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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. fhe 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 deveiopment of applications on a new computer system are called
"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

*? 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 < 1 and B < 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 (B) in the market potential of new technologies due to the
development of future technologies. This is because of its effect on
potential ﬁew 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 (1).

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.

1 S. J. Nickell, The Investment Decisicn of Firms, (Oxford: Cam-
bridge University Press, 1978), p. 8.
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Qt = Xast

A = technological limit as t » «

o« = rate of conversion (<1)

B = rate of decay in residual value (<1)
t = time

inflection Point (1. P.) = )\/3
with respect to Q
log[log(a)]
Inflection Point (I. P.) =
with respect to t log(B)

Figure 6: PRODUCTION FUNCTION OF THE COMPUTER SERVICES
UTILITY
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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 ) 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 operéting 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). [t 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, leyels 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 X and B, another constraint is that the residual val-
ue of the capital is assumed to decay exponentially. The rate of decay
is represented by B, 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-

5% 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.S’

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

59

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 |l between total output and total budget,

output potential limits the potential for increasing budget.

56

Kleijnen, p. 63.

57 Kleijnen, p. 63.
5% Kriebel, p. 539.

5% Ppeter 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: %2

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

! 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.



45

1. the rate of decay of the salvage value of the computer system;
2. the opgrating 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
witﬁ 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 moré 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 viable.

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-

¢3 Montgomery Phister, Jr., Data Processing Technology and Econom-

ics, (Santa Monica, California: The Santa Monica Publishing Compa-
ny, 1977), p. 168.

84 Nickell, p. 305.
¢ Kriebel, p. 538.
€6 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.

67

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
produced by these monopolies is often priced "...to balance (negotiat-
ed) budget costs on an annual basis...."%? Demand, given this captive
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-
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Kleijnen, p. 64.
€9 Kriebel, p. 539.



48

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

" 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

! 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 acqﬁisitions, 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.’?
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.’?
2. Centralize the management of information processing equipment
under the Administrator of General Services.’*
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.
5171), 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.)’® 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.
ts 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

7’ 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.’®
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. |t 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. In 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

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

7% Fishman, p. 17.



35

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-81-3, By the
Comptroller General, (United States General Accounting Office,:
Washington, D. C., Dec. 15, 1980), p. 28.

1 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 incrfzasing 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."?2

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,

82 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-

83

Committee on Government Operations, Report (To Accompany H. R.
5171) p. 32.

84 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 com'petitive 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.
85 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 techvnology inherent in the hardware.
4. The maintenance costs of the hardware are dependent on the
technology.
5. The expected time of availability is a function of the technolo-
gy.
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

| 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 )\, for a, and for B
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 |.
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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 )\, «, and B 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 (X). 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-
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 (B) 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 |l that the inflection point for time (t) is a
function only of the rate of conversion and the rate of residual de-
cay.

8% | 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 TBl Computer Sales,
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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 (B) 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 B of .75 vyields 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 B and « 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,
1875, p. 15) for a discussion of the system life cycle of the earlier
I1BM systems.
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t
Q - B

= o

A = technological limit as t *+ « = 100
output units/dollar

o = rate of conversion (<1) = .01
B = rate of decay in residual value (<1) = .7
t = time, each period = .025 years

Inflection Point (l. 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?

°! Niskanen, Bureaucracy, p. 57.
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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 Ill, 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 vyears);
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.
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As seen may be seen in Figure 14, the output gain possibie 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

93

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 01.‘ 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 vyears 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
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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.®5 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 doilars 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.

°¢ Temporary Federal Procurement Regulations, E-149.
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tion for competitively bid systems.

Only sy§tems 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, 50381 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.r 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:
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. 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. .IBM 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.

*% 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 seaction 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.

*® Niskanen, Bureaucracy, p. 8.

84
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5.1 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.

5.1.1 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, élthough
with the Niskanen maximand we would not expect systems oider 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-
gardless 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, IBM systems were used to determine the actual state of
the inventory. The linear model based upon the Migue-Belanger maxi-

mand
Y = -12.4829 + 0.145865X

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 middle 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
.53, 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 Il, 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 substantiaily 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.!®?

129 william A. Niskanen, "Bureaucrats and Politicians" in Journal of
Law & Economics (December, 1975), p. 619.

181 Niskanen, "Bureaucrats and Politicians,” pp. 618-619.

102

Niskanen, "Bureaucrats and Politicians,” p. 621.



98

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 (i. e. the requirement for functional speci-
fications). This inability to Ilimit 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 1865.
(See Chapter 1ll.) 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.??®*

193 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 u{ilities 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 bureau's authorized output. This
thesis contends that the maximization of discretionary budget is the
maximand of the federal bureaucrat evaluating the computer investment

decision.



