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ECONOMIES OF SCALE IN COMPUTER USE: 
INITIAL TESTS AND IMPLICATIONS FOR 'rffE COMPUTER UTILITY* 

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 _!!!: 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 advantagea of '1arqe facilities become even more 
significant. 

*This report reproduces a thesis of the same title 
submitted to the Alfred P. Sloan School of Management, 
Massaebusetts"Institute of Technology, in partial· 
fulfillment of the requirements for the degree of 
Doctor of Philosophy, June 1969. 
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Yet the evidence would seem to indiqat~ that, despite 
these apparent efficiencielJ of la~<Jf! &yst;ems. the 
overwhelloing majority of .insta,lled oomputeJ:s were generally 
fairly small operations. In an attedl!"t to ""det-el:mine whether 
actual experience of users was ·that, 'alf thin<Js considered, 
there were no true economies Of large 'size, an analysis was 
made of data on nearly 10 ,_000 COlllPUte~s installed at firms 
in manufacturing industries, ~inCJ 'tbe a~.rvival te,chnique, 
which uses market experience as a basis for studying level~ 
of optimum plant size. The results of this analysis 
suggested that users did Ol)$rate .'Qompu::tie»s as if .there were 
significant economies of scare in ~~heir uS'e.· 

' '. 

None of the evidence, in fact, ~stigg~st;.ed that even the 
largest size systeni available today is tliemost efficient 
possible size of "plant": hence, the key imPlication for the 
formulation of regulat.ocy pol,,i,ey ;to.ward t.b:e.oamput:er is that 
such policy should encourage, to th8' qre-.st possible 
extent, the shared use of larqe'sysit:ems by those who require 
computing servic'es. Those barrier11';th~t 'd~· exist which tend 
to mlti,gate such shar.ed .µs,e. iihO,u~ -Q,~- '..r::~ct: or etui~nated. 

·PuQLic uti1i.t.y~ a.~tu• would be -:~ate4 Pzi,~y. U the. costs 
associated with shared COJQP\lter Ur• "t -di~tbutJ"~1n,,, software 
development, system overhead and administration - are less 
than the p0e'ential direot: saving-Sc reau:ktd.rtq; "brom use of 
·1arge systems. · .. '1'hfi1 is· at least as "niUch a 'technol-ogical 
prob1eni as it .. ts' regulatdry:; t1!6: ~~re :o._~ :th,~. domt>uter 
utility conc;ept. w:tll thus be qe~fiden~ .. ~n th~ ae'gree to 
which' technology can reduce cos~a.ill.< ,t:h.es"e c;a·tegor.ies. 
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INTRODUCTION 

CHAPTER ONE 

COMPUTERS AND PUBLIC POLICY 

Much discussion ts presently taking place regarding the 

issue of possible regulation of computer services as a 

"public utility" In a manner similar to that characterfstfc 

of the electric power, gas, transportation and 

communications inc1ustries. This study is concerned with one 

possfble basis for such regulation - the existence of 

significant economies of scale Jn 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 sfze 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 notfcable economies of scale In the 

production of computing services. Indeed, it is concluded 

9 
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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 pal fey should 

be drrected toward reduction of the barrle~s that tend to 

prevent use of larger 110re efficient systems by groups of 

individual users. However, it is painted out that there are 

costs associated with multi-user sharing of a large system 

that may not be present when such a system ts operated by 

and for only one user organization. These costs must be 

less than the advantages associated with the large systems 

in order not to merely offset an economy wl th a d'fseconomy 

in the use of large facilities. 

BACKGROUND OF THE PROBLEM 

In November, 1966 the Federa:l CommunJcat:lons,,Cqmmisslon 

announced that its Common Carrier BU(!ta:U was, Wlder t~l ng an 

extensive inquiry a I med at dete~ml nlna wha,,~., J f .. any, 

interdependencies exist between tne coml)l4t~~ and 

corrrnunlcatlons industries.; and to .what exterl.:t; lf any, such 

i nterd~pendence w~rrants r:egu.lato~,y ac:tton by the Commission 

or some other regulatory body. Cl)· 

The "Computer I nqu,l ry; '' as It. l.s '-eomnon ly -ea 11 ed, was 

given impetus as a result of $e.veral slgnlfil=ant 

developments In the technology of lnforma.tlon p.rocesslng In 

recent years. SI nee the Sec:ond Wor\4 War". when mill ~ary 

requirements resulted in the ftrs,t really lmport,ant 

innovations in the develcpment of CQmpu.tins; machinery, the 
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extent to which such devices have taken up key positions ln 

the economic, social and pol I ti cal 1 lfe of this country has 

been quite remarkable, especially when one considers that 

all of this happened In less than two decades. 

As the computer's role in the nation's-life has assumed 

greater import, so too has the need for sound public policy 

towards the machine, and Its Implementation on a fairly 

general level, become more urgent. Althoug-h there is, 

today, a considerable amount of interest in the problem of 

public pol icy formulation covering tlle-technology of data 

processing, much of It has been stlmula-ted by the 

aforementioned FCC study. As a result, the questions 

currently being considered by those studying· the overal 1 

issues of public policy toward data processing have. been 

those raised by the COtmlls.ston. (2 .. 6) 

The intrinsic importance of the questl-ons rals-ed by the 

Commission cannot be underrated; however, In a sense they do 

stem from perhaps the wrong direction. The regulatory 

impl I cations of .the Interdependence between- computer systems 

and communications companies forms but one aspect of the 

overal 1 issue of pub 1 i c p01 Icy toward the computer. 

(Another Issue of at least .equal impartance Js the matter of 

personal privacy protection from potent,Jally uncontrollable 

computer-based data banks of the Orwellla.n variety.) Others 

inc 1 ude s:uch anti --trust matter-s as company s I ze, ,market 

share and marketing practices; such technical issues as 
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programming language standardization, machine specification 

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 computer 

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 indtvtdual, and different, 

things, all connected directly to the computer by 

telecommunications 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 cost 

that is based upon the quantity of service actually obtained 

(7); Cb) to the extent that there are economies of scale In 

the production of computing services, the shared use of 

computing facilities may bring down the average cost of 

computer usage; Cc> extensive use of such systems can 

replace and to some extent render obsolete some portions of 

the installed communications plant now operated under 

exclusive franchise by communications carriers; and Cd) 

because the computer's services may be "piped in" to the end 
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·user's location vi a conrnunlcat.tons llrte-s, th:e: 1 ~ml t e>f 

poss i b 1 e application areas for such SY5.tems l>ec:omes bound 

on 1 y by man 1 s I magi natl on. 

l n a sense, none of these at7trlbut.es ,Q:f tJme-shared 

computer systems are new to. the computer- f l•lct. A -user of 

modest means c:o1.1ld always purchase contQUtirt& ser.vlces f.rom a 

firm speclfical ty establ lshed 'ta pro.vlde :·them;<>Gr f-rc.wn 

another user who did maintain Ids own -ln-hou,_. CQmputlng 

f ac i 1 i ty. Shared use of lar.ge: ·machines. mi-,g~t haiVe -enab 1 ed 

many indfvldual users to obtain the b-.f ttS'iOf:.;·.t .... :sc~le 

economies· In the operat I on of ntach Ines· 1of tJtl-:$ s+~e •. · 

Computers have been slowly rep.laefna ntawy lGOEWeftt:lon.al forms 

of conwnunfcatfon, replacing written notes and spcken words 

with spectally designed messages that modify a data base or 

cause some specific action to be taken. Finally, with the 

increased experience in the use of computers, there would 

seem to be virtually no limit, even without remote access, 
.. . 

time-shared systems, to which this technology could be 

appt i ed. 

Hence the time-sharing development has not really 

created any new problems and raised any new questions - It 

has served to br t ng sever a 1 dormant Is-sues out Into the 
' ; ~ .... ' ! :_; 

open. Time-sharing mainly Increases the ayalJabllltv of 

computl~g machinery, and as the computer becomes more 
, --=~ ~ ~~ :;_ _, .<_;T~'f"- );-~ 

available, as ft enters more areas of life, the concerns 
' 

over h~w It should be controlled and regulated multfply. 
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There are, Jn fact, two categories of- regulatory Issues 

that have been rat s-ed. One concerns vartous ol)ara.tl ng. 

prac t t ces of the computer Indus try and compute·r end-users, 

and inc 1 udes such Issues as teehnlca l ,;s~amnf!'Cttzat lon, 

personal prl vacy, sales practices: of compu~e.- ~manufacturers, 

etc. The second· set of 1 ssues, eer~taln.1 v <l'l()t . ..urtre lated to 

the first but nonetheless ldttntlfhlble- as a dls"tlrict prob.1em 

area, is the question of possible .,ubll+~ utility status for 

suppliers of computing servtcesr alcm•~..slmlclar 1 lnes as 

practiced In th'e· natuat'al g.a~; &lectt't.<:q11owerF tcranspo.rtatlon 

and communlcatfons industries. The stucty. r.epcwted·here was 

pr inc i pa 11 y eoncerne4 wt th the lefit:t.,. ~cgroap· 'of Issues. 

' 
NATURAL MONOPOLY AND THE PUBLIC UTILITY CONCEPT 

John Stuart Mill observed In 1848 that Ca) gas and 

water service in London could be supplied at lower cost If 

the duplication of facilities by competitive firms were 

avoided, and Cb) that In such cl~cumstances, competition was 
.t 

uns tab 1 e and I nevi tab 1 y replaced by monopo.1 y < 8 >. Ml 11 thus 

noted that, under certain conditions, the forces of market 
'~ : 

competition would not result In either the lowest possible 
,'~ ' ;; , "c- [·~ ; 

cost or the best service to the conmunlty. The conditions 

may be met when the production function for a given Industry 

ts characterized by significant lona-run decreasing average 
\ ~. ~' ' .. 

costs, I.e., economies of scale. Where production of goods 

or services may be accomplished at substantially lower cost 

if done In large quantities, 1t is Inevitable that larger 
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sized firms will be able to produce and sell their output at 

lower cost, thereby driving out smaller producers. tf, 

Instead of operattng under a competftlve environment, the· 

industries characterized by economfes of scale were forced 

to operate under condltf.ons of monopaly, then the potential 

duplication and waste resulting from competit~on might be 

avoided. In t ts place, however, would be a monopallst who 

could exact monopoly prices from the connunl,ty·and engage In 

other monopal y praetices. Hence~. some :sutlst:l·tute for the 

forces of competition Is In order. :·Such .a .'.substttYrte ,has 

ht s tori ca 11 y taken the form of same goverrnertt reg.u latory 

body charged with the respan:s·fbf lltY of :sa-fquarci:fna the 

public Interest. Generally, such bodt<es'~ p-e~mltted the 

"natura·l monop0ly11 to earn only a "reasonable return11 on··f ts 

investment, in e.xchen:ge for an exclusf ve lfr~Ach:.I a. to se:rve 

the public with whatever type of servt.ce Tt provides. 

The ex1 s tence of subs tan t I a 1 econam hrs ·of s·ca le 1 s not 

a sufficient condlt'ion for regulation, .however• One 

add t ti ona 1 test that must be met f·s that of n-.cess'fctv - the· 

output of the f J rms In the Indus try mt.tat i>e neces;sary 'to the 

public good. (An Industry that has a decreasing cost 

production function but does not produce a necessary good or 

service Is, fn effect, competing with other Industries that 

produce non-necessary goods or services for the buyers' 

money, and, as a result, the public does not need to be 
·., 

protected from Possible monopallstlc practices.) (8,9) 
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This study has, as Its primary objective, th~ 

determination of the extent to which, the tradlttonal concept 

of public utl lity rea.alatton may,be ,app1f,ed to:the provision 

of computer services. To this ,end; tl'te,prlmary .emphasis ts 

placed upan the question of ,the e.Jelstence of significant 

economies of scale. 

It would be difficult for anyone to denY the fact that. 

computing s·ervices are neces,sary servlc~•; they have 

attained: tht s status over the pa-st- .two .decades by the extent 

to which computers have taken up, knpo~·tant -posl.tlans In so 

many aspects of social and ,bu.:Si'ne~s l•·fe. · lf c:ornputl n1 

services- may be more efficiently suNlled l>y a reaulated, 

"natural monopoly" than b.Y free competltlOft:, as ts the 

practice toda·y, then ·publ le Policy 111Utt be directed toward 

the creation of a natural mo.noPo.lY status.~#or computer 

services. However, t.f such ecoraomles canno,t :be 

demonstrated, than public poltcy must". safeguard~ the freedom 

of competl tlon In thtt ·provision of such· ser.th:e_s by 

prevent Ing any .monopcHy In· part or al I o-f -the- comi>Uter 

industry front being formed. 

THE COMPUTER SERVICE INDUSTRY 

The "Computer Service Industry" Is defined, for the 
-· 

present study, as consisting of all "plants" that produce 

computing services. 
~. ' . .. 

Such plants need not be independent 

computer service firms, such as service bureaus or 

datacenters, although these firms certainly form part of the 
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Industry as defined here. All computers, whether operated 

as In-house fact lf ti es by the end~user- ·ortanriat I on or by 

firms spe~iflcally organized to supply suCh_'.'Servlces to 
I 

others, constitute the computer service iricfus"try. 

Th.ls "Industry" is considered as tricluc:Un.i all computer . .- . . 

servtce~pr.oducfng plants becaus~ 1.n etfect'hany.· 'end-user of . 
such services has, ava 11ab19-'- to h·ttn) the opt I on of el ther 

purchasing the requf red servt ces:: f ronr an o.u:t·$fde suppl t er or 
producing them with an fn-hou$e faci li~y. Under th Is 

deftni ti on., at the end of 1968 th4're ~~re; soltM! ~a~ooo plants 
·. ·- ,-,- .. - ' . . . 

' - . 

producing computing services In the United States.-(10) 

/ 
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CHAPTER TWO 

ECONOMICS OF COMPUTER SYSTEM OPERATION -- . , . 

INTRODUCTION 

It has generally been asserted that t~ere are certain 

economies associated with the use of large size data 

processing systems. The purpose of the present chapter Is 

to examine the rel at Ive validfty of"the \latfous contentions 

made, and to provide a basis for an examlnatton Of the 

patterns of computer use In manufacturfng Industries, the 
• 

subject of Chapter three. 

We consider first the previous work tn this field • 

Grosch's Law and the research by·Kntlht dn the sut>Ject of 

computer performance vs. cost. Nttxt, ith•·tesutt:s of an 

analysis of cost patterns of computer fnstaltat:Jons rn· the 

Federal Government Is presented, with th~ conclusion that, 

when one includes In the cost c:Jf opefltfrij:'a eomputfna 

center al 1 cost categories, not just maehfrie rent, the 

magnitude of the econ6m1es of scale beCOlfte'even'more 

pronounced. Finally, this chapter considers several 

possible bases 'for Cshort•run> dfsecono.ftfes that may exist 

f n the provision of computing servrces, wt\l'ch 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·'qoantl'ty 'of 

computation that could be provided by the hardware. .Thls 
' ' 

relatto11sh_lp, which ha~ since. become_ known~!! Grosct\'s Law, 

states that 

Computing Power • C • ,< System cost >.:z. 

where C ls a c;oostant ttet•.rinlned b¥ th~ l!vel of 

technolQ.&i<:f.Jl development._ . 
. _,_ ,' . . .. . 

( 1) 

Thus, a~cordtng to Groscf')'s Law,_ l_t ~t;Jl~_be,~s_slble to 

• obtain a computer with four times the "QQwer" at .. ooly abo~t ... ~~--·} ~--?--' ,~,-_~ ,-

twice the cost. 

Kenneth E. Kni~ht so~ght to consider the lmpll.catlons 
• -c- .::: "'; >~ ' :· ·• n • .' 

of th ts re, 1 at i-onsh t p t n 11 gh t of c;~anc,s In, t.,e,cboo ,,ogy. 
• .._- -~. ~- '. '• ,-..·-.· _;,..~ l ·.~r ··.,-! • ,_ 

Cl,2,l ·cer.:taioly, lt was_tr_':'e .~ha~ (!'.~~~·~9'11P~~~r~~d•l~

were ofte" .more costly, -~r,d subs~ar,tfallY ~r~.S?Ow~rful, 
·• - . : • ~ " • ·__ • - ' ' ...,'>;: • ;·~ ' 

than their prede<:e$sor,s. ,.Kntch~'s __ flSld.lf'..'gS w~r~. that indt!ed 
........... "· •• ' • ."~ ' • , : :. ·J , _ _. f _. , 

Grosch's Law was still valid, even under conditions of 
• • ., • ~ "."'.; • > •• ·_ • -~ - • ., -; '.' ,_;;_ - - • (' __ : • - ~ • ; 

changl ng ~echn~l.ogX•- B"Y.; hol~lnc tt!c~r,i~)_qg~ ~C\l)St~nt by 

considering all models Introduced In any one year 
- "' . ' -- . - -~ ~ '· ' " ' 

seperately, Knight determln~d tha~ the expqn~nt was more 
- - '· . ..... .. - , .- - 'f: . '!._,.' ... ,, • 

like 2.5 for scientific appllca~IQ~s and 3.1 for commercial 
'<", :. 

applications. ci, p. 35). 

It ts not clear, of course, whether or not the prices· 
-~ . ·. . .. ~- . 

of computers reflect costs of development and production, or 

whether or not the computer manufacturers consciously 
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establish prices for the·tr.products tn·accordencew,fth some 

relationsh·fp of this type~ However,. to<th~:exunt that. 

there are now a fa1rlJ large nurnber.of·;hardwall'e~system 

suppliers, one might be willing to dlsc:ount any overt 

pricing decision based upon performance rather than cost. 

(Although it ts certainly valid that, within a single 
• , -, e.; -- ~ :, -

manufacturer's product line price Is based upon relative 

performance, to at least some extent.) 

Besfdes the direct, somewhat measurable economies 

propased by Knight, there may be certain other economies 
·~ - ,-_::r ,- , ___ ;·-. - -_ -.,.f-- ·.< - --:~~ t - , -

associated with relatively large systems that are not 
; ' 

generally av~llable in the smaller models. 
: . ' .; -~ ; - ' -~ 

This ls CJ result 

of the development of the techniques of multiprogramming and 

multiprocessing. Any given proaram being executed on a 
"'· z . -·· ~'Y • ·-; 

computer will, at various times, require use of different 

components associated with the comPUter system. 

Traditionally, when one component was in use by the proaram, . . 

the others would remain Idle. CThe comS>Uter had a 
. ; ·'.; 

"one-track" mind, concerning itself with but one thing at a 
:·_· -

time.> However, It Is now possible for several programs to 
"i"·-' - > : • \ • 

A.· -.-: .: ':? . ! : . "~ --~ 

be run on a machine simultaneously, either via a batch 
.. ; ' ~- . . ;, 

. ; -~ .0::\. \ i: -

Under 

such a procedure, when any one program Is using one 
< ' 

.. :,_.::..~,~--::c.; j .\ 

component ~nd leavlna the others, Idle, t~ese might be made 
-,• -!'':! 'C. ,_)· 

available to other programs, thereby Increasing overall 
~ . "'. -

system throughput. Of course, there are costs associated 
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with this procedure, and these:rnust be-welahed·;agelns>t the 

benefits. ln general, the lar.cetr the mec;~_f ne, ',the greater 

the opporturtlty for savings~unde.r • •ltlPf'O&ratnm•ng 

environment. 

ECONOMIES OF SYSTEM OPERATION 

Hardware costs represent, however, only one part of 

total costs incurred In the course of running a computer 

lnstallatlon. Other cost categories Include peripheral 
;1 - '"; -..,. . ~ ,_ -

devices, keypunching and other data collection activities, 
~- ,... ~ .i 3; f; --~ 

progranvning support personnel, system management personnel, 

physical site facilities, ai~ condltio~~~;, maintena~ce, 
magnetic tapes and disk packs, and expendable supplies such 

as punched ~ards, continuous fo~~~:-~~d·t~e itk~~ ln 
~ '. ::._-. •·-'; \ :'. , ,,,. ~ ~ ''< "I 

general, these costs will rise as hardware cost rises, since 
t. '~ .~--,-,; j -: ~{·; ... ~ ~-~ ~- ~ ':-· 

a larger operation Is needed to supp0rt a larger size 
~' ,,,. •• - t.. .·~ .~- + "·j ~ -.' - ~ 

machine. To determine the exact nature of the relationship 
:~ . ; ·; {} • ·~- -~ [_..._ H-- .• .-; .. . ., " :',.. ; ....... 

between computer system rental and total operating costs, we 
'cf··· ,...,.- ". .~;;{}; f~if;'.f'f''.:) ':.j·:.1:-·.,; .-

analyzed cost data on 1,039 computer Installations in 

service within the Federal Government, in both civilian and 
; ·1 ,, :t!; r.~':' ,_. < ~ ~.: :.:~:_;.q ., ·1 ~, e;: ..... ~ ~ -~,.;.::. _-:..,,_·, 

military establishments. lnterestln1ly (and somewhat 
·:.=, ~ i 

surp.rislngly) it was discovered that, at least within the 
~ f' ~ - - ,... '-~ ~ :.-

Feder a 1 Government, the rate of Increase In overall 
-·~. . ['" 

* ~ ,: 

operating expenses Is slower than the rate of increase In 

hardware system rent. This- w~uld s~11e:-r th~~: despl te ttie 
'. ~·-, ;,,. c i! :·- : ..... ,. J: ~""' ~ .. . 

increased staff and operating facilities required to support 
-1. : -·: ,., " ,. ... 

a large system, and despite the exponentially increasing 
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capabilities of larger systems, the average total cost per 

unit of computation decreases even.faster.when all expenses 

are considered than when only harclwar•, rent is .considered .. 

The analysts revealed the followf.ng relationship 

between rent CR> and total operating ex1>enses (X): 

ln CX> • 1~9016 + .7657 ln (R) (2) 

Table 11-1 presents a sunmary of average .f'.ent and 

operating expenses for Federal GovernA1ent tn&lallations 

divided Into eight size classes. Some of these 

i nstal lati'ons may contain several dl'.ffeFe"~ ~omputer 

systems. The cu~ve that was fitted to these data is 

plotted, along with the actual data points, in Chart 11-1. 

The same analysts was made for Federal Government 

installations with two or fewer computer systems, In an 

attempt to isolate the operating costs of running a single 

installation. (In Installations with two systems, one Is 

most often operated as a satellite of the other, usually 

larger, system.) Here the rate of decline of total 

operating expenses versus harldware system rent was even 

faster than in the previous case, suggesting again that the 

number of systems may be of just as much significance as the 

size of the system in determining the amount of operating 

expenses required. These results are presented In Table 

11-2 and Chart 11·2. (Details of both re1ression analyses 

are presented in Table 11·3.) 
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The direct appltcabtlity of the data on computer 

insta11atfons In the federal GovernMent to cornerotal, 

non-government· operatf on may bta subject to -some ·-quest ton. 

Indeed, there ar* several dfffer•ncei 1n·Federat Government 

accounting practices vts•a•vls -comma~clat··practlees that may -

alter the magnl tudes of the costs··reltarted-z 'These are· 

considered·· fn soo.ewhat·more detail· IA the~·Ap.,endl.X• 

However, it Is ·quite· un 11 kely·-th-at -anycdl'ff•renees are other 

than in the magnitudes of ttte fl1"r••· Involved, and the 

basic trend that was uncovered friom:tt.ls dace ls p:robatily 

quite valid generally. 

KNOWN DISECONOMIES IN COMPUTER OPERATION 
""" -. . 

,- . : ' ;_, ~ ' ::: ·~ ~· ; ~ ~ · .. ·. . 

The cost f lgures presented by Knight and by the author 

are deficient In that they generally refer to directly 

applicable cost categories that are charged directly to 

computing center ooeratton, and within that to routine 
'. 

operation. In fact, this ts not sufficient because the 

computer directly affects many other categories of costs 

within an organization. 

Certainly, some of these other cost categories ought to 

have very little to do with the relative size of the 

computing system, but may be affected by the results, or 

output, of the computer's operation. However, certain other 
~ . _,,. 

costs are more directly affected, and these are considered 
··. i ... l' 

~ . " 

here. 
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Control oyee C'ompy1:e(' 0Mt11tltns~.,, 'Many: end•users of, 

computer systems consHter l't' HSellt"la,1 ~hat Urey be abte to 

control the actl vi ties of th• c~r 1 n•t•>l la·tlon; he·nce 

they demand that the coms>ater they use·- be art I n-ttouse 

facl 1t ty. ·There may be several· r•asotl'S fbr-~hls feel Ing, 

some of wf'I f ch may have greater wtl1dt t' ttra-11 Mhe:J-s~ f I est,· 

to the extent that the cOlftf>Qter l 1t stl t 1. • no~:lty In many 

facets of lndustrta1 actlvt tt-; there -1•·'"• .J.,.r-tant.- ••ement 

of prestige assoctal:eel wltt. h'avlnt'·cm•"•· oM!t"'system, wtthout

havlng to deal With -Soffte'Oltt'S.td·~..;~pl:l•r •. 1"~ there ·l·s-, 

the con-Cera over· securf ty of the: ·d• ta-0
: f<l l..S 1 nra l:n~aJMtd b,y' 

the machine# and the be:llef·that:~·:slt~uet~it:MJtt-.not:be .. 

guaranteed· were· the organtz•tt one· to ·cOft<traet:r w1:th.t .some·-ot·tier1. 

sou+·ee for computt na' s.rv lees. There~:l s -a l•oc:'.the des·i r.e. to, 

have the com,,Uter; aval<t'8bl·e on"• 1!>l"tor1 tf'; u.ws- wt.en, -needed-, 

some th Ing: whl ch· a sef-:.Y.J ce::tJ\t..._, mt-Ch<t ftlrt:blt •••~rto 

guarantee. In any, e'\-ent, wlta-te•er'·;-tiwf=' vaU df t9,, o'f· thne

rea'So'ns, many, end•\Jsers ~'•tten of 'th:w,-vlw'..th'a>t~·- since 

the cost of, .the ·com?Ute-r was;"'such a &lla:l,,,r pa-r.t or.~ 'total 

company exi>enses, and, sfhce tfte cost of1 'the'rtnachJn.: was 

passibly Justified on'the'basis "ef<·J*rhltPS ••tt:v one· · 

appH catl on, there was no re'-lson to -be- conberned: lri:>out 

savt·ng some money and shar·1ng~~ tarcw lllacMne wf th: other 

f I ems, some of" whom ml P't' even' be' combetltor.-~ ·· 



26 

mitigated by the existence ef cef'taln· t~noJoglcal and 

institutional factors In the computer service industry. 

Ft rst, virtually every computer al>f)-llcatlon ln existence, 

and there are perhaps over 100~.000 41stlnct applications ln 

operation, is unique to at least some de,gree. Even the most 

conmon, pedest'f'lan appllcatloM, sueh·•s .pavroll accovntlng, 

accounts recel vail»l e b 1111 ng and ~~ts f;>ayab 1 e process Ing, 

are usu«t 11 y designed es pee I a 11.y· for the e:nd·u ser f l rm. 

Moreover, once a user has comm-t tted resqu,,.ces to the 

development of an appJ lcati<>~ progf':am ~age ·for one 

machine type, he often mus.t acn<>t"tlze. this iflvestment ove.- a 

certain time period, lr.resoec,tlve of •the' ~9npmles of 

routine operation that tie: mlgtlt,.r~iUtcP'Yc:a $wf·tcb. t~.some 

other mouel ~ Such.ii proCe5$ Is of:te-A Cti:t1;¥ ~ •.. ls not done. 

wl thout c:onsi derable, just I fl~tJOA. In, most, I nstaru;es. 

Two oppostns forc.s have ~e&· ~v•1wl1.1& that ml ght 

perhaps modffy this situa,tlon .lft:-Utne. One is-the fact that 

newly developed applications a-r-• eftaJ\ f.r ffl9re comp'.lex, and 

hence far more expensive te lrnt:>1•ent.1 th-ari :Previously 

existing us-es. However, a.t the s._ time, new. devel~pments 

In software may make the' deve1.c>pme:n-t- of- new appl I cations, 

and the conversion of old ones to different machines, a less 

arduous task. A new softwaf"e lndus,try ls only now beginning 

to pass along economies of softwaf"-e dev•Jopment to I ts 

clients by, in effect1 sharln1 deve1QPllent costs of a 

package among several of them. Th:e soft~are fl-rm writes the 
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basic programs in a fairly mach·lne-lndependent format, and 

then implements the program Individually on each client's 

system. In the past, end•users usually wrote tbelr own 

applications programs from scratch, since the.re was no easy 

means of modifying. a preextstfn;g ·p.rogram without·, Jn many 

cases, pirating the prograntners from the wganlzatlon where 

it was wl"'I t ten. 

Staodardlz1tton. There Is relatively Httle of 

significance In the way o.f standaf"dfzation within the 

computer manufacturing Industry. Programs Wf'f tten on on-e 

machine will usually not run ona machin• of some. other 

type; indeed the program mav not-even run on anD!ther machine 

of the same type! On the software stde, programming 

languages have achieved some-de1ree of $:tA.ndudleation, b~t 

the standard is rarely Implemented on a wldespre•d'basis. A 

case in point Is the ASA Standard FORTRAN tV·langua~e 

specifications, which seek to provide a attfform· lapguaae for 

all FORTRAN programs. This standard has, fn practice, been 

used as a mi nlmum, rather than an optimum, by tbe 

manufacturers and users. Many have devehtpeci the Ir own 

versions of FORTRAN IV that Include addttfosai capabilities. 

The effect of this Is that a pro~ram written in•the expanded 

version.cannot be run on another system .. ttiat dOes not ase 

the .J.11J1A expanded verslen; the adoptlon:of 8"11Uandard,here 

has been virtually worthless. 
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It does not fol low, however, t~t this ts necessarf ly, 

undesirable. Adoption of a ft rm standard by the computer 

f leld would necessarl ly act as an lmpecUIJteftt to Innovation 

and development. In the FORTRAN «XantPie just cLted:, many of 

the "added" features are qu&.te us,ef'.U'l. and- lmpe>rtant; they 

might not have been Introduced at all If the standard was 

firmly adhered to. The value of setting standards must, be 

weighed aga 1 ns t the va 1 ue of I nnova tt ve -f reedOQ\•,. - I_ n an 

industry so characterlzedby lnnovatlo111 ad<>t>tJorvof firm-

s tanda rds would seem to be -premature at, ,thi $ __ time. Hence, 

the dtseconomles as-soc:latedw-fth·thenecessl-t.y for-a user to

adhere to-his presen:t machine as,lo•c--at 'f)Osslb,Jewlll still 

be present for some:-ttme to come. 

Olse;onqnlcs qf Sharing. I~ was\ sucaested earlier that 

there were advantages-, as -wet 1 as:: costs~ assoc; I ated wl th .the 

technique of multlpro1ramnrfn1 a tar1e comStuter. These 

"costs of sharing" arise in both technical and operatlonal 

ways, some of which may never actually show up on any useds 

books. Technically, addltlona1 hardware Is requil'."ed to 

suppart a multlpro1rammln1 eAYt-ronMent. The. cost of such 

hardware may often exceed tfte'cost of the;:bastc pr:ocesslnc 

capab t 1 tty. In another s.tudy. ( 3.} It was 1 eatned, -for 

example, that the "sharlng'overhead'Laotnpanents tn:.one major. 

tlme-sharln1 system then under -devetopment;-..would be _.about 

ssi of total hardware cost, not to mentlae~sucb ~4dftl~nal 

cost factors as communications facilities, and the cost of 
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writing the software for the sys~UI, perha!DS a$.,hJgh as $6 

mt 111 on. 

From the operational $tandp0lnt, i~e user of a remot•lY 

located computl n1 facl 11 ty must Incur. certa!n costs in .order 

to ga In access to the machl ne. . l f it Is :a Ume-shar~d,. 

remote access system, he must contract for. cQnnunl cat fons 

services from a common carrier, and lease a remote access 

terminal device. If the service Involved ls a batch 

processing system, the user must arrange for pickup and 

delivery of hts jobs, and must bear the cost of any 

Inconvenience 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 eff ictencles. 

Thus we must ascertain the extent of actual economies 

of scale io oractice. To accomplish thts, 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 dlseconomles, or vice versa. 

Although few of the Installations studied operate In a 

time-sharing type of environment, the analysis does present 

a basis 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 efficiency with which this equipment ts used. 

The results of this analysis are the subject of the next 

chapter. 



31 

REFERENCES 

Cl) Knfght, Kenneth E., "Changes Tn Computer Performance," 
?atamat!oa, September 1966, pp. 40-54. 

(2) Knight, Kenneth E., "!='volvfng Computer Performance," 
Datam~tton, January 1968, pp. 31-35. 

(3) Diamond, D. S. and L. L. Selwyn, (1968), QR...~ 



TABLE 11-1 
RENT AND EXPENSES FOR ALL FEDERAL GOVERNMENT INSTALLATIONS 

NOB~ .G.RENT.LE. MFAN Rr:NT SIGMA RENT MFAN TOTEXP Sf~ TOTEXP M~ RNT/EXP Sf G RNT/EXP 

113 0 2 1.373 • 52 7 8.232 10.547 .317 .220 
227 2 s 3.291 .859 17.904 13.831 .295 .213 
126 5 10 7.365 1.471 30.749 43.469 .381 .227 
185 10 20 14.065 2.746 IJS.795 31.790 .385 .169 
1311 20 40 28.433 5.459 97.422 92.618 .408 .195 

96 40 70 52.745 8.252 135.200 57.117 .450 .177 
38 70 100 85.125 8.110 

,, 

198.998 91.045 • 501J .190 
120 100 9999 268.226 240.941 483.989 353.124 • s.~a .178 

TABLE 11-2 
~ ... i RENT AND EXPENSES FOR INSTALLATIONS WITH 2 OR FEWER COMPUTERS 

N08S .G.R~NT.LE. MEAN RENT SIGMA RENT Mr:AN TOTEXP SIG TOTEXP MN RNT/E.XP SIG RNT/EXP 

10, 0 2 1.381 .522 7.383 7.215 • !l.9 .219 
219 2 5 3.270 .838 17.263 13.008 .~99 .214 
107 5 10 7.386 1.414 29.659 46.166 .381 • 205 
127 10 20 13.201 2.416 45.643 37.088 • J·86 .177 

59 20 40 28.751 5.682 76.501 37.759 • it4 3 .174 
27 40 70 52.213 7.231 109.929 40.550 . ~!3 .156 

9 70 100 86.287 7.683 179.861 105.705 . tos .226 
5 100 9999 227.367 204.001 271.767 190.158 • 7$5 .182 



TABLE 11-3 
RESULTS OF REGRESSION ANALYSES 

1. LO~CSVSTOT) = AO+Al•LO~CSYSRNT) $, 

NOB mi 8 
RANGE 
REGR4 

l 
NOVAR • 2 

1 8 1 

RSQ • 0.9975 SER • 0.0718 SSR • 
F(l/6) • 2437.8990 DW(O) • 3.0744 

0.0309 

COEF 

Al 
AO 

VALUE 

0.7657 
1.9016 

ST FR T-STAT 

o.01ss 49.3751 
o.os21 36.4693 

a. All Federal Government Installations 

1. LOnCSYSTOT) • AO+Al•LOGCSYSRNT) $, 

NOB • 8 
RANGE 
RJ:'GR4 

1 
NOVAR • 2 

l 8 1 

RSQ = 0.9924 SER • 0.1143 SSR • 
F C 1I6 > • 7 8 4 • 3 5 7 2 OW C O) • 1 • 9iJ 61 

0.0784 

COEF 

Al 
AO 

VALUE 

o. 70 50 
1.9344 

ST ER T-STAT 

0.0252 28.0064 
0.0837 23.1157 

b. installations with 2 or Fewer C'Omputers 



LOG TOTAL EXP•NSES VS, LOG RrNT 
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LOG TOTAL EXP. vs. LOG R<"NT FOR • LE. 2 COMPUTERS 

HORIZONTAL - LSYSTO VERT I CAL - LSYSRN 
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CHAPTER THREE 

OPTIMUM PLANT SIZE lN THE COMPUTER SERVICE INDUSTRY 

THE SURVIVAL PRINCIPLE 

The last chapter considered the determlnatlon of 

relative econQml-.s of scale 1.n the provision of ~omputlng 

services by an analysis of relevant cost areas and by 

consideration of known short-run dlseconomles which might 

act as detriments to obtalnln1 the fullest cost advantaaes 

of the use of lar1e scale .computer systems. The present 

chapter consltiers the question of economies of scale by 

attempting to determine the optimum plant size In the 

.computer service Industry. A plant Is defined as a single 

computer system, althou1h several.such systems might be In 

operation within a single Installation. 

In cons Ider Ing the quest I on of ORt I mum p 1 an.t s I ze, 

Stigler Cl) noted that: 

An efficient size of firm ••• Is one that·meets any 
and all problems the entrepreneur actua11y faces: 
strained labor relations, rapid lnno,va'tlon, government 
regulation, unstable foreign markets, and what not. 
This Is, of course, the decisive meanlna of efficiency 
from the vlewpalnt of the enterprise •••• 

The survivor technique proceeds to solve the problem of 
determining the bPtfn'IUnt ·prant· •lz• as f'oHows: 
Classify the firms In an Industry by size·, and 
calcvlate ·ihe share of Industry output coming from each 
class over.· ti~ If 'the s.hare of a itven class falls, 
It Is rela~lvely lnerflclent, atkl In 'general Is more 
lneffactent the more rapidly the share falls. Cl, p. 
56.) 

36 
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Under this view, ft should be p0sslble to determine the 

relative efficiency of plants of various stzes merel' by 

studying the existence and survtval patterns -of •Plants of 

various sizes-In an Industry. In the loaa·ran,-on~y the 

most efficient firms, whfch presuma9ly are those of 

relatively optimum size Cassumlna a continuous production 

function) would survive In a competlttve .fUrket. · .. Jndeed, 

Stigler observes that 

Not only Is the survtvor technique mdre,dlrect and 
simpler than the alternative techniques for the 
determination of the oPtlRUR s•ze·:·of fltm, It, ls also 
more authoritative. Suppose that the cost, rate of 
re turn, and · technC> toat·ca t -;5 tacl f es ::-a 1 l t find': that ~w I th In 
a given indust~y the optimum size of firm Is one which 
produces SGO'to 688-unft• per,dav1 aftd"thlt costs oer
unit are much hlaher If one aoes outside this range. 
Suppose.·also tl\at :most ·of- the"flemsr<tn;~lhe lnclo•t:rr are_ 
three times as 1arae, and that those firms which are In 
the soo to 600'1UPtf~ 'class .,.,~ir•••t1ty f•tt tns~o" 
growing to a laraer size. Would we believe that the 
optimum:~s11e was 500 to &OO·'V11ft•t : .. eteat1Ji)net: an 
optimum size that cannot survive In rivalry with other 
sizes Is a contradiction ••• <1--P~ 11&>. 

In another study, Simon and,Bonf.nl (2),used this 

principle to disclose the fact that ·tn genetal., :Industry 

cost curves-were "J11 sha1ted, tt•at Is, above a certa,fn 

minimum slie of firm, expansion woulct talle plecei..,alon1 a 

constant cost Portlion of the long-ron,averaae cost :curve and 

that, for most -relevant size magnltodes,-tfte,theoretlcal 

upturn In what·tsconsldered to be a ·"U" shaped curve:wl11 

not occur' The-~Shnon•Bonlnl model·•s-cbased.·uPon,tbe-. _ 

observation tha~ cv.r time there was no sreatier 

Q..[OpoctlOn111 cttanae In 1stze among ftnas at varl:ous Points 
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In the spectrum of firm sizes. lf en,lndustry were 

experiencing economies of scale (I ~e., eotPenslon was taking 

place along the decreasing cost p0rtfon of·· the industry eost 

curve) then firms of relatively large slze.~would have an 

increased probability of survival than thefr $maller 

competitors. Hence, under such cost conditions, we would 

expect, over time, to observe a &f!eater prol!H)rtiooate change 

in size of large firms than of small firms. 

r. R. Saving, In yet another •~Plication <)f the 

survival technique (~) suasested tbat•lhere was some value 

Jn considering only the size dfstrlbwtf-on of· plants at some 
'" 

s Ingle instant tn tlme, thus, f·n effect, .. making the C perhaps 

heroic) assumption •hat ·theextstlng~·dtstt:'H>utf.on·,of Pl•nts 
. 

is optimum (3, ·P• 578)~ C•tttainty, this· Implies that anv 

movements or trends· toward OttlllUm~Olant tf,ze.J.n •n Industry. 

are reflected in the extsttng structure of ·that Industry; 

that a "snapshot" ts sufficient to Jndtcate some direction 

of movement. The survival techntcaue is ueed, Ill.the present· 

study, In this manner; since the rapld,r,a&e >Of tecbnoloalcal 

change in the ·computer field would render comparisons of 

plant sizes In different periods of llttJe,vaht•• 

Saving also concluded that "ttae gre•ter the, size of the 

market, the larger will be the optlmumstze:(of.Plant>. , 

because It Is tbe sl ze of, the .atarket.··whlch •l low• :a ptant to 

be large enough to take advanta1e of all the eoonomles of 

production which are aYallable.'' ,Ke ftU'lher notes that nby 
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size of market we refer to the slz:e_of the market In which 

the plant com~etes, and not. the I ndu1t.try,. stttee l.t Is the 
• 

market fol" the i ndl vld-.aa·l plant.ls outPtt,C wl!t·lch deter'1J~ nes 

the extent to which that ptantmay tekead~an.tege of 

existing economies of scale." (3, p. SIJ),. Weiss C5, p,. 

253), came to a similar conclusion b~ demonstrating that for 

any given t ndus try the percentage of". •ota:I ca1141cf tv wl: th In 

any market (region) that was In plants of at least minimum 

efficient size Increased with the size of the market. 
~., ; ' 

(I.e., the larger the market, the more the Potential 

economies of scale were realized.) 

In the computer service Industry, as we have defined 

It, the "market" that Is served by an Individual "plant" 
'' ""' 

Cl.e., computer) Is most often restricted to the firm which 
, i" 

uses the computer's services as an Input to Its production 
' 

process. Hence, by segmenting the computer service Industry 
'~ { ' ~ ,, ,,. 

Into its Individual markets, we may examine the relative 

economies of scale in the Industry as a whole,,by determlnlng 
' ,. , ,• 

the nature of the effect upon optimum computer size of the 

specific market in which It operates. 
_j ~- .. ,, ~ . '- j -

This was accomplished by classifying the Individual 

plants in the computer service Industry Into groups 
~- - '"' ' < ...... ·.: : "".; 

according to the specific (manufacturing) Industry that each 
< >, ' - ~_'.!: • :..;. ... ' 

machine serves. This, of course, assumes that all firms In 
,, ;:· ,'-.] .--~ ', J :· ,; ; -~ : 

a manufacturing Industry passess essentially Identical 
. '';i .. · ,, ''" .. ··' ; :· ' , ; .::: . ,. . 

production functions. Further, If we assume, as Bain (4) 
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i.o 

and Simon and Bonini (2, AL. .d.t..> have suggested, that 

industry cost curves are usua11 y- J•shaped such- ttrart In ., 

general constant costs exist abo~e! some mlnlmum critical 

point, then by assum~tton the quantity of-comput~ng serv1ce 

demanded by a f lrm In any one Industry should vary 1n direct 

proportion to Its size, along a -11neat' homogeneous 

production functlon for the (manufactartng) firm.-

THE SURVIVAL PRINCIPLE APPLIED TO COMPUTER SERVICES 

The operating cost data considered In Chapter two might 

lead one to expect that no computer save for the very 

l~rgest Is efficient, and that the prudent user will always 

obtain the largest system he can. However, this does not 

seem to be true In practice. In an attempt to determine 

what does occur In practice, the survival technique was 

applied to data on nearly 10,000 computer systems In 

manufacturing Industries. Stigler suggests that survival 

~ ~ ts the key variable to be observed. However, as 

already observed, wt th the rapid rate of technological 

change In the computer Industry, time series would not 

Indicate any meaningful pattern, since the production 

functions tn different years might not be strictly 

comparable Cor even remotely similar!). As an alternattve 
. ..._, ~ 

; " .3 ·," 

to studylns survival patter.ns over time, usaae patterns 

across a number of Industries, each of which has Its own 
-. 

characteristic structure, were analyzed. 
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If thP-re ~1ere no actua 1 econom I es of sea 1 e In the 

production of computer services, then we mi1:Jit expect the 

srze oattern of systems servinr: firms within .a particular 

industry to ref 1 ect the st ructur.e of that Industry. 

Further, proportionate changes In Industry characteristfcs 

should result in a change of like proportion in the typical 

size of a computer installed within a firm In the Industry • . 
If economies of scale do exist, th~n the relationship 

. ' . 

between Industry structure and comput~r size pattP.rn would 

be less definite. Also, changes In ln,dustry structur~ 

shou 1 d resu 1 t In 1 ess than proportion.a 1 chanrr,es In computer 
. +· - • 

size, JndJcatl ng that because smaller Jrstall.ations are less 
; . -.-, .. : : ·, ;. 

efficient to operate, relatively largr. systems arp reFulrPd . . .:,. . .. ::: ~ -. . . 

to serve Industries chara;c,terlzed :b~ smalJ firms. 

Assuming linear homott.~nt~ou.s prpductlon functions for 

fl rms in rnanufacturl ng industr;'e~"( thf"n 

d = £J s. • 
where d is the quantity of computln~. service demanded by a 

·. -- ' -·· , . 

firm of size s; In Industry I, and '1. Is a_ constant. The 

Bain and Simon-B oninl findings lend credlblUty to this 

function for outputs as related to ~irect lnpu;s. Outputs 
- .!- ~; -- ~ --~ 

here are given by firm siz_e s_.,., since we measure size In 
·~ 

values of product shipments; but ~he input here, d , Is very 

indirect; computer service ts part of administrative, 
. ' " , 

research, and process contro1 fun~tl9ns, none of which 
r .· • , , . , ~ 

approach, "labor" as a direct Input. But .a1r three of these 
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indirect services are used to e'xp1atn ·the eXJstence of 

firms; that Is, analysts of organl'rat:tons place 

responsibility for limits on organfza'tlon (or firm) size on 

the decreasing returns to scale of services in these three 

categories. We assume only constan·t returns, as a cautious 

first step In ou'r analysis; decreas-tng returns would add to 

the strength of the findings below. 

Thus, lf pi ts the average 'slze of a computing plant 

in industry i, then 

d = cA Pi y 

where o( is a constant and '{ = 1. 0 tf no econom1 es of 

scale exist and '( > 1.0 tf they do. That is~ ff economies 

of scale exist, then a ···1ess <than' pro1xfrtloha·te change in 
~ • , -, '· r - " " . ' - • . . t • ~ I ~ -. 

average size of computing pla'n~t wlll be requfred for any 

. change' in quantity of 'comptftThg- sf!tvfcies demanded~ d. This 

relationship may be rewrt't;t~h'.Jas 
1 d (d A. ~ f 11 1 

P• • - • s· or o ~ -
I "" . I · '( 

where~< 1.0 under conditions bf ecc>riomle's of scale. 

Thus, If fl rnl' s 1 ze ts Increased by some factor k, 

then kp < kd. We would expect a pro~rtlonate ch~nge 

in power as a result of a c·hange 'ln frrin size only If no 
, ' . 

economies of scale are present. Howe~er, where such 

economies do ex-tst, then the· sm~tfe·r- ftrins- are already ustng 

larger machines than they- might be d~lng1 ,und~~ conditl'ons of 

constant costs, such th~t th'e, mag-nftu'a~:·of the increase In 

computer s I ze is not as great as· .that In fl° rm size-. 
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MEASURES OF PLAN'f SIZE IN THE·CGMPUTER SERVICE INDUSTRY 
\ 

In order t.a test this hypothesis, It was necessary to 

find a set of variables that Aifould characterize the· 

structure of the user Industry .a.nd another ':~;oup to 

characterize the structure of. i nsteHtsi '~n)Qu~er svsteQ'ts 

withJn the user Industry. 

Sf x variables Wttre selected to describe ·the user 

industry: Industry size, lndustry>gr<Mth, l.·f\dwsctry 

concentratl·on·fn the four lar·aest firms, mmt.ur.r·of 

establishments in the four large•t (and most frnp0rtant) 

firms, labor intensiveness, and capltal lntens.IVceness. (The 

append Ix descr I bes each of thes,e· more fully :and presents, In 

Table A-1, a sunrnary of these variables for ttte 119. 

industries s·tudfed.) 

The variables used to characterize the structure of 

computer s·I zes were aver1age rent, avel"\ap tota.l ex~nses, 

and average power. These are summarized, for each industry, 

in Table A-2. 

Average r1at. Averaae rent:was computed by usln1, as 

mean rental ·values In each of eight sf·ze-C:lasses of comPt.tter 

systems, the values obt0alned from an an.•1ysfa .of the cost 

pat ter""s i n the Feder a 1 :Gover-.nmeat ·I nstal 1 ~ti ons C see Tab 1 es 

A-2, A ... 3, A•&t). Although a mor,e- valld·method:,mi&ht have 

been to detef'ntl ne _.the actual .:rent fo.r ::each. ·c:ornpUttf'. 

installed, the data were not suf,fh:l-ent to d:evelO.i»svch 

price determinations; However, conafderlns the number of, 



systems studied, any varlat:tons can'be expe~ted to be 

a vet aged out over a 11 systems.,;, Me nee,: tli1e. use of the 

experience within the'Fedet·al Gover"nmant::ls·pr.--of:tably a 

fairly good estl-mator of actual avetaae easts•· 

htrage ·.tqt1L14ap311• .Once· apln; ... the data on 

computer systems In the rnanufacturlnc-JinOMlrtes was not 

suf f i ct ent to perml t any detematu•f.oa -of oHr:at h'g . · 

expenses. However, -the.results of! 1tt\e':..::ana\~sl~•:of the 

Federal Goverrment-' 0expertence .-r,e used and are Wlievecl ·,to 

reasonab1 y estimate non.,.aoverrlftent eJUler.hence. , tt sbou \Q. be 

noted, however, that certain expenM caWao~les ar;e not . ~ 

Included ·i:n ·the ·fed•r1H ··Gover·nment'tsl ctbrect~mput-er ,,ff-S:lem • 

opera t t ng c:os ts that are usaa l 1 • .f tpnes .. ~yrnongeverrwntut:t 

users. However, ft Is believed that thesei . .are. 0orobably a. 

fixed percentage of non•r,ent eQ!enUS# aad ·•Jn not 

materl al ty affect 'tbe r.esul ts ebtal!aed .-l:n '"·the present 

appl 1cat'ion. 

Ayeragc Pgw1r. A measure of the product Ive .c-.,p~lt.Y of 

computer systems ts provl4ed by,"«a5-ht '• I ndH:t-es ~f 

compu t i ng power, d I s cus ud , earl f"e:t" (-and it n ,,, tftif! : ·APPerJd· Ix> •. ··· 

A 1 though t"ent a net operatf·>ft& r.xpenSM ~ ld seem, to be . 

measures of system cost, .theyi. a.t"At ;ahio r-mea&411res, of. sy.s·tem 

size, jd5t as m.ue•r ·of ;empl.,..s;: s•lai; ~kl lowatt h~w.rs 

used per moathi'•tc•;#" :are- :al1" ·measu.c• ofnp lia1U:·-ott..fJ rm 

s I ze. - Use of ·tK piower. "Y.r!fl·att-le,: ~.,..,.r / .lf,l':Ov.htes ·the bes,t 

measu·:re·fot' change J;n:,productt ... ,-eaaecl ty;d;fcll :we~·•ss.ert 



should be proportional to a change In an; structural 

characteristics of the user Industry If computing costs are 

constant. However, the change In one of the cost variables 

will provide a more direct measure o-f thte chan~e In relative 

expenditure on the typical system. If this change Is 

approximately In the same proportion as a change In industry 

structure, then clearly there are no ~ecenonti:es e>f". scale. 

However, to the e~ten-t that th:ls chaqa; Is .bess '"than ·the 

1 ike change in the Industry structurei ·ttreA'·~Fe would seem 

to be certain efficiencies of large scale:s~stems that are 

I ndeed be i ng enj o~d ·by f t:r111S0 "Of hu~ger : s tee..:-, 

CONSTRUCTION OF THE MODEL 

Linear regression analysis was used to test for 

relationships between any of the six Industry varlables and 

the three compu-ter sf·za. variables j.\IBt decrf.bed,. In the 

case of industry growth, 1 abor f n:-t81'S:fWeness", .and cap I ta 1 

intensiveness, there was no ·s·I gnl;f Jcan~~ r~advnsh 11,p between 

any of these and any of the three computer s I ze descr,f ptors. 

Hence, these three variables were discarded from further 

analysis. The most significant relationship was found In a 

mode 1 whose t ndependent var I at:Ylies con:si s tect of t-he natu-ra 1 

1 ogar I thms of Industry si·:ze; .. c concent1'a~f on-, 'f"Jlti o~ . and number 

of establ tshments., Jn the four" larces:t· f f-rms. -·:Ttte ,-three 

multiple regression equations were, then 
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ln R •11cao ·"' a, ln Q + •$'" T + a 1 n ·f ·-· 3 
( l) 

~.,, 
; :; . -~ 

ln x • b. + b, ln Q + ba,ln T + b,ln E (2) 

CH 

.·.,,., 

where 

T = ratio of slz:e c0f :four larps't f •~nns ;•o:. 

Industry size 

E • number of establishment In four largest firms. 

a;, bi , c; 
' J 

are regression coeff lclents. 

non-logarl ttmri<:c fof"tlt, fornr a meras.unt pf· ·•:ve:.race plant st z:e 

in the:: ,four .l"&rps;t~ and mos't .clinpo1rtant• :f·tcrms ln t'he 

industry-: 

Average establishment size ··¥" (4) 

The results of these rearess:tons-: are g:l:ven in .. Tab le It 1-1. 

A plot of the loear-ithmof :average.:pl.~Ht.ts.liZ'e'agaJnst each 

of the· th1"ee comPUter· size· vart•l•s 'i$J prov.fded·· In cr.a.r.ts 

H 1-1, 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-=eco Qc, Tei.. Ecd (5) 

Since, from Table 111-1, C, .z - c3 , we may rewrite 

equation (5) as 

(6) 

where C, ~ f>p ~ - C 3 
If there were no economies of scale, then both/3p and CL 

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 I 11-1, 

indicate that in fact /Ep is approximately 0.4, and Cz. 

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,/3R = 
approximately 0.15, and a~ is approximately .26; in the case 

of average total expenses,JBx is about 0.095, and bz, 

about 0.17. Once again, economies of scale are indicated, 

especially with respect to average establishment size. 



However, the cost-related measures would seem to -suggest 

hlgh.lv- slgruflcant •conomles: If •-v~r•se--~stabllshment size 

is doub 1 ed, the average cost of a .C~IPU-ter I t1cnta&es by 

2••0.095 times, or by only about l-()t. -A~~,racerent would 

Increase by about 14t. 

EXAMINATION OF THE RESIDUALS 

Table 111-2 presents a summary of the actual and 

estimated va.lues of average rent for the 119 Industries 

studied. In an attempt to expla--ln at least some of the 

variation from the model, the subject lnd~strles were 

c 1 ass If I ed t nto three 1roups, -depet;a1 n1\as>d~:. the nature of 

the applications to which computers had-been used In that 

industry. Table 111-3 sumrnarlzes thls ·analysis. In 
. - ' ·- . -· · __ , -.-,. ·:- .·_ ' ?- :; -.l ' '. ---

genera 1, the model seemed to overestlmate the average rent 

in industries with significant analysis typ~s of 

applications. These Include such actlvltles as en1lneerln1 

des I gn, s I mu 1 at I on, Job-shop schedu 1 in&; mi th.,.. t I ca 1 

programming, statistical studies~ ancl'wh•t'not~ In the case 

of Industries with process control applrcatlons, such as 

machfne operation monitoring, ContPUter'',typesettfna, etc., 

the model seemed to underpredtctthe aver•se-size of the 

computer systems Installed. The thtrd c1•ss Included all 

SY$tems where business ap1Hteattoits tifere:'Ptf.ed6tiitnant, and 

relatively little analysis -or c=a~trol -~flvltle~ were taking 

place. The orlilnal model seemed-tct-!l>e falrlv accurate for 

this type of Industry. Usina this same 1roupln1, the 
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original model was re-run In an effort to determine whether 

there were any differences In the coefflcl.ents, and hence 

elas~icities, when the instalJatlons.,wlth oon-buslness 

aPPlications were treated seperately. The purpose here was 

to isolate those groups of users whos~ Industry production 

function requires that they make a different .UR& of use of 

computing devices than most industrial users. A 

determination of differences Jn the rearessl.!>n line based 

uPOn applicatlo., area would suggest that the d~aree to which 

economies of 'scale are pre$ent ln arty J,ftstanc:-e Is, to at 

1 east some ext.ent, det.erml ned by the nature of the servl ce 

being obtained from the equipment. Table llJ•3 qresents th• 

results of .thf·s analy!SIS and indlc:.a&.•d that, although there 

were .seme smal}.ch•naes, the :Original conclusions are In no 

way Invalidated. 

CONCLUSION 

The emp.irlcal data suggest that users of computing 

equipment are behaving as If there were sl1nrf'1cant 

economies of scale In the use of such devices. There seems 
- , ~ 

to be a general tendency for users to a~quire larger systems 

than thetr firm or plant size would Indicate Is required. A 

doub 1i ng of average es tab 11 shment s I ze results In on 1 y about 

a 35i Increase In the average POWer of computer 

installations In the Industry, far less of an Increase In 

·the two cost measures - machine rent and total operating 

expenses. 



so 

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 ma~hine to use Is based upon factors other 

than the straight quantity requirement for service. 

Companies do tend to obtain systems that exceed their 

requirements, because they are substantially cheaper to run, 

on an average unit of processing basis. What ts done with 

the excess capacity is not clear from this data; there ts a 

developing market in excess computer capacity (within the 

last two years several new firms have been organized to 

provide brokerage services tn 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 ~sage. This question Is considered In the next, 

and concluding, chapter of this study. 
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TABLE 111-1 
RESULTS OF REGRESSION ANALYSES 

ALL 119 INDUSTRIES 

1. LOG(/\VGKNT) = /\O+Al*L'lr,( fNDSIZ)+A2•LOG(C:ONC~"J)+/\3*L'lG(F.ST/\R) $, 

N08 = 119 NOVAR = '• 
RAW:;E 1 1 119 1 
i\ u~ q4 

RSQ = 0.3G65 SER= 0.2670 SSR = 8.1988 
F(3/115) = 22.1815 DW(O) = 2.1211 

/\ 1 
AO 
A2 
/\ 3 

VALUE 

0.1585 
2.9057 
0.2611 

-0.1408 

ST ER 

0.0398 
0.3050 
0.0396 
0.0330 

T-ST/\T 

3.9789 
9.5253 
6.6026 

-4.2631 

2. LQr,(/\VGEXP) = BO+Bl•LOG( INDSIZ)+R2•LOGCCONCFN)+R3•LOG(EST/\B) ~, 

NOB = 119 NOVAR = 4 
qANGE 1 1 119 1 
REGR4 

RSQ = 0.3564 SER = 0.1751 SSR = 3.5278 
~(3/115) = 22.1712 DW(O) = 2.0545 

COEF 

Bl 
80 
B2 
S3 

Vf\ LUE 

0.0988 
4. 7507 
0.1740 

-0.0912 

ST F.R 

0.0261 
0.2001 
0.0259 
0.0217 

T-STAT 

3. 7816 
23.7416 

6.7088 
-4.2099 

3. LOG(/\VGPOW) = CO+Cl•LOG(INDSIZ)+C2•LOG(CONCEN)+C3•LOG(ESTAB) $, 

NOB = 119 NOVAR = 4 
'<ANGE 1 1 119 1 
r'.!EG~4 

RSQ = 0.3440 SER= 0.7602 SSR = 66.1~561 
F(3/115) = 20.1027 OW(O) = 2.1500 

COEC VALUE ST ER T-ST/\T 

Cl 0.4702 0. 113 '• 4.1460 
co 5.2613 0.8685 6.0580 
': 2 0.6764 0.1126 6.0069 
C3 -0.4036 0.0940 -4.2927 
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Table 111-2: Actual And Predicted Values - All 119 Industries 

Rank SIC y YFIT RESIDU PCT-ERR NCOMP NAME OF INDUSTRY SIZE CONC ES TAB BUS ANAL CNTRL 

1 2086 3.6109 4.3065 -.6956 -16.15 27 Bottled and Canned Soft Drinks 2735 14 77 24 0 0 
2 3442 3.8286 4. 3730 -.5444 -12.45 22 Metal Door, Sash, and Trim 1397 10 11 12 3 6 
3 3391 4.1589 4. 7168 - . 55 79 -11. 83 33 Iron and Steel Forgings 1273 31 7 20 0 2 
4 3731 4.2767 4. 7568 -.4801 -10.09 28 Ship Building and Repairing 2339 42 19 22 2 0 
5 3674 4. 3944 4.8736 -. 4792 -9.83 73 Semiconductors 1124 51 5 7 12 3 
6 2631 4.1744 4. 59 75 - . 4231 -9.20 18 Paperboard Mills 2853 27 33 13 0 4 
7 2013 4.0604 4. 4568 -.3964 -8. 89 27 Meat Processing Plants 2502 16 29 23 0 0 
8 2711 4.1431 4.5404 -.3973 -8. 75 207 Newspapers 5520 14 29 107 2 67 
9 2431 3. 9890 4. 3660 - . 3770 -8. 63 17 Millwork Plants 1345 9 9 13 0 2 

10 3317 4.2047 4.5977 - • 3930 -8.55 10 Steel Pipe and Tube 1072 26 10 7 0 2 
11 3742 4.4308 4.8264 -.3956 -8. 20 15 Railroad and Street Cars 1696 50 11 6 1 3 

IJ1 
12 2111 4.6444 5 .0584 -.4140 -8.18 27 Cigarettes 2860 81 9 19 0 1 w 

13 3241 4.0943 4.4321 -.3378 -7. 62 31 Cement, Hydraulic 1253 30 56 20 2 6 
14 2971 4. 3567 4. 7114 - • 3546 -7. 53 33 Confectionary Products 1681 24 6 27 0 2 
15 3441 4 .1109 4.4146 -.3037 -6.88 42 Fabricated Structural Steel 2602 14 32 26 5 4 
16 3443 4.2905 4.6026 -.3121 -6. 78 43 Boiler Shop Products 2323 28 27 22 11 4 
17 3351 4.4427 4. 7617 -.3190 -6. 70 27 Copper Rolling and Drawing 2846 43 24 21 0 6 
18 2752 3. 9890 4.2722 -.2832 -6.63 18 Printing, Lithographic 2791 5 13 16 0 1 
19 2328 4.1431 4.4256 -.2824 -6.38 18 Work Clothing 1052 28 42 13 0 2 
20 2051 4.1271 4.4049 -. 2778 -6.31 45 Bread and Related Products 5007 25 232 29 1 5 
21 2042 4.2195 4.4970 -.2775 -6.17 41 Prepared Animal Feeds 4438 23 85 27 0 0 
22 2824 4.6540 4.9587 -. 3047 -6.15 13 Organic Fibers, Noncellulosic 1992 85 14 7 3 0 
23 2653 4.1109 4 .346 7 - • 2358 -5 .42 10 Corrugated Shipping Containers 2891 18 100 8 0 1 
24 3562 4.5326 4. 7303 -.1977 -4.18 45 Ball and Roller Bearings 1399 56 23 16 2 13 
25 3585 4.6250 4.8078 -.1828 -3.80 48 Refrigeration Machinery 2713 34 10 27 0 4 
26 3429 4.5951 4. 7709 - .1758 -3. 68 39 Hardware, N.E.C. 2544 38 14 20 0 11 
27 2751 4.3820 4.5454 -.1634 -3.59 72 Printing, Except Lithographic 3202 14 15 47 1 10 
28 3069 4.4543 4.6173 -.1629 -3.53 52 Rubber Products, N.E.C. 3139 22 21 34 0 4 
29 2026 4. 2 76 7 4.4278 - .1512 -3. 41 39 Fluid Milk 7435 23 250 30 0 0 
30 2011 4. 5530 4. 7138 - .1599 -3. 39 106 Meat Slaughtering Plants 15069 27 91 71 0 3 
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Rank SIC y YFIT RESIDU PCT-ERR NCOMP NAME OF INDUSTRY SIZE CONC ES TAB B.115 ANAL CNTRL 
31 2818 4. 7274 4.8841 -.1567 -3.21 120 Organic Oiem.icals, N.E.C. 6541 46 28 34 11 9 
32 3717 4.9558 5.1112 -.1553 -3.04 443 Motor Vehicles and Parts 45630 79 135 199 26 42 
33 2851 4.4067 4.5427 -.1359 -2.99 67 Paints ~d Allied Products 2970 23 38 .47 4 2 
34 3941 4.4308 4,5651 -.1343 -2.94 30 ~a eel Toye 1157 22 10 25 0 3 
35 3694 4. 7707 4.8874 -.1167 -2. 39 1.3 Bl;)g~ llattrical Equipment 1342 72 11 9 1 1 
36 3~91 4.6347 4. 7476 -.1129 -2.38 11 .M>ruil.va.frQCJucta 1016 56 14 7 0 1 
37 28l!i 4.6634 4. 7758 -.1_123 -2.35 26 ~~·E'!11911~e, Coal Tar Products 14S3 52 15 13 2 3 
38 2432 4. 330.7 .4.4ll4 -.1007 -2.27 17 Ve~r aiid l'l.7wood Planta 1700 24 51 10 0 0 
39 22-il 4.5218 4.6155 -.0937 -2.03 is ~ m+a. 81nthetic 2241 40 48 12 0 3 
40 :2641 4.7707 4.8663 -.0957 -1.97 28 So~ ·~-Qt;her X.teraente 2396 72 25 23 0 1 
41 3,321 4.~43 4.6)82 -.0739 -1.59 39 Gr411 !f°i: Jo~~~iea 2728 27 23 20 3 3 
42 1$44 4,2947 4.2723 -.0676 -1.58 21 ~cl_ )>ie,. and Tools 2!18 5 10 14 1 1 
43 2899 4.4427 4 • .5066 -.0640 -1.42 33 a...1~i Prepa:c.at~. N.E.C. 1322 20' 15 16 4 2 
44 3531 4.1958 4.'612 -.0654 -1.34 63 C..t1UCUAA, td.ach!nery 3768 45 17 36 0 10 
45 3.152 4.7875 4.841.5 -.0,540 -1.12 16 =· JOll;Lna and tlrawing 3100 65 33 :rs 0 5 
46 )545 4.4659 4.SlU -.0487 -1.0S 17 _. __ Tp0l ... !1*1d, -~ceHories 1230 20 13 15 0 1 
47 .2~3 4.5326 4.5809 -.0483 -1.05 24 ~- Ollt~i:Wiar Hllls 1273 14 4 20 3 0 
48 3548 4.SU3 4.5851 -.~418 -.91 26 =-~::-o~.r:~:~;l N M!:i~ 1148 25 11 20 2 1 
49 3~ 4.94.J.6 4.9,136 -.ouo -.84 353 21193 49 57 112 7 47 
so JOU 4.8598 4.H -.0362 -. 74 1P9 ~-if4.Jpne,: T .. a 37-16 71 32 72 4 5 U1 

51 •1 4.9136 5.0154 -.i>lis -.63 67 ~!; !'it~pent 3286 67 10 28 4 4 w 
Ill 

52 3fi!l2 4.7449 4.1~)2 -.0183 -.38 40 1053 66 18 18 6 6 
53 _3All 4:6~ 4.4'J5 -.~~6,5 -.36 111 ':l~~- :)eluud.q Inatriaents 1020 36 13 43 21 28 
54 Ull 4.4.J.. 4.4:.118 -.i\30 -.29 32 1': ' ~~~ Not Upholstered 2423 12 10 23 0 3 
5.5 .l.35fi 4. '1a.l4 4.f3~ -. 52 :-.11 16 ~~.u.c. 1051 46 11 10 2 2 
56 - 4.J342 4.7,~~ .®26 .OS 40 ·------~- 2700 39 23 30 1 1 
57 38-21 -4.S433 4.~3 ~- ,07 54 '~ ' ,~t··::~;: t:1:: 1429 21 14 32 2 7 
s~ ~7 4.,M33 i\.S~ .j)J.27 .28 _31 1315 24 27 24 1 1 
.59 ;)357 4.,jiU5 

··~ .~2 .21 28 ·~; .. f~ 1*.re'D£~., Etc. 3711 39 41 19 1 5 
60 Ui7 4.4713 4. - ' ,Ql,49 .33 13 ti!~~~· - ' 1'942 20 16 11 0 0 
61 3522 4.8598 4.8313 ;0285 .59 166 ~ am I.Ci&.~ ;:d. · ~ip11ent 4332 45 25 78 6 20 
62 2032 4.8675 4.8)a8 .0348 • 72 19 Cemled s,•,f!•lJties 1457 63 14 13 0 0 
63 3661 4.9836 4.9464 .0372 • 75 159 Telepbollli; 'Telegraph -Apparatus 2467 94 24 57 8 14 
64 2834 4. 7958 4. 7551 .0407 .86 105 Pba:raaceutical Preparations 4432 24 13 61 11 1 
65 2842 4.6250 4.5850 .0400 .87 20 Poliahea end Sanitation Goods 1029 30 14 16 0 1 
66 3433 4.5109 4.4699 .0609 .92 50 ~t;tna l$cJ.'ipment, Except Electric 1167 16 11 24 2 7 
67 3561 4. 7095 4.6588 .0507 1.09 32 Puiipe end Compressors 2151 27 15 17 2 6 
68 3651 5.0039 4.9478 .0561 1.13 97 Radio end TV Receiving Sets 4092 48 11 63 2 10 
69 Jq79 4.3820 4.3284 .0536 1.24 58 Plastics Products, N.E.C. 4658 8 39 43 1 5 
70 3411 4.7362 4.6782 .0580 1. 24 27 Metal Cans 2631 71 113 11 1 1 

Rl6.35o+7.850 Table 111-2 (CONTINUED) 
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RANK SIC y YFIT RESIDU PCT-ERR NCOMP NAME OF INDUSTRY SIZE CONC ES TAB BUS ANAL CNTRL 

71 2231 4. 7185 4.6596 .0589 1. 26 57 Weaving, Finishing Mills, Wool 1167 56 32 37 1 4 
72 3481 4.4067 4.3463 .0604 1. 39 16 Fabricated Metal Products, N.E.C. 1300 13 21 10 1 1 
73 3566 4.6821 4.6179 .0642 1. 39 51 Power Transmission Equipment 1314 25 10 33 1 5 
74 3541 4. 7005 4.6336 .0669 1. 44 64 Metal-Cutting Machine Tools 1826 22 10 33 6 13 
75 3323 4.6052 4.5359 .0693 1.53 25 Steel Foundries 1279 22 14 13 1 2 
76 2821 4.8122 4. 7338 .0784 1.66 84 Plastics Materials and Resins 3532 32 21 52 6 0 
77 2052 4. 7875 4.6968 .0906 1.93 16 Biscuits, Crackers, and Cookies 1327 59 31 12 0 1 
78 2024 4.4886 4.3900 .0987 2.25 33 Ice Cream and Frozen Desserts 1142 33 84 27 0 1 
79 2341 4. 4427 4.3447 .0980 2.25 27 Women's and Children's Underwear 1042 15 22 20 0 3 
80 3613 4. 7622 4.6500 .1122 2.41 41 Switchgear and Switchboards 1549 52 41 26 5 5 
81 2311 4.5951 4.4831 .1120 2.50 30 Men's and Boys' Suits and Coats 1850 17 19 16 0 8 
82 2085 4.8122 4.6923 .1199 2.55 29 Distilled Liquor, Except Brandy 1332 55 28 20 0 0 
83 3559 4. 634 7 4.5090 .1258 2. 79 44 Special Industry Hachinery, N.E.C. 1731 10 5 21 6 10 
84 3642 4. 6634 4.5315 .1319 2.91 19 Lighting Fixtures 1544 18 12 16 0 3 
85 3461 4.6052 4.4747 .1305 2.92 55 Metal Stampings 3756 11 19 36 0 9 
86 3452 4.6052 4.4570 .1482 3.32 30 Bolts, Nuts Rivets and Washers 1662 18 23 23 1 3 
87 2621 4. 7707 4.6038 .1668 3.62 134 Paper Mills, Except Building 4805 24 45 84 3 15 
88 3519 5.0304 4.8433 .1871 3. 86 58 Internal Combustion Engines 2052 52 13 27 6 8 
89 2099 4.6347 4.4617 .1730 3.88 22 Food Preparations, N.E.C. 2206 26 64 17 1 0 
90 2731 4.8752 4. 6891 .1861 3.97 126 Books, Publishing and Printing 1996 20 6 79 3 8 
91 2871 4.8442 4.6592 .1850 3.97 12 Fertilizers 1183 34 12 9 1 0 U1 

92 2911 5.0876 4. 8840 .2036 4.17 120 Petrolium Refining 18742 32 45 43 19 2 
..,. 

93 2023 4.6634 4. 4 725 .1909 4.27 19 Condensed and Evaporated Milk 1100 45 80 12 0 1 
94 3599 4. 5539 4.3587 .1951 4.48 23 Misc. Machinery 2865 6 10 14 3 4 
95 3621 4.9200 4. 7083 .2117 4.50 141 Motors and Generators 221!9 48 35 66 27 14 
96 2033 4. 7185 4.5014 .2171 4.82 65 Canned Fruits and Vegetables 3216 24 62 51 0 0 
97 2321 4.6540 4.4361 . 2179 4.91 27 Men's Dress Shirts and Nightwear 1348 25 41 19 0 0 
98 2281 4.6540 4.4278 .2261 5.11 13 Yarn Mills, Except Wool 1479 19 28 9 1 1 
99 2041 4. 7707 4.5348 .2358 5.20 34 Flour Mills 2345 31 56 24 1 1 

100 2512 4.6052 4. 3720 . 2332 5.33 21 Wood Furniture, Upholstered 1250 15 22 14 0 2 
101 3722 5.2523 4.9736 .2787 5.60 80 Aircraft Engines and Parts 4572 58 15 18 18 3 
102 2721 5.1299 4.8481 • 2818 5.81 104 Periodicals 2718 28 5 55 0 26 
103 3679 4.9488 4.6669 .2818 6.04 158 Electronic Components, N.E.C. 4002 22 19 00 46 19 
104 3622 5.0304 4.7428 . 2876 6.06 42 Industrial Controls 1049 50 12 19 5 5 
105 3141 4. 6913 4.4204 . 2709 6.13 64 Shoes, Except Rubber 2650 26 108 40 0 7 
106 2844 5.0876 4. 7899 . 2977 6.22 71 Toilet Preparations 2431 40 14 58 0 0 
107 2211 4.8828 4.5866 . 2962 6.46 72 Weaving Mills, Cotton 3562 30 57 40 5 12 
108 2335 4.5109 4.2322 .2787 6.59 23 Dresses 2508 8 40 18 0 1 
109 3634 5.0499 4.7334 .3164 6.68 43 Electric Housewares and Fans 1128 50 14 22 3 9 
110 3662 5.0689 4.7344 • 3345 7.07 214 Radio, TV Communications Equipment 7563 24 28 92 45 15 

R 16.350t7.850 Table 111-2 (CONTINUED) 



y YFIT RESIDU PCT-ERR NCOMP 
RANK SIC 

111 2641 4.8442 4.5200 . 3242 7 .17 33 
112 2643 4. 7536 4. 425 3 . 3283 7.42 11 
113 3221 5.0173 4.6491 .3682 7 .92 22 
114 3721 5.5910 5.1805 .4105 7. 9 2 455 
115 2819 4.9273 4.5530 . 3742 8.22 134 
116 3494 4.8040 4.4323 .3717 8.39 49 
117 2421 4. 7449 4.3219 .4231 9. 79 52 
118 3729 5. 39 82 4. 7744 .6238 13 .07 127 
119 3569 5.4205 4.6257 . 7948 17.18 43 

R 16.350+7.850 

NAME OF INDUSTRY SIZE CONC 

Paper Coating and Glazing 1383 28 
Bags, Except Textile Bags 1359 23 
Glass Containers 1207 59 
Aircraft 9000 67 
Inorganic Chemicals, N.E.C. 3845 29 
Valves and Pipe Fittings 2209 13 
Sawmills and Planing Mills .3391 11 
Aircraft Equipment, N.E.C 3781 26 
General Industry Machines, N.E.C. 1021, 21 

Table 111-2 (CONTINUED) 

EST AB BUS 

28 15 
38 6 
40 10 

9 91 
75 57 
20 33 
54 39 
11 37 

5 19 

ANAL 

9 
0 
0 

86 
19 

2 
0 

39 
8 

CNTRL 

2 
0 
3 

14 
0 
5 
0 

23 
2 

U1 .,. 
PJ 
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TABLE f ll-3a 
RESULTS OF REGRESSION ANALYSES 

93 INDUSTRIES WITH MAINLY BUSINESS 
DATA PROCESSING APPLICATIONS 

1. LOGCAV~RNT) • AO+Al•LOG(fNOSfZ)+A2•LOGCrONCEN)+A3•LOG(ESTAB) $, 

NOB • 93 
RANGr 1 
REr.R4 

NOVAR • 4 
1 93 1 

RS~ • 0.4305 SER • 0.2279 SSR • 4.6236 
FC3/89) • 22.4293 DW(O) ~ 2.1672 

Al 
AO 
A2 
A3 

VALUr 

0.1682 
2.5770 
0.2634 

-0.0652 

ST F.R 

0.0384 
0.3069 
0.0381 
0.0335 

T-STAT 

4.3830 
8,3963 
6.9135 

-l.91t88 

2. LOGCAVGF.Xo) • BO+Bl•LOGCfNOSIZ)+B2•LOGCCONCEN)+B3•10G(ESTAB) $, 

NOB • 93 NOVAR • 4 
RANGE 1 l 93 1 
REriR4 

RSO • 0.4001 SER • 0.1584 SSR • 2.2336 
FC3/89) • 19~7826 DWCO) • 2.1J05 

COEF 

Bl 
BO 
82 
83 

YALU~ 

0.1068 
4.5444 
0.1736 

-0.0461 

ST ER 

0.0267 
0.2133 
0.0265 
0.0233 

T·STAT 

4.0036 
21 .. 3.026 

6.5566 
-1.9801 

3. LOr,(AVGPO\i) • CO+Cl•tOr,CfNOSIZ)+C2•LOG(CONCEN)+C3~LOriCESTAR) $, 

NOB • 93 
RANGE 1 
REGR4 

NOVA·R • 4 
1 93 1 

RSQ • 0.3765 SER • 0.6978 SSR • 113.3331 
FC3/89) • 17.9141 DW(O) • 2 .1855 

CO~F VALUE ST ER T-STAT 

Cl 0.'6715 0.1115 4.0l31J 
co 4. 7656 0.9396 5.0119 
C2 0.7033 0.1166 6.0302 
C3 -0.2728 0.1024 -2.6628 
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TABLE I I l-3b 
RESULTS OF REGRESSION ANALYSES 

13 INDUSTRIES WITH MORE THAN 
25% ANALYSIS APPLICATIONS 

1. LOr.CAVGRNT) • AO+Al*LOGCINDSIZ)+A2*LOGCCONCEN)+A3*LOG(ESTAB} $, 

NOe • 13 
RA~IGF 1 1 
REnR4 

RSQ = 0.4513 
F Ci/9 > = 2.4680 

NOV". R = 4 
13 1 

SE~ • 
DWCO} 

0.4554 SSR • 1.8664 
= 1. 66 5 7 

COEF VALUE ST ER T-STAT 

Al 0.2566 0.2080 1.2339 
AO 2.9351 1.2433 2.3607 
A2 0.2374 0.2401 0.9888 
A3 -0.3650 0.1618 -2.2559 

2. LO~(AVnrXp) = BO+Bl*LOGCINDSIZ)+B2*LOGCCONCEN)+B3*L0G{rSTAB) $, 

NOR = 13 
RANGE l 
REGR4 

RSQ = 0.5029 

NOVAR • 4 
1 13 1 

SER • 
FC3/9) • 3.0353 DW(O) 

COrF V"'- LUE 

Bl 0.1504 
BO 4.6786 
B2 0.1926 
B3 -0.2201 

0.2662 SSR = 0.6378 
= 1.6718 

ST ER T-STAT 

0.1216 1.2369 
o. 7268 6.4369 
o.1404 1.3725 
0.0946 -2.3268 

3. LO~CAVGPnW) = CO+Cl*LnG(INOSIZ)+C2*LOG(CONCEN)+C3*L"~cESTAB) $, 

NOB = 13 
RANGE l 
REr.R4 

l 

RSQ = 0.5009 
FC3/9) = 3.0113 

COEF 

Cl 
co 
C2 
C3 

NOVAR = 4 
13 l 

SrR • 
DW(O) 

VI\ LUE 

0.8665 
5.1936 
0.3645 

-1.0278 

1.0615 SSR a 10.1405 
• 1.4121 

ST i=R T-STAT 

0.4848 1. 78 76 
2.8981 l. 7920 
o.5596 0.6513 
o.3771 -2.7254 



57 

TABLE I I l-3c 
RESULTS OF REGRESSION ANALYSES 

13 INDUSTRIES WITH MORE THAN 25% 
PROCESS CONTROL APPLICATIONS 

1. LOGCAVGRNT) = AO+Al•LO~(INDSIZ)+A2•LOGCCONC~N)+A3•TOGCESTAB> $, 

NO 3 = 13 
R:\".IGJ:' l 1 
REG~4 

RSQ = 0.4514 
FC?>/9) = 2.4680 

COEF 

Al 
AO 
A2 
A3 

NOVAR = 4 
13 1 

SER • 
DW(O) 

VA LUE 

0.2445 
2.8487 
0.2122 

-0.2660 

0.2680 SSR = O.fi465 
= 1.1661 

ST ER T-STAT 

0.2160 1.1317 
1.6645 1.7115 
0.1267 1.6752 
0.1126 -2.3630 

2. LOG(AVGEXP) = BO+Bl•LnGCINDSIZ)+B2•LOG(CONCEN)+R3•LOG(~STAB) $, 

NOB = 13 NOVAR • 4 
RANGE 1 1 13 1 
REr.R4 

RSQ = 0.4494 SER = 0.1737 SSR = 0.2716 
FC3/9) = 2.4434 01-1(0) = 1.2563 

C0EF VALUE ST ER T-STAT 

Bl 0.1016 0.1400 0.7258 
BO 5.1397 1.0788 4.7644 
R2 0.1286 0.0821 1. 566 6 
B :; -0.1619 0.0730 -2.2184 

3. LOGCaV~POW) = CO+Cl•LOG(INDSIZ)+C2•LOG(rONC~N)+C3•rnG(ESTA~) $, 

NO~ = 13 NOV/\R = 4 
R.l\NGE 1 1 13 1 
REGR4 

RS,, = 0.2216 SER = 0.9107 SSR = 7.4636 
FC3/9) = 0.8540 DWCO) = 0.9387 

COEF VALUE ST ER T-STAT 

Cl 0.7677 0.7339 1. 04 60 
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 r.sult of the analyses 
- -

carried out In this study, Is that there Js Indeed certain 

evidence of the exl,stence of •eoROIJll•• .of 1..c.le •~-the 

production o.f -conaputlq servi~••· Given tll•~ tbl$ Is the 

case, publ I c poll·cy ou&ht to b• for~la~d Jn a manner so as 

to encourage the more wtdespread use -of ~~.ser slz.e 

computl na plants. The PUr,0$• of tbls c;on~l~dln& chapter Is 

to review soaae of the the pesslf>le '<U~,ectloQ t.hat Publ le 

pol Icy might -t•ke1 -.and conslder, fo(: •~ch, th• re lat Ive 

approprf ateness l.•SQ:far. as meetl,na the obj~tlve. 

REGULATION AS A PUBLIC UTILITY 

One of the most widely discussed directions for public 

policy ts the establishment of a reaulated cc>t11puter utility, 

along fairly traditional lines. lndeed, the analysis 

presented here would seem to provide ·additional suppart for 

this view. However, the present •~UGY Is lnconclustve as to 

the rationality of this approach to POlley formulation for 

several reasons. 

In the traditional public utl1ftles, such as electric 

p0wer, the optimum size of plant Is aulte 1ar1e; the 

capacity of an electric 1enerator ml1ht be sufficient 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 lneff lclent, so 

that the grantlna of an exclusive franchise to the power 
-- '·--··. 

company In• partlct.ilar .area Implies that public Policy 
- , -:.~ . -:.e ·,- - : ~ .. .... _, ::. ..: -ro/ ; c"" ~ ; , .. ~ -. , ~ -,,, . 

dictates that only plants of optimum slze1 or approachln1 

optfntum size~ can tie·Wnt. ·. 'T~'~'S--·may~h s·•fct ftJt plants 

wh r eh generate eom,Utlna power'. . ........ ,' :·t#e rdo •t . " yet 

know what is· the of)'tfrnUnt"s+ze· of "Jiat ·ttt 'this lndast.ry·. Of 

perhaps even ,.-eater' f.Wp0rt8-rice,' we-~ :,..c··:ttn0¥t ti\e ·e-xtcnt 

to whtch sharing and dfstrthtfttn HS1h :'11,1 l -I rtc:r..ase .. ff; 

machine stz:e ·bec•s sufflctenttY;)lM',.t''tttan ttM·Hmlts .of 

present technolosy. ··t1te pre..,...,.,.r,,,.ls •wste•t• tlta-'t ·'this 

optfrrium size Is at teast as la,.,je:?ft ltfe l&rlff't t'tStMs ·-now 

bu 11 t, ·&ut Is f nconetuilve a;'Ccti'fMw .·4111ch ~t•flatfll~•tran tih• 

present scale fft• avt'raa• co•l'i'cdflv•··:fJ.-..s.:ttortaont•t. 

There are a number of reasons for this lack of knowledae or 
" ' ~~ ~,...-· ' :" ~ -~ ~'1< '!-"', ~I~ ". < ; ' l 

~xeerlence~wlth la~f.• systems, some of which have already 
.,_ . ·- '~:, 

been considered (Chapter two). But, ~or what•ver the 
- ~--

reason's, relatively few very larse systans have actually 
- ;; ' • ~ - - "'- .- '= • .; __ , "1 £ J ~ t }' ;: ; : ,,.~ .: \ .' • "'.'; ·- -

been Installed, at }east ~Y-~Of!'l:»•!~'t~on ,~Ith the number of 

smalJ and medium size facilities. Further, and as a result, 
~ . ''1 ~ ~ 

manufacturers of complete systems have not as yet built any 
~- - ' - . - ~~ •-;; . .-

system that Is more than an order of maanltude away from 

wh~t Is presently considered io be 4 "larc~" system. 
. . . - - ~ ~ -, ~ --~ ; ~~- ; '.~-; ":· . - -:! 

Regulation of ~he comput•r 1ervl~• Industry as a public 
;-,, '-~ :· : ~ '!" 

' - ' 

utll f ty Is Indicated If tt can be shown that computers can 
'. 
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opeFa-te far more effotct,ently tf+ opiet'-•\ed: .. as;·very, large ·scale 

syst_..,,, whose capacl ty f~Thr«Xceed•~-Y one, lndhvl::dual 

user's Teq,ulr.~-· Hence-, before an~ a,_t~,,·.t-s ·made to 

devr se .a:. s,trw:ture "for a re~:l•i.d:, CGPIPP.'tCr'< ~:;lJ,ty, ·same 

add I tJona:l exP8Nertt:e wt:t.h· larp;;s•~-11Utt·:9e, aatht!H"'ed. 

Thus, th• 411D&lt. lmraedkte. .ohJ-ec.~··httt. of. ~c 110H-cy ·should 

be· to ~re.duce-. or Qerha1>s:: •·llnrf~e:" . ..._~ .of· tNt. P.rbent 1 y , 

eJti sti;ng ttarrJe.r.s ·tha-tdnt:t-fga-t.• .....,~·:the .. ~t:t:terhaps. shared.) 

BARRIERS TO USE OF LARGE SYSTEMS 
.~ I • I 

In Chaoter two we considered several of the short~run 
• >, ~. •• ;·.. ~:;: • ~-· 

dlseconomles that tend to Induce end-users to continue to 

operate their own reletlvely Stnall systems In-house. 
·, '~ . ~-~ _,,.· •, 

Briefly, these Included the (perhaps psycholoalcal) desire 
. . 

to have hands •on con tro 1 over the col1tt>u ter, .· the st I ck t nes s 
~: ~:; .. ·1;::-. • 

caused by the hlah cost of conversion to some other machine, 

the re.1attv~ Incompatibilities ~f·"iattere~i~~a~fsoand', In 
~ -·~ -1' - . - ' -·~ .-~ "'- .-.;: ~- : . , 

some cases, different units of the s4tflte naodel, and finally 
.'. :.-;' ~€ 

the costs, some direct and some Indirect, of sharing one 
- --~ ' - ~· -- -: -

computer with other users. There are several means by which 
•' " --~~.. '.._,.'- . ;~ .r;,.~01 ·)''f',..;~ -~~.. - ...; 

government authority, If properly directed, might reduce 
... 

some of these barriers. 
.. '·?, 

Q•slr1 fpr spntcpJ gf th• firm'• sgppyt1r. ·Much of the 
... ,;- '. ': ~ c !fa: ?'f.' ~ ',. ~ -··; ~-'~ ~.:.. 1 :·- -5 { ~ --

reason t ng behind a firm's desire to operate Its own in-house 
•. ~-- 5· --r •• , -·: ~ < • .,;,' "-,. • 04' 

computer Installation may be traced to P•Ycholoalcal factors 
-~~ -

such as the prestige ass~'Ctated with' the machl~~, the 



.......... - ---- -~~- -----

security over the coml)anv's files and records maintained on 

the computer, and the feeling that, so lona es the machl ne 

1 s on the premtses, the firm's work wt 11 pt done. The 

prestige factor wl 1 l, of course#- weaf' off In time, as 

computers become more and more cOftWlbn amf hence Impress 

fewer and fewer people. However:, s":f.tabl• 1eals 1•tton can 

significantly alter the b-usl-neaSMan•s·¥tewsconcernlna the 

other two I ssu:es. Operators •f ahered-uSlt computer cent'f!rs 

must not only guarantee the privacy of the·h· cUent's f-tles:, 

but must assume a larse measure of liability for any 

leakages that may be attrfbuted to their neallgence. Also, 

laws or regulations may fix ltmlts of liability for 

uncompleted jobs that more closely reflect the cost, to the 

end-user, of the delay. At present, there Is usually no 

such liability for assignments which the computer service 

organization could not complete elther when due or at all. 

'gsts gf systwn GQQXJC•fgn. It Is dlfflcult to lmaalne 

any way In which the costs associated with conversion from 

one computer system to another could be slantflcantly 
' 

reduced or eliminated unless we were to edopt a pal Icy of 

freezing technological Innovation. Indeed, virtually no 
'"" 

computer has ever had to be replaced because It was "worn 

out" by usaae; most conversions froat system to another have 
-~ . 

been the result of the user's desire to obtain the fullest 

advantage of the most current technology. However, 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 hn tbe p0tentlal of 

significantly reducing applications programming costs by 

sharing. these costs amongmany clients who requlre 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 prote~ted by copyr1aht or, where 

approprl ate, patent. Purchasers of computer hardware must 

not be required to pay for manufacture,r~•~pplled software 

for which they have no need. With respect to software, 

pol icy should be directed at maktn11:a dlstf·nctlon between 

"computing Power" and "computing &ervJ.ce. 11 Clearly, ·the 

greatest economies are Potentially p0sslble In the former 

sector of the industry, slnce raw POW•r Is, ln effect, a 

common denominator that can satisfy the requirements of many 

end-users. Service, In contra•t, must often be tailored to 

indlvt.dual needs. Hence, an end-user should be able to 

supply his own pr0,grams, or contract for thel.r development 

Cor lease> and then be able to run his applications on any 

of, perhaps, a number of competing -serYlces. Thus; -the 

separation between hardware and softwa-re should a,ppl y to 

more than the computer manufacturers1 but aJ:so to 'the fl rms 

engaged In provldtna computing facl lltles far hl--re. 

Shae tog of GQQIAYti nc fac=I 1 I tl••· The P«Mer produced by 

an electric generator may be shared aQIOng man,y I ndt vldual 
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users because a di strfbut·lon 5YS'tem •x1 sU t0- transml t the 

pOWer from the generato:r to ther us•t 's 'hGlnf!c·or· f.actory~ 

A 1 though the e 1 ectr f ca 1 d Is tr I but htft'" sy:s ~· Is costly to 

construct and maln'tatn,. the t>e>t.-tl•F'••vtngs tha't result 

from the shared use-of the genet•tOf''-mote·· than outweigh 

these costs. A vi able computetLuttlttt must· a•lso- have a 

distribution network to ·transmlt'dftforn-tlon between user 

and machine. For b•tch proceatht1·s1trvtce:;buteaus, this 

network ml ght constst of a f teet of·:•esseftter cart, or· 

perhaps the u. s. mall .• · For·e11~t1R•·;r.-ttt;access•systems, 

where the jitreatest,PGtenttal ·for .shattef''"ultFtles; the 

di strtbutlon network would· cons·lst Of; ttleeommunlcattons 

facfM·ties to carry the t1we•ctf;ffttooa1tfie>W··,of·tnforMatton 

e 1ectronica1 ly. lhe •xlst 1·ng c....,n~cal'k>n• '.-r.an,t C·of the 

nation's conrnunlc:atJons··:commott carrfers,fs,or can be more -

. than adequate to serve as the dJstrtibutt-Gn system ,for the· ' 

on-1 Jne computer servtaes. Howet1•~1: tiher•::-are:presently 

certa 1 n factors In the rela·t tonsttlit>s. :·twteween ·c-omput•r users 

and 'conmunJ·catlons suppl l•rsJtft:at may ·sw••ertt' tlte' fullest 

advarttatae o'f. · tlte apparent tk:Onenll" ·Of "";k&ilie ·of· cornput Ing 

systems -·from bet nc·.,.c:hf"-avaN1a1ti. :'Co ~ttie:-;1!fo~1 I c. -. se.ver,.1 

recent wdrks (loot.J)- ha~ su&ses»ted ~~t\.are'Vf :~ of 

these pr-0bl tlhls,- ''.lnc ludil na: ~-of' '-'tfM' ,._lilCN'fs•'S '·to tne ·rec 
Inquiry. Tttese triclud4-sud1'1~s<•S."'t1M'~f-lpt .to - !>1 ~ 

. 

t n te~nec:t · pr-f va te'l y-,.,...,, .. criMint-c811JMS';ays.tams '.aod 

appar-a-tus to- the cOlllll>n ca:n"'htl': lttnes wt;ttt·,a llflnlmum -_ 
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interface requirement, the abtlJty 'Of several eustori\ers to 

share comrnunl ca ttons servl tes in much' the same way as they 

would share the computer's services, 'U'\d thl'F;P«)sstble 

offering of serv r ces ta f'lored specif f ca 11 y ~to · cer ta In 

computer conrnunfcatJon!S re"ulrement~~' ft fs 'essentla1 that· 

any barriers to the C!S'e of shared eolftP\tter systems that may 

be attributable tC>· pol fcfes attd tarlfis ~f '~co.Mtunicattons 

suppliers.be e1lmfnated, whete pessUsfe, and th$·t the cost 

of this method of dfstrfbuttng·the '90\fer not ·be so 

prohibfti\'e as to negate any economfes .. 'af"tArae•scal'e, 

computer operation. 

LIM I.TAT t ONS OF LARGf. SIZE COMPUTER SYS TEM,S 

We have suggested here that apparently slanlflcant cost 
! -:-:<. ~,.;. ?'--.-~ - .:-:.:. q;~_ 

savings might be realized by the more widespread use of 
'_. ;,:. ~:1 _, . . - ~ - ... ' > 

large computer systems, perhaps on a shared bases. Indeed, 

recerit developments in the art _and technology of 
.; ~ 

time-sharing and data communications make the prospect of 
' """ . . ., 

more widespread use of large systems, perhaps simultaneously 
.·- .. ·"- ~-"1''"'-"-~·-~ ~-._ . ~ 

' - ) >-' - -- - ' 

by many users, much more probable. Hqwever, the advantages 

of lar~e. scale computer facilities can only be r~allzed, by 
- -r· - • q ::\,·: ; -, . 

many users sharing thl$ facility, If the various costs 
"- - ...)'~~ ~~~ -, _; ; r- ... {~. -·. -·. '. 

associated wlth sharing are less than the direct cost 
••4' -~;- - ":.. ""'(.. 'r - • ' _ _..., -~ ~:-:.: ~ '-:"':;-1 .. '> : ; -~ 

Certainly, 

communications costs, required In order to distribute the 
.:.;..- ~ ... ·--.:_:.• ' __ "°• ~-,-~-·· .-~.:-~r~"'"-"t):,..-:~:'~-~-

computln~ service to the users, may be a slanlflcant factor. 
-.• - - ·"'1:: _ _, e ' • • • •;. ;- '- '· - _ . .,__ c '·~~- i ~: t ?- _, ' t ''::. 

However, several other possible costs Include software 
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development, system overhead, a41Rlnlstratlon, sales, and 

perhaps others. Modlftcatton tn.exlstln1.po1Jcy w~th 

respect to communications services .might serve to decrease 

the sign if i ca nee of th Is cost area,, a 1 thovgh l t is st 111 not 

absolutely clear that this will be sufflcl,nt. As for 

software development costs and system overhead, present 

experience would seem to Indicate that operational 

1 imitations may have been ,reached Jn the.-development of 

large-scale operating systems, a factor which could 

seriously 1 lmi.t the potential for development of large 

computers specifically designed for shared use. (I.e., a 

large system may be quite efficient If used by one 

organization for a limited number of different applications. 

However, when shared among a number of ''host 11 e" 
. . 

subscribers, the software development costs 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 the economies of scale.) 

What we have learned In this present Investigation Is 

that efforts must be directed toward providing the 

computer-using public with the advantages of large systems. 

This means that technology should be focused upon the 

Possible solutions to some of the more formidable problems 

posed by shared use of large systems. Where p0ssf b1e, 

public authorities should seek to remove certain cost 

barriers particularly In the distribution sector of the 
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imformation processing field. The industry has demonstrated 

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

competitive environment. The computer utility, 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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APPENDIX 

SOURCES AND DESCRf PTlbNs='OI' EMP.lRICAL'bATA 

The several sources of empirical data used to test the 
f .~ 

hypotheses described In ~his study are dlscus$ed lo this 
/ "• ' ~ : • • .T • ~- A• ,,, • 

appendix. The data fall Into ~hre~ broad cat,gorles, as 
,_ .c •' _; \. ~ - [-._ :. ': •• 

fo 11 ows ! 

Cl) Manufacturing Industries.census data 
,.. • ~M : • •' • • - • 

(2) Computer lnstall~tion data 

(3) Computer cost data 
- -i ·' -. ' 

MANVFACTUR I NG fNDUS1'R t-ES CErtsus· DATA 

The data on Industry stru·ctures was obtained from 

several publlcattons of the unrted~state·s·'o-e~artment of 

Commerce.; Bureau of the Census; The'Y wei'i ba'sed part 1 y upon 

the 1963 Census of Manuf<tcture:s an'd uJ)on the'' 1!766 Annua't 

Survey of Manufactures. Manufactutfng ·indlis.tries''°were 
•'":_ - ·,,. . - .. ~ ~ -i <'" - • .-. ·_ i:;_: -:- - - _· .- -

chosen for ana 1 ys fs In th Is s tudt · be¢4u'se ···c ~D the-y r'ept'esent 

apJ)roiffflcit'e l y one-th il"d of "the compu~t«r ~serJ fci'-rnarke't, and 

re b) they ·are clTaractert zed· by -th. litost c-ontlstent "arfd :

apparently accura-te stat rs ti car re"6r11ns '-0¥ "crfiy' l;rrd\Js t rv' 
grdup. . ~-· '; 

The source documertts ref erred· t'O were·:-

71 
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Cl) 1963 Census of Manufactures - Chapter 1, General 

Su111T1ary, and Chapter 2, Size of Establishments. 

(2) °Concentratlon Ratios tn Manufacturing Industry 1963," 

report prepared by the Bureau of the Census for the 

Subcomnlttee of Antitrust and Monopoly of the Co11111lttee on 

the Judiciary, United States Senate,90th Congress, first 

session. 

(3) 1966 Annual Survey of Manufactures, u. S. Department 

of Comnerce Bureau of the Census, "Value of Shipment 

Concentration Ratios by Industry." 

Six statistics were selected for each of the 417 

manufacturing Industries. The basts 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; howev-er, in certain 

instances the 1966 figures were either missing or were 

ascribed questionable validity by.the Bureau of the Census. 

The Census of Manufactures ls conducted every five 

years by the Bureau of the Censu~. tt Is, theoretically, an 

exhaustive canvass of all firms In all manufacturing 

industries. Manufacturing tndust~les are those with 

Standard Industrial Classification (SIC) codes between 1900 

and 1999. 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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tn the 2000 - 3999 range were used. The Annual Survey of 

Manufactures, f n contrast to the Census, •s based upcn a 

statistical sample of firms In each .. of the -industries 

covered .. As a result, It Is concelvab1e-.that:·certaln 

figures rePorted In the Survey are relatJ'f'_eJ~ Jnac_c:urate. 

When the Bureau cons Ide red the s tanda-rct error '.ef est tmate 

for any one Industry to be suf.ftclently-.great that the 

accuracy of the data was open to q-.:tlon, It•<> lndlcated 

in the .res:><>rt as publlshed. The six statl•tt-cs used were 

selected because they provided measwres of ..csl.ae, growth, 

concentration, establls-hment size, l'abo.-r fnteasl-veness, and 

capital lntenslveness. Each Is dlscussechMlaw: 

r ndt:tatry sl z•. Value of Sn I pmeats a rePO'rted In the 

1966 Annual Survey of Manufac·tu.res was used as the ·measur.e 

of industry size. ·~ Certat nl y lt Is not the anly i>oss N>le 

measure of s-1 ze {value added may be --~ ). _ Howetter ,_ th ts 

stat i st I c was selected because I t IWOVlded' ·-. ,measur.e of the 

overall quantity of -business done by -the indus"tr¥1 not jus-t 

t n the actual :manuf~turlng process ltseJf .~ -To e,Umlnate 

spa rat I c ·varhJt 1-ons In the, more maralnal tndustrl"es, only 

industries with value of shipments In excess of ,$-1 bllHon 

In 1966 wel"e used lrt the analysis. 

Growth. A measure: of- arawth·was .provided by a raUo of 

the 196~ to 1963 valu• of sh·l1M1enU for:- each lndusa--v. 

Cgnc1ntr;U:lan. As a measu-re -of tindustry concentration

the ratio of value of shipments rn the four largest firms to 



the Industry value of shlpments;·.astn& ·the 1966 figures, was 

used. Industry concentratloa provides .a cneasure·of the 

relative size of the largest, and :bence 'most Important, 

~irms in an industry. 

!stabll1hmogt slzt~ A measvreof ;establfcabment·sl&e In 

the ·four, largest f l:rms vas obtaf·ne4::f.f!Clli. the 196) 

Concentrat lGn Rat.lo rePort. Ttil.s statl:sttc al·ves ,tbe number 

of lndf.vldual establlsbnleats ln··tbe fmir laraes:t firms• 

Thus, a large· lndustr.y wl th: a h·t gh COllCentr~~i.on ratio and 

few es·tab 1 l shments tn c the ·four iat!-t f·lcf'hts would t•nd ·to -

be characteP"lx-ed ·by relat I veht ·.1 arae·:i>lants and 

establishments; one with mal't-Y estiebllsl'\nleftts., ··and perhaos·a 

smaller concentrat Ion ra~lo :ot' a ::SrM•l l. val WI ~f · s9l~nts, 

wou 14 .e.>m·i b tt esta~l lshnlents ·whose w_,,i cal s l·ze .J s 

substantl-arly smaller tl'Mln t:n ·the f:lrst case •. 

Lab9c- ·.tntenalyane••. ··-A .ra1: l:o :-of S.la-r-teS: :and 

WageslAdjus't«t- 'Value 'Ada. was -oba,~f~ronf ,,,the 

Concentr:.at I on Aatlo _.eoor.·t ndtts~ l;-y .,.es U1)Clated wloth 

data .from th.e 1"966 :Annual Survey,..,,. '.'fh.Ls ..-ovldes a ,measut'."• 

of the rel:atJve use of labor ln,the1ltanufac:t11r•lrtg; i>rocess tn 

the 1-ndustry. 

Caoital lntenslv_eness~ A ratto ·of New Capital. 

Exp4rid '5tu f!:esJVa lue of, 'Shktlmetna •* ;:usei:t ~:to,, pr-ov IA~ a 

measure --of· ~th• lntPOf','tance Df'-~tritntt-:acq&liat t.lon of new, 

cap I ta l assets f n the I ndus try·.-' · ,~ 
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COMPUTER INSTALLATION DATA 

The source of data on computer Inst.al latlo·~~ .In the 
~.~ ~·~, G G I. ·., . ;- :·- _ 

manufacturing Industries was the "Computer Installation Data 
' ' ...._ .-

Fi le" maintained by the lnternatlon Data Corpcratlon of 
_ .. 1 ' ,_, i: . ;·· ' 1· -_ ~:- "~ '::_ .- . 

Newton, Massachusetts. Access to th Is source f f·l e was 

provided for purpcses of the research rePorted here. 
' ~ ~ 

The Computer Installation Data Flle'contalns 

descriptive data on i'ndfvldual dompu.ter Installations In the 
·- -.. 

United States. Included Jn the flle-~re data on ih~ using 

fl rm and data on the nature of the computer lnstal latlon(s) 
. :·I.;:- <:-~·: ~ - ·./~ ::;. -.-· ... ! 

operated by that firm. Although this data base does not 
- ~~-f~i '. j~"'.~~~:~-,~·'': ~;",' 

have lOOt coverage, the fl le's coveraae Is about 70t to ·ssi 
ov~rall, wJth the greatest -~overaae f.i~· t~e )~)~-~-,: ~lze 
I nstal latlons·., Hence,, the use of 'thfs'" data _,b,~se· ; 

necessitates some bias toward blgaer machines and bigger 

fnstal 1.ations. However, the coverage fs; Jf~'frl~.,~onstant 
·~· .. ;:-,. ~~ ~~·.., 

over most systems In the $5,000 per month- and up range, 
'" : 

~ •• ~T ' t-, • 

covering most medium and large' sl'z.e syst.Mns, :1\'h the 

. . . ;",·' .,. 
used primarily for speciaitzed analyili and cont~~l 

purpeses. 

Industries was studied and analyzed. 
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Several attributes of each lnst•flatTon record were 

selected for use tn this study. These were: 

Cl) The primary SIC code for the user company. 

(2) The manufacturer and model number of the computer(s) 

installed fn that company. 

(3) Principal application areas of the computer 

installation, where available. 

(4) System configuration 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 Installation Data File contains 

records of systems In all Industry classlflcatlons, only the 

manufacturing industries, 2000 - 3999, were used in this 

study. 

Each computer system (manufacturer model) type was 

classif led according to several Po»slble attributes: rent, 

power, and size class. Table A-2 presents a summary of 

these data for the machtnes considered. In certain cases, 

it was not possible to classify a given machine for one 

reason or another, due to lack of Information on the nature 

of the system. However, In terms of market coverage, some 

95% or more of all installed systems were classifiable. 
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...:.~.. llhe ·tn»i cal . rent:.;fof!'~;a ::~cdra"tef'Tqsjst• t-r,ae,iwas 

obtai r'te'd fi'ront ·seveNl !ioortces~ i::A ,,stM•:was naade ·Of :the.'"" 

renrta-f "r1ang-es ''for (lOfDPUter syst.as~enshli._.:A n 'thecfederel: 

Govetmettt,; •r.ec-.:>f.altillJ' c0mpletieiado0onsls&enti:~s y1 · 

re~Hd 11:·1 "°·of ''data. on:;:;CfMse "JGaatarlixl smn<•ee.,ll,el!QW~•'.i Jin 

inc 1 tl<f>tng · ttte• ... ras 'AMCICI abls t~beln90ff•r.atef'llA • i.c:s ··, -

Quaft«l•Y'' ~""1ct 11w MieU.Clt·:·Corpacatmn~s~~·ltanda~·.:l!OP~: 

Repor ts;¥1t'."Ail>thoc.tsl!P...we rdab :\Sn s1M10ltkc idQQf.l a•na•lorts, Wd 

aval f~ab lW-"'frot1)tfte:cco.pu1.,.1ha!•al Tatioe2Dat. ;::81. lericl,t.:.aa. · 

determf:lnH:>ithat ·1'ft• uu1.t '1bft5lca>f! i.,.t•~t••s•"Wasr .·; 

S:Uf f'fc'Per-1~h• ~.:&cc11r..ate;- "ilftd 9SdnH1what11bissJtif.-d~;·i~aQ -. 

use 01'! <~np ·bast·s tor dH"eot ll7 1•1 car. io.t> ie_. hq•ta 1' lacren+:, 

This t•;"dluJ~t• a·~••r•l .. leicltt"Of .-.r•ll ·JCdnslaHnolt ln~:the· 

reportJ ng in .•tb•;CtllD£·;: aad ,,tfte:::4•n•••Ct1t'aiil>6f tCQlW. of· · . 

actval11'~·.dletermt.nms 2'fhbdns,...,lrfilc:c...,nMta~,, •~ina, J:J:t ~< 

rN'IW ·t"'5tan¢itli9,: -• !wf* 8'H1e1of.J~&s~ aitecteeiD;:?Usetat~,,. 
' 

Sl•~"tff~l::aat kMtalllett4•··. i';t 'iS'!MCO..-•zied::tbat, :U~;;~k:.> 

result; .rtbe use of,·-.9CJme :.11tfp,hoa1'1~.tU.Mtliatloa:tMnti~~ J\Ctt.• 

i nstiaJl..-ttf:on,:at a .;gf w.n ~.-fl1nns.i1h-._.; ~~•I Nlt5tlle r;ratM~ t,.r• 

s i z• !of. bttte :9ample~••M; ;:nurt:y i1t~a&&hndl::4'1dwaln!iw-aWIM, c 

ariy~d i StCOnt:l>ndl:·t ta :Would;:._ :'.t4He.,.eG<!.Oe~aoweena ~b:iSYl•t•••,•., 
I 

·?sftl•t·~: ··14 ~MU re ;_,.stn ·"'~.......,,.,~:of rA ; .... l,f k :·cG.lllMt41'\ 

syst..,.Jtfd~~•a• 'usH I s'tt.e :"951.1•• ;afJ•1aouw1b»:<>tr.eftneth .iE~ :· 
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ttlewqttaAt i tr, "of 2prec•••'.bog ,,,per, 1uahtnt ttae ittct :icempute'1J~l:s tem 

types.,rL'Tftl:S~4 PSr af.wt:CIOJ'ile, Aa dl?f:f>he»~t lUM,;J~s•oa• tM; <~ ,? 

"oower"" 'oir1any ,c•.Wwe.-isyatal:<!tt astUIMfl&>l:oncttf z~,~t..eey

of ttie ar11Ufleati<anotot•lebeft''U •ttsalhedsa1'!l'i~: ~IJ•~---~l,tf. 

of the•..,~sr .. s "rian;: i ,'ffte·1..,.~.-••dft&Js6l"O~i'4t id-I f.fi.e~t-,, 

quant it I es tef i sieri•bc• 1,,.,. atnhtrotl-·.n~~ -1'1 fifiecie1tt nc i J : t t _ 

appl ~oal~ns '~cu1tflemed~J'~ drae i~t:.ll•dliOW~10f_;rcs1Mi r :J1' • 

sys tent ~type i:,;tJot..aiiOttaero9fst>•n~::tlllD ... -~ter41 f'~eMnll c ::~ 

for< c:ltiff•r.;ea• ~appbl catloesc nth l>-S i.lis ~--<•1CSOIRPO'ttt:e ''H.>i::; ;' 

sys~ :lCIOASIStiS~fGse•ctal '.ha....,taat~lltlO'>WttSV.nffc.h rQ-f: i ~ tf':, 

which m•• ·have:seMtral ~rf.,...._e l&ttaeLb•t!e•• r;r6eMMl1~V..£; :-L 

bus l•s s t>tifpe ~~ l Ucatldns ~ ~- e..,_,"'1t.U ~.,., '1sti™'" 1'hl 

anal99'fs t>t~P9 llPttltl catic:ur.J;; iwlll off l~t-a1t~¥ ~wlrttrfl!D"4t :')<::;.. 

cor1tt:»ut'atkon'2<ttelatbM 1to~tr"81. ''cH.,.., ia"'f••letB •lithn.e<>Cld ;;, , '.i r 

Input <r..atp0t 1daPiabllJt;et45 n•N•IWe bm ~._.,tatiboa i ;::i I -:t ~. uq21: 

ca pa bi-. l' t.i '1.s! wcsd N nti9ftllt ')to i iN~ iM tni.el rllnden 90 ~ ~ lrn .... :; ::, 

use t!IJaQ:>foe;;soie1ttbf1la.dd:;:,t9clha.,_1! ..,uu~..,..bJ.:ei.s~~ 

the 1 ssoe •f .. t"PtJt 'oad.-it0:JMrs\is 1doMP9Wthdat'-'1n11 St~~ ~Yi 

hclft! oth'et. ''Ht•~df ~• t"' W.Ut«s &diat1· llffa»nrender ~eb -.it ten f u. 

sul ted for:- dne :01y11e~ u&tt*•h>rt<:o~~thel!• 01~1'abtt!j ~, b 

~gnt:ted ,:,thl'<SjaJid tatt...,..entQ~tlSohw. iii;tFtObS_. -'-"'-"l:''; 

by -_cfttJMM~nJ-.j ~.-o~ritiaaiO•fst.aiaenstWMd,t;r..,..r '-+ndkilM:; ~· 

foft«l»dth Gbus ~9ff ceaevsb .... ttlt*.k ._.J woih M,f .:rdfmdO•""" ti>rt ~ 

r.iwes:Jtbe 'e•Mat :.of. cd •~~-:J....,.,._...,.11 c;~~ t n 

each ?~f: ·these ''tW uoatecctrl 95 Jt.i ..-flat -.,.. i ,_, ae 1 halna Mi; the:; ~ \: ;: 

d I ff;i calty~· : '''°" 1 U.eaporPQ.9 .. sof>1tb•~••t:ts~ta•YAf'Che .~~•>' 
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Knight Jndfcles were ·w•H·ghted-.,ao·••s eod~oHra stngle l:ndex;, -

'1S% ~·of tt1e iPeater•·df:Jthe'·twori{iJus f ftes•·rori.;~sc"fiJ1tf1f t.o> :was·0 · 

added;' ~o tSi ;df t9'e:"'t.Clff ·>Of t1C19'e~twon•••a1eenamber>s. '';'Jbl,s ' 

was: tta§ad c"lili>Oi' 'ttte ~a•tuntJt I ot11.;tf.tat; a. In i lfnir>a ti--• "!Mach' f!tHt · :.: 

woa'fd ''&e )osed to·1pf!<»c3el• tff•<.mo.t efiftcl•AtntJJP• of, .~ ,:, 

3tip1 t'eatf1on -aS3f:ts ·-'Pf'liaa,,qxtt·PGse;; ~ b "'At•ttoa•h tbe'.0ladexc..lls 

i mpe·fi'ift!et1· 'It: •a•s ··stF8~td• a ;4Wean~bfoJ' ••xarir.11 In~ ctte1.+ _. i c 

quantt tf-9f ··daea '~rocte•sf>rig-~PHvtded'llJj ·•aott~"spstet1Ftype. - ~ 

Whereas Its usefulness for making comparlsofl~ftiettwfetFany.--:_..-:_: 

given 1 itaf~ -~of ·maetnttes·""J·t' esrg1'Jf:.'.'.llihfil Nd)] fitt 601HUt 1 tilfess 

for etrte ·t.Klf'.se'.;of '1 th f!•l::istudf, t-...tea.acat cemparttisons a-ee ;c· ; :.: 

not important tn relatlo11 t0'.'<i•t•~·;ctut
1

~•«• of!'maat::U1 ..... 

df ,t~\issf:"j P"Ow•~-'trut<1s,igl¥9l1L4lifliit1e~1-.dt:Gl.S; ,.·ttJ• ( ~. · 
f·~-~=· . ~:)~-:~' ~c ':Ji )-i';;.-.., :~·;:~--~'- ?'<t: .. ;~·,,,·:~l--. rs"\2:~);-~:-1~~ f1 n~; ~-;;~;:. '.,)._ .. ,;., -~·-.c<~.' 

Knltfit ffgtfr"~j; §9efnf.lf0fife:'astfilf.Opf!"Fatwia.W1ojefu~..-' -, -- -:;·'';}~. 
• ~... • -~, -, ~ _) ~ ~ ' 1· -··-~ •. ~~~~,,-it. ~ ::: .. - ;· ; d o- C; ~·; \_)'Q ;~ ~ ~ ·1 ; -:;; ri;, ,.l 4

• 3 --_ >'. • • :Z. ; i" 

SI ze ~1 af§ff rdallft( ·'"!.,.. d-joft:>a~H•I No 1<Jt· ~rit; 
r·) ~; ~-:- _~, ~ -~ ._;~ri~.~1 ~ ! .· .. , i :· -J ~ _,,__... -C :l :·~;f'f~,80f\s:)~; t~~; j- ~(); ~· 15.- ~ ... :~i ,z: F "'1L,_ ... _. 

power, and other data available on eacl\~pui•tJ~:ss•t .. p::t•L:. 
~ - -~(_~ :··.:·· ·.- i ; ~,-~)~~.... ,-_ b:-h ;'::~\.' i.2~·-19ds£ ~~qI;J fi ~~-," - :·)-e,f{.-~ 

c 1 ass If I cat I on Into Lf1J>ahf :"'•rh ~hcH•~-.a4f ~, 'fabh! :!~3" 
~\ ":(:.,;. '~·~"-"" i .(;1 ., -·~::!?\_ ,·:'i~J~ t~~Ji>"'·:~~j:jf1} Sb~Y';; ... · ~ · !_,.) 

presents a·•fl:inr1'•r9 -d' 'IH*'~'CHM,_.t•t!~t t.o•..-.~~htwef ~t.n ' "'' 
. A ., c "·; ;.. --;'-~;.;! j-

each class. 
; f.- : :5 . ~ 

A summary of computer characteristics for each of the 
/ . - : -~ ~ -.)"._· ~ ~:~ - '4' :~~ i ~- .- ;'i ~h-_ :=· ··\o 1 -~-- -- --1.: 2: . - n~~--, ,f\ - id' • 

119 indu~trt,es studi.ed is presen~e<! In Table A-4. Table A-6 
~ .,-~ : , ; • : } ,-

1 -~ ~~. :'.· n .- ~, J , "'. - _~ ~~.r~~ · n t (... _; n ;. ~-~r t;, ~ ~ ~ ': ~ ~; :: ·- , :-" ·"· 

contains a summary of the relative lmpartance of each of the 
--~:1~·~.-".f-/': J;D ·-· \.tJ :·~i~;~ i<::'~., ~;Jif'-:~1 :;:;.sw :."·::r;t ~i: ... ,, ~·,~ ~.?;..; ·:-";(~ 

thr~e principal application areas within each Industry. 
~- - t .. ; '-~ ,.d!S ~-J,<.-_~-- ~~.~.::~£· .... ~ ·'1sd 1,_,:~ ~·r;';;:;-::_ .-:-__(_; :,:J.l~; "t(19frtr1·1:~".tf:.·", , ,- ,) 

PubH c 'faw '89.;oJ05, ."th•"1so-NflM ~1tr.,.. GAct, ·)-,' - -

estab l~'S1ht!d, -Wfthfn' fhe·•>f&aj.-al·-~eoveMltdttf: a-.oi: . - ' ~- c-r-,:.' 
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admi.ntstrative oruedure for ... ntaf ntalnJ.ng .a, c:.onsl stent 

reoer t t ng 1raechal'.llsn1 .for .a 1 Lieoml'MU•r 1tntta\\•tl1o"s,,l·n tts.e t>y 

Fedeta 1 1owern11ent:~•a•not.es~·attd:.ree1M1.-n••• +Wh I It tbe'·"·· · 

pr tmary ·pttrpose a(.··'"'•. pro•edune ~•••;_ffBf1e.• 1 J.tot~ ~••••t•~, 

sharing and ecqoomialna "OA tbe 1>•"' ef;;,E.ecft.ral aaenctes In 

their. .use ·of autometf\c dat•, on~c•••'u ;941u~·"'4!tU., .,. •.. of ·the 

by-products ef 'hi.s ar•ce<h1re·.wia1 4L4eft•i:•••"~ly .reooaci'9cl:" 

set of dat• ·al.) the~nat111re ot eaoh;;:hft•Mlrl-~~10,.,,.,J.n th• 

government .. .-DlO)!• 

lhe 'Au'4mattc: Dai. Pjtoc•••l.,• Man•a-•nt:-·lnf.o~i;lon 

System s»reararn . .u estabUiatlad ,-••Acdtt!rof t&ih4'~·k.11HU~~ \be 

Budcet,.; The s)'at•' a ·1)UrtDO••• ':a~• ,, 

Ca> provlcte :to•»t:tle··-r•aune.f,, 1"'• ;a.,...t,.$~ ljleQff~' Qf 
Conwneree, and the General Services Administration timely and 
comprehenslv•A111W.&l•zs•._c_.lit.t~"1Mt9~"' ... "J'iA ~~ ..... · 
discharge of their responsibilities under Public Law 89-306. 

ac1~~~i:~~:~ro~·:~:::n:e:r~h~p'!l~:~tr~'·'·ciata 
procesainta ao'•"•;·•iiest>~~ ;· "l' ".:i r j < v::, : ; 'c'':c ' "'' 

Cc> provide a comprehensive and perpetual Inventory of 
eteetr'.4nl.c d~t,a",pr..-.~~~•orl>laff)CI,:;::. • ! ·'"'· 

Cd> provide Integrated subsystems for Inventory, 
u t i 1 f za t: bor1 i1 :11M1MW•~" !OQS: t. "--' ~fllkt I • tpa> J1J.-.~r y. • . • . • , 
(Ref. 6, p. 1) . 

The ADP Management Information Systems Office of the General 
-':._ t -~_-, "'""'~ . .,, - ~:~ · .. :,.~:-'"·.~-. -;·,_"" --\~:!='°:..,~:r;;.i.,..·, __ , ~..-:_:. :_,··.i;:i~:·- ,"'!~.~:- ; .. _ 

Services Administration ts char1ed with the responsibility 
~--· , c · .. _.., ~ · . ,, ·· · ·· -- : ··- , __ n _: :~ !~ ::·· ~ t. :,.., '"! ;"'~ Sc : -~ "i "=> ~: , -

for eollectin$ and maintaining the data In the ADP file. 

The use of this data was m~d~ .'. ~ss I b ,·~ b; th~t Off t ce. 
• , . ·" • . ;~ ;c; 1 f •; ;J : '$ ~ i ; r (! t H:. :: :_-. · "· ·: ... 

U.S. government use of' contputers represents about 1.2t 

of the computer market In this countryt· ;,~,..r,-ll,1~,~ the . , 

systems are .obtaklecl-;from;•l\t -"~f1'c\q~~'i''.•l·~"er ;On._.a 
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Further·;. ttve Ns-~ur99of a. cOlllti*t•r ·l~a!itlulen Ht'-8 

government· ~-ncyls:' •i~e s hn.IJ•r:-.:'-to· one;•tl!tat ·inlcnt:. k fovad 

in· any div~ Ii aft: orc:anJ.zatfOft •. ' ;ffef'Ce, .. •J ti ltPP991"S,1 t0tA1e: quite 

reasonable to· draw some a•maraJ, CO!ftldasrltmS a. ~~- natuTe 

of a 11 Ots ta l'ha1': loft$ ft'OIJc»ttri S;..i-adm:lttecU:Jf, bJaS.ilr•Ul1IP"I• of 

such. fac i Ht I es' :that Is 1 lml ted: '• f eder.&t~Jlbutt 

operation. 

eomol''''"-·s•a•' CPI&· oacar. AnoJruM vJavadc: recor1L fo,- .. 

each, I Mta·1·tat ion.. cCMttja.JM •· coattt19'te bl'eakfj<>W116of·. a 11. 

components in the, one~ o•"' .,,. i n•11•&an -.s teaws';; .. ·f>l'•sent . a.t 

the particular site. As a result, It was passlble t0''~8.ilft 

a· colt·· d f s tr I bu t.f on» of the, •••iouS.tcoaf 1 pt.t loas; Of; each; 

type of system installed In the Federal Govet"Ment.·11: · 

Gene-raUy; 'the aftf"•&• f'ent(of 1 a13r;•nsnncatkof-i!the .. same.•· 

system··ltftodel t.,t>e4 was i used,,.as"'la ._..lfpr aidsifiY:.inc· 

c6mPu't•r l¥stem.tt11tes"·1nto·.the';etaht•'.s"•• e4usea (see 

above) and for assigning typical conflauratJe~· rettta-Js.:to-' 

that system type. where the'~fettetllF'COV .... nt:.da.<t•G•ee.•d 

to be i ncon!rf stent WI th ta-e;;,eott; f•tga~"·'1>U• 1ielltea: in one; of 

the aforementioned reference sources, further study·was' , : ,.. 

necessary in order to determ4ae::. tb•~cortec~nreneal#'fi&ure) to 

be assigned to a stst•• l'he reata;J,,flaar•·:fof! ttede.-al 

Governmlent \'ldmputer I ns~a:1.1at1on•·1 as~otr.ta~aed~ from; t.be · 

Au tomatt c-Datl .· ft?oc••••...,,•an••-••~· 19'•~,ion-,Sys,tetn' detta 

file are presented In Table A-5. Rental vai••i"ff•L'u•ed· 

because they seem to be the most consistently reported 



figure. Jn·is ·is. ti"u&-e.wn f:f:1,.a:e.:sompO:ter-:-s:yi1rteM:waf·· · 

pun:hased b;y <th.a. f:edara ln.agenc~ i 2 Tbi •tatW:,.,eA'!taJ, tld'!rl ce<;v: 

or· J ts~sequ:f va-l.-t. if:: the:.~.s..,..tem ....... '. i>"1'~ed~; I ti. requ1red; 

in. tae J"•1>0lf.t 6f -~•cw:Y' Sf>. i~•h1-.!JOD6·; t<>c.th•f GetMU"•1 · 

s er,y i £M"1 A.dndt1:J s t.f' a-~f Ofl~ f Cl1'b$>U¥tJOsao of £M f Ai Pt iJ :le~ 

Oo&ratiiw,,§asbn!:;-··i Ii edd!i~on; toe hara.res cost· dti:JaiiJ '". 

the ADP Management Information System file contaln5«·~· · :c·, ··o 

brea«i!lown.;of. of>lt'llU '*''cos.ts obiltttit@r.l.i.tM:~o~!l~s.J!h.fn the 

actual: harctwareJf!'eatad 4o.:·eqa:Jva1MU;;el-:.) tlte! c:OlhPt1,te.:(s;}_ ,_ ~

present;;·. ,o5pel"8!1:~ ces t 1ca*-90tr l•s09reoiwcwl ded for:, reoof .. :tritta 

.;.~ - ·~~ -, 

< 2~,,~M4 Hrtaryc8ese,f'a•nan41f •110WJtMess~.,._e •t>Pl teabje~.1,.,;· 

C3> Punctte4ktard t:qal ...... .:ea&al•z'ladu-..:ral,L5.'M,.·'· 

~.:fAt~ ..... Magneitl cn~..-.va9d tfi•ks~aeks usedw ~ -.:tcp.< .::.. ,: 

,. (§~· Parts-,ferr ·l~heuse~rnal nteeaec- ttf iaurci11edni9P; . ··' 

Ciii.SuppUes~used·:'i"petr1'.:ce•4•1~:ie~r:.l:! '!~t··· .: · ,_,. . _::1· 

< 7h;fJit:hei' 09eratiagrexi>enses 001 cJ .. •tfled ... 1 "''.'; .:: - 3: 

These:>cos;tefi gbf!'es_, Wffec:asednes;; tr.t&~•• I Sif91J'qtlbO !Y1Pte..\-i9f c;)~i 

4$\Sitct1·lation-,openatitlgJ CM~'PGo•OIJl'•iH:-f'•t•~c.GOf tJ~· ":·:.t t,;;' 
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0101~..,3110 ::c~ 2· c.~ 
-_~HOii 1200 ;'- ~, If 
.•OM H4200e~. 5 
.HON H8200.:.~ 6 
.MON Hl25 ·' 3 
~MOM HllO 2 
GMOI_; ,_.1250.1/. · 4 
·:r<13~,i~·.305 ,dr.Z 
t fl GM ,' 3 6 0 3 0 , , .': • d ;· 4 
Ct8MS~!J6040n~ ~~di 
l'BM~ 36050~8 p 5 
. f.Sr.t 650 .. "" .! 2 
d[B~S 1401 I~ 3 
.J.BM 14016 , 2 
~ 11. BM 14 10 ~ ", . 7 S 
•itBfit.0.91440 ~- . ·'" ::J 
. r SM 14 6 o J; . :- 4 
-~B~ 1620 2 
iBM 7010 6 

il8NS: 704 ~~.~~:J 5 
iBM 7040 .- 5 

: · C BN . , f 10 4 4 r.1 • , • .r 0 ·; 
Cr (i 8!14.' ;>; l 0 5 c; . -~ ':, 5 
"•f0 ijM!.'>:•!I070 '.'.'\;~lot 
.f.BM 7074 ·~.· 6 ' 
~tsa.~ .. 1oao ·, .;,.·/elar. 
. lcBM 709 . ·. , . .: 6 
ffBMlfI7090 ~~.z ~1 
0 t 8M ·2 .: Bl 0 9 4 N• ; a \ 1 ::· f 
;: t BN ~ Bl 70 94 J tr .. '.1 ·>:· 7 
.· fl BA g :• g l 710 ,: " ~ O tH 'a 



ISM 7740 4 
tS~ 1401H· 2 
tB~ 610 1 

··f BM 6400 1 
'fBM,. 16201;,,. ····2 
·· 18M · ~· 16 2 O I f · 3 
··ygQ2 ;._,6020' 1D '· '.'! 
·'' 8~;, ~ .) 180 0 ::. ·. J 
~ ' BM. ~· i 13 0 1 . 
~ t BM·;_· 36065 ·· 6 

f-BM 36067 · ··· .. · ~- 7 
'f iM · . 1'

1 J6075: ; .. I·' 
··8~ 36090 8 

t8M 1974 0 
f BM •• 36044 It 
fBM~ 36091~ ·· 8 
f8Mc -36025 · 5 
t 8~ 3 6 0 8 5 .. , 8 
tB~ 360/• 3 
M9N M'ON•IX 1 
MON MON•XF 1 
NttR ,· 304 .. - 4 
:HcR~- 110 2 
NeR· 315 4 
~cA 590 rl 
N€•··: 441-22 0 
-~c~- 590 ·1 

MCR 395 1 
NC~. 500 '1 
Ne". ; 315RMC' · ,. 

·NeR · · CENlOO 2 
~C~ CEN20,. 3 
NCR· ·SEN• , 2 

·.RAY ·250 1: 
RA~~ 4•0 i\ 
RAY · 0 520 ·J .. 
PHf · 1000 4 
Pf.fl: .; 2M•212~. . '6 

,; p~ t ' ; ' 2 0 0 0 ·; . ' 
PMt--~··2M•21l' ':& 
Plir( · . .iJlOO '>O 
R~A ~01 "IJ 

:RCA 3301 S 
RCA · · .. 501 : 4- ·. 
RC~ 601 5 

N.A. ~ , -· N.A. 
{:llt0.90'': : .. 96,~80 
f. N. A. J' · -- .. ,, H''I. 

N.A. rt:·' N:l. 
. 94. 79 , ". 41~'f0 
·· N. A. . r_· ,. IKA. 
1932.00 c0s4491;eo 
~ N.A.00~!~ NCM. 
,, 16. 38 (; '. :. 58,76 

1381573.00 ~809731~80 
1381573.00 0119731.80 
35&fl51t. 00 ,., t~S7801f;'to 

~ N.A. rr N~A. 
1

· N. A. ' N~•. 
1025941.00 ~158528~00 

~ N.A. c.· , , Ni;1A. 
N.A.'-'':,, Ni,,~. 
N. A.:, ,_, N~A. 

N.A. : ·: . ;, N~A. 

·" t~l3 
'6.Bft02"T 19~'° 

llll.00 244~~00 
0 ll9.30Cf t 4~;63 
,,oa.00G~~~1146&SOO 

2.03C~ :; 19,113 
~ N.A. _., N~'A. 

4.29 ; '"' 2li!l6 
M.A. •'.. NiA. 
N. A. ff\:A. 

1:s&i..oo ·"·~ :gage~oo 
N. A. '~ N~A. 
N.A. N~A. 
M.A. N.:A. 

62.23 ~ 2f~21 
N.A. N~A. 

21118. 00 , ... -·13427~00 
1111.00 010449Q00 

1staoo.oo o~J14231aao 
N. A. ~~ -. N~A. 

10S81t4.00 r~~SS741~00 
:;; N.A. p~-'.~ M~A. 

\323.00 •.;::0\105,~IO 
121111.00 ;~csa:ssaeeo 

~63B.71!~--J~l87fil0 
&t&to.oo e;:saaaa~oo 
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TABLE A-2 CcON,INUEO) 

MANU MOO EL CLASS COMB POWER SCI< POWER BUS POWER 

RCA 7015 2 12f98.75 1837.00 16516.00 
RCA 7025 3 281Hf .OO 1•11.00 J6366~00 
ltcA 7045 4 21ot1!.2s 21,610.00 ?290493 '·eo ., 
RCA 7055 5 1311651.SO 1341132.00 tft40l0.00 
RCA 7035 4 11001 •• 75 6,116.&0 126391.GO 
RCA, 7046 5 ''· M.A. N.A. N.A. 
RCA 110 0 N.A. N.A. N.A. • 
Rr.A 70/• 3 ff.A. ,· N.A. N.A. 
sos 910 2 4219.50 ,.,.1.0- · 215~.~oo 
sos 920 3 8l7f .OO 1244.00~~ 496,;00 
${)$ 930 3 &ot••.5o 71181.00~ l103f.QO 
sos 9300 " 3't•f.so ~1~~:::r ~m:t:; $0$' 92 3 &•••i.1s 
·SOS 925 3 135'1'• -. 50 t 112. 'S ijo1ot.:OO 
sos· SIGMA'1' " . IOMK. 50 ''~'''· 0 .: ' : ,, .-._·i.21t~01> 
!OS S IGMA2 ' 2 llJf<IJ. 75 11(152.0Cl ; :J~l07f:.::tp 
Sf>S SIGMAS 3 2:,1~~,, 

. A" . · .. , rt A: -~ H. ii' k_. . , .-• .• 

UMt' f 9 ~140 10 . 2 71'. ':i> 
ltNf II 5 2'6r.oo i1ss: oo ;, ·23&J;do 
UNI SSll 5 M.A. N.A. N.A. 
UNI 

I " 
5 22772.50 22720.00 22790. 00 

UNI FCll 5 79.23 33.46 91t •. 49 
UNI ssao " N.A. N.A. N.A. 
UNI SS90 3 N.A. N.A. N.A. 
UNI 418 .. 13961 ... 75 587&7.00 166S&lt.OO 
UNI 490 6 17090.00 17770.00 15050.00 
UNf 1004 2 19.41 1.79 25.29 
UNf 1050 3 17763.25 12021.00 19675.00 
UNI 1050-3 3 N.A. N.A. N.A. 
UNI 1105 6 5253.50 1Jlt33.00 5527.00 
UNf U60 1 • N.A • N.A. N.A. 
UNI 1218 2 N.A. N.A. N.A. 
UNf 1107 6 123037.SO 138700.00 76050.00 
UNI 100$ 2 907.43 71.73 1186.00 
UNJ 1040 0 N.A. N.A. N.A. 
UNJ 1108 7 N.A. N.A. N.A. 
UNI 9200 1 5991.50 1592.00 7458.00 
UNI 9300 2 14905.50 4350.00 18421t.OO 
UNI 1206 6 N.A. N.A. N.A. 
UNf 491 6 49090.00 lt9290.00 48490.00 
UNt 492 6 N.A. N.A. N.A. 
UNI 494 6 1468290.00 11917,.o.oo 1527140.00 
UNI 1230 3 N.A. N.A. N.A. 
UNI 1219 4 N.A. N.A. N.A. 
UNJ 9400 3 N.A. N.A. N.A. 



• 

94 

TABLE A•2 (CONl INUE')) 

MANU MODEL CLASS COMB POWEf1 SCI. _,P~ER BUS POWER 

~Al 8400 
EAi 640 
EAi 8800 
PDS .1020 
$EL 810 
COL 8401A 
COL 8500A 
DSC 1000 
VAQ DMl62Q 
VAR DM620t. 
FO* • 97400. 
~,ox.. 91&00 
·Fff ll . . · 9 7600A 
,iec 670 · 
weS'. . Pllosao. 
WES, . P.R050 
WE$· "' PR0510 ·. 
SVt.-· . 9400 
JS I 609 

It 
.l 
0 
1 
3 
0 
0 
0 
0 
Q 

·O 
0 
0 
2 

1.iO. 
0 
0 
5 
0 

. ' 

N.A. N.A. 
N.A. N.A. 
N.A. N.A. 
N. A. N.,A. 
N.A. N.A. 

~ N.A. N.A. 
N.A. N.A. 
N.A. N.A. 
N.A. N.A. 
N.A. N.-A. 
N.A. .. ••• 
N.A. N ••• 
N.A. rt.A. 
N.A. , . . N-.-•• 
N.A, ,·_ N.A. 
N.A. ' N • .\. 

&i;s1:::0; { r . .... 955~:10 
N.A. N.A. 
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TA~LE 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 



TA~LE A-4: CHARACTERISTICS OF COMPUTERS BY INDUSTRY 

SIC INDUSTRY NAME 

2011 MEAT SLAU~HTERING PLANTS 
2015 MEAT PROCESSING PLANTS 
2023 CONOENSEn ANO EVAPORATED MILK 
282' I CE CltEAM AHO Po. OZ£N DESSERTS 
2026 F LUIO Ml LK 
2852 CANNED SPErlAlTtES 
2153 CAMft£0 FRUIT$ AND VEGETABLES 
20J 7 FROl!N F~VI TS AND V!GETAILES 
20'1 FL,,VR MILLS 
t8fl2 PREPARED ANIMAL FEEDS 
2051 BREM> AND Rtt.ATED PRODUCTS 
2052 BtSCUt TS, CRACKERS, AND COOKIE'S 
I 071 C'OW £ f"1',_. NARY PRODUCTS 
1082 MALT LUlUOR , 
2015 DISTlt.LIO LIQUOR, EXC.EPT BRANDY 
IHI BOTTt.!8 MID CANHED SOFT DRINk$ 
20$9 FOOO '9'fMRATtorts .. N.£.C. . .. 
2111 CtMlttTIS 
2211 WUV1ttt MIL\.S, COTTON 
22ll ••~t·MG MIU.S, SYMTfftTIC 
22J1 WIAVINCI, FtltSMtlr MILLS, WfiOL 
22SJ KN.IT OUTERWEAR MILLS . 
2211 Y*RMMltLS, EXCE,T WOOL 
2Jll MEN'S ANO 8"VS 1 SUITS ANO COATS 
2321 MEN'S DRESS SHIRTS AND NIGHTWEAR 
2327 S£PAftATE TROUSERS 
2321 WORK CLOT,..INQ 
2335 DRESSES 
231tl WOMEN'S AND CHILDR£N 1 S UNDERWEAR 
21t21 SAWMILLS ANO PLANING MILLS 

(1) (2) (3) (~) 
NO.COMP. AVGRNT AVGEXP AVGPOW 

106 
27 
19 
33 
39 
19 

·. '.69 
''3'1 ',,. 
..... 1 
\1 .a 

.·1' 
ftO 

::H ,., ··~··i· '' ' . 
f :~ . '1 

.. ,;;2!. 
·'I _, 

27 
72 

.. ~A· 57· 
21t 
lJ 
30 
27 
13 
11 
23 
27 
52 

88 
55 
91 •1 17 

120 
103 
II 

lllt 
&5 

059 
109 
. ·.111 

l~~ 
37 
:ts ,, 

1i1t 
·:.,p6 
lOS 
11 
97 
90 
96 
80 
51 
as 
79 

111 

325 
237 
334 
·304 
2611 
ltOO 
353 
,319 
"357 
·25 .. 
2J6 

·a&2 
"l7G . 
;S61 
:sas: 
,l69 

•;''' ·JJ2 
.)ti 
.311 
,:J3t 
3111 
31t0 
332 
31l5 
310 
2114 
306 
308 
3119 

9021 
4755 

15088 
1272 
5770 

lt5&08 
12517 
10359 
113336 
'l1068 

5361 
111161 

79511 
115959 
1Sl3fl 

2161 
1Sl28 
11654 
60192 

1758 
16851 
15121 
11783 
10327 
15148 

7995 
70\11 
901t2 
71155 

31655 

'° en 

·~ ·I 
I 

i <I 

'~:1 
••1 
;:·1 

-



• TA~LE A-4 (CON!INUEO) 
' ' ' 

; :stc 

1 ~ >' 

i ;, . 

.1 -l1NOUS1!RY ·NAME 
' :~ t'\ 

2·"31 M,f LLW0'RIC·1 atA1f!TS, . '. , , 

' 

ll32 \CENeER:' ;ANJ') fl.l!Yl'IOO.'l PLANTS · 
251:1 Jwonu '.:flJRM.f llJAE# ff()if; Uf'MOLSTERED 
.1912 iWQOO ·•PURHI lUlE\,: U~OtST£ffEO 
;a&!l :.ftA.PeR .Mlf'LL.S1,-:1£XC EPT BU f LO I NG 
;Mil1 :PICP.SRB0.1\0·! Mtft . .LQ > \';•;: ·~· 
a&ft1. ~~· CDA1H N.G,,t»f'O: GI.AZ t NG 
;Ufr3 1, 8AGS, l0n£'Pt. J:IUC'T f\l£ BAGS' 
~;] iOORfl.1.GAmm> ;SJUPrP.,J4MG/ :eQNJ·Jtl·NE R.S 
.MU tf8151PAf>&RS, · · i·~i:> '· r, . ~. 
.a«a1 ;MRJel>U:ALS 
,a1r;34 tJDll8$;:·~LfSMtN" AND PRINTING 
U:Sll 1MUlOG ).1 .IPO'E f'T , al .tt~m; R" PH I C 
:•a-£·'1 a1Mt.~&11111·l'Y· ~,; '"f 1~ .. a•t11t••.~' •,, ' ,. · 
i&iil!:.;," Vr\R....,..~.,it'US~· "' :: nvunM'"'~" {· '"' 
ats !:M18lHt!O,Kl'l:I :JWM~,nRi 'RROD'UCTS 
DU 'G119#1t~ CH1NlmL9'/;'tN.,f!~\G-. 1 ,.,~ 
;f8IS C..._Q".O' ICHIMN)ALS:jj\W.!l'"~C. 
aatl <l!UllTW;~·ALS ANO RESINS 
.:a2* 0llRDANNl~F~· ifiaQNC£LlULOSIC 
.anll ;_,...Mtaf.TMAI. JIWARATIONS 
~ i'IOlllft. AMO$~OIDtl'R 'OU 1RGDTS>1 t r · 
.alfi2 ~ b\tDl'B.WITAflON GOODS 
1Jlldl ~PMRMOlDNS 
'.~l :IJMJt'l'S' .. t.\Wifl'.D P~ODUCTS 
::f!ltll ,J:t;&~·t" L fi:JW!Q, , .. ;; !i ·~ 
2899 CHEMIC-L PR£PARAT10NS, N.E.C. 
2911 PETROLfUt.1 R&,:ntlff:°' ' '·' 
3011 TIRES AND INNER TUBES 
3069 RUBBF.R PRODUCTS, N.E.C. 
3079 PLASTICS PRODUCTS, N.E.C. 

(1) (2) (3) (4) 
NO.COMP. AVG.RNT AVGEXP AVCPOW 

17 
17 
52 
21 

134 
.J:8 
3,3 
11 
1.0 

207 
10 ... 
12fi 

ll"2. 
311 
26 

12-0 
l'3'fl 
D 
aii 

UJ.S 
28 
,21() 
~7n 
li7 
:12 
33 

~29 
'109 

52 
58 

50 
71 
76 
95 

110 
A2 

1~19 
l08 
57 
60 

159 
123 , .. 
_.:J2 
lUl 
,10J7 
1'52 
ll;JJ 
/fli7 

1:u1 
;}:l~ 

'.92 
15:2 
"7'8 

1)16 
79 

153 
120 

80 
76 

21'8 
265 
298 
330 
373 
251 
·J,g\ 
319 
.23-0 
227 
r.7.8 
,97 
'21.4 
222 
,3fl'l 
5,51' 
315 
385 
5\16 
Dl 
·3i'SV 
3Jt5 
''4~8 
.1;11 
:Jag 
290 

. '· ,:Jf:SS 
393 
305 
280 

5101 
Uli8'lfa 

s.s·i.2 
10•976 
21222 
6.157 

.:1R75 
51029 
ll517 
72:S7 

72'816 
·l.2,93" 
a.oa~1a. 
'.3·8~7 

l!·2J'fl6 
nno 
Jdl&S.2 
,IQ:218'8 
·1ao:9\ 
a1;o1 
S'.22:!1 
,,eg1 
2''l582 
1:l'&3'6 
46l801 
13574 
94760 
lf6826 
10841 

9246 

IQ 
...... 

-~ 
:'~r 
~k 



• 

-
,S,fC 
; .• 

31111 
32:2:1 
JD~i 
s·nt. 
l3l2' 
JH1: 
132:11 
1~:3 
1&111 
T-'llt:i:'~t 
.,;J.~l~\,i 

nu: 
J'3'5'l, 
:ll9:11 
3.JlU~ 
!fl29[ 

!kn 
31dP.l' 
!hil: 
~ 
:lf(SZ' 

•mi 
!dl) 

Ji\91' 
9Ja 
JMiZ' 
3531 
3SJll 
3544 
3545 
3548 

TA~LE A-4 {CONTINUED) 
" , 

I' 

'• 

',.~. ;'1 ·,' 1 
: ! . 

:.ttNOUSTRV NAME 
I, 

i:J:,;: 
rl ,, ,, 

SHllES, £X:C£PT RU88ER 
G~LASS COO'IA IHER.S i •••. • 
c.e~T,~ MWJAAUL:llQ'· 
MIAASJV.£; PAODlB!JJS. . . 
BLASI ·F·URtfAO&S~ Alm StEEL 1'1 t LLS 
S..fMt· ·p,:QfEL Mil 'TiilllB:, , ~·· ., ; i ,, 
GAAfi)11>\0N. IUIUffD~ M!.S' . ".,. -,-i :· . :.'. 

S;ltEW RDUNMJtii · . . i.:.: 
cmmD ~ROl. b.ltlDi iAND 'D'RAW ltH<t " 
AJJmttNJM ~RO!itJfiJter ~l4n: QRAW I NG 
llOWlHG. i.AiHi01. ID RMtt1•N G;: ::ff JE!.i'C.~ l t 
NOtFrt='.;RROl/S fW lR~> ;JJMW·t tHG 1 ETC • 
l\.IMWri;l' IAIUft .1 'w.11!"M'lf' <r!D llrN l!iM7'1t' '' '. ' '· l t~*JIW~.i ~ ~· 1r "'.JI tnQ.0-, •·' ~- ,:· ,, ~ ., 

un"W";&,1·~ <w..11;.M111; r 1 .,, , ' '·t ,,. •f: ,, n '-Ii • ii l 1 ·,, 
......... ~ \,""'CP ~ J iC ·• ~ ·,, ·11, • 'i.~ \J ~" ~ i:., , ~ • ~ · 

~vne.e.c. 
HMIM<l)tlUIUI PMENT 1 EX,CEPT ELECTRIC 
~ HllU.O>T!Uat.;Jm!eL'' ;1.; 0 

N&1'At* ~ JSUH;.1. iA18) . 1"94 
llA'ltttil!R aot01R ~1'ROOUCTs· V ~ ! ; · 
BQttBj",HJIUl:S I"' lRTV£TS AND \~ASHE RS 
u.&l'lf,M"l~l·' ~M.,.Jl'Mit'°'•«~. (' c 1 j '~ ,,.~ " r·r" 1, Lon 
rw;:cf~ .i;itPlllrt~· ft~.·-·'~ ... ~) ~ 1.,,,I,, ~ U , 'f'l\,~ 

P-QRl Caml JQ11Q'l tRJlODUQ.Di;t<N. E. C. 
Va>lf S, t'Aftfl Jfltflt t;1Jill,T fM'SI r ,; J i: :'.~ , . 
l1'll'IRtU1 t"~~USif,tON ttttoitM: S 
fMM'tMCHlfmlftt?AND EOUI PMENT 
CONSTRUCTION MACHINERY 
ME TA L •CU TTI N()ll'lfMHJ'.H&nifl'JD LS 
SPECIAL DIES ANO TOOLS 
MACHINE TOOLS AND ArCESSORl~S 
M~TALWORKINR MAeHINERY, N.E.C. 

! ~ r I' 

{l) (2) ' (3) ' (4) 
NO.COMP. AVGRN·f, AVGP,x;P AVGPOW 

6,14 
?'2· 
31, 
ii: 

3Sl 
!l"rl 
:m 
25 
!2;7 
.:t6 
16. 
2xa 
» 
_;z1. 
3'9 
sn 
Ji.12\ 
Z2 
10' 
1·0·! 
r515~ 

16 
ft.9 
s·s 

16"6 
63 

>6·4 
\ i 21 

17 
26 

"I/ 

102 
14'1 

s1r 
99 

i:1•r 
1613 
9il' 
:923 
l&l 

lll,l, 
1101 
1'5 

6'0 
);1);5 
.nit~ 
!'~""'· 
85' 
57, 

;1&5 
-T&7 
ft 
9"1' 
7:~ 

115: 
lli4 
12'(1' 
112 
un 

',, •62 
82 
89 

~· ! 

355 
4'36 
2·'38 
333 
4·16 
28-6 
3-1.:Jf 
3;5,i 
2.9.5: 
i&:i' 
itn 
360 
2.lf:8' 
3&ft'; 
Ji:U 
112 
ZlS 
t9'5' 
Z6.l2' 
J.li.'l' 
:Sll' 
zg;5,1 
}19' 
l&:J&l ,,.,. 
383 

,,, JS& 
254 
296 
312 

16369 
4,.5651' 
8884 

21f·l'ft6 
30812 
'6436 

lS774 
t-8.'.0l:S:· 
S'Z&~3 

.9:7112 
11B'J,1"3 

16&8'5 
l'Olllt'2 
6!ll18•! 
bZUOB 
11,DQ 

!n:S5 
·:6mtJ& 

'5817,2: 
nm 

l1:Jl32 
5Mi5Z 
11512'9 
7fll865' 
51119'2 
14302 
1'9598 
12268 

92 79 
14362 

l,Q 
CIO 

l 
I 

j 

j 
J 

j 
'f1 

·1 

:1 
..;i 



SIC 

3559 
3561 
3562 
3566 
3569 
3585 
3599 
3611 
3612 
3613 
3621 
3622 
363 .. 
36,2 
3651 
3661 
3662 
3674 
3679 
3691t 
3717 
3721 
3722 
3729 
3731 
3742 
3821 
3861 
3941 

TABLE A-4 (CONTINUEn) 

INDUSTRY NAME 

SPEC I AL I ND.US TRY MAO-r I.NERY 1 N. E. C. 
PU~PS ANn COMPRESSORS 
BALL AND ROLLER BEARINGS 
POWER TRANSMISSION EQUIPMENT 
GEN~RAL IHDUSTRY MACHINES, N.E.C. 
R~fRIGERATJON MACHINE~Y 
MISC. MACHINERY 
ELECTRIC MEASURtNG INSTRUMENTS 
TRANSFORMERS 
SWITCHG~AR ANO SWITCHBOARDS 
MOTORS AND GENERATORS 
f NOUSTRIAL CONTROLS 
EtErT~IC HOUSEWARES AND FANS 
LIGHTING FIXTURES 
RADIO AND TV RECEIVfNr, SETS 
TELEPHONE, TELEGRAPH APPARATUS 
RADIO, TV COMMUNrCATIONS EQUIPMENT 
SEMI m NOUCTORS 
ELECTRONIC COMPONENTS 1 N.E.C. 
ENGINE ELECTRICAL EQUIPMENT 
MOTOR YEHleLES AND PARTS 
AIRCRAFT 
AIRCRAFT ENGINES ANO P~RTS 
AIR~RAFT EQUIPMENT, N.E.C. 
SHIP BUILDINr. AND REPAIRING 
RAILRtlAD AND STREET CARS 
MECHANICAL MEASURING DEVICES 
PHOTOGRAPHIC EQUIPMENT 
GAMES AND TOYS 

• 

(1) (2)' (3) (4) 
NO.~OMP. AVGRNT ~VGEXP AVGPOW 

,,,·: 

'·'"' 

lt4 
32 
45. 
51 
~3' 
~a· 
23 
lll ,.0 •' 

ltil 
lfll 
.If? 
lt3 
l!l 
917,, 

\.,/ ·:-.. 1$9 
•, : 2Jlf., 
" '; ~-.. 
,; ' 'I ..,::) 

1s·a, 
··:. .' .. '. ,' i,, 
,-~ ... 1;; 
:~ 4J;sj; 
5 ,acf 

lcf 7,~ 
ta·. 
if ,,., 
67 
30 

96 
10.3 

a.s 
102 
2 7:2 

9..5 
a·1 
9,6· 

109 
llO 
lJl 
lrf;\ 
1~ 
lQn 
13,8 
l:U 
15.5 

l'.9 

~t 
it 
1&2 
2J·1 

6'8 
J;.o 
17 

ll8 
80 
/,' 

337 23472 
361 24504 
317 31260 
342 35197 
556 335691 
:l;31 26051 
118 11102 
S'.29 /.! 16 755 
'46 51864 
s~g · 19160 
'J.2 ~; 3 7088 
it'41.,: 43468 
'48 28998 
!53 ' 11011 
J~39 ·. 96411 
ff2 7 .. 7464 
i'36 ', 136262 
~) .':.; lf6231 
"'4>3 85634 
372 14463 
415 51229 
652 269132 
515 92040 
556 172381 
270 27049 
270 10812 
317 14718 
413 58821 
302 10335 

IC) 

~ 

,, 
.J 

'* '~ jl 

), 

1 
~'~ 
!1 
:~ 
~ 
~ 
:! 
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TABL~ A-4 (CONTl~UED) 

EXPLANATl~N OF COLUMNS 

(1) ~umher of computprs in operation within this industry. 

(2) Average rent of comnuters In industry 

(3) Averap;e total expenses of COfl1PUter lnst;:illatlnns in this 
in~ustry (base~ upon Federal Government exoPrience) 

(4) Average power of computers in tn~ustry (based upon 
Knight's power lndecles) 
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TA~LE A•5 
FEDERAL r;OVERNMENT COMPUT~R RENTAL DATA 

COMPUTER. NO. RENT lftOOf.(ARS 
MANUF MOD~L tNST M·i N 'M£•R . . MAX 

ASI 210 3 1194 '%512 .. J.75 
ASt 2100 2 3ioo :iai . 7264 
ASI 6020 2 51110 ·7687 
ASf 6050 3 6384 n~I ·4028 
ASI 6130 1 6855 '6855 
AUT REC2 18 l 869 2495 
RRA 1,0 l 3129 31~9 3129 
BRA 133 4 196 2971j 4500 
BRA 340 l 9422 9ti#2 9422 
BUR 8250 2 4380 4386 4380 
BUR 82500 1 8910 ;~J1 8910 
BUR B2fi' 101 1220 3700 
BUR 8280 2 5833 ·38,, 3~35 
BUR 828:l 6 6135 7 .. ~- 1Q895 
BUR 8300 2 4168 5521 '6875 
BUR 85500 77 4139 45•$ 35280 
BUR 85500 9 19817 375tl 81i~63 
BUR E101 3 . 935 12&$ . 1635 
BUR 220 1 28220 2a·•itt 2$220 
CDC GlSD 30 '280 15') Ji&21 
CDC LGP21 .. ·3 740 ·: 1080 
CDC LGP30 11 .. 350 15 ~ . 5080 
Crt c 160 54' 1600 1111 37123 
CDC l&OA •2 1502 • 9.Jl ·. l67og 
cor. l60G 32 8025 ·i 2011 !f950 
CDC I601i 23 3829 'L. ,. 5~590 . ~I .. 
CDC 1700 11 2070 '·'"$115 !0,22 
CDC 3100 . )~l ~125 

'HUt ~i~~~ coe ,200 4J40 
enc 33,0o 18 1,800 ~j7,ao 
cor. 3400 'l 28550 ,''ti '8 ~w,so 

CDC ,600 13 lSiOQ 5J98f l~tf%92 
cor. 3800 i4 1&200 Si,f(1 77110 
CDC t&OOO 3 1865 i58l t~31so 
CDC 4010 1 2530 rsie 2530 
CDC 6400' 1 38700 61J ~ ~~~55 
CDC 6600 27. 62950 111••• 3fl905 
CDC 80tll 1 ~~55 ''a~ !!fS5 
·coc 8090 37 i&so -12 t69oo 
cbc IQ92a 5 $~15 tlI .~,.35 

CDC 8490 2 ~230 ".~~15 
CDC 924 .. 14 4$,2 165,~1 tfti86 
CDC 9244 3 16!&2 1~7 •. f%015 
QEQ LfNC8 5 160 itt2 . 3954 
t>EQ PD Pl 14 1327 titU8 10682 
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. 
. TAB\.E A,.5 ( CbNT.t NUf.fl) 

C~PijTER NO. . RENT IN· DOU.ARS 
MANUF MODEL ·fNST AUl!I , "1EAN .. . . MAX 

; """- . .,• . . . . 

DEQ P9Pl0 
" 

1 1~650 12iSO 12650 
0£Q PDP .. · .. · 6 1750 2•23 4732 

.PEQ PQPS 'JS :: 400 113, 3038 
BsQ PDP6 2 2492 J. ,.. 5250 J.l 
DEQ PDP7 9 1240 2767 ,3672 
DEQ PBP8 16 '142 ~l1 .-1069 
OEQ PDf8S 

' 
, , 4 :199 21fl ·294 

OEQ P9P9 5 1024 1897 3834 
EA f a~QO 1 9osa 9Q8J .9Q88 
ELT ALW3 2 110 115$ )GOO 
fq I 6010 6 621 ... JUHi ll20 
GEL 030 1 6!U3 ··913 :ti913 
GEL PAC402 ·; ,. 35270 3iJ 1 39791 
GEL 115 .. Soos i 15 '6880 
GEL 2()5 5 2625 lQ1i5 :s~oo 

·GEL 215 . , 4 J163 ' ~5 : 7510 
GEL ~25 22 1835 2t:~~ 13763 

·GEL ~JS 8 11258 ~8025 
GEL 1112· 5 iJ904 s~t• : S~62 
GEL If 15 ·,-• 

4 9140 1~gig ~~ISO 
GEL i.2S 5 ,140 l 3l8 ZD~93 
GE'L tJJ~ 6 22za.s , . 8%3 ~-251 

·GEL 625 ' .1 4l 50 f ~i~o 4ll50 
GEL 63So 

.. 
4 32l33 7JJ58 100740 

.H()N DDPl16 '.1i ".243 2J91i "~162 
HON QOP10 ·· .. 1 'l2 .. 41Zff .r&724 
HON 90P124 , .... 2 50 11237 ·.za50 
HO~ &:,::4 J~ 1$00 ~" 17t&26 iJ:iJ 
HON ·' 1809 ,:fl~ 111:97 
HON oo~i.16 , ,2' ~J78 GOG 
HOM e&PS.16 11· ,. 78 lV1? .3191 
HON H62e·: .1 5400 5i0o -5fl00 
HO_. H632. 1 6000 &OOb : 6000 
HON 12P·· g 2360 3~2~ .~955 

HON 12PO '30 $305 1Q37,, 15165 
·HON 1800 

' . 
39850 4~792 3. 50l37 

HQN, aQQ ' ~g_, i:soo 1541 225'99 
l!ION 2200" .13 1i190 ~-~~J 278,26 
WON ltQQ, i 4185 x•~4s 
HON 6lQ 'i ~060 2HK~ :J5060 
HON 809. , .. 21 1,033 OtI 5b748 
f BM llJQ. ::1s 1I~~ 1&;• :3.Q37 
I~~ ito1· ·1$• 1i11 22775 
fBM 1 10· -72 9600 S8406 
IBM 1440 

{"' ' 

~750 2.5j;g 1~~179 
, ' 

:.22 
- . .J.. 



-, ' •"'' ,,,. 
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TABlE A•S CCONT1NU£D) 

·e~PUTER NO. . RENT ff(' 1>0\t~S 
MANUJ: MODEL .f N·ST MIN •rtlM · ,. MAX 

f IM l"f . 25 7140 1191.l> 1"92 71 
HiM l$CH> 2 1-2'248 19111 127:395 

· t BM 16·29 gg; .1164 .3•!1 "1191 
'18M 171Q . '. 1 16158 1M5& 11.158 

··I BM l40t> 2'2 '1220 1180.'8 11820 
·f BM 30·5 2 4012 ltJ!J. 2 'AD12 
IBM 36020 . , 72~ ,· 617 -21J.6 <7576 

'fSM 36110 . 117 3990 12127 21~25 

t BM 36040 . 70 1068 2340ll Sl337 
ISM 360.ff 4 ;-.B 5666 10S15 211169 
18M 3~050 ·55 14165 . ,J'.J.S&• 951'42 
t9M 36065 53 15905 51219 161266 
f IM '311>17 .fi 57405 ·. 8119Jl 11'1303 

'r BM 36015 13 6S696 1062~1 lff·3828 
IBM ·3,0tl ... 2 129395 150308 111206 
I BM ·36015 2 131236 141'-'' 1•4&51 
I BM 610: 1 1150 ll.58 ::. J.l50 
f BM 6400 3 730 ,,1 ;i1054 
IBM 650'; l 4450 4ft58 C.IJSO 
IBM 70-10 lS 30523 45157 11836 
lBM 7030 ·3 111075 142958 1.77200 
1 BM 704 '3 10674 20363 }8272 
I BM 7040 ·· 13 12259 37532 88924 
IBM 701'4 12 33750 62514 129389 
ta~ 705 4 22800 3150i IJ5100 
J BM 7070 2 18220 i&lll 39139 
f BM 7074 . 15 .. 25120 47•27 109576 
I BM 7010 33 49548 77281 lltD554 
1 Blli4 .7090 17 43561 7&140 lOS309 
J BM 109i. c 46 35967 76911 122284 
IBM '1091ttl 7 51704 8ff S7& 118935 
f BM 7740 ,7 673.3 11096 16137 
IBM 9020 4 11719 26101 118586 

. f Nr: 4900 1 700 :100 . '100 
ITT At>k73 ,3 lt93 42016 106133 

·NC~ 304· 4 15390 '16718 18708 
NCR 315 11 7225 .. · 1020.7 11965 
·Ne~ 390 135 554 1165 2062 
NC~ 500·· 36 1015 ''lSJJ i920 

·PO$ 1010 4 · ... so •,' 601 , : 900 
'PHf 1000 4 5100 16159 25598 
PHI 2800 .6 23970 5211J 19928 
RAY 250 21t' '660 10..J.5 1166 

.RAY 440 '·,2 ,. 5228 51l3 6~59 
~AV 440' . 2 5228 sr•3 \8259 



TABLE A•S (CONT1 NU£0) 

COMPUTER NO. •RENT HI DOlLARS 
Mf\NUF MOD£L INST ett N MEM4 :" MAX 

RAY 520 5 ·!191 ~t;OJ) '8154 
RCA 301. 106 *a.03 1J-Jj7 2•S065 
RCA 3301 25 13123 2116'8 ,,,.6562 
RCA 4101. 1 4000 ffOO.O '4000 
RCA 501 25 5240 1S2ft2 41111 
RCA 7025 l :7610 7110 7610 
RCA 703'5 14 10fl25 ·l·:l'llS 11~558 
RCA 7045 6 12,73 lHtl 2~991 
sec &SO_ 3 ·\33 «6J- 950 
scr. 660 2 1800 Jil.lfJ : .. 2 .. 21 
sos SIGMA2 5 1Jl0 2'171 4029 
sos SIGMAS 3 1385 ·81786 21)030 
sos S1GMA7 7' J.885 "t1J9 11577 
sos 910" 53 J21 ,.,~u. 19S66 
sos 92 4 2760 .. iaJs 13359 
sos 920 52 1800 . 156) 11660 
sos 9%5. .3 3480 55,09 . 8673 
sns 930 ,. 8 1605 ·~55 20600 
SDS 9300 7 9655 13Jt3l 18233 
sos 948 1 28809 28009 ,28009 
SEl 110 7 \ 640 1a•o 1920 
SEl 810A 2 1350 1107 2065 
SEL 8108 2 1)35 1657 1980 
SEL SfJ-0. 4 1232 1165 ~390 

SEt 8C.OA 2 flS84 4750 . 4916 
SEL 840MP 2 1 1 1 
UNI FCll 3 23770 2tf 310 251126 
UNf II 1 15174 151,7\ .15174 
UNI ff I 8 19520 22i51 26225 
UNI t-Ht60 1 9032 9032 9032 
UNI SS80 s . 5750 .11647 26320 
UNI 5890 ,,./--2 '~6865 7052 7!00 
UNI 1004 196 535 QJIO 4772 
UNf 10041 I 14 1055 2836 31t85 
UNf 1805 148 i297 .1151 "" 5 2 UNI 1005f f 2 2993 3024 3055 
UNf 10051V 2 1975 2050 ·2885 
UNt 1050 122 1950 91$' 16000 
UNI 1050A l 5852 5052 S052 
UNI 10501 I 6 ·-00 1191 10·135 
UNt 1105 1 48060 41060 .. 8060 
UNI 1107 9 56395 6Jftlt0 74603 
UNI 1108 30 1i.100 471-Htt 21\·791 
UNI 1218 22 1606 4680 11352 
UNI 1219 7 1720 12599 28360 



TAR LE A ... 5 CCONTINUEO) 

CflMPUTER NO. RENT IN DOLLARS 
MANUF MODEL INST MIN MEAN MAX 

UNI 1230 7 0 7012 19238 
UNr 1500 1 2404 2404 2404 
UNI 418 30 4555 11129 26573 
UNf 490 9 t5050' : -soigs · 99010 
UNI 492 l 41t21t9 44249 44Zlt9 
UNI 494 17 10500 50508 112718 
UNI 61t2A s. .11.00 .. '§~~. 13414: . 
UNI 642·8 7 8ff2'1 c 1:1126 ·204~4 
UNI 667 1 f7202 '37202 3 721)2 
UNf 818 1 7166 7166 7166 
UNI ~!S 3 &i:. ,_ 7"&··· 827Jf 
UNI 9200 2 1160 

··1.,, · .:1s-s2· .·· 151'S. 
UNI 9300 17 1580 2203 10500 
WES DDS240 ,..1 9 t 9 



TABLE A-6 
COMPUTER APPLICATIONS BY INDUSTRY 

(PERCENT IN EACH CATEGORY) 

SIC INDUSTRY NAME 

2011 MEAT SLAUGHTERING PLANTS 
2013 MEAT PROCESSING PLANTS 
2023 CONDENSED AND EVAPORATED MILK 
202" ICE CREAM AND FROZEN DESSERTS 
2·026 FLUl·D Ml LK 
2032 CANNED SPECIALTIES 
2033 CANNED FRUITS AND VEGETABLES 
2037 FROZEN FRYITS AND VEGETABLES 
201tl FLOUR Ml LLS 
201t2 PREPARED ANIMAL FEEDS 
2051 8R£AD ANO RELATED PRODUCTS 
2052. llSCUITS, CRACKERS,, AND CO.OKIES 
2071 CONFECTIONARY PRODUCTS 
2082 MALT LIQUOR 
2.085 DISTILLED LIQUOR, EXCEPT BRANDY 
2086 BOTTLED ANO CANNED SOFT DRIMKS 
2099 FOOD PREPARATIONS, N.E.C. 
2111 CIGARETTES 
2211 WEAVING MILLS, COTTON 
2221 WEAVING MILLS, SYNTHETIC 
2231 WEAVING, FINISHING MILLS, WOOL 
2253 KNIT OUTERWEAR MILLS 
2281 YARN MILLS, EXCEPT WOOL 
2311 MEN'S AND BOYS' SUITS AND COATS 
2321 MEN'S DRESS SHIRTS AND NIGHTI-IEAR 
2327 SEPARATE TROUSERS 
2328 WORK CLOTHING 
2335 DRESSES 
2341 WOMEN'S ANO CHILDREN'S UNDERWEAR 
2421 SAWMILLS AND PLANING MILLS 

( 1) :: . (.2 .. ) AP,P~J~ATlONS 
NCOMP NAP.P BUS I .A.l'IAL .. PROC 

106 • 74 . 95 0 4 
27 23 100 0 0 
19r ·. ··?1'i '·· · 92 0 ·· 1 
3 3 .. -~ . ; ~6 ' '0' ~. . 3 
39 '. ' "3'0 . •'l()(J• 0 . 0 
19 13 ,. Yoo o o 
65 51 100 0 0 

·~ "'• '. .. :,~:·:" ·~·;· ;·, • v'' -, '~ • . .~ ' ' 31 .. .. .. ·"l.1:, . . '9 ~-. , .. 'Ir .. 3 
34 ·- .• ~, v.·S .. ,.,)_ 3 
41 : · ·1 .. 11 · ,:.::ioo · ~···. . ·er ,. ·, o 
45 35 82 2 14 
16 13 92 0 1 
31·· #~ v'.n ·,. i•-, -g~". 1'. ' ill. '• 6 ;,· 
40 32 93 3 3 ~ 
29 1 20 100 0 0 
27. 21J 100 0 0 

2
2 ~\ () .. :,!! "~ ~s·" os . . ~- o5 ·~-

R\·- ;:;: c:"·MV ~ ) ·-,. · ·.· -~,- "'~' ~ 
72. ·"· ,a·7 : ·10 ·•:· '"b: .. -, ;.21 

' •:II'. t ··-~- ~ ' "'. ~ ' .... 0 .- ' ' •.' '' . ,_ ~. .. •.. - ... ..__ .. ' . ) 

18 15 80 0 20 
57 42 88 2 9 
2 ti " ' .,.... ' 0 If!- . . 1·3 ~ 0 

.. ' '. .. _,,, ' , ....... ~'n. '"~ '. 1t;·, ·• . 

13 · , . i.1 , . .. a i. · ·g g 
30 24 66 0 33 
27 19 100 0 0 
13 11 100 0 0 
18 15 86 0 13 
23 19 94 0 5 
27 23 86 0 13 
52 39 100 0 0 

.... 
g . 'I 

.,J 

1 
.:1 
i 

,j 
·.;,1 

•),'. 

':I 
ti 

1 
i 

' 
i 
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TA3LE A-5 CCONT:~UCC) 

s I c INDtJSTRY', NAME .. "' 
'• , " • ! 

2~31 M:t '-LWO'l,tk. PL.AN.ts ... 
2~.:s.i V~Nlt:R. A~Q ·1Pl):.i#POD, f>LA'NJS 
251'.).. w_o9p. ·~J~T<ltU,1tE~ . NOT u.f>ffO~SJERED 
2s:n· " WQ.Ob' f'~RNI tUl\t . UPMOLSTERED 
2~ 'l PAP.E~', M'f,~t$1/ t~·tEPT Bl) I LO I NG 
25 ;l p~~E.~BO~Rt>' '41,t.;\..~': , I , 

~ .. l P.~ . ·tO.A'.ft,'4G.'.~tfll. G~Z I NG 
ZliJJ.3 'G , f~Ct;PT TEXT I L.t &A~S · Z~S3. ~~-. µ'q~WP. SHl~.P'"'G i:OJffAltiERS 
27l·:l·, tt WSP.A'~~R;S ':' : ,. I ' . ' 
2~~~1~ f' ~·,p·o I JM.'9$' . 
27~~1. a.,' , '::PU'ltt.•.s ,JN(i AND PRINTING 
~g1 PIU ~- rttn;,. ,~;e·~~ .. ~t·~ L.l,TH~R.A~H.1 c. 

~.1 : ?..} ~~~ .. ~~··.?11~.·: •.. :•. ' .. ~.· ~~~ .. ~.··~~.:Ao .. ·o.u~rs tc'~' ~- W.t r· '" t '-S ''M. !~o~·L ;'. . 

~(~ · It i~ ~.1·1 ~l(s f ···ti~~ Jc. lit ifl"' . :t I .: ' . · -'> 
• :J ·. . \~ .!ff ':.Ii· .. • • 

I . r,l'I, .P- ' ·, 

'ff f ' '.f . r I 0J!!~ro=f ~~ODS ~M fo;~~ :§M.~t~o ~Rooucrs 
2$71 P~R'ft·LI lEl'tS.... ·' < · 

2~9~ C~E~~CAL P8~PARATIONS, N.E.C. 
2911 PETR0t1UM R~FINING 
3011 TIRES ANO INNER TUBES 
3069 RUBBER PRODUCTS, N.E.C. 
3079 PLASTICS PRODUCTS, N.E.C. 

(1) (2) APPLICATIONS 
NCOMP NAPP BUSI ANAL· PROC 

1'7 
17 
32· 
21 

134 
lt 
}3 
1'1 
10 

207 
104 
126 

72 
1:a 
2;:6 

1210 
1314 

g.4· 
lll 

1dS 
-'21 
2·0 
11 
&1 
f 2 
33 

. ,~2'9 
109 

52 
53 

15 86 
11() 100 
2& 88 
16 87 

102 82 
17 76 
26 57 
6 10:0 
9 s:s 

17-6 60 
81 67 
9'0 87 
s·s s 1, 
17 94 
18 72' 
54 62 
7'6 7·.S 
5g· s:g 
to 10 
1J1 a.1 
:·i:~ g·5 
17 94 
sa 100 
53 88-
10 90 
22 72 

"&If . 67 
81 88 
38 89 
49 87 

0 
0 
0· 
0 
2 
0 

31i 
0 
o· 
1 
0 
3. 
1 
O· 

lJl' 
20 
25 
10: 
:J() 
15 

0 
0 
0 
7 

10 
18 

'29 
4 
0 
2 

13 
0 

11 
12 
14 
23 

7 
o: 
ll 
38 
3:2 

8 
17 

5 
ll6 
li6 
.,() 

0 
0 

·11 ,,. 
;5 
0 
3 
0 
9 
3 
6 

10 
10 

..... 
Q .,..,, 

'--'· 

i 
l> 
,)' 
J 

·., 
·~j 

,~· .. ·:, 
)~ 
·h· 
?:: 

.,. 

·;t 
' 



TABLE A-5 CCONT~~Ll~D) 

(1) (2) APPLICATIONS 
s~~ INDUSTRY NAME NCOMP NAPP BUSI ANAL PROC . 

. . 
3141 suoes~ EXCEPT RUBBER t> 4 47 85 0 14 J22l CLAS$ CO~TAtNERS . 22 13 76 0 23 
32~1 ~~~~~T, k\'DR'AUltt 11 28 71 7 21 
3291 A)RA~ IV£ ~~DUCTS 11 8 87 0 12 
3,12 'tlsr ,URN~~$ A~ STEEL Ml LLS )53 166 67 " 28 
'3)17 $Tt;e·~. Pl P'~ ~ .. ll. TUJlE · 10 9 11 0 22 
3,321 ~~:r' 1.ROtf f!PtlNPRI ES . 39 26 76 11 11 ':52, s;~ ... j 'FOOHIOO ts .. 25 16 81 6 12 
3)$l QJ _' "*ft RQ~·t(~ ANJ) DR,A~t NG 'l1 27 71 0 22 
'.5~,,2 \.~~JJ,loflNu,M J~PLt:·ttfG AND DRAW.I NG 16 13 61 0 38 
mi; ~~·1~· lfflAWl.llG . 11.e.c. 16 14 71 14 14 
''~7 .~. ·~ .• JI~ !f.f.llE ~11"1f t!l(l, ETC. 2:8 25 76 4 20 ..... ,3:)_9'1 '.)1 

. 'k.' " ~-~t~;~ f{l~Gf'~S, 33 22 90 0 9 p 
).ltll : ·I,,. :A~· \ . . . "·' . . •. 27 l3 84 7 7 co 
';\f-}' ' .. , . ~-'lt., E.C. '39 }l Git "O 35 
~~1 :· .· , t:tjl\': llU,l;t;~koJi!«;E,,~:r EL~CTR IC so 33 12 6 21 
' '-.1 '., . . ·' I • '· . ,s ' '~ ' l' • ~- -~:~El 42 35 14 14 '11 
. 11~ . ~ ' · ' - 'All " · IM "2,,2 n '··57 14 28 '' " ', . ', ' ' ' ,,, ' ",, (; . " ; ' ,, ' ,. '·' ' 

:1f3 37 S9 ,29 .t 1(3 . ~ I!: ,., '1' , C'f $ ,, ' , 10 ~'f;;,2 ' ', t 'i'· ,• ··. t) I {'v~s '"fill w~~HERS ji() ri1 a·s ,'•3 ·11 

1=~ ·~·~},rl~D\ICi~; N.E.c. 
5'5 '45 so 0 ?O 
16 12 83 8 ·8 

·"'"~" ·~v ·s·:'A 11'
1 

';·i>E F_F{f-HtM, ·. .. 49 ·40 82 5 12 :J 
:,l,S'lg . t .. 1tRNAL. C~-t.Ji'Tt·ON 'l!PfGfNES ·sa ffl 65 14 19 
'3522 'FARM MACtftMfR't AND EQUIPMENT 166 l(J4 15 s 19 
3S31 CONSTRlJCT I ON MACH I NERY 63 46 78 0 21 
~541 ~E'tAL•CUffftlG MACHINE TOOLS 64 52 63 11 25 
3544 SPECIAL DIES ANO TOOLS 21 16 17 6 6 
3545 MACHINE TOOLS AND ACCESSORIES 17 16 93 0 6 
3548 METALWORKING MACHINERY, N.E.C. 26 23 86 8 4 



TABLE A-6 (CONT;~UED) 

( 1) (2) APPLICATIONS 
SIC I NOUS TRY NAM.E NCOMP NAPP BUSI ANAL PROr. 

3559 SPECIAL INDUSTRY MACHINERY, N.E.C. 44 .37 56 16 27 
3561 PUMPS AND COMPRESSORS 32 25 68 8 24 
3562 BALL AND ROLLER BEARINGS 45 31 51 6 41 
3566 POWER TRANSMISSION EQUIPMENT 51 39 84 2 12 
3569 GENERAL INDUSTRY MACHINES, N.E.C. 43 29 65 27 6 
3585 REFRIGERATION MACHINERY 48 Jl 87 0 12 
3599 MISC. MACHINERY 23 21 66 14 19 
3611 ELECTRIC MEASURING INSTRUMENTS 111 92 46 22 30 
3612 TRANSFORMERS 40 -30 60 io 20 
3613 SWITCHGEAR AND SWITCHBOARDS 41 36 72 13 13 
3521 MOTORS AND GENERATORS. 141 107 61 25 13 
3622 INDUSTRIAL CONTROLS IJ2 29 65 17 17 ..... 36J4 ELECTRIC HOUSEWARES AND FANS "3 ')4 64 8 26 0 
36ff 2 LIGHTING FIXTURES 19 19 84 0 15 '° 3651 RADIO ANO TV R-ECEIYING SETS 97 .75 Sit . 2 13 -~~-J6il TELEPHONE, 1ELEGAAPff APPARATUS 159 ::79 72 .,10 17 f, 

\ 3162 RADIO, TV COflCMUNICATIOHS EQUIPMENT 211• .~,2 60 2, 9 
3674 SEMICONDUCTORS 73 22 ,,• 31 Sit· 13 
3679 ELECTRONIC ~OMPONENTS, N.E.C. 158 .·~s 48 36 15 
369~ ENGltfE ELEC1RI CAL EQUI PM.ENT 13 :. .J.1 ' 81 9 9 
3 717 MOTOR VEHICLES AND PARTS 443 . 2~11 . 74 9 15 
3721 AllClAFT 455 ··491 1 

,. 7 45 7 
3722 AIR.CRAFT ENGINES AND PARTS 80 . ''.39 46 46 7 "' 

', ·~ •>. 3729 AIRCRAFT EQUl-fMEHT, N.E.C. 127 ·: ~9 37 39 23 
3731 SHIP BUILDING AND REPAIRING 28 . 21t 91 8 0 
3742 RAILROAD AND STREET CARS 15 ,lo 60 10 30 
3821 MECHANICAL MEASURING DEVICES 54 ltl 78 4 17 
3861 PHOTOGRAPHIC EQUIPMENT 67 36 77 11 11 
3941 GAMES AND TOYS 30 .28 89 0 10 
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TABLE ~-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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