bat sdoes indt ze] buinatethe:z\:

difficaltys iFor ' thd :perpasessof:the presentis tudy, “the /twe
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Knight indliéles were ‘wefghted-80:as to:form-a single kndeéx.
75%°0f the greater:-df the:two {business orzsobeéntdfic) was- -
added:to 25% of thé IEsser-6f stheztworkabght=numbers., ‘=Thls
was bas&dsapon the lassumption-that;cim géndrat; @ mackine’
wotld "be "usad to process theimost effkclent type 5ﬁ S
appligation-assits -primary-purpase; > ~A¥though the index-is
imperfect; it does-provide a-means:Poraxamlinlng theuvh
quantity ‘of ‘data ‘processing "provided by each ‘system-type. -~
Whereas its usefulness for making comparisons betwéen any- -
given 'pate "of mdchines 14 BEENEP-DIil ted; bigsasefd] brdss
fof the parpose of ‘thiststudy, 'wieredsdelh compsrisons are: .
not important in relation wrxla’;ﬁusﬁ":h«‘mas ofi'magn bsude
of pre_rc‘essiﬁy ggmen tﬁtt tsc tlvmtwﬁtﬁeﬁmdtﬂw, th-

i ~ s E 4 . R
= Hgr @y i R L 0

Knlgﬁt f'fgdrés §¢em‘4€!€e appﬁépﬁaw indj‘"ﬁstfuﬁ. fol T

Size clagsifidation: Sases @ép'.;;fg«n;sﬁ of rent,
power, and other dataqavatlableﬂdﬁ“g;é:!tfeo!tpatia>ssstqnﬁ 3;*
classiflcatld? in'td éthty;QF!E:;;éijftfzm;?éczk’!Tiabvstfe h-s.’»’
presents ‘& ‘;Qm;airﬁ' -of ‘eHe: *ﬁﬁamt&;t@t’kc‘;wﬁmt!:h;;f rn
each class. L L -

~ A summary of; computer characterlstlgs fqr gath Nof‘ the
119 industries studied is pr:sgr:ted dr{jdbie}-&M‘Table A- 6
contains a sumt;ary of the relat’ldv‘;’!;@édrtigé: ;f each if the
three Drinc!pa;b'arbxpl‘ggia)taf"o;r}l‘:;ed;?! t)h;ﬁn 1§§§h vlndustry. C

INSTALEATION ‘€OST DATA Y75~ 00 i o dssuasm ssiinmes =00 o
Pubtié “Taw 89=306, "the ‘so~ca¥ 184 Brooks cAct, >« = =
established, within the ‘Fedéral ‘Govermmenty da. 0~ - coa.




administrative procedure for-maintalning a consistent
reperting -mechanism far all.computer - installations-in use by
Federal govermment:agencies:-andidenspesments; *While the-.: .
primary -purpose of this procedure was_tosfacilitate geesater.
sharing and economizing ‘on the part af:Federal agencies in
their use of automatlc data. processiag:equipment, one of the
by-products of this .pracedure -was a. consistently reported. -
set of data an the:nature of each:.instaltlation: in the
government employ, o o 0T ropa e
_The ‘Autamatic Data Pracessing Management-Information -

System program was established by ordern of ithe Bureau-of the
Budget. The system's purposes are . -

(a) provide 'torthe -Byreau~of :the ;Budget, the Qenartment of

Commerce, and the General Servlces Administration timely and

comprehensive tafersation:ta:aasistshese Agencles .in the .
discharge of thelr responsibilities under Public Law 89 -306.

(b)provide :apaistance e ASGRGY h%Qd
adminlstration and management of the *%ﬁ%%m&itc data

processing activities, es - joafloug ¢
(c) provide a comprehansive and perpetual inventory of

electronic data-praocessing-equipment,.and o~ ' :c
(d) provide integrated subsystems for Inventory,

utilization, manpewer, :cast -and -seaubsi tlon hlstery. . . . ..
(Ref. 6, p. 1) o
The ADP Management lnformation Systems Office of the General
Services Administratlon Is charged wlth theﬂne;ponslblllty
for collectlng and maintalnlng the data In the “Aop flle. o
The use of this data was made posslble by that Offlce.é .
v. S. government use ofﬂéém;uzersﬂrepresents about 12:
of the computer market in ;hls country,  :Generaly, the .
systems are obtained-from:the manufacturer, elther on a

lease or through outright purchase, at full .list price. .
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Further;. the naturecof a computer instaddatisn in'd
government agencyis auite similar:to one.that might be found
inany.divilian organization,. :Hence, it appears: to.be quite
reasonable to draw some general comslusions as toothe nature
of all installations from: this.admittedly:bfased sampie of
such-facilities: that Is 1imited te Federal:gavernment
operation. . T R S P Lt

&. ~An:individusl:record. for: -

each- Instaltation. contains a complete breakdown:zof-all.
components - in the ene or more! coppiter: systems. présent at -
the particular site. As a result, it was possible to-oebtain
a cost-distribution:of the. varlious:confligarastions ofi each:
type of system installed in the Federal Govermméent:: -
Generally, the average rant-of: ali-instancas of the same
system-model type.-was used- as-a basisifor classifying-
cémputer sSystem.types: into the eight: sizeé classes (see . - .
above) and for assigning typical configutation rentals to-
that system type, Whare the:federh!' goveresment detp:seemed
to be inconsistent with the.cost figares published: in one.of
the aforementioned reference sources, further study was: : .-
necessary in order to determines the:-georrect:veatal-figure: to
be assigned to a system. The rental.figures for federal
Government computer Installations; as-obtained: from: the . . -
‘Automatic-Data Processing-Managemént: information-System data
file are presented In Table A-5. Rental vaistﬂwa;e%used%~i&

because they seem to be the most consistently reported
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figure. dhis ‘is. true- even if: the computesr: system wvas -
purchased’ by -the: Federal-ageacys i~ Thei actudl-rental priceyo:
or: Its:equi valent. i f: the: system. wars: purchesed; ; i 5. requi red:
in.the report of each- agengy's: insdpldastions: toc the Genersl-
Serwvices-Administration: forbpurposescof the ADP! £ile.
Opprating £osts:--4a atidision: to- hardware: tost detay- ..
the ADP Management Information System flle contains . “:~-5p
breakdown.of  operatihg cosks ofsinstellatipps>othes than the
actual: hardwarereatal {or equivalentd;of: the computer(sd -
present; > Several: cost:categor lescarecproyided for- reporiiong
expenses: . - O e s Ltfueemy g ozh LeYiz e oo lUnnd
(1)-€ivilian: Salaries and.ovestime: (exclusive: of :empioyee:
fringe benefits) . wants® sdr o Lalisias: ;melavs To osos
(29<M§ 14 tary:Basw Pay-and’ Allowansessiwhere app) jcabied. =
(3) Punched:Card fquiphent reatads:£inctudes:all EAM. -
equipment, such:as key:punghes;isocietrssseic.;-1het syppard:-
theccomputer:system). = i :~:> iszicyd aningisse 2oy bro (5o ode
~4{Mhd=Magneticrtapesvand diskspagks wsedr . sovr oo
- (53~ Parts-fot’ in-housezmaintenaage of eurchbssed-EBP: .. -
equipment. ® o canrtot L oolhioe 3n3veTed begolinomezota o0
- (6).Supplies:used {paper; . corda=v4C.d7 "o af v o oy
(7)=0the? operatingiexpenses aot classified .: :..-- 57
These:cost  figures weece:asedras: thespasls foranbe moded-of.:
$nstatiation operatéhgi cCOsss: ¥8u: RONPUILE SeNta) COStS- . 20/
discussed-earlders sss34 L Jva i T s Lolnamzetsg sos of 7T

AT Sevnas st orpnacn g siiest A oewr aSt ad SF mean wwoll wsicl snd
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CTABLE A-1 (FONTINUEN)
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TARLE A-3
COMPUTER SIZE CLASS DEFINITIONS

CLASS RENTAL RANGE MEAN RENT

1 0 <2000 1381
2 2000 <5000 3270
3 5000 <10000 7386
4 10000 <20000 13201
5 20000 <40000 28751
6 40000 <70000 52213
7 70000 <100000 86287
8 100000 & over 227367

Rental figures are monthly
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TABLF A-L (CONTINUED)

EFXPLANATINN OF COLUMNS

Numhber of computers in operatton within this Industry.
Average rent of comnuters in industry

Averare total expenses of computer installations in thls
industry (based upon Federal Government experience)

Average power of computers in industry (based upon
Knight's power Indecies)



COMPUTER
MANUF MODEL
ASt 210
AS1 2100
AS! 6020
ASI 6050
AS! 6130
"~ AUT  REC2
BRA 130
BRA 133
BRA 340
BUR  B250
BUR  B2500
BUR  B263
BUR  B280
BUR  B283
BUR  B300
'BUR  B3500
BUR  B5500
~ BUR  E101
BUR 220
coC  G1SpD.
coc  LGp21
COC  LGP30O
one 160
cDC  160A
coe 1606
coc 160G
_.€DC 1700
cbc 3100
cbc 3200
- cnC 3300
cor 3400
cDC 3600
cor 3800
CDC 4000
CDC 4010
-~ CDC 640D
‘CDC 6600
€DC 8041
‘coc 8090
cbC 20928
coc 8490
coc 924
coc 9244
DEQ  LINC8
0EQ  PpOP1

101

TARLE A=-5
FEDERAL GOVERNMENT COMPUTER RENTAL DATA

NO.
INST

Py

' o
-~ o

PO
Pt

N bt NN
AL it L0l -ND

A N
& 00 W

f

~§ A

21

&y

MIN

1194
3200
5410
6384
6855
1
3129
196
9422
4380
8910
1220
3833
6135
4168
4139
13817
935
28220
‘280
740
350
1600
1502
6025
3829
2070
4325
6340
13800
28350
15600
16200
1865
2530
38700
62950
2955
1650
3915
5230
4352
1a252
160
1327

RENT IN DOLLARS

MEEN

‘2512
5232
6548
7008
6253

869

3129
2974
9522
4380
8910

. 2879

»3856
7538
5521
b543

373587
1265

28226
1533

MAX

4175
- 7264
-7687
8028
‘6855
2495
3129
4500
9422
k380
8910
3700
;3835
10895
6875
35280
84063
1635
28220
42621
1080
5080
37123
76709
19950
54590
16322
1302
2395
50780
28350
104292
77710
“3150
2530
81655
328505
2955
is?oo
835
6615
24186
21015
3954
10682
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' TABLE A-5 (CONTINUEM) = .

COMPUTER
MANUF MQDEL
- BEQ  PBP10
DEQ  PDPH
- DEQ  PQPS
DEQ PDP6
DEQ  PBP7
DEQ PBPS
DEQ  PDP8S
DEQ  PDPY
EAT 8400
CELT  ALW3
FRI 6010
GEL B30
GEL  PACLO2
GEL 115
GEL 205
‘GEL 215
GEL 225
. BEL 235
GEL 412
GEL 415
GEL %25
 GEL 435
‘GEL 625
GEL  635.
“HON  DDP116
HON  DDPI1S
HON  DDPA24
- HON  DPRZ24
. HON  DBP24
HON DDPkls
HON  BDP516
HON.  H620°
HON H632°
~ HON 120
HON 1200
HON: 200
HON  22Q0°
HON  40Q
. HON 619
~ HON  800.
.. | BM 1130.
1 BM 1201;
I8M
1440

NO.

oy 1
.6
15

H %)

OO

oo

s ew ey .

SN i

INST

~RENT IN-DQLLARS

aE!N

12650
1750
- 400
2492
1240
LY.

-199
iozu
9088

110
621
6913

35270
3005
2625
3163
1835

11258
4904
97u0
9140

22645

43850

32133
“343

5;2&

2750
§500
1809
©378
478
5400
6000
2360
5305

39850
2300

11190
6785
6060

1§033

170
1136
9600
2750

MEAN

12650
2§23
1134
3871
2767

431
261
1897
90838
1855
~1190
69 3

3gg

3 A
kgD
858
24597
5498

- MAX

12650
4732
3038
5250
.3672
-1069
294
3834
. 9088
3500
1820
6913
59791
6880
5400
17510
13763
58025
5662
16150
20593
25251
43850
100740
. 5162
k724
2050
17426
11197
600
. 3891
5400
6000
k955
15165
50437
22599
27826
quus
"RO60
50248
3037
22775
538406
13979
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TABLE A=-5 (CONTINUED)

COMPUTER
MANUF MODEL
IBM 1460
18M 1500

“IBM 1620
18M 1710
-18M 1800
-1 BM 305
18M 36020
"1 BM 36830
IBM 36040
- 1BM 360L4
~'18M 36050
I1BM 38065
18M 36087
“1BM 36075

1 BM 36091
18M 36095
1BM 610

IBM 6400
18M 650 :

iBM 7010
IBM 7030
{BM 704
IBM 7040
1BM 7054

~1Bm 705

I BM 7070
-1 BM 7074
18M 7080
IBM 7090
IBM  709&
IBM 7095611
I1BM 7740
1BM 9020
"INE 4900

ATT ADX73
“NCR 304
NCR 315

- 'NCR 390

~NCR 500+

PD$ 1020
'PHt 1000
PHI 2000
“RAY u40

40

- No,
ANST

- 25

T

Ry

22

iR
to 719,
117

70

e

e

&IN

7140
12248
1164
16158
1220
4012
<B17
3990
8068
5666
14165
13905
57405
63696
120395
138236
1150
730
4450
30523
118075
10674
12259
33750
22800
18220
25120
49548
43561
35967
51704
6733
11779
-700
493
15390
7225
534
1015
- k50
5100
23970
“460
5228
5228

11910
19821
3428

16158

4918
4012
2916
12127
23404
10578
37564

58218

198931
106248
150300
141843

1150
931
LL50

45657
142958

20363

37532

62534

32502

28679

L7k27

77287

76040

78933

84376

11096

28101
- 700

&2085
116778
10207

1765
1533
P 501
15?59
52773
1155
5743
5743

'RENT 1N DOLLARS
CMEAN

- MAX

19271
27395
5891
16158
11820
*hD12
17876
28225
51337
20169
95442
161266
171303
153028
171206
144651
=33150
11054
4450
77036
177200
38272
68924
129389
45100
39139
109576
140554
103309
122284
116935
16137
k8586
700
168133
18708
17965
2062
3920
.900
25598
89928
1766
8259
18259
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TABLE A=5 (CONTINUED)

COMPUTER
MANUF MODEL
RAY 520
RCA 301
RCA 3301
.RCA 4101
RCA 501
RCA 7025

" RCA 7035
RCA 7045
scC 650
scr 660
SbS S16MA2
SDS.  SIGMAS
sns S1GMA7
"8DS 910" .
SDS 92
SDS 920
SDS 925.
SpS 930
SDS 9300
'SbS 940
SEL 810
SEL 810A
- SEL 8108
SEL. 840
SEL 840A

- SEL 8LOMP

"~ UNI FCI!
UN?Y t
UN1 tel
UNI ML60
UN? SS80
UNI $890
UNI 1004
-UN! 100411
UNI 1005
UNI 100511
UNI 10051V
UN} 1050
UNI 1050A
- UNI 105011
UNY 1105
UNt 1107
UNI 1108
UNI 1218
UNI 1219

NO.

INST

5

106f

NN
O s

" un

N N N .. ." ’ L v
VIO UWRNNERNR NS NOWRFEUWSNWAN W

\
\
A\
~

SPTE
& 0
o0 &£ O

“RENT IN-DOLLARS

"MIN

2191
4403
17823
- hOOO
5240
7610
10425
12373
~433
1800
1310
1385
3885
521
2760
1800
3480
1605
9655
28009
;640
1350
1335
1232
4584
23770
18174
19520
9032
.. 5750
‘6865
- 535
1055
1297
2993
1975
1950
$652
6400
48060
56395
14100
1606
3720

_MEAN - -

%300
10887
28648

4000

19242

7610

11325

19601
. B34

<2114

~2171
8796
8720
4371
- $235
- $563
5309

8255

13433
28009
6380

1707

1657

1863

4750

1

24380
1517%
22131

9032

12647

7032
2380
2836
1951
3024
2030
9134
5052
8398
48060
68450
L7449
4680
12599

MAX

8154
25065
46562
~ 5000
41111
- 7610
14558
22991

950
.2&28
~ 4029

20030
18577
19566
13359
11660
- 8673
20600
18233
28009
- 8020
2065

1980
3390
- 4916

1
25426
15174
26225

9032
26320

7200
u772
3885

4h52

3055

2085
16000

5052
10135
48660
74603

214791

- 11352

28360
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 TABLE A~5 (CONTINUEN)

CIMPUTER
MANUF MODEL
UNI 1230
UNt 1500

CUNI 418

CUND 490
UNI 492
UN!  49%&
UNI 6424
UN! 6428
UNI 667
UNI 818
UN1 885
UNI 9200
UNI 9300

DDS 240

NO.
INST

W
OO~

s

HNNWH g

RENT IN DOLLARS

MIN

0

2404
4555

25050 ©

bh249
10500

37202
7166

1580

1100
3428

6329
1160

-9

MEAN

7012
2404
11129

50295

44249
50508
8366.

13726 -
37202

7156

1!52
2203
9

MAX

19238
2404
26573

©'899070

Lhb249
112718
13414
20494
37202
7166

- 821k
1545
10500
9
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TABLE A-6 (CONTINUED)
EXPLANATION OF COLUMNS

(1) NCOMP - Number of computers in industry

(2) NAPP - Number of computers in industry that reported
principal application area
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