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ABSTRACT

In order to provide a framework for developing
general guidelines for managing the computer resource,
computer utilization is viewed as a system of interrelated
activity involving top management, the computer center, and
computer users. The key feature of the framework is the
conceptualization of the computer center/user interface as
the activity sphere out of which computer utilization
arises. Traditional computer center management activities
are placed within the framework, and interface activity is
partitioned into two distinct efforts: system development
and usage administration.

Coordinative mechanisms for integrating interface
activity are then discussed. Management control theory and
formal control mechanisms are surveyed. Budget and price
considerations for controlling computer-related activities
are presented. Finally, the need is shown for two separate
control systems--one for system development and the other
for usage administration.

“The objectives and needs of a control system for
system developnznt are analyzed so that a prescription can
be made. Informal mechanisms (roles and processes) are
emphasized in the prescription; formal mechanisms are dis-
cussed. Similarly, the objectives and needs of a control

X



xi
system for usage administration are analyzed. The general
control prescriptions given for usage administration
emphasize formal control mechanisms such as flexible pricing.

A detailed management control system for usage
administration is then presented. Included are a mathe-
matical formulation of the model, a description of the
solution procedure, and an example problem showing the
control system in operation. Information provided during
the operation of the control system is also discussed.

In order to acquire an understanding of how interface
activity is currently being handled within organizations, a
field study was undertaken. The methodology used and the
findings of the study are discussed. Also included in the
field study were portions directed at (1) finding how
service quality is viewed by computer users and (2) a
determination of which computer resources are most likely to
be included within a flexible pricing system.

Finally, three enhancements are made to the manage-
ment control system for usage administration. First, a
measure of service quality is developed to be incorporated
within the control system. Second, a procedure is discussed
to motivate computer users to provide accurate estimates of
individual job requirements in order that throughput may be
enhanced as a result of a more efficient multiprogrammed job

mix. Third, a means of bringing together the separate
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control systems for system development and usage administra-

tion is presented.



CHAPTER I
INTRODUCTION

The computer has made an irrevocable impact upon
society in general and business in particular. The computer
industry is well on its way to becoming the largest and most
important industry in the world (Jones, 1971, p. 203).
Recently, however, a dissatisfaction with the performance of
the computer has emerged within organizations. Most often
this has concerned the inability to recover the investment
made in computer equipment and personnel: "Recent surveys
on computer installations have produced success ratios from
as low as 20 per cent to as high as 50 per cent" (Axsmith,
1965, p. 341); "From a profit standpoint, our findings
indicate, computer efforts are in real, if often un-
acknowledged trouble. . . . Less and less in evidence . . .
are profitable results" (McKinsey and Company, Inc., 1970,
p. 154). A recent survey of English and U.S. computer
installations showed 70 per cent were suboptimum and barely
cost-effective (Shackel, 1969). Computer performance in
business rated 20 per cent successful, 40 per cent marginal,
and 40 per cent failure (Kriebel, 1971).

It is important to realize that the computer per se
is not faulted--those individuals responsible for managing
the computer are blamed: "Apparently, with computers, un-
like other expensive investments, management is often

1



operating on faith rather than fact" (Axsmith, 1965, p.
342); ". . . there has been little movement by computer
center management to bear upon the administration of
computer services" (Nielsen, 1968, p. 521). A recent survey
indicates technicians, not managers, set goals for computer
use (Diebold, 1969). Another recent study indicates that
management of the computer resource is characterized by
isolation (Porter, 1970). Two-thirds of the annual expendi-
tures (about $6 billion) for rental and operating costs are
poorly managed with large centers being the poorest per-
formers. "Clearly management has written the computer
center off as being outside its managerial techniques, and
have left the center for the technician to manage"
(Schroeder, 1971, p. 17). ". . . the principle cause of
poor information systems is that we have put incompetent or
ineffective people in charge of these systems" (Dearden,
1972, p. 96). The charges against computer center manage-
ment are strong. Obviously, they do not apply across the
board. In many instances,” however, the criticisms probably
are justified.

The "love affair" with the computer has begun to
diminish. Businessmen have recently come to realize that
along with its advantages, the computer does have disad-
vantages.

The growth in computer utilization can be viewed as

a life-cycle by using a "stage" hypothesis recently



advocated. After studying the development of a number of
comput2r installations, Nolan (1973) defined four stages of
development: (1) computer acquisition, (2) intense system
development, (3) a proliferation of controls, and (4) a
user/service orientation.

When a computer system is initially acquired,
organizational members are mixed in their attitudes toward
the computer. Some are enamored, others indifferent, and

still others antagonistic. Usually, however, the indifferent
and hostile individuals are induced (by the individuals
responsible for the investment that has been made in the
computer) to accept and experiment with the computer. What
results is the second stage--applications of all types are
placed upon the computer, often without serious consideration
of why and how impleinentation was achieved.

Inevitably, the capacity of the computer system
becomes saturated. The continual arrival of new applica-
tions leads to larger and expanded computer systems with
accompanying increases in staff and budget. In many
instances, the computer budget has increased as much as 25
per cent a year (Smith, 1973, p. 74). Finally, the point is
reached where the computer budget has become a sizable
portion of the organization's total budget--management now
realizes the extent of the computer investment and the lack
of controls to manage the investment. What results is the

third of Nolan's stages--a sudden proliferation of controls.



A large number of organizations have recently
reached the point where the computer investment has become a
significant segment of their total budget. This is un-
doubtedly a major basis for the criticisms that are
currently being voiced.

A contributing factor was the minor recession that
occurred in 1969-1970 that forced many organizations to
reduce their spending (Ditri, Shaw, and Atkins, 1971, p.
209). It was found that computer costs could be reduced
without disturbing the productivity of the organization to
any great extent. Thus, not only did management become
aware of the investment in computer resources, but manage-
ment realized (1) the computer budget could be trimmed
without dire consequences and (2) it was profitable to
monitor the computer activity on a continuing basis.

It is generally agreed (Garrity, 1963; Ditri et al.,
1971; Jones, 1971) that computer installations have been
preoccupied with technology. There are reasons for this.
When a computer is introduced into an organization, the
capabilities demanded are not usually available within the
organization. Consequently, technical specialists are
brought into the organization to direct the computer effort.

The first twenty years of computer usage have seen a
rapidly changing technology advance through three (and
possibly four) generations of equipment. Only a technically

competent individual could survive such an environment,



especially if the organization desired to be current with
the developing technology. The top technical person was
usually put in charge of the computer center (Jones, 1971,
p. 197). As he was interested in and felt most comfortable
with technical matters, he concentrated most of his attention
on technical matters. The computer installation came to be
supervised, not managed, in many instanées.

| When it was realized that the individual adminis-
tering computer utilization had little management training,
a number of books (Ditri et al., 1971; Szwéda, 1972)
appeared. This material provided "how-to-do-it" heuristics,
but gave no general guidelines directed specifically at the
computer environment (Nolan, 1973, p. 399). The typical

" approach was to treat the computer center as a "business-in-
miniature" to be managed with the techniques and prescrip-
tions developed for the general business environment. The
failure of this approach may be responsible for much oi the
dissatisfaction which has appeared.

It is not desired to appear overly pessimistic.
Organizations do exist that have reached Nolan's fourth
stage of development--a user/service orientation. This
stage is characterized by an organizational design that
effectively "taps" user needs and evaluates the comparative
advantages of computer processing over other alternatives.

It is, however, quite fair to say that the proportion of
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organizations that have reached this stage of development is
quite small.

Given that organizations do exist that are using the
computer effectively, an effort can be made to determine
what differentiates their management from that of the
majority of organizations. Initial research activities can
be expected to comprise a formatiVe period where the
variables exerting a major influence on the management of
the computer resource are identified, the interrelationships
of the variables are determined, and the generality and major
determinants of the variables are assessed (Nolan, 1973, p.
399). The need for developing knowledge leading to computer

management principles is great.

Research Objectives

A framework will be developed which views computer
utilization as a system of interrelated activity involving
top management, the computer center, and computer users.

The most important of these activities will be shown to
occur at the computer center/user interface--the activity
sphere out of which computer usage arises.

The objectives and needs of interface activity will
then be analyzed. Two distinct efforts will be defined--one
concerned with the long-term effectiveness of the computer
effort, the other with short-term effectiveness. Control

systems will then be prescribed for each.
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Finally, the results of a field study undertaken to
determine how interface activity is currently being handled

by organizations will be discussed.

Research Focus

Primary concern is directed at large, in-hcuse
computer installations whose existence is justified on a
cost-effective basis. Computer installations serving
education, research, or other specialized aims are not con-
sidered for their justification is non-economic in many
instances: a university supports instruction and basic
research, a hospital supports patient care, and a government
research agency supports basic research. Also not considered
are computer utilities as they service external rather than
internal customers.

Small computer centers are not considered for a
number of reasons. First, the responsibility of the small
computer center manager is first to control computer utiliza-
tion and then to manage his organization (which normally
includes only two or three other individuals). In large
computer centers, management's responsibility is usually
reversed. Second, the small computer center manager is able
to handle most problems that arise by himself.. Third, the
dollar value of a small center is not very large. Organiza-
tional resources can usually be spent in more productive

ways than controlling computer utilization. Fourth, as the
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computer systems used in small centers are not very complex
(relative to large computer systems), resource utilization
is easily monitored by the manager. Finally, the operating
systems provided with the smaller computer systems do not
provide the hardware or software capabilities needed if
formal control mechanisms are to be used.

Consequently, computing environments of interest are
large, general purpose commercial and government service
centers. A loose definition of a large center is one
possessing a budget of at least S1 million a year and needing
a large staff of operators, programmers, and other support
personnel. Typical computer systems found in such iﬁstal—
lations include the CDC 6000 and 7000 series, the UNIVAC
1100 series, the Burroughs 5000 and 6000 series, and the

IBM 360/50+ and 370 series.



CHAPTER II

A MANAGEMENT FRAMEWORK FOR
COMPUTER UTILIZATION

In response to a stated need (Nolan, 1973) for
developing general principles concerning the management of
the computer resource, a framework with which to view
computer utilization is presented. Interest focuses on the
interactions between the computer center and computer users.
These interactions compose what is termed the computer
center/user interface.

The conceptualization of the computer center/user
interface as the organizational entity enabling an integra-
tion of effort by computer users and the computer center is
the primary aim of this chapter. The real worth of a
computer installation is the result of the coordinated
interactions of the organizational bodies responsible for
the computer effort. If these interactions can be unified
through coordinated mechanisms, then the computer utiliza-
tion that results should enhance organizational accomplish-

ment.

The Computer Center/User Interface

The term "interface" has been adapted from
engineering, where it refers to a well-defined boundary

9



10
between two or more differentiated systems. Closed system
principles break down at the interface. For example, con-
sider fluid mechanics. In the middle of a stream of fluid,
flow behavior is well-behaved. At stream edges, however,
disruptions are invariably observed.

The same phenomenon occurs with respect to organiza-
tions where an interface is defined (Wren, 1967, p. 71) as
the point of contact between relatively autonomous organiza-
tional units which are nevertheless interdependent and
interacting as they seek to achieve common objectives.
System interaction results in the formation of constraints
and contingencies among system components. Organizations
attempt to overcome these constraints and contingencies by
developing linkages to handle the interdependencies that
make up the interface,

These linkages normally take two forms: (1)
voluntary cooperation and self-coordination by the compo-
nents and (2) hierarchical arrangements using formal
authority, policies, and procedures to insure coordination.
Which approach is taken depends upon the degree of system
complexity--a major determinant of which is the correlation
between the goals of the various system components.

In order to develop linkages to coordinate the
interactions between the computer center and computer users,
the goals, requirements, and responsibilities of each will

be examined. In addition, a survey of the research
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pertaining to the computer center/user interface will be

presented.

The Computer Center

Computer center activity derives from the inter-
dependent and sometimes conflicting interests of top manage-
ment, computer users, and computer center personnel. Top
management sets policy directing the total computer effort.
Computer users place demands upon the computer center in
support of their own activities. Computer center personnel
are often motivated to pursue technical activities that
result in peer reéognition rather than organizational
accomplishmeht. Figure 1 shows £he interrelations that
compose the computer center subsystem of the computer
center/user interface. What typically results is a heavy
demand for the resources of the computer center. Computer
center management is then given the responsibility of de-
ploying these resources in an effective and efficient
manner.

Top management determines the scope of the computer
effort and sets overall policy regarding computer utiliza-
tion. For example, the cost of service to users should be
less than it would cost to obtain the same service from an
outside supplier. Or, if only a single user needs an

interactive capability, it might not be cost-effective to
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13
acquire the equipment and the user should purchase time from
a time-sharing utility.

The user community has one overriding demand--that
the computer center be responsive to user requests. Because
computer users tend to perceive service quality as being
related to observable criteria such as turnaround time, the
need exists for satisfactory performance on such criteria.

The computer center itself is a very complex entity.
Computer center management must contend with both mass pro-
duction and job shop operations which include manual, man-
machine, and automated processes. Rigid requirements for
job precedence, fixed schedules, and sharp deadlines must be
met with limited capacity equipment. Operations scheduling
must constantly be improved to minimize staff overtime and
resource overloads. In addition, resource capacities must
allow for crises that inevitably occur.

The maintenance of the proper integration of needs
to effectively coordinate the computer effort requires an
accumulation of information regarding the degree to which th
the various demands made upon the computer center are being
met. Such information includes measures of resource
utilization and service quality as well as the actual cost
of providing computer services,

In summary, the following factors underlying
computer utilization are most critical from the perspective

of the computer center:



14

1. Top management is concerned with insuring the
efficiency of the computer resource.

2. Computer users are concerned with the responsiveness
of the computer center.

3. The computer center is concerned with minimizing
overloads upon the resources for which it is
responsible.

4, Information pertaining to resource utilization, user
satisfaction, and the cost of computer processing is

required in evaluating computer center performance.

The User Community

The community of computer users within an organiza-
tion is becoming increasingly heterogeneous. The early
impetus for installing a computer was to effect cost savings.
Most 6ften, a manual process was automated. As a result,
only a limited number of organizational units required the
use of a computer. The current emphasis, however, finds the
computer supporting management decision making in addition
to processing data. It is unusual today to find an organiza-
tional component that does not in some way make use of a
computer,

Figure 2 shows the subsystem out of which requests
for computer service arise. Demands are placed on organ-
izational units by higher management and customers. These

demands result in assigned tasks, and the tasks evolve into
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information requirements. The information requirements then
dictate the specific requests made upon a computer center.
In order to appreciate the motivation behind service
requests, the tasks to be accomplished by organizational
units will be examined.

A framework for analyzing organizational activity is
provided by Anthony (1965). The tasks assigned to organiza-
tional units are dependent upon the organizational level of
the units. Anthony defines three levels, each with an
assigned responsibility: top management is responsible for
strategic planning, middle management is responsible for
management control, and operating management is responsible
for operational control. The processes necessitated by
these activities are best explained with Anthony's own
definitions:

Strategic planning is the process of deciding

on objectives of the organization, on changes in
these objectives, on the resources used to attain
these objectives, and on the policies that are to

govern the acquisition, use, and disposition of
these resources (p. 16).

Management control is the process by which
managers assure that resources are obtained and
used effectively in the accomplishment of the
organization's objectives (p. 17).

Operational control is the process of assuring
that specific tasks are carried out effectively
and efficiently (p. 18).

Organizational activity results in two types of computer
support: (1) the automation of operating and decision

processes and (2) the provision of information for decision
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making. As is shown in Table 1, both types of computer
support are present at all three of the management levels

defined by Anthony.

Table 1. Typical Management Applications

Information Automated
System System

Top New product Warehouse
Management planning location
Middle Budget PERT/COST
Management analysis
Operating Cash Order
Management management entry

Information is the raw material provided in both
data processing (automated systems) and management informa-
tion systems. Generally, data processing supports program—
mable decision making and management information systems
support nonprogrammable decision making. A programmable
decision is one understood well enough to allow a straight-
forward solution. Thus, the information requirements that
result in computer utilization are dependent upon the

location and type of decisions being made.
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Information has value only when its presence results
in an increase in the pay-off received from improved
decision making. Pay-off is determined by comparing the
cost of an action with the actual return. All costs
associated with the provision of information should be
considered when determining pay-off. Computer usage is
justified only when the benefits of improved information are
greater than the costs of obtaining the information.

Thé usefulness of informafion is dependent upon its
relevance. Information that is relevant identifies and
otherwise supports necessary managerial action. Better
decision making should result if the uncertainty that per-
vades organizational life can be reduced. Table 2 shows
how four possible criteria of relevance--reliability, under-
standing, significance, and sufficiency--differ over the
three management levels. Information that is very useful

to an operating manager, and vice versa. Consequently, the

value of information (and hence, the justification for
obtaining information) usually can best be determined by the
individual who will be using the information.
Dissatisfaction with the quality of service being
provided often arises because the information is not
relevant to the decision being supported or is not syn-
chronous with the decision process. The cause may lie with
the computer center (scheduling problems, operator error,

machine error, etc.) or the computer user (incomplete need
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Table 2., Relative Information Criteria

Top Middle Operating

Management Management Management
Reliability Forecasts ~——=—- Estimates ~--- Exactness
Under— Qualitative —————mcmmm e Quantitative
standability External —---—-—meemmm e Internal
Significance Less current ————cmecmmmmm - Current
Sufficiency Summary —e—e——e—-—- Exception ---- Detail

Intermittent ———--—mommmm e - Frequent

specification, inappropriate usage, etc.). Regardless of
the cause, the result is misutilization of the computer
resource,

A number of reference points are available to the
computer user enabling an assessment of the quality of
service being received. These include cost, turnaround
time, and the number of job reruns. Such surrogate measures
of service quality, however, differ in their meaning to
computer users. The specific requirements of each user
will determine acceptable limits for performance measures.

In summary, the major factors underlying computer
utilization from the perspective of the computer users are:

l. The goals of computer users relate to the
accomplishment of organizational tasks assigned

to them.,
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2. Differences in organizational responsibilities
result in heterogeneous information requirements.

3. Computer users value computer services according to
the usefulness of the information received.

4. The value of information usually is best determined
by the individual who is to make use of the infor-
mation.

5. The cost, turnaround time, and rerunning of computer
applications are easily perceived measures of

service quality.

Survey of Applicable Research

There has been little research undertaken concerning
the computer center/user interface. Much of the reseaech
that has been done has been directed at the user communities
of university computer centers. However, because such work
does have general importance it will be reported.

A study by McKinsey and Company, Inc. (1970) found
that 80% of all data processing costs involve production
programs, while the remaining 20% involve programs in
various stages of development. A study by Garrett (1965)
showed that development work leveled off at between 30-40%
of the total workload. The difference in the two studies is
explained in that the Garrett study conceraed an aerospace
company while the McKinsey study was over a variety of

industries. One would expect to find the dynamic
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environment of aerospace to result in a higher percentage
of development work.

These studies show that a large portion of the
computer workload involves production programs--computer
applications currently servicing user needs. As production
programs tend to be neglected after implementation, the
running and reviewing of such jobs would benefit from some
form of control.

Bell, Boehm, and Watson (1972) upon analyzing the
workload at the Rand Corporation found that less than 5% of
the jobs used more than 30% of the computer resources.

Rosin (1965) investigated the workload on the
University of Michigan computer and found three distinct
classes of users. Walter and Wallace (1967) then made use
of Rosin's data to predict workloads to aid in scheduling
computer operations.

Hunt, Diehr, and Garnatz (1971) tested a hypothesis
that more than one class of user made up the University of
Washington user community. They found that two classes of
users did exist, and they found two factors--cpu time and
the length of the input stream--which discriminated between
the two classes. A control mechanism based on these factors
would motivate the two user groups in quite different ways.

Finally, an extensive analysis of the computer
workload at Harvard University by Austin (1971) led him to

identify six classes of jobs, each possessing distinct
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service requirements. Austin's findings support (1) the
finding that a small portion of the user community uses a
large portion of the computer resources and (2) the hypothe-
sis that the user community is composed of a number of user
groups, each possessing distinct needs and usage patterns.

The research reported does provide insight to the
management of the computer resource. Control mechanisms
used to integrate the computer effort may not affect the
user community in a singular fashion. Reactions to the
controls will reflect the needs of each class of user., A
segment of the user community, however, may be located which
uses a large portion of the computer resources. By directing
control mechanisms at this class of users, it may be possible

to improve computer utilization.

Management of the Computer Resource

The computer center/user interface has been intro-
duced as the set of interactions out of which computer
utilization arises. Effective computer utilization will
best occur where a viable and integrated partnership rela-
tionship develops between the computer center and computer
users. Therefore, management of the computer resource pre-
dominantly involves the coordination of interface activity.

The organizational interrelations that derive from
computer utilization are viewed from a systems perspective.

Anthony's three levels of management are incorporated into
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the formulation. Traditional activities associated with
computer center management are then placed within the frame-
work developed. Finally, the importance of the management

control activities is shown.

A Systems Perspective

An organization, or a subgroup within an organiza-
tion, exists within an environment. Inputs are received
from the environment and outputs are returned. If the
organization could easily adjust to the constraints and
contingencies imposed by the environment, there would be
little need for managerial (as differentiated from super-
visory) effort. This, however, is usually not the case.
Factors both external and internal to the organization cause
overload (or underload) conditions at transfer points
between the organization and its environment.

It is management's responsibility to (1) minimize
the effect of any disruptions of organizational purpose and,
even more significant, (2) define and articulate organiza-
tional purpose through time. This responsibility is carried
out by manipulating organizational resources to achieve
results in accord with stated objectives.

The.predominant function of an internal computer
center is to process and transform information for organ-
izational use. This role as a service center can not be

overemphasized. Certain elements within the computer
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center (e.g., system programmers) do make use of computer
resources. Such usage should almost invariably be traceable
to a need originating outside the computer center.

Regardless of the form of the service being pro-
vided, the demand for service mostly originates from and is
justified by the productive, or quasi-productive (staff),
elements of the organization. The application mix generated
by these service requests initially determines the internal
environment of the computer center: conmputer system
complexity, transaction volumes, size of the technical
staff, etc. Over time, however, the internal configuration
of the computer center will affect the profile of applica-
tions that can effectively be placed on the computer system.
Thus, the organizational direction of the computer effort
derives from sources both internal and external to the
computer center.

Figure 3 depicts the computer center embedded within
its immediate environment. Each of the three components
shown possesses quite different orientations with respect to
computer utilization. It is by interrelating these orienta-
tions that an accurate percepfion of computer utilization
can be attained.

Top management is responsible for directing the
computer effort in a manner that assures a positive contri-
bution from the computer investment. Functions that.emanate

from this responsibility include establishing the size and
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TOP
MANAGEMENT
objectives: education
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Figure 3.

Computer Utilization Environment
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scope of the computer center, setting priorities for the use
of computer resources, and monitoring the assigned responsi-
bilities composing the total computer effort.

Computer users are responsible for economically
justifying computer utilization. The computer should be
used only when it is advantageous to do so. Alternative
means of task accomplishment must be compared with computer
processing.

The responsibilities ot the computer center derive
from the responsibilities of the computer users and top
management. The computer center must provide a quality
product at a reasonable price as well as emphasize co-
operative and responsive service.

The traditional decomposition of the management
process into the separate functions of planning, organizing,
directing, and controlling is not appropriate for the
systems orientation which has been adopted. A framework is
available, however, that does provide a proper perspective
for viewing the management of the computer resource:
Anthony's (1965) classification of the managerial activities
into the processes of strategic planning, management control,
and operational control.

Policies and goals established in the strategic
planning activity are used to determine the capabilities
offered to computer users and the internal configuration of

the computer center. These policies and goals are in turn
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affected by information received concerning user and
computer center operating requirements. In most cases, it
is the management control activity that transmits and
filters the information that flows between organizational
components. Management control thus plays a pivotal role
in coordinating the activities that result in computer
utilization.

Traditional Computer Center
Management Activities

In order to better show how the activities involved
with managing the computer resource can be placed within
Anthony's classification, some of the activitiesvtradition-
ally associated with computer center management (Jones,
1971) will be discussed.

Computer operations refers to the actual processing

of user service requests. Involved are data preparation,
operations scheduling, and the transmission of completed
products to the appropriate individuals. This is an
operational control activity.

Financial planning involves two functions: ‘resource

procurement and return-on-investment analysis. Both of
these functions are concerned with the long run performance
of the computer center. Although hardware procurement has
been the primary concern of procurement, current trends
(triggered by IBM's unbundling of its products) indicate an

increased effort to procure system and application software.
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These activities can be considered as strategic planning
acitivi«ies.

System maintenance is a responsibility of computer

operations to monitor the hardware and software components
of the computer system. Hardware maintenance is normally
provided through the vendor. Software maintenance, however,
is more complex., Software modifications can derive from
three sources-~vendors, users, and system programmers

within the computer center. As this activity is a responsi-
bility of computer operations, it is an operational control
activity.

System development involves the analysis, design,

programming, and implementation of software. Effective
interaction between the computer center and computer users
is needed if successful implementations are to result. This
is a management'control activity.

Software documentation refers to the provision of

formal (written) controls concerning application specifica-~
tions, modifications, and operating instructions. This is a
management control activity.

System resource accounting involves the monitoring

of computer system resources for planning and control
purposes. This is a management control activity.

User assistance includes the education of the user

community, some of the activities associated with system

development, and the determination of user requirements
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(current and future) .and user satisfaction. This is a
management control activity.

User administration is the human interface between

the user community and all control systems installed by the
computer center that affect the user. This is a management
control activity.

Long range planning refers to the determination of

the size and scope of the computer effort: what services
should be offered and what technical capabilities should be
acquired. This is a strategic planning activity.

Personnel management concerns career management for

computer center personnel. As this activity is internal to
the computer center, it is considered an operational control
activity.

System security insures that hardware, software, and

data files are protected from danger or destruction. This
activity is within the responcibility of computer operations
and 1s considered an operational control activity.

As is shown in Table 3, two of the traditional
computer center management activities are considered
strat=gic planning activities, five are management control
activities, and four are operational control activities.
(These classifications were made by the author.) The five
management control activities account for most of the inter-

actions at the computer center/user interface. It is the
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Table 3. Placement of Computer Center Management Activities

into Anthony's Framework

Financial Planning

Long Range Planning

Software Development
Software Documentation
User Assistance

User Administration

System Resource Accounting

Computer Operations
System Maintenance
Personnel Management

System Security

Strategic Planning

Management Control

Operational Control
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contention here that if these activities are coordinated,

then effective computer utilization should result.

The Management Control Activities

The five management control activities concern them-
selves with the singular objective of coordinating the
interaction between the computer center and the computer
users. This objective possesses long-term and short-term
dimensions. Consequently, two distinct efforts are
defined:

l. System development--assuring the long-term effec-

tiveness of the computer effort, i.e., control of
the activities that arise in making computer
applications operational; and

2. Usage administrations--assuring the short-term

effectiveness of the computer effort, i.e., control

of the utilization of existing computer resources.
If control systems can be designed to coordinate the
activities involved with these two efforts, the effect will
embrace all aspects of an organization's computer effort.

Designing such mechanisms, however, is not easily
accomplished. The computer center/user interface is con-
tinually changing. As computer applications are added or
dropped, additional relations between interface elements

emerge and established relations are modified. Previously
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deéigned interface linkages must adapt to the new relation-
ships.

As computer usage grows in complexity, the form of
interface adaptation becomes increasingly important.
Kriebel (1971, p. 12) states that in achieving compatibility
at the interface, technology either (1) adapts the system to
fit the user or (2) seeks to change user behavior to better
match system capabilities. In the past, the second alterna-
tive has predominated. In the future, however, interface
linkages must incorporate behavioral parameters in their
design which reflect organizational associations, leadership
styles, and management abilities. Mechanisms used to co-
ordinate interface activity must recognize and build upon
the contributions of both the computer center and the
computer user. Both must be motivated to work together if

effective computer utilization is to be attained.



CHAPTER III

COMPUTER CENTER/USER INTERFACE
COORDINATION

The previous chapter developed a framework to be
used in deriving guidelines for managing the computer re-
source. The key feature of the framework is the concep-
tualization of the computer center/user interface as the
activity sphere out of which computer utilization arises.
Because of differences in goal perceptions of interface
components, interface activity must be coordinated if the
computer is to be used effectively.

This chapter discusses means of coordinating inter-
face activity. Management control theory will be reviewed
in order that control systems suited for the computer
center/user interface can be prescribed. Control mechanisms
will also be discussed. Finally, it will be shown that two
separate control .systems are required to achieve interface

coordination.

Management Control

It is the function of control to see that organiza-
tional plans are properly met. Control mechanisms involve
restrictions on individual or group action as well as
rewards for behavior exceeding expectations. Which type of

33
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mechanism predominates in a given situation depends on the
tasks being performed and the individuals being controlleé.

Control mechanisms take many forms, the structure of
which can lie anywhere on a continuum from the mechanistic
to the organic (Tannenbaum, 1968). A mechanistic control
system is characterized by hierarchical structures and
precise definitions of rights and obligations. Subunits are
viewed as individual entities pursuing individual interests.
Performance criteria are devised so that subunits operating
satisfactorily within their individual domains are per-
forming in the best interest of the entire organization.

The organic approach is marked by a much higher degree of
interaction between subunits. Subunits are structured as
overlapping organizational families in order to better
utilize individual capabilities and to foster idendification
with the organization.

The structural alternatives within control models
can also be described in a mathematical sense (Carrol and
Zannetos, 1967)., Reflexive models employ fixed parameters
which are not‘modified and in which self-adaptation does not
occur, Parametrically adaptive models are fixed with
respect to variables, parameters, and relationships but
parameter values are changed as a function of experience.
Inductive models can be modified in both structure and
composition. Figure 4 shows these three types of models

within the mechanistic/organic continuum,
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mechanistic ¥ { organic

reflexive parametrically inductive
adaptive

Figure 4. Control Structures

The decision as to which control structure to employ
depends upon the activity being controlled. If subunit
activities can be considered independent of one another,
control then becomes the means of assuring subunit effi-
ciency and a mechanistic structure prevails. If the co-
ordination of interdependent subunit activity is an over-
riding concern, control then insures the collective contri-
butions of the subunits and an organic structure prevails.

Thompson (1967) defines three levels of subunit
interdependence (pooled, serial, and reciprocal) and
provides a coordination mechanism (standardization, plans,
and mutual adjustment) to handle each. The levels of
interdependence are characterized by increasing degrees of
contingency and require increasingly complex control

procedures.
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Thompson's conceptualization was tested by Baumler
(1971). 1In situations of minimal interdependence, a
mechanistic approach improved perfbrmance. In situations of
intensive interdependence, a mechanistic approach decreased
performance by adding to the perceived difficulties partici-
pants experienced in attempting to work together.

Regardless of the control structure utilized, a
major function of a management control system is to create
an atmosphere appropriate for control. Coordinated activity
between diversely oriented individuals arises only if the
individuals are willing to cooperate. This concept is aptly
described, although in a different context, by Leavitt:

"No matter how much power a changer may possess, no matter
how 'superior' he may be, it is the changee who controls the
final change decision" (Stedry, 1960, p. 12). Thus, the
manner in which individuals are motivated to conform to the
control system is a major force behind management control.

The critical components of a management control
system are (1) the formal (budgeting and pricing) mechanisms
employed to allocate resources and (2) the informal atti-
tudes and reactions evoked by the formal mechanisms. Figure
5 shows the formal interactions that occur. (Central
Control is the name given to the organizational body
responsible for the design and maintenance of the control
system.) The interdependence of the budget and price

mechanisms can not be overlooked. The appropriateness of
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Figure 5. Formal Management Control System

budget rules depends upon the pricing rules employed, and

vice versa. Budget and price mechanisms are discussed in

the following two sections of this chapter.

Although Figure 5 gives only the formal interactions,
the informal interactions must complement the formal system
if coordination is to result. The design of a management
control system primarily concerns specification of the
formal system. However, the formal system usually estab-
lishes the superstructure of the informal system. If the
formal system is well designed, the informal relations that
arise will generally enhance the overall effectiveness of

the formal system (McFarlan, Nolan, and Norton, 1973).

Budget Mechanisms
Budget theory can be viewed from a number of per-

spectives: accounting, behavioral, sociological, economic,
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etc. Each school of thought has added to the total sum of
knowledge (which still remains incomplete) regarding
budgetary control. The review that follows emphasizes a
behavioral point of view,

Budgetary control is achieved by linking together
the goals and constraints of each subunit contributing to
overall organization performance. Budgets can improve
performance. An experiment by Mock (1973) resulted in those
participants having access to budget information performing
significantly better than those who did not have such
information.

Budgetary control enables higher performance by
providing a dual mechanism: a plan indicating future
requirements and standards for assessing performance. lThe
aim is to produce, rather than predict, performance by
challenging and stimulating participants to greater efforts.,

Budgetary control arises mainly through feedback
response. Two types of information are provided: score-
card information and attention-directing information.
Score~card information induces participants to formulate
plans of their own, whereas attention-directing information
facilitates the search for causes of deviations from pre-
scribed plans.

As budgets rely heavily on a feedback type of
control, the value of a budget system depehds upon its

success as a motivating device. Compliance derives not from
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statements of budget goals from from the budgeted indi-
viduals themselves (Stedry, 1960). Much of the effort
associated with designing budget systems concerns instilling
the proper motivation within participants to attain budget
objectives. Forces do exist in people that allow for such
motivation. There is fairly convincing evidence that human
beings are negative feedback, or homeostatic, machines
(Dunbar, 1971). If an individual accepts a goal his
homeostatic nature will lead him to attain, or attempt to
attain, the goal.

Many control systems defeat themselves by creating
feelings of confusion, frustration, suspicion, and
hostility. These control systems may'not motivate effec-
tively because they fail to consider the broad spectrum of
needs and desires of the participants (Argyris, 1953
Caplan, 1966).

It is impossible for an individual to meet a goal
if he is not provided with the capability to do so. A
linkage between the budget and the individual being con-
trolled is provided when a feeling of budget identification
and responsibility arises within the individual (Dunbar,
1970). Budget considerations that bring about such feelings
include the reward structure, the degree of goal difficulty,
and the degree of subordinate participation in goal setting.

When monetary inducements were included in the ‘

experiment by Mock, a longer decision effort and higher
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performance resulted. Although monetary incentives are of
prime importance, other extrinsic rewards affecting the
personal, social, or organizational status of the sub-
ordinate can be included within the reward structure.

Research by Herzberg (1966) has shown that intrinsic
rewards, such as a sense of personal achievement, may be
perceived eqﬁal to or greater than extrinsic rewards.
Responsibility can arise from both external and internal
sources. This is not to imply that extrinsic rewards can
be ignored, but only that human beings are complex in their
behavior.

Goal difficulty motivates an individual through the
introduction of stress--the degree of which is measured by
the difference between actual and aspired goals. Consider-
able laboratory research has been conducted by Stedry (1960)
investigating the relationships between goals, aspiration
levels, and performance.

General conclusions derived from Stedry's experiments
indicate that stress up to a certain point is desirable,

The discrepancy between actual and aspired goals should be
just short of where discouragement sets in. If the budget
is met, aspiration levels will rise and the goal can be
raised resulting in possible performance increases in the
future. If the budget is barely missed, the level of
aspiration should not change and the goal should remain the

same resulting in acceptable performance. If, however, the
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discrepancy 1is too large and the goal was missed by a large
amount, both aspiration level and future performance will
decline.

Subsequent experimentation (Stedry and Kay, 1966:
Stedry, 1967) conducted to verify Stedry's original experi-
ments have proven inconnlusive, Increased performance does
not always accompany increases in stress: although diffi-
cult goals result in the highest performance, they also
produce more variable performance. In addition, in con-
nection with difficult goals, a negative relation was found
between performance and age that does not arise for easy or
moderate goal difficulty (Stedry, 1967).

It is generally believed that the major factor
leading to a participant identifying with budget goals (and
hence feeling responsible for attaining them) is the degree
of participation in determining budget levels. Goal
acceptance is dependent upon the ego involvement of the
individual being controlled. Increased performance, however,
does not always accompany subordinate participation in goal
determination. Only certain individuals perform well under
participation. Individuals who are independent or dis-
inclined toward authority consistently perform better under
participation; others do not (Dunbar, 1971). Performance is
also dependent upon the attitudes of the subordinates toward
the organization and the degree of cohesiveness between

subordinates (Becker and Green, 1962).
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Structural characteristics also affect the motiva-
tional impact of a budget. A few of these factors will now
be discussed.

Budgets may be used to allocate a number of resources
or a single resource (Smidt, 1968b). If subordinates can
satisfy all their needs from a single budget, the budget is
termed "hard." The general operating budget of an organiza-
tion is an example of a hard budget. If the budget is used
solely to allocate one type of resource (e.g., computer
resources), it is termed a "soft" budget. Whether a hard or
soft budget is used will influence the degree to which sub-
ordinates compare alternative means of task accomplishment.

Budgets can also be restricted or unrestricted.
Restricted budgets impose specific constraints, such as the
inability to acquire more than a certain amount of an item,
on selected subordinates. Unrestricted budgets can be
exhausted in whatever manner subordinates desire.

A budget may be perishable--that is, budget funds
are expended by both usage and time. A perishable budget
motivates subordinates to prorate the budget throughout the
entire length of the budget period.

Budget funds may or may not be transferable between
subordinates. Increased subordinate discretion and co- |
operation between subordinates may result.

Subordinates may or may not be allowed to revise

their budgets. Budget revisions enable participants to
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adjust to environmental changes; however, they also provide
a way of reducing the amount of stress present in a budget.

Finally, the length of the budget period is impor-
tant. A long budget period degrades control as the sub-
ordinate is actually not constrained until the end of the
budget period. If effective control is to arise, the budget
period should be as short as possible. There are, however,
other considerations. Short periods do not conform to the
planning horizons of most organizational units. In addition,
budget administration requires organizational resources.
Short budget periods increase the number of budgets to be

prepared, and the costs involved can become excessive.

Price Mechanisms

A pricing system transmits information among con-
sumers, from consumers to producers, and among producers in
order that goods and services can be distributed in the
most efficient manner. In a properly functioning market,
the individual who obtains the good is the individual
placing the greatest value on the good (assuming an equi-
table distribution of income). Prices accomplish resource
allocation by conveying information to individuals, who then
are able to adjust their actions to those of other indi-
viduals desiring similar resources.

Not only does a pricing system establish a priority

among individuals, but it also establishes a priority of
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wants. The individual willing to pay the highest price for
a resource will more often than not be the one whose re-
source needs derive from the highest-valued activity. Given
self-interest and the fact that decentralization of decision
making usually requires less information than centraliza-
tion, then price mechanisms are an effective means of
motivating decision makers to choose sources of action that
contribute to overall organizational objectives (March and
Simon, 1958).

Pricing systems possess certain limitations. As
the prime value of prices lies in their information content,
decision makers must be able to relate prices to allocation
decisions. Unstable decision environments preclude the use
of prices as effective prices cannot be determined. Inter-
dependence among decision activities brings about price
determinations that result in non-optimal decisions for the
organization as a whole (Whinston, 1964). 1In addition, the
inclusion of additional variables (in the form of prices)
into the decision sphere may add to instead of simplify the
complexity of the decision process. The limitations inherent
in prices, however, do not preclude their use in most
situations (Arrow, 1964).

Pricing mechanisms are either "cost-based" or
"demand-based." Cost-based schemes are derived from the
cost factors of the existing production technology. Their

purpose is to motivate decision makers whose task is to
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produce an independently determined output at least cost.
Demand-based schemes are derived by determining demand and
supply patterns that lead to optimal system performance.
Their purpose is to opt;mize with respect to the level of
output as well as the cost of securing the output.

Cost-based prices may take a variety of forms:
actual costs, variable costs, or standard costs are a few
examples. Demand-based prices attempt to reflect the demand
and supply relationships of a "true" market situation. When
the market place is constrained to the internal environment
of an organization, true market prices are inappropriate.
Prices then tend to either be negotiated through "arms-
length" bargaining or represent what are called transfer
prices.

Transfer pricing attempts to secure a best set of
operations for each subunit as well as for the entire organ-
ization. This is accomplished by deriving resource prices
optimal for the overall organization and compatible with the
efficiency of each subunit. Whinston (1964) provides a more
than adequate discussion of the usage, derivation, and
problems associated with transfer pricing.

It has not been established that it is possible to
arrive at an optimal set of transfer prices, Most deriva-
tions assume independent and well-defined subunit activities
and objective functions. It is not apparent that the in-

adequacies of such assumptions can be overcome (Whinston,



46
1964, p. 443). Events that flow from the decisions of each
decision maker affect the space of possible decisions of
other decision makers. Price guides become no longer
sufficient to guide decision makers in making correct
decisions on their own accounts much less in terms of
organization-wide goals and constraints. Whinston feels
one solution is to employ mixed control systems, where
prices are but one of a number of mechanisms employed to
motivate decision makers.

Management Control of the Computer
Center/User Interface

Historically, control systems implemented to co-
ordinate computer utilization have favored the computer
center at the expense of the computer users. In addition,
many decisions regarding computer utilization are made by
computer center managements in an ad hoc fashion using
priorities and schedules (Whisler, 1970). Because responsi-
bility for computer utilization does not lie with the
computer center alone, a greater participation by all
interface components in decision making would be beneficial.
Specifically, a substantial amount of this decision making
responsibility should be shifted to the computer user--the
organizational member in the best position to evaluate the
worth of computer processing.

The remainder of this chapter discusses general

requirements of control systems for coordinating computer
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utilization. Budget and price mechanisms are considered,
and two research studies concerning computer center control
systems are mentioned. Finally, the need for two separate

control systems is shown.

Budget Considerations

If the funds to be used in purchasing computer re-
sources are provided through a soft budget, the prerogatives
of the computer users are reduced. The Central Control
authority decides to some extent "who will use what." If
there is excess capacity and demand is to be encouraged, a
soft budget will provide such motivation as the computer
resources become essentially free. If demand is excessive,
a soft budget acts as a rationing device,

If the budget is to be used in deciding which re-
sources (computer or otherwise) should be used in task
accomplishment, a hard budget should be employed. As
computer resources then derive from the general operating
budget, the funds spent on computer resources reduce the
funds available for non-computer resources. The use of a
hard budget often presents the user with the additional
alternative of obtaining his computer services from an out-
side supplier. It is not clear whether or not users should
be allowed to make use of an external source of computer
services. If more cost-effective usage is had by going

outside, it would seem this is to be preferred. However,
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the costs of an internal service center include fixed over-
head that remains when users employ an outside service
center. As this overhead burdens the organization, the
cost-effective advantage of external servicing may disappear.
In addition, much of an organization's information is of a
confidential nature and should not leave the organization.

Computer budgets may be restricted or unrestricted.
Table 4 defines the four types of budgets possible by making
use of the hard-versus-soft and restricted-versus-

unrestricted dimensions.

Table 4. Computer Budget Classifications

Hard Soft
Restricted Expended on any Expended solely on
resources, with computer resources,
restrictions on with restrictions

computer usage

Unrestricted Expended on any Expended solely on
resource as computer resources
desired as desired
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Computer budgets are stated in monetary terms and in
computer capacity measures such as "machine units." The use
of resource capacity measures provides computer specialists
with an easily comprehended measure of computer utilization.
However, if the control system is to be oriented toward the
user community, the budget should be stated in terms
familiar to the computer users. A financially oriented
budget satisfies this requirement.

Finally, the "tightness" of the budget is important.
If users can easily revise their budget allocations, much
of the force behind a budget is lost. On the other hand, if
the budget is strictly sustained, a user who could make
effective use of the computer may not because he has
exhausted his budget. Not only does the organization lose
the potential gain from the computer usage, but some re-
sources may lie idle that could have been utilized at little

cost to the organization.

Price Considerations

Price systems have two functions with respect to the
computer center/user interface: cost recovery and resource
allocation. By providing information concerning the cost of
computer services, pricing mechanisms (1) instill in current
and potential users an awareness of the costs of computer
processing and (2) provide a basis for evaluating computer

center cost efficiency. By providing information about
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resource utilization, a pricing mechanism (1) encourages
users to adopt more effective usage habits and (2) furnishes
the users with a basis for evaluating the quality of service
being received.

In effect, a pricing system does shift computer
usage decision making to the user. The degree of the shift
depends upon the manner in which the pricing system is
administered and where responsibility for administering the
pricing system is placed.

Pricing systems also possess disadvantages. Users
tend to satisfy their own needs without considering those of
other users. The implementation and operation of a pricing
system requires resources that could otherwise be equpded
for productive purposes. Finally, situations may develop
where certain resources are under-utilized although users
desire but cannot afford to use them.

Three schemes are generally employed to distribute
computer costs to users: indirect costing, direct costing,
and flexible pricing. Indirect costing refers to the in-
clusion of computer services into the overhead expenses of
the organization. Direct costing refers to the determina-
tion of actual or standard costs of providing computer
services. Flexible pricing refers to a rationing mechanism
which has recently appeared in the literature (Nielsen,
1968: Smidt, 1968a; Singer, Kanter, and Moore, 1968;

Nielsen, 1970).



51

Indirect costs are often allocated in an arbitrary
fashion that does not reflect actual usage. As users do not
pay in accordance with their actual usage, the computer may
be seen as a free good and inappropriately substituted for
resources perceived to be more valuable., What often arises
is a perpetual saturation of the computer and an over-
investment in resources. There is no way to gauge the real
demand for computer resources. However, as indirect costing
is extremely easy to administer and is political in nature,
some computer centers employ it as the basis of a control
system for computer utilization.

Under direct costing, users pay the actual cost of
resource usage. Standard costs can be used to eliminate
variances, and a profit margin is often included. Direct
costs are fairly easy to administer and are usually pro-
portional to demand. As a 5esult, direct costing is by far
the most prevalent pricing system. It is possible, however,
for inefficient operations to go undetected when a direct
cost pricing system is used. If cost recovery is guaranteed,
it will be difficult to ascertain the true efficiency of
current operations. In addition, direct costs can encourage
the misutilization of resources. The more a given resource
is used the less it costs on a per unit basis. Thus, al-
though it may be desired to shift users from a heavily used

resource to a relatively unused resource, the low cost of
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the heavily used resource and the high cost of the lightly
used resource will provide the opposite motivation.

Flexible pricing is a form of pricing where rates
are set so as to govern usage rather than to reflect the
cost of providing services. The primary advantage of
flexible prices is that they have been shown to improve the
utilization of resources and to increase user satisfaction
(Nielsen, 1968: Lehman, 1973). Flexible prices, however, do
not provide for cost recovery and presently are difficult to
derive and administer relative to indirect or direct costing
systems.

Research on Computer Center
Control Systems

Edgars (1973) and Heitger (1972) have found that two
control mechanisms are typically used within management
control systems employed at computer centers. These are an
EDP steering committee (a formal group representing top
management, computer center management, and computer users
whose role is to regulate the services being provided and to
set overall policy) and some form of charging system.

In his survey of municipal computer installations,
Edgars (1973, pp. 18, 25) found that 41% employ an EDP
steering committee and 54% use a charging system. If only
large municipalities are considered, the percentages in-

crease to 47% and 88%, respectively.
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Heitger (1972, pp. 97-98) surveyed eleven companies
possessing centralized computer facilities. All fourteen of
the installations visited (some companies had more than one
computer installation) were found to use both an EDP
steering committee and a charging system. In every case,

a form of direct costing was used: standard costs were used
at six installations and actual costs were used at the re-
maining eight installations. At most of the installations,
the charging system was designed and administered by the
installation management. Top management did not take much
interest in the charging system, and the only user influence
was from complaints.

Heitger (1972, p. 119) concluded that the charging
systems being employed were not effectively meeting their
aims. Reasons for the ineffectiveness included corporate
EDP objectives not being clearly stated, political factors
being allowed to predominate, objectives of the charging
system not being stated, and no criteria being developed

for evaluating the charging system.

Prescription for Dual Control Systems

In the previous chapter, the activities that compose
the computer center/user interface were partitioned into
two distinct efforts: system development and usage
administration. System development is associated with the

long-term effectiveness of the computer effort and includes
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activities such as user education and application design,
programming, documentation, and implementation. Usage
administration is concerned with the short-term effective-
ness of the computer effort and emphasizes a more efficient
utilization of existing computer resources,

A major difference in system development and usage
administration lies in the degree of interdependence among
interface components. A successful system development
effort requires a high degree of cooperation between
computer users and computer specialists. It is possible,
on the other hand, for usage administration tc he effectively
handled even if interface components are treated as quasi-
independent bodies acting in their own self-interest.

As the degree of interdependence is higher for
system development than for usage administration, the
control system to be prescribed for system development is of
a more organic nature. Both control systems will employ
formal and informal control mechanisms, but the informal
predominate in system development and the formal predominate
in usage administration. The formal budget and price
mechanisms suggested for use are given in Table 5.

That two separate control systems be used is a
radical and--compared to current practice--expensive sug-
gestion. Current control procedures, however, are in-
effectual chiefly because they attempt to control quite

different activities with a single control system. It is
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Table 5. Proposed Management Control Mechanisms

System Usage
Development Administration
Budget
System Hard Soft
Price Direct Flexible
System Costs Prices

the contention here that this can not be effectively
accomplished. Organizational members will tend to manip-
ulate the control system to favor one activity over the
other. These manipulations add bias and noise until the
information content of the control system loses much of its
decision making value.

In summary, the activities that compose the computer
center/user interface can be partitioned into two distincﬁ
efforts, where the chief difference between efforts is the
degree of interdependence among interface components. As
interdependence is a critical factor in the design of a
management control system, it is unlikely that a single
control system can coordinate interface activity as
effectively as two. Consequently, two separate control

systems will be prescribed.



CHAPTER 1V

CONTROL OF SYSTEM DEVELOPMENT

In the previous chapter, the need to design separate
control systems for system development and usage administra-
tion was shown. This chapter undertakes a discussion of a
control system for system development.

The activities composing the system development
effort and the factors most critical to their success will
be presented. A management control system designed specif-
ically for system development will then be prescribed. Both
formal and informal control mechanisms will be included with

emphasis placed on the informal.

System Development

The system development effort refers to those
activities resulting in operational computer applications.
Included are (1) education of top management, computer users,
and computer specialists: (2) analysis of user requirements;
(3) evaluation of both operational and potential applica-
tions: and (4) the specification, design, programming, and
implementation of applications. Two major objectives direct
these activities: assuring the cost-effective usage of
computer resources and maintaining a service orientation
within the computer center.

56
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The cost associated with computer processing should
be known when comparing computer processing with alternative
means of task accomplishment. Decisions need to be made
concerning which applications to implement and how to best
satisfy user requirements upon implementation. A few of
the more important criteria are that (1) more profitable
applications be considered before less desirable ventures,
(2) implemented applications failing to reach minimal
profitability levels be detected as soon as possible, (3)
cost estimates be accurate enough so errors in estimation
will not alter implementation decisions, (4) identified
tangible benefits be realized when anticipated, and (5) in-
tangible benefits be monitored with respect to their profit
effects (Axsmith, 1965).

Accurate cost information will not, by itself,
assure the effective utilization of the computer. Computer
applications combine hardware, software, personnel, and
procedures to accomplish specified tasks. The key element
is task specification. Regardless of how well the technical
aspects of computer processing are accomplished, the true
value of an application depends on the identification and
solution of real problems.

The computer user must identify areas that may be
susceptible to computer processing and describe them to
computer specialists. Computer specialists, then, evaluate

the appropriateness of computer processing and develop
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solutions that meet user requirements. If users are
expected to locate potential applications, they must be
provided with the capability to relate the computer to their
own activities; and if computer specialists are to be of aid
to the user once a problem has been defined, they must be
provided with an understanding of the user and his tasks.

Effective system development requires a continual
exchange of ideas between the computer users and the
computer center. Such cooperation does not spontaneocusly
arise, but develops from a gradual building of mutual trust
and respect. A control system designed to coordinate the
system development effort must establish an environment
conducive to such relationships.

A study to acquire an understanding of how coopera-
tion between users and computer specialists emerges was
undertaken by Dickson and Powers (1973). Twenty successful
computer projects were analyzed to find the factors most
critical to project success,

Four factors were found sighificantly related to
project success: (1) the ratio of actual costs to budgeted
costs, (2) the ratio of actual development time to estimated
development time, (3) the degree of user satisfaction with
the final product, and (4) the impact of the project upon
computer operations. The most critical factor was the

degree of user satisfaction.
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An interesting finding was that only six of the
"successful" projects were delivereq on time and only two
‘were delivered within budget. Although eleven of the
projects were under formal control, it was stated that cost
and time estimates were poor in general--this may have been
a contributing factor. However, it is just as likely that
the basis of project success included factors other than
cost and time., The organizations participating in the study
were not asked to defend their classification of a project
as being successful,

Dickson and Powers (1973) concluded that (1) user
involvement and responsibility is most important, (2) user
confidence is enhanced if a single individual has a grasp of
the entire project, and (3) negative control schemes are
dysfunctional. (Negative control schemes emphasize penalties
rather than rewards.) It was recommended (p. 412) that the
development effort take explicit account of the user's
learning process in his own decision situation.

The finding that negative control schemes are dys-
functional supports contentions in the literature (Thompson,
1967; Baumler, 1971) that interdependent activities can not
be effectively coordinated with formal control mechanisms.
System development involves activities of intensive inter-
dependence among individuals possessing dissimilar skills

and interests (Turney, 1972). As developed in the previous



60
chapter, a management control system of an informal nature
is required.

The management control system offered to coordinate
the system development effort will be presented in two
parts: first the informal mechanisms and then the formal
mechanisms. Emphasis is placed on the development of in-
formal relations to unite the efforts of computer users and

computer specialists.

Management Control of System Development

Informal Mechanisms

A structure consisting of four roles and the pro-
cesses that bind them together will be presented. Three of
the roles are standard: an EDP steering committee, the
computer user, and the computer specialist. A fourth role,
that of the project leader, is introduced as the main
control device assuring coordination of the system develop-
ment effort.

The EDP steering committee should be composed of
those organizational members who collectively have suffi-
cient control of organizational resources to commit them in
certain directions and withhold them from others. Individ-
uals likely to be included on the EDP steering committee
would be representatives of top management, computer center
management, and the heads of the more influential user

departments. The EDP steering committee is given the
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responsibility of determining the amount and kind of
services to be provided and to set overall policy guiding
the computer effort.

Computer users refer to those organizational members
requesting computer services. Specific individuals are
selected from the user department to aid in the development
effort. This may be a group of people or a single person.
One member is designated as the leader of the user develop-
ment team--he will be referred to as the user manager. The
user manager is given responsibility for project success.

Computer specialists can be assigned to projects in
a number of ways. The analysts and programmers may be con-
sidered as belonging to a resource pool from which bodies
are drawn indiscriminately as needed. This alternative is
the least attractive as it becomes difficult to establish |
effective working relations between computer users and
computer specialists. A second approach is to partition the
computer specialists by internal function (analysis, design,
programming, maintenance, etc.) and then treat each parti-
tion as a resource pool from which to draw personnel. Al-
though better use is made of the specific skills of computer
specialists, this approach still fails to develop the proper
relations between computer users and computer specia;ists.

A third alternative is to partition the computer specialists
by the external functions of the user community. Depending

upon an individual's capabilities, he may be assigned to a
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single user area or a number of areas. Specific assignments
are of a long-term nature. This alternative should result
in more effective relations between computer users and
computer specialists.

The project leader is given the task of coalligning
the conflicting orientations of computer users and computer
specialists. The user contends with an uncertain environ-
ment, underdefined problems, and fluctuating requirements.
The computer specialist, on the other hand, desires to work
within well-defined and stable environments. In directing
computer users and computer specialists toward a unified
system development effort, the project leader pursues three
distinct activities: educator, diagnostician, and expediter.

Not only should the user be given an appreciation of
how the computer can be of aid, but the computer specialist
should acquire an understanding of the problems confronting
the user. The educational responsibilities of the project
leader may be discharged through formal training programs,
informal seminars, and the creation of an atmosphere where
interaction between computer users and computer specialists
is the norm rather than an event that occurs solely when
required.

When a user detects a potential need for computer
services, the project leader aids the user in problem
identification and definition. Often a user is unable to

express his precise needs and can only infer his
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requirements. The project leader must grasp the felt need
of the user, relate this need to his own knowledge of
computer technology, and derive with the user an initial
project specification.

Once a projeét has been accepted for implementation,
the project leader acts as the liaison between the user and
the computer specialists. He must keep development pro-
ceeding at an acceptable pace and reduce the impact of dis-
ruptions. The project leader is given the responsibility
for project development. He is not given the responsibility
for project identification, justification, or success--these
remain with the user.

The project leader should not hold allegiance to the
computer center or any computer users. To do so would bias
the direction he provides. A project leader should maintain
an organizational perspective. Thus, authority should flow
directly from the EDP steering committee to the project
leader.

The development process consists of five stages that
involve major and minor contributions from the roles defined
above. The stages are problem diagnosis, project evaluation,
project development, project implementation, and project
review,

Problem diagnosis involves as major participants a
user manager and a project leader. Both user group members

and computer specialists are used in supportive roles to
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provide information. Decisions are made as to (1) whether
a problem actually exists, (2) whether a solution is
possible, (3) what the approximate costs of alternate solu-
tions would be, and (4) whether computer services will be
requested. The final product of this initial stage is a
problem statement and feasibility study to present to the
EDP steering committee.

Project evaluation involves as major participant the
EDP steering committee and in supporting roles the project
leader and the user manager. Based on the information
generated during problem definition, the EDP steering com-
mittee makes one of three decisons: (1) accept the proposal,
(2) reject the proposal, or (3) state there is insufficient
information upon which to base a decison--enlarge upon prob-
lem diagnosis. The decision made should reflect the contri-
bution of the project toward organizational goals and the
availability of the resources required by the project. Upon
acceptance of a project, the EDP steering committee allocates
those resources felt necessary for the successful completion
of the project.

Project development involves as major participants
the project leader, computer specialists assigned to the
project, and other individuals (such as consultants) who
substantially contribute to the development effort. The
same individuals translate the initial project specification

into a detailed system design and program the system. Most
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participants will work on small modules of the system being
developed, but the project leader should have a complete
grasp of the entire project. Supportive roles may be played
by user group members whose particular skills or insights
are required. The resultant product should meet the re-
quirements of the user and the constraints imposed by the
EDP steering committee.

Proper implementation has as major participants the
project leader, the user manager, and those members of the
user group whose activities are to be affected. Supportive
roles may be played by computer specialists in orienting
user group members in the use of the implemented system.
The implementation should be planned to allow visible
benefits to accrue throughout the implementation period.
This provides immediate "payback" and reassures both the
user and the EDP steering committee if and when bottlenecks
occur.

Project review involves as major participants the
EDP steering committee, the project leader, and the user
manager. Although project review is given as.the final
stage of the development process, it actually occurs
periodically throughout the development period. Cost/
benefit estimates are updated to more accurately reflect a
project's potential. The concept of a "sunk cost" ﬁust be
appreciated. If it appears that a project's benefits will

not exceed its costs, a fresh decision should be made
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regarding continuing development or implementation. After a
project has been implemented, reviews are necessary to
assure profitable operations and to determine when changes
are needed. In addition to the periodic reviews, upon
project implementation a major review should be undertaken
which includes an evaluation of the entire development

effort and a final cost/benefit analysis.

Formal Machanisms

Formal mechanisms are introduced to support two
activities: cost/benefit analysis and performance measure-
ment. If a formal control system is derived that sustains
the informal relationships developed through role and
process assignments, the organizational members responsible
for computer utilization should be further motivated to
integrate their efforts.

Computer users are evaluated on their ability to
select those areas within their task environments best
suited for computer processing. Given a requirement, the
user should be able to compare alternative means of task
accomplishment.

Computer specialists are evaluated on their ability
to provide cost-effective computer services to the organiza-
tion. Once the decison has been made to implement an

application, the computer specialist should be able to
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compare alternative means of satisfying the computer-based
needs of the user community.

Top management (by way of the EDP steering com-
mittee) is evaluated on the overall contribution of the
computer investment toward accomplishing organizational
goals. Given a felt need of a user, top management should
be able to evaluate each request as to its effect on other
investment opportunities (computer-based or not) and overall
organizational performance.

A general measure of organizational performance is
the return-on-investment (ROI) achieved from resource usage.
Simply stated, ROI measures the degree to which benefits
exceed costs. As quite dissimilar activities and objectives
can be reduced to an ROI criterion, this measure of per-
formance is adaptable to most organizational members and
situations.

If the computer resource is to be evaluated from an
ROI perspective, it can not be treated differently than
other resources. Investments in computer resources should
be comparable to non-computer investments. Thus, funding
for computer applications should derive from the same source
as funding for other investments--the general budget alloca-
tions made to organizational units. This type of computer
budget is termed a hard budget (Smidt, 1968b).

In order to arrive at an ROI evaluation, the actual

costs associated with resource utilization should be known.
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This is not as easy a task as in earlier computer genera-
tions. Then only one job at a time was on the computer
system. Today, however, large computer centers possess
multiprogramming or time-sharing computer systems in which
multiple jobs make concurrent use of computer resources.

The problems associated with measuring and
accounting for resource usage in a "shared-resource"
environment are well covered in the literature (Nielsen,
1968: Diamond and Selwyn, 1968; Swoyer and Armstrong, 1969
Kreitzberg and Webb, 1972: Wiorkowski and Wiorkowski, 1973).
A costing system developed by Rettus and Smith (1972) in-
volving a cost-center configuration, standard rates for
computer center components, and resource utilization
measures appears to possess all desired properties.

Difficulties do arise when a hard budget and actual
costs are used to control the system development effort.
New users may become discouraged and refrain from using the
computer even when it is in the best interest of the user
and the organization that the computer be used.

The new computer user incurs a fairly large initial
cost before visible benefits are observed. Not only must
the user learn how to make use of the computer, but the
computer specialists assigned to work with the user must
develop an understanding of his problems and needs. Addi-
tionally, the length of time required for system development

is normally quite long. Large costs with little immediate
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return negatively impact the user's current budget and
performance measures. Thus, strictly enforced hard
budgeting and actual costing discourage that individual--
the new user--whose usage of the computer is most desired
by the organization.

Other difficulties are also present. Each new
assignment given a computer specialist is a learning expe-
rience for him. The cost of providing this "training"
should not be totally absorbed by the user for whom the
specialist is currently working. Also, many development
efforts requested by a specific user are made use of at
later times by other users. Allowances should be made for
such circumstances.

The difficulties that have been mentioned mostly
concern performance measurement. They do not affect cost/
benefit analysis as long as time is explicitly considered
in each analysis. It is possible, however, to handle both
performance measurement and cost/benefit analysis adequately
with a single control system. Both activities require the
generation of the same information--organizational budgets
and resource costs. What differs is the manner in which the
information is used.

Assume that mechanisms have been implemented that
generate organizational budgets and-resource costs. This

information as it exists can be used for cost/benefit

analysis. As performance measurement relates to specific
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time increments, the information generated by the control
system must be modified to account for the differing time
horizons of computer applications. Computer resource usage
associated with operational applications should be charged.
in full against operating budgets in deriving performance
measures. Development work, however, should be charged for
.only in part. The portion of the development costs to be
recovered in a given time period should reflect the nature
of the project (its generality, the skills and resources
needed, etc.) and the time sequence of anticipated returns.
Allocation rules will necessarily vary to best accommodate

the particular requirements of each organization.

Summagz

The management control system presented is intended
to provide a framework out of which an integrated system
development effort can arise, A control structure is pro-
vided as a means of fostering cooperative behavior between
computer users and computer specialists, and formal control
mechanisms are suggested as a means of reinforcing the
structural precepts.

The management control system is not strictly
defined. It is intentionally left in a quasi-defined state
to emphasize the need for an organic control system--one
based on informal rather than formél mechanisms. The major

obstacle in system development is the inability of computer
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users and computer specialists to communciate with one
another. The control system presented is specifically
directed at enhancing communication, and hence cooperation,

between computer users and computer specialists.



CHAPTER V
CONTROL OF USAGE ADMINISTRATION

In an earlier chapter, the need to design separate
control systems for system development and usage administra-
tion was shown. The previous chapter prescribed a control
system for system development. This chapter undertakes a
discussion of what is required of a control system for
usage administration.

The objectives and needs of usage administration
will be discussed. Then, a general prescription for
controlling usage administration will be presented. (A
detailed prescription is given in the following chapter.)
The main control mechanism to be used is a price and budget

system out of which computer resource usage derives.

Usage Administration

Usage administration is directed at improving the
efficiency by which existing computer resources are utilized.
Perspective is on the individual job. The objective is to
arrive aé that job mix which minimizes the dissatisfaction
of all organizational members affected by computer utiliza-
tion.

A computer installation normally possesses limited
resources with which to respond to service requests (Nielsen,

72
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1970, p. 467). Although unintentional, computer users
rarely consider hqw their resource usage decisions affect
others. When computer resources are scarce, usade by one
individual imposes costs (in the form of reduced service
quality) upon the other users.

A significant increase in the effective capabilities
of existing resourcesg can be obtained by inculcating good
usage practices in the user community. Good habits are
those that reduce imbalances in resource usage. If desir-
able service alternatives and the means to acquire these
alternatives are provided, user satisfaction should increase
along with computer system efficiency.

Computer resources are valued by their scarcity and
the availability of alternatives. Both computer users and
computer center personnel must develop an appreciation for
how each decision made affects overall computer utilization.
The services requested by users should be appropriate for
the task at hand. An effective computer center provides
those services desired by users. In the short run the
computer center operates within resource constraints imposed
by top management. However, as top management is influenced
by performance results and user satisfaction, the manner in
which computer users are serviced ultimately determines the
kind and amount of resources provided.

As developed in an earlier chapter, the computer

user is in the best organizational position to justify
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resource usage decisions. Thus, a management control system
for usage administration should provide the user with the
necessary information and motivation. As each user usually
acts as an independent entity, a formal control system will
suffice. If the proper control mechanisms are devised, the
management control system should suggest (sometimes strongly]
courses of action and develop a sense of self-control on the
part of the user community.

A formal control system will at best coordinate
activity most of the time. Situations arise where the
formal mechanisms do not bring about mutually satisfying
results. In such circumstances, informal relationships
developed among computer users and computer center personnel

must be relied upon.

Management Control of Usage Administration

The formal control mechanism prescribed to coordinate
usage administration is a pricing system with tight budgefary
constraints. Usage administration is not concerned with
assuring cost-effective usage of computer resources, but
with assuring the efficient usage of computer resources. A
rationing device, such as a flexible pricing system, is
desired. The use of a pricing system is further enhanced by
the unsatisfactory nature of alternatives (Singer et al.,

1968, p. 498).
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Prices accomplish resource allocation bv ctheying
information to individuals who are then able to adjust their
activities to those of other individuals desiring similar
resources. For example, consider two computer users
desiring the same resource when only one user at a time can
be serviced. If the "price" of the resource is gradually
raised, a point usually will be reached where only one
request for the resource remains. The users will by them-
selves have (1) decided the relative values of their tasks
and the resource in question and (2) produced a service
ordering that maximizes the value of computer processing for
the organization. (This example assumes an equitable
budget. )

A flexible pricing system can increase the value of
a computer facility in three ways: (1) the utilization of
existing resources can improve, (2) user satisfaction with
the available resources can increase, and (3) computer
center management can be freed from much of the responsi-
bility for resource allocation.

Improved utilization results from giving service
preference to that user whose need is most valuable to the
organization (refer to example given above) and from
manipulating resources prices to encourage or discourage
user behavior. By establishing a pricing structure offering
different levels of service, a user can weigh service value

and select that set of resources that best meets his
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requirements. In addition, the provision of lower levels of
service at lower prices substantially eliminates enforced
idle time of computer resources because of an insufficiency
of funds within the user community.

A flexible pricing system also provides information
reflecting shifts in user demand for computer services.
User requirements vary in response to changes in their task
environments and in their perceptions of the quality of
service received. Only by detecting such shifts can the
computer center provide those services most desired by the
user community.

Shifts in user requirements appear as changes in
resource usage. As usage dwindles the price of a resource
should be reduced--the cost imposed by an additional user
will normally be low. If the price drops a considerable
amount, it indicates that there is an overcapacity or that
users are dissatisfied (or possibly some unusual circum-
stance). The opposite is true if the price rises a sig-
nificant amount. The pricing system prescribed is not a
cost recovery device. The capital cost of a resource will
be disregarded in setting its price in order that price can
fall below cost and the proper information about demand can
be determined.

Finally, by shifting responsibility for resource
allocation to the user community, a flexible pricing system

effectively reduces the human resources expended in the
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allocation of computer resources. Resource allocation is
given to the organizational members best able to compare
alternative means of task accomplishment--the computer
users. The time and effort of computer center management
can thus be freed for more productive assignments.

If resource allocation is not handled explicitly
with formal mechanisms, it will be handled implicitly with
arbitrary procedures. Typical approaches are a first-come
first-served rule, where delay in turnaround time acts as
the implicit mechanism, and administrative favoritism.
Arbitrary procedures are often determined in practice by
those individuals least qualified to make the decisions

(Nielsen, 1970, p. 468).

Price Considerations

A flexible pricing system should satisfy both
computer users and computer center.management. Computer
users desire a pricing system that accurately reflects
resource usage and provides information relevant to the
decisions that must be made. Computer center management
desires a pricing system that accurately monitors usage,
does affect user demand, and is relatively inexpensive to
administer. These requirements can be condensed into three
concerns: (1) the selection of the resources to be priced,
(2) the measurement of their usage, and (3) the degree of

fluctuation in resource prices.
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Resource utilization is not necessarily enhanced as
more resources are monitored and priced. Organizational
resources are expended in the operation of a pricing systenm,
and the more resources that are priced the higher is the
operating cost. Whenever a control mechanism requires
excessive amounts of organizational resources, it could be
inferior to a less comprehensive procedure that employs
fewer resources. Additionally, if pricing procedures require
too much effort by the user or are not pertinent to the
decisions the user must make, the user will tend to ignore
the pricing systen.

The prime motivation behind the pricing system is to
influence usage. The user must be able to relate the re-
sources being priced to his own computational needs and
possess some degree of control over these resources. If
the user does not understand the service capabilities of the
resources being priced, it is impossible for him to detect
inefficient or inappropriate usage. If the user perceives
little control over a resource, he will not be able to
respond to changes in the price of the resource.

Another factor to consider in selecting which re-
sources to price is the difficulty of monitoring a resource.
Computer resources are not equally monitorable. As a
general rule, as the complexity of the computer system in-
creases, the degree of difficulty in monitoring resources

also increases. Problems become especially acute in
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"shared-resource" environments such as multiprogramming,
multiprocessing, and time-sharing.

The problems encountered in monitoring resources in
complex computer systems, as well as techniques for handling
the problems, are discussed in the literature (Nielsen,
1968; Diamond and Selwyn, 1968:; Rettus and Smith, 1972;
Kreitzberg and Webb, 1972: Wiorkowski and Wiorkowski, 1973).
A recent idea (Hamlet, 1973) may reduce the difficulty. The
suggestion is to disregard the sharing of resources and
consider each job as being the sole user of the resources it
employs even though it may be sharing these resources., What
results are repeatable measures of usage that (1) do not
leave resource usage to chance or (2) favor those users who
have learned to take advantage of the monitoring system and
pass a portion of their resource usage to other users.

Under this approach, overall resource usage is inflated.
Because of this inflation, the suggestion may be unaccept-
able. A flexible pricing system, however, is a rationing
device and is not intended for cost-recovery. In this
instance, the virtues of disregarding resource sharing may
outweigh any negative aspects.

The degree of price fluctuation is important for two
reasons. First, the cost of implementing and administering
a flexible pricing system will increase as the interval
between price revisions is reduced. Second, computer users

require stability in price schedules if they are to make



80
effective decisions. A trade-off must be made between price
stability (for decision making and cost considerations) and
price fluctuation (to reflect current demand more
accurately).

The qualities desired in a pricing system will be
summarized. As small a set of resources as possible should
be selected. The resources selected should be those which
the user has substantial control over, are easily monitored,
and taken together account for a significant portion of user
demand. Price fluctuation should be adjusted to correspond
with the process being controlled--human decision making--
while maintaining an adequate representation of actual

demand.

Budget Considerations

Performance is best improved through a budget if the
individual is constrained by the budget. Usage administra-
tion is directed at spreading demand over all available
resources; consequently, users are induced to compare
alternative means of satisfying their computer-based needs.
Thus, a soft budget (one from which only computer resources
derive) is desired within a management control system for
usage administration.

Initial underallocation seems advisable as the
portion of the budget held in reserve can then accommodate

changes in usage patterns of the user community. It is
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important, however, that the underallocation does not
frustrate the users and lead them to ignore the control
system.

To accomplish effective allocation, the budget
should be unrestricted. Users possessing funds can then
acquire any resources desired. This is an underlying basis
of a decentralized control system. Instances do arise,
however, when the control system does not regulate usage of
a particular resource effectively. In such cases, restric-
tions may be placed upon certain users constraining their
access to the resource in question. Just allowing for the
imposition of such restrictions motivates users to forego
usage that may be locally advantageous but disruptive to
overall performance.

The budget can be stated in dollar terms or in some
form of resource measurement such as "machine units." A
dollar-based budget enables users to make the necessary
trade-off decisions within a conceptual framework they use
in their normal activities. However, as the flexible prices
may be confused with the actual costs of computer processing,
it may be best to employ a measure of resource usage other
than dollars.

On balance, a short budget period seems advisable.
Individuals are not constrained by a budget until they "see"
the end of the budget period approach. As most‘organiza-

tional control mechanisms conform to an annual basis, it is
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likely the computer budget will be allocated yearly. If
this is the case, the budget period should be segmented into
shorter control periods. In addition to motivating users to
make use of the pricing mechanism throughout the budget
period, short control periods provide a flexibility to
adjust budget allocations to shifts in resource demands.

Staggered control periods will allow for the in-~
evitable end-of-period rush to expend funds. If the user
community is composed of individuals at the beginning,
middle, and end of their respective control periods, a
smoother demand for resources should result.

To prevent excess demand and price inflation late
in the budget year, the yearly budget should be perishable.
That is, it should decrease with both usage and time., All
remnant allocations at the close of a control period should
not be retained and added to the next control period's
allocation. It would seem, however, that to not allow any
spillage into or borrowing from future control periods adds
undue problems for users contending with uncertain environ-
ments. Some limited amount of over- or under-utilization
within the control periods should be allowed. In addition,
it may be desirable to allow users to borrow funds from one
another to a limited extent. This should not bias total
demand and would promote cooperation between users.

A user who has exhausted his budget allotment for a

control period should not be denied access to the computer
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for the remainder of the control period. This would be dis-
ruptive of on~going projects and might lead to resources
lying idle that otherwise could be productively used. A low
level of service should be established for those users who
have exhausted their budgets. Jobs submitted under this
service level would gain access to computer resources only
when no higher priority jobs contended for the same re-
sources.

Making budget allocations at the level in the
organization where decisions to use the computer originate
will foster the control of the individuals actually making
resource usage decisions. Correspondingly, budget informa-
tion should be readily accessible by all computer users.

Finally, the budget should be strictly enforced in
order to promote price~based decisions and efficient usage
of computer resources. The rules relating to budget util-
ization should be rigorously enforced if the control system
is to attain its stated objectives.

In summary, the budget for usage administration
should be’soft, unrestricted, perishable, and segmented into
short, staggered, and strictly enforced control periods. Ip
addition, the computer user must be provided with a means of
readily assessing the current state of his budget allocation
and a means of utilizing computer resources on a restricted
basis after having exhausted his budget allocation for a

control period.
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Experience with Pricing Systems

In a 1965 dissertation, Scherr (Nickerson, 1969)
noted that the effect of placing scheduling priorities on
large jobs was to reduce the average program size by one-
third in a space of three months. His conclusion (which
leads directly to flexible pricing) was that the user, in
trying to '"beat" the system, will tend to conform to the
image of what the designer of the scheduling program con-
siders to be the ideal user.

Sutherland (1968) devised a bidding system to allo-
cate segments of time on a serial processing computer system
at Harvard. A currency was allocated daily with which users
bid for access to the computer for the following day. The
highest bid for a time slot obtained access. Allocations
of the bidding currency reflected the relative value of the
various projects requiring computer services. As utiliza-
tion and user satisfaction were high, it was felt the
bidding procedure was successful.

Selwyn (Diamond and Selwyn, 1968) implemented a
pricing scheme for allocating computer resources at MIT's
Project MAC. Initially, users were given restrictive
allocations of processor time and mass storage space. Once
a user exhausted his allocation of a particular resource, he
no longer cnuld access the resource for the remainder of the
budget period. A pricing scheme was then implemented to

motivate users to trade-off among resources. Each user
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received a montly allocation of "points" with which to
purchase processor time and storage space. Prices were
established for levels of service and users could spend
their "points" as desired. Once a user exhausted his
allocation of "points'" he was denied access to the computer.
The findings of the experiment included (1) users did trade
among computer resources in an attempt to maximize their
individual preferences, (2) it was possible to influence
user behavior by manipulating prices, and (3) some form of
control in addition to prices was needed.

Nielsen (1968, 1970) discusses the considerable
effort exerted at Stanford to gain an understanding of
pricing systems. Interest was kindled after a $1/month/tape
nominal charge resulted in the release of more than one-
third of what were previously called "essential" tapes
(1968, p. 529). Pricing schedules offering multiple levels
of service for central processor time and high-speed printing
were installed at two Stanford computer facilities. Users
became well versed with the pricing systems and made appro-
priate use of them. Premium rates restricted the submission
of long jobs for daytime running and markedly reduced job
turnaround time. When backlogs did occur, users were happy
to have the capability of ébtaining superior service by
using higher, though more expensive, priorities.

A priority pricing system implemented on the

University of Rochester computer system (Swoyer and
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Armstrong, 1972) has resulted in a more efficient utiliza-
tion of the computer and a large reduction in turnaround
time. In addition, charges to users for a given workload
were reduced an estimated 35% (p. 4).

Lehman (1973) provides a detailed description of a
pricing system conceived to achieve increasingly effective
usage of the computer installation at the IBM Research
Division Laboratory at Yorktown Heights. A secondary
objective of the control system was the fair distribution
of resources among the user community based on usage pri-
orities set by management. It was felt the control system
materially assisted in the detection of inefficient usage,
generated an awareness of the value and scarcity of computer
resources, forced management to evaluate the value of
various computing activities, and proved itself as a tool
for learning how to use a charging system as a self-

regulating control mechanism.

Conclusion

Flexible pricing systems have proven to be an
effective means of increasing the capabilities of a computer
installation. Computer users are motivated to utilize
computer resources in an efficient manner and the computer
center is able to make better decisions regarding the

quantities of resources to provide.
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Such control systems are not free. Expenditures of
organizational and computer resources are required in
implementation and operation. The available evidence
(Nielsen, 1968, p. 530; Singer et al., 1968, p. 497;
Heterick, 1971, p. 14), however, indicates the cost of

operating a pricing system given the capability to monitor

resources is of the order of one per cent of the total cost
of the computer system. This cost should be recovered
through a greater utilization of the existing resources.

One difficulty does persist in the development and
operation of a flexible pricing system. Most implementa-
tions arrive at pricing schedules through ad hoc procedures.
The lack of analytic techniques results in the pricing
system being administered through the intuitive, and often
arbitrary, abilities of those responsible for the control
system. In most instances, the responsible individuals have
been researchers, not operating managers. Flexible pricing
systems might have more impact outside of the research
environment if more objective methods were developed for

determining pricing schedules.



CHAPTER VI

ALLOCATION OF COMPUTER RESOURCES THROUGH
FLEXIBLE PRICINGI
The previous chapter discussed the general require-
ments of a control system for usage administration. This
chapter describes in detail a management control system to

be used to coordinate usage administration activity.

Introduction

Wirt (1971) has suggested a heuristic approach to
arrive at a set of optimal prices (optimal in the sense of
inducing the most efficient allocation of resources). He
develops a demand model sensitive to both price and service
quality by combining stochastic approximation and simulation.
In his paper, Wirt states there are’no promising analytic
techniques for arriving at a pricing schedule.

The model presented here does provide an analytic
technique for determining a flexible pricing schedule. 1In
addition, control procedures underlying thé price deter-
mination mechanism provide additional information to aid in

the allocation of computer resources.

1. This chapter is essentially based on Shaftel and
Zmud (1973).

88
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Model Statement

There exists a computer center providing computa-
tional services within an organization. A set of g re-
sources, some or all of which are limited in supply relative
to demand, are selected to be monitored and priced. It is
important to note that these resources involve the time and
space utilization of computer system resources including
abstract factors such as priority or measures of service
quality. (For instance, they might include cpu time, lines
of print, quality of printing, plotters, etc.) The central
control authority assigns each resource an a priori weight
that reflects its relative contribution to the overall per-
formance of the computer center. The total usage of each
resource, k, during a budget period is limited by techno-
logical restrictions, Rk' inherent in the operating charac-
teristics of the resource. In addition, certain users may
be given individual resource usage limits, Rik' at the
discretion of the central control authority. The budget
period is partitioned into m control periods; correspond-
ingly, the overall computer budget is sub-allocated to con-
form with the control periods. This sub-allocation may be
uniform or it may reflect seasonal trends inherent in the
budget period. For each control period j a budget, Bj' is
specified with which users purchase computer services, and

each user i accounts for a share, Bi of this budget. 1In

jl

addition, an allowable range is given for these control
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period budgets. By using a range it is hoped that resource
usage patterns will result from each user being price
sensitive and yet not force the expenditure of a more or
less than practical amount in any one control period.

Within these resource and budget constraints, users can
spend their budgets as desired. The set of prices, ij, for
resource usage is specified at the beginning of each control
period j and remains constant throughout the control period.
User requirements, Djz, for each class of substitutable
resources are estimated prior to the beginning of each
control period. If a certain resource has no substitutes, it
forms a class by itself. Given such estimates of demand,
the objective is to find prices for each succeeding period
which will maximize the total utilization of weighted re-
sources while distributing demand among substitutable re-
sources.
The notation and terminology used in the model will

be:

xijk = amount of resource k used in control period j
by user i

W, = weight assigned to resource k

ij = price of a unit of resource k during control
period j

Bj = total budget for control period j

Bij = user i's share of the total budget for control

period j
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within a

Rjk

R 5k

control

control period

control period

period j
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maximum percentage of overexpenditure allowed

maximum percentage of underexpenditure allowed

amount of resource k available in control period j

= amount of resource k available to user i in

Djz = demand by all users for £th substitutable resource

resource
Gk = maximum
to total
resource
Vi = minimum

to total

resource

Using th

control period u

maximize

such that

class in control period j

allowable ratio of resource k usage
usage of the substitutable class of
k is a member

allowable ratio of resource k usage
usage of the substitutable class of

k is a member

is notation, the model can be stated
as:
z by W, X.
ieI kek Xk “iuk
% > P . x. < (1+9,)B
ieI  keK uk“iuk — 1" u
% P kX1 uk > (1-a2)B
iel kek 4k 14 u
Z P . x. < (14a,)B., for all i€l
k €K uk“iuk - 1 "iu

L P . x, > (1-a,.)B. for all iecl
K eK uk“iuk — 2" 7iu

relative

which

relative

which

for

(1)
(2)
(3)
(4)

(s5)



92

Zox, < R, for all k€K (6)
i€l iuk — uk
< .
X;uk S Ryyx for some i€l and keK (7)
L L ox,.. <D, for all feL (8)
i€l keQy u
Xk = Gk Lz X; g FOr all keK (9)
iel iel geQ, !
s.t.
(keQ,)
z xX. > v 2 z X.
jer iuk — <k oo qeq, iug for all ke¢K (10)
s.t.
(keQ,)
L ox, = £ (P and local constraints,
ielI iuk k uq

for all q€Q, s.t. keQ,)

for all keK (11)
X. > for all ieI and keK (12)
iuk —
where

I = {all users} = (1,...,n)

J = {all control periods} = (1,...,m)

K = {all resources} = (1,...,9g)

L = {all substitutable resource classes} = (1,...,h)

Q, = {the £th class of substitutable resources].

The objective function (1) is designed to achieve a
maximized utilization of a weighted set of resources given a
level of demand for those resources. Constraints (2), (3),
(4), and (5) reflect budgetary constraints for all users and

for each individual user. Constraint (6) denotes the total
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availability of each resource. Constraint (7) can be placed
upon specific users thus limiting their use of selected
resources. Constraint (8) indicates limits on total demand
by users for a given type of service. Without this con-
straint a solution might be arrived at which was beyond the
actual needs of the user community. Constraints (9) and (10)
express any desire on the part of the central control
authority to smooth the usage between substitutable re-
sources, For example, it may be desired to induce users to
utilize less cpu time during the day and more at night or on
weekends, or it may be desired to induce users to use
secondary storage devices as well as main core storage for
executing programs. Constraint (11) indicates that the
quantity of a resource to be purchased by a user is a
function of the price of that resource, the prices of sub-
stitutable resources, and any peculiar constraints that may
affect the user. Constraint (12) is, of course, the non-
negativity constraint.

Due to the unknown nature of constraint (11) and the
nonlinear nature of (2) through (5) the model, as is, would
be difficult to solve. An approach will be offered that
does allow an analytical derivation of the flexible pricing
schedule. By accumulating information about (and period-~
ically revising the form of) constraint (11), the model is

solved with a two-step solution technique.
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Model Solution

Due to the periodic nature of the problem, the solu-
tion process used will iteratively generate a pricing
schedule for each control period. The most appropriate
global usage pattern for each control period will be deter-
mined first. The "global usage pattern" refers to the re-
source usage of the user community taken together, This
determination should reflect (through the weights assigned
to each resource and the smoothing constraints) overall
organizational goals. The desired usage patterns will then
be used in conjunction with empirically derived price-
quantity relationships to calculate the pricing schedule
for the current control period. This process is visualized
in Figure 6.

Step 1: Determine the Most Appropriate
Global Usage Pattern

This part of the solution procedure is concerned
with solving the original model excluding constraint (11)
and using some assumed price level (this will be discussed
in detail later). As experience is gained with the manage-
ment control system, the following constraint may be added

to the portion of the problem solved in Step 1:

X,

<(> i
ik <(z) T,, for some icl and keK (11+)

k

where Tik is a linear or linear approximation of a (lower

or upper) bound on the usage of resource k by user i.
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Step 1.
Determine the

Estimate demand appropriate global

for period j + 1 usage pattern for this

period (using assumed
N\

prices).
Desired quantities
y
Step 2.
Modify Use price quantity
) prire- | relations to determine
quantity price schedule for this
relations. period.

Price Schedule

Users use these
prices in
generating

actual demands.

Actual usage

A

Figure 6. Solution Cycle for Subperiod j of the Budget
Period
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Constraint (11') differs from constraint (7) in that it
derives from the working environment of the individual user
and is not arbitrarily imposed by the central control
authority. Such constraints should naturally arise and
become known to the user over time. As such constraints are
independent of price, they are included in this step of the
solution procedure,

Because of the relationships between the local and
global constraints, this model falls into the category of
problems solved efficiently by decomposition techniques.

An excellent discussion of these techniques is given by
Geoffrion (1970).

Step 2: Use Price-Quantity Relationships

to Determine Flexible Prices

Constraint (11) of the original model is in general
a nonlinear relationship between the price of a resource and
the quantity of that resource purchased by individual users.
The associations determining constraint (1l1l) are generally
unknown to the organization and probably even to the user,
so that estimates of this relationship must be used.
Fortunately, the framework of this model provides, over
time, a means of collecting a great deal of price-quantity
information to be used in estimating constraint (11)., If
pre-implementation data are available, a fairly accurate
estimate can be attained within a relatively short time,

The functional relation underlying these estimates will be
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dependent on the characteristics of each particular computer
installation. A possible form of this relation is the
multiplicative function. In the example of the control
system in operation given in Appendix A, such a demand

function was used:

qu
Z X. . = C n P.
per P T K g 39

k

exponential constants. This calculation may or may not be

where C, is a constant for resource K and the qu are

simple. In the example given in Appendix A the logarithms of
the demand functions are linear and provide for a straight-
forward solution. Search techniques would have to be

devised for more complex cases.

Step 1 of the solution process provides the optimal
usage patterns of the user community. Empirical data
(actual demand by the user community in preceding control
periods and the pricing schedules that led to the demand)
are then used to generate the "current" estimate of the
price-quantity relationships for the user community in
total. Given the optimum demand quantities and the
estimated price-quantity relationships, the most appropriate
pricing schedule for the current control period can be

determined.

As can be seen from Figure 1, the pricing schedule

is used in making decisions to acquire computer resources
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during the control period for which the priées were
generated. Actual resource utilization during the control
period is monitored and put into the empirical data base
used in estimating the price-quantity relationship. Also,
the actual usage data in conjunction with the forecasts of
users aid in estimating demand in future control periods.

A final comment is necessary to emphasize an under-
lying assumption of the two-step solution procedure. We
have assumed that budgetary constraints stipulated in Step
1 will still provide a feasible solution with respect to the
prices derived in Step 2. Recall that Step 1 requires a
pricing schedule in the budgetary constraints. A possible
source of this pricing schedule is that schedule used in the
proceding control period. Then, Step 2 generates a more
appropriate pricing schedule for the current control period,
It is possible that the "optimal" demand quantities found in
Step 1 may be infeasible if the Step 2 prices are used with
the budgetary constraints.

Explicitly, this assumption may be stated that

z
i€l keK

Pik*ijk

is approximately constant (with respect to price) within a
small region. We say approximately constant to indicate we
are interested in falling within a certain bound on the

various budgets--a bound that insures both price sensitivity

and some budget flexibility. Figure 7 provides a
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i Shaded region represents
1 area where x-p is
approximately constant

actual relation

ij
Figure 7. Price vs. Quantity Purchased

two-dimensional visualization of this assumption. (This

assumption proves to be satisfied for the example problem,)

Report Generation

The solution procedure described in the last section
provides a schedule of prices which are applied to the re-
source usage of each computer user. Aside from these
prices, two additional items are produced by the control
system: (1) exception reports issued after the completion
of each control period and (2) resource utilization audits
issued at longer intervals within the budget period.
Exception reporting attempts to locate short-run abnor-
malities while the utilization audits trace major trends in

resource usage.
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Once data are available on resource usage for a
control period, the global usage of each resource as well as
the usage by each user is accumulated and stored on a
historical file. This information is then available for
exception reporting, resource auditing, and for use in both
steps of the solution procedure: estimating demand in Step
1 and estimating the price-quantity relations in Step 2.

The major aspects of exception reporting are out-
lined in Figure 8. Each resource is checked to see whether
it was misutilized during the preceding control period.
Resource misutilization arises from constraints (9) and (10)
not being explicitly enforced during the control period;
behavior that conforms to these constraints is induced
through the motivational content of flexible prices. If a
resource is neither over- nor under-utilized, it is assumed
to be used in a manner compatible with organization objec-
tives. (Situations where this assumption proves false are
found during the resource utilization audits.) An analysis
of individual user usage patterns 1is undertaken for each
misutilized resource. A report is then issued listing each
misutilized resource, the level of misutilization, and
those users contributing most heavily to the misutilization.

Additional insight into the effectiveness of the
computer facility is provided through the resource utiliza-
tion audits. These reports are generated at intervals of

several control periods and are directed toward uncovering
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determine global usage of
each resource and place
on historical files

dotted segment is
performed once for
each resource monitored

— ————  —— — — — —— ——

exclude resource

0\
determine usage by each user
and place on historical files

resource

no over- or
from further cqs l
I analysis under-utilized I
| yes |
| did user I
I exclude user significantly |
from further no deviate from past

| analysis behavior I
| patterns

? |
| yes |
l print out resource, degree l
| of misutilization and users |

who have contributed to the
l misutilization |
Figure 8. Exception Reporting
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gradual shifts in user requirements. By tracing resource
utilization over time, more accurate decisions can be made
concerning (1) resource acquisition and disposition, (2) the
type and degree of user education requirements, and (3) the
development or acquisition of specific technical competen-

cies within the computer center,

An Example Problem

Certain problems become apparent during the operation
of the example problems (one example is shown in Appendix
A). These difficulties will be discussed.

System startup can bring about price instability if
too few data points are available to describe the price-
quantity relationships. This problem will be most pro-
nounced in new organizations where there are no historic
data on user community resource demand. It will exist,
however, even in established installations unless resource
prices have historically varied to the extent needed for an
efficient estimation of user demand. In the example problem
a reasonably consistent set of prices was found after a few
periods of operation. After that time no wild fluctuations
in nrices arose. Hopefully, this is an indication that one
of the major criticisms of flexible pricing--price in-
stability--may be overcome. If prices did vary to any great
extent, it would be impossible for users to rationally plan

their resource usage. Although the example is admittedly
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simple, rather large changes were imposed in the system
without producing radical price shifts (after the first
three control periods).

The statistical approach to estimating the price-
quantity relationships in Step 2 must be designed to fit
each computer installation. Weighting recent data points
more heavily (e.g., through exponential smoothing) would
aid the model in reacting faster to changes in user demand.

Solving the price-quantity equations in determining
the next period's prices may be more difficult than in the
example., The problem can be reduced if management puts
limits on the desired price fluctuations in any period.
Solving the equations as closely as possible would then
become a nonlinear search in a well-defined region.

In concurrence with the findings of Diamond and
Selwyn (1968), it does appear that control mechanisms in
addition to flexible pricing are needed to satisfy all of
management's objectives concerning resource utilization,

It is important to note, however, that the additional con-
straint imposed in the example was employed to allocate
resources more equitably among all users rather than to
correct an inefficient usage pattern by users. The computer
was being used in an efficient manner before impositon of
the additional constraint.

Finally, the assumption concerning the feasibility

of the Step 1 budgetary constraints given the Step 2 prices



104
is analyzed. Recall that the assumption was explicitly

stated as requiring that

Z 2
i€l keK

Pyx*ijx

be approximately constant (with respect to price) within a
small region. The second column in Table 6 shows the per-
centage variation in budget expenditures using Step 1 and
Step 2 prices with the optimal usage quantities found in the
Step 1 solutions. Once startup difficulties were overcome,
the percentage variation was about one per cent--a value
quite consistent with the assumption. Additionally, the
percentage variation using Step 2 prices with optimal and
actual usage quantities was calculated. This is given as
column three in Table 6. The relatively low variation after
startup (between two and three per cent) shows that the

assumption also holds fairly well regarding the actual

demands by users upon the computer system.

Summa;y

A management control system has been proposed, the
objective of which is the efficient utilization of existing
computer resources. The primary mechanisms providing the
underlying framework of the management control system are a
budget (which provides the sole means of acquiring computer
resources) and flexible prices (which bind resource usage

to the budget). Efficient utilization is achieved through
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Table 6. Example Problem Findings Regarding Budget
Constancy Assumption

Percentage that

Budgeted Expendi- Percentage that
tures Using Step 1 Actual Expenditures
Prices Differed Differed from
from Those Using Estimated (with
Control Period Step 2 Prices Step 2 Prices
1 20.66 48.74
2 20.21 25.53
3 4.59 8.17
4 0.33 0.06
5 1.70 7.30
6 1.66 1.41
7 0.83 3.47
8 1.67 1.22
9 0.09 2,23

Average for
Periods 4-9 1.04 2,61
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the effect on both computer users and computer center
management of motivational forces arising from the budget/
price mechanisms,

The management control system makes available
pertinent control information to both computer users and
computer center management. Budget and price information
are readily made available. Information regarding a partic-
ular user, such as constraints or requirements arising from
the working environment, can be added as it becomes known;
it is not a priori necessary. User objectives remain un-
known, as is the case in any practical situation. The cost
of operating the management control system would be
comparable to that of accounting systems presently used
within most computer installations. The individual
abilities of computer users and computer center management
in setting priorities, interpreting information, and inter-
acting effectively with one another are the most important

aspects of the control system.



CHAPTER VII

A FIELD STUDY ON THE COMPUTER
CENTER/USER INTERFACE

The field study was undertaken to discover (1) the
control structures and mechanisms being used to coordinate
activities at the computer center/user interface, (2) how
computer users measure the quality of service being
received, and (3) which computer resources should be priced
within a management control system for usage administration.
The methodology used in the study will be discussed. Then,

the findings of each segment of the study will be presented.

Research Methodoloqgy

As the research was investigatory in nature, no
formal design was employed. The major research instrument
was in-depth interviewing of specific individuals in
selected organizations. Bias may have been introduced into
the study in a number of ways: (1) the type of organiza-
tions visited, (2) the selection of individuals to be
interviewed, and (3) the interviewing technique itself. In
order that the findings are properly received, each of these
points will be discussed.

Interest was confined to organizations offering
centralized computer services via a large computer system,
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Research and educational institutions were excluded. Due
to the limited industrial activity in the locale in which
the study took place, only a limited number of organizations
possessed computing environments meeting the requirements.
In all, seven organizations were visited: a financial
institution, a development organization, a manufacturing
organization, two utilities, and two local governments.

The organizations visited were not especially large.
Each was able to adequately handle its computational needs
with a single computer center and a moderate staff (twenty
to thirty individuals). Specific computer systems employed
were four IBM 270/145's, a DEC 10, an IBM 360/40-360/50
multiprocessing system, and an IBM 360/40-Burrcughs 3500
dual system. Thus, the research pertains to a particular
computing environment--the medium-sized organization
employing a single computer center. However, the self-
contained nature of this environment makes it a suitable
frame of reference for investigating the management of
computer-related activities.

Representatives from each organizational component
responsible for computer activities--top management, the
computer center, and computer users--were interviewed. This
was thought necessary to attain an accurate understanding
of how the computer activity was being managed in each
organization. For example, in addition to finding that a

budget was being used, it is important to determine the
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actual impact of the budget on decision making. This can
only be learned by asking organizational members with
different perspectives similar questions,

Entry into the seven organizations was initiated
through the local chapter of the Data Processing Management
Association. This proved an effective means of gaining the
cooperation of the organizations involved, but may have
resulted in a "screening" of the individuals interviewed.
As entry into an organization was through the computer
center manager, access to other organizational members was
dependent on the computer center manager. In a few
instances, free access to organizational members was per-
mitted. In most instances, the computer center manager
selected the individuals to be interviewed. It is unlikely
the computer center manager would allow a dissatisfied
computer user to be interviewed. Most of the users inter-
viewed were on very good terms with the computer center.

Finally, the interviewing itself may have added
distortion to the findings. The researcher was not an
experienced interviewer. As competence was gained with
successive interviews, the robustness of the findings
increased. Due to the limited sample of eligible organiza-
tions, no interviews or organizations were discarded from
the final study. In the discussions that follow, the

organizations are referred to as the letters "A" through
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"G.," Organization "A" was the first organization visited,

organization "G" was the last.

Control Structures and Mechanisms

This portion of the research study was directed at
determining how organizations currently control their
computer-related activities. Specifically discussed are
informal mechanisms, such as organizational designs and
responsibility assignments, and formal mechanisms, such as
pérformance evaluétions, cost/benefit analyses, and charging

systems. General observations will also be given.

Organizational Designs

Two organizations have devised organizational roles
to coordinate the interactions between computer users and
the computer center (refer to Table 7). In one instance
this is a "quality control" group that traces all user
complaints and directs the planning efforts of the user
community. In the other instance this involves an individ-
ual within each user group denoted as a "dp coordinator."
This individual is not expected to function as a computer
expert, but to coordinate the computer activities origi-
nating from the user group.

Only two organizations have an EDP steering commit-
tee. Representatives of top management, computer center
management, and computer users are members of both steering

committees. In both cases, complaints were raised by users
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Table 7. Organizational Designs

Interface handling structure x2 X
EDP steering committee X X
Plan X X
Direct X
Formal education program X X
Computer center X
Computer user X
System development
Project teams X X
Singular responsibility X X X X X
Stable relationships X X X
Number of user groups 6 15 50 47 3% 10 10

38X indicates that the organization employs the
item.
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concerning the arbitrary manner in which appointments to the
steering committee were made. Both committees engage in
long range planning, but only one actually sets policy
directing the computer effort.

Little effort is being made to educate users in the
use of computer technology. In most every case the only
education provided was by the vendor when the current
computer system was initially acquired. Two organizations
do have minor education programs. Organization E has
recently begﬁn an education program directed at those user
groups not using the computer. A number of user groups in
organization F had in the past set up their own educational
programs.

The system development effort is successfully
organized in most organizations. Two organizations use a
project team approach and five organizations assign complete
responsibility for a project to a single individual. 1In
every instance this individual is under the direction of the
computer center manager. Three organizations stress the
establishment of long-term relationships between computer
center personnel and specific user groups. Organization F
is extremely successful in this regard as the computer
specialist assigned to a user group often knows as much, if
not more, about the group's activities as do group members.

Each organization segments the user community

according to the organization's functional assignments.



113
This segmentation is further employed for assigning computer
specialists to user groups and for structuring control
mechanisms. The number of user groups in each organization
varies from six to fifty.

In summary, outside of system development little
effort is being made to develop organizational designs
oriented to the computer center/user interface. One sur-
prising element does appear--two organizations have developed
organizational roles specifically designed for the computer
center/user interface. 1In both cases the role is relatively
new but successful in improving communications between
computer users and the computer center. Most disturbing is

the lack of any educational commitments by computer centers.,

Responsibility Assignments

In four of the organizations, computer center manage-
ment directs the computer effort; in the remaining three,
top management directs the computer effort (refer to Table
8). If only cost-effectiveness is considered, the number of
computer center managements given responsibility for the
computer effort increases to five. 1In both cases where
authority remains with top management, a single individual
rather than a committee is held accountable for all computer
activity. In two of the organizations where authority is

maintained within computer center management, the computer



Table 8. Responsibility Assignments
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B D E F G

Overall

Direct computer effort C Cc T C T

Cost-effectiveness o Cc c Cc T
System development

Project initiation u U U C C

Project justification C 1§) U U/C UL

Project acceptance Cc C T o T

Project development C C C C C

Project reviéw c c C c o
Usage administration

Computer system efficiency C C C C C

Application efficiency C C cC C C

Conflicts betweén users C C C C C

3C indicates that responsibility is given to

computer center management.

bT indicates that responsibility is given to top

manager.

€U indicates that responsibility is given to

computer users.
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centexr manager has complete control of the organization's
computer effort.

Projects are initiated by individuals from all
organizational components. The assignments shown in Table
8 indicate the component from which the majority of projects
arise. Project identification is assigned to both computer
users and the computer center. In two organizations, this
is explicitly stated as a joint responsibility. Responsi-
bility for project acceptance is consistent with the assign-
ment of responsibility for directing the computer effort.

By far, however, system development accountability is
maintained within the computer center,

Responsibility for usage administration is totally
assigned to the computer center. Most often this is
implicit as little effort is made to control usage adminis-
tration. Conflicts between users, or between a user and the
computer center, are usually handled by the computer center.

The findings are not unexpected. The same argument
is repeatedly given regarding why most responsibility is
placed within the computer center: responsibility can not
be given to two individuals; as the user does not possess
the expertise to make the necessary decisions, complete

responsibility is assigned to the computer center.
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Performance Evaluations

Only two organizations formally evaluate the effec-
tiveness of the computer center (refer to Table 9). In both
cases this evaluation involves a cost-center analysis. One
computer center manager stated opposition to any attempt at
formal evaluation--it was much easier for him to contend
with subjective evaluations for which he supplied most of
the information. ©No organizations explicitly evaluated the
performance of the computer user.

A number of organizations do monitor resource usage.
Most often this is for planning purposes only. Three
organizations monitor usage in order to distribute costs
back to the user community. Two organizations inferred
control intentions: organization E desired that user groups
actually see their usage and organization F used the informa-
tion to locate inefficiencies in the computer system and in
applications.

Two organizations measure user satisfaction--one
formally, the other informally. Organization D records the
ratio of late to on-time jobs and the ratio of actual
operating hours to available operating hours. Organization
C maintains a fairly accurate perception of user satisfac-
tion through its "quality control" group.

In summary, little effort is exerted to ascertain
the effectiveness of the computer effort. The evaluations

being done are limited in their scope.
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Table 9. Performance Evaluations

Effectiveness
Computer center x2 X
Computer user

Resource usage

By user X X X

By resource X X X X X

For accounting X X X

For planning X X X X X

For control X X
User satisfaction

Formal X

Informal X

34X indicates that the organization employs the
item.
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Cost/Benefit Analyses

Most of the organizations employ informal analyses
that emphasize user desires over resource costs. By keeping
cost within "reasonable limits" and satisfying user require-
ments, it is felt that cost will be justified in the long
run. Reasonable limits for cost were not stated. Only
three organizations based project acceptance on a formal
cost/benefit analysis (refer to Table 10). In two of these
organizations, cost is secondary to user desires. Only
organization C is adamant about the need for justifying
projects on a cost/benefit basis--users are not able to use

the computer just because they claim a certain need.

Table 10, Cost/Benefit Analyses

Formal procedure

Application implementation X3 x X
Application review X
Equipment acquisition X X

8X indicates that the organization employs the
item,
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Only organization F makes use of a formal applica-
tion review procedure. Every six months applications are
reviewed by computer users with respect to their continued
need. No cost/benefit analyses are associated with this
review, but the procedure is formalized.

Only two organizations require formal cost/benefit
analyses for all equipment acquisitions. All organizations
have a formal procedure to be followed when acquiring a new
computer system but most allow modifications to the current
system on a basis of increased demand alone,

In summary, only two organizations, C and F, stress
cost/benefit analysis in justifications. The remaining

organizations employ informal justifications.

Charging Systems

Three organizations distribute computer costs through
general overhead (refer to Table 11). A fourth, organiza-
tion B, allocates joint costs (which cover most of their
costs) through overhead, but charges user groups directly
for costs associated with system development and dedicated
hardware traceable to a single user group. Two of these
four organizations stated they would switch to a full
charging system in the near future.

Disregarding organization B, three organizations
used charging systems. In each case standard costs were

employed. Two of the organizations recovered all computer
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Charging Systems
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A C E G
General overhead x2 X
Budget X X
Actual costs
Standard costs X X
Coverage
All costs X
Computer resources X
System development
Intent
Accounting X X
Control X
Level
Top management
User group X X
Impact
Strong
Slight X X

8X indicates that the organization employs the

item.
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center costs through the charging system, while the third
recovered only computer system costs.

Only organization E employs a charging system for
an intention other than accounting for usage. They desire
to develop within their user community an awareness of the
expenses incurred with computer processing. However, as
users have little difficulty obtaining funding for their
projects, the charging system has little impact. The slight
impact that is felt arises from the necessity of formally
requesting additional funds when budgets are overrun.

Organization D allocates budgets at the top manage-
ment level only. Their charging system has no impact on
the user community. Organization C allocates budgets to
user groups, but these budgets have only a slight impact on
the user community as computer costs are an insignificant
part of most budgets. It is not productive for a user to
concern himself with reducing costs by altering his computer
usage habits. In addition, the users have no real dis-
cretion regarding computer usage. They could not adequately
respond to the charging system even if they desired to do so.

In summary, none of the organizations place real
budgetary pressure on computer-related decision making.
Budgets are used to account for usage rather than to control

usage.
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General Observations

The most often heard complaint concerns the lack of
communication between computer users and the computer
center. Communication is best at high organization levels.
This is because of the easier access to computer center
personnel accorded the higher managers and their more
extensive educational backgrounds. However, as most applica-
tions evolve from lower organizational levels, the processing
requirements given to computer specialists are usually
inadequately specified.

The only organization that has surmounted this com-
munication problem is organization F, Their approach was to
develop an understanding of the problems facing computer
users in computer specialists by establishing stable rela-
tionships between the computer users and the computer
specialists.

Users desire a far greater voice in decision making.
Currently the users do not posses much discretion regarding
computer utilization. Most users feel "captive" with
respect to the computer center, and most would rather
develop some form of "partnership" relation with the
computer center. One user told how he had to use cathode
ray tubes (and pay for them out of his budget) even though
he did not need them., He felt his activities did not

require instantaneous access to a data base. Yet for status
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or political reasons, he was told by the computer center to
begin the on-line processing of his activities.

The reason given for denying users decision making
responsibility is that they do not possess the knowledge to
make the necessary trade-off decisions: computer users tend
to view the computer system in terms of the "products" re-
ceived rather than as an entity in itself. No attempt,
however, is being made to provide users with the education
they require. In addition, no incentives are provided by
top managements motivating the computer users to acquire the
needed capabilities or motivating the computer center to
provide training for the user community.

Finally, it is possible to "rate" the effectiveness
of each organization and then analyze the information given
in Tables 7 through 11 to determine what differentiates the
more successful organizations. The organizations were rated
according to the answers given when asked if the computer
effort within each organization was cost-effective. Organ-
ization C emphatically stated they were cost-effective.
Organizations D and F thought they were cost-effective. The
remaining organizations did not give definite responses.

Two factors appear. First, organizations C, D, and
F are the only organizations to consistently employ per-
formance evaluations and cost/benefit analyses. They openly
concern themselves with this aspect of cost-effectiveness.

The other organizations are primarily concerned with
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satisfying user demands. Second, each of the cost-
effective organizations possesses a singular strength,
References to this "strength" were made by individuals

throughout the organization. Organization C gives full

responsibility for the computer effort to a single top
management representative, As this individual understands
both user needs and the costs involved with computer pro-
cessing, he is able to maintain a cost-effective operation,
Oréanization D places full responsibility for the computer
effort with the computer center manager. He manages the
computer center with a rather strong hand and is able to
maintain control of the entire operation. Organization F
stresses the establishment of long-term relations between
computer specialists and user groups. The average length of
time a computer specialist has spent working with the same
user group is between five and ten years. Thus, the
specialists understand the user's problems and are able to
design application systems that effectively satisfy user

requirements.

Conclusion

In general, total responsibility for the computer
effort is given to the computer center instead of assigning
each interface component those responsibilities for which
it is best suited to handle. Top management is not

directing the computer effort and computer users have little
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idea whether or not the investment made in computer pro-
cessing is justified.

System development, for the most part, is being
effectively handled. What are lacking, however, are
mechanisms for ascertaining the cost-effectiveness of
applications and the impact of applications on overall
organizational performance.

Usage administration is almost totally disregarded.
It is generally felt any gains obtained from controlling
usage administration are not worth the cost of developing
and operating a control system. The computer center manage-
ments surveyed feel they do not have the time or effort to
spare.

The use of control mechanisms is not very apparent
in the organizations visited. Opposition exists to any
attempt to formalize computer-related decision making: a
common opinion expressed was that to do so would result in
the computer center being less responsive to user needs.

In most instances, responsibility is maintained within the
computer center and control lies with a single individual.
Control mechanisms being employed are implemented for

accounting or planning purposes rather than control purposes.

Service Quality

This portion of the research was directed at finding

how computer users assess service quality. Computer users
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were asked what aspects of service were most important to
them. Computer center personnel were asked what factors
gave rise to complaints from the user community. Responses
were given concerning system development and usage adminis-

tration.

System Development

Two needs aré repeatedly voiced. Users want adequate
support from the computer center and a true interest by the
computer center in satisfying user needs,

Adequate support refers to a number of items. The
personnel assigned to aid a user should possess those
capabilities needed by the user. An attempt should be made
to meet user schedules as well as computer center schedules.
Finally, priority assignments should be fairly, not
arbitrarily, distributed.

A true interest in meeting user needs refers to the
computer center allowing some latitude in system development.
Users face uncertain environments that result in changing
needs and strict requirements. Computer center personnel
tend to standardize situations and to "bend" user needs to
fit already existing systems. A greater flexibility on the

part of the computer center is desired.

Usage Administration
Three factors are important to users regarding the

processing of operational applications. Two of the factors,
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timeliness and accuracy, pertain to both batch and on-line
processing. The third factor, that the computer be avail-
able when needed by the user, pertains mostly to on-line
processing.

Timeliness is related to job turnaround time. Users
must meet certain schedules in accomplishing their tasks.
These schedules establish deadlines for receiving a job from
the computer, after which the value of the information being
provided begins to diminish. The urgency of these deadlines
varies considerably even for a single user. What is of con-
cern is that turnaround be consistent with agreed-upon
processing schedules.

Accuracy is related to the necessity for rerunning
jobs. Not only does rerunning jobs lengthen turnaround, but
confidence is lost in the information being provided and in
the computer activity in general. Job reruns are necessi-
tated for a number of reasons. The output may be illegible.
A hardware or software failure may have occurred. The
computer cperator may have made a mistake such as loading
the wrong data file. The data base being operated upon may
not be up-to-date.

On-line processing often results in segments of the
user community growing dependent on obtaining instantaneous
access to data bases. This dependence is compounded when
manual or automated back-up systems do not exist. Conse-

quently, many users demand the computer be available
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whenever access to a data base is required. As oné& user
stated, it does not matter when the computer system goes
"down" as long as it is not between eight and five.

It is important that any measures of service quality
allow for those instances where unsatisfactory service is
traced to a source other than the computer center. The
computer user may err in submitting his job for processing,
or there may be an electrical power failure that curtails
all processing. The computer center can not be held

responsible for circumstances beyond its control.

Resource Selection for Pricing

This portion of the research study was directed at
determining which resources should be priced within a manage-
ment control system for usage administration. In selecting
the resources to price, a number of criteria are important.
If the resources are not easily monitored, implementation
costs will be excessive. If the resources do not represent
the actual utilization of the computer system, the control
system will be ineffectual. If computer users can not
relate the resources to their own computational activities,
they will not be able to respond to changes in resource
prices.

A story related by a computer user underscores the
importance of pricing appropriate resources. His organiza-

tion desired to distribute remote communication costs among
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organizational departments. To accomplish this aim, a
charge was levied on each radio installed in company
vehicles. This solution was successful until budgets were
required to be cut. Departments realized they could remove
a sizable sum from their budgets by returning the radio
units to the communication department. Thus, because of the
nature of the resources priced, the organization's budget
was actually not reduced and service to clients was greatly
impaired.

Table 12 presents the responses given by members of
the visited organizations to specific questions re=sgarding
resource pricing. The resources listed in Table 12 were
compiled from similar lists in the literature (Nielsen,
1968; Diamond and Selwyn, 1968; Rettus and Smith, 1972;
Kreitzberg and Webb, 1972; Wiorkowski and Wiorkowski, 1973;
Chanoux, 1973). These sources include suggested and
implemented pricing schedules, This list of resources was
reproduced (in a different order) and given to interviewees
for marking responses.,

The first column of Table 12 shows the percentage
of computer systems that currently possess the capability
to monitor a resource., Operating systems provided by
vendors usually have software packages that monitor and
record resource usage., If the resources selected to be
priced are already being monitored (or are capable of being

monitored with a minimal effort), implementation of the



Table 12.

Resource Selection Criteria

Percentage
Percentage Percentage Percentage Thought
Easily Most Understood Understood
Resource Monitored Critical By User By User
Core space® 88 82 65 19
CPU time 100 %4 35 38
Elapsed time 100 35 71 75
Line printer 63 47 71 75
Disk storage 50 41 65 25
Shift 75 35 41 44
Teleprocessing devices 50 41 59 56
Card reader 75 12 47 50
# of disk accesses® 50 29 47 0
Priority 50 12 59 50
Card punch 50 6 59 »50
# of tapes? 25 24 65 6
# of disks® 25 18 65 19
# of I/0 operations 38 29 24 6
# of tape accesses? 38 6 41 0
# of disk packs?® 25 6 53 25
# of file accesses 38 0 35 0
I/0 time 25 29 i8 6
Initiation fee 50 0 18 25
Channel utilization 38 24 6 0
# of library accesses 38 0 6 0
Plotter 13 0 18 13
Swap time 25 0 0 0
Swap space 13 0 0 0

a . .
Large discrepancy between user understanding a resource and computer
center personnel thinking user understands a resource.

OET
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pricing system is eased. Computer specialists in each
organization were asked to denote which resources were
capable of being monitored with vendor-supplied software.

The second column of Table 12 gives the percentage
of time a resource was included by a computer center staff
member as belonging to the smallest set of resources
necessary to represent the actual workload on the computer
system.

The third column of Table 12 shows the percentage of
time computer users understood a resource. The "under-
standing" being sought was not of a technical nature, but
whether the user could relate the resource to his current
computer requirements. In order for a user to respond to
the control system, he must have some idea of how shifts in
his behavior will impact the control system. As shown by
the standard deviations given in Table 13, understanding
varied considerably across the user community. In general,
the higher was the individual in the organizational hier-
archy, the more resources were denoted as being understood.
Responses were taken at face value--there was only a minor
attempt by the researcher to ascertain the degree a user
could actually relate a resource to his own activities.,

The fourth column of Table 12 indicates the per-
centage of time a resource was thought by a computer center
staff member as being understood by the user community.

Discrepancies between this set of responses and those of the
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Table 13. Resource Response Frequency

Number of
Individuals Standard
Questioned Mean Deviation

Number of

resources

denoted as

being most

critical 17 5.0 2.95

Number of
resources
understood
by users 17 10.2 7.20

Number of

resources

thought

understood

by users 16 6.0 3.54
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computer users are indicated by the letter "a." In every
‘instance, the discrepancy concerned a storage-related re-—
source. Apparently computer center personnel feel storage
is too vague a concept for users to appreciate, but users
do feel they can relate storage to their individual require-
ments.

The information given in Table 12 is used to deter-
mine which resources should be included within a flexible
pricing system. This is shown in Table 14, The first
column of Table 14 assesses the extent each resource is
easily monitored, adequately reflects usage of the computer
system, and is understood by the user community. Each
criterion is given equal weight--the suitability of pricing
a resource is measured by adding together the percentages
given as the first three columns of Table 12. Gaps in these
suitability scores were used to form suitakility classes
(given as column two of Table 14).

The resources most suitable for pricing are core
space and cpu time. Additional resources could be added to
a pricing schedule in accordance with their suitability
class.

Table 13 indicates that an average of five resources
were denoted by computer center personnel as being required
to adequately portray computer system utilization. Conse-

quently, the first four suitability classes can be expected
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Table 14, Resource Selection Suitability

Suitability Suitability
Resource Score Class
Core space 234 1l
CPU time 229 1
Elapsed time 206 2
Line printer 181 3
Disk storage 156 4
Shift 151 4
Teleprocessing devices 150 4
Card reader 134 5
# of disk accesses 126 5
Priority 121 5
Card punch 115 5
# of tapes 114 5
# of disks 108 5
# of I/0 accesses 108 5
# of tape accesses 85 6
# of disk packs 84 6
# of file accesses 73 6
I/0 time 72 6
Initiation fee 68 6
Channel utilization 68 6
# of library accesses 44 7
Plotter 31 7
Swap time 25 7
Swap space 13 7
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to form a suitable basis for'pricing schedules in organiza-

tions similar to those surveyed.



CHAPTER VIII

EXTENSIONS TO THE FLEXIBLE PRICING
CONTROL SYSTEM

Enhancements are made to the management control
system earlier developed for usage administration. These
additions are not intended to correct deficiencies in the
original formulation; rather, they make use of the structure
provided to account for more of the interactions that
compose the computer center/user interface,

Three enhancements are discussed. First, a service
quality dimension is incorporated within the flexible
pricing system. Second, a mechanism is added to improve the
efficiency of a computer system resulting in an increased
throughput of jobs. Third, a justification for and a means
of bringing together the separate control systems for system

development and usage administration is presented.

Addition of a Service Quality Dimension

Usage administration has as its aim increasing the
effective capabilities of the existing computer facility.
The management control system earlier developed for co-
ordinating usage administration places a majority of
responsibility on the computer users. The computer user is
induced through price fluctuations and a constrained budget

136
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to adopt usage patterns leading to efficient usage of the
computer system. The computer center is only indirectly
affected by the control system: computer users are assumed
to pﬁrchase services with which they are dissatisfied only
reluctantly. By incorporating measures of service quality
within the control system, the behavior of computer center
personnel as well as computer users is influenced by the
control system.

Although service quality is an elusive concept, in-
formation is available from which measures of service
quality can be derived. The approach to be taken further
develops an idea (Kirby and Raike, 1968) of using job turn-
around time as a "relative regret" function representing
disappointment within a user community.

In the field study earlier discussed, three factors
emerged as being most important to computer users regarding
their perceptions of service guality: Job turnaround time,
job rerunning, and computer system availability. The first
two factors are easily monitored; the third is not. It is
difficult to ascertain whether a computer user actually
needed access to the computer when he claims to have not
gained access. Consequently, computer system availability
is not considered in the formulation,

Job turnaround is unsatisfactory when, for example,
a user requests a one hour turnaround and is willing to pay

the price for one hour turnaround, but actually receives a
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much longer turnaround. A similar frustration arises when a
user requests data be stored on a fast device but is given a
slower device, or when a user requests the use of a high
speed printer but receives a low speed printer. In general,
it is possible to obtain a measure of service quality when-
ever multiple levels of a service are available to computer
users. Dissatisfaction occurs when a poorer level of
service than requested is received.

Job rerunning, the other factor associated with
service quality, measures a more obvious discontent--computer
users are displeased when jobs must be reprocessed.

The measure of dissatisfaction for user i in control

period j, 4 is the ratio of the cost of unsatisfactory

ij’
service to the user divided by the gross cost of service to
the user. Dissatisfaction costs are considered as the
"relative regret" of each usexr. The charge actually made
against the user's budget is the net cost of service to the
user--gross cost minus the cost of unsatisfactory service,
The measure of user dissatisfaction associated with
resource k in control period j, djk' is the ratio of the
cost of unsatisfactory responding to user requests for the
resource divided by the gross service cost of the resource.
For those resources not belonging to a substitutable class

(i.e., multiple levels of a service), the cost of rerun

jobs is the sole measure of service quality.
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The measure of overall dissatisfaction in control
period j, dj' is the ratio of the total cost for unsatis-
factory service divided by the gross revenue of all
services. As the cost of unsatisfactory service is not
charged to the user community, it can be charged to the
computer center and used in performance evaluation.

The service quality measures defined above are
stated in the notation and terminology of the original
control model in Appendix B.

Two gains result from adding a service quality
dimension to the flexible pricing control system. Computer
users are not charged for unsatisfactory services, and the
computer center is explicitly evaluated with respect to the
quality of service being provided. Service quality measures
can be included in the exception reports and resource audits
associated with the original control system.

In addition, the second step of the solution pro-
cedure (estimation of the price-demand relationships) is
enhanced by the addition of a service quality variable to
the demand function. Using the demand function employed in

the example problem, the modified demand function would

appear as: y
5 Yk kq
Lol lek = dejkII qu .
qeQy
s. t.
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The demand for a resource is now a function of the price of
the resource, the prices of substitutable resources, and the

user dissatisfaction, d attributed to the resource. 1In

jk’
estimating resource prices for the current control period,
the last period's dissatisfaction measures (or a weighted

average of recent dissatisfaction measures) are used.

Increasing Computer System Throughput

Modern computer systems generally employ "shared-
resource” computing environments such as multiprogramming,
time-sharing, and multiprocessing. Each of these environ-
ments finds multiple jébs enjoying concurrent access to
the same set of resources.

There are three states a job may assume once it
gains access to the computer system: active, ready, or
wait. An active job currently is using the central proces-
sing unit (cpu). There can be as many active jobs as there
are cpu's. (A multiprocessing system employs multiple
cpu's.) A job is in a ready state if it is ready to use the
cpu but cannot because the cpu is busy serving another job.
A job waiting for the completion of some activity (input/
output, operator, etc.) and unable to use the cpu is in a
wait state. A well-balanced situation will find the
computer system filled with sufficient jobs so that the

probability is high some job will always be in a ready state.



141

Computer job requirements are classified along a
continuum from being cpu-bound to being I/0O-bound. A cpu-
bound job possesses a heavy demand for the cpu and little
demand for input/output activity. An I/O-bound job is just
the opposite.

The efficiency of a "shared-resource" computer
system is dependent on the job mix. A mix containing an
I/0-bound job with a cpu-bound job is more desirable than a
mix of two jobs of the same classification. If the mix is
perfect (that is, a job is always ready to use the cpu when
it becomes available), 100% cpu utilization and maximum job
throughput is achieved.

In addition to a job's cpu and I/0 requirements, a
job's requirements for other resources may also affect its
suitability to be processed with other jobs. If an exces-
sive amount of a resource (such as core space) is required
by a job, the number of other jobs with which it can be
efficiently mixed is reduced. The probability of attaining
a high degree of cpu usage is correspondingly reduced.

As computer system efficiency is dependent upon
obtaining suitable mixes of jobs for concurrent processing,
it is desirable that a job's requirements be known prior to
the job entering the computer system. When job require-
ments are available, prescheduling algorithms can be used
to arrive at an efficient mixing of those jobs desiring

service At a given point in time.
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Job requirements can be made available in two ways.
First, data files can be maintained containing past
histories of job requirements. When a job enters the pre-
scheduler, this file is searched and the appropriate in-
formation is withdrawn. This approach has drawbacks. It
requires large amounts of data storage and analysis, and it
provides no estimates of job requirements for the initial
running of a job. Second, the computer user can provide
estimates of job requirements when submitting jobs to be
processed. Assuming users are motivated to provide accurate
estimates, this second approach is preferred as fewer
organizational resources are needed.

The motivation for users to furnish accurate
estimates can be provided (McKell and Moskowitz, 1972)
through a pricing system by rewarding those users who con-
tribute to efficiency and penalizing those who do not. One
such scheme has been implemented at the University of
Rochester (Swoyer and Armstrong, 1969) and has resulted in
a marked increase in throughput.

In situations where a decision maker prepares fore-
casts of his expected resource usage, pressures for mis-
estimation are high (Ijiri, Kinard, and Putney, 1968). As
the decision maker is evaluated on the degree actual usage
agrees with forecasted usage, the estimates provided often
allow for uncertainty or error on the part of the decision

maker.
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Similar pressures affect the computer user required
to estimate resource requirements. It takes time and effort
for the user to make the estimates. If he perceives other
activities to be of greater importance, the effort spent
preparing estimates will be minimal. In addition, operating
system characteristics may lead the user to give false
estimates. Scheduling algorithms may induce users to under-
state their needs. For example, jobs requiring less than
100,000 words of core space may be given priority over jobs
not meeting this condition. 1In order to gain faster turn-
around, core requirements may be falsely specified. Pro-
cessing defaults may induce users to overstate their needs,
For example, jobs exceeding stated requirements may be
terminated prior to completicn. If a user is unaware of his
true need, a larger than necessary safety margin may be
included with the estimate.

An addition to the flexible pricing system earlier
presented can provide a proper motivating force. The
following notation is used for the general case:

C = actual charge

C' = initial charge

E = estimated usage

A = actual usage

s = penalty coefficient (s > 0).

Then, if it is desired to meet the following conditions,

C >C' when A £ E, C =C' when A = E,
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the charging algorithm becomes:
C =cC' + sl|E-A].

When actual usage equals estimated usage, the charge is un-
changed. However, when actual usage differs from estimated
usage, the charge increases as a penalty for misestimation.

Often, it is not critical that actual usage exactly
equal estimated usage. In addition, it may be desired to
reward those individuals who provide accurate estimates.
The general case is easily modified to represent this
situation. Let 8 equal the percentage of misestimation

allowed and restate the conditions as:

C = C' when ‘LE_'EAL= 8

|E-A]
E

C > C*' when > 6

E
Then, the charging algorithm becomes:

le-al 4,

If it is desired that rewards be felt different from
penalties, the penalty coefficient can take on different
values depending on whether the actual deviation is greater
or less than the allowed deviation.

The above formulation is expressed in the notation

and terminology of the original control model in Appendix C.
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Two problems have not been addressed: selecting
those resources needing requirement estimates and deter-
mining the gates to use as penalty coefficients. The
selection of those resources requiring estimates is de-
pendent on the operating system and scheduling algorithm
being used. Hence, the set of resources will vary with each
computer installation. The determination of optimal penalty
coefficients is a more difficult problem. These rates can
be heuristically derived via a trial and error procedure.
In addition, research on analytic derivations of penalty
coefficients is reported in the literature (McKell and
Moskowitz, 1972).

Integration of the Separate Management
Control Systems

The activities composing the computer center/user
interface were partitioned into two distinct efforts: system
development and usage administration. Separate management
control systems were then prescribed for each. A dual
approach was necessitated since (1) the two efforts involve
quite different objectives and activities and (2) it would
be difficult, if not impossible, to devise a single control
system that adequately met all requirements.

A major problem inherent in the dual approach is the
manner in which the performance of computer users is eval-
uated. Performance evaluation, as it is based on actual

costs and benefits, is considered a system development
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activity. The flexible prices used in coordinating usage
administration activities do not represent actual costs;
thus, they can not be used, as they exist, for performance
evaluation. A paradox arises as performance evaluation and
usage administration both concern single time periods while
system development extends over many time periods. It would
seem more reasonable to include performance evaluation
within a control system oriented specifically for a single
time period.

By integrating the separate control systems through
their formal mechanisms, it is possible to use information
contained within the flexible pricing system to more repre-
sentatively distribute the actual computer processing costs
incurred within a given time period. Then, a computer user
making a concerted effort to utilize computer resources in
an efficient manner can have his efforts explicitly recog-
nized in that period's performance evaluation.

Actual costs of three types should be accumulated
within the system development control system: individual,
joint, and deferred. 1Individual costs are those attributed
to a single user. Joint costs are those spread over the
user community. ‘Deferred costs include those individual
and joint costs that are spread over a number of control
periods.

Actual costs can also be considered with respect to

the activity generating the cost. For the purpose of this






