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Chapter | 

INTRODUCTION 

Yossarian saw it clearly in all its spinning reasonableness. 
There was an elliptical precision about its perfect pairs of 
parts that was graceful and shocking, like good modern 
art, and at times Yossarian wasn't quite sure that he saw it 
at all, just the way he was never quite sure about good 
modern art or about the flies Orr saw in Appleby's eyes.? 

Are the activities and performance of the United States federal bu- 

reaucracy systematically predictable? Examinations of bureaucracy have 

ranged from the iconic model of Joseph Heller's Yossarian, who saw the 

bureaucracy as an incomprehensible and maddening maze, to the analyt- 

ical models of Tullock, Buchanan, Niskanen and other public choice 

economists, who see the bureaucracy as mammoth and complex - but 

quite comprehensible and predictable. This thesis is a study of bu- 

reaucratic behavior from the perspective of a particular federal govern- 

ment operations process - the management and delivery of computing 

services to the federal agencies. it supports the idea that federal bu- 

reaucrats are utility maximizers. The emphasis, however, is upon ex- 

amining the computing services process for an indication as to what it 

is that bureaucrats value - what is the incentive force that drives the 

federal bureaucracy? 

  

+ Joseph Heller, Catch 22, (New York: Simon and Schuster, 1955), p. 
46.



1.1 THE RATIONALE 

Information processing in the United States is a critically important 

industrial sector of our economy and a significant resource in the pro- 

vision of government services. Computer user spending in the United 

States today equals 5% of the Gross National Product; in 1985 it will ex- 

ceed 8%.? Ten billion dollars of the federal budget in 1975-76 was for 

providing information processing services to the various government 

agencies.? That expenditure was about 4% of the total federal budget. 

Poor utilization of computer systems affects the federal agencies’ ability 

to provide effective, efficient government services. For instance, im- 

proved cashflow, reduced inventories, better customer service, and 

productivity improvements have been traditional objectives of information 

processing systems. Today, those objectives are being met with new 

computer and telecommunications facilities functioning as word process- 

ing and office systems, process control systems, and fully integrated 

communications networks.* Federal bureaus’ effectiveness and efficiency 

are becoming dependent upon the degree to which modern computer 

systems are integrated into their organizational processes. 

  

2 American Federation of Information Processing Societies, |nformation 
Processing Processing in the United States - A Quantitative Summary, 
(March, 1978), p. 6. 
    

Committee on Government Operations, Administration of Public Law 
89-306, Procurement of ADP Resources by the Federal Government, 
(Washington: U. S. Government Printing Office, 1976), p. 1. 

  

    

For more on this, see James Martin's book Telematic Society, (Engle- 
wood Cliffs, New Jersey: Prentice-Hall, Inc., 1981), pp. 1-244. 

 



1.1.1 Federal Computer Systems 

Prior to the 1960's, the federal government was a world leader in 

the development of state-of-the-art computer systems.* However, since 

the 1960's, there has been a significant deterioration in the efficiency 

and effectiveness of the federal government's computer systems. For 

instance, the Honorable Jack Brooks, Chairman of the House Govern- 

ment Operations Committee, has stated that the deterioration "has grown 

to such massive proportions that virtually every agency is in danger of 

having its operations hampered by outdated and obsolete information 

systems." ® Are the federal operations policies at fault? According to 

the Honorable Charles G. Rese, III, Chairman of the House Computer 

Operations Subcommittee, the 1965 Brooks Act, which governs computer 

management policies, was a message from Congress to the Executive 

Branch that automatic data processing resources had been mismanaged.’ 

From his perspective, the Brooks Act was intended to eliminate the 

management problems. However, through the advocacy of the Honorable 

Sam Steiger of the Committee on Government Operations, the federal 

agencies have protested the excessive cost and time involved in the 

federal government's computer procurement process.* Steiger implies 
  

> Robert V. Herd, "Seeking a Path through the Paperwork Jungle," 
Infosystems, (April, 1981), p. 54. 

§ Jack Brooks, "Paper Reduction Act of 1980" in a speech at the Fed- 
eral DP Exposition (Washington, D. C., April 14, 1981). 

U. S$. Dept. of Commerce, Proceedings of the Interagency, p. 71. 
  

Committee on Government Operations, Administration of Public Law 
89-306, p. 17.



that the excessive time and cost are related to policies leading from the 

implementation of the Brooks Act. Arnold Keller, editorial director of 

Infosystems, in explaining growing concerns about the effectiveness of 

federal computer systems, stated that “the best of good intentions. can 

be buried in a bureaucratic maze and that's exactly what happened to 

the Brooks Bill."*° "Buried in a bureaucratic maze" is certainly not a 

very precise explanation of what has happened to the federal computer 

systems. It is, however, indicative of the confusion and lack of un- 

derstanding of the "massive" failure in the computer acquisition pro- 

cess. 

1.1.2 Perspective: The Bureaucratic Maze 
    

Several ideas have influenced the search for a reasonable explana- 

tion of bureaucratic behavior in the investment process.’° First has 

been the notion that the federal government has not efficiently managed 

its computer investments and that this inefficient investment has con- 

tributed to the development of ineffective and inefficient computer sys- 

tems. Another bias has been the idea that, given the policies estab- 

lished for federal computer acquisitions with the implementation of the 

Brooks Act, the sub-optimal development of the computer inventory has 

  

* Arnold Keller, "A Case of Mismanagement - Part I," Infosystems, 
Nov. 1977, p. 36. 

1@ Interest in the topic evolved while | was employed as a federaj ad- 
ministrator involved in the computer acqusition process; that expe- 
rience explains the initial perspective from within the federal bu- 
reaucracy.



been inevitable.?+ A perplexing contradiction to the assumption that the 

Brooks Act policies contributed to the problems in the computer acqui- 

sition process has been the understanding that those policies were in- 

tended to insure the economic and efficient management of computing. 

lf federal computer acquisitions are inefficient, what is the failure in 

the acquisition process? Further, if the Brooks Act was directed to- 

wards economic and efficient acquisitions, why isn't it resulting in opti- 

mal investments? Government operations policies are the laws and reg- 

ulations that define the instructions to the bureaucracy for the 

provision of government services. The search for an explanation of 

any failure in government operations begins with an examination of 

those instructions, but must include an understanding of how those in- 

structions are processed. Instruction processing is governed by the 

structure of motivating forces at work within the bureaucratic organiza- 

tion. In other words, government output is shaped through our federal 

laws and regulations - which define to the federal bureaucrat a system 

of constraints and opportunities. The degree of effectiveness and effi- 

ciency in producing that output is limited by the federal bureaucrat's 

objectives in the discretionary interpretation of our laws and regula- 

tions. 

  

11 An example of those policies includes the requirement that conver- 
sion cost be excluded from consideration in the requirements speci- 
fication of a proposed new computer system. See the “Administration 
of Public Law 89-306, Procurement of ADP Resources by the Federal 
Government", Thirty-eigth Report by the Committee on Government 
Operations togeather with Additional Views, (Washington: U. S. 
Government Printing Office, 1976), p. 6. 

  

 



What motivates administrative decisions in the operation of our 

government? An understanding of motivating forces at work in govern- 

ment operations may be a critical prerequisite to the control, or in- 

struction, of that government. Skillfulness of instruction may lead to a 

government's classification as good or bad, effective or ineffective, 

"smart or stupid.” 

Achilles: Do they have a special name? 

Crab: Yes; they are called "smart-stupids", since they are 
so flexible, and have the potential to be either smart or 
stupid, depending on how skillfully they are instructed. *? 

Like Hofstadter's smart-stupids, the institutional decision-units that 

form the federal bureaucracy quite possibly respond exactly as they are 

instructed. The "instructions" are the structural incentives and disin- 

centives for efficiency inherent in federal government operations. Ef- 

fective instruction of the bureaucracy, then, requires an understanding 

of what motivates the decision-unit. 

1.2 THE PROBLEM STATEMENT 

The utilization of computer systems by the United States Government 

has been the subject of intensive, and controversial, study for over 

twenty years. The studies have been generated both within the execu- 

  

12 Douglas R. Hofstadter, Godel, Escher, Bach: An Eternal Golden 
Braid, (New York: Vintage Books, 1979), p. 721. 

  

13 An example is a report by the U. S. Department of Commerce, Pro- 
ceedings Of The Interagency Automated Data Processing Planning 
Conference, February 22 Through 24, 1976, (Springfield, Va.: Na- 
  

 



tive branch?? and by the Congress. ?4 The general perception is that 

this important facet of government operations is being mismanaged, re- 

sulting, for instance, in an aging inventory of computer systems.?5 

However, the complaints have tended to be of a general, non-quantifia- 

ble nature. (Using the aging inventory example, age was not shown to 

indicate obsolescense - obsolescense was not shown to reveal ineffec- 

tiveness and inefficiency.) More significantly, explanations for the 

perceived deficiencies in computer acquisitions have either not been of- 

fered, or when offered not supported by empirical evidence. 

This thesis examines the federal computer services process and the 

inherent investment decisions of federal administrators for consistency 

with either of two conflicting theories of bureaucratic behavior. The 

first of the two theories considered in this thesis is based upon William 

Niskanen's hypothesis that the primary objective of the government bu- 

reaucrat is to maximize the bureau's budget through the maximization of 

output.*° In other words, for an authorized level of output a bureau is 

  

tional Technical Information Service, May, 1976). 

ta An example is a report by the Committee on Government Operations, 
Administration Of Public Law 89-306, Procurement Of ADP Resources 
By The Federal Government, (Washington: U. S. Government Print- 
ing Office, 1976), pp. 1-19. 

    

15 Office of the Controller General, Continued Use of Costly, Outmoded 
Computers in Federal Agencies Can Be Avoided, (Washington: 
United States General Accounting Office, December 15, 1980), pp. 
1-61. 

    

16 This theory was first developed by William A. - Niskanen in his 
book, Bureaucracy and Representative Government (Chicago: Al- 
dine-Atherton, 1971).



given a set budget. Therefore, the utility-maximizing bureaucrat will 

attempt to have total output increased to some amount constrained only 

by the demand for the bureau's output. 

The second theory is based upon Jean-Luc Migue’s and Gerald Be- 

langer's hypothesis that the objective of bureaucrats is to maximize 

"discretionary budget" - the difference between the bureau's total 

budget and the cost of producing the bureau's authorized output.'’ For 

example, federal administrators, according to this theory, would be 

thought to allocate resources to activities not related to the production 

of the bureau's expected output. 

An understanding of the objectives of the federal administrators may 

explain what is happening in the computer acquisition process. Is that 

bureaucrat intent upon maximizing efficiency in the delivery of comput- 

ing services and upon improving organizational effectiveness? Is the 

decision-maker an “empire builder" intent upon the maximization of the 

bureau's budget? Or is the maximization of some other objective re- 

vealed by the investment decision? This thesis contends that the max- 

imization of discretionary budget is the maximand of the federal bureau- 

crat evaluating the computer investment decision. 

  

17 This second theory was first proposed by Jean-Luc Migue and Ger- 
ard Belanger in the 1974 Public Choice article, "Toward a General 
Theory of Managerial Discretion,” Spring, 1974, pp. 27-43. 

 



1.3 THE HYPOTHESIS 

As will be seen in Chapter IV, a model of the federal computer ser- 

vices utility based (first) upon Niskanen's theory of bureaucratic be- 

havior and (then) upon Migue-Belanger's theory will yield significantly 

different predictions concerning federal computer investments. For in- 

stance, high efficiency (low operating cost/unit of compute power) in 

the delivery of compute power and high compute capacity (relative to 

total acquisition expenditure) will be shown to be consistent with in- 

vestment decisions maximizing total output/budget. In contrast, low ef- 

ficiency (high operating cost/unit of compute power) and low compute 

capacity (relative to total acquisition expenditures) will be shown to be 

consistent with investment decisions maximizing discretionary budget. 

A model of the computer services process, which maximizes a bureau's 

discretionary budget, will predict a highly inefficient, obsolete federal 

government computer inventory. In other words, the application of the 

mode! will support the hypothesis that inefficient computer investments 

are a function of discretionary budget maximizing behavior of federal 

bureaucrats. It will contradict the hypothesis based upon total budget 

maximizing behavior.
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1.4 THE METHODOLOGY 

This thesis examines two conflicting maximands: first, that bureau- 

crats maximize total budget through the maximization of output; second, 

that bureaucrats maximize discretionary budget. 

In order to evaluate the hypothesis that computer investment deci- 

sions are a function of Niskanen's output maximization theory, the rela- 

tionship between a computer's residual value index (the ratio of salvage 

value, or used-market value, to capital expenditure) and its compute 

potential is defined. A model reflecting the relevant variables in the 

computer services process (such as the maximum compute potential of 

the current technology and the cost of upgrading to a newer technolo- 

gy) is used to predict the expected state of the federal computer in- 

ventory - given the assumption of output maximization and as indicated 

by the residual value index. The model reflects the life cycle of: one 

computer system in the institutional setting typical of the federal com- 

puter services process. From that model, the residual value index is 

derived as an appropriate key feedback indicator on which an invest- 

ment decision can be based. The state of the federal computer inven- 

tory, as indicated by the residual value index computed from a signifi- 

cant sample of the inventory, is then compared to the state consistent 

with Niskanen's theory of output maximization and predicted by the 

model. 

The same mode] of the computer services process is used to evaluate 

the hypothesis that computer investments are a function of the Migue- 

Belanger discretionary budget maximand. The bureaucratic structure
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involved in the production of computing services is viewed as concerned 

with one basic decision - the investment decision for new computer 

technology. The discretionary budget maximand is used to predict the 

point at which an obsolete computer will be replaced with one which re- 

flects the state-of-the-art technology. The predicted state of the com- 

puter inventory, consistent with the Migue-Belanger theory, is then 

compared for consistency with the actual current state of the federal 

computer inventory. 

1.5 ORGANIZATION 

This thesis is organized into four additional chapters. Chapter I! is 

a more thorough analysis of the Niskanen and Migue-Belanger theories 

of bureaucratic behavior. It also serves as a review of the literature 

on economic theories of bureaucracy. Chapter ||! reviews current fed- 

eral policies applicable to its computer services utilities and outlines key 

economic considerations unique to computer technology. It also defines 

the model of the federal computer services utility. Chapter IV defines 

the methodology used to support the thesis. It further defines the 

computer investment decision model in which the two alternative bureau- 

cratic maximands are used to predict the point at which an obsolete 

computer will be replaced with one which reflects the state-of-the-art 

technology. Chapter V reviews the observations which reveal the cur- 

rent state of the federal computer inventory and compares that state to 

the state predicted by the investment decision model. Data obtained
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from the General Services Administration and from the General Account- 

ing Office is used to ascertain the current state of the federal computer 

inventory. The observations are then analyzed for consistency with the 

two hypotheses. The arguments that support the conclusion that su- 

boptimal utilization of computer technologies is a function of the maximi- 

zation of discretionary budget are then reviewed.



Chapter || 

ECONOMIC THEORIES OF BUREAUCRATIC BEHAVIOR 

Most things have a price at which they may be obtained, 
and adjustments in behavior are made according to the price 
(benefit) that is charged (received).*® 

To what degree are the instructions (policies and ideas) to an ad- 

ministrative government bureaucracy, by its people and its legislative 

sponsors, translated into the appropriate actions by the administering 

bureaucracy. Where the process between instruction and action is dys- 

functional, why is it? Bureaucratic efficiency and effectiveness is cer- 

tainly influenced by organizational structures and processes. But un- 

derlying the dominant paradigms of public administration are critical 

assumptions about the motives governing the decision-makers. One 

popular assumption is that the public interest dominates the behavior of 

public administrators. Another is that personal preferences rule. But 

an important premise of this thesis is that the premier force in govern- 

ment operations decisions is the resolution of personal preferences with 

the system of incentives - the motivational structure. In other words, 

bureaucrats are motivated by personal preferences, but within the re- 

gion of what is possible, given institutional contraints. That premise is 

consistent with the utilization of an economic theory of bureaucratic be- 

havior. 

  

18 Richard B. McKenzie and Gordon Tullock, The New World of Eco- 
nomics, (Homewood, Illinois: Richard D. Irwin, Inc., 1981), p. 25. 

  

13
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2.1 PUBLIC INTEREST THEORIES 

Both the alternative theories considered in this thesis share the 

premise that federal bureaucrats are maximizing some aspect of personal 

economic utility. Not considered (in this thesis) is the antithesis of the 

utility maximizing premise which is that bureaucrats are motivated to act 

in the public interest. Some policy analysts support theories based 

upon the public interest premise.'*® Hopefully the public interest takes 

precedence as a motivating force in issues most critical to the nation's 

well-being. Those expecting high efficiency in government operations 

may use, as a measure of that efficiency, a level of output consistent 

with production of goods in the public interest. However, in certain 

situations, the public interest may not overcome the perceived tendency 

for key administrators to respond to other motivations during the deci- 

sion-making process. ?° 

Are computer investment decisions (especially) susceptible to con- 

siderations not consistent with the public interest? The answer re- 

quires an understanding of the special nature of the computer services 

utility within the federal government. For instance, sometimes a set of 
  

+° For instance, Chris Argyris in "Some Limits of Rational Man Organi- 
zational Theory” (in Public Administration Review, May/June 1973) 
refers to the potential for "humane' organizations and to a social 
science universe which "...can be what we make it to be..." (p. 
264). And Robert A. Dahl in Modern Political Analysis (Englewood 
Cliffs, New Jersey: Printice-Hall, Inc., 1964) suggests that political 
man might "...attempt to obtain advantages for larger strata with 
which he identifies - his neighborhood, region, class, religion, eth- 
nic group, race, nation" (p. 66). 

  

  

20 Gordon Tullock, The Politics of Bureaucracy, (Washington: Public 
Affairs Press, 1965), p. 21.
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executive-legislative policies do not directly relate to a specific public 

good, or national goal, but to some aspect of the administration of an 

operations process (i. e. an activity). In a private sector organiza- 

tion, these activities might come under the heading "Administrative 

Support" or “Auxiliary Operations.” Examples of policies of these ac- 

tivities include government purchasing and the management of computer 

services. 

Decisions (not motivated by the public interest) may be characteris- 

tic of policies related to these government activities for three reasons. 

First, since these policies are not related to some specific national 

goal or product, these policies may fall into the “less critical - less 

visible” category. For instance, data processing policy has only re- 

cently begun to receive attention with such news releases as those re- 

vealing the national defense alerts caused by failures in obsolete, unre- 

liable computer systems. ?? 

Second, because these government operations activities do not di- 

rectly relate to an end-product, the legislative branch may not have the 

information requisite to its oversight.??2 For example, oversight of poli- 

cies for effective utilization of data processing requires the quantifica- 

tion of the product of data processing. It is not clear, however, what 

the product of computers is. This leads to a problem in the valuation 

of benefits. 
  

21 For example, see "Senate Discloses Two More False Norad Alerts" by 
Jake Kirchner in Computerworld, 10 Nov. 1980, p. 19. 

22 Niskanen, Bureaucracy, p. 20.
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Third, from the bureau's perspective, auxiliary government opera- 

tions may be considered its concern, rather than the concern of either 

the public or the Congress as the public's representative, because it 

relates to its own internal efficiency and not to a specific national goal, 

or policy. 

An underlying interest of this thesis is the evaluation of the effi- 

ciency of federal computer systems. The efficiency interest demands an 

analysis based upon economic considerations in the decision process. 

An "efficient acquisition” is defined, for this study, as one which re- 

sults in a computer system which is purchased and is operated at mini- 

mum cost relative to state-of-the-art technology. An efficient acquisi- 

tion is also viewed as implying the supply of optimum quantities of 

compute power. The observations of this study, outlined in Chapter V, 

are inconsistent with the idea that efficiency, and therefore the public 

interest, is a significant incentive in the investment decision process. 

As is explained in this chapter, inefficiency - not efficiency - is char- 

acteristic of bureaus operating according to the Migue-Belanger maxi- 

mand. And efficiency is a characteristic - an externality - but not a 

driving objective of bureaus operating under the Niskanen maximand. 

The investment decision criterion is defined more precisely in the pres- 

entation of the model! of the federal computer utility in Chapter III.
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2.2 NISKANEN: BUDGET MAXIMIZATION 

William A. Niskanen, in Bureaucracy and Representative Govern- 
  

ment, applies the techniques and assumptions of economics to the analy- 

sis of the bureaucratic machinery of government.?? His is a theory of 

the supply of services by the bureaucracy. The critical difference be- 

tween his model of government bureaucracy and previous models is his 

emphasis on the institutional setting of the bureau and on the behavior 

of bureaucrats. According to Niskanen, a bureau's institutional setting 

defines its relationship with its sponsor. Also, he states that the be- 

havior of the government bureaucrat is due to the structure of personal 

preferences and institutional incentives. The three critical elements in 

his analysis of bureaucracy, then, are the bureau, the sponsor, and 

the maximand of the bureaucrat. 

2.2.1 The Bureau 

Niskanen defines a bureau as a non-profit organization which re- 

ceives its revenue as a lump sum appropriation in exchange for a prom- 

ised level of output. ?* 

Bureaus specialize in providing those goods and services 
that some people prefer be supplied in larger amounts than 
would be supplied by their sale at a per-unit rate.?5 

  

23 Niskanen, Bureaucracy, p. 5. 

24 Niskanen, Bureaucracy, p. 15. 

25 Niskanen, Bureaucracy, p. 18.
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In other words, when the public demands goods beyond those supplied 

by the market economy, those goods will quite possibly be supplied by 

a government bureau. Other important characteristics of bureaus iden- 

tified by Niskanen are their tendency to grow - to become large and 

complex organizations - and their administration by individuals with sal- 

aries not directly related to the effectiveness and efficiency of the or- 

ganization. Relative to this last point, the employees of bureaus, ac- 

cording to Niskanen output maximand, will not convert potential bureau 

profit?® into compensation for services performed. 

2.2.2 The Sponsor 

In the federal government, the bureau is often an agency within the 

executive branch and the sponsor is the Congress. Niskanen reasons 

that the separation of the legislative and executive functions has left 

the bureaus with a virtual monopoly power in the provision of specified 

services. Niskanen argues that a critical advantage of the bureaus is 

their ability to propose new programs and expanded activities based on 

constituent information not available to reviewing sponsors.?’ Also, as 

noted above, a bureau receives a budget from a sponsor in exchange 

for an expected level of output.?% An important distinction is the indi- 

  

26 For this paper a bureau's profit (i. e. discretionary budget) is de- 
fined as equal to total budget less the total cost of producing its 
expected output. 

27 Niskanen, Bureaucracy, p. 40. 

28 Niskanen, Bureaucracy, p. 25.
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visible nature of the exchange: the bureau receives a total budget in 

return for a minimum total amount of output. The lack of a per-unit 

price gives the bureau 

. the same type of bargaining power ... 

23 In ef- in the trade as that characteristic of an all-or-nothing offer. 

fect, the bureau offers to the sponsor a total amount of output in ex- 

change for its total budget.*° Therefore, according to this theory of 

bureaucratic behavior, the sponsor is at a distinct disadvantage in ne- 

gotiating with the bureaus. 

2.2.3 The Maximand 

The basic motivational assumption in Niskanen’s model is that bu- 

reaucrats maximize personal utility. How is personal utility maximized? 

Corresponding to personal utility are variables such as 

salary, perquisites of office, public reputation, pow- 
er, patronage, output of the bureau, ease of making 
changes, and ease of managing the bureau. ?? 

  

23 Niskanen, Bureaucracy, p. 25. 

3° Perhaps the current debate on the MX missile system is a good ex- 
ample. The argument will probably be decided with "an all-or-noth- 
ing’ decision as to whether the system will be developed. If the 
decision is to build system, it is unlikely that there will be much 
discussion on its scale. The Defense Department analysis as to the 
appropriate size of the MX complex will probably not be an issue. 

71 William A. Niskanen, Bureaucracy: Servant or Master?, (Great Brit- 
ain: The Institute of Economic Affairs, 1971) p. 22. 
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Niskanen notes that all but the last two variables are a positive func- 

tion of the bureau's total budget.?2, He emphasizes that the budget 

maximization assumption is not a 

cynical interpretation of the personal motivations of 
bureaucrats. >? 

Even the most dedicated bureaucrats might 

describe their objective as maximizing the budget for 
the particular services for which they are responsible. ?* 

Budget maximization, then, is consistent with the assumption of rational 

behavior by bureaucrats. 

2.2.4 The Niskanen Model of Bureaucracy 
  

Niskanen's model of the bureau is best summarized through a de- 

scription of the budget-output function.?* The following budget-output 

function 

B(or TR) = aQ - bQ? 

represents budget as a function of quantity. Total budget is designat- 

ed by "B"; to the bureau, total budget can also be viewed as its total 

revenue (traditionally represented in economics by "TR"). Quantity of 
  

  

32 Niskanen, Bureaucracy: Servant, p. 22. 

33 Niskanen, Bureaucracy, p. 39. 

34 Niskanen, Bureaucracy, p. 39. 

35° The mathematical derivation that follows parallels Niskanen's expla- 
nation of the differences between the Migue-Belanger model and his 
own model. The discussion was in "Bureaucrats and Politicians" 
(published in the December, 1975 issue of Journal of Law and Eco- 
nomics).
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output is designated by "Q." The function was chosen by Niskanen 

because it has the following two properties: 

1. The first derivative is positive over the range corresponding to 

that in which the sponsor is willing to increase the per unit 

budget in return for increased output. 

2. The second derivative is negative over the range corresponding 

to that in which the sponsor is willing to increase the per unit 

budget for a smaller output. 

Therefore, the definition of the budget-output function is in terms of 

quantity of output produced (the preferred limit defined by the spon- 

sor) and of the total budget (the incentive to the bureau). 

The following cost-output function 

C = cQ + dQ? 

defines cost as a function of quantity. It represents the minimum cost 

to the bureau to produce the desired level of output.** Total cost of 

producing the output is represented by "C." Again, "Q" represents 

the quantity of output produced. 

The following equation 

P=B-C 

represents the bureau's profit function. It defines the relationship be- 

tween budget and cost in the institutional structure of incentives and 

A 

preferences. Using the previous definition of "profit," this last func- 

  

36 Niskanen, Bureaucracy, p. 45.
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tion reveals a bureau's Profit ("P") as equal its total budget ("B") less 

the total cost of output produced ("C"). Both Niskanen and, as will be 

shown, Migue-Bellanger propose that bureaucrats are utility maximizers. 

However, Niskanen proposes that the quantity produced will be maxim- 
  

ized thus maximizing the budget (total revenue) received from the 

sponsor.?7 Since quantity of output produced is the maximand, that 

quantity will be produced at optimal (i. e. least) cost to the sponsor. 

In other words, the total budget will be used by the bureau to produce 

the maximum quantity of output and "profit" will equal zero. 

Figure 1 takes the Niskanen argument a step further. Substituting 

for "B" and "C” in the profit function, the Niskanen budget function is 

defined in terms of the bureau's profit potential. But for Niskanen's 

maximand, profit will equal zero. Therefore, solving for quantity ("Q") 

where profit ("P") equals zero, the amount of output the bureau will 

produce is defined. That point is identified in Figure 1 as 

(a-c) 

(b+d) 

At this point, the output that can be produced for the total budget 

provided by the sponsor is maximized. 

Figure 2 graphically illustrates the Niskanen budget-output func- 

tion. In Figure 2, the curve represents both the budget constraint 

faced by the bureau and the marginal rate of substitution for additional 
  

37 Niskanen, Bureaucracy, p. 42.
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P = (B - C) = (aQ - bQ?) - (cQ + dQ?) 

P= 0 = aQ - bQ? - cQ - dQ? 

bQ? + dQ? = aQ - cQ 

(b+d)Q? = (a-c)Q 

(a-c) 
  Q= 

(b+d) 

Figure 1: THE NISKANEN MAXIMAND
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output from the perspective of the sponsor. We can see that the out- 

put produced at the Niskanen maximand is twice the optimal level, but 

is produced quite efficiently at the minimum per unit cost to the spon- 

sor. In other words, the marginal rate of substitution increases, then 

decreases. And by the traditional definition of optimal production, the 

optimal amount of output is achieved at the maximum point of marginal 

substitution. 

Niskanen concludes that budget maximization coincides with output 

maximization.** Therefore, the only constraint to increasing the budget 

will be the requirement to supply the level of output expected by the 

sponsor. Niskanen's model leads him to hypothesize that bureaus will 

over-produce, but produce that output at minimum costs.** With respect 

to Niskanen's theory and this thesis, decisions by federal computer 

utilities should result in two detectable characteristics. First, relative 

to the state of technology, investment decisions should result in com- 

puter systems with maximum compute capability at minimum operating 

costs. For instance, the Niskanen bureaucrat will not invest in obso- 

lete technology - i. e. in computers which are no longer economically 

viable. Second, compute capacity, according to the Niskanen criterion, 

should exceed the demand anticipated at the equilibrium point for mar- 

ginal cost. 

  

33 Niskanen, Bureaucracy, p. 42. 

393 Niskanen, Bureaucracy, p. 64.
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COST 

    
QUANTITY A-C 

  

Figure 2: THE NISKANEN PREDICTION OF QUANTITY PRODUCED



2.3 MIGUE-BELANGER: DISCRETIONARY BUDGET 

Utility maximization models of the firm have provided an alternative 

hypothesis to the more traditional idea of profit maximization.** Migue 

and Belanger applied the ideas inherent in the utility maximization model 

of the neoclassical firm to the model of bureaucracy developed by Nis- 

kanen. 

2.3.1 A Bureau's Profit 

Migue and Belanger have refined Niskanen's definition of the "budg- 

et" by arguing that one should not assume that the budget-maximizing 

bureaus will devote all of their budget to the production of an author- 

ized level of output.** Migue and Belanger define "managerial discre- 

tionary budget” as the amount of the budget less the amount spent for 

the production of output.*? Therefore, they accept the idea of the util- 

ity maximizing bureaucrat, but propose that some portion of the bu- 

reaucrat’s budget will go for purposes unrelated to the bureau's desig- 

nated product. They suggest that the discretionary budget would be 

used for special projects, increased staff, and other expenditures not 

required to provide an authorized level of output. Their conclusion is 
  

*° william Orzechowski has written an excellent review of the develop- 
ment of economic models of bureaucracy in "Economic Models of Bu- 
reaucracy: Survey, Extensions, and Evidence,” Budgets and Bu- 
reaucrats, ed. T. E. Borcherding, (Durham: Duke University 
Press, 1977), pp. 229-259. 

*1 Orzechowski, p. 236. 

42 Jean-Luc Migue and Gerard Belanger, "Toward a General Theory of 
Managerial Discretion,” Public Choice, Spring, 1974, p. 27.
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that managers of bureaus are concerned with the maximization of that 

discretionary budget. 

2.3.2 The Migue-Belanger Model of Bureaucracy   

Migue-Belanger use the same cost-output function to represent the 

actual minimum cost to the bureau as Niskanen. *? 

C = cQ = dQ? 

However, Migue-Bellanger, in contrast to the Niskanen proposal, argue 

that discretionary budget is the maximand of bureaucrats. The Migue- 

Bellanger definition of discretionary budget (DB) is total revenue minus 

total cost.** Or, using the definitions of "B" and "C" from the discus- 

sion of the Niskanen maximand, the discretionary budget function 

("DB") is 

DB =B - C. 

That function represents, in other words, a bureau's "profit." Substi- 

tuting for "B" and "C" with the budget and cost functions from the 

discussion of Niskanen, the function 

DB = (B - C) = (aQ - 6Q?) - (cQ * dQ?) 

defines discretionary budget in terms of quantity of output. For Mi- 

gue-Bellanger's maximand, discretionary budget is maximized; therefore, 

as can be seen in Figure 3, we can maximize discretionary budget with 
  

& 3 Migue, p. 30. 

&& Migue, p. 30.
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respect to quantity of output. At the point 

(a-c) 

2(b+d)} 

the discretionary budget is maximized; it is also the point where an op- 

timal amount of output is produced given that at this point the marginal 

budget (or marginal revenue) equals marginal cost. This optimal quan- 

tity of output point represents one-half of the quantity expected of bu- 

reaucracies operating consistently with the Niskanen maximand. 

Figure 4 illustrates the discretionary budget-output function. In 

Figure 4, the curve represents both the budget constraint faced by the 

bureau and the marginal rate of substitution for additional output from 

the perspective of the sponsor. At the Migue-Bellanger maximand, 

where the marginal revenue equals marginal cost (or where the “profit” 

is maximized), the amount of output is optimal but at a high cost in in- 

efficiency. This is in direct contrast with the results of the derivation 

based on the Niskanen maximand. 

In contrast to Niskanen's budget maximization model, the Migue-Be- 

langer model provides for the analysis of government operations behav- 

ior consistent with the assumption that output may not be produced at 

optimal costs.** Their model allows for an examination of efficiency con- 
  

*$ In his article "Bureaucrats and Politicians” in The Journal of Law & 
Economics (December, 1975, pp. 617-643), Niskanen claims the Mi- 
gue-Belanger hypothesis as an extension to his own theory. He 
adopts the Migue-Belanger theory in a generalized version of his 
original model so that the "budget maximizing bureaucrat” becomes
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DB = (aQ - bQ?)} - (cQ + dQ?) 

DB = (a - 2bQ) - (c¢ * 2dQ) 

(a-c) 
Q = 

2(b+d) 

Figure 3: DISCRETIONARY BUDGET MAXIMIZED
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COST 

  

    
QUANTITY A- 

    

Figure 4: THE BUREAU'S BUDGET-OUTPUT FUNCTION
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siderations in the government operations process in that it predicts that 

production will be inefficient. Therefore, relative to this thesis, in- 

vestment decisions of federal bureaucrats should result in computer 

systems which maximize the difference between the operating budget re- 

ceived for an expected level of output and the actual cost of producing 

that output. 

  

the "utility maximizing bureaucrat.” That is, whether discretionary 
budget or total budget is maximized is dependent upon whether or 
not the bureaucrat values output. This later model has been gen- 
eralized to the point that its value in explaining bureaucratic be- 
havior is questionable. Since discretionary budget is a function of 
total budget, one may be difficult to distinguish from the other, es- 
pecially if, as is the case with many public goods, output is ill-de- 
fined. For instance, in the case of federal computer investments, | 
believe what at one point appears to be budget maximizing behavior 
will, upon closer examination, be revealed as discretionary budget 
maximizing behavior. Nevertheless, Niskanen's original theory is 
the basis of considerable, continuing research on the behavior of 
bureaucrats. This fact alone justifies a comparative analysis based 
upon the predictions born of the original Niskanen theory and of 
the Migue-Belanger theory.



Chapter II] 

A MODEL OF THE FEDERAL COMPUTER SERVICES 
UTILITY 

Thinking calls for images, and images contain thought. °** 

Although we may accept the proposal that computers are production 

factors, disagreement exists as to an appropriate methodology for the 

quantification and valuation of the products of computers.*’ Questions 

on the production (or supply) side of the economic equation relate to 

the diversity of uses and the extraordinary rate of technological im- 

provements applicable to computers.** Both of these characteristics lead 

to an examination of the state of the computer services utility through 

the analysis of its production factors. This analysis demonstrates the 

following: 

1. that a computer utility's economic viability is defined by the 

residual value (i. e. market value) of its computer technology; 

2. that with the conversion to, and development of applications 

on, a given technology, a federal computer services utility 

maximizes its discretionary profit; 

  

*§ Rudolph Arnheim, Visual Thinking, (Berkeley: University of Cali- 
fornia Press, 1969), p. 254. 

  

“7 Jack P. C. Kleijnen, Computers and Profits, (Reading, Massachu- 
setts: Addison-Wesley Publishing Company, 1980), p 5. 

  

“8 Charles H. Kriebel, Anthony A. Atkinson, Huntley W. H. Zia, "Op- 
timal Investment, Pricing, and Replacement of Computer Resources”, 
Naval Research Logistics Quarterly, 24 (1977), p. 537. 
  

32
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3. and, that at the point that the computer facility has reached 

the technological limit of the amount of total output it can pro- 

duce, discretionary profit is maximized and the computer facili- 

ty is well beyond the point of maximum marginal output per op- 

erating budget dollar; 

A basic premise of this thesis is that federal bureaucrats are utility 

maximizers. At issue is the determination of what it is that these bu- 

reucrats value. This chapter reviews those aspects of the federal com- 

puting organization and of the economics of computer technology that 

govern the structure of incentives and disincentives for investments in 

new computer technology. A model of the "computer services utility" is 

proposed which reveals that system of opportunities and risks from the 

perspective of the federal bureaucrat. In other words, the model is 

examined for its power to reveal the incentive/disincentive structure 

faced by the bureaucrat responsible for the cperation of the federal 

computer services utility. The chapter concludes with a discussion of 

issues unique to the federal computer services utility. ** 
  

“8 The phrase "federal computer services utility” is used as a conven- 
ient, descriptive classification of those organizations that provide a 
variety of general purpose computer services within the federal 
agencies. These organizations are like the "Administrative Support” 
groups mentioned in Chapter I|. The computers used by these 
oganizations are "general management” computers. This study will 
be confined to the decisions related to the investment in general 
management computers. The term “utility” is indirectly referenced 
in the General Services Administration's definition of general man- 
agement computers - a "... classification of computer systems ac- 
cording to the environment in which the systems are used ... ap- 
plies to computer systems used in a general utility environment.” 
These general management computers may be contrasted to the other 
classification - special management computers. Special management
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3.1 THE MODEL 

The production function of the computer services utility in the fed- 

eral government is illustrated in Figure 5. It is also a visual presenta- 

tion of the model of the computer services utility used to analyze the 

Niskanen and Migue-Belanger theories of bureaucratic behavior. Figure 

39 depicts the criteria upon which decisions about production factors are 

made within these federal organizations. For instance, the vertical axis 

represents the output potential per sponsor-committed operating budget 

dollar. Implicit in the production potential of the utility are the limit- 

ing production factors - the total annual operating budget and the com- 

puter technology utilized. The horizontal axis represents time - start- 

ing from the implementation of computer equipment of a specific 

technological age. The upper asymptote represents the limit to the 

output per operating budget dollar of the specific technology utilized by 

the computer services utility. 

To better visualize the production problem from the perspective of 

the federal bureaucrat, Figure 5 may be viewed with the following illus- 

trative constraints. Total operating budget for each time period is one 

dollar; the technological limit of output per operating budget dollar is 

100 units of output. From Figure 5, the maximum system life of the 

specific technology is approximately 20 years (since at 20 years output 

per operating budget dollar is at its limit). The costs to operate the 
  

computers are computer systems used in a "classified, control, or 
mobile environment." These definitions may be found in Automatic 
Data Processing Activities Summary (Washington: General Services 
Administration, April, 1980), p. 4.
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computer system are predominantly fixed costs. In other words, the 

cost to actually operate a little utilized computer facility (e. g. at t = 

1) is not significantly less than the cost to operate a fully utilized fa- 

cility (e. g. at t = 20). At t= 1, only 5% of the operating budget is 

directly used to produce output. The remaining 95% of the budget is 

utilized to develop applications for the the still very new computer fa- 

cility. For those not familiar with "computer" terminology, these devel- 

opment costs might be viewed as the marketing support costs necessary 

to bring the new facility to full utilization. The costs associated with 

the development of applications on a new computer system are called 

4 

"conversion costs.” (The costs of computing will be more thoroughly 

discussed in Section 3.1.2.) Therefore, as the conversion to the new 

computer facility is completed, federal bureaucrats have the opportunity 

to capture that portion of the operating budget not utilized in the pro- 

duction of the computer utility's output as their discretionary budget. 

So, as output per budget dollar approaches 100, bureaucrats taking ad- 

vantage of this opportunity maximize discretionary budget. 

In Figure 6, the function®® is further defined. The rate of in- 

crease in the amount of output per operating budget dollar is positive- 

ly affected by the rate of conversion (a) of applications to the new 

  

59 The function is called a "Gompertz Model." It was chosen because 
(1) growth is exponential, (2) growth in output over time may be 
represented as increasing at an increasing, then decreasing, rate, 
and (3) output increases as t increases given a < 1andB< 1. See 
Analytic Techniques in Urban and Regional Planning by John W. 
Dickey and Thomas M. Watts (New York: McGraw-Hill, 1978), pp. 
131-141. 
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technology from the old technology. it is negatively affected by the 

rate of decay (8) in the market potential of new technologies due to the 

development of future technologies. This is because of its effect on 

potential new users and applications. For instance, although producible 

output stays at the same level, the cost, relative to market cost, will 

probably be too high. Finally, growth in the amount of output per op- 

erating budget dollar is constrained by the technological limit of a 

system's compute potential (\). 

3.1.1 Lambda: A Computer Utility's Capital 
  

The model introduced in this chapter reflects the fact that the com- 

puter utility produces its output utilizing one type of capital - that 

capital stock is its computer systems.*? The model of the computer ser- 

vices utility assumes some initial budget level and a computer facility of 

a specific technology. Implicit in the specific computer technology and 

in the total budget is an expected level of output. This is consistent 

with Niskanen's proposal that a budget is received by the bureau as a 

lump sum commitment for an expected minimum level of output. There- 

fore, an important constraint in this model is the compute potential re- 

flected in that initial capital stock. 

  

52 §. J. Nickell, The Investment Decision of Firms, (Oxford: Cam- 
bridge University Press, 1978), p. 8. 
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Maximum output is determined by the production potential of the 

capital stock. This production potential, or limit, is represented in 

Figure 6 as i and in Figure 5 as the upper asymptote. Normally, the 

total value (production potential) of the utility's current capital stock is 

equal to the quantity of output possible times its unit price. And the 

unit price is determined by the interaction of market supply and de- 

mand. However, in most federal government organizations, as was not- 

ed earlier, computer resources have appeared to the user as a "free 

good.” Therefore, residual value, or market value, becomes an impor- 

tant indicator of value to both the computer user and to the computer 

utility. 

In a free market, a computer services utility would not be expected 

to compete effectively if it provided its services with inefficient, obso- 

lete computer hardware. However, on the demand side of the economic 

equation, an important characteristic of the federal computer services 

utility is its "captive market.”°? Relative to the model of the computer 

services utility shown in Figure 5, that captive market may prevent an 

eventual downward spiral in output due to technological obsolescense. 

  

52 Kleijnen, p. 53.
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3.1.2 Alpha: Costs of Computing and the Conversion Factor 
  

Very few of the costs associated with a computer services utility are 

variable with the level of output. The costs, whether the facility is 

totally utilized or not, are incurred for some minimal level of output - 

usually consistent with the maximum output potential of the specific 

technology. 

The total cost of the utility's labor at a point in time is equal to the 

wage rate times the manhours required to produce the maximum output. 

The total cost of the utility’s capital goods includes all remaining oper- 

ating costs. For a computer facility, capital goods include the power 

and environmental requirements of the hardware, and software costs. 

Although software is not a consumable good, its utilization cost will 

vary with the processing power of a computer. 

The operating costs not associated with the acquisition of the spe- 

cific computer technology are assumed to increase each time period as a 

computer resource ages.°? This, in addition to the effect of new tech- 

nological innovations on the market for applications and users, explains 

the inflection point at 

  

53 Kriebel, p. 540.
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(see Figure 6). Again, this means that eventually there should be de- 

creasing output per operating dollar although the model in this chapter 

only reflects a decreasing rate. But, as noted earlier, due to the cap- 

tive market characteristic of federal computer utilities, this probably 

has not occurred. 

In the first year or two of the installation of new computer technol- 

ogy, considerable resources are consummed in the conversion of old 

software for use on the new facility, for required environmental modifi- 

cations, for parallel operation of the old technology with the new tech- 

nology, and for training of personnel on the operation of the new tech- 

nology. As the the conversion process is completed, there exists the 

opportunity to utilize the excess resources for activities not related to 

the production of required levels of output. This level of surplus may 

even be maintained through annual, incremental increases in the budget 

which approximate the annual increase in certain costs associated with 

the operation on the utility (e. g. increases in salaries, power costs, 

software and hardware maintenance fees). It is possible to maintain 

this surplus because the utility controls the information on the way in 

which its resoures are utilized.°* At the time the facility is installed, 

the bureau's budget equals total cost - which equals "real" operating 

costs plus anticipated conversion (including new software applications 

development) costs. Therefore, as significant conversion to the new 

  

°* This is consistent with Niskanen's argument that there is a signifi- 
cant disadvantage to the sponsor in obtaining information on the op- 
eration of the bureau. See Section 2.2.2.
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technology is accomplished, levels of output can be maintained at 

decreasing total cost. That is, total cost to the bureau will then be 

less than the budget provided by the sponsor. However, no matter 

what the operating budget, total output can never exceed the maximum 

output potential of the specific computer technology. 

3.1.3 Beta: Residual Value as an Indicator of Economic Viability       

[In addition to \} and 8, another constraint is that the residual val- 

ue of the capital is assumed to decay exponentially. The rate of decay 

is represented by 8, which determines residual value with respect to 

time. The residual value is an approximation of market value.°° An im- 

portant issue is that any measure of the economic viability of a comput- 

er services utility relates the costs of production to the value of out- 

put. As will be explained below, direct measures of costs and of value 

are not feasible. A second issue, relating to 8, is the definition of the 

relationship between residual value and operating costs. The final dis- 

cussion explains the exponential decline in residual value. 

An important proposition of this thesis is that the residual value 

and operating costs of a computer are significantly dependent upon its 

technological age. Relative to costs, two assumptions are that signifi- 

cant changes in technology are distinguishable among specific computer 

systems and that the variations in costs attributable to changes in 

technology are quantifiable. As noted earlier in this chapter, signifi- 

  

55  Kriebel, p. 546.
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cant problems exist in the determination of benefits. However, if we 

are to "value" the computer production of output, this point warrants 

closer examination. 

No universal methodology exists for the quantification of the product 

of computers.** Disagreement even exists as to the product of comput- 

ers. Kleijnen, in Computers and Profits, emphasizes “information” as 
  

the product of computers.°”? Most computer centers, however, price 

services according to resources consumed.** A second problem in the 

valuation of benefits is revealed in the fundamental assumption that the 

product value is equal to the price a fully informed individual is willing 

to pay.** Although some computer centers, especially in the private 

sector, provide the user with cost information when computer resources 

are consumed, centers in the federal government do not charge for 

their services. To the federal user, computer service is a free good. 

However, the assumption will have to be made that there exists a rela- 

tionship between the operating budgets (which reflect the ability to 

move to new technology) and the value of compute capacity. In other 

words, compute capacity limits total output, and, remembering the rela- 

tionship expressed in Chapter I| between total output and total budget, 

output potential limits the potential for increasing budget. 
  

56 Kleijnen, p. 63. 

57 Kleijnen, p. 63. 

58 Kriebel, p. 539. 

$3 Peter G. Sassone and William A. Schaffer, Cost-Benefit Analysis, 
(New York: Academic Press, Inc., 1978), p. 44. 
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Residual value, as was pointed out in Section 3.1.1, decays expo- 

nentially. Driving the rate of decay, where computer systems are con- 

cerned, are the innovations in computer technology developed over the 

last 30 years. According to Charles Lecht, we have realized 300 to 400 

times the general-purpose processing power available in the 1950's for 

one-tenth of 1% of its 1950's cost.°° Capital costs have reflected dra- 

matic decreases due to new technologies; but, perhaps more important 

have been the effects these innovations have had on operating costs. 

Given this continuing rate of technological development in the computer 

industry and due to the significant effect on operating costs, optimal 

timing is a critical element in effective, efficient investments in comput- 

er systems. °? 

Recognition of the technological age of specific computer systems, 

relative to the state-of-the-art of computer and electronic technology, is 

most important for its effect on the following cost factors: *? 

  

60 Charles P. Lecht, The Waves of Change, (New York: McGraw-Hill 
Book Company, 1979), p. 167. 

  

§t For an excellent history of computing and the computer industry, 
see Katharine Davis Fishman's book, The Computer Establishment, 
(New York: Harper & Row, 1981), pp. 1-468. 

  

°2 For instance, as a tangent to this study, the data on the IBM com- 
puters in the federal inventory was examined for the relationship 
between residual value and maintenance costs/compute capacity (or 
maintenance costs per 1000 operations per second of compute poten- 
tial). As residual value decreases, maintenance costs increases at a 
"reasonable" rate. However, once residual value drops below 1% of 
original price, maintenance costs explodes to extraordinarily high 
rates relative to those computers above 1% of original price.
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1. the rate of decay of the salvage value of the computer system; 

2. the operating labor costs; 

3. the environmental operating costs; 

4. the maintenance costs of the hardware; 

5. the expected time of availability of the facility (i. e. the failure 

rate of the system with the inherent costs of down-time); 

6. the operating costs of software relative to the capacity of the 

computer system to utilize that software. 

With improvements in computer technology over the last 25 years and 

with increased compute power per production unit, the costs associated 

with all of the points listed above have decreased. 

Technological age is a significant consideration in the efficient ac- 

quisition and utilization of computers. But how is the technological ob- 

solescence of a computer system determined? A computer system is ob- 

solete if it is significantly more costly to operate relative to 

state-of-the-art systems. in other words, an obsolete computer system 

is a system which is no longer economically viabie. 

A computer hardware system is a complex configuration of proces- 

sors, memory, input-output channels, and various input-output devices. 

Given the multitude of hardware combinations, it would be difficult to 

compare complete computer facilities based on either compute capacity or 

cost. Significant technological improvements have been made by most 

vendors to every hardware element. However, innovations in the most 

critical elements, the processor and the memory, are probably the best 

indicators of significant technological developments. These innovations
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explain much of the dramatic increases in computer speed and reliability 

- decreases in size, power requirements and maintenance costs. °? 

The decay of residual value of computers varies with economic fac- 

tors.°* Therefore, residual value is an important indicator of techno- 

logical age and economic viability. The model of the computer services 

utility, used in this thesis, assumes the exponential decay of the eco- 

nomic viability of computer systems. Although computers may be con- 

sidered to have an infinite productive life, technological improvements 

actually lead to a finite economic life.°*® Economies of scale exist in the 

labor required for a specific computer facility relative to its compute 

power. The compute potential, and therefore the production potential, 

is affected by the tendency of the facility to fail. Reliability has im- 

proved with newer computer systems reflecting the latest technology. °° 

Capital goods include the power and environmental requirements of the 

hardware, and software. The power, environmental, and maintenance 

costs per increment of compute power have decreased due to improve- 

ments in technology.*’ The decrease in these costs has been attributa- 

  

63 Montgomery Phister, Jr., Data Processing Technology and Econom- 
ics, (Santa Monica, California: The Santa Monica Publishing Compa- 
ny, 1977), p. 168. 

&* Nickell, p. 305. 

5 Kriebel, p. 538. 

66 F. H. Dill. “Alternative Computer Architectures Using LSI,” in 
Computers and Communications, ed. Robert J. Seidel and Martin L. 
Rubin (New York: Academic Press, Inc., 1977), p. 35. 

‘7 Phister, p. 168.
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ble to both technological improvements and to economies of scale. 

Today, the most expensive part of a computer system is its application 

software. With new technology, there exist economies of scale in the 

utilization of software. Since software is normally licensed for specific 

computers, without considering production potential, there will be de- 

creasing costs associated with the utilization of the software as the po- 

tential for using it increases. That is, as compute potential has in- 

creased, the ability to utilize the software applications has increased. 

Under free competition, the price of the output produced by the 

utility is determined by the market. Given free competition, production 

factors must be efficiently acquired and operated. Most computer facil- 

ities, however, operate as monopolies with a captive market.°* Output 

LA) 

produced by these monopolies is often priced "...to balance (negotiat- 

."§9 Demand, given this captive ed) budget costs on an annual basis... 

market characteristic, must be viewed as exogenous in the analysis of 

the investment decision. Once again, without free competition determi- 

nation of price, the best indicator of operating efficiency is the infor- 

mation implicit in the specific computer technology's residual value (i. 

e. used market value). in other words, economic viability is limited by 

operating efficiency. Operating efficiency is a function of the operating 

costs of the technology utilized versus the operating costs consistent 

with state-of-the-art technology; it is revealed by the ratio of the uti- 

  

68 Kleijnen, p. 64. 

€9 Kriebel, p. 539.
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lized system's residual value to its original price. Because the compute 

potential per dollar has been growing at an exponential rate,’° the eco- 

nomic viability (represented by the rate of decay in the residual value) 

of a specific technology may be considered to decay exponentially. 

3.2 THE FEDERAL COMPUTER SERVICES UTILITY 

What is the rationale for a change in computer technology? Obvi- 

ously, the answer may vary according to whether the decision-maker is 

a Niskanen bureaucrat or a Migue-Belanger bureaucrat. In either case, 

however, the bureaucrat sees the same costs, risks, and opportunities 

in the system life of the current technology and in the investment deci- 

sion for a new technology. 

Certainly efficiency may be one consideration, especially for the 

Niskanen bureaucrat. However, efficiency must be considered from two 

perspectives. First, is all of the budget, which has been allocated for 

an expected level of output, used for the production of that output? 

Given the requirement for the bureau to commit resources to the con- 

version effort, all resources will not be allocated to the production of 

output unless the bureau is constantly upgrading its technology. Sec- 
    

ond, is the value (to the user) of the output equal to its cost? Due to 

the problem of quantifying cost/benefits of computing in federal bu- 

reaus, the evaluation of value versus cost is not feasible. Therefore, 

the question of efficiency is applicable only to the extent that it effects 
  

7° For example, using a base of 2, it has grown at a 2 to the t power 
rate with each time period (t) equal to about 20 months.
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what is valued by the federal bureaucrat. It is neither an appropriate 

nor a feasible perspective from which to pursue the issue of the Niska- 

nen versus the Migue-Belanger maximands. This brings the evaluation 

back to the definable parameters already revealed in the model of the 

computer utility. That is, the rate of increase in, and total amount of, 

output produced per operating budget dollar with respect to time. 

A second rationale for acquiring newer technology is to raise the 

technological limit on output. The primary constraint to the total 

amount of output and to the rate of growth in output is the techno- 

logical limit in compute capacity of the computer systems used by the 

services utility. Operating budget is also a limit - but it will expand 

as the number of dependent, satisfied customers of the service in- 

crease.’! The utility's operating budget will also expand as the utility 

demonstrates incremental increases in its costs for equivalent levels of 

output required by the sponsor. 

Given the limits to the amount of output and rate of growth inherent 

in the technology utilized, the best alternative available to the bureau- 

crat intent upon expanding output is to acquire state-of-the-art com- 

puter technology which has greater compute capacity. Figure 7 illus- 

trates the production gain possible with a shift to computers of a newer 

  

71 Their satisfaction is in no small way dependent upon the character- 
istics of the service compared to what they feel is available to other 
computer users. Reliability and compute power are two examples of 
those characteristics. Eventually, these customers will become dis- 
satisfied with their utilization of the old systems. They may not, 
however, have the option of going elsewhere for their computer ser- 
vices.
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technology. The asymptote at output = 100 represents the technological 

limit per operating dollar using the old technology; the asymptote at 

output = 500 represents the technological limit for the new technology. 

The difference between the two asymptotes, is the gain in production 

potential possible with conversion to the new technology. (No conver- 

sion costs are reflected in Figure 7.) A computer services utility in- 

tent upon maximizing output will maintain state of the art technology. 

At issue in the federal computer services utility are the opportunity for 

and constraints to replacing old computer systems with systems reflect- 

ing new technology. In the next three sections, federal policy defining 

the constraints and incentives to computer acquisitions, the availability 

of funds for expansion, and the cost of conversion from old to new 

technologies are discussed. 

3.2.1 Federal Computer Acquisition Policy 
  

The Brooks Act, Public Law 89-306, has governed federal computer 

acquisition policy since its enactment in 1965. Policies implemented as a 

result of the Brooks Act are intended to insure 

the economic and efficient purchase, lease, mainte- 
nance, operation, and utilization of automatic data process- 
ing equipment by federal departments and agencies. 7? 

The adaptation of new technologies, improved accountability, and great- 

er efficiency in the production of goods and services are all general 

objectives of reforms to the procurement process. These goals are 

  

72, U. S. Dept. of Commerce, Federal Information, p. 20. 
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generally applicable to the Brooks Act. Examination of the hearings 

prior to the enactment of the law and of the report on its implementa- 

tion reveal three specific objectives of the act. 

1. Emphasize the purchase rather than the leasing of information 

processing hardware by federal agencies. 7? 

2. Centralize the management of information processing equipment 

under the Administrator of General Services. ’7* 

3. Increase competitive procurement of computers within the "Gov- 

ernment market."7° 

All of these points were intended to increase the federal government's 

utilization of computer systems. But is the opportunity in the form of 

capital available to the federal utility to upgrade technology? The an- 

swer is that the federal computer services utilities do have the capital 

to maintain state-of-the-art technology and, in fact, have been encour- 

aged to upgrade their systems by the Congress. This opportunity to 

upgrade is discussed below. 

  

73 Committee on Government Operations, Report (To Accompany H. R. 
S171), p. 3. 

7% Committee on Government Operations, Report (To Accompany H. R. 
5171), p. 3. 

7’ Committee on Government Operations, Administration of Public Law 

89-306, p. 4.
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3.2.2 Opportunities: The Availability of Capital 
  

The computer services utility in the federal government may finance 

computer acquisitions in three ways. First, funds for computer acqui- 

sitions are available on a project basis. Second, the utility may finance 

the purchase of a computer system through the "ADP revolving fund" 

established by the Brooks Act. Third, the utility may fund the acqui- 

sition of a computer through its annual operating budget. 

Congress will in a few cases appropriate funds on a project basis 

for the acquisition, development, and maintenance of a computer system 

associated with a special activity (e. g. Department of Defense re- 

search.)7® From the utility's perspective, however, this method of ac- 

quisition gives the proposed facility extraordinary visibility with accom- 

panying delays built into an extended review process. 

The ADP revolving fund was established in 1965 by the Brooks Act. 

‘its purpose is to strengthen the federal government's bargaining posi- 

tion in the acquisition of computer systems.’’ This appropriations 

mechanism was defined as follows: 

The revolving fund would be used to consolidate volume ac- 
quisitions. GSA would acquire the ADP systems selected by 
the management of the agencies and, in effect, the agencies 
would then lease equipment from the GSA revolving fund 
reimbursing the fund periodically at rates reflecting the use 
value of the equipment. GSA could obtain direct appropria- 
tions covering overhead expenses incident to operating the 
  

76 Terry Miller, Federal ADP Procurement, (Annandale, Va.: Govern- 
ment Sales Consultants, Inc., 1974), p. 3-1. 

77 "Senate Report No. 938", United States Code: Congressional and 
Administrative News, (West Publishing Company: St. Paul, Minn., 
89th Congress - First Session, 1965), Vol. 2, p. 3862. 
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revolving fund. 7° 

The fund was intended to alleviate any limitations inherent in an agen- 

cy's annual operating budget when that agency was considering the ac- 

quisition of computer systems. 

-The Congress, since the early development of computer technology, 

has been extraordinarily sensitive to the need for agencies to maintain 

effective and efficient computer service facilities. It has taken special 

measures to insure that federal agencies have had the means (i. e. the 

opportunity) to maintain up-to-date computer technology. The estab- 

lishment of the ADP revoiving fund was, perhaps, the best indication of 

the political environment favoring new technology. 

Acquisitions with funds from the the operating budget have implied 

a lease or rental agreement with a computer vendor. This is because, 

historically, the capital cost involved in a computer purchase has been 

quite high relative to the budget. Lease/renta! agreements have been 

popular within the private sector.’* However, these agreements have 

not been popular among federal computer services utilities. {n the 

years immediately following the implementation of the Brooks Act, 

lease/rental proposals received special attention due to the Congress's 

interest in encouraging computer purchases. As pointed out earlier, 

increased visibility extends the review process which in turn leads to 

extraordinarily long procurement cycle.*° Still, acquisitions out of the 
  

78 "Senate Report No. 938", p. 3862. 

78 Fishman, p. 17.
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operating budget have been an available option to the federal computer 

services utility intent upon upgrading its technology. Such acquisitions 

have become especially attractive since the mid-1970's because hardware 

costs have become small relative to all other operating costs. There- 

fore, the extraordinary growth in computer technology has provided the 

best opportunity for maintaining state-of-the-art computer systems. As 

described earlier in this chapter, computer technology has been devel- 

oped so as to maintain exponential growth in compute capacity for the 

same hardware price and lower operating costs. The net effect has 

been to allow many computer installations to maintain current technology 

and to expand capacity without adversely affecting annual cashflow. *? 
  

Federal bureaucrats have had the opportunity - the capital and the 

political support - to maintain efficient, effective computer systems re- 

flecting state-of-the-art technology. But, given that opportunity and 

encouragement, have they opted to update their systems? Before that 

question can be answered, the risks associated with new technologies, 

as perceived by the federal decision-maker, must be evaluated. This 

is, perhaps, the key issue in a federal bureaucrat's evaluation of any 

investment in new technology - what are the risks to the computer ser- 
  

Report to the Congress of the United States: AFMD-81-9, By the 
Comptroller General, (United States General Accounting Office,: 
Washington, D. C., Dec. 15, 1980), p. 28. 

  

81 For instance, Virginia Tech has installed state-of-the-art computer 
hardware, increasing compute capacity and replacing (or supple- 
menting) obsolete technology, by trading on the residual value of 
its older computer systems. This upgrade in technology has been 
accomplished three times in the last four years without a significant 
change in cashflow.
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vices utility inherent in a change in technology? To the Niskanen bu- 

reaucrat intent on increasing output, we will see that the risks are ap- 

plicable only to "reserve" resources; to the Migue-Belanger bureaucrat 

concerned with the protection of discretionary budget, we will see that 

the risks are considerable. 

3.2.3 Risks: The Cost of Conversion 
  

The third objective of the Congress in enacting the Brooks Act was 

to increase the competitiveness of computer acquisitions. To accomplish 

this last key objective of the Brooks Act, GSA created the "functional 

specification.”** The functional specification defines information pro- 

cessing systems’ requirements in terms of end-user requirements. 

Hardware and software interface requirements are not allowed in a 

functional specification. Therefore, federal agencies are often required 

to pay conversion costs in order to implement new computer systems. 

Conversion costs include the following: 

1. the cost (primarily for labor and computer time) for conversion 

of old software applications for use on the new facility, 

2. the cost of required environmental modifications, 

3. the cost for parallel operation of the old technology with the 

new technology, 

  

2 Committee on Government Operations, Administration of Public Law 
89-306, p. 10.
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4. the cost for training of personnel on the operation of the new 

technology, 

5. the cost (again, primarily for labor and computer time) for de- 

velopment of new software applications to bring the new facility 

to full capacity. 

These conversion costs may not "be considered in the evaluation of bids 

for the procurement of ADP systems.'"*? These costs are charged to the 

utility's operating budget and, in effect, recapture for the sponsor the 

surplus operating budget which has resulted from a fully implemented 

(but quite possibly obsolete) computer technology. 

Figure 8 depicts the potential cost of conversion to the federal utili- 

ty. The vertical difference between the curve representing the old 

technology (beginning at t = 0) and the curve representing the new 

technology (beginning at t = 5) at the time of acquisition (t = 5) of the 

new technology represents the potential loss in output per operating 

budget dollar. That loss in output per budget dollar is the cost of 

conversion to the bureau. The horizontal distance between the two 

curves represents the time which may be required to recapture the 

previous level of output per operating budget dollar. 

How significant are conversion costs? According to the General Ac- 

counting Office case studies, conversion costs for just five federal pro- 

curements were over 56 million dollars.** Private sector computer ser- 
  

$3 Committee on Government Operations, Report (To Accompany H. R. 
o171) p. 32. 

8% Report to the Congress of the United States: FGMSD-80-35, By the 
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vice utilities minimize conversion costs by acquiring compatible comput- 

ers - often without competitive bids. Federal computer utilities, how- 

ever, given the requirement for "functional specifications," risk consid- 

_ erable conversion costs if they acquire computers reflecting new tech- 

nology. These costs must be allocated out of the operating budget. 

The computer utilities have the reserve funds available because consid- 

erable organizational resources have been required to develop the cur- 

rent, possibly, obsolete systems to the point that they are fully uti- 

lized. Once the current systems are fully utilized, the resources 

dedicated to the conversion effort become reserve, or discretionary, re- 

sources. °° In other words, from the perspective of the Migue-Belanger 

bureaucrat, the computer utility can install new technology only at con- 

siderable risk to its discretionary profit. But, from the perspective of 

the Niskanen bureaucrat, reserve resources may be continually utilized 

and output may be increased only through the timely installation of new 

technology. 

  

Comptroller General, (United States General Accounting Office,: 
Washington, D. C., June 3, 1980), p. 10. 

®> One might ask the question - how have these discretionary resourc- 
es been utilized? Where personnel are concerned, the resources are 
primarily divided among three functions. First, some personnel are 
always planning the next upgrade in technology - the planning may 
last for years compared to months in the private sector. Second, 
some personnel are always "maintaining," or fine tuning the already 
developed applications. Third, some personnel are working on spe- 
cial projects which have little connection to the assigned mission of 
the organization.
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3.3 CONCLUSIONS 

The significance of technological developments in computers affect 

the costs of providing computer services in two ways. First, there 

have been improved economies directly related to tecnological innova- 

tions. Second, there have been economies of scale made possible with 

dramatic decreases in the cost per unit of compute potential. The fol- 

lowing list relates these two effects to specific cost factors common to 

computer centers: 

1. The residual value of the computer system is related to the ca- 

pacity and to the technological innovations inherent in the sys- 

tem. 

2. The operating labor costs are functions of economies of scale. 

3. The environmental operating costs are functions of both econo- 

mies of scale and the technology inherent in the hardware. 

4. The maintenance costs of the hardware are dependent on the 

technology. 

3. The expected time of availability is a function of the technolo- 

9gY- 

6. The cost of software relative to its potential utilization is a 

function of economies of scale. 

All of these cost factors are critical to the analysis of investments in 

computer systems. They affect both the maximum production potential 

of a center operating under an operating budget constraint and the rate 

of decay in the salvage value of the system. Because of these cost
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factors, effective, efficient computing can only be delivered by federal 

computer utilities with up-to-date technology. 

Federal computer services utilities have had the opportunity to up- 

grade computer technology. The incentive to convert capital stock to 

newer technologies has been increased compute capacity and output per 

operating budget dollar. Increased output and efficient operation are 

supposed to be characteristic of organizations managed by the Niskanen 

bureaucrat. But for the Migue-Belanger bureaucrat, the disincentive 

has been the potential costs - the risk to the way in which the current 

operating budget dollar is spent - of conversion to an incompatible 

technology. The model of the federal computer services utility will be 

used in the next chapter to analyze the Niskanen and Migue-Belanger 

theories of bureaucratic behavior.



Chapter IV 

THE APPLICATION OF THE MODEL 

1 can call spirits from the vasty deep. 

Why so can |, or so can any man; but will they come when 
you do call them. °° 

Three issues must be resolved in order to apply the model of the 

federal computer utility to the evaluation of the alternative public choice 

theories of bureaucratic behavior. First, parametric values must be 

defined which are commensurate with the technological life cycle of com- 

puters in the federal government. Second and third, the specific be- 

havioral expectations of the Niskanen and the Migue-Belanger bureau- 

crats, respectively, must be developed. 

The parametric values to be assigned are for i, for a, and for 8 

The values for those parameters are used to predict an average system 

life cycle and an average point of obsolescence for computer technolo- 

gies of the past thirty years. The next section defines these parame- 

ters for the technological life cycle applied in this study of the Niska- 

nen and Migue-Belanger bureaucrats. 

The second issue is the identification of the behavioral expectations 

of the Niskanen bureaucrat. A derivative of Niskanen’s model is that 

the bureaucrat will maximize output with little regard for the effect the 

expansion might have on future costs. The governing concern is for 
  

86 Shakespheare, King Henry IV, Part |. 

62



the effect on future budgets; the critical effort is on maximizing pro- 

duction. Thus, with Niskanen's model, we have the image of the effi- 

cient, effective risk-taking manager - the entrepreneurial bureaucrat. 

The third issue is the identification of the behavioral expectations of 

the Migue-Belanger bureaucrat. Migue and Belanger propose an alter- 

native picture of the federal bureaucrat. We have the manager intent 

upon expansion - but with a wary eye towards that increased output's 

potential adverse effect on the way in which the current operating 

budget is utilized. As is revealed in Section 4.3, the Migue-Belanger 

bureaucrat is not a risk-taker. He will not jeopardize his discretionary 

budget. Forced to choose between expansion and lost discretionary 

profit, he will sacrifice expansion. 

Sections 4.2 and 4.3 develop the expectations defined above for the 

two maximands. The last section defines the inventory data base used 

to compare the predicted states of the inventory to its actual state. 

4.1 THE SYSTEM LIFE CYCLE 

Parametric values may be assigned for \, a, and 8 which provide 

for a number of predictions about a computer's system life. Figure 9 

represents the predicted average life cycle of the computer technologies 

in the federal inventory. In generating the Figure 9 example, the 

Gompertz function was utilized to define the life cycle. The values as- 

signed for the parameters of the model are explained in the following 

paragraphs.



An arbitrary value (or index) of 100 was chosen as the technological 

limit (4). This index represents the maximum compute potential of a 

specific technology. This value does not have an effect on the pre- 

dictions for either the length of system life or the beginning point of 

obsolescence. *’ 

A value of .01 per work week (to be exact, .01 per .025 of a year) 

was used as the rate of conversion (a). of applications to new tech- 

ss nology from old technology. Implied in this value is the high likeli- 

hood, for federal agencies, that the the new technology will not be up- 

ward compatible with the old technology - thus complicating the 

conversion effort. 

A value of .7 was used as the rate of decay (f) in the market po- 

tential of a specific computer technology due to the development of new 

technologies. The extent of the decay in residual value is defined by 

the point at which a computer system is valueless as a production fac- 

tor. For this thesis, a computer is defined as economically valueless, 

or obsolete, once its market value is less than 1% of its original retail 

  

value. *? 

87 Remember from Chapter II] that the inflection point for time (t) is a 
function only of the rate of conversion and the rate of residual de- 
cay. 

88 | believe this is a quite generous (high) conversion rate for the 
federal bureaucracy; however, it is within reason and the key val- 
ues (length of system life and beginning point of obsolescense) de- 
rived from the function are not very sensitive to it. 

83 This is consistent with the used computer market's tendency to treat 
computers as scrap at approximately 1% of original price. For in- 
stance, Computer Price Guide (published by TB! Computer Sales, 
 



65 

In Figure 10, these parametric values are summarized. For Figure 

9, these values yield an average system life of about 13 years.*° Rate 

of decay (8) is the critical element in the length of a computer system's 

economic life. The sensitivity of average system life to rate of decay 

(B) is revealed as follows: a 8 of .75 yields an average system life of 

16 years; a B® of .65 yields an average system life of 10 years. 

Figure 11 represents the predicted time period of the beginning of 

technological obsolescence. The curve represents the marginal increase 

in output per operating budget dollar. It is a function of 8B anda in 

the model of the computer services utility. At its maximum value, the 

curve defines the peak marginal value of the old technology for the 

computer services utility. Put another way, once at its maximum value 

(at time = approximately 4.5 years), output per budget dollar will in- 

crease, but at a decreasing rate. The point of obsolescence is deter- 

mined by the technological limit to the amount of output and by the rate 

of decay in the residual, or economic, value of the computer technolo- 

gy. The rate of decay in the residual value is defined by the state (i. 

e. availability) of the new technology. The point of maximum marginal 
  

October, 1981, pp. 1-52), lists equipment valued at less than 1% of 
list price as obsolete with little-to-no market value. 

*®° This is consistent with the average life of IBM's 1410's and 360's 
but may be a little high given the life of its other systems such as 
the 7074's, 1620's, 370's,and the 303X's. The life cycle of IBM's 
competitors’ systems parallels the life cycle of IBM's systems since 
all of the vendors have been constrained by the same rate of devel- 
opment in component technologies. See Computer Price Guide, Used 
Computer Prices 1970 - 1975, (published by TBI Computer Sales, 
1975, p. 15) for a discussion of the system life cycle of the earlier 
IBM systems. 
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t 
Q = ra? 

x = technological limit as t + » = 100 
output units/dollar 

a = rate of conversion (<1) = .01 

B = rate of decay in residual value (<1) = .7 

t = time, each period = .025 years 

Inflection Point (1. P.) = approximately 33 
output units/dollar with respect to Q 

Inflection Point (1. P.) = +4 years 
with respect to t 

PARAMETRIC VALUES FOR THE GOMPERTZ FUNCTION
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output (T = 4 in Figure 11) is based upon the same parametric values 

as those that defined (in Figure 9) the length of system life. There- 

fore, for this study, 4 years is defined as the average initial point of 

obsolescence for computer technologies of the past 30 years. 

4.2 THE MODEL WITH THE NISKANEN MAXIMAND 

At what point in the life of a computer system will the Niskanen bu- 

reaucrat choose to trade the current facility with one of the latest 

technology. The answer, given the output maximization objective, is 

that new technology will be acquired when there is a clear indication to 

the bureaucrat that the new technology will result in increased output 

per operating budget dollar. The tendency for computer services utili- 

ties to face insatiable demand was noted earlier in this study. This is 

especially true of federal computer services utilities given the free-good 

nature of the utilities’ services. The amount of output produced by 

these federal utilities is constrained only by their budget and the effi- 

ciency with which they produce that output. Niskanen provides the 

following behavioral hypothesis: 

Some bureaus, specifically those in the budget-constrained 
output region, seek out and use the minimum cost combina- 
tion of the available factors and processes to supply the 
equilibrium output. ?? 

This leads to the question - what are the minimum cost combinations 

available to the Niskanen bureaucrat in a federal computer services 

utility which is intent upon maximizing output per budget dollar? 
  

31 Niskanen, Bureaucracy, p. 5/.
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Figure 12 illustrates the output gain possible with a shift to com- 

puters of a newer technology. The horizontal line at output = 100 rep- 

resents the technological limit per operating dollar using the old tech- 

nology; the horizontal line at output = 500 represents the technological 

limit for the new technology. As noted in Chapter II|l, the difference 

between the two asymptotes is the gain in production potential possible 

with conversion to the new technology. However, the peak marginal 

value of the output produced on the old technology occurs after 4 years 

(in Figure 12 at T = 5). In other words, after 4 years, the marginal 

output per budget dollar begin to decrease; therefore, even though the 

system is not yet fully utilized, the Niskanen bureaucrat would attempt 

to replace the old computer technology. The newer technology (in Fig- 

ure 12, see the curve beginning at T = 5) would allow continued in- 

creasing marginal output per budget dollar. The resources required 

for conversion activities also begins to decrease with the decrease in 

the marginal output per budget dollar. These freed resources (poten- 

tially the computer utility's discretionary budget) are available for the 

conversion of applications to the newer technology. 

4.2.1 The Hypotheses 
  

The Niskanen bureaucrat will attempt to shift to a new technology at 

the first indication of the system's obsolescence; the system begins to 

become obsolete when, due to the emergence of a new technology, the 

output per operating budget begins to increase at a decreasing rate.
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Remember, a computer system becomes economically obsolete when alter- 

native technologies are available which provide significantly increased 

output per operating budget dollar. Given the emphasis on maximizing 

output per budget dollar, a Niskanen bureaucrat would not keep a com- 

puter system after it has become obsolete. Neither would a Niskanen 

bureaucrat acquire a system after it has already passed the point of 

beginning obsolescence; that is, the Niskanen bureaucrat would not 

purchase old computer technology. The defined limits of a computer's 

life cycle lead to the following null hypotheses: 

1. No computer systems older than 13 years will be utilized in the 

Niskanen bureaucrat managed federal inventory. 

2. No computer systems will exist in the inventory which were ac- 

quired more than 4 years after its introduction. 

A data base of information on computers in the federal government will 

be examined for consistency with these two hypotheses. 

4.2.2 Distribution of Residual Values 
    

The primary test of this thesis is to predict the distribution of 

residual values of all general purpose computer systems in the federal 

inventory according to the year of their purchase. For instance, given 

the assumptions of the Niskanen maximand, Figure 13 represents the 

predicted distribution of residual values for all systems currently in the 

federal inventory and acquired in the years 1960 through 1981.°? In 
  

$2 The maintenance of accurate data on federal computer systems began 
with the hearings for the Brooks Act in the early 1960's. There-
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order to develop a linear function, the log of the predicted residuals 

was computed and plotted on the vertical axis. Again, the expectations 

derived for the Niskanen bureaucrat and reflected in this model were 

the following: 

1. no system will be kept after it has become obsolete as a pro- 

duction factor (13 years); 

2. systems will be acquired which are still economically viable rel- 

ative to the state of technology (not greater than 4 years old). 

These assumptions yield parametric values of -11.740152 for the pre- 

dicted intercept and 0.143405 for the slope. Using the traditional form, 

the linear model consistent with the Niskanen maximand is as follows: 

Y = -11.740152 + 0.143405x 

4.3 THE MODEL WITH THE MIGUE-BELANGER MAXIMAND 

At what point in the life of a computer system will the Migue-Belan- 

ger bureaucrat choose to trade the current facility for one with the lat- 

est technology. The answer, given the output maximization objective, 

is that new technology will be acquired when there is a clear indication 

to the bureaucrat that the new technology will result in increased dis- 

cretionary profit. 

  

fore, very little information is available about systems acquired be- 
fore that date.



74 

0.1. 

~0°2- 

0:3. 

~0-44 

0-84 
~0+6- 

~0.7- 
~0.$4 

~0.94 

~1,.0- 

~t614 

*{.24 

M
C
S
c
y
<
 
G
H
A
 -

 
S
H
R
P
 

] 
-1.3- 

“he 44 

“1.54 

-1.6- 

-1.7- 

“1.9 
-1.94   2,04 

68 69°0«70:«*)s ik HOTS OPOCOGsOCO8T 
PURCHASE YEAR 

Figure 13: NISKANEN MAXIMAND: PREDICTED INVENTORY STATE



W 

As seen may be seen in Figure 14, the output gain possible with a 

shift to computers of a newer technology is assured - but so is some 

initial cost in discretionary profit. Just at the point that the federal 

computer utility begins to acquire discernable discretionary profit, cor- 

-responding in Figure 14 with the point at which applications are con- 

verted to the system at a decreasing rate, a change in technology oc- 

curs which absorbs’ that profit. That even greater levels” of 

discretionary profit are possible with the higher efficiency inherent in 

the newer technology is not a consideration.*? Using Figure 14 as the 

illustrative case, that increased discretionary profit will not be realized 

for up to 3 years (or until T = 8). The bureaucrat will choose to pre- 

serve the current profit instead of investing in capital for potential fu- 

ture profit. 

4.3.1 The Hypotheses 
  

The Migue-Belanger bureaucrat will never willingly shift to a new 

computer technology. No incentive to shift to a new technology exists 

since, at the point the system is worthless in terms of market value, 

that bureaucrat has maximized the discretionary profit for that particu- 

  

lar computer services utility. In fact, given his captured market, 

$3 To support this argument, | use Niskanen's rationale - that a fed- 
eral “bureaucrat's rewards are specific to his tenure...." Ironically, 
Niskanen uses this characteristic of bureaucrats to support his ar- 
gument that they prefer production processes with higher capital 
costs and lower operating costs - or, in other words present spend- 

ing to future spending. See “Bureaucrats and Politicians,” Journal 
of Law and Economics, 18 (1975), 639. 
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there is no reason to think that bureaucrat will not be able to maintain 

that profit with incremental increases in his budget based on the infla- 

tionary increase of his costs. The only rationale for additional comput- 

er systems will be to satisfy increased demand for computer services 

from captured users. And then, in order to control conversion costs, 

the tendency will be to acquire older technologies which are highly 

compatible with those systems already being utilized. The null hypoth- 

eses may be summarized as follows: 

1. Computer systems will be maintained in the Migue-Belanger bu- 

reaucrat managed federal inventory regardless of technological 

age. 

2. A significant number of computer systems will exist in the in- 

ventory which were acquired more than 4 years after their in- 

troduction. 

A data base of information on computers in the federal government will 

be examined for consistency with these two hypotheses. 

4.3.2 Distribution of Residual Values 
  

Given the assumptions of the Migue-Belanger maximand, Figure 15 

represents the predicted distribution of residual values for all systems 

currently in the federal inventory and acquired in the years 1960 

through 1981. Again, in order to develop a linear function, the log of 

the predicted residuals was computed and plotted on the vertical axis. 

The Migue-Belanger maximand and assumptions yield parametric values



18 

of -12.4929 for the predicted intercept and 0.145865 for the slope. Us- 

ing the traditional form, the linear model consistent with the Migue-Be- 

langer maximand is as follows: 

Y = -12.4929 + 0.145865X
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4.4 EVALUATION METHODOLOGY 

The predicted outcomes associated with the decisions of the Niska- 

nen and Migue-Belanger bureaucrats, respectively, in the federal com- 

puter services utility environment are compared to the actual state of 

the computer inventory. The inventory is first examined for any in- 

consistencies with the null hypotheses developed for the Niskanen and 

the Migue-Belanger bureaucrats. Second, the linear models, predicting 

the distribution of the residual values of computer systems in the in- 

ventory, are compared for their power in explaining the actual distri- 

bution of residual values. 

4.4.1 The Federal Computer Inventory Data Base 

The data base utilized in this study was created for this thesis from 

data on a tape containing records of all computers in the General Servi- - 

ces Administration's "Management Information System on Automatic Data 

Processing." The tape was obtained in March of 1982 and reflected the 

status of the federal inventory at the end of October, 1981.°* The re- 

cords selected for inclusion in the data base were for systems which 

met all of the following criteria: 

1. any systems which appeared to be utilized according to the 

General Services Administration classification of "General Pur- 

pose; 
  

°* The inventory information is a requirement of Federal Property Man- 
agement Regulations (FPMR) 41-CFR 101-36.5. See ADP Management 
Information System, (Washington: General Services Administration, 
October, 1981), p. 1. 
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2. any systems with a purchase price above fifty thousand dol- 

lars; 

3. any systems obtained on a purchase or lease-purchase agree- 

ment. 

The study was limited to systems of a "General Purpose” classifica- 

tion because it is these systems which are utilized in a computer servi- 

ces utility environment.°*° The alternative to this classification is "Spe- 

cial Purpose” computers. Special Purpose computers are used as single 

user or single application systems, or are used for classified projects. 

Special purpose systems are not subject to the same acquisition rules 

and regulations applicable to the federal computer services utilities. 

The study was limited to systems with a purchase price above fifty 

thousand dollars for two reasons. First, systems with a purchase price 

below this amount would probably not be used to deliver general pur- 

pose computer services to a number of users of a computer services 

utility. Systems below fifty thousand dollars in price would tend to be 

small minicomputers and microcomputers dedicated to the service of a 

single application or user. Second, sole source procurements of sys- 

tems below fifty thousand dollars are not subject to review outside of 

the agency initiating the acquisition.?® Therefore, these systems would 

not be subject to the same rules and regulations limiting acquisitions of 

higher priced systems, e. g. the requirement for a functional specifica- 
  

$5 Automatic Data Processing Activities Summary (Washington: General 
Services Administration, April, 1980), p. 4. 

96 Temporary Federal Procurement Regulations, E-149.
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tion for competitively bid systems. 

Only systems obtained on a purchase or lease-purchase agreement 

were included on the data base. In other words, systems which were 

being rented have been excluded. Again, special justification is re- 

quired for systems not acquired on a purchase or lease-purchase plan. 

With that special justification, the agency obtains exemptions from the 

normal institutional rules associated with bureaucratic setting applicable 

to this study. 

A total of 17,503 records, each representing one central processing 

unit (CPU), are in the 1981 inventory. Of that total, 5091 CPU's, or 

29%, met all of the criteria and were selected for inclusion on the data 

base. 

4.4.2 IBM Computers and Residual Values   

The primary test of this thesis is to predict the distribution of 

residual values of general purpose computer systems according to the 

year of their purchase. Unfortunately, it is not possible to ascertain 

residual value as a reflection of economic viability for all systems in the 

federal inventory. Remember that residual value is defined by market 

value and is a reflection of economic value only if traded in a mature 

market. Only used computers by IBM are traded in a market which is 

reasonably mature - with a large number of potential buyers and a 

large number of potential sellers. Computer Merchants, Inc. explain 

this characteristic of the used computer market as follows:



83 

. over the years it became apparent that only the market 
for used IBM equipment would mature and flourish. The 
reason was that most manufacturers, other than IBM, fol- 
lowed very restrictive maintenance policies, which made it 
nearly impossible to sell their used equipment. ?*’ 

Another publication makes the following statement on the same topic: 

The well-developed second market for 1BM equipment is due 
in significant measure to IBM's known policy of providing 
maintenance service for used equipment. Not only are pur- 
chases of new IBM equipment assured of higher resale pric- 
es than would otherwise be the case, but purchasers of 
used IBM equipment feel protected, secure in the knowledge 
that a system may even be purchased sight unseen .- 
Other manufacturers do not have such a well-defined and 
universally known policy. °* 

Residual values have been included in the data base for all IBM sys- 

tems, but for no other vendor's systems. The distribution of residual 

values for IBM computers should be a good indicator of what would be 

the distribution for all systems on the data base. .|BM computers con- 

stitute 14% of the total systems on the data base - but over 26% of the 

aggregate investment of 1.4 billion dollars. 

  

$7 Computer Price Guide, by Computer Merchants, Inc., (January, 
1982), p. 45. 

78 Computer Economics Report, by Computer Economics, Inc., (Janu- 
ary, 1982), p. 1.



Chapter V 

OBSERVATIONS AND CONCLUSIONS 

| ask the reader to ask himself the following types of 
questions: Is this hypothesis consistent with my personal 
observation and understanding? Does this theory help or- 
ganize my observations about related phenomena??? 

This chapter is organized into three sections. The section entitled 

"Observations" reveals the state of the federal computer inventory as 

indicated by the data base created for this study. The observed state 

is first compared to the hypotheses developed for the Niskanen, and 

then, the Migue-Belanger models of bureaucracy. This section con- 

cludes with an evaluation of the power of each of the two models of bu- 

reaucratic behavior to predict the current state of the inventory as in- 

dicated by the residual values of the computers. The section entitled 

“Conclusions” summarizes the findings of this study as reinforcing the 

Migue-Belanger proposal that bureaucrats maximize discretionary budg- 

et. The "Concluding Remarks" section reviews Niskanen's idea that the 

Migue-Belanger theory is a special case of his own model of bureaucra- 

cy. The Niskanen viewpoint is examined for consistency with several 

observations applicable to the behavior of bureaucrats in the federal 

computer services utilities over the last thirty years. 

  

39 Niskanen, Bureaucracy, p. 8. 
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3.1 OBSERVATIONS 

The entire data base was examined for the evaluation of questions 

concerning the distribution of computer systems (currently utilized by 

the federal government) by purchase year. For those questions that 

required either residual value or technological age, the subset of infor- 

mation on IBM systems in the inventory was examined. 

3.1.1 Niskanen and the State of the Inventory   

The first of the derived hypotheses consistent with the Niskanen 

bureaucrat operating in the federal computer services utility was stated 

as follows: 

No computer system older than 13 years will be maintained 
in the federal inventory. 

As can be seen in Figure 16 and Figure 17, a significant number of ob- 

solete computers are currently maintained in the federal inventory. 

Figure 16 is a reflection of the fact that 15% of the total number of 

computers on the data base were purchased prior to 1968. In fact, the 

median purchase year for computers on the data base was 1975. Figure 

17 reveals that 20% of the total dollars spent (in 1967 dollars) for the 

purchase of computers on the data base were for systems acquired prior 

to 1968. 

The second of the derived hypotheses consistent with the Niskanen 

bureaucrat operating in the federal computer services utility was stated 

as follows: 

No computer will exist in the inventory which is based upon 
technology more than four years old at the time of its pur- 
chase.
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Since accurate first production information could be obtained only for 

IBM systems, the IBM subset of the data base was used in the evalua- 

tion of this hypothesis. As can be seen in Figure 18, a significant 

number of computers were obtained which reflected technologies older 

than four years. In fact from Figure 18, it is apparent that the mean 

technological age of purchased computers has been increasing since 1965 

- the year in which the Brooks Act was implemented with its implied 

emphasis on competitive purchases and the functional specification. The 

mean technological age for systems in the federal inventory, as indicat- 

ed by the IBM systems, was 5 years. 

Given the assumptions of the Niskanen maximand, Figure 19 repre- 

sents the predicted distribution of residual values compared to the ac- 

tual distribution for systems currently in the federal inventory and ac- 

quired in the years 1960 through. 1981. Again notice that, although 

with the Niskanen maximand we would not expect systems older than 13 

years, systems are in the inventory which are over twenty years old. 

We can visually note that the linear model 

Y = -11.740152 + 0.143405X 

does not yield a very good prediction of the economic state of the in- 

ventory. The slope is adversely affected by the excessive number of 

computer systems in the inventory which are over thirteen years old. 

As noted earlier, over 15% of the computer systems in the data base are 

older than thirteen years. (See Figure 16 for the distribution by pur-
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chase year.) The primary factor influencing the high intercept value is 

the tendency to purchase obsolete computers - indicated by technologic- 

al age in excess of four years. 

5.1.2 Migue-Belanger and the State of the Inventory 

The first of the derived hypotheses consistent with the Migue-Be- 

langer bureaucrat operating in the federal computer services utility was 

stated as follows: 

Computer systems will be maintained in the inventory re- 
gardjess of technological age. 

We have already seen in Figure 16 and Figure 17 that a significant 

number of obsolete computers are currently maintained in the federal 

inventory. 

The second of the derived hypotheses consistent with the Migue-Be- 

langer bureaucrat operating in the federal computer services utility was 

stated as follows: 

A significant number of computers will exist in the federal 
inventory which had a technological age greater than four 
years at the time of their purchase. 

Again, from Figure 18, we already know that most computers in the 

federal inventory reflected technology older than four years at the time 

of purchase. 

Given the hypotheses applicable to the computer services utility and 

derived from the Migue-Bellanger maximand, Figure 20 represents the 

predicted distribution of residual values versus that of systems cur- 

rently in the federal inventory and acquired in the years 1960 through
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1981. Again, !BM systems were used to determine the actual state of 

the inventory. The linear model based upon the Migue-Belanger maxi- 

mand 

Y = -12.4929 + 0.145865 

appears to provide a significantly better prediction of the economic 

state of the inventory. The "sketched" lines represent the intercon- 

nection of every IBM system in the data base; Each "plus" represents 

the predicted log of the mean residual value for the systems purchased 

in a particular year. The model appears to be a reasonably good pre- 

dictor of the economic state of the federal inventory. By assuming that 

the Migue-Belanger bureaucrat will buy systems even further into their 

technological life (the assumption was that a system would never be ac- 

quired before the beginning of obsolescence) the linear model would 

show even better predictive power. 

Figure 21 provides an even better comparison of the two models. 

The lower curve on the graph represents the "best fit" to the actual 

mean of the log of the residual values. The middie curve represents 

the model based on the Migue-Belanger maximand and the upper curve 

represents the model based on the Niskanen maximand. For 1980, the 

predicted mean residual value consistent with the Niskanen maximand is 

.03, the predicted mean residual value consistent with the Migue-Belan- 

ger maximand is .15, and the actual mean residual value as indicated by 

the sample is .045. For 1976, the values are .14, .04, and .01 respec-
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tively. Once again, it is obvious that the model based on the Migue- 

Belanger maximand is the better predictor of the economic state of the 

inventory. 

5.2 CONCLUSIONS 

Institutional decision-units do quite probably respond exactly as 

they are instructed. The structural incentives and disincentives pro- 

vide the instruction. As though instructing Hofstadter's smart-stu- 

pid's, the instructor must understand what motivates the federal bu- 

reaucracy's decision-units. 

5.2.1 The Model with the Niskanen Maximand 
  

The Niskanen bureaucrat is interested in maximizing output - an 

expected resultant characteristic is efficient production of output. This 

is clearly not the case for the federal government's computer services 

utilities. Because of the obvious gains in output potential and produc- 

tivity, the Niskanen bureaucrat would have attempted to shift to new 

technology at the first indication of a system's obsolescence. However, 

the federal bureaucrat is acquiring old, highly inefficient computer 

technology and keeping it “forever.”
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5.2.2 The Model with the Migue-Bellanger Maximand 

Bureaucrats managing federal computer services utilities are acquir- 

ing computers based upon obsolete technology. Once acquired, these 

systems are being utilized years beyond their normal economic life cy- 

cle. 

Because of potential conversion costs, the federal bureaucrat can 

not be certain that new technology will guarantee increased discretion- 

ary profit. The current economic state of the computer inventory is 

consistent with the fact that the Migue-Bellanger bureaucrat has no in- 

centive to shift to a new technology. In fact, the primary incentive is 

to keep and continue to develop old technology. At the point that the 

old system is worthless in terms of market value, the bureaucrat has 

maximized his discretionary profit. That this state of the federal gov- 

ernments utilization of computer technology is inefficient is also consis- 

tent with the Migue-Belanger model of bureaucracy. 

The Migue-Belanger bureaucrat is responding to the disincentive-in- 

centive structure implied in the United States policies governing the 

purchase of general purpose computer systems by the federal govern- 

ment. Those policies - those instructions - were established with the 

1965 Brooks Act. With understanding of the bureaucratic maximand at 

work in the federal computer utility, the instructors would have least 

been able to predict the consequences of their instructions.
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5.3 CONCLUDING REMARKS 

Earlier, in Chapter I!, Niskanen's claim that the Migue-Belanger hy- 

pothesis is an extension to his own theory was noted. The Migue-Be- 

langer theory is identified as a special case in his "generalized version” 

of the original model - the "budget maximizing bureaucrat” becomes the 

"utility maximizing bureaucrat."”*°° Niskanen states that whether discre- 

tionary budget or total budget is maximized is dependent upon whether 

or not the bureaucrat values output. Niskanen’s argument is as fol- 

lows: 

Jean-Luc Migue and Gerald Belanger ... developed a model 
of bureaucratic discretion based on an assumption that a 
bureaucrat maximizes an objective defined in terms of his 
"discretionary budget" ... and the bureau's output. This 
model leads to the general conclusion that a bureau's budg- 
et is always too large. At one limit, if the bureaucrats do 
not value output, the output level will be correct but this 
output will be produced most inefficiently. At the other lim- 
it, if bureaucrats do not value the discretionary budget, 
the output level will be substantially too high, but will be 
produced efficiently - the conclusion of my earlier model. 
Migue and Belanger have started in the right direction, but 
they also fail to derive the bureaucrat’s maximand from an 
explicit model of utility maximization in a specific institu- 
tional setting.?°? 

Niskanen continues by developing a model of utility maximization which 

defines two alternative preferences of the bureaucrat: 

1. output is not valued; 

2. output is valued. ?°? 
  

+99 William A. Niskanen, “Bureaucrats and Politicians” in Journal of 
Law & Economics (December, 1975), p. 619. 

i¢@1 Niskanen, “Bureaucrats and Politicians,” pp. 618-619. 

102 Niskanen, "Bureaucrats and Politicians,” p. 621.
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The first case, he claims, is characteristic of discretionary profit 

maximization; the second case is characteristic of budget maximization. 

This generalization brings into question the value of the Niskanen model 

in explaining bureaucratic behavior. At first glance, we might conclude 

that one preference is indistinguishable from the other since, such is 

the case with many public goods, output is_ ill-defined. A more 

thoughtful analysis leads to the following question: since discretionary 

budget is a function of total budget and since total budget is a function 

of output, when, with either maximand, would a bureaucrat not be in- 

terested in increasing output? Certainly any analysis of bureaucracy 

which concentrates on production behavior and which is based on a 

revelation of output maximization would lack precision as regards any 

distinction between the two maximands. The behavior of bureaucrats in 

the federal computer services utilities provides an opportunity to inves-- 

tigate this point. 

Today, it seems obvious that bureaucrats in the federal computer 

services utilities are operating in a way consistent with the the Migue- 

Belanger model based on the maximization of discretionary budget. For 

instance, the following characteristics are applicable to the current 

state of computing in the federal government: 

1. general discontent with services (see Chapter |) among the 

users of federal computing - which is symptomatic of computing 

resources operating at capacity;
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2. significant utilization of economically obsolete equipment - which 

indicates inefficiency in the production of computer services. 

A critical factor in the failure of bureaucrats to maintain state-of-the- 

art technology has been the rules-of-the-game which prohibit the mini- 

mization of conversion costs (ij. e. the requirement for functional speci- 

fications). This inability to limit conversion costs has led the 

bureaucrats to choose to maintain obsolete technologies. This is not 

because output fails to contribute to additional discretionary budget, 

but because implementation costs result in a temporary, significant re- 

duction in discretionary budget. 

The emphasis on the functional specification did not begin until af- 

ter the hearings associated with the passage of the Brooks Act in 1965. 

(See Chapter III.) Before those hearings, federal bureaucrats could 

expand output potential without significant conversion costs. Two 

characteristics appear to have defined the federal computer inventory at 

that time: 

1. computer systems were under-utilized*®*?~- as would be expect- 

ed if upgrades in technology were occurring early in the tech- 

nology's life cycle; 

2. a significant proportion of the computer systems in the federal 

inventory were of the latest technology.*** 
  

103 U. S. General Accounting Office, Study of Financial Advantages of 
Purchasing over Leasing for Electronic Data Processing Equipment 
in the Federal Government, (Washington, D. C., March, 1963), p. 
26. 

    

  

104 U. S$. General Accounting Office, Study of Financial, pp.12-13. 
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Does this mean that in 1965 bureaucrats in the federal computer 

services utilities preferred output over discretionary budget - but after 

1965 they preferred discretionary budget over output. No - it means 

that prior to, and after, 1965 bureaucrats preferred discretionary 

budget. However, only after the rules-of-the-game resulted in signifi- 

cant risk to discretionary budget was the preference of these bureau- 

crats distinguishable. Before 1965, discretionary budget maximization 

was accomplished by minimizing the product related operating costs - 

increased potential output was an externality of that maximand.
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The Maximization of Discretionary Budget: 

an Explanation for the Pattern of Computer Investments 

in the Federal Government 

by 

Earving L. Blythe 

(Abstract) 

This study of bureaucratic behavior is from the perspective of a 

particular federal government operations process - the management and 

delivery of computing services to the federal agencies. It supports the 

idea that federal bureaucrats are utility maximizers. The first of the 

two theories considered in this thesis is based upon William Niskanen's 

hypothesis that the primary objective of the government bureaucrat is 

to maximize the bureau's budget through the maximization of output. 

The second theory is based upon Jean-Luc Migue’s and Gerald 

Belanger's hypothesis that the objective of bureaucrats is to maximize 

"discretionary budget” - the difference between the bureau's total 

budget and the cost of producing the bureaus authorized output. This 

thesis contends that the maximization of discretionary budget is the 

maximand of the federal bureaucrat evaluating the computer investment 

decision.


