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Abstract

A service institution like a library provides a variety of related and
interrelated services to a heterogeneous mix of users. These users belong to
different institutions (members of the library system) with diverse character-
istics and functions and which are assessed fees to support the annual operat-
ing budget.

The total operating costs of a library are described as having the
following three components: direct costs for each service provided: variable
support costs related to usage of services; and joint fixed support costs
related to certain characteristics and functions of the institutions using the
library.

in the present paper we explore the implications of an assessment policy
where the direct and variable support costs of library operation are recovered
through unit charges for the direct services provided, determined through
construction and solution of a constrained goal programming model. We
illustrate our procedures with an application to an independent medical

library serving over 10,000 individuals in 22 academic, research and clinical

institutions.



Introduction

A service institution like a library provides a variety of related and
interrelated services to a heterogeneous mix of users. Moreover, there are
many so—called support services which are necessary to the overall operation
of the library. The need for these support services extends to most, if not
all, of the direct services. In some instances a direct service may.not even
be available without the proper level of various suppport functionsi

Together these direct services and support functions give rise to the
costs that must be recovered somehow in maintaining the operation of the
library. While constructing the library's budget may be a straightforward
matter of adding together all proposed resource expenditures for the year, re-
lating these costs, or more appropriately allocating these costs, to the ser-
vices generating them is a very difficult administrative problem. Not only do
the direct services interrelate and the support services get shared, but dif-
ferent users may create different demands even on the same service yielding
higher or lower costs. The library's administration must deal with these
issues either in justifying its budget or in monitoring its performance and
establishing patterns of growth and expanding needs for resources.

Bres et al. (1979) and Rousseau (1985) distinguished two general cate-—
gories of library users: (i) institytional or departmental users that are
members of the library system and (ii) individual users (possibly of different
types) within the institutions or departments. They suggested that an appro-
priate means for recovering costs on an annual basis (i.e., supporting the
library's annual operating budget) is through assessments to the institutions
housing the users.

Clearly, to justify the budget to the participating institutiong and

maintain cooperative support for the library, the fees assessed to the



institutions should reflect so far as possible the way in which costs are
actually generated. Thus, institutional fees should be determined in a way
that directly incorporates both individual user behavior and variation among
institutions in informational requirements. However, the joint nature of many
of the costs involved causes significant difficulties in any such assessment
process.

While in principle there may be general agreement that separable user
costs should somehow be incorporated in user charges, there is disagreement on
how common fixed costs should be recovered. Rousseau (1985) looked at the
implibations of an assessment policy where the annual fixed costs of library
operation are shared among the different institutions according to the “club
principle” of Littlechild (1975). Using the techniques of linear programming
and game theory it was possible to address such issues as the optimal library
size and pattern of membership in the system, and to characterize the set of
institutional fees that meet certain conditions of fairness and efficiency.

For ease of exposition and since the focus was on common costs, Rousseau
proceeded as if user costs were charged for as incurred. The purpose of the
present paper is to explore a means for recovering the variable cost compo-
nents through unit charges for the directlservices provided, determined via
construction and solution of a constrained goal programming model. We
illustrate the application by calculations based on the Houston Academy of
Medicine - Texas Medical Center Library in 1976.

We began with a brief discussion of library operating costs and some pre-
liminary considerations in model construction. This is followed by our mathe-
matical model, application and presentation of results. A concluding section
summarizes our procedures and findings and discusses some qualifications and

extensions.



A Classification of Library Operating Costs

A reasonable division of the annual operating costs of a library distin-
guishes those attributable to each specific direct service provided (called
direct costs) and those essential to general library operations as an inte-
grated facility (called support costs). Direct costs arise from those direct
activities in delivering services to the user. Thus, they are variaple in na-
ture, responding to the usage experience of each service.

The support costs, which may be relatively substantial in some librarigs,
are characteristically more complex to analyze than direct costs. A large
portion of these costs are related to physical inputs, such as books and
journals purchased or plant (space) and equipment leased. Also to be consid-
erd are those personnel and their activities that contribute to library opera-
tions overall, but at levels not determined by the quantity of direct library
usage. For example, the technical services personnel and material costs are
dependent upon the number and types of publications purchased and policies of
processing and are, therefore, related to the programs of the institutions us-
ing the library rather than actual usage of the collection. One aspect of
support costs, then, arises from the necessity to establish and maintain a
basic facility with the requisite capacity to provide a predetermined set of
services for its users. 1In a sense, these costs are relatively fixed with re-
spect to usage once having defined the types of services to be offered.

Difficulties in dealing with these support costs enter when observing
that qualitative considerations of service may require changes in supportive
facilities and activities as usage varies. For example, the number of dupli-
cates of various materials may increase if usage grows large enough as a means
of easing accessibility; observe that the initial material acquisition may be

considered fixed as a portion of the library's basic informational



configuration, while the duplication is a variable extension of this basic
capacity to improve a service in response to its usage. Such quasi-variable
aspects of support costs suggest a recovery method that depends on service
usage shared among services since in most instances they benefit jointly.

The total operating costs of a library might, therefore, be described as
having the following three components: direct costs for each service pro-
vided; variable support costs related to usage of services; and fixed support
costs related to certain characteristics and functions of the institutions us-
ing the library.

A reaéonable and equitable charging mechanism, therefore, might recover
the direct costs and variable portion of support costs through usage based
fees, and the fixed support costs through institutionally based (or "member-
ship") fees. Consequently, the fee assessed to an institutional member of a
library system may be considered as having two components: one equal to the
usage cost of all services by users of all types who are members of that
institution and the other a fixed charge or membership fee representing a
contribution to fixed support costs.

Rousseau (1985) presented a methodology for determining fair and effi-
cient fixed charges based on the club principle of Littlechild (1975). The
present paper describes a method for determining usage based fees using the

technique of goal programming.

Preliminary Considerations in Model Construction

As has already been stated direct costs for services should definitely be
recovered through charges for these services, while a variable portion of sup-
port costs exists that should be recovered in some fashion through the charges

for all services. Several factors help establish a relationship, indeed a
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partial hierarchy, in the magnitude of the costs to be recovered through the
charges for each service: 1) differences in magnitude that reflect varying
types and amount of resource requirements (i.e., professional and clerical
personnel, equipment, etc.) for the services themselves, 2) differences indi-
cating administrative charging policies that subsidize some services through
nominal excess recovery in others (e.g.. charging somewhat less for manual
bibliographic searches by adding a few cents to the circulation charge), 3)
differences based on historical precedents and consistent administrative prac-
tice (e.g., a fully self-sustaining service, such as user photocopying, may be
specifically excluded from the cost recovery model since it places virtually
no resource burden on the library, its availability enhances the library's
service image, and it is not administratively desirable to have it subsidize
other services).

Further, as seems outwardly reasonable, different users use the library
in different ways and should, therefore, be charged in relation to both the
quantity and quality of their use of each service. We recognize that a subset
of the services offered by a library are used by different user types in vary-
ing intensities. This is not only because of varying information needs. but
also because of policies of restriction of some services to specific types of
users. For example, in some academic libraries telephone reference may be re-
stricted to faculty members.

In addition, the same service (nominally) given to different individuals
may differ in terms of costliness. For example, interlibrary borrows for a
medical professional may require more time than those for a medical student.
Similarly the most time consuming reference questions may be asked by a par-

ticular user group or conversely may seldom be asked by a particular group.



These differences suggest that charges for .a specific service should not be
the same for all users.

Finally, from a broader economic perspective there may be factors that
influence the recovery strategy employed with respect to direct costs, some
services may show economies of scale. For example, in reshelving it should
probably not take 100 times as much time to reshelve 100 books as it would 1
book because of batching books to be shelved. That is, the per unit time re-
quired would decrease with increased activity. Thus, charges based on average
costs for such services would be inappropriate.

In sum, any cost recovery model for the direct costs and variable support
costs must account for a wide variety of considerations =- technical, behav-

ioral, economic, and managerial.

The Model

We deal with the case of a single time period of one year rather than a
multiperiod model; in a concluding section we indicate how this model can be
extended to multiple time periods.

Let there be m different services, denoted by subscript i, available to n
different user types, denoted by subscript j, who are individual members of
the q institutions, denoted by subscript k, within the library system.
Further, let dijk denote the usage, or demand of service 1 by user type j at
institution k. It will prove convenient to let dyi 4 (= % dijk) represent the
total usage of service i by all users of type j. Thiskdémand is the sole
basis for recovering the entire variable portion of the library's operating
budget. The relationship between this demand and the costs that accrue from
any particular service may take on many different forms. A general algebraic

expression representing this relationship may be written as



aijdijai

where ajj can be considered, for now, merely a scaling factor and o is a
value that can "bend” the shape away from a straight line (linear) one. It
should be noted that the only limitation inherent in the algebraic statement
given is a failure to account for any relationship that oscillates, a situa-
tion considered most unlikely. 1In fact, since we anticipate certain economies
of scale for some services, we can expect the relevant values of af to fall in
the range 0 < ay < 1. To observe how choices for aj change the shape see
Figure 1, where it is clear that the smaller one chooses aj, the more econ-—
omies of scale are assumed present in the delivery of service i.

The relationship between usage and cost leads directly to an expression
for unit charge:

aij Ei'.l.ai

dij

Thus, each user type j will pay to recover the costs allocated to service i in
proportion to usage. Our intention, then, is to select values for the ajj,
given values for the other elements, so that one approaches the multiple goals

of recovering direct costs as closely as possible. Mathematically, we can

write

m n
min | ] ajydi;t - cq
1=1 3=1

where Ci denotes the direct costs attributable to service i, and the absolute
value merely permits some services to undercollect while others overcollect
their respective direct costs but accounts for these discrepancies equally.
Additionally, we require that the aij > 0 since other values are impractical
and unrealistic.

We can rewrite our mathematical expression in a linear programming model

explicitly containing the deviations of allocated recovery from cost.



Figure 1

Economies of Scale in Service Cost

Model
Cost aj_ oo .7
Allocation®™

Usage (Demand)

*This axis corresponds to values of ai1d1jai



Version 1
mo, m
Min  } gq + ] g1
i=1 i=1
subject to:
n % _
jzlaijdijui - gy +g1=0Ci, i=1l,...,m

+ -—
aij,gi’gi ) 0, i=1,..¢’m; j'—'l,.--,ﬂ.

where g{ represents the excess of allocated recovery over direct costs
(i.e., over collection)
g4y represents the shortfall of allocated recovery below direct
costs (i.e.. under collection)

Three immediate observations can be made from this model formulation:

1) since the objective is merely to recover overall direct costs as
closely as possible and all services are treated the same with regard
to deviations, nothing prevents an allocation in which one service
subsidizes the costs, or some part of them, for one or more of the
others

2) while the aj j derived from the model have a direct impact on the
relative charge structure between services, nothing in the model re-
flects any predisposed ordering or other relationships in this struc-
ture

3) The model does not account for the recovery of the variable support
costs that are to be included as part of the service charges

Adjusting the model to accommodate the implied deficiencies in these observa-
tions is done in various different ways.

At the discretion of the decision maker deferential weights or penalties

can be imposed on the deviations representing varying priority associated with
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over collection and/or under collection for each service. Moreover, with re-
spect to over collection specifically, some unpenalized slack can even be ac-
commodated by dividing the over collection deviation variable into two parts,
one welghted in the objective and the other not even present. Such a modifi-
cation encourages over collection for some services up to a prespecified lim—

it. 1Incorporating these changes in the preceding model yields:

Version 2
m m
+ + - =
Min ] wigy + ] wigg
i=1 o d=1
subject to:
n

zlaijdijai - g;_- - gy + g}: = Cqy, i=1,...,m
sy < By, i=l,...,m
aij, gI, 51, g; >0, i=l,.4e,m; j=l,...,n
where 8i represents the unpenalized over collection potential for
service i,
Bi represents the prespecified limit for over collection that
is unpenalized,

Wi, Wi represent the weights or penalties assigned over collection/
under collection for service i, and all other elements are
defined as before.

Note that for some services Bj, and hence sy, may be equal to zero.

We can further modify the model to reflect various structural relation-
ships between the service charges by introducing more constraints. These re-
lationships may arise through a variety of administrative policies, some
established by historical precedent.

(a) There may be prescribed lower and upper bounds on some service

charges; that is, for service i
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dy R |
2,1j < ajj a—i‘;— < uij, i=l,e0e,m; j=l,ese,n

where zij and ujj denote the lower and upper bounds, respectively,
on the charge for service i to user type j.
(b) Some services may be charged more than others; that is, for services

i and p
O
aij%ﬁ" % kipj apﬁﬁg'} % [PPlysen ot
where kipj represents a prespecified magnitude of difference between
these charges for user type j, and only one of the three relations
holds.
(¢c) Some user types may be charged more for a given service to reflect

differences in their quality of use; that is, for user types j and q

\
af o
af j %%% % hi jq aid%%ﬁ ! , 1=l,.0.,m

where hijq represents a prespecified magnitude of difference between

these charges for service i, and only one of the three relations

holds.
It should be emphasized that constraints of these types arise through non-
economic considerations. However, the more stringent these conditions become
(e.g., the tighter the bounds on service charges), the less freedom the model
has to allocate costs across services and, hence, there are tradeoffs. Such
tradeoffs are very difficult to quantify in advance.

It remains to incorporate the variable support costs. If T denotes the

m

library's total annual operating budget, then T - E Ci represents the total
i=1 ,
support costs. Some fraction of this total, say, f (0 < £ < 1) should be re-

covered through the service charges since it represents qualitative
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expenditures varying with services and their usages. However, by their
nature, these costs are to be jointly borne by all services. We introduce
this consideration by having the total net over collections from all services,
that is, the excess of allocated recovery over direct costs, meet this cost

requirement. Algebraically, we write

m m m m
Yet + Tsi- Jgi=¢£€(T-7]cy
gy 1=1 i=1 1=1

We can now write a final version of the model as follows:

Version 3

m m
+ + - -
Min ) wigi + ) wigi

subject to:

B ai + -
z 3ijdij -84 — 81 tg =C4, I=1,....m
J=1

sy € By, i=l,...,m

m . m m _ m
Ygr + )si- Jgg=f£(T -7 cCy)
= =l 1=1 1=1

dijai
21§ < ajj H-E <ugj, i=l,...,m; j=1,...,n.

o4
dij dEja’P
ajy 75— ki a i‘l,loo m; j=1 o8 yTle
3 dg; P %P gy p=l.coems D,

nllw

dyq of > dg aj
aj j E;l % hijq aiq 3;1 s I=l,e0em; j=1,...,n
3 q q=1,...,n; q#j

+ -
aij, 8i, 81, 8i, 2 0, 1=l,...,m; j=1,...,n.
The various parameter values in this model will reflect the operating environ-
ment of the library and its administrative policies and procedures. Finally,

we repeat that the remaining budget not specified in the model above [i.e.,
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m

the fixed support costs (1 - £f)(T - Z Ci)] is recovered through institutional
i=1

fixed charges determined via a club principle in Rousseau (1985).

An Application to the HAM-TMC Library

The model described above was applied to the Houston Academy of Medicine
= Texas Medical Center (HAM-TMC) Library, an independent medical library that
jointly serves and is supported by 22 academic, research and clinical
institutions. Serving over 10,000 individuals, the library ranked second in
1976 in total expenditures of all medical libraries in the U.S. and Canada
with an annual budget in excess of $1.27 million which is recovered through
fees assessed to the supporting institutions.

Four different user types and eight services wére considered (see Table
1). As can be seen, this listing is a selective collection of all possible
users and services; however, it represents a useful basis for analysis, and
could be expanded if needed.

Additional survey data and analysis (discussed in some detail in Bres
et al. [1977, Part IV]) and extensive communication with library staff and
administration yielded Tables 2 and 3. It should be noted that the second
column in Table 2 shows that for some services various of the user types be-
haved identically in terms of usage. Hence, types were combined and treated
the same where appropriate. In addition, for practical purposes values of af

were estimated by informed individuals in the library rather than through
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Table 1

User and Service Categories

Users:

1.

4.

Medical Professionals —— MD's, PhD's and associated personnel engaged in
clinical practice, teaching, and research. Includes faculty, fellows,
post doctorates, HAM members, and support staff, as research associates
and assistants, secretaries, etc.

Nursing Professionals =- Nursing and allied health (including occupation-—
al therapy and physical therapy) faculty and practitioners, including
associated personnel.

Medical Students —— Includes medical students, interns, residents, GSBS
graduate students, UTSPH students, speech and hearing students, and all
graduate students (including nursing, occupational therapy, physical
therapy graduate students, etc.)

Nursing Students —— includes undergraduate nursing students, undergradu-
ate allied health students, and high school students.

(Note: Personnel not from member institutions were considered "visitors"

whose usage is supported indirectly by the members.)

Services:

1. Self service —— use of material in building, study space

2. Circulation

3. Interlibrary loans —— within TMC

4, Reference questions under ten minutes —— includes telephone holds, paging
MD's, holds and rushes, and so on

5. Reference questions over ten minutes

6. Interlibrary borrowing

7. Manual bibliography searches

8. Computerized searches —— MEDLINE, SDILINE, SDC services and so on.



Service (i)

(1)
(2)
(3)
(4)
(5)
(6)
(7
(8)

Table 2

User, Service and Cost Relations

Number of Different

15

Direct Cost

Self-service

Circulation

Interlibrary loans

Reference questions under 10 minutes
Reference questions over 10 minutes
Interlibrary borrowing

Manual Bibliography Searches

Computerized Searches

User Types (ri) | ci
1 .67 $ 12650
1 .75 83350
1 .50 15700
4 1.00 44425
4 1.00 26060
3 .875 20200
3 1.00 4810
4 .875 36280
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elaborate statistical analysis, but they suffice to illustrate our procedures
here. Table 3 contains overall survey usage data by institution.l

Further deliberations led to the following added specifications:

(1) Services 1 and 2 were not permitted to under collect (they were the
most heavily used services and most easily used as means of subsi-
dizing other less frequently used services); mathematically,
g1 = g2 = 0.

(ii) Services 3 through 8 were permitted to under collect without
penalty; mathematically, WE = wz = qae = wg = 0.

(iii) It became convenient to define a mean unit charge for services

with more than one user type as indicated in Table 2.

. o ¢ _
aj = {1 agj(diy) = ¢ jzl dgj, 1 =4,5,6,7,8

Then, lower bounds were specified on actual unit charges in the
case of services 1, 2, 3 and mean unit charges in the case of
services 4, +.., 8:

1y, = 0, 12 = 1.0, 13 = 2.0, 14 = 2.5, 15 = 5.0, 1l = 7.0,

17 = 10.0, 1g = 11.0.

IThe abbreviations for the institutions are: Baylor Medical School
(BAYLOR); Houston Academy of Medicine (HAM); Texas Women's University (TWU);
University of Texas Health Science Center (UTHSC), consisting of the Medical
School (MS), Graduate School of Biomedical Sciences (GSBS), School of Allied
Health (SAH), Speech and Hearing Institute (SHI), School of Nursing (UTSSN),
Dental Branch (DB), and School of Public Health (SPH); University of Texas
Sytem Cancer Center M. D. Anderson Hospital and Tumor Institute (UTMDA);
Prairie View A & M University School of Nursing (PVAMUSN); Texas Institute of
Rehabilitation and Research (TIRR); Texas Research Institute of Mental
Sciences (TRIMS); Institute of Religion (IRELIGION); Harris County Hospital
District (HCHD); Hermann Hospital (HERMANN); Methodist Hospital (METHODIST);
St. Luke's Episcopal/Texas Children's Hospital (SL/TCH); Memorial Hospital
(MEMORIAL); St. Joseph Hospital (ST.JOSEPH); Veterans Administration Hospital
(VA).



(iv)

(v)

(vi)
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Thus, for example. the mean unit charge for a computerized search
(service 8) had to at least be equal to $11.00.
No upper bounds were specified for any service charges, actual
OT mean.
A variety of relationships were developed between unit service
charges (actual or mean). For example, the self service (service
1) unit charge was made the least expensive of all by including

seven constraints of the type:

O™ e ma 1)
ay ——- = 2, actua
(d) ™ dy ’
ald <
1 ag ,i=4, ..., 8 (mean)

Note that the value of kjj4 is 1 in the above relations meaning no
explicit differential is required, only that service 1 is least ex-
pensive. Table 4 lists other constraints relating the other ser-
vice charges.

Relations on the charges within a specific service for each user
type for the last five services were identified; recall that these
types are listed in Table 1. As an example of such relationships,

the following were formulated for the case of interlibrary borrow—

ing (service 6):

(dgp) % (dg1) % (dg2) %
ag2 < apl 3 1l.6a¢2
dgo 61 d62
(dg2) ™ (dg3) *
ag2 p < ag3 p
62 63

These relationships imply that nursing professionals will be as-
sessed a unit charge for this service lower than or equal to that

assessed either medical professionals or medical students.
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Table 4

Relationships Between Unit Charges for All Services

Algebraic Form Interpretation
(a9) ™4
a Bf =" L, t=2. 3

(dp1 di
aj < Self service (1) has smallest

dl unit charge

31 i= 4’ e, 8

2a5 < as Mean unit charge for reference

questions under ten minutes (4)
will be less than half that for
those over ten minutes (5)

2a5 < ag Mean unit charge for reference
questions over ten minutes (5)
will be less than half that for
computerized searches (8)

az » ag Manual bibliography searches (7)
will be charged more than
computerized searches (8)

a:
,, Ld42) 2 ) Circulation (2) will be charged
2 d a7 less than manual bibliography
2 searches (7)
a
4 Efgl 3< . Interlibrary loans (3) will be
3 7 charged less than manual biblio-
3 graphy searches (7)
(d3)“3 Interlibrary loans (3) will be
2,3 —— < ag charged less than half of the
d3 mean amount for interlibrary

borrowing (6)



(vii)
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However, the unit charge carried by the medical professionals can-
not be more than 60% higher than that for the nursing profession-—
als. There 1s no direct relationship between the unit charges for
medical professionals and medical students. It should be noted
that none of the inequalities forces an explict set of values to
occur; rather they maintain a limited ordering among the values in-
cluding the possibility that all values for the unit charges will
be equal to each other. Each of the other four services with dif-
ferent user types had similar constraints; the explicit formula-
tions are not given here in the interest of brevity; however, their
justification is discussed in somewhat greater detaill in Bres et
al. [1977, Part IV] where different users and their characteristics
are analyzed.
All services were permitted to over collect without penalty 1if the
lower bounds on their unit charges caused them to recover in excess
of their direct costs; beyond this point (i.e., if unit charges
were made higher than their lower bounds and direct costs were al-
ready being exceeded) over collection was penalized, equally across
services. The only exceptions to this policy were the first two
services where they were permitted to over collect unpenalized all
the way up to half the needed variable costs (total direct plus
variable support) not otherwise recovered through other services;
again the rationale was that the most heavily used services were
the simplest, most effective means of subsidization. All these
considerations were incorporated mathematically in the selection of

the appropriate Bj values.



21
(viii) The fraction f was selected as the ratio of total direct costs for
all services to the total budget. Thus, the variable support cost
fraction is determined in direct relationship to the total direct

costs. They both increase or decrease together.

The estimated budget, broken down by line item expenditures, was
$1,274,428. Total direct costs were estimated to be $243,475, leaving total
support costs (including utilities and maintenance) at $1,030,953. The vari-
able portion of support costs to be recovered through service charges was thus
estimated to be $196,980.

The unit service charges are given in Table 5, ranging from 30 cents for
self service to almost $60 for a manual bibliography search, along with the
dollar amount collected per service. As expected and administratively
desirable the two most heavily used services (self service and circulation)
are the source of subsidization for other less frequently used services such
as reference questions and inter-library borrowing. On the other hand,
inter-library loans, manual bibliographies and computer searches are charged
almost break-even prices.

The consequent usage based assessments to each institution by service are
obtained from the survey usage data of Table 3 and the unit service charges of
Table 5: these assessments are given in Table 6.

The total institutional assessments are given in Table 7, where two al-
ternative schedules of fair and efficient fixed charges derived from solution
concepts in game theory are included for completeness. Determination of these

fixed charge components is discussed in Rousseau (1985).
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Conclusions

This paper has been concerned with the problem of allocating the annual
operating budget of a large independent medical library to the various diverse
health-related institutions (members of the library system) that jointly sup-
port and are served by the library. To justify the budget to the participat-
ing institutions and maintain cooperative support for the library, the fees
assessed to the institutions must be both equitable and efficient. We have
argued that a reasonable and equitable charging mechanism, therefore, might
recover the direct costs of services provided and the variable portion of sup-
port costs through usage based fees, determined through construction and solu-
tion of a constrained goal programming model, and the joint fixed support
costs through institutionally based (or "membership") fees based on a club
principle [see Rousseau (1985)].

The goal programming model developed in the present paper was applied to
the Houston Academy of Medicine - Texas Medical Center Library using data from
1976. The data and assumptions used in the present application were at times
approximate and an oversimplification, but they suffice to illustrate the
principles involved. Many of the constraints in the model arose from non-
economic considerations and were the result of the general operating environ-
ment of the library and its administrative policies and procedures.

The resulting unit service charges ranged from 30 cents for self service
to almost $60 for a manual bibliography search. Self service and circulation
(the two most heavily used services) subsidized the less frequently used ser-
vices such as reference questions and inter-library borrowing. Three services
(inter-library loans, manual bibliographies and computer searches) were

charged essentially break-even prices.
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In principle, our model can be extended to include multiﬁle time periods.
For example, prospective planning might be useful for several years if signif-
icant capital expenditures were anticipated and theilr gradual inclusion in
several years' budgets were desired. The effect of an expanding market (i.e.,
user population) or service capabilities would also prompt a broader analysis
of the cost recovery process.

To adapt the preceding model to a dynamic, multiperiod context requires,
initially, that all preceding variables and parameters be subscripted for time
period, except for the ajj which remains the constant allocational factors
throughout. This process implies that values for all parameters will have to
be estimated, or otherwise determined, for each time period in the planning
horizoni of course, some values may remain unchanged as, for example, the
fraction f which seems to be more a matter of policy and time invariant eco-
nomic logic. Also, the number of constraints will increase to account for in-
dividual, period-by-period recovery of the various costs.

The most substantive change would be the addition of a series of con-
straints that effectively couple recovery overall in one time period with that
in the next, since there may be beneficial tradeoffs in over collecting on
total budget one period and using this excess subsequently. For example, such
a situtation may be desirable in order to smooth or level the service charges
over time despite fluctuatigns in budget. Such extensions, however, are be-

yond the scope of the present paper.
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