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“Mathemstics prasesses not ouly truth but extreme
beavty —- & beauty cold and avstere ..,
Yathematics tekes ue into the region of absclute
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but every possible world, wuat conform.”
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ARCT

Kraft, Donald Harris. Ph.D., Purdue University, January 1971.
The Journal Selection Problea In A University Library System.
Major Professor: Thomas W. HilT Jr

This dissertation is concerned with the problem of selecting the
proper Journals to be acquired by a university library. A general
model is formulated as a zero-one linear programing problea with an
objective function that evaluates various selection policies in terms
of the net worth of selecting specific Journals and rejecting others,
journal usage and Journal productivity are two Important means of
Measuring the worth of acquiring a specific Journal; and models are
developed to describe both measures as dynamic, time-dependent variables.
Journal usage is adopted as the better measure of Journal worth, using
a modified Markovian approach to describe expected usage patterns over
time.

The constraints are primarily related to cost restrictions that
arise due to budgetary controls. The relevant costs are those involved
with the ordering, storage, and circulation of acquired Journals. The
only other type of constraint deals with continuity in that once an
item has been acquired, it reseing a permanent part of the library's

collection.
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The optimtation of the Journal selection nodel is considered
fromtwo different approaches since its |arge size does not allow
for a fit to one of the now existing conputational algorithns for
sero-one linear programng problens. A dynamic prograning fornul a-
tion allovi us to deconpose the |arge probleminto several snaller
ones of the knapsack variety and generate a feasible solution if
at least one exists. Special cases are found, sonme of whi ch seem
quite realistic Inthe light of practical library selection procedures,
where the solution la also optinal . A Lagrangi an formul ation gi ves
an upper bound on the optinal val ue of the objective function and
al so generates several near-optical solutions, scne of which nay be
feasible. A Knapsack approach is then again taken to try to inprove
the best feasible solution at hand to yield a better, near-optinal
or optinal, feasible sol ution.

A snal|l exanple problem illustrating howthe al gorithns operate,
is presented and di scussed. The conputational results showthat a
sol ution can be generated in a reasonabl e anount of tine and conputer

storage space, for at least snall and nedi umsized probl ens.



CHAPTER 1

INTRODUCTION

Purpose of the Reaearch Effort

The purpose Gf thlz reaearch effort 1s to investigate the journal
selection problem facing university libraries. Specificelly, the
question 1e what acientific journals should be purchazed given a
particular demand pattern exhibited by the userz of a university

library, and the limited resources awvailable to the library,

Scope

The scope of this reasearch effort is limited apecifically to the
selection of scientific Journals and pericdicals in a university
1ibrary system.

It is important to note that the loufurmation system the library
Tepresents iz primarily a document retrieval syetem. This theels
restricta its emphasis to hard copy 4in the form of journala, with
Lttle regard to microfilm or other forms of information atorage.

In & report of the serials cataloglng policy committee of the
Furdue Unjiverzity Libraries, Porden, Farris, Huseer and Ferris [8]

defins & serial as "a publication 1azued in cumbered or dated parts,



usually st regular {otervaels, and intended to continus fndefinftely”.
They also define m previo-merial as "a frequently re-jesued and revised
publication which quite properly may be, and on first publication
generally is, conajdered to be m monograph., After it has been re-
issved several timea, however, it may be convenlently regarded as n
aerind, no matter whether the library keeps merely the latest ipsue

or back file as well®; &nd a mooographic series ag "a mumber of
separate works issued in succession and related to one another by a
collective title, normally fssued by the same publisher and frequently
ia a ouxbered seguence”.

The report also lists as examples of serisles the followingy

1, Abstracts 15. Mumbered monographic series
2, Advances 16. Oceesional papers
3. Anpunls 17. Papers

L., Bpolletina 18. Periodicals

9. Circulars 19. Procesdings

6, contributions 20. FProgress

7. Dlrectories 21. Publicationa

8. Essays 223, Reports

9. Jourpala 25. Revicun

10, Lectures 2b, Studies

11. ILooss-leaf services 25. Transactions

12. Manuala 26. Wha's Who

13. Memolras 27. Yearbooks

14, Newspapers 28. Handbooka

(or equivalent words in other langusges}

When this suthor refers to the journal aelection problem, he ig
making use of the first definition, that of e serlal, with special
emphasis upon thoas Journals which would be used by people involved

in mpecifie fields of sc¢ientifie endeavor.



The journa) selection problem is in eysence & problem of formulsting
policies to gulds welection decisions. A policy will determine what
i1sstes of what journals should be acquired by the library system, and
at what time they will be mcquired. Other mupporting decision such as
the vendor or the degrea to which record keeping ia automated will
pot be considered here.

The constraluts which Iimit the region of acceptable Journal salection
pelicies, are of thres typea:

1. wsecarce regource limitations, especially coat
constraints due to limited budgets;

if1. dimensiocnality constraintz due to the atructurs
of the decleion variables; and

411, arbitrary conatraints imposed on the model by
librarians who percelve various interrelationships
and priorities to exist among Journals.

Thope factors which help determing selection decigions and are more
or less uncontrollable by the librarian are the user demand patterns,
which are determined by user needs, and the budgets and controls set
by the funders of the library organization. Feedback technlgues by
vhich librarisns can influence user needs or funder controls are
largely {gnored in this study.

The performance of a apecific policy is evaluated by the detsrminstion
of the worth of all journals, in terma of satisfying user needs, l.e.,

the relevance of the jJournals. This worth §s related to user needs

through twoe veriables, Journal uzage and Journal productivity,



Libtrary Ooalw and the Objectives of this Ressarch

A primary goal of many 1ibraries is to obtaln optimum library
performance in terms of thelr perceptions of user sstisfactiocn. Thiw
research affort will contribute to this goal by modeling the journal
aelection problem and by manipulating such a model in order to optimire
& general criteris for good library performance.

Before & decialon problem such as journal stlection can be modeled,
it is necossary to firet obtaln a clear underrstanding of the geceral
organjration of & university 1ibrary. This meanz that n model can then
be built to realistically reflect the enviromment in which Jowrnal
selection decisions ere made. Even more important than orgmnization
are the needs and goals of the people, erpecially those other than
the librarjans, who are involved in the functioning and ussge of a
1ibrary. |

In reaching the gosal of constructing a model vhich will yleld an
optimal journal selection policy, the following cbjectives will be
met:

Tha firat objective of this reasearch effort {a to develop s
saltable objective function with which to evaluate warious journal
selection and acquinition policies in & unlversity library systea.
Mensures of & Jowrnal's worth or relevance are developed, using both
Journal usage and journal productivity. A aecond cblective is to
develop constraints reprecenting the restrictiona under which a
librarian muszt operate. Ii 1a ahowm thet corta are the most mquentiy
copstraining itema dus to limited budgets. Mnally, the third cbjective
will be to develop algorithms to solve the jouwrnal selection model

st & pathematical programming problem.



The Library in a State of Crinis

The universgity library is en Integral part of the higher educaticnal
system apd 13 1o & state of criala. It faces & widesprend d5ilemma Xnown
as the information deluge [h4]. The chief factor bebind the crisis 1s
growth, vhich 1g evidenced by the fact that technical litersture 1s
continuing to expand exponentially. Ino fact, the journal selection
problem i3 part of the problem of growth which hes wade 1t all but
imposuitle for & library to sccummlate all published cerials.

Metcalf [52] points out that growth seema to be the underlying
csuse for nearly sll of the library's financlal problems., Meler 51
discusses how dire the consequences of growth are, or what ha terms
“"comwunications overload”™, to systems such as libraries., If the system
1s not designed to handle such an overload, it can sveniually have
breakdowna ic zervice.

Hacker [27] states that in apite of rising demands for information
and the rising coste of providiog it, fundgare limited apd cutside
coapetition for the use of thore funda is {neressing. One of the meanz
that he suggests to remedy the altuation ia to make every effort to
improve the mansgement of the library system. In order to improve the
quality of mansgemernt, several authora have suggested systemas analysia
teclniques as & way in which better policies can be formulated and
batter procedures ipstituted into library lj‘ltﬂl.l

For exsmple, consider the problems surrounding the decisions as to

what titles should be sequired an new ndditfions to the collection.

1 An sonotated vibliography comtaining meveral articlesz which
diacusses imsues relevant ¢o warious sepects of the Journal
selection problem can be found in Appendix A.



Dean R. Downs [17) of the University of Illinois Oraduate Library
School, feels that a complete record of human thoughts, emotions, and
actions, without restriction, would be 1desl. However, he also pointa
out that guch a goal hardly seems realistic due to restrictioos of
time, space, and aveiladle furds which pxevent a library from scquiring
all materials that are avallabls.

On o different level, however, a library shruld not reslly try
to accummlate all materialn. It seews that & 1ibrary can becawe too
bulky and cumbersome Lo be ugeful. Rather then chooeing the policy
of acquiring everything, & chofce that is somevhat intellectuslly
appealing, the poliecy should be to pclect only thore materials which
are relevant to the users of the library and wvhich the library can
afford Lo acquire.

Morae [57] feels that o reaearch scisnce library would be a much
better one if rarsly used or nonrelevant bocks were not acquired,

The foferepce 1s that & library should be usage oriented, existing for
the convenience of the user, aa opposed to being operated according
to an arbitrarily set group of rules based on the assthetics of the
librarfan, or on buying for its own sake. The author feels that the
wortk of a journal lies in its being used ar opposed to its merely
existing and being availabtie.

Ttras the librarian, or someont in a declizion-making position, wust
make decieions mi to which materinls are to be acquired, Hence, a

selective policy must be zet forth that can diacrisinate acd determine



which materisls are most relevant to the librery's users. Downa (7]
further states that the basis for such & decision should be the nature
of the clientele being served. For exsmple, an undergraduate library
will probably require fewer titles and cover more general areas than
& 1libraxry serving people who are doing fundamental research.

The importance of Journale in a library 4s pointed out by
Wulfekortter [82] who states that seriale, ar journale, are different
than other library materials and as such, they are handled aeparately
in many libraries. The importance of journals, ¢specially in relation
to support of regearch activities, iz alsoc i)lustrated by Straus,
Strieby, and Brown [73 , p. 124]:

"Periodicala conastitute the moszt importent pert of =

science 1library's resources hecause they publigh the

izmediate reaunlitz of experimental ressarch and

announcements of technical developmenty. A ¢ontimacus

recard of scientific advance is presented in thege

Jowrmales, though not as & story that 1s earily resd

since related informstion ia frequently scattered in

mmerous papers. The larger the collection of

periodicals in one library, particularly of long runs of
important titles, the more of the story there will ke at

hand to be put together, and {t 1s for this recason that
periodicals, 1n contraxt to most books, appreciate in valus
with time. Consequently they merit the wozt careful eelection
and subsequent precervation. Recognition of thix s
evidenced in the policy of many libraries of spending &
greanter portion of the budget for subscriptions to periodicals
and purchase of back files Lhan for large numbers of booka.
Major subseriptions showld never be affected by a cut in the
budget with the expectirtion of their befng purchazed in
future more prozpercus times. It 15 often impoasible to
mcquire certain lssces at Any price. Books, on the other
hand, may not go out of print &0 repidly end are more likely
to be aveileble through the used book warket. The acquigition
and servicing of pericdicalz is regarded az m perious
responsibility by those who are fully sware of their
significance., Tha pericdical files available in m science
library may well be ihe most accurats iodication of the worth
of the wiole collection”.



Thers is another aspect of the selection problem that seems
interesting. The librarian has two main optiousx open to him, eitber
to select or reject the item being considered. Rejection means that
a user deairing thet particular 1tem must either be turncd away cupty-
handed in terms of the jtem or be Torced to wwlt while a copy of the
iten 12 obtained from apocther source. Centralization bhae been viewed
as ops way to reduce the time and hence the severity of the tonsequences
of » forcad delay. Am accesr Lo alternative sources becomes easier,
one wight even be able to reduce the quantity of items selected and
maintained in an individusl collection ms opposed to n central lending
11brary.

pevernl svthors such as Keént [32] bave looked at centralization
of library efforts and holdings, as opposed to decentrslization. It
is felt that & centralized technical proceseing group hasz the potential
of reducing costs and of elimlnating duplicated effort. Bryant's [10]
tradeoff of the users of resources between acquisition and procaesing
wyersus borrowing from other acurces becowes important since a central
bureau would make acceas to such sourcea easier., A ceptiralized set of
holdings makes access even easler still, which implies that the ueed
to acquire everything is now leszened.

Centralization can take place on several levels. Hrench libraries
Ay resort to & cantral administrative body for technicsl processing
and mansgement. Crn a higher level, cooperatiom on A regicnal, state,
or cven pationa) basiz could lead to better modes of operation. Some
1ibrarians have beeu bold ecough to supgest international cooperation
apd centraliration. The journal aelection probles sesma to present

an inter=sting etudy in the cege for centralization at any level,



A Contrest to the Tnventory Control Froblem

The journal selsction problem can be ccapared to the general
faventory comtrol problem found tn iodustry. The questions of how
much to bhuy, when to buy, and the restrictions of time, space, and
limited capital are preaent 1n both cazes. Morecver the coste of
acquisition, storage, and retrieval for usze are & part of both problems.

However, the university library has acveral characteristica that
make the Jourval aselection problem a difficult one worthy of independent
stady, The librarian sust aleo consider what to buy, a decision that
1s not 4o the reslm of inveatory control theory, There iz & very
large number of jJowrnals to be consldered. Each volumw, in fact each
1ssue, of each jJouwrnal is a separate entity which must be handled
individually when acquired, processed, or circulated. Eventually
issues will usually be bound together in volumes, but requests will
sti1l ve for apecific fssues of o Journal, at least part of the time.
Moreover, the uzer iw usually interested in specific articlea. To
indicate how much work is involved due to the mmber of itema, most
university libreries have e large porition of thei{r profegsional staff
iovolved in clessification and cataloguing of serisle or journala.

The demand for knowledze, in the form of primted docupenta at
least, 1a wuch more erratic and 4ifficult to predict than zales or
part demandz ip an industrial operation. The user doeg not alwaya
have & clear pleture of exactly what information is belng sought.
Moreover, the shedr number of 1ibrary items which might be relevant

to aome user mekex prediction very hard. Another cause of difficulty



ir the unfomiliarity of the librarian with the intricate details,

technicalitien, terminology, and latest developments of the various
filelda of selientific endeavor in which the library ia involved. The
fact that such fields of endeavor are dynaxic and asy expand, cootract,
or change radically within the span of & few ysars adde to the problew.
Since subscription lengths often run over a period of more than one
year, somatises ss much as five years, a planning horizon of seversl
subscription intervals can be guite lengthy. Thue, time 6lzo makes
the deciaion problem guite difficult to analyras.

Continuity im the last major difference between Journalz and
general ipventory items. It is important that long runs of very
important journaels not be Interrupted or alse s major portion of
the history of the technical fields being developed in the Journal

would be missing.

Qurrent Journel Selection Procedures

In order to devise a better method of selecting journals in a
wniversity library, 1t seems desirable to explore how journals are
corrently beiog selected and placed into the gystemw, This i an
axample of the envirgmment in which Journal selection 1s taking place
bafore any deciaion models are used. The Pardus University Serials Init
ef the Library is responsible for all jJournal acquisitions and itas

palicias scem to exewplifly currezt journel gelectlon pro{:edurea.a

2 The ccoperatica of the Head of the Serisnls Unit, Mr. Borden, and hie
staff oust be acknowledged. Mr, Simon of the AA &E3 and TE Librery
and Prof. Moriarty, Director ¢f the Purdus Library, must alse be
thanked for their helpful commenta.
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e technical procedures can best be seen by outlining the flow
of a journal through the Serisle Urit. A requast for a journal
originates from oms of the branch librariens or depsrtmsnt liazon
officers or from the central library's reference desk. The raguests
are then checked to ges if the library slready has s copy on hand,
especially in the branch requesting the journal. If the branch does
not have n copy, the request i examined to insure that the bibliographic
informaticn {title, publisher, volumes available, ste.) 1s correct,
Also, information as to price and addresaes of publighere or purchansing
agents 1s mscerteined. The accounting ledgers are then checked to
see if funde are available for the requeetcd jJournal's subscription
price, If not, the 1tem will have to be held up until next yesr when
more funds are available. If funds are avaflable, the order is pliced.

An order elerk now typen out en order card snd sends one copy to
the publisher or purchasing agent. Apparently there is not too much
concern as to which agent €0 buy from sihce there 1a usually only one
to consider. The account of the braoch 1ibrary is adjusted to allow
for the new acquisition., When the iasues arrive, they nre checked
apd eent to the proper branch of the library. If any of the imwues
of the journal do pot arrive on time, the clerk mey have to claim the
issues by notifyicg the publiaher of their non-arrival.

A new acquisition 1s alzo aent the cataloger who designutes n
number by which referance can be made to the jourmal (wuch ws & Dewey

Decimal or a Library of Congress nulber), according to 1ts coatent,



A Jourpal retaing this oueber even in the svant of gubject matter
changes in ita contents, A cerd contalning bibliographic information
on thia latest additiocn to tha collection is placed {n the rils. A
potice recording the receipt of the journal is kept on flle to be
referred to vhen the library ia billed by the publisher or agent for
the Jourpal.

Vhen a complete volume hee been scomuiated, those Journal iszaues
mst be bound inte ocue hard-cover item. The issuer are gathered
together and replacements found for any missing or incomplete Lagues.
These {msues are sent to the bindery af'ter being checked for completenssn
and returned and checked sagain, this time for proper bhioding.

This final check completes the cycle for a Journal in the Seriale
Unit of the Purdue Unjversity Library. All reference work, cirenlation,
and ahelving is done within the branch library, ocutside the realm of
the Seriale Unit. Ope final point that should be made ia that it 1is
vory hard to termisate a gubscription once it has been established.
However, s branch ljbfary may terminate & Journal without too much .
trouble if another branch 1z or will be subacribing to that same
Journel, DBudgeis are uswmlly arsigned eo as to sutomatically fcclude
all current subscriptions. This weans that since an acquired Journal
usually becomes 4 fixed part of the collection, & decizion to mcquire
meons ap expenditure of s good deal of time, effort, and capital.
Thus, the Journal sslsction declsion becowss increasingly important
{n terme of using the scarce reacurces properly to optimize a library

system's performance.



Bome Ceneral Cosments oo the Nature of Acquisitions

Io diwcussing the general characteristicy of apecisl libraries,
Btrable [72] notes that ap acquisitions unit sust st lesst collect and
yeceive publications, check for relevanca sand duplication, keep abreast
of user intarssts and needs, receive mncuncemsnts of new publications,
and satablish order records. The unit may also contact dealers,
ertablish specianl collections, maintain order files, and review and
evaluate collectionsa. The unit may even prepare written sslection
policies, contlact dealers of unusual items, mmisntaln special colleactions,
and gelect materinl in anticipation of future needs. Strsble also
points out the advantages of centralized scquisitions.

While atulying the eequisition policies of sevaral different
1ibraries, Chitwood [12] notes & reasonable similarity in the types
of functions performed. Ke alao notes that faculty requests are used
by many departmental branches of university libraries sz & basiz for
the selection decigion. lLists of available publicaticns are also
consulted to suggest new titles to improve n collection. Coffin [13]
discusses blanket ordering as asother possibility, buying all publics-
tions in o certaln field.

Lowua [17] worries about the over-dependence upon facujty
reccamendations and suggests concentrating upon tuilding up and
intensifying whole fieslds of endeavor rather than worrying about
tndividusl titlea., Woleh [ BJ discusses difficulties of acquiring
foreign publications, and Sanderz [70) notes the extrems difficultisg
of sequiring back lesuss and oyt-of-print items, whick heighten the

importenss of making the proper journal selection decirions,
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Stevens [T1) discusaea the acquisitions unit 4n relstion to the
total library system. HRe seor the main functions aa {dentifying and
procuring new material, saintainsing of records, and payiong bills.

He alsc considars the role of the scquisitions department in assisting
technical processing unite, sssisting the users, asslsting the library
sdministrators, as well sg working with the collection to build, weed,
and sraluate it. Btevens also fesls a collectiom policy dealing with
whole fields s preferred to a titls selection p-al:icar.3

Ancther method ¢f acquiring materials for the library 1s through
the Gifts and Exchange Unit, Often tiwes new Journalg are sent as
gifts to encourage future purchases. More likely, however, are the
gifts or dountions of materials which may contain back icsues desired
by the 1library. Moreover, duplicate copiem can be exchanged for such

back issues, vhen avallable, from other libr.riel.h

3 Wulfskcettar [82], in a book that presents in great detail the work
involved in acquiszition units, agrees with the concept of fleld
rather than title selection.

4 The interested reader can conault Wulfekoetter (82] for a detailed
description of the work involved in & Gifta and Exchange Unit.
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In Chapter II we shall develop the objective functi{on of the modal
a8 & mathematicel mtatement of the library’s primary oversll objectives
in terws of the deciwion varisbles. This will be dome in order to
evaluate 1ibrary system performance under yarious journal selection
policies. 1In order to do thig successfully, the ilibrary is viewed
both as & service organiration and as an informetion retrieval systesm.
Fraluation techniques for informaticn systems are discussed to show
bow well the objective function incorporates the relevant factors for
evaluation.

The conetraintz associated with journal zelection decisions are
developed in Chapter III. The discussion centers arocund the coat
constraints and the constrainte directly aesociated withh how the
decizion variables are defined. However, possibilitiex for other
types of constrainte are not excluded entirely,

The main topic of Chapter IV is Journsl uzege as & criterion for
measuring the worth of acquiring & journal, Geveral models of usage
are conaidered, with special ewphasis on a Markovian model, a modified
Polason process, and additional modificatlions of theze two., Esiimation
of parameters is discussed and the method of moments g uszed to provide
fach estimates for the various models.

As an Aadltermative criterion of journal worth, Journal productivity,
the nmber of relevant articles in a journal, is considered in Chapter ¥,
Epidendic models of Litersture growth and s scattering wodel based on
the Bradford distribution are discussed in detall. Thess modeln are
tested, vith parametars being estimvated, using data frow a body of

quenelng theory literature.
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In Chapter VI, we shall develop algerithmz to help eolve the
'x'uulting integer progrmmming problem formed by the journal selection
model. A dynamic programming forwulation te used In conjunction with
stochasiic conirol theory to yleld a fensible suboptimal solution if
At least one exlata, A Lagrangian multiplier technique 35 then
employed to generate more solutions, some of them feasible, and to
yield an upper bound to the optimal value of the objective function.
These aplutions can be improved to yield & near-optimal feasible
so)ution, A EmAall example problem is presented to I1lustrate how
the algorithms work.

The swmmery of the reesesarch, conclusions, and recopmendations
for further research are included im Chapter VIT. Appendix A contains
an snnotated bidbliography of additional material deemed relevant to
the journal selection problem. Appendix B contains compuber listings

for the varjous algoritims and parameter estimation routines,

Finally, the solutions for several problems consisting of varlstions
of the input date for the original example problem are presented in

Appendix C,
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CHAPTER I

AN ORJECTIVE FUNCTIOR - MEASURIKG THE

PERFORMANCE OF THE LIBRARY SYSITM

In order to determine which Journala should be acquired, o
mathematical wodel of the Journal selection problem will be con-
structed, 7The model, en abstraction of the real decision problem,
will allow us to generate, consider, and evaluate various feacible
alternative policies and choose the hest one. The key elepent of
the model 12 an objectlve function which states the system's overall
objectives or goale and evaluates the performance of thne¢ system
wnder each policy.

The objective Zunction iz constructed ueing a measure of the
worth of each Journal with respect to the overall library system.

In order to determine vhat measures are muitable, o clear under-
standing of the library, its participants and Lheir needs, goals,
and interactions 1s pnecessary. In this chapter we will attempt to
raview some of the literature describing the librery and its
eaviromment, and algo to model the form of the objective function,

The first section iIs concerned with developing the general
cbjective function for the journal selection problem in o university

1library system, stated in mathematical form, However, the development
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.

of specific menaursr of Journal worth is deferred to the .next. faw
chapteri. In the second and third sections we deal brieflly with the
library s & service organization and as an information system,
respectively, The fourth section ls a survey of the 1itersture on
evaluation of information systems in terms of parforbance wessures.
Thus th? objective function of the first section 1x shown to encowpans
all the relevant factors involyed in evaluation of library perforeance.
In the final saction, we conaider a slightly modified objective
function set up as a scheduling problem to show the relationship of

the journal gelection problem to other models.

The Objective Function

To gein a better understanding of the problem snd to provide some
insights into methode of soluticn, a mode) repreeenting the library
system must be constructed. Morris [5h) points out that wodel building
¢ an art, best described as iptuitive in nature. He suggests be-
ginning with a simple model and enrichening it »s one confronts the
model with data and the inherent szsusptions used in deriving rezulis
from the model. |

Consider first a planning horizon for the librarian decision.
maker; that 1s, the span of time cver which & servicer is specifically
Anterested and capable of waking decisions, The time span runs Ircm
time point gzero, usually reprecenting the current eitumtion, to some

future time point T with the epan belng specified as {0,'1‘].1 We

1 Fote that the fntervel (a,1] implies a continuous segment running

from polnte greater than but not iocluding polnt &, up to and fncluding

point b.
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shall viev time ns & discrete varisble, implying that the time spen
can be divided into »r intervels of equal length, T/r. Tha subscripts
t snd g will be used to decignate specific time periods. Time pariod
t designates the time interval ((t-1)T/r, tT/r) vhile time period g
depignatea u similer interval vhen tal 2,...,r~q and q-l,a,...,r.2

If t or § are specified as egual to zera, initial conditiona that must
be specified empirically are implied,

The set, 3, of Journalas being considered for acquisition is the
next 1tem of discuzsion. It chall be assumed that the eet {9 complete
st any point in time when it containa all Journals which might have
been, are now, or will be relevant in the planned future, to scme
specific ueer needs. By constantly updating the model, new journals
can be edded to the pet ae they are peeded. Quastionning the users,
sapecinlly roanking members of the fuculty, will alsc help insure
that the univerajty librarien i{s considering most if not all of the
relevant journels. The use Of bBibliographies, citation lists, abstracting
journals, and the like, as well as consulting other libraries, can
also be used to help insure that the set ia complete. Let § be the
subacript used to indicate a zpecific Journal with g beleg the Lotal
auber of journals in the set, so that Jul,2,...,s.

The Journal melection problem iz whether or not to acquire specific
{1sxues of specific Journals at given points in time. TO represent this

problen in a model, decision varlables are needed for nll alternatives

2 The notetion tal,?,...,r fwpliss that variadle ¢ may take on any
of the integers up %o and ioncludlng r.



under conalderation. The baxic dscigicn wariabls of this wodel ia
!J.t’q, 8 binary-wvalued wvarisabls which takes on the valus of one if
tha library sysiem has acquired the ifamues of journal J that were
published in period q sa of { pericda aftisr publication, the value
of sero 1f it has a0t. Note that this implies that the guantity

-7y ¢.q

have not beeo scquld aad sero if they have; o mirror lmage of tha

) 0140 1a & bimary-valued yuriable that {a one if the issuss

original decisior warisbls Y The decigiong of whether or

Lt
not to acquire certaln issuves of & wpacific journal at » certain

point in time have meny fer-reaching implications for library organisa-
tica. We will explore many of thase in an effort to better understand
and {wprove tha perforsance of the university library system.

It » Journal 1s to be selected for scquisitioo, 1t should be bacause
it adds to the oversll performmncs of the system by helpliog to batter
attain the objectives of the servicers iz terms of user matisfaction.
Batiefaction can be related to either a single set or to several ssts
of users in terms of the types of needs users hava. Thus one must
define & measurs 91’ & jowrnal's worth in termz of thess objectives.

The seasure pust inelude . revard if the scquired journal {a pertinent
and & panalty if the Journal is mot; but the contept of pertinscce

aust be expended and nade more general thaa 1 18 when applied to

Just one specific request for information, Let Gd,t,q represant &
weighting factor which mewcures the worth of having acquired the faaues
of jovrnal j publighed in time period q as of ¢ periods after publication;
apd in like manncy, let H.‘i.t,q represent & welighting factor which messures

the worth of not baving acquired thoss iasuen.



¥With the decisiom warisbles and the worth of acquiring or not
acquiring pertinent journais defined, & general cbjective function
for journal selection can be derived. ALl journels in the set, all
tise perioda in the planning horizons, all issuss of thess jouwrnals
published within the plenning horizon 3, and all cpportunitiss te
purchass these izgues must be considered. The worth of purchasing
the fasues of Jowrnal J the ' were published in time period g as of

t periods after publication is the worth of mot

anthojjt:q;
purchaging the lasues 18 (l'r“j,t,q)ﬂ.j,t,q +  Busming over time and

cver the set of Jouwrnals ylelds the following objective functiong

s r r-g
- 'w I z - ‘
1-1) % o b 05,000, 6,0 * 7y,0,00,¢,q]

™in sxpression reprecents the sum total of the library system's
werth fo terms of fta Journal collection. As such, Z* chould be
maximiced.

Rearranging terme, we have

2 r 1-q
~1m ‘' L E 1 b G -H +H
T 20 - E e i MatalCte Mg e
8 T req
- » r K
2 J=l geo tio H.j,t,q !

5 The caze may arisze where a library has the opportunity to purchase
older irsucs of s Journal, iesues published before the current
planning horiton began. These iasues can be considered separately,
88 & Journml eptity unto themselves, so that on® can use the wodel
to make journsal selection decisions. OfF course, the time scale
will have to be ghifted for these specific issues,



whare
8 T r-q
- " e r - .
r-2) 2 jfl ‘ED tmd xﬁnt’qfcist:q nﬁlth)
* T Trq
fince the expression E L T H,j t.q 18 independent of the decieiom
J=l q=0 teo e

wariables YJ t,q’ meximixation of 2" accomplishes the depired maximica-
rvs

tion of Z', the obhjective function.

Consfderation mast be given to the relationahip between O and

bt
« If they can be ensily related mathematically, the objective

R
fanction can then be further simplified, In order Lo better ssa such
a relationship, let us congider wn iaformation retrieval system
approach towards evaluation of performancae. aj,t,q and “J,t,q nun. to
be analogous to contingency table wvarisbles, see¢n in Figure 3 and
discusaed in detafl Lelow in & separate gectioca of thie chapter, which
represent the conzequences of pertinence, 71 1f woquired and x2 ir
Bot, respectively. There are, however, no direct amslogies to the
variables Kl Af ncquired or Vz if net, vhich represent the consequences
of nonpartinence. The worth of not scQuiring nonpertinent journalas

or of acquiring nonpertinent journals sesms quite difficult to weagure,
eapecinlly in terms of determining whick Journals are nonpertinent,

an opposed to those that are only slightly pertinent. It iz far eazier
to determine which journals are pertinent in terms ¢f & variable such
aa ussge. The libdbrarian {s usuelly more concerned with pertinence in
that he wants to satisfy user needs for ralevant items asx beat he ca.n.'
Moreover, pertinence is usually defined with respect to a user and &
specific demend for inforwation; while a servicer must base deciaions

on some overnll meagurs of worth.
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fwo points can be made to ghow that the variablea messuring journal
worth can be construed 20 as to cocaider at lesct some aspects of non-
partinence. The cost constrainta, to be discusaed in detail lataer,
bacome {nrolved with oonpertinence in that ecquiring m wonpertinent
Journal uses up scarce funds that might be put to better use toward
the purchase of more pertinent itema. Secondly, the varisbles should
ba related to nonpertinence in terms of general usage peatierns, As
& journal baccmes less desiradle and thua, less uzed or more non-
pertipent, 1ts worth if acquired zhould decrease while the worth of
not acquiring it should increese, Note thet this conceptuslisation
tands to view 21l Jjournals {n the set as having at least acme
pertinence and zome value and thus being worthy of conslderation.

With the servicer primarily interested in the satisfacticn of
user needs, the library's main function being to pelect, wncguire,
mintain, and dissewinate relevant information, and with Gj,t, q
repesanting the wvorth of a specific scquisition towards thess ends,

1% seems reasonable Lo assume that G is & novnegative variable.

Jetyg
In like manner, it scemz reasonable {0 asaume that Rj,t,q' repressnting
a deficit to potential uper satlafaction, should be less than GJ.t,q
and might norsmlly but not neceazarily be conmidered nz & nonpositive
wvarieble for all waluse of J, t, and ¢, If Hj,t,q is nonpositive,

the worth of not acquiring & Journal becowes & negative worth, that

is, & cost or dsficit. The validity of theze assumptions is reinforced
by the notion that awsilebility of relevant library caterials {3 a

veory important svaluation criteris. While thiz thesis will consider only
casea where these sammptions hold, one may revert to equation II-1} for

a mors genersl formulation of the objectiva function.
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¢ t t woul t
One way of relaticg !l:“"’q o uj,t,q 4 be to let Hj,t,q be

GJ;‘-:‘! for all waluss of J, t, q. Certain

miitiple cholce tests that have thelr fipal grade computed on the

& decressping function of

basis of the number of correct angwers mirus & portion of the number
of incorract answers oap be congidered as an analogy to this type
of pituation. Thias subtraction is performed to remove bilas. One

function of interect 1s the linear cape vhere

I1-28) H for w1l values of J, g, and ¢ .

u =p. 0
1,0 ), 3,t.q

Then the oblective Nunction xay be podified to yleld

1 3) z JEl QEG t].:o rd’t-q(ad »tig KJ:t’y‘l}

t.qtadsth - ('plcd.t.q)]

" e i Tl (1)

] r r=q

- E =
Wey) B Es oo Tate%,t.

th H im
The saasumeption that GJ,Tv.Q Rj,t,q

lip, ¥ 0. However, 1f we furiher assume that p, > -1 so

plisg that Py € -1 or

(1491}'} 0, we can eliminete the trivial case vhere 0y = -1 and &
servicer is indifferent to all selection policies. Thia means that
i1t is slways at least xlightly more desirable te acquira than to not
scquire a gpecific Jjournmal in terms of the objective function. Using

this sspumption, one cen re-wriie the objective funciion se



a r r-q

- - 4 -
II-3a) 2 afa q:.:“°| 1:1.:'0 ’J,t,q"a,t,q - /(1@1)
Ir !J t,q LI 0:' t,q’ which seema to be the moat plaveible situstion,
Ll | B

s, 0. If p, 1s in tha range (-1,0), this means that not buying
& Epecific journsl could bave a small positive but leszer worth than
if one 414 buy the journal. However, {t doea not scem as though ons
would normally assvme this to be the came.

Lister [h8], when considering the use of compact storage for the
less active items ic & library collection noted that the most secszitive
wariable wasz the cost to the vaer of not having ap iten Smmediately
syuilable. Ar analogy to thie cost isx represzented here by the
}, the worth of not being able to provide

expression Hj,t .q(l-rj't'q

& service to the usgers, Using tha relationship of B:),t,q and Gj,t.q
suggested by [II-2a} impliex that the cost of unavailebility fs
expressable in terms of the variable Py» However, ohe nesed not concern
himaelf with apecific values of Ps only the doundary restriction

that #y cannot be less than -1, Thus, Lister's problew of determining
s spucific cost for delay of szervice can be ¢lrcumvected samewhat in
this wodel since we do not need to specify the coat of not being sable
to provide service directly.

With the geperal objective function for the Journal zelection
problem definwl, the quastion arises as to tha nstures of wariocus
mtasuras of jourmal worth that night be used. The measures mast be
capabhle of incorporsting the factors of syestem performance s discuseed

sbove; but they mist also be simple enough to be estipable.



In actuslity, the objective function has besn wodeled with certain
possible wearxures of journal worth in mind -~ Journal usage and
Journal productivity. Poth messures will bs discnased in succeeding
chapters agd their relative peritsz and Jdlsadvantoges pointed omt In
some dAetail.

Rowevar, bafora that can oconr, we must coneider the library in
the context of a service orgaunization and as an inforsation system

and must sce how the performance of puch systemz is to be evaluatad.

The University Library as a Service Organization

In order to establish the merit of the objective function ia terma
of ite capability to realfstically evaluate jouwrnal selection policies,
the university library system, mdeh as a service organiration, wnd the
pature of the participents and elements of guch an orgsnization mmct
be copsidersd.

The wniversity library has been analyyed as & service organizatiion
by Baker (1,5 who developed a descriptive model to present s theoretical
framowork in which decisicns can be made. A "service organization”™
1is "one whome prime beneficlary is that part of the public 1o direct
coutact with the organization, with vhom and en vhoa itz pembers work --
in shart, an organitation whose basic function iz to serve cliewts®

{i].
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The general porticipante of the mervice organirvation ars ildentified
Yy Baker as
1) umers,
11) funders, and
118} servicerc.
Eamples of thase categories, in & university library systes, are,
respectively:
1) the faculty and student body,
11) the aduinistrators of the un!varaity,k and
111) tbe staff of the library.”
Baker alao considers each participent apg haring s separate aet
of decizion problams. Thase probless have a direct beéaring oo tha
isteraction of theze participants in the library environment., What

factors influence the declaions of the users, funders, and servicers?

™he Users
The users, either thoze who are now uaing or those who might in
the future uas the services of the universzity library, are sesn by

Daker as pecple reacticg to a set of personal needs. A user decision

B The ptate legislature st federal goverrment, or sven beyond that
to the taxpayers, the people who pay tultiom and fees, and perhaps
even the donore of varjous gifte o the Jibrary can be consldered
a¥ fundere, depending on the breadih of the analyeis. Within the
context of the wniversity librnry, the administration ias the
library's primary scurce of funds and funder interactiom.

5 The Director of the Library, hiaz administrative staffe, and pro-
fezppiona) librariens, all of whom sre involved in policy decigion-
making functions; these are the servicers considered vithin the
scope of thin ressarch effort. An orgsnizstion chart of the Purdue
University Librariea [65] can be seen in Figure 1. The library
admintstration, iike that of u factory or of any business firm,
bas dsciaion problems that bear inventigation.
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Figure 1. Purdus University Libraries Orgenization Chart 1967



model based on n rewsrd-cost structure of library svalusation 1s
developed Ly Doker in terwa of seeing how users determine their cwm
patterna of Library ussge.

The ussrs, as clisnts of the service crganizetion, base their
decisions concerning usasge upon past evaluaticos of the library
parformance, be it thie epecific library or accounts of friends'
experiences in a library ecvirooment and upon preszent perceptions of
current library policies. Frow these eveluations snd perceptionsz
come expectations regarding service which may or say not be reilnforced
by interaction with the Library. Finally a decizion comea in terma
of a selection of a set of sacurces from where nesded zervices can
e obtained. This implies mlternative sourcea such as persotal
eollectioms, collections of colleagues, and other libraries, which
st be considered and evaluated by the uzer. In s sense, these
sources are coapetitive, at least from the librarimn‘se polnt of view.
The librarian moet be able to satisfy Lis users' ceeds; ha must make
the library the best source of degired information or else alternative
sources of information mey be used. Also inherent in this structure
1s the decision to lat the need go unsatiafied, This last alternative
seems sepocially relevent wvhen deealing with commodities such &s
information and 1ts related servicen.

The apucific behavyfor patierns of users of a librury have been
studied quite extensively. Most of the work has been in the srea of
identifying the user or determining the quantity of ussge sttributable
to verious library saterials. Jain [30] presents several early
references and their womaries (up to 1565). The bibliography of

user studies compiled by DeWeese [16] extends Jain'e work.
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The Funders

‘he funders, thosa people who provide the capital to operats and
maintein the sarvice organization, may be at lenst in sowe cores, the
samo people who ues the services. Howerer, in & university library
gystem, the sets of users and funders mey be gquite geparate entities,
verging alpost on wutual exclusivenesa.

The funders seem to cparate on the principle that "he who pays
the piper calle the tunea™. The ¢oncept of invezting capital to
support & service organipation carries with it an ixplication of -
contrel, or &t lesst of infiuence, over ihe policles of the crganization,
Ivan if no controls are specifically placed upon the library, as
Paker points out, the budgeting of awmllable funds can in itself
imposs critical restrictions on the foasible courses of actich open
to & mervicer,

The funders, according to Daker's model, base the declislion as to
what controls are to be placed upon the orgmniration on previous
sxperiencea and present perceptions of curreat library policy. oOf
course, it 1s expected that part of the comparative evaluation of the

library by the funders will take user satisfaction into n:cmmt.s

The Servlcers
The third set of people involved in the service organizationm 1im
the sarvicera. Within the context of a cellege library, this dncludep

the library staff; however, the scope of the model iz limited to thoze

6 7The reader mey conmult Rrzase's (&3] thesis which dlacusess some
coat-benefit analysis aspects of waiversgiiy library funding
decjisions.
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ibrary afmintstrators and profeasionals directly lavolved in decision
saking. As Baker points cut, the librarian is conaidered a pmfuaiml,T
and is expected to have the welfars of the elients np his primry

concern., Meraover, the professional will, st leaszt in the idesl caae,

be penalired if self-interests are promoted at the expense of garvice

to thome clienta.

While & user is generally concerned with satisfaction of his owm
personal needs at a minimum of cost and inconvenience, the servicers
are more intereated in agpregate user satigfaction and overall measurss
4f rystem performmpcs and cost. DBaker sees tha servicer as influepced
by userz and their nesdr and subjected to various modes of funder
control. Moreover, the servicers have goals for the library and
for themselvus as individusls. Their decizion problemsg center around
trying to beat achieve theas goals while satisfying user needg and
ylelding to funder controla. Baker also points cut that the parvicer
sust find the proper balaoce batween becoming too subservient to the
users or to the funders, virtually becoming a "captive” in the
decision-making process at the expense of the other perticipents,
and dbecoming overly preoccupled with status and career or aduipistra-

tive goals. Otberviss, syetem performance will suffer.

The library -- An Informpation Retrieval Syztem

In order to demonstrate how well the objective function cen
messurs library system performance under & sgpecific journal celection

policy, we shall consider the library as an information retrieval

7 It may be argued that librerianship iz, in fact, not a true profezsion.
However, 1t may aleo be true tha' s librarian, hiphly sensitive to zuch
mattors, $s corplled tobe more proTassional, along starsotyped 1ices,
than members of wore established professicos.
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aystem. We shall investigate the litersiurs on ewvaluation of such
systems and on vhat vital fectors are involved ia evaluation, and
aball see that our objective function does lncorporate those factors
in a wuitabtle fashion.

The university library 1s many things: Truerwell [75] notes
that it ia both & atudy hall and a 2ocial center as well as an
information retrieval system . While it doaas not necessarily have
to be a library, sn inforwation retrieval syaten [sometimes referred
to as ap information syatem or as an information storage and
retrieval system) can take on the funciional appearance of & library.

Forfhage and DeLutis [36] consider thres major pleces which
combine to form an information retrieval system:

1) the sndosystem -- the combination of computer and
commurication equipment, prograsming support, and
peraconel necespary Lo achieve the glwven rctorage
and retrieval taak;

11) the ectosystem -- that portior which directly
arfects the sndosystem, including users, data,
sources, and financial support; and

411) the enviromment -- everything elne.
They describe the system by liegting its functions as -

a) storing snd maintaioing dats suitable
for retrieval,

b) provide services to users isquiring shout the
stored data or about these services, and

e} establish and maintain interfaces between the
sadosystexm, the users, and the dats sourcea.
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Balton {69] 1iets tho following functlions for libraries as in-
formation syatems; acquisition, storsge, reference cearching,
retrieval, provision of hard copy or microcopy, dlesemination,
abptract dissemination, and preparation of bibliographies., MHe
suggeats that the additional functiong of abatrect preparation and
dindex preparation and diszsemination belong rolely to abstracting and
indexing services while answerlng of technical questiong and preparation
and dissemination of analyticsl studies solely to jnformetion analysis
centers.

To 1llustrate, Yorfhage [37) uses the model of Flgure 2 ag =
representation of the ideal information retrieval system. The user,
seen a8 one of two wajor Inputs, enters with needs for Information
which must be related to a servicer, These needs are translated into
gqueries which can be anadlyzed. The files are searched, after the
index search has revealed what relevant {tems or documents are available,
for the specific querles, The user is then given the aveilable items
he desiren.

The other major imput, the ftems, or documents, which enter the
system, are analyzed, indexed, filed, and stored until needed., The
wsual form of such documents are printed matter such ns books or

periodicals.a

& IMmscussions of information retrievel cyctems and thelr functiona in
general termo can be found in Vickery [78], Salton [69], and Becker
and Huyes [7}. Some of these functions, a6 carried out in a
library, are discussed in detail in Eaton [18], Goldhor [25], end
Wulfexoetter [82].
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Techniques to avaluate performance of inforsation retrieval aystews
can thus be used for library systexa. We shall now ses what techuiques
are aveilable and how well our cbjective function Incorporates these

techniques.

Evalusting the Library System

Tauber [75] liatz seversl "facte-cof-1ife" about information wystams
that must be faced if ome 1s to honestly evaluate such systemss

1) present systems ruch as 1ibraries 40 work and
function reasonably well,

11) economic jurtifi{cation of eny system or
wodification s necesanry,

111) 1information systems are characterized by light
activity levels ao a system must be relatively
{aexpencive -- usage provides revenuea in either
funds or bebnefits and usage im usually low,

iv} awvailability of desired items is crucial -~ no
one really likes an inforwation system,

r) mpost queries are simple in structure and require
sicple answers, and

wi)} the scattering of item usage 1o such that a smalld
pertion of the file -- say 20% -- gets moat of the
usage ~~ asy 804 -- while the rest of the file is
uned less freguently.
Murdock and Liston [10] 1iat three separate categories of
measuret used to detarmine system characteristics:

1) benefits or coasequences of the syatem in terms of

the value of the Eystem's cutput -=- how other
systems and how peoples' behavior have heen
affected,

41} costs -~ the capltsl expenditures required to
operate the mystem; and



i11) performance meagurse -- the qualities or aszets of
the aysiem that are controllable, such as accuracy,
apaed, gquality, or extent of coverage.

Consider how what the poseible benefits would be of having a librery
system able to provide fts users with materiales relevant to their needy
for information. Bome of thess bLevelits, thoms directly assoctiated
with tnformation retricwml systema, miat be realated to user antisfaction
and usefulness of the information. XKing [54] cites studies to suggest
that:

1) information is waluable to the extent that it
contributes to0 the achisvement of goals,

11) 4nformation has welue in terss of dollars or
man~hours saved,

111) information can bave both private wnd social
value, and

iv} the exact value of ioforwation is cowplexr and
difficult to deterxine in preaciss terms.

These 1ast atudies elso spggest that all material has the potentisl of
being relevant to sowecne at nome time g0 that all materials should
be scquired 1f posgible with minimirzation of the cost of provision
belng & prime goal.

It ig felt that the benefits of information-oriented servicea are
wore clonely sligned with user decisions concerning what sources of
information to use. The funder say nlio use these benefits to Justify
his inveatments in the system. The servicer, ca the other hand,
realixes that thess benefite exist, twi wust concern himaelf with
cogts end performance messures of hinm orp.niution. The librarien,
it seoms, should be directly imveolved with the provigion of relevant

Jtemg to the client at a minixm of cost to elther the user or the
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aervice orgsnirvation. This seans that service should be given quite
democratically, with all customers being treated equally, with little

regurd as to the perceived benefits of providing i{nformtion to a
spocific individual user.

Cost measures are wsually assoristed with the operations of the
information aystem. While there can Also be costs acsociated with
tha usage of such » system, 1n general one 18 specifically referring
to the operational costs. It will be azsumed that usage costs are,
to the best of thé eervicer’s ability, held to a minimum, making
relevant materials as sasily accessible a3 posaible. It ig very
important that the servicer becows conscious of costs and attempt to
minimire operational costs while waintaining a nigh level of service.
Fret more importent is the fact that there 18 wery little that has
been writien on the coste of performing the varfous functiooe of an
information system.

Bince the servicer should be primarily interested in how well
his orgacizatjion responda to {ta clients’ pesde, it is relt that
costs should enter tie decizion model {n the form of budgetary
constraints, ae imposed by tha funder. Willlams, et sl [81) uee
cost as the objective function to be minimized in order to determine
bow large the demand for o specific Journal must be befors it should
be acquired. It is felt that this work doea nob use the proper
oblective Munction; cost minimization ia mot the prime goal of the

librarian, but maximization of guod service 1s. Tn a discuszsion of
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production functions Paumol [6 } points out that coxt minimizatien
mubject to constraints oo minlmal production levels can lead to
identical results il one maximizes production subject to budget
congtraints. However, it {e nol pecegearily so that both cases
are squivalent, for the journal selsction problem, espacially in
tha light of the dynamic nature of the problem.

Ao Mefer [P0] potnts out, public gervice {s the 1ibrary‘s
Taison 4' etre. Bince, except for minor service charges and excises,
1t operutes as a free public utility, the eriteria oy which the
library should be syeluated must be based on performance measures.
Such values as the efficiency with which the system operates mnd itn
effectivenssa 1n wupplying the user with desired, relevent material
are the measures of importance.

In erdar to determine what policiesx cen beat satisly the re«
quirements of a university 1idbrary system, the 1librarian smust
svaluate how well the system vorks under any given set of policles

and procedures.

Library Objectives

The remaining cetegory of measures uszed to detearmine systam
eharncteriatics are thoss related to system perforrance, Thare hasg
been a good deal of literature writien on such performance measures,
with a major concern being standards of service io the useres. OF
course, these measures can never resally be laclated from considerations
of costs or benafits of service funciions. Defore considering what
factora are used to mesrure performance, the goals and objectives of
s university library should be established. Performance can then be

meazured ino terms of how well these have been hecomplished.
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As Rrasa [65] pointe out, the main gosl of the Purdue University
Libraries haa heen mxpreaned aa "the provision of the matarial and
information peedad by its patrons™, He goss oo to show that the iwo
eritical factors in this goal are the availability of the matarial
andfor informstion sought by & user snd the tims requirsd to provide
such to the user.

Kert [3%] Lists scme possible general objectives of the servicer
and/or xystems degigner of an information retrievel system, objectives
such ag profit or revenus meaximixation, enhancement of the servicer's
repatation, proviaion of novel or sttractive asrvices in a competitive
sitwstion, or fulfiliment of an obligation, e.g., the promotion of
the free flow of information among members of a professiconl society.
Ot & more altruistic plane, one can comsider the provislou of inforwa-
tion or documents in response to requestes with such quality, scope,
speed, and economy as to Justify the system's establistment and

maintenance to its enviromment (especielly the funders),

Performance Measures

With the objectives of n Jibrary defined, warious factors can be
{dentified for use in mearuring lnformation syriem performances. OF
course these factors will be related to the objectives zo that
performance ilmplies progresz towards goal attalmment. In cther words,
thia digcussich of performsnce measures for an information syatem
will provide a background against which the objective function memsuring
how well a selection policy contributss toward the accoaplishment of

the li{braries' overall aime, can be compaxed. In terms of the journal
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aedection problem, in térms of the cbjsctive function, the emphaais
ie on the affectivenses of the system in satisfying demands for
information rather thon on the efficiency of the system in terma of
tiwe or costs involved in the bandling of materials.

Using the mmber of materials and infocrmation {tems requested,
the number of satisfactorily aniwered gueriss, and the mmber of usere,
Bzasa [65) devalops soms measures of effectiveness for university
library performsnce. Hia inteoded uae of these mearures ia for cout-
effectivencss analyszes to aid i{n the progran budgeting procedures of
thes Purdue imiversity Librarfes.

Accegglbility ag the abilitly for a library to easily provide
sccexs to dezired materfals can be considered as o function of
¢omprehensiveners, or the depth and bresdth of the collection. As
comprehensiveness begine to be increaaed by the acguisition of
mterials, acceesibllity and user convenlence increases since thers
are mora articles with which to satisfy user demand. However, if
the collection becomes too large, the convenience with which the
user con obtaln desired mmterinls iz impeded. Thus we szee O'Haill's
[62] tradeoff between accessibility and convenience io terms of
comprehensiveness. O'Neill agrees with Morse's [57] inference that
if a collection becowas too largs, as coamprehenciveness increasss,
it alac hecomes cumbersome po that counvenience or sase of use ia
lessened, However, it must be peinted out that availability, the
axcond component of accesaibility focreazes with comprehenaiveness

in that more items wre present znd ready to be used. The decision
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problem shoulid inelwds provisgions for theas rutor;. and the trade-
off itwel! when evaluating performance of the aystem.

Convenience, boweysr, ts & function not of & single journal but
of aAn overlosd, if 1% exists, of several Journals apd it 1s a sowewhst
mbjective factor 1o terms of the decisiona of individusl users. Thus
the objective function of a selection dacision model for a spacific
Journal cannot ba based dirsctly om convenience.

Constraints on the mmber of titles selected can be introduced,
T depired, to include fectors of coovenisnce., The considerations
of space and capabllity of the technical processzing unit to properly
catalog and shelve large numbera of journals becomes crucial here if
mch s constiralint is used.

Maler [%0) suggests four levcla on which a library can Juige
ite performance}

3} the guality of its holdinga -- baeed perhaps on the
frequency uzers clte tham,

11) sdequacy of reference services -- based on the
oumber of queries ruccessfully attswered io «
reasonable length of time,

114) ® general performance index -- such as one
- suggestsd by Bush, Galliher, and Morse {11], the
ratio of tha quantity of materiala requeated to
the quantity of wmaterials provided in & ressonable
amount of time, &nd :

iv} particimtion -- the degree by which the libtrary per-
sonnel and materials cen serve axi becoms an
datrinsic pari of the library exvirommsnt.,
He notes that thess criteris must lnclude weightings for relevance to

public welfare.
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Maler deavelops & unit, the item-use-day, to meapure the amount
of materisl charged out to users within s standard amount of time,
This mearure was developed 10 be used in interlibrary comparisons
of performance,

Mairell [U9) mgrees that norma should be aet up for interlibrary
comparizons; he bgses such norss on wedian valuss of the libreries’
statietice. He suggests that gquality of the collection can be baged
on comparisons with general listings of available materialy in apecific
ficlds of endoavor, and that the cdequacy of the reference services
should include the factors of cost and total number of queries made.

He also adds to the list of wariables relevant to evaluation of

library eystem vhat he believes Lo be the most important factoer,

though very difficult to quantify and measure; this ia the impact of
the Yibrary system on its envircorment. Majzel)l does coneider quantifica-
tion of this factor in discussing the extent to which m Library can

save funds and effort, or coutribute t¢ the solution of 4ifficult

resesrch probhlems.

Relevance and Retriewal —- A Contingency Table. John Swets [74]

references and syvmsarives several messures of the effectivenesa
(sccuracy, sensitivity, discrimination) of an informmtion retriewal
system. Do uses & 2x2 contingency table of pertinence (relsvance to
the users} and Tetrievel as represented in Figure 3. The symbola V1
and V,, dencte ihe walues of retrieving (R) & pertinent (P) item and
not retrieving (K ) s nonpertfnent ( F} item, respectively; the
sysbolas Lo and KQ dencte the costs of retrieving a nonpertinent item
and not retrieviang s pertipent item, respectively. The zywbola a, b,
¢, snd 4 represent the frequencies of ocourrdnce, aimple or weighted,

of the four conjunctions.
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fwwts proposes sn analysis based on statistica) decision theory,
gimilar to work ha has done in gignel detgotiom theory. One mist
nasume the sxistence of & fallible index Z to determine the pertinence
of an item relative to a specific query. The wariable ¢ repressating
the probabllity of relervance of the {tem to the query, is an example
of such an index. One than determines a critical wvalus Z, such that
the item in retrieved 42 2> 2 .  Figure h reprocents w Bwet's
comparison of the conditiosal probability fusctiona of retrieval
givea either partinence or noopertianeace.

Bwets defines the probability deneity function of the index under
the condition of pertinsnce as rP(z) and upder thw cvondition of non-
pertinence ag f'f{Z). Let Bp dnd p_P represent thelr respective means,
LS and o_P rapresent thelr respective standard deviations. Asnming

bormality, be defines a measure of effectiveness ax the normal deviate,
k) B ow g - u e 8
P P C

He considers the cases of both constant and increasing variasicess

the latter with respact to the value of the mean. He finally uses

the lixlihood ratic rP{z)jr__(z) to conclude that the optimal 2, should
P

b
a-3) 2, = [[V2+11}/{\'1 +K2)]'[Pr(nonpertinanco)fh' (pertinence))

ir the cost and wvalua factors are known and a priori sstimates of the

perobabllitiea can be made,
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ATter delwing into the literatures on information retrieval
systemp evaluation criteria, ft becomes apparent that very Iittle
has bzen done to evaluate selection and acguisition policles. One
cannot discuss retrieval of pertinent items without consideration
as to what items have been placed in the store prior to a request.

Connsider the contingency table analysis Just discussed. To
fully evaluate a Library system, statistics gathered on ftems not
retrieved for a mpecific query (¢ and d} should be mesaured not
Juet in terme of what ftems in the stors have not been retrieved
but in terms of all docuwments that exiat within the range of the
consideration by the information sysiem, l.e., the coversage of the
gystem. However, with the immense number of {tema that exigt, and
this tumber is increasing erpopentially, i1t i= virtually impozsible
to determine the pertipence of all these itﬂl.g With such statistica
too difficult to gather emplirically, this research effort must limit
{tself to measures of effectiveness involvling selection and acquisition
without consideration to retrleval efforts omce io the university
library system. Thum, criteria iovolving the efficieccy of retrieval
equimment will not ba conaldered at thia time.

I the concept of reatrieval is replaced by atquisition in the
contingency table, one can evaluate seleaction policies by considering
the consequences of the four conjunctiona: agquisition of pertinent

{tems, acquisition of nonperticent itema, noumcquisition of pertinent

9 Thus recsll, the percentsge of relevant documents thatara retrieved
cannot be realistically weasured due to the lack of & xemgure for
the pumber of ralevant documents.
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items, and nonscquisition of nonpertinent items, Of courss, pertinence
vill have to be consldered saparately for esch query. HNere again the
reslities of considaring £11 documents not retrieved forces cas iote

a &ifferent form of snalysism,

A Scheduling Model Pormat

In erder to sce the total model frow snother viewpoliaot, let ns
conaider it in s zcheduling format. Let tj'q » the first piricd after
pablication in which the library acquires the fssues of journal J
published in periocd q. The range of thiz varisble is normally !
0,1,2,¢e.,r-q; but if the acquisition of the specific issues newver
occurs in the planning horizon, we can let tj,q = r-g4l . with this

w131t 2t 1 0 otherwige. Thus

definition 1.9
. ’

rdit’q

§ r reg s T T
6 z - JEJ. qu tEo T5ta%,t " 3,.:‘1 qu t-}t: T %,t-0,9
»
ia the objective Nmction of the scheduling model. The problem is
when to schedule the acquieition of the Journals.

The purpoee of thie reforwulation is to first {ilustrate ita
relstionahip to standard problems asuch as production scheduliog so
that we gea that librery problems are in some ways simlilar tc those
of other organjzations, and second, to show that solutions to tha
Jowrmnal selection problem have implications for mase problexs of these
other organizations. The objective function ax represented in {I1I1-3)
can be seen ap wnalogous to that for the general scbeduling problem.
The reader may consult Comway, Mexwell and Killer [15) for further

references to the scheduling probles.
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COMBTRAINTS - DETERMINING THE £ET OF FEASIRLE

SLUTIONS FOR THE JOURNAL SELECTION PROELEM

With the objective function defined in terms of Journal worth,
the next step is to conslder what constralnta or restrictions are
ixposed upon the decision meker, These constraints are impoaed by
the mature of the model 1tzelf, by the harsh realities of limited
resources, and by the additional conaideraticns of the funders,
servicers, and users of the ayitem.

The first sectiom is concernsd with constralnts on the decixion

[

wariables Iz the second section, we desxl with costa of

Yj,t,q"'
operation in relatica to budget constraints, the main set of constrajnts
in the model, The third section contains other constreints representing
other scaArce resourcas such &8 gpace. In the final sections we

present the totel wodel in reviev and consider tha scheduling model

Tormat me originally diecuasdd in Chapter IX.



Constralots on the Decieion Variable Y
3t.q

Ry definition, the decislon variable, ean be either ope

Ut
or zaro, depending upon whether or not the lsenss of jourmal J
pebiished in time porlod q have been scquired as of paricd t4q.

Thus, we bave the obvious constraints:
II1-1} rj t,q " Qor 1 for every J, t, and q as defined,
b R

This leads us to the zerv-une integer programming probles format tao
be Aiscuseed in Chapter VI.

Another set of constraintzs comes from the definition of the
decision varisble ip terms of the subscript t, representiing age.
Bince we are conalidering acquisition of » Journal me of t perioda
after publication, we - assmume that once acquired, a journal staya

scquired in terms of remalning within the library system, or that
111-2) rj,t,q % Yj,t+1,q for w1l j, t, and g as defined.

Thus, loat, defaced, or stolen items wlll be replaced as soon as
possible. The vilue of the journal along with the coate involwed
unruslly detsrnmine whathor a replacement for s missing or defaced
wolume will be purchased directly or ordered through gifte end
sxchange channels. Tals decision procedure can be locked upon as
a separate acquisition problem oll its own.

Therw are initial conditions that are specified by whether "" not
the Journal lg being currently acguired ap of the ztart of the planning

horizon. For any journal j being so sequired, Y, o, = 1.
r=e
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Tha final type of constraint for the variable rj,t,q arises from
the desire for continuity, This neana that n Journal {a ordered
contiouously with 0o gape 80 that ooe does not order, disccotioue,
and re-order subscriptions in aowe wore or leas random fashion. Thus,
one caanot obtein lssues of a Jowrnel publisbed in pericds g and g2
without obtaiaing the ioswes published in period ¢+l ir continuity

r-q

is to be preseryad. Let us dafine a variable Y = n (1-1
Jr"r P J,=,q

= & dual walusd function equalling unity if the issues of journal J

)

publiahed in period q are aelected in the planning horiron, rero if

mot. The continuity constreints could be met up ez follows:

Ta F - *
111-34) Yerper ¥ 0,00 Y027t

paveral wodificaticns on this basic theme can e considered as well.
Fowever, it is not reagonable to have to consider the four latter
constraint forms, III-3a, b, ¢, andd, on the decision wariable rj,t,q
in this journal seleciion model. The librarfen, as bas been mentioned
before, 1a oot nececsarily an cxpert in &ll the aress covered by the
1ibrery. Thus, without prior knowledge, all journals become independent
in terms of importance and benefita to the user group, and can ba
parchassed separately. The iasues themgelves can be trested independently
by letting Pye the subscription length beyond one period, be equal
to sere. This makes the model wuch more tractable and does not arbitrarily
force continuity. Further, ax far as comiinuity is concernsd, it iz
to be expected that most jomrnals will be pelected by the model's solution
slgorithm within the period io which they wers published. The expected

benafits such as usage are highast and the costs ars loweat when a



Weingartner [79] has shown how one can form constraints that
1llustrate desirable interrelationships emong Journals. For exaxple,
if we bave the situatlon vhere the issues of Jouraal J must alwaya
be acquired when the Lamues of Journsl k heve been acquired, for ell

time pariods, we can represent thia situation aa followay

III-3a) Y

oa t .
1,t,q !k,t.,q for all t and q as defined

Fote that this means separate constraints for all peirs of journals
850 related, A diffsrent example of thesza conrtraint forms 1s the
instance when the 41ssuss of both Jjowreals J and x cannot hoth be

acquired but at least one of them must be for all time periods, we have

III-3b) Y

+ 1 for all t and q as defined.
3,69 e, " 4 1

By using and manipulating these types of representationa, one can
tuild up a petwork of a priori relationships aacng the journala.

Another Cype of constraint, of & similar form, 45 the one reflecting
the fact that & subacription way last for severs) periods. This meéans
that if journal J 15 purchazed with the issues published {n period q
being acquired in period q (YJ,o,q = 1) and Py iz one pericd less than

the duration of the subacriptica, we have

IIZ-52) ¥ B aee 8 Y

4
3,0, ’a.o.m J,O.woj'

|:;.1 fo-rqit-p:
with pJ’ - {
r=q 1’::01-11:»1--;;:1

0 that all issues in the subscription perlod ere scquired. The sub-
scription length 1s usually around five yaars.
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Journul is mcquired aw soon aa published. Thus, fn the J1{ght of how
the criteris of journal worth (usage or productivitiy} vary over time
and the additionsl costs of backordering journale, it will be seen
that ihis saems ressonsble, It is highly doubdful that a library
would accept & selactioa model if it were not to allow for such
behavior.

It $4s of note that when such conatraints are initially ignored,
we are Lwplyiog that either the initial cptimal sclution will not
viclate such constrainta, or that much constraints are artificislly
inposed By past rules of thwmh or intuition without rational justifica-
tion and only serve to hinder the library's attairment of its goala.
The model is, after all, s prescriptive ome, describing how declaions

should be made rather than how they &re currently being made.

Coets and Budget Constraints

As bas Yeen mentiocned before, the most restricting factor ia library
operations is the acarcity of capital to suitably handle the deluge of
information and of user dewands. In fact, it can be said that many
of the other constraints, such az lack of spece, cen be related to
scarce capital in that expansion is prohibited vhen there 18 no monsy
to pay for expanzion. The lack of infinite rescurces plus the desire
for the fuder to set controls means that budgets for various phazes
of operation will be get for the library system.

The setting of budgets 18 not weraly & fecter of control or of
scarce yesources, however; in practice, opsrating costz and performance
alwo count. Thae final budget figure umially becomes a pegotiated evm

with }ibrary adoinietrators vorking with university officialc [465]).
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Thus, the model can show the effects of various budgeting policies on
the library aystem'a sbility to provide service. In the cass of
Journal selection, o0 can demongirate & retwn on investment fu
terms of the abjsctive function representing Jouwrnmal worth, and so
perhaps Justify higher tudgets.

A study of library costs has been made by Willlsms, ot.a). (61}

Tor the purpose of deterwining optisal selection policien. It 1a
from this study, based on & survey of four major university libraries,
that the cost constralnts shall be derived.

The study found that the major activities of a library system
aspociated with journal eelection costz were acquisition and subscription
functiocns, cataloging, check-in, claiming, binding apd bindery contrwcts,
sarking, administration mnd tralning functions and othere. The authors
divide these activities into aeven coat categorlea;

1. initindl costs -- cost of aelection and ordering,

cataloging, and all costs that ouly occur 1f the .
Jouroal is ordered initially in the given period; 4

2. annual recurring costs -- subscription, check-in,
claiming, binding, marking, and bindery costa;

3. etorsge or maintenance coste}
4. disposition or weeding costaj

5. internal use costs -- circulstion, reshelwing
and shelf maiptepance costs ag m function of
demand ;

6. borrowing costs -« persosal services, photo
duplication and mailing costs aszocisted with
items pot woguired by the library; snd

7. salvage valus -- the value or negative cont of the
Journal at the end of the planning pericd in terss
of dollare and nsually assumed to be pero.
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Nota that the borrowiag costs ars oot reslly relsvant to this ectudy
since they relate to alternatives to sequisition., Williame, wt.al.
slso conaider adding on 50% of mll direct labor costs to cover
evarhead.

Williamn* study found that mid-range coxta for his sswple were:
$60.60 for 1nitia). costs, $19.80 for anmual recurring costs excluding
subscriptions, §$0.19% for stormge costs, $0.52 for disposition
coste, $1.18 for internal use costs, and $56.49 for borrowing costs.

As Laiskubler [k0] points out, this boils down to a cost modal

of the form
X11-h) K, w0 + ot + csu(t) : \

whers ‘t in the cost of owning one ites for t years, < is the initial
cost of acquicition, e, 1s the anpual cost of storage and retentios,
and e,u(t) 1» the usage cost which 1s proportional to the oumber of
usages mde of the item in those & yeara. According to Williema' [65)
rtudy, c; ~$19.80 + subscription cost, c, = $0.194, ¢ -$1.48,1
‘There may be resren to doubt the abllity of the coat model to
Mully reflect sxactly how expenditures should be allocated. The major
difficulity lies in the cost accounting problem of specifying how much
additionsl eapital 1= utunlﬁ apent through the acquisition of s
given journal. As Leimkuhler and Cooper {i3] point out, the cost of
interest ia the margioal cost for providing the next unit of sexvice.

1 Wote that for journale, the $50.60 initial cost ip only relevant
when the Journal is initielly ordered. The $19.80 initial cost
yefers to the initial cost of purchasing o apecific set of issues
of an ongoing journsl.
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The point 19 that this cost is to be wsed to determine whethsr or not

it 1s feasibla or desirable to acquire this Journal., &ince & Mbrary
collection consiste of several items o be atored and loaned out upoa
demand, & Nlew jowrnal mAY be selected, acquired, cataloged, stored,
and circulated by machanisma already in existence so that 1t is hard
to discern exactly what additional effort is required. It 1s ogly
vhen aeveral nev items come in that expansion of facilitiex canses a
direct increase in fixed expenditures. In cther words, it is hard to
specify what costs are fixed and what costs are varjable in terms of
the nmber of nev journals acquired, or in terms of usage, or in terms
of the total mukber of items stored. The quasi-wariable status of
costs that increomze onlyat élscrete steps caunes Aifficulties,

It will be sssumed that budgeting and control of baaic facilities
such as gpace and mmnpower are handled externally and independently
of gelection decisions. It will be seen that this could lmply
further constraining the Journal selection model. It all boils down,
then, to aszuming that when one szsigns a cost to 8 xpecific journal
abore 1{ts subscription price, be implies that this cost repressnts
resourcen of time, apace, manpower, capital, and the iike that could
be put to use elsewhere if the journal 1g not acquired as op-;.;o:od to
using exicting facilities. |

As an exauple, censider & circulation assistant whose salary iz
being sllocated s a cost to each item checked out, who must be able to
4o other things when not busy at hiz station. If he 1s idle whan rot

checking out library materials, the probles ariges in that he mst be

!
N
;
i
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thers anyway no aach individual item should not be charged with an "
agqual portion of his salary. Note that acquiring an additional journal
means little in increasing costs in terms of this particular aasistant,
However, 17 asvaral thouzand Jjowrnals are acquired, an additions]l
assistant may have to be hired, thereby increasing circulation co-t!.
significantly. Thus, hiring circulation assistants is assumed beyond
the control of the stlection declsion and his salary is & veriable
tost only if be can b4 used elsewhers vhen 1dle, na othenvice it 1s
n Tixsd ¢ost of the system. l

It is felt that while Williama, et.al. largely ignors this problem,

their results can indtcate ranges in which the cost paramesters exist,

The Cost Kodel
Iet e repreasnt any additional cost aszsotiated with initially
adding the ilasues of a jJjournal to the collectlon in a time pericd |
sxcluding subscription costs. Let c, represent the periodic (annual)
storage and recurring costas including some expected amount to replace
lost, stolen, and defaced jeurnals. MNext, deflne e3
nngo.e The cost per usege will be related to expectsd rether than

as the cost per

actual uaage. It 2erms reagonable to assume that budgets are set up
Yor sxpected ussge with sllowances for occasional excesses. Thinm
allows us to conatruct & much aimpler model of the problem., Mow, let

tj t,q represert tha cuhseription cost associamted with acquiring the
[ Bt

2 MNote that slight modifications in the definitions of ¢), ¢, and o,
have been mede in order to model the comt copstraint. We shall uge
thase new dafisitions from here on.
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Sssues of Journal j published in pericd q in period t+4q, and 1gt L

represent the cost of initialiy scquiring a Jouwrnal intoc the xystem.
These coats are, of course, the parginoal increases in total cost dua
to the scquisition of the Llssuer of the specific Journal in queation.
We shall asouwe that these coste are nonnegative. This lesdsz to the

following total cost expression for period q, TC

q’ !
» . g-1
111-3) m‘ - JEJ. rJ.o,Q(xJ.D:q+c1) * :!El ‘EO{YJ,Q-I,‘-YJ,Q-}-I,I)
& q
&y g0, * e Taaen,00%2 20,050
s q-1 g
+ d’.:a_ch { ‘]:o (1":"'“'_1_"‘))(1"' ‘atl'rj’q.‘,j))

wvhere A\ wihe expected use, ¢ periode after publication, of the

dst,g
isyues of Jouwrnal J poblirhed in period q.
The expreasion for total cast represents the sum of the costs of

subseribing and initially scquiring both current and past issues of

the varicus Jjournals, plus the costs of storing and using such journala.
Ietiing B‘ £ G for all q reprezent the total budget for time
period g allotted for Journal saiection and majptenance, we have the

constraint eet
IUI-Sa) T KB, geleeer .

The last expression im the cost constraint, the cost to initislly
order & journal, imvolves the rroduct of several decisiom variablex,

which impiies & ponlinear condition. In order 1o kesp tha constraint
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set linear, lat us aesume that ¢y»0. This mesns that thas flxed portion
of the cost to initially catalog snd stors & document 1w budgeted in
total waparately, »o that thie cost will not be coneldered in the
Journa) selection problem. Thus, thers is oo warginal increass in
cost due to tho initial selection of a journal. Mote that one cen
made sinllar arguments for allowing €15 Sps and 1::s to be zero. In
termy of the operatiovn of one specific university library systsm, the
Purdus Univerzity Libraries, already discuswed in scme detall in

Chapter I, thlz acsmmption that ch-O iz rexlistic.

Other Constraints on Scarce Reaources

The librarian, faced with the decision of which journals to
scqpuive, pay be limdted by factors other than capital. It may be, as
this author fesls, that capital ia the only really wital constraint
to be considered In this declsion problem. However, let us ¢xanine
sone other possibilities. B

ne very interesting poseibility is due to limited space in \t‘hich
to store journals. In actuality, this 1s really not s vital consideration
dua to two factw. One is that, as Yister [LB) bas shown, the collection
can be divided and jJjowrnals that sre not used very often or that are
Yory old can be stored compactly and separately. Moreowar, with micro-
filn and other such misiaturization devices at hand, spece can become
s relatively mmell problem. Of course, coats and ease of converting
to tha wss of thease deviceg can gtill present probhlems, but thesa are
really cutside the realm of the journal salection declsisn. In any
caxe, limited resources such as gpace ¢an become restrictive and can

be modeled as additions]l constrsints.
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Latting H:' tq =the samount of scarce rescurca K used up by having
Bl ]
Jowrnal its {nsuss published {n time period g acquired ak of period
t4q, and Bﬁ-tho balget or available level of resource K in period q,

we have the constraint set

. q

11-6) jEl ,E,ra.ll-l.l Hgs‘l“t‘ * B: ¥ K. |
|
It can very well be that ng.q.m will be dependent on eereral factors
such as ueage. Besides space, manpower and tiwe are two other vary
yreocious aod all too scarce resources; hoth can be modeled with
expression I1I-6.

Perbaps the most Important reason for presuming that such factors
&8 space, manpower, anl time are cutslide the rsnge of consideration
for the journal selection problem is the idea thet thers will be no
wnit increase in uszage of thess scarce resources. As mentioned abowve,
the acquiaition of specific fasuens of a apecific Journal zay add
little or no cost to the total. In like poanner, the rescurces sy
already be there, budgeted on an a pricri besis, na fixed asseis 20
that the jourvnal lasues in question do not require wny additional
affort, Thup the capacities of & 1ibhrary may become inadagquate by
exceeding bounda on the mumber of new acquisitlona rather than by the
purchaze of say specific item.

One apecial case ¢f a constraint on scarce resources that can be

important im the restriction om the number of journslis melected in a

period. Since one 1s interested in the use of scarce resources only
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to the extent that the selection of & new journal exhausts a portion
of those rescurcea, the capacity of the library system may limit the

totel number of selections mado, Thus we have |

. |
1IT-7a) ::1 ;Eo Yatg © 311 ¥ | q. !
where Bq]' is the total number of selactions asm of period q allowed.
It we want to limit the number of selections made in pericd q, conpider
s Q-1 : 2
III-Th) jEI[ 3,-:0 (Yd’q_"‘ - !J,q-.l-l,l) + r.'j,o,q] £ Bq

where qu ix¥ the total number of selectiona in pericd g allowed.

Note that we caa produce ITI-7a) from IIT-6} by ssmuming that

)ll =1 for all 3, £, and q. This means that if cach new
4lq"|‘

scquiaiticn usas up the same amcunt of a scares resource, we merely

restrict the number of new journals to cover the constraint limitatioms.

The Total Model in Review r

The total model as it will be when analyred in Chapter VI {s |
presented in Figure 5. Hote that in Figure 5, formula IIT-8) 1a
a re-work of III-%).

This we have & rerc-cne integer progremming problem that will
be dizcucsed in much more datail in Chapter ¥I of thiw thesiz. Chapters
IV and ¥ will deal with messures of a Journal's worth, that is to I

say, mathods of specifying wvalues Tor (;J t,q°
L ]
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Fgure 5. The Total Journal Selection Modsl



A Scheduling Model Format _
The reformilation of the journal selection problem conetraints
into & scheduling problem format again yislds s gero iuteger progruming
forwat in that ons ends up with the identical constraints ag thoes
of ITI-8, IXI-=1, and I¥I-2, This means that one has to define &

sero-one decision verishle, » &0 beforea, Here Y

!Jat’q d,t,q

aif ai Q.

+ +
o (et J(trgety ) wbere (o] { Cravo

Thus the relationship of the journal aselection problem to acheduling
problems fa gtill appropriete but no new logighte are galned by wuch

relationships.

C = e
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CTAPYIR 1V i
OXE MEASURE OF A JOURNMAL'S WORTH: USAGE

In coosidering what criterion to vae when measuring the worth of
acquiripng n specific Jourpal, one factor that consistently comes to
mind 18 the usege of or demand for that journa), Williams et.al. [81)
suggest using estimates of demand as & baszis for journel eelection in

order to minimize the total cost of operation. Letting G represent

Jit,q
the mmber of demands for the issues of journel j published in tine
period q made t periods after publication has several interssting
ixplications. First of all, this weans that the objective function
now representa the mmber of demands that the library has the potential

to directly eatisfy. Moreover, the expreseion

B r reg :
E X L (1-Y K :
J=l gt teo L2704, : ['

now represents the total worth of not acquiring the proper journals
1a termz of the mmber of demands that cannct be even potentially
patiefied by the university library without rescrting to external

sources through facilities such s interlibrary loen agencies. The



variable nj t,q® °* expressed in 11-2a), takes the position of a
sty .
corrective factor; & portion of the unsatisfied demand ix deducted

from the potentially satiefied demand in the cbjective function of

II-3a) to compensate Tor biss.

Finally, it 1is to be expected that ralevance or pertinencs in |
terms of a contingency table analysis and uzage are directly relatad,
As demand decreasex, one would expect relevance to decreass so that
Gd,t,q becomes somewhat repregentative of the smaller worth of |
soquiring a nonpertinent journal. On the other hand, ax usage decreaszes,
Hj,t,q increases and becomes somewbat reprementative of the legser
datriment of not acquiring a nonpertinent journal.

Bome &ifficultiea do arfiae, however, when consldering usage Ag
& criterion for measuring e journal's worth. Usage alone cannot
account for user comvenience nor the unavailability of desired items
dus elther to prior circulation or to nonzelection if no ueer petitiona
the library. Moreover, s O'Nelll [62] and Jain point out, usage
can be divided into many categories, such aa externsl use or circulation
as opposed to in-1ibrary use, 30 that exact messursment of total
usage is difficwit, Usage does not imply utility or usefulness of
{tems in the collection to apecific users. On the other hand, usage
provides an advantage in that it measures, to sowe degree, both the
availability of sought items epd the eomprehensivenesa of the
callection.

MI chapter ip concerned with models of usage so that demand
patterns can be predicted and put to use in a Journal selection model.
Demands for Library materiales sre trested as random variahles,
chenging cver time, In the first section wo conelder past studies

aad models of usage ovier time with most of the emphasic belng on
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parsmetric reprezentaticns of expected usaga. The second section
contains a Markovian model and modifications of that wodel which
make 1t more realistic. It fa this model that will be used 1n the
Jourpal selection decision model, In order to consider other
possibilities, the "Pn" model, & wodiffed Foisson distribution of |
usage, in invastigated in the third asection, with sowe attentiom
given to w fow parsmstric forms that could be weed in & modified
vereion of & "Fn" model. Kote that the second end third sectiocns ;
are {nyolved with probabilistic models, although the empharis {n onl
expected usage over time, In the fourtt section we examine the
extimaticn of parsmeters of such usage wodels., The "Pn” wodel ia

used to illustrate how parameter estimation difficulties can limit the
complexity one can allow a parameiric form to take, The final section

deals with the fitting of data 10 the modified Harkovian model.

Usage Studiea - Paast Modela |!;-_f
Juin [50) estimsted that as of 1067 there were approxiately
TOO articles written on various studiez of usages in a library system.
He gives s brief review of several usage studies and digcusaes many
of the mathamatical models involved 4in describving user behavlor., HMHany
of the studies were concerned with identification of the user, how
long he apent in the library, how many tesks he performed in the
librery, what taske he performed in the library, and vhat materials
ba used in performing thess tanks. - .
There are a mmber of studles concerceu with ‘ch"‘cl;lntion atatistics,

which can be used to indicate what {tems have been supplied in anewer to

user demands for information. Another point brought forth {es that
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expected circulation of a particular jtea should dacline over time as
the item ages and becamez cbeclescent, Willisms, at.al, [81] found
& seven percent deciine annually ia circulstion as a Jjournal aged,

leinkuhler [38] used an expomentisl decay wodel to suggest that
Iv-1) Lt = the average annual circulation for an item
1 ysars old
- 10(143}", o<p<y.

Thisx impliea that

mw-2) €, = the aversge cumulative circulation for the .
firat t yeara )
t
t
- ‘!-:11‘ = €, (1-4)(1-(1-p)") /B and that Ay =Cy-

Leimiuhler alzo conzidered an exponential growth rate,

v-3) 't = the size of the library sa of the &nd of year t
in terms of the number of items acquired

t
- la{lﬂ} '

and combinex IV-1) and TV-3) to form & statement as to the sverage

circulation of the total 1ibrary collection io year t:
t
Iv-4) )o.(llt) - aC N, /(asg)aBC (1-B) L J(msp},

He aldc suggests a decinfon rule that would relocate sll items d or
moTe years old into areas of cowpact storage. Tha proportion of the
collection to bo relocated az of year t, n,, aod the proporticn of

total clrculation dus %0 these relocated items, o, , are shown to be
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V=9a) o, (J.-m}""l
and
Tv-50) o, » [(1-8)/(14a))°.

Jain, based on atudjes of cirewlatfon in warious hranchea of & univer-
sity library system, astimates that & = 0,06 and thet p «0.06 or
B =0,043, depending on whether age ia defined az the tipe since
acquisition or eince publicaticn, respectively.

Cole {1i] considered usage of journals aw a function of age end

examined the following equation:
IV-6) R = R %

where Rx = the number of referencea older than x years out of a total
of l!,r references, Letiing B\‘/R.r X100 «w and X = & losloe s Cole re-
writes IV-6) as

IV-6a} 1ogwu - 2K, -

Cole wlso discugpes the median age of x collection and unsatisfied
demmnds that are due to having never acquired certain journals and dus
to age for journals mcquired but removed from the collection. Jaln
shows that if N represents the maximum age under consideration, Cole’s

wode)l can be re-written as

At
w-7) € =Cy[1-+77) or

V-Ta) Ay = G & i(er-1).



68

Jain's éisasrtation cites swversl other studiss which coneider warious
parspetric forws to describe circulation over time. One of particular

intarest 1a Shaffar and Krnet's

nt+ bt

IV-B) 3, = Ae

]

vhers they found the best fit to be A = 10, 2 = 0.9, B = 1.1,

b = 0.01%. BPush, Gealliher, and Morse [11] use a similar form to
describe the number of sttendees staying in the library longer than
t hours. They sasume two groups of users, one with a asan stay of
tl = 50 mipctes and another with s mpesn stay of t2 = 100 minutes.

Uniunl-lwa.udnznl'ro“sbelt fit, they assumed o curve

v-9) unft) -nle't/tl + nze'f'fta

Jain slso cites Jacob who considers usage versus age. Letting
& = Agt = 1962 - year of publication and f{s) a density function of

uaed jowrnala, he suggested that ["
Iv-10) f£(a) = 0.039(0.935)* + 0.188(0.53)* .

This parasetric form, repested here three times, will alse occur later
in & major modification of the Markovian model of usage,

Jain considers an axpooential class of functicns

v-11) 3 = as®

and & logarithmic clasa of functlons

v-12) » =B log{1l+1l/t~140}.



63

He discusses a square root cleass of functiona wnd showe examples of
tudies that examins this form. He also notes that A, and &Ct nCt- Ce1
were monotonically incremsing in t for all classes of functions
considered.

Willlaxms, et.nl. suggest & lognormal probability diatribution of
demand,

~1/2 R x-u)® /302

Iv-13) f£{x)dx = (2x) - 1/0 dx/x

where f{x}dx is the fraction of titlea with a demand per title between
x and x+dx . This implies that the fractios of titles with & or more

demands 1s glven by

2
V-18) F.{4) « J¥t(x)ax = [* (2;)’1/2 LY R dy
4 (gnd-u}/o

ind-u u-4nd
- 1-'( % - .( a }

o
where ¥ (*) 1s the cumulative distribution fumction of the standardized
norwal distribution. A value of 1.94 is suggested for o. I

If a decision rule ip used that sayz that a library will purchase
all journals having an estimated demand greater than or egual to d,
Willimms, £t.8)., show thet the fractlon of requests that can be
potentially satisfied 18 given by

Iv-15) Fyla) - 0 (224 o)

which is inversaly related to 4. All fractions and proportions in thia
study are with respect {0 the total oumber &f journals, or titles, with
nonzero, thus positive, demand., The study also suggestz that the
fraction of total demand for a gpecific title whose age ip leaz than

or equal to A yesrs 1a given by
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v-16) P(A) = L-ct

where ¢ is sstimated te bea equal to 0.93,

A Markovian Model

In order to bettar understand how demand for a apecific {tem varies
over time, Morse [58] analyree demand within the framework of a dynamic
random varlable. [e uses & Markavian model, bagiog current demand om
the previous time period's demand structure, Thus, hie medel, aa

stated in our terms, ix bullt arcund the following probability ststement:

-L' n .
™v-17) P’[Ga,t, =0 Ga.r.-l,q““l =T te A A

q
with 0wl ,2,3,...; for all J, t, and q ae defined before. Since the

form of IV-1T) implies the Polsson distribution, one can say that
Gj.t,q I Gd,t-l,q'm) - lj,‘t.,q for all j, t, and q with

belipg & function of m. One can also show that the following

Iv-18) E{

!
Jot,4
holde true: rﬁ

=m} Pric u)}

TW-19) PriGyy,q=nl = L PrlGy o0 RERS

G
w0 dat, J)t'ltq
- Ry
- = t, :
.EOH[GJJ-LQ al e §,t,q /n
for all J, t, and q.

Morse mpsumes & linear form for M} .
dat.g

=20 At - [+ £
T-20) 3§ ¢.q

and eoncludes that



I\'-21) lj.t.q - E(Gj,t,q) = +b E(u.j,t-l,q) " X+b l'J.t-l,q

- ( cafl-vbt sa/ien

"J.D,q
and

TV-21a) Var(G, | ) =@ f(-o ) (v /(2-0)(1-2)) »

(-5 /0-m)t ’-J,.,,q*bm var(c,

).

It is alsc asmumed that b 1ies in the intervel [0,1) which implies

2 q

an exponentially decrensing demand. It is of interest to writa IV-21)

t t
I¥-200) (G o ) why o hg o 0D+ (@/1-D)(1-0Y)

t-1
vt s a z bt

- ldno‘sq ie0

Thug expecled demand coneista of two portiocns, both of an exponential

decay form. The firat expreession, ) represents the usual

t
b
Jho,q !
concept of exponentinl decay., The szsecond repregents a more unusual
forz in terms of a partial seriee of exponential decays.
It can b¢ ghown that the cumulative expected demand for t perioda

i given by:

% t
£
Tv-22a) cﬁst:‘l " :Eo li.l.q - lio I(lj,o,q'a/l'b)b +a/1-b]

- {r - a/1-B){1-bY /(10 ) (af1eb ) (1e1);
Jioiq
= the expected demand for the Lassues of
Journal J published in pericd q as of
the Iirst + periode after publication,

and differentiel demand, as given by



T2

-2y 4 - -a/1-b}{1-b)ptt .

-* -1 [ 3 1.
Jot,q Jyt,q T d,t-l,4 4,0,4

Jain derines other statistice and shows, for the Markovian model,

what fore they take in order to compare various ueage models. Conslder

one such statistic, obaoclescence;

tal
V-220) Oy = a3y oy ten,g 7 Bje,gm ADIARRT S

£ - aft-el 4 gAa-n) .

*
32029

Considering 11 t,q as & continuous function of ¢, Jain then looks at
vy

the derivatives:

[+] t
Iv-224) 1J’t’q - axj.t’qﬁn = ().J'o.q-c:/l-b)b b, and

( -af1-b)b" (nd/

54,0 ™ P,

L+
Iv-22e) by (t) w7 A2

£ -oaf1-bt + a/1-b), and

)
10,9

™-z2t) AC, , I = (510N s afieb

Jain points out that kd t,q decreanes monotonically, remains constant,
rra

ac
or increases monotonically, as doea —%{Jﬂ— and -:kg t,9 * with
[

respect to 4 depending upon vhether X > afl-b, A - af1l-b

J,o. J,o,q

(a0 that X = afl-b, ¢ = (@/1-b)t, Bey o q/at ~ af1-b, and
=

3.t J,t.q
o - £ = = L < -
ldpth © pan(t} oJ;QCt) 4 ldstsqj, or Js0.9 aft-v,

respectively.
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Morse and Elston [59] consider the z-transform of IV-19) which

yieldn

WV-23) Py oft) = I Prlo - a}e”

§uo 111,q

« " EoPric

=D R J.t*'l.qmr Gdath-n}

Pr m)

Gt "

.2z Pr(Gy o o om) ) (0 im) s

Ned | T

= P

P bt Kt '

which 1s an exceedingly difficult transform to invert explicitly. They
have also locked at this recursive relationship and aolved for

Pj,t,q(:} for small velues of t.

A Modification of the Markovian Model -k

Morse and Elston present eptimates of the values for the paraseteérs
of their model based on c¢irculation data. Their results and the
reaults of a study to it the paraneters of the modiffed madel below
¢an be found later in this chapter. Tt should be noted that for all
the warious scientific fields of endeavor, the parameter a iz decreasing
over tims instead of remaining conatant ax originally assumed by
Morse and Fleton. They found that overall the best estimate for o
wagp 0.%7 and for b was D.LB, but that o ranged from 0.37 to O.15 over

time for all bocke in the sawple under observativn.



™

To account for Lhe dimcrepancy in the parameter &, consider the

following change:

v-2L) o = act or

v-2he} Al -act ¢ tm .

3t

whare & and ¢ are nonnegative parapetera and ¢ is {n the interval
(0,1]. 'Thus, in a mapner gimtlar to the one before, we have

t t t
IV.-2%) TR P e T [ld’o'q-ac/c-b}b + (acfe-b)e

t LI
- LJ'O’q b 4+ acfe -b ]f(e-b)

for all values of J, ¢, and q as defined before. Of course, this
esnmes that cfb. Notice the similarity of ihis form as compared to
the models represented by equations IV-B8), Iv-9), and IV-10}. If

c=b, we have the special ceze

V-2%8) A =t S

$it,q Jt-1,q " (ldyosq

however, it can be acen that, generslly epeaking, parameter eatimates
should indicate that cfb. KRole also thal when cel, the original caase,
aa presepnted ip equation IV-21), {5 obtained, One can thuz generalize

expression IV-2%) to yleld

t
( } = Pd,t.q [eb(!ﬁl)] e‘c ("1) -

IV-23a) Pj,t.-rl,q x
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Now, consider the yarioua expreselons umed by Jain to compare
various parsmetric forme of vaage models for {nle modification of
the Markovian models

IV-26a) cJ,l,q - (&3 04" lc/c-b)(l-btu}/(l-b) ‘ (l./l-b)(l»ctﬂ)/(l-c)

w-260 A 15 te " -{ -l.c/c-b)(l-b)bt'l -~ {ac/c-b}{l-c)e -1

)‘Jlonq
WV-26c) 0, (t) = [0y, ~ee/eb)(1b)6" T - (ac/en)i-c)et )/

(P acfe-o)t - (ac/e-d)ct ]

v-264) 1] { - ac/c-b)bl fab + (ac/fe-ble e

Y = ()
1,t,q9 3,059

IV-26e) pJ.‘-l(t) = [‘()'.J,o,q - !!C/ﬂ—b)bt tab - (ac/c-h)ct toel/f

[« - sc/c-'b}bt + {ac/r:n-b)ct] F

A
Js0,9

™-26r)  af 13t = -[(XJ'Q'q—ac/c-—b)bt Zav/1-b)

an i,q

«[{a/c-b ]ct+1 tachi-b]

fo further 1lluztrete the propertics of the modified Markovian

model, let us conelider the following lemma.

LApma

————

The expresszion ).J t,q is & decremaing function of t for lerge valueps
res
of t if the paramsters &, b, and c, ns used 1o equation TI-25) to

define X satiefy the following:
L}

diteq



1)
11)
111)
iv)

Proofs
1)

11)

111)

Oage 1:

iv)

-{

(]

be(o,1),
cE (osl)i
b,

a>»0.

t
. 1J’t+1'q ’ lj,t-rl,q'l‘j.t,q " .{xd10.q..c/c-b}u'b)b

- ¢ ':T% )1-c)cb from equation 1I-26b). However, if

"J,tﬂ,q in & decreasing function of ¢, we must have

y O &5 X 0,

X [ 38§ = A - L
Jat+l,q Jt,q Jat+l,q d,441,94 T},t,q

which implies that
- - acfe-b){1-b)6Y - (ac/e-b)(1-c)ct 5 0 or

X
b A |

(%5000 " ac/c-b)(1-bJp® & {ac/e-d}(1-c)e®, whlch Leads

to

X o.q - %/e®) (153 ) % (b))’ (ac/e-b).

Moag ¥ acfc-b and ¢>b which implies that the left hand
rer

side of 111) 1z nonpomitive., With ¢>b, acfe-b>0, so

we have

1-b t
-(lj’o’q-acfc—b) { i J/(aefe-b) & {c/b)” where the left
hand aide of iv) remains nonpositive. PRy the nature of

exponentials (l:,(b)'t 2 O Bo that iv) always holds for all

t as defined,



Cane 2 )«J.D,qinc/c-b and ¢<b.

) (c/‘b)t s -(lj’ﬁ’q-ac/c-b)(l-b/l-c},’(ncfc—b) or
% Yog(c/b) 5105[-{1.‘1’0’q-m{c-b}{l-b];‘{l-c)(ac/c-b)] or
t & logl[ (-lj'o'q - acfe-u}{1-b}/(1-c}{ac/c-b)] Log(c/b).

Mote thet with ¢<b, log{c/b}< 0, scfc-b<0, and z0>ac/e-b.

30,9

Case 3: Ay o q < 8c/c-b which leads to the following statement:
E

vi) t dog{e/v) zma[-{m‘1 - acfe-b)(1-b)/{1-c}{ac/c-b}].

1049

Since this caxe cen only arisze 1f c>b, which implies that log(cfo)>0,

one hag the followipng repult:

vii) tz 103['(}'_1,0,.; - ac/e-p){1~0)/(1-¢){ac/c-b )] /1og{c/b).

These results can be interpreted in the following way: ie

A
dsteq
+
monotonicelly decreasing with respect to time if t atj v and is
’

L
¥ with t.  defliped as follows:
1 3»q

.

incresping If t<t

[« 103[-(x3,0,q-ac;‘c-b](l-b)/(l—c)(ac/c-b)]/].ng(cfh) w*
. ir }'J,o,q< acfc-b and ¢>b or if e<b and
t [3
Ji9 -
d 1J.°'q>ac/cb
| 0 othervice

the largest intepger & a ifa>?0C

whers ﬁa)‘ = {
4] itas0

-+

1,4 to integer values due to the dircrete time parameter
L]

We restrict t

in our model.
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] L1 gll-c
Note that td'qi L only if ).o 3 ( =5 )[1 - FETTE% ] which can

only occur when ¢{l-c) & b(L-b}. It should alac be pointed out that
while this rule holda for )l t in the interval (0,1,2,...,r-q), it
* *

.3 t t neve 1 t
J'qn tha nevey reachas 3,4

real problems, however, 5o that the proof is completed. One final

may be that r-g<t Thie cauges no

point 4s that this game ¥ind of analysis can be uged on Jain's other

exprezgions, as 1llustrated in equations I¥-26m) through IV-26f) to

show that this sodification of Morse's model gt111 exhibitsa characteristics

similar to thoze of the original model at least for sufficlantly large t.
¥We can now coanclude several thinge about the modifjed Markovian

mode)l. First of all, the time depepdence of all paremeters is considered.

SBecondly, the revised model, which regembles the form of other wodels

of library usage studies, also can account for Initial increases in

demand by having a sultably low initial uzage rote. This i true

since ) iz now an obgervable gquantity rather than a parameter.

3i0,9 }
Let us consider the scheduling model objective funetion ":

E r r-q
max r = I I L b
Jsi,Q
at
Jel 9= ¢ 3,9
formed from II-5). Using the medified form of Morse's model,

t t
?.J.t'q = {JLJ’D’q-ac/c-b)b + {ac/e-b)e

we have
B T req s 1
£= L E T [(1J o - ac/e-b)b* 4 (ac/c-b)e”]
Jul quo ety »* e
»



™

» r t r-g-t +1
LN CYRPEE - DL s B 00)
=0

t reget, 4l
+ (acfed)e B9 (e 901 NWO-edl

This can bes simplified to

t t
Ew . ; i q-nc/c-b)b ‘a’qffl-h) + {ac/cab)e "’qﬂl-c)]

]
z
jul ‘gm0 1,0,

+ L -0y o o = 82/c-D)D 84100 b= (ac/e-b )T f(1me)
Jd qw Rl

vhere only the first tem s relevant. Here it can be showm that with
bS]l and c¥1, we have z az & decréaring function of t'_j a for wll }
1

and g, This implies that we could optimize by allowing t to be as

3.9
sanll ag peasible, zero if the consiraints will allow,
The “Pn" Model

Juin [30] proposes another usage model bacause preliminary studies
have convinced him that the probability of an item not being used was
higher than predicted with other wodels and should be accounted for
aeparately. The "Pn” model, as it is called, 1s presented here az a
contraat to the simpler Markovian model of the previous section. We
ghall consider revigions of thisg Pn ussge model in order to make it
applicable 1o & broader clazy of situations. We shall mlso ses that
difficulties can erise due to the complexity of the parametric forma
involved in these revised wodels. Jain'c model is based on the follows

ing probadility statement:



o7y el S| Tt "
v-27 Pr{C e} =
it (1'pJ.t;q)’J.t.q(n)j
(1.’J,t,q(0]’ nel,2,3,..., §

and he examines in detail the case where

-n
IV-27a) Hhta u';

CRT A ™

Thia izmplies that

-ﬂj %
“-280) A ) L] (1-p.'j,t,q)uj’t,q/(1.‘ » lQ).

1,0 =BG

e

-uj,t

2 2
Iv-26h) % t,q " u“’a,t.,q)uj,t,q/(l'e ) - ‘J’nr‘((}:l }

v

v-28¢)  E(G G, >0)au, , fli-e 1Y
JatsQl Jot,q” J.t,q '

and

19-280)  Var(Gy y o] By q > 0) = Uy g/ T

~u

Jst,q
t1 = L erat Pr{G =
Letting Pt e generates {Cj,t,q n] ax the Pofsson

distribution. Nowever, as pointed out by Jain, preliminary studiea
-1l

indicate that p, , o > € 499 | prter considering eeveral parsmetric

ply

forms, he settlea on

IV-29a) p e (B+t)/(Bey+t) withpg>0, v>0
Ltiq



and

1
W-20n) “j,t,q eui 0 formll t.

Note that p:’ t,q" ax a1} probabilities wuat be, ig in the interval
by
[0,1); and that Pit,q 1s an lncressing function of t, geing to 1
| Rt }
ad t growa largs, which impliss an cbeclescence of 1itersture as it

ages, sgguming r>C, PFurtiher,

ﬂ'Bo) p,‘},t,q{:) - nEozn P‘l‘[Gj.t,q-n]
g

-
n
" pj,t,q * fl-PJ,t’q)/{l ) ﬂaut!qfoj) nfl ’j't’qrn)'

_ u £ -t
- Jst,q AN - _ hitq
Prtag * (0,90 (e D/ (1-e )

Revisions 1n the "Pn" Model

Congider now a morv general functiona) form that seems to have
acme deairable characteristics
~u Jt+B
W-31) p .o dib0 vith 820,
Jst:q )

The following lemea enunciatee the properties this form doea have.

Lo

am——

p.i,t,q’ a3 defioed 1o IV-31) has the following properties;

1) P t,q liea in the interval [0,1] for all §, t, wnd g;
| Bt

1 A slight difference is asen betveen IV-PGc} and Jain's original
forguistion due to a difference i the use of the time zubscript %.



11)

111)

1)

111)

pJ t,q is increasing in ¢ for large t and approachea one
'y

in the limit for all J mnd q;

p:l,t,q in & decreasing function of u:u’q for all forme of

natqmrtmrarlargctmdrornldeq; and
L B
=q
bt
Pj,t,q >e '

-u ft+3
P.j t,q " e 5t & 0 by the nature of the exponential
1%

function. 1 1if - 4
on pjstsq in p:lst':'] ¢ “Jst:q/t"a %

or that u

J,t,qﬂ“ B & O, which always holds true.

In order for pj t,q to be an increaaing function of t
E Bt

"u.‘j,t+1,q/
L4148
/(t"‘ﬁ,zon"ﬂl I.la’t+1’q 4 ud’t’q[ —'t—+"r )

H
szt"'liq p_j,t,q or fn (pJ;t+1:q/pJ:"vq)

(te1e8) + U3 »t,q

"y g, (M) 0T Bt ba,e T Yt

L' + = snll . It A 05w t+b
3,6,0/% = Ry 4 Q) 5rt1se R A
as will be the case for at least large t, our case ic

proven., If uJ t,q approaches zero in the lizmit az t
E I

spproaches infipity, can be eagily shown to approach

P5ta

1. .

If t+8 >0, which always holde, pj t,q is seen as beling a
L

decreasing function of u for at least large t. This

Jitag
2 ahown by the followlng argument:

-u
. Jsteq
31’.1.t,q/3“.1.z.q s «1ften e VRS 50



&

=U
iv) - e-“,j,t.,q/“’b >e Dt impiies that

pd':“"l
4n p-’!'ﬂq = -“J.t:q/t*a > '“J.tuq '

ve have the following reasutt

H
Blace uj’tiq %

1/t48 <1 or
t >1-% !
vhich holds for large t. If 351, it holds for all '
t; and 1 < 8 < 1, it holde for +>Q. Thua the

lemea hasg been proven. '

Note that while the conditions hold for large £, t is restricted
to the wvalues {C,1,2,...,r-q) 80 that at timax t way never actually
be allowed to become large. MNowever, the point 10 be made is that
the functiopal form of p.’,t"1 is zuch that the desired properties
hold if t does become large.

Jain suggeats a conetant u for u‘1 t,q aver time for all & in
L I ]

s

order t0 successiully £it the parsmeters of his "Pn” model. Jain has

allowed pj,t,q to abeorb all of the time-dependent properties, freeing

“j,t,q from any functional dependence on t. Thin aeems {0 be oo of

the few forms that lends itself somcwhat readily to parameter estimation.
A second poraibility is to use Morae's model as modfified by

this author 1n IV-25):
IV-29c) ujst:'l - (uj,o,q -a.c/c-b)bt + (ne/c-b}ct .

However, the eelimation of parameters beccmes exceedingly difficult
using thia form. Thus Jaln's initial form seems to be a reasonable
compromiss petween funciionel complexity and eaas of estimating
parameters in trying to reflect reality. As Jaln points out, the "Pn"

model ylelded very good performances when used to fit data.



Eatipation of Parameters

The estimation of parameters is & vital part of the modeling
process, especlally whien the wodel is ueed to predict varfables used
in o decision problem. An example of such varfables {¢ the [uture
demand rates for library saterials, The degree of difficutty of
parameter estimation can limit the complexity of a model.

Jain investigates the wethod of wowents in order to estimate the
parametera of usage models. The kth moment, defined in our terms, 1s

¢ x

I £ for the igeauee of journal j published in time pericd
P R

q in the firet t years after publication, t20,1,2,...,r-q. The
method will be used to calculate parameter estimates for the Markovian

and "ra" models.

The Markovian Fodel
For the origiaal Markovian model where Xy o« (3, .o.q-ufl—bj‘b‘
+ afl-b, it has been shovm that ' '

t
. CwA. b4 . . -bY).
€tia = 5 Man ™ (0,0 "I I/00) cattety/iien)
It can also be shown that
%
t t t+l
v-32) Eivq” ‘Eo t 13""‘ - (1J,°’q-a,'1-'b)(1-b -th +th )/

(1-)° + at{t+1)/2(1-b).



Bs

Paralleling Jain's work, we can obtain se an estimate of aJ q[t),
H

W33) oy () = 7 (b) - 'EJ't’qtl-b}e- 'idlo'qu-b]n-b“‘)/

141

¥ opartet)

and & recursive relationship with which to sclve for b.j q(t),
L]

= t L3 T+l
Iv-33b) - Ea.t’q + 'id'o’q b(l=b" - tb" +tb )/
F. (o)(1-bY - ot e p*d
(-v)? - -1 -
(1-b)°

+ rlfb)t(mlj/a{l-bJ -0

t

L

where E Y
3t " P : Jeksq *

e .
c E X s
J,t,q = i Jd:1,2 ’

5 - f L
and ,'J,t,q the obeerved vatue o Gj,t,q The subseripte on ad,q(t)
and bd I‘(t.) ns well as the parameter estimates being a functiom of ¢
a

imply that the parsmeter describes the expected usage of only the
apecific item in question -=- the fssuea of Journal § published in
period q based on usage in the rirct t periods aftey pudlicatlom,
rather than describing the ueage of a whole set of {tems. Once IV-335b)

has been used to golve for l:.1 q(t), I¥-3%a) can be used to caleulate
r



aJ q{t). 2 Requiremente for & sufficient statistic demand that
4

tar-q t 14 - - 4 b - =-b tat
=r-q to yle aj.q(r q) @ o J.q(r q) IO iatice

|
now independent of the time variable t.:‘
Some of the differences occurring between Jain's original formule-

tion of parameter estimates and this current one ere due to the slight
difference in the use of the time subseript t in the definition of
ax observed,

the wariable & Epacifically, &

Jlth' j!olq
is considered here as an chrervedle commodity rather than s a

parameter.
It is important to point out that a, q(t) and bJ q(t} are
L ¥
functions of the variables j, g, and t so that each volume of each

Journal csn have different parameters which can alse vary aver time,

2 One method of approximating bj,q(t’) that can be uzed is Xnown es
Bewton's method and 3= discussed in Hadley [28]. Kote that the
subscripts of bj,q(t) have been left off in IV-33a) and IV-33b)
for the sake of convenience. This deletion of gubacripts will
be used throughout the paper when the b and ¢ paremeters ars

estimated in camplex recurafion formulas,

3 By sufficient statiestic we {mply s randem wariable that can be
used to estimate an unknown population parsmeter and has the
properties that it 1s not dependent on any unkoown paraweters
and that it exbausts &)1] inforwation available from & given
random semple drawn from the population in question. This
inforsation 1z related to the values of the unknown parameters
[28). If we drew A random sampie of ejze n from & population
with & pormal probabllity distribution of unknown mean u and

n
known variance 12, Xw I xd/'n 12 a sufficlent statistic in
Jal
terms of the parsmeter p.
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Both Morae and Jailn, however, conaider b_1 q(t) to e always equal to
]

bJ q in that b {s independent of time. This Implies that
»

leq

calculate hj,q

r-q

2 2

time : | th tatist = L b ti-b -
using tha s stic x = ) J,q‘ ) J,q] /bj,q’ s chi

. ‘nJ q{r-q) im the best statistic to use. One might want to
»

{t) for all t snd test for dependence with reapect to

square statistic, with the hypotheais of independence being rejected

At the o level of significance if x° > xza [631.

The Modified Markovian Model
The parameter ch’ q(t) has been observed by Morse and Elston to
be a time-dependent function which decreages over time. To mocount
Tor thim, consider the paremetric form a, = sct. Ueing the method

of moments, we can obtain as the estimate of a, (t),

39

t
-33c) 8y g{6) w (re) E oy (1)) (1-c¥*2y

and a recurgive relationship with which to ealculate <:_1 q(t),

t t41 )

M t tel
W-33d) - Zia (g)sc{l-e’-te+te ay (£)/(1-e)(2-c""7) = 0.
PR 2

E

=0

Here again . q(t) and <y q(t) have gubscripts and nre functions of €
L} H

a0 that each item has Jts own set of usage parameter values. Sufficiency

requires that IV-33¢) and TV-33d) use tmr-q yielding a =8, q(r-q)

3.9

and ¢ = cJ q(1'-q)_, both independent of time. These arsumpilone of
L]

3.4
independanca could be tested vaing chi-square rtatictics me before.

Another etatistical test of Interest 1s whether or not cj a iz significantly
1]



spaller than zero} establishing whether or not the estimator o, q(t)
»

is really a function of time.

Generalired Paremeters for the
Modified Markovian Model

While the astimates of & b, , nndc are agnmed to be
42 3t

3.2’
independent of journal age, they may still be functions of volume

and Journal variables. Each volume of each Journel pay have unigue
demand parameters associated with it which eould force a decizion-maker
to have to cetlmate an enormcus number of perameters. lowever, both
Jaints and Morse's studies imply that more general estatictics were
used to try to estimate demand parsmeters for library materials
concerned with whole flelds of gelentific endeavor rather than
individusl parsmeters for esch item. Thie is evidenced Ly the Tact
that the probabllity of an item t pericds cld being used n times ix
measured by Jain &s the ratio of the number of items & periods 014
obaerved having exactly n uses to the mmber of items t perlods old.
This means that the parameters are not common cnly to one cpecifie
iten but to a set of items In a scientific fisld.

Let vz conslder the follewing generalized momente

r-i

1
AJ)' - QEO dr£:92 b

= the ;:xpec!.ed number of demands for the Yssues of
Jowrnal J £ periode after publicatjon

" r;:: "J ° +a(r41)/(1~b}-at}'{l-—h)-a(r+1)b‘/(1-h)
geo 4

+ub‘/(1-b),



t t r-x
c L A L & )
i - a0 d, 4 - fu0 guo MY AL |

| -t t Tey
I Y /(RS RN i  r 2
{1 )/(1-b} o 1013 + BRI
+ a{r+1){t+1}/{1-b) - at(t+))/2(1-b) - n{r+1}(1-btn)/

(1-v)? + aul2-bt - et L w00y

and
t t r=-t

E « E J2A « £ 2 L A

J)t' '-0 j"‘ ‘ﬂ q-o j)"q

t

w E jbt

F . qQuo

-1
l'z lj,o,q +af{r+l)t(t+1)/2(1.b)

- at{t41)(241)/6(1-b) - a(r+1)0[1-b%- tb* 4 Py /(10)
+ 2ab[2-b¥ - ot 4 1y /00-0)" - an(1bt ) /(1-0)
- a2t

Aguin ueing the method of poments, we have

t ref tel ret t t r-y _
Iv-3La) r E >.'j . SN ¢ T AREs V14 B1 VT AN VISR A AN 3 5 0
Iﬂ) q-o ) lq qto L] lq y‘o q-:r-t+1 ¥ rq
aj(t) -

(r+1)(t1)/(1-b) - £(t+1)/2(1-b) - (r41)(1-15*1)/(1-0)%
+ bl1-bt - bt s %] (1)



and the recursive relationship

W) t r-g oot
Iv-3kb - E&L L +« L gb” % &
feo Quo LT2L SPION quo 3:049

+ [Py (0)10(r+1)t(441)/202-b) « t(t41)}(2L41)/6(2-D)
- re2ula-bt - ot ¥y (1)
+ 2o(2-bt - ot s byt s v (aonty)

(-5 - 240007 o

with which to solve for b;] (t}.
Again cne can solve for aj and b; independently of + by letting
tar for sufficiency. Moreover, one can use IV-34c) and TV-34d) to

solve for a, and ¢

5 Af desired:

J

1v-she) s, - [ E_o & (£} (1-c)/(1nc, ")

r b ¢
£ 1 r4l
Tv-3ha) - ‘Eosad(:) +( I.Eoc:j(:)]h-cd -te T ate S s te, )/

(-c,)(1-c, ") < 0

3
with sufficiency yequirements taken into account.

In like manner we can obtain estimates Independent of Jjournal

J but dependent on date of publication, q, using



a (t) ~ (1-b) ;Eo Js;l ’-‘1,;,‘1

- ¢ z: Ty 0,q (10} AW SRS PO

' r~
o (o) I a(8)/0-cT
1 o 1

in conjunction with the recursive relationships

r . x + ( ' Ibl1-b" "2 (r-qjpF Y
.1 =l J’ﬂ q

+ r-ap" ¥ y/00)°
- lag (=) 2el1-0"9 - (r-q)o™ T+ (g "I /020

+ [aq(r-q)] {r-qX(r-q+1)/2(1-b} = 0

and
i =
- f e (t}+0[l-c "V (1-q) ™V 4 (r-q)e" M) 2 o c (8)/
J=l tec At
(1-c)(1-c" Ty 0

with which to solve for 1:>‘l and cq, respectively.

To now remove the dependence of s, b, and ¢ upon any specific

item clasaification, let us examine the following moments

8 r-§
B« I
1 J=1 q=0 J: 2,9

wn  the expected number of demands for fasues of Journala
exactly 2 periods after publication

2 r-f

L I x
3=l g-o 3,9

£

= b +85(r+1)/(1-b) - st /(1-b) - ag(ra1)bf/(1-5)

* urb‘/(l-h),



t
C, -~ L D
v D
r-t = L r-y [
- (1-0¥1y/0-0) = Xy oq* E AN N VI
q'o J.l [ ] iq ,IO th-t-+1 Jﬂl Jl Iq
+ aa(ra1}(tel)/(1-0) - ant(t+2)/2(1-b)
- anfri1) (1621 /00-0)% s asn (16t - vt bty 00 ),
and )
%t
w T IB
E il
t r-1 s

~ ZrE L, +an{re1)t{t+l) /2{1-0)
fed qao jul 9099

- ast(t+1)(2t41)/6(1-b) - as{r+1)b(1-b" - tob 4 ¥y /(20 )
+ 2aab(1-bY - 0¥« o) 7(10)" - amv(2-vt)/(1-0)>

- D) .

Again ueing the method of momentis, we have

t 5 r-4 t4+1 r-§ & _
. T E & 2 4 -(1-677}(1-p) £ I
dwo Jui qro Jrts 90 =1 AL
Tv-358) e ¥ T L
yoo  gur-t4l ja 90%8

t) = R
alt) al(r+1)(+1)/(1-8) - t(843)/2(1-b) - (me1 }{1-b5*1)/

(1-0)° +6(rvt - tu¥ 4 20 1) /(1-8)7)

- ,(b) »



and the recuraive relationship

t r-f & t 2 r-§ & _
IV-358) -« L ¢ T & P + L v £ L )‘J o
S que 1‘1 Ji L Lm0 quo J'll 19,8

+ [!'sfh)]s[(:r+1)t.(t+1){2(1-b) - t(t+1)(2t+1)/6{1-b)
- 2(1-0%)/(1-5)% - 125 (1-0)2 ¢ 2p(1-bbe - b 4 10ty
()% - (ra1)n(r-vt - tb¥ + 61y /(1-0)%) - 0
with which to solve for b(t).

And once sgain, one can solve for b independent of t by letiing

tur for sufficiency. Further
r a
Tv-35c) aa=[ £ a(2))(i-e}/(1-c"*1)
£xl
and

35) - [ Eosale)+ E a(n)](1eek - re” e r™ ) /(1) (1) w0
InQ =0

will yield mufficient erxtimates of a and e. It will be thepge latter
estimates of a, b, and ¢, parameters azmmed to be constant for all
{temz in a specific rield of endeavor, that will be uzed in the journal
sslection model. Tests can be mde te determine whether a and ¢ are
independent of Journal § or perlod of publication g, or both, usirg

chi-square statiegtics an before.



The Morse-Elalon Data Analysis

Morse aml Elston [79) present the results of a lesst usguares fit
for a axall sampie of book usage data from the M.I.T. Library System,
giving them ertimates of & and of b for their orizinal madel. They
regtricted themsalvea to books related to scientific subjects. Thelr
rasults, revised sooewhat for purpose of manipulation, are presented
in Table 1, and will be used as the basis for fitiing the paramsters
of the revised Markovian model. The data are divided into five
categories accoriing to the apecific scientific Tield of endeavor
with which each book iz concerned. Note that & and b for each field
are independent of time mnd of any apecific item within a geientifie
field. Further, the time axis is segmented into three zonea:
years 1-4, years 8-10, and over 15 years, Thess zones represent the
age of vocks.

Morse and Elston provide only one estimate of alt) for each gone,
aven though each zone represents several years. To compensats for
{ihie, in order to make parameter estimation for our modiffed model
asxicr, o ztep-function appromch is taken. Thus, for ¢ach year in a
particular time zone, the & parameter cstimate is the sane, One
f£inal point is that the last time zone ia lizted as over 15 years
0)d, so that po upper limit to the zone is given. Again for ease in
estimating the parapeters of the modified model, an upper limit of
20 years 1s aszumed 50 ihat thie zone consists of years 16-20. The
results of this analysis can be seen in Table 2 or graphically $n
Figue §, FKote that © {a significantly less than uniiy for all sclentifls
fielda acecording to the t-test [63] at s level of 0.00(05. Also consider

the high valuea of B2, implying good fit.
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Blolegy Chemistry Geology Mathematics TPhysics

aft)

A Modified Presentation of Morse and Elston's Parameter Estimaten

Year Parazeter

Table 1.
Zotes

<A
cGo

coo

oy
SO0

0.5
0.5

LALALAY

w

L1

ot
COOoo

mmmme
CCOoOoC0O

g
-2

16
17
18
19
20

3

o.Lg8

0.6 0.6 .

* °.2

0.3

%



Table 2, Parsmeter Estimates for the Modified Markovian Model

Parameter Flelds of Scientific Pndeavor |
Biology Chemistry Geology Mathematice Physics

. o4 0.6806 0480k 03168 0.5366
. 0.9373  0.9578  0.9157  0.9™h9  0.9685 |
A 0.96666  0.9%20 0.95%0 0.9657 0.9665

The "Pu" Model
coneider the original "Pn" model of

N_z&) Y -uj,t,q) i

3,600 = B(05,0,q) = (17240, gy 0,0/ (10

vhere

TV-2®) 9= %,q

for all t, and

e

ﬂ—&) pj)t)q = (tiﬁjiq)/(tiﬁj,q*'fj’q) )

Jaln user & transformation such that

-1l
_ - P |
W-3a) 7y 0= Ve Y,/ )

and | i
B B T R LI

20 thnt

-
- w (1= -a Jr8 J
T0-38) Ay g m (Lot ofteBy g7y g0, e ) |
-
Ti,q 4,0/ 4By, Vs, ) e T mEy A texg o)
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Again, with Jain's rothad of meentn we hinve

— t -1
TV-304 3 w, (Y - ﬂj.t,q" x (’“xj,q“))

et L=t
and s recureive relationslip with which to colve for xj !_(t,):
PN
- i t 1
w-308) ¢ Lo(gger, {t Erew, )Y - F .
3 b eV T (1w () sl
Imverliog to nolve for the original paranelern, we have
v Lon (.-} [ R181 ’—u-jrth)
- ) 1J,'} vl :J;‘l( }{ -® '}uj,t,q
-u t‘
s Sityn . . -1
” CJ!tpq (1“? ' )'KHJJ'J"’ f_":(,(r : 1‘:'\1“,})
and
it
Iv-Lob 1) . (1)~ cx, {4)-T IET
VoPaat 5o gt et T g (0 VY
t b3
L{rvx, {17,
uJ’tIq ‘:O( ! x!}'q )‘

Buffiriency requirements desawd thal one el tor-q to rolve for fi, 9
w b

and 7 o It Ms, moreover, denfrable thal wove geneenlirzed parevebers

Jiq

be found ne before, e erptipeirs for the wore penernliied peremnlers,
rj, ﬂj’ T‘i’ P’q’ yyoent iy w I be Doandd Ly sopdeg over G, g, or bath
as belove.

The extimnlion of un Is g ite naother watter,

da

IV-kie)  Letiing e, |

Wit

1T, > ¢
- { Jlt'tq
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we haye that

t t
ST {4 d =0} N % I
T I R A A TN SR S

Using IV-}?&-} ve can find the follemlng recurnive relalionship wilh

which Lo solve for u

i,q
" / -u"’iJ r-q _ f r-qQ
v- 1 1.0 ). 0 X N - 0.
)Nyl PR N LA .

Since only Jouritrls with sume expecisd urnge will be eons{idered far

selection, 1t is nob rucltislie to allow ¢ - 0 for 811 ¢ en that
:}'t'q

W-ble) 16 nlwnyn defined. Koredovrs, one can form v gengralized

paremetoer eplizaten of u L or u if desired,

ljl
Estiretion of the parraeters for the pevised “im' moadels becoues
quite Aifficult, Tn fart, thics 12 & perfect case of how erlination

provlops can limit the cooplexity of possinclrice exprescione conpldered

when model$ng demand over tdime.  Fesentdally we hinve twa relationships

which st be golved eirmdtgneacusly for B and i
J J:4q J,1.q
r-q r=q ~u -\
3 - J,t'q S, 0
- L A + Tou {(1-¢ L4 fl-¢ “r°*=} =0,
‘m J,f,l] ,""'3 J,r,ﬂ f J’q)x‘ }
and
t t -u
— N t_ q
= I A Lok 4 (lao dat c O
I:O J',f,fl/ .l-bn‘() Jlilq J’t”ﬂ_/ ) )
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for mery 1, el o0, Teg One mael Ahen ure relabicoudipn cisilar

to thope of TU-%3a) throoel 1V=241) Lo Tind a L, et e, ong
o ) t N qu’ PR Je

& Tunetton of Lhe valanlntel veluos of u, 1L we ure ‘-.\'-7‘9(_'}. Tt

Yty
doce fadeed roem 21201y ko have to deel wilh suek A1 eult eotiprtion
technfguen when pars elepde forms are pd hand Lhat cun be £itted quite
well 1o available data.

Thus wr have peen that expected unree o be uned /2 a erilerion
for journnl worth. Foreovor, whiile there are ceveral wodele bo help

”

predict apd dessribe wsage palisran, nopolified foom o Lhe Prrhovian

dereribing ushge, and retionale beonind the derivalion aud serulte of

the model.
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CHAPTER ¥

AROTHLIE CRITHREICN FOR MEALURIES

A JOURNALSS WCRSH:  PRODINIVITY

The wortl of a Jourtir) ~an b coneldered in termn of g ercewhat
different measure than tolal usape.  Tonlead of the sumber of demande
for a spucific Joaonnl, conclder produciivity, the vumber of articies
eontainml in ke Journal. W oare cepocdnlly concerned with srtieles
that nre relevant to e specific, nnrrowly-delined fiold of golentifie
epdenvor.  While we phmlY pee Ahat Jocrenal werge ixon kettor eriterion
for mearuring the worlh of acqueiring n Jowrnel, productivity prerents
& goowd contrest and 4 o rearcratle alteventIve Lo wisge. Furtheruore,
it oy L& easier to eount relevent articler Lhan to esticale unsge.
Finally, the model ured to decorlbe protustivity over tiee $1dustrater
meny importent peins wbeal Lhe jouranl geleetlion decdedon, micl ks
the relationship of arti~lv relevancy 10 Jeareud urage,

The 1itraritoe must be able fo 2peedfy it Ofeldy of endonvoy
are of Interost Lo the usire of thedy japtiondnr 1iveary nystem.  Thir
6 in 2ne with lhe concurl of £ palicy breed oo s ocelection of ol

mate:$nl relevent Lo o pvnernl Tledd, tersed nocnlleetion policy, ratier
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than on sedleeting oply specific Llbrary ouierinle witl & complex
1025viAun] evaluation of each ficm, ap dircosscd fo Slevensn [T1]
The problows of delfiviex the cwepacktien Bbd peopy 7 8 erdentific
discipiine mre djreceeed by O'EL1L [60],

Lt g e the nunler of articler in tha 1zpures of jouarnal

Jatag

3 publiched in perict g thel are velrvest Lo s 13bresy 't urers Yo
period teg, Hote that Vemrer enpe detters will be pacd to Aenante
Journal productiviiy ro sr Lo not brcome confured witls Journel usure.
Tuis means that the coblectdve function now reprecents 1le tohald nuiléer
of relevent ariicles thnt the 1inrary syctem enn potentially put before

the users, The warianle U oM reprernts the perniiy, 18 terma

it
of pueber of artictes, for not acoulring the Joewrnal in whleh rope
relevent grticlesn enipl.

Khile the mmbicr of erticies 16 not directly reieled to uzoge,
1t w111 Be ween thet one can define relevonse of mo nriicle in temrns
of uesge. Morcover, relating relevancy £f a fourral to e nogter of
articles Jdeemed relevant in the Journal can e frteresting, 17 teroe
of ihe continpiacy L&ble ernAlyrts of (hapter TI, Ar the punber of
relevant pridcles doereaces, the tolel relsvancy of the ‘ournsl
deckinern gy that g reer becrsrt gorvhyl, FENTRLetRLive af tha

$ten
exzller worlh of pegalrir g 8 noovertinent Spurnal, Yozeoser, an

decrioater, H facrenres el brogesy eoomawienh repiecsriative

gj,t,q PR

of the lvzeer detrfnomt of not megudring A ronpertdosst

Artlele relewvuoed Ve Jeflved here re brlpg wn el or b
onc ar iero, ooooovty sttt o ertiele ln tetally seleent oponst

relevant nt pY) with vei:sol Lo oo Epecifie ivld of seletifin smdoen e,
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Ore eo)? connider partiel relevsney, trheps B welehi v helwesn zere
and one fopr enchi artjcte vwer e, Jheever . an {'Es11] poatnte out,
pariind relevancy 18 soljectlve ned depapdent upos the cursent
Inteverety of & specifie ussr, Tt 3x pealogoag to the wtllity of An
ftew s bring used 1n L2k SU e dard to meazure frma n 2iLrarian'y
standpoint, end g more relevool to A ppeidfle weer than to Lie
kervicer; thercfore, partisl relevancy will nol be considered in
thiz etudy.

It wuet be seruxed 1bat ihe librarian, af e declelan-maker, can
specify what riel”w nre of interest 20 Wimp uiers, A field can be &
mall rubeet of knovlelss puch s guevoing theory, a wmore genernl
xubeed such gy the Jhysleal pelensen, or en aree anywvhere in the range
between the two., O'Reil) direcassee thig poirt {n detsil and considers
wmelhods for deseriting the brendth end boundaries of a dircipiing or
fiel2. Foreover, the Yiororien must be able to detoruine which
articles are relavand to these Tieldr @f endeaver. Of coarse, the
eacytetenesk of the met of jeurnals {0 Ye conafdered f8 & crecinl
steuipiion that .ot be wale. £1) Joursele wority of ennaldoration
mret b inoluted oLk orex.

The noztny of ratovais erifeles, Vike dsege, ofn be releled to
parprebeansinonene £nd senddet s idty 0 deslred ers Lt wobt ko cenvendence
which {& nove depenTeut upowa inleying, elnseiticelion eed other riocaps
gud retplevn) mrpelty of bee Jitrery. MoreoVer, bhetre s GY0FIeuily
in ouinied=n Ylete ~F roinve oxlaeles; oltedlon Yipts tend to
connidor only roroerol oriontst Aot Yo vR e mhnetenet Gogrratn tepd
to be Loo ralre w S0 dhedy de Danit ey of r o feld 1. Tavg

ke usrge, rooteeliedty svooraian e eerbadin Tt tettoan,
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In the firat realion of thic chnpter we wiIl Inck al a generad
wodel of productivity, rclating joureal promlh to liternture growih
and Lo ljternture seallering, the distribuilon of articies throughout
varfour Jowrnals. In the gecond mectlon, an epldewic growth notel
with warioue refinescnls ie goapldered to dercribe llterpture growth
patternz. The third scciion denls with sonitering functions And
Leimkuhler's [23] Predford distribtution. Doth of Lhe latter two
gectiong dendl with jarascter estimation problens, In the fourth
pectinn we consider a Markovian antlysis of prowth vhile in the £i7L0
section we try to ralate produativity to uveses tharough en {nteresting
definition of relevancy., The final rection, n rtudy of queueing
theory literature, leads ur to (he condlunion that productivity s a
poorer mengure of Journal worth than ie weare, prirarily beceuce we

are unnble to accurately predicl expected proluctiviiy over tine.

A Genern} Faded of roduct iedty

With g defined, & gineral nodel ¢an be canstrirted 4o describe

J. b0

how Journals colloct releveant wrticles, Let n represent Lhe totel

i1

mapber of srticler written in pericot g and relevant 4n porlod Lig in
the cet of Jouranle.  Asnsing thoat the cet of journale Ig civplets,

we ¢an 1ot "t - represint the neebrr of relevenl artinles Lhal ere
'

gublicled within the spoecific M4eld of endeevor in Lime period g and
reYevant in poricd td4q.  dhus,

v-1) » = ¥

Fid -
“Iq Jﬂl 'jrt”q
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Now, ewralative Flotictice nant be defipned in order to v able Lo

discvon how pany articies have been accunolated over A perind of

time:
- q
V-2 L &
N g [ Dovramrg
« the number of articles writien in the 1sgucr of
Journal 3 that were publiched §n the f1r7et g
time periods and relevant in period téq;
% B 8 q q
- L v T - B
V) Mg o= g e 5 T e T T Maaeae

« the nuiter of artdcles written in the Journalas
publ{ehed fn the Cirst g time periods and
relevant in perisd tsg.

* -
. N anl n all Limve as the
St " Ry 1,9 Y v

range the retl of nonoegative dotopers.

The four variobles g

Kext, one crn defince the regtioring Tunctiens

B
v-ha)  a / =

- ;‘ﬂ
1,69~ E3t,q"™

«,

©
"Q rdltvq 1y

1,9

3=
= the proportion of srtieles wriiten {4y period g

and relevant in perivd t+g and found S Sousinal

P

and
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a » » - . »
VAR e M e T e o s
A
. ¥ L%
) ety $r1 rew RN

= the propartion of articies viritten $n the Tirst g
time pericds cnd relevant dn poriod Lig and found

in Jowrasl ).
Using the frrts that

. »
V-3a) o Byea T Bjueneer T EyLe,qr o™

“b » -
VOB) Mgt Man,el t Mg
we can chow that
- »
V-6 3 ~ g + n .
} PJ,L,Q F:Jgt""l}Q'l \1lt!q th
fn = 0, 1=t w1 and ax, v 0 for &l 1. In 3lke mriner
108, 4 .4 it 4 ’
a | »
1t n a0, et = 1 nnd gt = 0 for all 371, Trts cenvention
t,q ! Eﬁyi,q Jata g
pllower the varichles O RO (‘x' A to ke conristent,
d‘nt‘:q -1"')({
Lemma

Trhe varlshlen . q aril rz: boa hteve the properijes of probablitty

Aty ™y L

danzlty funelions in et they nre alveye bonnegative and Lhetr ous

ower 3 wowsle one for sl vnducr of §oand g,
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Proof

1) Ry A=tintiten, , At g are nonnesslive,

+
t,q" %3t

.
(XYY

*

LN i3 0O . g
Jitvq Fﬂpth}’ t,q .'I,‘-,'{ FJ.t.q
since ration of nunbepativer murt renaln nopoegative,

L]
K
t,0 b,

-
Thiig /o are honneprnlive
t,n

5 [} a
2 n - T g g0 that E a r L n
) tnq Jll .1,t,q Jrl j,t,q J"]. g.jtth/ t,q
= I /ﬂ = 1.
t.q g
& ®
I6 li¥e manper 3t can be ihown that I a e 1,
go doteq
Ifn v Oy e hrve (T =Y and o « O for nll 1
3) t,g 1,t,9 Sitsq e
a
#o Lthef o & 0 ROl hoa » 1. The resultc are alsu econelztent
Jltiq Jt‘!l Jlt!q
¢ » » o \
« 0. hoe e proal wmptete,
or aj,t’q when n!"q Whoe, the proal iz coeplete

Since g‘}’t’q 16 the jparasster that will b= ured ta peeluate the
Journal's worlly, coasidarntion ¢f low Lo provide eatimnter of productivity
muet be piven. Oar obyious technig:s is Lo view the varieble nz e
time rories. Hovever, thie mrans that one gust tract zeparsie tine
geries clmdtrne i)y and thin ¢nn lend to A1 enlty. Thus, ve uee
equsticn ¥V-(), wnd try Lo preddet Literature provth end reoattering

over Limm.

Literature frmals oo Frideads 1oiele
In trying to predict Jodood productivddly over Lire, ve have related
such produsiiviiy ip Mtereture growth pel o Titeratere sestlericg. Lo

ua B ccheddor growib oes oan $1cie - dant peeniao o,
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In Chaptes } of thta therte, {1t sop potntod el that ctuifer
ghiw 18braxier to be growing exponentialiy over time. T poons
reagcnnble thal wideprlying this suipght e an cxpoaentisl [froath of
literabwe, Assustng that retevonl saticden do not beeooss obaolescent,
we could mrdel the prowth of Jearnnl Wil rabore an follows:

Y-7) n _— * cdq

g = Pt o , g=,1, ..., r-t
L4

for all tw,1,2,...,r where 1
a1

{hienters the expactod value of

n:'q. However, thie secws to ba gnrraldstico do that wrticles Jdo
become cbrolete an time cinze publicelion, t, do7ressersn,  To mccount
far this, let us <oarider literature sr an epicmite,  Since cne good
mrticle can leed to goveral mare, owod eince ous can find relentific
fleldr that geem almort rateratcd gg lhat growth rateg eay be declining
or at Jeact levelirg off, epldriic theory Ie s 1oglcal chnice.

Goffoan [21] ures en epidente process 1o model the spread of

pcientific fdens bacez on the following MIferential coustions:

_‘ET —&'.‘_‘- i|1)

v-8) 4 [t = (3R, .

4 ¢t,’dt - {ts:;tIt

]
-
—t
-
+
“
T

dﬁtfldt' " Ef) '[‘El. B T-'f- }

t
vhere
Et wothe ex;eated pusler of sareopiibles bt Line 4
-lht w the rxpecied e ey of Dfectivers ol tive 1,
[ 1%

ﬁt w the expeoted wmualer of ceravaels ot Bz 4,
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Letting

¥-8a) T{t v the tobtnl expecled populntion at tine 1
Ry o+ I+ 0
we have

v-8a) d Et:t/i!t- EE (TIEI 5

A ruRceptidlie 1o a pereon who does not yet have, but could pet, the
disease; ap Infective e & person who has the deerne nnd S orpreading
i1 to olhare with whoa he has contuct; aod B Temoval 18 8 peroom
who has vither recoviered or dfed, but 8o €6n 1o lun el Bpread or
contrect the discage. Qoffoan defines o cuscentible ag sn muthor vho
hag not px of tlze 14 Uul vwho ray coatribate €9 1he Jitersture 4p the
future; an infectfve ng an mulbor who {6 contributing fo the Litoraivre
by haring st lenst one article publlihed Ly tine t witp were nrticles
coming; end A resoval as an avthor who han ofspesd Lo contritute and
baz Tubliched Wla dmst srticle relevant to cope rpeeific cetentific
rield of codreavor before tims 4,

Fate 1lLal tigce 1F & discrete verinnde Lyt Goffucn ucer r continntup
apprexfeation.  This model {1/ Vitred fo dota with gouw? reculta by
fofferen wha feole 13 has exbleusive jrrdlelive power. In other articlern,

Goffran {77, %) chiroe that sballlfit:; ocouce wlhen 4 T M, - & cangtent,

1

and thel for an opddrats te hexip or Lo reolinie, 4 "fv/dt > 0L
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A modiffcd vorston of Cofrants wodel cen be pred Lo dacorvporate

exponsntindl Hiterrture rowth e wel) pe o dsorer of olpolesconce in

the wariablie n ae folloqe;
i,y
an
o - 1
v,,,("h N -Ll - rn +
) dg o, " 7
or

V-5b) n _— Ty, T/ (o598 1)
¥
- (E{O’U 4 vf) 5 s

The pode) seflecte & litvar #pldceie growth rele of relevanl aeticles
plue a factar that cllows the field of cndesvor to contract Ly
cbanlescrnse if b beoanes raturated, Thie ferfor is proporiinnal
to the current Jevel of relevant artlicien., Kote the striking
reseblence of eguation V-45) to PForzets [53] Merkowian model of
equntion IV=21).

Howrver, obzolescenme, & factor 1hat rhould Sncreoces with sae,
ir pat sultebly teten iete weconnt with the previous mvisl,  fuppose
Lhat growrtis e coneldered to art comewhat Independrntly of ebrolescunce

8 that we have
Yallm) d nt’{‘;’dt - -8 b -
und

voun) A, e - o ?\ft 0" T)
1

IokYe pareoeder o te et Ao broronfuend with the gratioirdog faoters,

»
[ oy < .
Jta Ji 't
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or

- . ~fit g
V-10¢) By o " {uo,o +yfo) e e - v,

Note thal A golubion existr only whew @8 w7y or B o fyfa.  Thiw
model crmbinen crponential provih over tine with oY culencence that
increancs witl rge, I obrolepcrnee 48 to be $poored, equailon V-10e0)
ean be used with e 0, ¥lelding the game resull ap V-O4)} for eoy t

nch as L =0,

In genernl 40 6 = Py /2 so that & rolutfon enints, we have

V-104) Ej't_q - {%,o,o*' /e P LI Y/ao
»
V-ave) By e (o JAr/me Pl Y L R Ry

\f-lof) EJTtPQ = (leo'o-*’r/nu)c"nt {eﬂ*ﬂ ef‘:q )‘,{e(n(’»_ 1)_,’,{(‘”1}/5“

v-10z} Ed,t,q = [(f-’,j,o’o+r/=:m}c'm & oysan 1

[{no‘o+1‘,f'a) LN GLI T

and
Pt AN e 0.
{6 o otT/rade ORI Y
ala *
. [P 1) - r(an)/ea)
Y-10h) GJ t.q - U
T e & wf
(no.oirf’a) I e (Pn SLERPALE S ¥

T OIS PR AP YR
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The fwplication 1 that 4F v+ 0, “J,t.,q hpied [l:.th sre fvdepsndont
of bholb L eal g v tile formmintion,

daints [30] Brthod of mes nbe 0bp Le eapdoyed to yleld estiralies
for a, fi, and ¥ of V-10r)., Heerspr, clres 1ha fdata currenlly availasdle,
sa diccussed taler din this chapber, 9o not allow for oheolercence,
we coneider only ths varieble Eo,q wiih i no longer a peacarahle
parenetlar but equal to zeéro,  MWe wre left with a recurzive relalionzhip

based o neacnts derived r'ria V-63) with whick to rolve for a,

¥-1la) ﬁc Oi-T/a}c“ (1-e*F -re®F +rc.1'::”‘rr{"})){{1-@.0‘)2

T
oy e{ra1)/0 - q):vo TR o= o,

where ‘ﬁu mre the ¢beerved velurs of “o q; and an equation with
L] »

vhich to zolve for y,

i

r _aa{ril} . -
1125 F1% T a[ » a. - <._1._‘1 S J
gao 9 1ot /2,0

[ o)

The Fredfors Dietributien

In ordser 1o deneribe tne aeniforing of relevant Literotare threosl-
out varlous Juwrsala, Lelokehler [55] derlves the pradford distrltation.
The wnlerlyins semmasbizn, bnowt ne beadfordte lew, o that s peamelric
peries van be urol to Jeseribe the restiesivg of wrlicler throumnal

the reried fourtalpo, Yerlies the Sourrels in decrescing adep wlin
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*
459,49

productive, bredfond then groupad the Journaln iatoe weunern by polag

respect to g o that the Joursnl with o eenk of o 40 e nncl
down the ravked lint, wlth cach zeone belng equnlly predoctive, heviog
tho pows mmher of relevant articirs, BPe noticed Lhat encll puecesrive
rone needed an dneveacing mmber of Journale and thnk he could re-
pregent thin phendaoncn oo pesialrice verdea. Thas, deopping the

subgeripts L and q for the tive being, we bave

v-12) ]{Y e the auber of journale in sone K
k-1
= Rx_lu - “1 n
where a>1 18 the reatierimr factor,
Leintubler chowy that

¥-13) T{x) = the proportion of relevant artleles 4n the top x
pereent of the rocied Jeurnsla

w Yop(lads x/u )1 oplt +ﬂs,r’nl) .

R,

v-3k)  plx) = P{x) - F(x-1/c)

= the proportien of yelevent srticles in ihe
Jourusl with rek s x

= Log{1a\/By + Cex - pYIng(Vis/i)

¥-15) E{n) = the yneted namber of foarnele nvoded to be ponvehe]
in erdé.r teo Sir? o orodovend srtiede vihey felng dean
the Yiny of racked Jouruals

E .
- % npinfe)
n=1

s=1
wi-3on [N {l&-.’.‘::_".‘-'l}}ﬂ-.‘;;‘_{l--‘—:tr.;’f:'l} .

nwl
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Eote Lhnt s veprerenta the totnl nuber of Jovrosls in the ret being

conridercd, ), reprerents Lhe nuiter of Jomrnele in 2one 1, and that

i
gme-l, With all conpldnestions befng for r tine porindn, i1 e

the function plx) of equalton V-1h) {hat Lesb represepls the pentlerlin

Function @ with x w XA OF Jourwd f
th’q

Q'hetll [62) gives a dlengbhy discuseicn of the derivetion of the
RBradford dlalrilullon, its properities, and hos well 1t can be fitted
to dain, le ghxwn lhet while the Peadford dlotribntion can be Fitted
to date, I con praduce reraldts that ere uet velid for a larpe popula-
tion af foursale vhen & emall, wore produntive smlcroup 18 ured ac a
pumpie on which the paremcters for Lhe whole pepulation are csllaated,
This eecicy due Lo & lerger-lhan-pyedteted repzonl, or tall, or
relatively uwnprodective jcurnala oaceurrisg.,  0'23111 alee shows that
other dicsiributdene sxdst thet cen, to tooe extent, decccibe the

seattering proceaces of literoture.

Estimation of the Faragcler A Over Mroe
In order to fucilitete zetirntion proccdures for tle parsmeter B
Leimkuller conzidersd B contiruone aorlog to enuattien V-1h) vhich is
much eimpler Lo use than the diseycte foim. Lettilog E-'sar.;-'::ﬂ:l , we
kave, for thip continusus case,
v-16) E(n) w }lxd[l'(x}] ¢ [Y/lne(en) = 2/8)0 .
4]

Leisthubley alps defives o opintiaiie,

* e -
b3

~17 by .1/ LIS o
v f) t,q f 1 31 Jitay rJvqu
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which rejuearnts the pyxpocted yalue ar coleviated frem clreprel dnta,

—_" — ¥
where n -

-l L
o ; fg Lhe obanrved walue of
t,q J=1 Jdi.g ' FJ,L,Q l.’;‘“:‘! !

anj ¥ e the ohrerved rank of Joormel ) baeed on veleer of
j)th

€5,6,q "

It can be sheim that Lhere are 14uils un B

. - -~
t,n due to the size L

1

the get of journmle, £, as seen Ly the follrmring Awo exireus chics.

Firet, suppoce &1l srticles pre found 4n Jowrnsl jD o that o 1,

Yo
- e - ¥
- f and ¢ e O for k11 161 - This implics thmt
EJolt’q L)r ' ngtQQ " o
Et 4 - 1/!1. The recond extremt chse i when Lhe sarticles ere 25pporeed
L}

perfectly evenly, tte censt opposite of cane I, g0 dnet E‘.'t e © Et‘q/s
L et ) ¥

for all J. Sinne In thie ence all Journnils are equally productive,

we gliall arbltrorily ssclgn to jowrual §othe rauk of . Triie inmplice

that ¥ /(5" )}5‘ §(m" /) 167 (=08 1 maa/e
5 = n "B o n o = 3 =l e ]S . A
t,q t,q fed t,.q i a i /

Note thet for both enceg, I it o drcrsaring forction of &) witk

Lig
0 for cace 1 « ont pr.-doctive
lim E, =1, aul lin 5y =<{ Seurnal
2l ¥ E-rw 19 1/2 fer eage 2 - enuel eositering

[T RN

Thie 16 11lusireted grevhioally i Fpars 7.

)
To £ind Lhw eptipate P, we have {(he recorslwe rel=lionahip,

]

found by equaling V-16) end ¥-17h

¥ - - * ) " (.ﬂ .
V-17a) Jﬂ”t,q ) _1:3 es Ko T 1;’105(1“-‘_&] ¢1:;=.=.q o 0,
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Cese 113 3 - 1/0+ 1/7s

a
4k
1.04
Et,q
Coee TIt
1/2 + /o
0.5
Cane It 1fs /’"
N .i VUV [N P—— S
o fmne T Curwe TT

Disperafon

Figure 7. T, €76 Frocidon of o and of Tieciroien

[N
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“
Wr pee that far the firet caes D cat Lo dnxge, Liereaping as 8 fnrrennen,
]
¥or the wecond eunne, i‘t q 16 renllcor Lot dg sialn sn inercreiop funetion
¥
of B.

If only a porilon of the top recked Jovroalr are copgidersd in
the datn bure, oy p Jerorunls out of the total of 8, repversnting

the bept 1) n'/’n porcent of the Journaln, Leirkonler lap shewn Liat

¢

the true value of T 15 erual £0 the D of equation ¥-17) diviced
1,1 1 R
vy (g*/6). toreover, we nball armeae here LLaL 7y q 1a §ndependent
¥

of tige &, letting 4 e 0 for ceaviendence, gince otwolesience cannol he

tekon tuto secovnt with wang Lypos of Mata ek an eitalion Ylaba.

purficicncy fopilens that gor 6o per Lhe wltove forvalac, i1 1f'.o q in eleo
*

]
indepondent of ¢.  However, we conn Tiod sepusale coliratern of by
1

for each g nnd Llers for irdependance with & chi-srusted mtatictic.

A Varkovlan Analysie of Grovth pnd Seofterdvs
One yuy to analyze litorature proweth and cesttering; over 1ipe 48
by & rlrrovien nroebapility wedel suck ag thst used by Moree [53]
to etudy ussee paticorns, The vnderlying ansnpbion $5 Lhat the nunbher
of relevent arifcles in o Jourtal ie s function only of Lhe nember of

relevanl orhielos Ipothe previzus pericd. As o basje podel we have

A) b * bl * ) l‘r[-. + 4
V1) Feleg o = PGy ey T T e
e rel
» b {:j,u],q—]. =a)~Tr n.j t,n_“!,

e b-n ra} for bhyvoeD,

+
RN
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This can be further roeduced for bhen 1o

#* L]

Ve1fn) ]'r[gj.t,q = bl By aal, g1 " L
- »
= L Pr »¥%, a . s b-afk| g »a]l -1/,
R RN R IR A

For b et we have

. » -
-1Ph Ir -h a wa]r FT{LY ch-ga ]| . B
v-18 ) [Ej't,q " | gjnt‘ll‘?"l ] { thrqn"rq s I-'th*quhi

+
- Pria stiq «0 { gJ.t"'1|Q‘1 - ﬁ]

L

b !
* Pl‘{ﬂt,q "Ol ﬂth‘an‘l val- Pr[qutvq * anq =0l “J, 41, n-1

Let us pow wake the assuaplion that and n are statirtically
Jetaq t.q
Ingdependent, An exam;le af thin Lype of bekevior wag given by Neuts
[61], who poteted evt that if one had g inderandent Folreon reseval
procesees being pooled together, then Lthe provability thal s renevel
ocewrring in fire period g was froa process J i Indepencient of the

number of rencwnle cacurrinr in tipe period ¢. This eretoption of

Independence ppllen 1hat

*
¥-19) Pr[-JJ,t,q = ben/x, "L,q rr.l {"'_},l'rl,t;—}_”"}

. o «
- I‘r[:rjﬁrq.‘h-n.;‘rc J [.ﬂi,t*l.n-—l x-h];f[lat.qu nj.t*l.q-l Y

and that
»
L P ' ., . +
IT{GJ:tnq pt»q ‘ P73 tat,e-1 "l
» | on
w P )T w0 = .
}r{mjvtu‘l-o! r-{-;t”n‘,‘,") ) 'Tr[nt’q OI. lljnt"‘-tll'l o1

" rel.

)
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Eote thnat
*
-1.‘0) pr[nt’q'kl e:‘}'t“l,q—},‘n]
[ 9-1
u wk E .
- i go1 Daitae LR A

The neture of puch & redrtionship {5 Voo I fMcult to dovelop Turtler
dus Lo the ecoplexiting of Lhe ruzaing over feveral tipe neries
varisbles.

Letting x /g, wrere r 1e the rank of Jouwrnal }

=Y
g T hthy Jit.q

breed, i decruaring order, on gj't q° wr can use the Kradford
[ |

distrilution,

-2} e w log(31+A/N s ex ~fYleglien e/},

YA} ay g XA, ey =B eR0 2 /1y)

by conrjdering Fl to srlitrerily sroane wny vealue up to g, rey wnity.

This fmplien thnt

= 1,/5{{14p n}z -1}

| .
Pl’[ﬂ‘,,t’q - * 1 ‘;J-t'd-'cs‘-‘l -ale P‘rij,‘l'q

- R 1 * =
SRVARRYALE L TP LY

which ¥lelae the Fart that o v poes Lo roro, rust appronch

%
sty
infinity.

Gue pofat thel poy alepllfly the @ofel 1 that the Ulboarian ae
a decdsion-mroy concidering relevent Yitornture growth eod rratierivg

over tizn it order 43 evaluesate Journad) werth, de pricerily dinterested

o the e of relevunt aaticles &6 of porde . ¢ in Jeurnal 3,
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4 y and in the Ficld, n , both onent independent of gpe pinee
LA 0y
many data braes ey pot reflscd oObgolerernces Bale Lt thy e meann

e Mngle subseript with wlilch to trarsk {4, Baricelly, 1305 menas

we can write V-18s) as

* » ®

Y22 T b c&] = Trice n c ben «f).
I L L B L R [ZWNMRELY

Kealfnticrlly, thin meane 1it4)e, however, in tevse of being able to

writoe Tunctional Forms for the Marhovian probabilitles,

Relulirg Nedovroey 10 Usnge
The post dJIff{eult prodleme geecefated with urieg productivity
to measwre Joarnal woerth are gsntered nround determlining which articles
are relevont, (nme vy woudd ¢ o relnte [edevandy to wpige apd then
to cmploy ussjge estimater to doternive journal wortl.
Buppoce the numbey of Articles pobliched In Journal f in 1ime

period q fs ¢ and that t3s ie o reanlos variable witl 2 Polsgon

i
distritution
V-23) Prle wn} re-zj'q in /nt neO 1, B
iR ' SR Bl
with exjected value r.f(j q) - 'EJ g 0 M destred, one could allew
r *

for the jouranl tteedd withowt regurt Lo eny orticies within Lo be
relevont, for purprses of brewsing or eeping o collestion fntart, by

to tnclute the Jowrand flerdf in 1he eccugy,  Thie nplies

allowing €
® 4,9

thet the prelability dizteibatien {5 now

-€
2y f:;'” Jtned): (e 79 wed,2a.

-
L

V-Da Pric nl e
3 ) H,j,q. !

and tlhnb Lhe expoeted value fe ome uly = 3.

dp‘l] i r-.J;q



Lat ur fhew Anlioe P ap n dusl veTued warishle, belng one

Jitig,k
t
if the k " srticte fu Fropual ] dn the deeves ubliehed in Lime

period g {s relevsnt fo perfoed Lig, sero 37 nots Alrn, 1rt o
b

Jytoayk

e the protiabilily thatl F ), Lhal g, the ’Iat mrticie in

Qi .1.-.!{'k

relevent.. It 15 olrvinus thol by definition

3,2

¥-¢b = E F .
Yot F T

If we ppeuwme thet all ariicicr ere etstinticslly lrdesnerndcut ~f esch
other with respect to yelevance, and that cach aviicle has an equal
chance, A priori, of bring relevant, then for the ordpdnsal articles

withmt consideration of the Journsl as re sarticle, we have

- u
Jiq Tht,q o

1] . - = ~ 1 D H .
v-23) “(*’J,t,q n) e €3.q Jd,t.q} fat,  neO,1,...
ond
V-20) Blay g ) ey g s,

If the Jourral itself 35 concidered aps en Ipdepentont articla with on

equinl chance of beipg relevalt, we hove

oy L] P L .
}‘»RJJ",'!) (chq*l} Jl"‘lq

If tbhe prolabiiity of the joornal flaelf belng relevsnt feg el to

“,}.1. . and Journad relovaacy i roeln frdependent of the prticies, we
[ Bl }
have
L' ISR Efy R u !
) ":}!"Jﬂ:} Jem dat,n AR '



To define volevaiey end to relste T Lo arere, Yol ur constder an

article retevnat valy 1 {4 wil? be ueed at Jedat & Limcs,  Thag

v-27) v 1,4 (1) « ¥rinn urttele of Journal § poblieled tn
dhitha prrioa g var urcd al lenet 4 Lices in

period l4q].

Thia memne 1lial wn nplier that erretly noarticlen w1l have

Fa,t00
demnrd at leont wg Jarce ar &, Tre relationrhlp of relevansy and

usage almo frplics that © the puxler of dewrits for the whyle

ity
Jouraal, ecan be po smeller Vhan nd for oo oariliclég Lo be relevant,

This moJel ik relnted 1o Jatn's [70] "Pa" matel, 30 we sopvme that

wrticles sre sinblatically independont of usmge, when d <1, we huve

4
v-28}) P (e, . (13 09,

jlth J,L.q

Kote thst [l-u {13} ~ the prodarility that the {zsuce of Journs)

_jt(:

J publiehed 3n period g will have no urcs in pericd Leq. ¥hile GJ t.q T ond

1s necesrary for EJ L, an, it §ie pot sulfficicont., A fow articlen way

have o high enaugh demand £o make lerge but Ve dinzber of

dityq
articles is vmaldler than n.  However, giner the Jbtrarian s Intcrepted

1n Jourral rether tloa erticiv worth, conzentraljon of decigion meking

efforts shotld be on whother or et O {8 Tarpe enoush 10 Jurtify

J, 1,0
bayleg Jraeasl 3
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Data Aualyide rnd Frewlts

Cotalider the ferfing of tue rodeln of 1dterabwe grovwth and
pentbarivy Ar toran of haol well they descoribe the dyreaic propovties
of teratwre. WYuing the LA Licgrarhy in Suntyre [66] tertbeah on
Quevwsing theory, & reall Aste bare wns congtructed.  Froe the Journst
articles cited 4n the Biblingrophy, 1t wur Lound thal over the periocd
1032.1001, ke 15T devronle ¥ad e totel of 65) srticler with °6 additiennl
articlen b liebed joekor 1o 1GED, Purther, &' = 72 of three Jooruale
contaiurd st leeet Lwo nriicles, for e Lotal of %5%G articlesn in
100 x 7?/157 e« W5 G of Ahe port productive Jourunla,

The duta, rinie 4t comos fropm o cltatlon 1ict, har the projorty
of allowing ra comonnntlian Tfor pn 1tem ohrolecelng over tins me the
ftem spee. Ap ariicle, 5 once ciled by fanly, 48 considered relevant
from the time of puilicntico om, and 1f yeswine rolevpnt throusian
the tims» Lorizon. Thurn, We cen ignore rge knd conelder s_‘}:t,q ‘h“j:D,q
for mIl 0, ..., T-u.

Fote thel in thig mpecific coge, the time suliscript ¢ ropraiente
the yepr of ypublicaticon winig 1971, Fach time reriod rerreceils o
calendar yegr, with 19%) belne considrred mo a bupe poar end k11 eftations
before end 2arity 1641 Defvy luepad dnte one inftin) conditicn.  Ghe
growth of the Mlterelure o ozeop Mook Tastytr cltaldoon §e cbealed
ak 1t Bovex Lhrdosh tiwe uwnfil 1‘_—‘5-:, A0 yenTs lutor.

In order i teoet the rtofd ity of Lhe demdford dlplotbalion over
time, we cap 1.0 wrglmntonn, b . weing Y-10) ror vech tise porisgd
et

LE 5.

qe0, 1,7, 00, D renalte of b ity mve pinon below Jo et

In the tulle fo ‘ fe the oy 8 Joornsle heving gt Yensl one opelo, st
[
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article nz of period g vhile fo 4 16 the peolier of Journsle poreansing

relevunt prtielra For the Tirst tlee in period g.  Hotn thet ;'o,q in

not indepondent of q at w11 bub neesa 6 Lo decrrasligp exponentially
over tine and that further, the valurs of Eu,q for cwill g are rothep
enormpus.  ne plaucibtle cxplansticn for {hdr plenasensy §8 the nature
of the pofentifice field of endeavor of the Jeta bare,  Queuelins theory
1 & reletdvely new £3c)d, with a preal Lulk of wriicles not hwving
appenred valil well after World War IT. Thuk, one cen ree the roattering
of litcrature dn this £ield as L iz In iir tufaney,  Inltielly,
rerttering e gelte mall, with only & hepfiful of Journsls having
relevant articles, which accounte for the inllially Yarge valuec of

©,q
A
The values of 30 tiverds Lhe end of thé 30-yexr rtudy are nose

*
“reagoneble” in thal they are more In liee witl values caleulnied
from other rtudden {39]. Fven 1lde, bmewer, dres nol nececsorily
meah stsbiiity and stopldy-stete LUshuvior for the poranecter.  This

A
1evelicg of ,F!D q e effret, however, by a vw'den Jeclive in growth

’
around pericd D7 ropreconting yeor 19508 on to the end of Lhe ctuldy.
One plavsible expirontiva for thic contraction §e tint the aubhor of
the bibdfosraphy bezan welldis X Lodk, pebliehed Lo 1090, whieh
fenlies Lkt L mipht howe be dless Uiwz dn the et few yrare prior
to publiceifen for searching the Literstwe to find relovent ariiclos.
fhiz {1 boreg ot soevret ot dn oen pldltionul 1ot ef eftelicov: fnoa

later nrifiectre by Sanmty [O7] wbich rhewre quovnive theoey to be g

as mu~h ar bheleee,



In order to eplve for the jarsxelers of the epidente podel of
iteraturs rowih, we ure V-104) apd V~]Db) in conjunchticn with Lhe
obperved valuen of By, g & 1feied In 2abkle 3, which yielis {i\f-(hbj?
and ? 15590 to e ured in equstion V-9h).  If one ueen e 12 tent
for gomlonpn of £i4, b st rejoct the hiyrothoets thal the epideaic
madel iz an sdequate deseription of literature grmilh at any
reasonable level of mignificance [E7).  Ome reason for thiz conclusion
ia due to the large foltinl volue of no,u'%’ cauetd by the Lungplag
of al) wrticlep puliliehed prior to 1032 into one initial value.

We cun drnw geverel conciugions from the resulie {n Table 5.
Firet of 11, we note that citntlon Jinke nare not A very Timm fouwda-
tion on wiiieh Lo base future Joornal celection decirbons.  The cearch
effort way e lessened dn the Lapt fev pericds prior o publication
if the 2irt epses Trow Bibliverarblen of hotke. Morcover, there is
oo inodicalicn that different sourcee of relevant articles aundjor
different scientific rieids ~F endenvor would not tmve wldely warylom
patterns of literature growih end ccatterfing.  Secondly, we rce Lhat
there 15 1o nllowance for a Field to controct or even die, nor 1g there
any allewnnee for it to charge mnd divide into 1ndependent subfielda
or xcrpe with other areas eof peierce,  Since the litorerian mey be
unfarilisa» with the Lechintesl prpecte end lotepl develorsente of the
pclentifte fields of enduror whleh Me livrary pervices, he wry rot
be whle to detormine thy preciey stapes of develnprs-t asd growth

for the fields {8 cuccllon.
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The poadel af Jilersiure scaticering Tu fiean an w otetie Logl #ith
littde erprbidity Lo accound For dynmeie sltualtens,  One knowe Lhial
weattering vxinbn I Lhnt noswsll preerters of LLa veel profuctive
Jowrnole w1l yield s onejorkly of Lhe rolevant rrtlceles 1s the fletd,
Kewever, the redel ennnot aueguately deserile which jownsls are ln
the top perveenteare over time. This 1p complicated Turihoc Ly the fact
that the sonttering racemaier Hu,q” hiphly time dependent. Allowing
article relevanny to chaoge over tins, f.e., obstlorcence, can
cemplicate pattere mven further,

Pinally, we gre thst the dynusic cpidoeic wodel cannol seldefactorily
dercribe Lhe prowtls of Jiterature. Without proper prowth or eeattering
functions Lalep ~Aranalely decoribed, we canpol readily use prodectivity

ae & preure of jourtal worlh,
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CHATTER VI

A SOIATTION ALGCRITIM FOR TVE

JOURRAT, SELLOTICH pollL

With the moldel conityucted nnd Journal worth defined, the firal
toazk is to deberaine metiads of solvinn the wodel for Lhe optimal
Journal arlection policy. fdiere are, of course, integer or zero-ont
progracsing pethodn [60] thnt cru be brought to beer, but thees are
not equipped to handle, realisticrlly epeeking, problese ol thig
magnitude. 1In & probloo with & est of 8 Jeurrale ond & pleuning
Yorizoa of r time pericis, there nre g(r43)r/7 docicion verinhles,
Thus, 1f we heye 6« 100 journals and r e 30 time pertfods, there ars
9,500 decledinn variables. In corder Lo handle cuch & problez we
gball incorpsrate a dynrglc prograeming formulation, rnd dnvoke &
theorem on opiluxel eentrcl of etorhastie ryetoms [$53)]. The eulpuwblezs
then, Re we tiall ser, trke on the chavscleriellen of the feriliar
knopenck problem which onn be hauniled throwsh the use of & recking of
slmple ratiocs. We )l fivd, heeever, thatl ooly in epecial cases
w111 4hie Tenst we to a global epbitiua. TO secant For i, o Larrangiar
approsch, onilined by Deareti [19], wi11 b urcd Lo wolve ur sl Yengl

to bound thie Mroreto optivdeation peablos,



1

In the firct pection we ehrl]l derdve n moboptinsl compobetional
plgoriths hinrd o A dyossde progreeats Tovealelion of the problem.
Bpecisl carcn where the rYrordting wledds {he embleal nudutton ara
digeucied, The perond sention conteind 60 planrith baeod on o
Lagrangion apprdnch 1o Lhe jowasl eelection problim that will yield
an upper bound on the opiiurl objrotive fuaction.  The 1Loory behind
thiz emypronch 46 alas dlecures? in crbeil.  Mathods of froreving the
solution are progented Lo yleld & near-opllion]l apsser Lo (he journal
selection problem. In the final sectlon we precent e rnzll wuannle

problom that wil)l $llustrate the algorithas iu opesation,

mie Prograaing ornwd atien

AT

Let ug conmider the gencral modol, Ao precented in Figure % of
Chapter 11T, and formulate it as u dynssis prosraeing problem. This
will ensble us to bresk down the problem into exeller, less couplex
stages and allow vz to develop solutlon algoritlwa.

Ve firsl define Lhe state varialle az follows:

5 g=1
VI-1) x =B - % T ¥

T I{t.,-*c
¢ % 44 teo <

dg-£-1, 3 )'j'.f{‘l:,f)

= the cmourt of oney left o periot g for pew Journed
aoguiniticne witer vreite Lor the phovese Lo
elrouletion 4 roeriid g of forver reoguivuriome,

LKote Lhal we cap Jorive the dyr@-otes of e atate enontion ok



| ]
Xpan X *(Eq{} ~lh} - Jtl[ fn'J.k__!'Q(-:::_J ‘e lg,?,q}
qQ-1
+ F ¥ - %
o ¥y qen, 2827 S5 X5 gaaer, i)
"Xy qer1, 250 0 2y qer, 0N

We pow employ Lhe principle of optismerliy 1o geline the recursive
relaticnehdp that repreccnis Lhe oblective fupction over lime, aid

wil) slleas ugo ter bresk dewp Lhe Journal meleztion moded,

M = 9
s =) .1, R L E 3
VI ‘} Le Fq (xqj o [ 3 - r-jrq"I,‘ ‘qu-i‘u(.
I?J o1 IJ JX too
[] o F

-
* rq¢1{xq4]}}

» the optimal peturrn st gtece or time pericd o
as & funntion of Lthe rtote varieble zq ol the

decicion varinhles over whileh the

H\itq-ffvf '

return fuhction §8 o Lo enyicised,

Bote thal decicpions meie in rortod g influence retarop dn period g4l
g6 that & recarslve relntiongio dg arvded o trke tanece effects fulo
accaunt,

The coustrginty on vhe Journal celesiion ma'el then Lodowg,

for perind g1

YI-7r) Y,] gapos © o oor d L NS TR 5 S £ L IR
L) L
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2] a r -
Vi-3b) Yj'q_!.t ® Yj,q-bl.l LTS VRN Y X2 N PR ]
[
YI- L [T N + 1
1o2e) J-l[YJroiq( 1’ da@ett c?+{‘3 Jlorqj
q-1 N
+ AT -Y + K, ‘ )
£n ( PELZIR A AT fey Jra-g,2 " F2 " % J.q-f-.ﬂn
Fox
q
g qit-1
Vi-2d} x_,, =B . - N v fe, ve, ) JE
g4t q+% Iul Lzo JdooHl-i-1,8" 2 3 d,qrt-£,¢

¥ tel,?,...,r-q .

We note that Vi-5d) onfuress the feasfbility of future buipet constrafoln
by not allwiing us to negulre more fblemes ko period g than the bwdigete

of fulure perivds ren pecoswddale In terws of slorsce wnd circew}eticon

of those 1tezs. We mre sssizring that P-,q w0 for all q, vhich seeuns
reasountle for e buadpet figure. We nleo ssrume that Lhe coct Tipures,
rnd ¥

end expreted urnge, AYE hin=

Cys Cs Cp» NN RN NE

negative for el J, q, weni £,
Midlertg Tewma om Oplisal Coatrol
The oy hinad redoertion pelicy can De foand infependally of the
state verialle, ‘Thot ta the eurpricing vroadt Migler [S537 foamd
for n general elrrf of Hrorete time riochactic pvetens Val nee
Pineaa §In The gtnles e shall cee 1hat (L2 Joaresl zeleeblicst paibles

e annlogrns S0 4 ppeeial ewie of Alin prcsead elieg gnd Yial Bl Sorandine

tion can it az dn Flolieg n soletiern,
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Midler first develop. nig mxleY as follewn (rote thalk we have
pod§ricd Llc nobeldion to £IL conventicne alrendy ndopted fn 1his
dipseriation).

We nave Ll sctete equaiions

vI-4) g1 = Pg¥q * Gq(uq) * 9 =01, 00,7

X, w i

where xq

contro) or decleion veclor, .-tq i a raniom wetrix of wider nxn, and

1s the n-dinensiopal piate vector, “q ie the m-ddrension

Ty e o« panles n=Qlpenntonal vestor.,  Also, Uq 1e tha get of fearible
conirelg, a subeet of 9 (ialidenn -crace), s5 lhat Gq{uq) ic &
randiom penplng 1 from Uq tot". Thun, the stsle dynacies are ltocor
in the ptute with rradem coefficients and general rendem functions

of the contrale with edditional renloewe periurbances,

Hidler coneiders the lo=s Tunctlion

r
vi-5) L= I {0

A SR + rglug)]

where Oq i1g n renton n-dipensional veoctoer wnd ;-q s renamr: fonetion of
uq, Eop g Uq inte 1:1 « We note tha? botlh Lhe loegs funciion and the
stale eouidons ere Yinear jn foim. The goal or cbljective fe to riptuine

E{L), the expucted donn, by chooning Inq‘J. the optinsl fearible

1 We rhall dinier il
from a teb of
e thatl srencs
in i, The r
there 1o noy ur
proiabilisbic winterini
majed.

=t Tdler veans thst on Tes 7o rag ckng s o opng -
siv, dbu s et o points I, the
i A lE B ol o vt Lo
PRI N NV O % T A oA
WL robeatn dn o bt it on

In D oto wlivh gt ot




controts over time for -] 0 ola,re Sy frasiedidty, wroreesu thnt

-
woot Uq for all g; tlai 3z, e optiosd conbkrol vecloern are clemente

q
of the pet oF Fennillic gondeale, Hole tlat B the expoecbed value
operator, ir with rezpest to the Jolot Metrilmidon of ihe random
vectors, malilooe, fad funellone,  Yurther note thet the uge of
expecietions pivea we B cortainty equivalencs for the yproblem, vo
that we enn tead with it ap ane would deal with n determmintstie conirol
provlen.

Midler arsiman Lhal

1) all randon fwections have known, finite cxpocistions,

denoted Rr bnrs, c.g., ]:“'q) - Aq ;

$1} the Functious Eq(uq} sl ;'q{uq) ure continuous fuactions
of u ver & Colleclion «f open cote for whinh t_lq is

closed ond broaded;

i1i) the reados vearieLles sre Indepenlent over time. R
2 Hldler points oud that thile nesexurtion doss aot rule out nonindepsnicnce
of n lioear Murkovisn type Sor the additive dictsetances n o Fer

q
cxemle, econplicer Lhe croe of o 6w +¢ where R.oand ! oare randos
vl iq " "a'e-1 Ty q *q '
matrices, independest over time, with finite known exvpecistions.
Incidentally, % i1 the othicr cowrdiente of the tate sestor need pot
e obpcrvolle. Ove pay rdfoln the relations deseriline the ganvintion

of rlq Lo the rplate veolor dyoanion while £t217 redafndeg the Do

given In VI-L3},



Bldlre's Joiesir For A rticharlic conlre) rynben whoers dynenios
are piven by VI-h) en2 vhune lors functfon ia piven by V1-5) and
which §& to be nindnived, let we eugors that assoapiiona 1), 19,

end 111) hell. Then the recwrelve relationchlp becoses

-6 - " w P v, SN
¥r-6) fq (xq) Pe¥q g L, P eee,r

where we define for cenyenience:

- (pq_'l" 5 ) }{ q::l.,:.‘,...,r-]_

¥I-fa} 1 21! g

qQ
vi-re) "E‘rxr-l

— — «
Vi-Te) Ko e o4 (rq‘l + Qi J(wqe Gq(-“q )}

* L]
+ gq(u.q } q=1,7, ... 12

—_ P * £y R
¥I-7d) ko~ QL or{ul_ )+ g!r(ur )+ Qr T,
and where, by convention

- - . *
vl'-ft‘) }1‘41 m ).

Koto the recurrdve relailunchip nf the kq and pq yerinhler; byt alzo
note trat cme colowdsies them by sloarting with P, sud kr et weoking
»
back Lowerdg ;'..L awd Ll . Mere \iq , ihe ortirsl eccotrol voarinble in

perivd g, 1s the peinl in Uq Thot vinimiges the exprepnton
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vI-8) rq(xq) - E("rlilxq*l + R‘q(n ) ?q{_lf}:qnln
so that, for -4, 1,...,7-1,

L]
- % )etn ¥ o Min x 1k
V1-6e) 4 { ‘1) x r: X ‘l(x‘i) x X gy
T« 9 e e

since the roourelve relationitdp of ¥7-0n) invoelven pq, which 1o
iodependent of xq end uq. 3455 ‘;;q, which Ir indepandent of xq, the
optimal policy uq., qel, ..., r s independent of Lhe rntate veclor xq.
In Toct, one uecd to merely mininice kq ma o functivn of uq in ordar
to golve for “q* .

Midlerts proc? deperdr on B dynanie progreraing lorealniion of
the problsss. He user an fnductive proof of cgualion VYI-Gi) thraugh
the recureive ejusticn that depicte the form of the oplipal return
function. We guerticu the need for nreoming Lhat quuq} end F(uq}
are continuoue functicns of uq, eince continuity 1e never used ie
hig procf. Lole that the vertati:n of Eq{uq) eard Eq{uq) mist be
bounded. The minimization proceéss werely hecumas discrete as oppuned
to continvous if we ndd A eonditicn roch &s the restrpiction of the
control or decledan veriables to epeciffe integers. Aleo, Gqfuq)
and ¢q(uq) rny b teke onoonly corteln direrete valuern in terar of
the digorcte coutrol veriniile “q .

In rn exomple proilen, kidler eanag oo that Uq b o onmve s poly-

hedral given Ly

Vi- U wfubw &b, uw ¢ 0
9 g« BTy Tl v Y

for nonobochaonabio msivices :q Al oosdtee tty o oendd ol orlere'x 1.

furtier miao cCn that o (o Eow o omrd no i doe Mou L owhete honnd
sie o mhet alogh ¥ 2 g Tyt 4
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Hq are epproprinte atuclhoebtic radriceea, of order Txn sud nen
respactively.  Ooe intat nel confure the natotion for meliix ."-q ®n
uged here with tre erjeeceion Tor the bodpet dn perjed ¢ of ueed
elecwiicre.  Nole {hal the stake veetor dynamics are atidl §n the vopy
general termc in witicd they were defined, nnd wiibout any cpecliiic
gualiffcniion, Thie pields o eeifen of v linexr programmivg prablemc

to be solved srquectislly wnl given by

VI-10)  Kin “qu + Oqi_l] qu 4 hq ] N

8.k, cu_ &b
Q4

u ]
q

Tor vuch g-1,2,...,7

This result is cbisined by considering

Fq = Pg¥qt¥y

PE R +l*(P

— — - L3 - -
.40 fr +6 (
¢q9 g qil 'fi"‘1) g Yt 2N fq{uq )

» D ¥_+} 1+ (o + ¢ YT iBhu .}.Ahn*
9 g g %1 gil’ g ‘g g a4

Py g v (o E P b T u

Thiz meahs thil one rust windidne the cxpresrion

[(pqd * qu]_]:\lt}_ ! hq } “(1

gver Lhie et of Seanible controls, ”o‘ in order 4o Tind the optiral

* .
; . S ER v sineo the exprerpinn P T Y 1
rolicy \1q Te:d Pt ! Lo rxXTTerLion pqxq + kq-i-l * (_1““ (q-'i q

fe n consiant, dnlopenaons al uq, Foete that traa diffors nliprly Dive

Midler e seporiedd findin.e.



In this crrapde, Me pee TES np dAITculty ariees 90 wo dn rertrict
Lthe eleperntn of the ornlyol wostor Lo dndcper wRlury,  Thte s215% 1ousl
reatrletion weray Lhat ope now hae s repler of dJreae Jttepur nrogrmostepr
problerg. More syecifically, omr cah prtily 0 L0 A Teve-ong dibour
progurivadng probien ret e fn the Joornal relention problen by proper
chaice of the fennible control et L!q «  Thup we heve demonctiypted the
maintenance of the validity of Figlerts Trrm whon G {(» ) nad ¢ {u )
4 9 q g
are not eontinvons Tunctionr of uq,
In Midier's formitaticon, L 47.7icsted thot "‘r;‘ nq(nq}, nq(;ﬂ, £t
rq(uq) weTe randim natricesn by tne device of thelr Leing functione of
& reandca verirkic ey rowerietie nst uted 4n our knitation for convenlerncue's
sake.  To txicsd the ryrles 45 (ke roce vhore the randon parnmeters

1 bie
repleees vq wiln "q apd \:q ,

are not fulejondent over Lime,

1
rmevn thnd vq e tpdependent. pver Y ipe

2
viiile vq 16 dependent over $ims and mpcears roly ia (;q{uq} rrd in

two reandom verfctles, He asc

g‘q{uq). e further asgumen Vet the realizntions of \rq ArE obnervaile.

The cne ghanpe necegeary In frhe resit I Chint 0l) eppeornticng ix

reriod g noe must bovome eonsitic upen ALY relevant peet rendinations
€ P . .
and wre denolel pe b {'} The recarcive relalionehap te be phidinived

=
At cach stoge dnoordler Lo colve Jor uq none bosimny

Hpr—qd.‘ g4l Y g

where «  t5 n constad e 20w . TR 4 Yoo thst ou bersmew
q g
deprepidont Gl el peallicetsoap ool "o e d o thon o npan pgp critended goties

of the state, #o tnst oho moon ohangs the opties) polioy pogoertial iy,
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Finnlly, Midler podote oul thet 10 ¥a 16 prverned by n Fevkov
cheln w11 obperveLle elaler, uq. i sUY1 Jutepeident of xq il
i‘q‘ (Xq) i st11) Yinenre fa the rtuie,  However, 1the eoplrol verleble
mist noe be ealovlaled for ¢ach posnible reslizstion of wa, Eiure thn
coefficirnts of 1"(1"'!.':]) are now Nependenl upoen Lhe renlization in

the previcus period.

Midler's Lewsn Applied to the
Jourtinl felection Model
In order to Lettor understant Lhe cournnl selection polel end to
legitimize the decomporllion of the everall prebldem vin the priunciple
of optinality, 1ot us apply Midler's reoulbs 1o ooy problea. lecellng

the atste vardutie of the relection model,

5 Q-1
Vi-l} x «B - L % ¥ (c,teo, 2 ¥,
q q Jal [0 dyg-i-1,0777 > dya-f,d

we Tind Lhat the ddsension of tlhe elate reetor 1e » -1, and that Aq

and r,q are wern 5 that };q frl .ﬁq nre alsd zero Por adl g, Further

£ q-l
G {u ) - v B - L L ¥ Coptty M with u reéepresontt
A e 30g-1,4) ¥V vg Teprescnting
the decicion vonriables Y_,. Ger 4 for 4=1,2,,..,6 2n0d feth Y, ...0,0. TFe-
ST

calling the recursive velatjosebip thet stales 2ar objentive Dunction,

vhich fu to be rexiniced, ¥We have
") £on A ; )
- > i Y M sor e
v To {*q {y } : v Ao Y.ﬁ.f.--f.r«'- =g, rul-hqﬂ’

J’lt_lv‘*‘
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wve gee that if we inl Qq' nnt e {_“.;' equale zoro, I0R Jeptlen

1

i]_ Yj,q'«ﬂ,." }LJ,Q-I,JE , Tar nll q.

I
that g (u )« &
@t gy

Using 1'dler's Lewaza, we Tind thot

p e D for ell q

q
and ithat
K =k + u
q 9-1 “q( q )
or
y q B ¥ »
¥I-11 X = L I LY N .
q Yo Sul feb JoT=£.2 3, Y-F, ¢
Thug we now have the problem of deterwiedog ¥ * E0 8 Lo re¥imlze

NI I
l{q for all g. Roble that Lhe constralnt set, ns deflned by VI-3a),

¥I-3b), ¥I-Zc), rnd Vi-21}, 2efires ihe fenstible replon of contrals,
Uq' While the fearille repden 4r degeribod by ldnwvdr foans, theze
forme are not indepaudent of tios, snd 34 1s thic dependiernce tlat

will ceuse uc soa problemz, ae we rhall roe.

A Suboptiaal Cemputeational Algoritia

Midler'g work, as outlinsd shove, Lo been ured 10 {1lucirate

host the overall journwd rpelection meiel ean e decorp-ricd ints miller

subprobhlrma, e sabproblesms omn thon be wiewod 6o ononrt of kaaptuok

probleme, which omn be golve] Ly coovenliosal mennn,



pifs]

A compmtat{onal ntgorttin, {3tvctented in Pikure B, in utlined
Lelow,
1} ue Jourual telcebicon prolhleom must be oot oap ss oublined
in Clnpler ITI and the Firegl section of thia elupler,
This neans cuiedlyline the coats, (Cl'cf‘.'c_"ﬁ‘n_},r[-i’.,!)

expectad eurnal ursue “J ), tudnetn, (}iq r 0} oand

LYY

the satting of YJ 0. 10 ore Tor al) Jewrnele purchased
Py
3

prior to the planning horizon, One punt rheck Lo cee

[

if & feanible colutlon exletr., IY nq; b ¢
Jel

tor 41l g=l,.es,r & Ffeeaible selution Gove exist wud we can

Sy A
J.o,0late
procesd fo step . 1T st least one g exlets such that the
condition iz violutrd, no feneible selutton exisls and we

must terminate cur alporiitn,

2) Setqel. Let Y . =l ifY
1

5.1,c S,0.a%) o7 all Je1,2, .., 5.

3) Caleulate the cost functionk

clicp+c} }'J,o,q'”:_j,o,q if q-4
=17 [ . B
vi ) J.q-‘!"
IR WLL RLYRWY
L FNE N 1f g ¢

2 3 Sia-lb i

for all J=1, 7, ..., wnl for £l £:0,1,...,q. Alga define

=1
¥x wB = X L
1% ja s

).

A L
(SR A R RN

3 Thig pooan oo rirt deifine a vl
tire perfeds; o -
Tnbel threm weith o tiary §0 001,07, .
purrobers weed b Zeplet cxge sl ur

wonaepto b wnl ol s Jovenale et
E.oo e L mAREG s liata oy

o LT Ry obher vearinble Lor

37d.q,0

.

winy horiren wng divide {t dhto r oeennd

o



h)

VI13)

5)

6)

VI-1k)

7)

8)

14

talenlabe Lhe ratin M p For 213 33,2, and

Je4q-8,
2wr, N, cae,q HhicTe
x {‘ f r
J,F,ﬂ/ J.0,0 if £
R r
J,q-t,f {
> - (3 <
Soa ot Vg quter, 2704 s, s it i<

Renk the vraiics B in deererning order. Pelins the

RPN
varietle § wr Lkr rank of the §iem Lovioe Ahe ratio
Jaq=£ L
R . Thie the item with the Inrpest ratio wiil
J’Q‘fsl

have n & ynlue of 1.

Iefine Clé -0 s
( qu-lit} J|Q'*|£

the larpgest integrr ruch that

¥ 4, 4, and ¢ art pq LY

Py

E cle =X .
o ( JsQ‘ﬁsi) q
J,q-t,ﬁtl
Thuk, we ram over Lhe raoks of 1ke ftems, i0 urdoe, Lo

geleet the highust ropked jtems ond to regUire as pany AR

poceible under the constraint Inllatiecos.

It VI-LIh} 4z an egquality, we have opfimized the refurn nt

tlapge g, na Lo gtep Y.

Hire vr-zh) 1e a stried Aoogunlity, #o we ruel ure lranch
and bound fechatguer, fuch A8 thore outlined in [25] ond
[26]), to achieve toun deplred Tevel of roar-oplisaliby 47

not onptinality et slar .



1h2

ko gil-1
; te . - - ¥ Iy . ey AL
9) Crelulute fqit Ih+t ) £io YJ‘QJt-F-l,L(rP q(j XJ,QI{-LFE}

for t»1,7,...,r-q.

10) 1f X4 L G for a]l t, we ore frauible for all fuivee time

periode 1o terma of the policy for pericod q. Go to glep 12,

1) i1r X4t < O for st Tewrt ona 421,80, ..., 7-q we have vielated

the budget monrtreint for pericd g+t throush 1he etorage
and cirenlation of ilems accuwulated before pericd g+, To

restore frapitility, hegln to net Y = i for roough

ha-r, 2
varlables 4o zaticfy the wiolaled conslraint. This must be

done bty Leglrning ob the Jowest vealue of R_j a-£.¢ for vhich
=0 1T q> 4, golng up the scale

1, and Y

YJ!Q".‘ ) 39Q'f’1,£

ag the ratio iurrearcr, and celting cach T =0 ng
dia=t, ¢

T

needed.
12) Set g egual te the valne g+l.

13) If gqur, we rist re-cycle {o continue the procecy for new
time pericdr.  We must firet update our decirioa varislloes

by letties YJ,q-.E,?. 1 fur all Y,i,q-£~),£=1 for all

Jedl,a.o,e emd S0 000,00 Now o Lo rtep 5.

1h) Here g=x, £ we have ceonpleled the polutfon and purt tersloote.

E r q

Calculate “ i

3 for the cgrypucted
RS I T

X
Vs g-r,0 Mhiomi,t

usgage frow our releciton policy.
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1hy

e conditionn for the exjailence of r feanibie golutdcn (niep L}
are that the bhulgels for cach period ean eover Lhe cost of storing
~and circulating the ftems bought previously to the plenulug horlzan

a8 deseribed by the ghiven Inttial scleelton vrriebloe ¥ The

J.o,0f
sabisfuction of this eonditinn dmplice that st e very Lleast the
policy of acguiring no new journals {n fearille, If Lhirn 15 Lke cage,
one mrust then reek Letter golutdionns; 4T this 18 ot the care, no
polution je feaslble so we must terminate the solution algorithm,

We note that {he wlgorflim fa iterative In nature; ooe starts
with gl and procecds by inerecsing q by 1 each time unti) we hive
solved all r problems,. Further, Ly etarting with q:1 and working up
to g-r, wr can radntain the relotionslip that Yj,q-ﬁ,f zYJ,Q’f'l,‘
(step 7 nnd step 13) and can properly caleulate the {noressed coct
dur to acquisitien in perjod g (rtep 3) as well o the incresred urage
(step h). FKote thnt In the caleuistion of the ratfos {step L), we
heve the maltipliestion of the erigiral bercefit-over-coct funciion
by (1-YJ’Q*I_1,E) to #et {hat ralsie to zero, and virtually eliminmte
the ratio rrow consideration, IfF YJ,q—f-l,L =Y wvhich menns that
poquicition of thel iiew will pot ocovr dn perfed g bul hsa sdracldy lehen
Plece,  The calevdaidon of thece ratise, the rathieg of there ratiot
in descendier order (step 9), the selectdon of Lhsze ilems with the
highest retivs 4o be avquired (Glep 6}, the Yrosch-andebowadivg Lo
ceheckh Lor betleor r2lutdons 17 the Luloet flgvree e nol ret exuctiy

th

etep B), wnd ihe termination of the g preblam §f {he bulget is
R

wet enactly {slep 7) sve nll poart of {he hMupreck proolon erd cal be



L1

golved norordingly [I6], T keop She mnlutton feazdtle for ol) fulure
time periode, we then runt yroceed with a routies {slepr 9411} to

Inkure that x o nonneative for all =1,0,...,7-4.

tHy

Wirn Ix Puboptimel Optinel?
The algorilhe ie ebvicusly rubuplimal in that each clape or

Line period 1 optimized separaiely and indenindently with po oregerd
to fulure effectn of w ourrent policy declufon. Thir ir exemplified
by equaticn I¥-31}, which rhes that iteme curr=ntly relected have
tirculation and ptorepe coxte In w1l future pericde Wliich con 4pf)uence
future decirions. Thog, ln cerence, the reciriveatss of Lhe dynesic
prograrming problen Forpulation heas bteen dropped Lo yield o fearidle,

guboptimal colution sn fhat VI-2) Lecoxes

F * ; ? Y S
- A B y N
f,0-7 1 -
q {Y } _151 -0 g,0 t'f pEL »‘“
Jdrqm#yt

Howewer, the worth of this selution In terms of a global optioel anpwer
18 in genernl uchnown.
let um nore mrgume Lat a feastlle solution exipte (the conditione
for which have boen discuesed above ),  In orider to investigates pome
a

gpecinl cases where opticizine esch stage ean Jesd to the global optioel

poiutica, we tall prove the Tolloving propoaition.

Froponttions  The uywade profrvieming copputelional algoaritha,
wplinlddng each tfoee, can lesd to Lhe globsl optinal golution §f one

of the follgaing anugs hotd:



1h9

i) e, wio, =0

2 3
11) oy = O and KJ,qng,g 'xq ¥ 3, 2, nud q
111) KJ,I'{*.EJ o.-Kq aned LJ,Q-I,{ .-.)Lq ¥ i, b, mud gy

In casce 11) and 134), other zrwicial eondlifons must elsm hald 571

the solulion ir Lo W recognlzed ng A global optivul one.

Proofl:

Cage 1@ £y = 33 w O,

In Lhis case, we can ree thot the olate cqustion of VI-1) Lecores

= B ¥
Iq q q.

snd that Lthe bLudpet conctraivle of ¥1-"o) brgoma

E q
L L b4 c, 1K
Jll fe0 J,Q"f,:{ 1 -j:q"‘hcy
s g-1
- L F XY fc, +¥ Ax ¥
PRORP PLET SR e La-t,0) F % g

0f courees, wll otner relatiorshipe $n the Journa) zelectlon nodel, ar
dlrcusecd nkove, rexain the garme, With the Yok Letween coeh rogpe

or time porjcd having beon Lrozen in terme of the folure bulpeis helng
unaffect cd by the rlorege and ciroudatiun certs of curpent pelections,
the conpatuticons]l algurithm yielde not caly a feartbie bl o plotal
eplimal goluticn.  Thus, The Jrornel relection mede] deemiporen,

vin Bidler's Lerzn, fnto a merits of Xorpoock problorsn fhat enn be
polved ird porsentiy.  Theee ppolicooas, Fop #8Ch €.1,07, ..., 7, nre of

the form



B q
Mxx F_ o~ BN Y
9 4y 21 A

5.1, YJ,Q-I,I 0 ori ¥ Jel,oue,e; ¥ 4-01,000.9
Yy,qet,0 205,001, Vielooroyes ¥ 40,0, 00-1
£ q
r¥r v X RS
Jul tro JrQ'IJI( 1 JcQ‘-‘h")
r 51
- L T + K LI S
Jul Leo YJ;“"']-N’-(CI quﬂf:i) Hq

e A gy O gy A R

Thia t=zrlies that VI-1) beormes

e g-1
B ~¢ E T Y
xq " 4 “ J=l =0 J,Q’f'l,.‘ va

and that the cost constraint ret of VI-3c) unem Lecower

2 8 ¢g-}
[ + ¥ Y 7 o -Y ax
ey reptxl F Yioq® 70 2 Mhaer e Ygaein ) F3g ¥8

Again, all othey relntioiships in ilhe model reasin snchenged.  <bile

we hove Lot yet elininsted the dynnnic reletlonchip Lbetvren starcs,

the profess which eptanlished the conmatationsl elgrritie ep cov 3 eldice
the optimal) salution such 6 {n Cnee §, we epn Term conditicas vhilch

will woeomplish tils end.

) s a-l
e T Y v E % (y. - . sevies
sinee gel Y 4 e AR’ 3!‘1""1") e s

of additiong wnt dutiractione F pero-gue varialles, 3 part ke gn
integer.  Phus, with € v ¢y 4 r‘l D0, we onn reewtdte The cont ouniiiruanty

aE



[] » g-1
T + ) ¥, . -
J=1 YJ'n'ﬁ Jed pen {Y"’q.tf‘r YJ’Q‘-&‘J)

By fe. e, Kk >

q‘; 1772 Ty
& q-1
e, Y LY .
PR SUUUORNAr 1 I 2 S L il
clic‘,‘,-‘l‘.q c14r?JEq

where < x> & the largest dntcger & x .

In the cpecinl cate where < xq;’(cl + c?w'.q) S oe }%q/{c] +c?o‘ﬂq) >

¥ y, we can cliwminste the dyrmofc relationsdip betwern cost canstraints.

To obirin Lthis jhenomensn, we aote that < a-d > = A funlice that

<h> b oa~l [Or poabvpntlye & Gnd e Thus, we Lave

;" " o= H “ "
< B (ey 4¢, ”‘q) ¥ h/ley C?irq]
Fogel /
- 5 b § e fe, 1o, %)
2 ) e e 10 T2t
or,
e g-1
7. ! - e [ r » fo
J’.:l ;:_o T-‘w‘l"f'laf x Bq;(c] ey &]’fq} [Cl-lc? ! ._q} ,q;fc1+c2¢rq} /“,__

for all g. Note Abint bhie e2cuvr Ly saintaiceling o lores crnough Lulpet
Lo account mal e rrnente Tor ery oand mll et nqodeitione dn terme
of currenct csturege pned odreuiation corteos OF courae, we &2111 hnye

the feasittlity resvipeecenin 1ot

Eoet-1

¥ " Foe o tn .i;:l ‘.‘-0 r;'._.qet.-t-l,z P for il t=h, ..., P
= r



Ihy

which $tmplies that

pogit-l
Jxl !LO Yy aitog-1, g 7 nq+t/02 > for ell trl, ..., r-q.

Thur, tur epecind cowe JDplicn st the cagulstional alporithe han
rielded nn optimd ealullon to the Joovand relectiuvn podel when wll,

the condfitione have taen pet.

. 1 A and X =K T i, 2, and q.
Cae T Ryymop, e " hg 200Ky gopye 7 By TOT 1L 0 2 9

In & eftustion parellel to thit of Cace 1f, we have

s q-}
x =R = fc,+¢,i R A §
q g Cea 5 q) 5ol geo VrATELLE
and
a
: ¥
{c1+c2* ejkq-nq){ b TS o.q
Jel
£ g-1
+ b I )]

(v -Y
Jt‘l feo .!'jQ'fvj :_f.q~j-—'[,j
¥ ox
q
for »1Y g with nll other relsticnthilipe dn the Jonrnsd eelection molel

remaining constant.  %ote that the abjuctive Mnetion e now to

r & q
mexiuire X P A - As tefore, eince
90 a Jal two Jau-g, 2
& 5 q—la
Ty « Loor (Y - }

ja1 18 del fan ¢

13 an Irtegeyr ol Ty et eﬁl‘-v 2 ‘l:q 15 peritive, we have
:



a s qg-1
b + Lo |

Y Y )
gl ™t gl g

Yig-t,8 " T5,a-001,1

B < xq/‘c14 (‘2+c}?q1;.q >

& g-1
{B - (c,4cX ) 7 5 Y
q £ 379 Jal 4o Ju-2-1,¢

K
4q)

*
{cl-!ca [

5lq

As hefoze, the conditions for glebal optizality are

N - ., 1Y 4 >
<xqﬂ°1+°2+°j"q”'q] > Bqﬂclcc‘,*c} qa}’q)

or
D% ( )
L % Y 2 n e+ )
Jul geo JsO7Et)s2 q{ 2 39
(¢, +¢, 00,0 +¥ )
- ! 2 e Al <P./(u;l+c?+c,>k 4r ) >
(e 42,2 ) 1 A B
2 374
Feanibility further reouiter that
B ogtht-1
w T - . " 3 ¥ o
Xgat " Toat (e, 1 ¢5hgen) 5ol t{o Ty,0et-2-2,4
or
s G4t-1 (
< M S 3 =l
.1}-:.1 tf@ Yd-q*t'!'l-;ﬁ ?Q*‘l-/(l’ =3 ‘E*L]

for 811 Lsl,.0.,¥>2.

Thie coupletrs tho proesf,
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Ar dirpcusped In Chopler ¥V, the oost cooffiedonte rmast renrepont
the motunl rpovnt of addiitopal expeniiture sid &fforl requteed by
the sedection uf & nrw Jenioal. With Jowuenle bedug ofleeied 16 nn
enviromscnt euch as the Fordue Unfversitly Litrarien, se dorcvlibed i

Chapter I, (¢ weeme Jemiond to el o

fia

knd €y te rera ue in Cnne i,

That 1& to cay, in an envircioent where circuistion and stoveoe of
library valerlels are coneldered nnd budpeted copavately relative to
the acquicitionivg functiocns, the relevant costa for selection decistone
are subgeription and ordering costz emdy. Io fact, in the Purdne

Univercity Libraries, one coull algo let o, <0 Bince only the actual

1
pubseription coote ere weid dn making Jouoraes) selectios desisiona,
with ordering rcoste hendled repoarately.

Care 14 nlso kas some vory intepesting fwplicetions for the librarian,
Firct of all we zee that the ndditfonal restrictions on the nimrer of
1tears bought vrovious to pericd q and oo tes tolal cmulative momber
ef pequirtitfon rade as of all future ywricds o terms of the bulrete
for pericd g and futare bedgnta, respectively, leads to on optizal
golution vin the eomputations) pigoritlm. Tt reeme quite reasonable
to Mot sftustiosas wore cue wenld Jegire resivictioons on the morker
of {ters velected, Tote tdea =oiws reinforced whon neossteg that
certoldn costs wre zeva In fteveor of seleotion deeleions, Tor certnin
functican wuch ew orderfnis, storinn, or cfvculating Jeureals the
library may have enocgh Marovress to haddis ondy s flxed pmoont of
materinl, IT one doss nob cxoscd the Vieftc on relectlons, no

sdditsonal ooonle are dneurred Ly iew nelosticns fn tercs: of theoe Faartione,



Becundly, F one ongl Spereare The nulgel encals in each jeriocd ro
that thegr mddlUiennd requbacecats are patisfied In ol perlode, we

can pusranter an opliend rolution.  Hote thel cince

£ g-1

Jf] 1):-0 YJ!Q""IJ
and

5 qit-l

351 "_':ﬂ Yy qitas-1,t

are Increasing Duaetione of g, Bq puet also be an $nereasicg fonction
of g Lo enlicly AY) copditions, One difficulty swith ihin cace 18

that the arsuantion thol KJ,Q‘I.;— = Kq .
g &l) 1tens have o conctant pubacription coul repardlers of sge or of

which dmplica that In poriod

which Jourpal or eprcific volime ia being eelocted,  Another probles
18 thrt there 45 no o pricri wvay Lo deternine o cufficient 1nrreage
in the walues of the buldgctn ever tioe.

The ceme comuente wade in Crre §1 repardias the rectrietions en
the mmber of ilems rnelectiod can be pmade Tor Cage 154, The solution
obteined from Lhe computeticual alporitim ie optival §f the conditions
are met.  The Ionliestions of buwlevts oveding 82 be fucrcaced enough
aendn indfenten the relevaiace of thty reculd Lo porrle who are
interceicd in unlarsianting the eougemnences af retting aigeta,  Oae
may e be ohle to deflfne how pueh wonsy 18 adegimte £o calninin
certatn collecticn and ta be nble to vndate a Jtlrary by requivicg

recent volumes of rngafng Journste wo e to reledn coolinuity.
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It 1e nol wivcagonsble Lo ermaedder aogcw Liviery e belog 1o fuchk
a situstion as Indicnied Wy thrae Jatter oreea. Wilh cirevietion,
acquiniticn, end storege deparioento oot wleesdy ertabsehed, ench
pew Jouraal may ween Increreitnl coste. Furtbir, one poy be pble to
purchace ceverel ftems at o relabively conglant wubrerjption price
from Gerlers or [rea pifte obd exchange departnents of oibhier lilrarfesn.
Firally, with no part usnge dete, one mey necimez & relatively constenot
usage for several ftces purclored in s ereeific pariod, However, it
1 thie assumptione of cenetent pubseription price and uwraspe for all
ftems felected In onospecific time pariod thet cowld he the great

weakinces of Lhie cage in peosrpol sltoestions,

A Lagrengisn Approacl

The dynnmie prograzzing fenmlaticn ylelde n computational
slgoritkn that generales a Jearille svlubion. While this moictieon
jp ojtiral for seversl rrecial canes, 6ome ol which eye very restislic
in terps of the Jouurnal selection problen jn o wdverpity librery
systent, one may deriTe an optimal selntinn to the pencral mathewaticsl
prograumming problee as slated io the Journsl celection sodel, AL
ihe very lercht, oae mey reqguire bocoals o the optiusl eoluticn. To
4o no, we will concider & Losrangimn Foreulelion,

Ry expandfiy the ¢tarsical Lesrragtan mwltds lier fechniane to
caver n broader clerg of prellesn, Bwerett [16) liee provided ue with
& bagle wif) ¥Lish to rolve bl fouresl election protlem.  Fefler
than s2lve by Gifrcrantiastion of the Liarapsion fuction (wiieh v quires

& contipdoun, twline-diMerentingle .":'.nc:tiun} Twr Lhe ceconsnry ool



b
-

auffirteont cowditions tor o slal foutey or rwdgdbeapnint sodution [20)
Fyerelt wlews the pond of larranginn roalyels to e opbincivabion
eendnit connlininte.
Concider the problem
VI-15%) Max  f{x)}
xeX

5.t gi(x) AN for §=1,2,...,0

where x {# An n-dlvernnional vector ant® an elrusnt of the feepille
yeglon %, which 18 ilsedf & eubret of Fuclidesn n-spaee,  Evepeit

gelects o o-ancgative cohitaniw, & i£1,2,.04m, an] Inveriinntes

i‘
the following nroblen:
-
VI=16) FMx L o= f(x) - & hizif:x} .
xeEX i

He proves thet if x' eaximleen the wweonstrained Iagrangian function
of ¥I~16) over all x ¢k, then 4t rasinines £ix} over a1l 2 ¢ X rach
that gi(x) % f:i(x'} for all §. Tals zeans thuat §F the oplins) eolutiom
to the unrcastrained Lngrangfen fonellion can be foard, 11 456 sleo o
solutfon to the problow ol mestnloing the ardpine) Sblective function
f'(x] over R1I1 x e X nuirfact to the noodly ponernied constrafnte of the
form g (x} & ﬁifxi) [Fo).
The crux of the prables [pfa releel prop=r veYues Lo Lhe mullSpiiern

) Unfortunstely the bery chodioz ave tohnesny yetl 1wesc ¥oluer

j *
gireotly fnflucnoe Ll peoeraled corrtrainue, [ the prrera ol

consbratnte do ot otiefy the oripoal eosbretde, el ont o tenet

*
onre Cj [ ) g t‘i' we o euat veyioe bhe InflAael e dueoen of ti. ronct



L ] -
reoolve the Lagveppian funailon for 0 ew oy o Yorwark !”_"-] st s nut

K
that rinaee g, {x Vode poransloae degrveanian fuaetion of f':j . Lhe can
-

¥
droreai t:,i{.'-' by fncreasing b Fverett siowes thie Ly rroviong that

1
(1) ) s ped? el N ‘s
if s and i are e sedlmensinnal vectors reprersating the

Logrenglan noitindiers for twos crparate snlulirne widh Losranginnm
I-(l) L(?'} i1}

B

(?))

obJecuive Tunetion aod n) Witk roistion veclarr x
(2) ol _ _ 1)y,

x res;yectively, and A€ the conrlrmint levels f Ix Y &nd pz,x{x

generatrd for bolk pebvticos are enun) for al) 1%, snpd {F [.-r[xl) >

2
gx(x }, then

b f . {8 o
vi-rry ol O u Dy s Py 19
. [ L K
Thue 5. "% L7 bat ".(:.{n))«" ¥ I’I(:')) Hoower, oag pust vre cere, far
- By Y X L-»}‘ CEAT . Duer, L : LS L ’

(2} 1)
the conntrainis are tot necesparily Indeic;cent; weantug that often,
pany of the puliipiiers ey change cimult=nesuely Lo prodave Letter
enslutions,

Thik iterative nrpreoach runrsaterss 21 optinsl salutich vhen it
comserprs;  however, Lhere may cxisd pers fn the ralutioan epoce due ko
poneonsuvities fn the recionees surface nf meri=al S{x) vereus penersted
constradnts.  An optimn) sodution ydng in suth & gap cranct ke

generated by tnfe bepvprplan melbod,  We n7%e thet tue juurnel eeleaction

probien, with fts Moear form, 1n plsryrs concave snd wlll ndt produce

ruch gopr.
To provide a Lroeod for his wlaoriths, Dveretll chows Lkl 30 x°

comet withiln ¢ af Lovalring fhe tagrap~ies Dunetlony e, it

o n
VI-18Y L e F(xth e N o mp dyr)yxffay . T B (x)-¢
1.1 1 $u; - F



then x* 4r o aolutdon of 1he G iaInal probilem ity newly praernted
conatrointy of the fony 5.11 (:r'] . h1 tor 611 &, mnd Lhnt thig rolufion
86 wildtin ¢ of Lhe mexjmy For Ake nripinad provdes will theee uewly
gehernted copstrainls. Thoe, Everclt shows that even iF the recurrive

technique docp nat eotverge, ont can £i0° bounda for the oplimal

solulion,

Ppdating the Multinliers
Brocks and Craffricn [9] ruzrest s Linesr progrussing appronch
to golve for Lhe necded pltipliers 4n Everetil’s generalived Lrcrangian
optirization teshniqurs, The anthore stete that one cust Snitindly
rind a first crtlizate Ly coe woare or snocllier for the wuitipliers.
They drnole Yz the orfpinkd objective funclion and git as the 1
conptrefot walue erosofnted with the optical Topreansien funclion

th

using the L7 get of gultipliers. Of ccuree, l;si g the mmopnt of

recaaree § oavatleile. Whcitv &learithm thin procerds to find (ha

kth et of tultipliersn vancd on the yaluer of Lio judor k-1 gete snd

the sssociated valune of ft', git', und b, for el t<1,8,.-.,k=1,
Brookr nnd ceoaffricn cooslder muxinisiuge & couver cowbinatlon

of the o 'celive funcriiong genernted by pricr maltipliers. They

formulete the lineny pregvaming probiom
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Yo ¥ 1el,...,m
n, 0 ¥otel, ... %0

The algorithm uses the dual virinbles bik for tel,...,m rE tha pow
puitiplicry for the kth jteration. We gee that the dual problem Lo

the above lincer program iz

X
¥I-20) Kin uwX + 7 &l
o i i
1<l
g.t.  w o+ x b 2 fb ¥ 11, ke
=} iti
iel
uikf.i ¥ iel,:u,m
v, e unreztricted in sign .

Rote that this implives that oy dinl fearibidity and primsl oplionlity,

e, = ot ¥ U, .. ke,

n
viros) o000 e™M L e .

11

To tee vhy Rrothr ent Geolfrlon's methied s valld, we suall
conslder the intogsr prograosdog yrobles dn on differenl Yiglt.  Po-

stating 11 in gencrsl terrs, we get
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n
vI-21) Max T T (‘Jr.1 3
g 04
n
6.t Ei IS Ji.‘u“x.} E b1l ¥ ied,... M
’J g 0 xJ luteger ¥ J-1,...,0.

We note Lhint in cores puch as the Journal rele¢tion problem, where

one his n diecrete optinication protles with the deelnion variebles
allowed 4o take oo Finite wmsber of valoes, we cul penernte only o
finlte, nlthoush eovelimes very Yarye, nurler of alternacive coluliows,
For exzple, 3L we have ¥ fero-cne dnleger deelsion variables, the

nunber of altermatives, n, {g tqunl to ?‘M .

Buppore ft' e th obleetive function ns evalusted Tor the t,l'h

th ih

alternitive, and fj__qt e the g constrnint, as evalueled for the L7
alternstive, whore t=1,2,...,n. We can uwos write, as anoequivalent
problen to Vi-Z1) the Toltewring, tared on paximizins m convex

copbinntian of all n peesible colubticas, sunject to toe fact Lthot m

convex combitualicn of al)l n alternatives for coactirntol 1 cuet be

feanilLle for s3]l 4.

¥I-00 Hax T

a b ¥1i-l,....m

A, 80 }'t inteer ¥ Lot oo,m
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We pote that problem VI-70) wnd the problem of usine & rectrlohed
bacic Yineoy propruating opprocel Yo speroxisale problems daysly Loy
reprrabile Tunctions [88] ere quite pimilnr. The cimileritser beluren
¥1-19} nnd VI-T7) nre alro obviows.  buat there are differonnos 1hat

lie in the integrolity of %, and in the fact that problem Vi) da

i
t t I t
involved with ll porcdble slterpatives., FKote that £ . ex’ « L r.-‘jx‘j
n Jul v ¢
and ¢ ¢ - YA, X ¢ }  where x ¢ 16 the ,1th clezment of xt', the
1 Jul 337 J

tth alternative solution. Tioce }‘t zust Le a pounrpetive Integsr mng

n
L % w1, this inplfes that 1p #1 and 1 =0 ¥ tdp for nowe p.

=l n

Thin menns that = ltgit = gip & b, or thel the p"h aliernative pust
t=)
n
t
be fencible, The objective function i now L l.t!' =P, Since
tul

it In a maximising prevlem, one nust choone p to yield the Lesgt
Peerible altomutive as the one that msximizes Lhe cobjective faoetion
while remnining Feasiblie, ¥alch Je the goal of problem ¥T-21).
Thue, VI-Z1) end VI-72) are eguivelent problems.

Brooke amd Geoffrics fell Lo cention 1k, hut dn order o use
their Ynear progresiring tesbninoe, one needs at loast cne trial to
be Feastbile For ceoh eonstraint. Ve rhall chew Lhir by provins the

following lemia.

1
Ir gi > bl ¥ oL, then ng convex cobinstion of the Ei M

x 13
Lo b, wmere T e inth 20 ¥ L1,7,...,k) crn Le fenelite
( -5 L] te] 1 1

in Lerma of bolns doad P00 O Chani o .':1 .
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Preof:
t . . . N )
17 £y >h1 anqt )LtcO ¥ L, vo crn eay Lliat }‘tEj r!iit anid
k t K k
e S hg 2> LADb oeb, LA oeb ) =b . We pote tuad for
tl 00 tm Pl Tt i
t
hegy to equal ltbi, A, must he rero, and ihat A, cannot Le zero
k 3 t
for a1l 4 plnce 3 A =1, Thus Lhe strict inecunlify ¥ Ay, > b
tal © el U4 !

38 ceen Lo be proper. The veihod of proof wes sugeested Ly Gocs
[20, p. 51].

It seems thint the sirplert way to losure foacoibility i to
generale a tololly feanfble solvifon 4F one exfula., If one dosp pot
exist, there Lp no peed te proceed further. We rhall sec that the
Lagrangian fereulation can be ured Lo generate just such an inftial
feacible solution.

Another point s thet the Initial Yinear yrogramning problem has
only one indtinlly wnoubssic varlable nreoelatad with it, forwed froom

the one ¥powr Atcoretion vhich yielded 1'1 and g,ql ¥ q. Tnig juplies

that Bq?w 3 ¥ q, ro thal the next {leratlon will yield a enlution
of gelecting everytrdns wvaileble. 18 this is not feertble, the

algoritive will wee convex combinstiears of past solwtione 20 1y to

find & feanible and eptlimal rolutdiesn.

Tee Stoppdvn Rale
Brocks arnd Jeolfrion Vave develoeped £ostopning rale to detereine
when an optinmil «Lluiden oo bewrs ehtalyed, Sirge 14 ie eoopgtatic;m olly
infencibte o try to relve proilen UiaP0) due to LB Merps valuss of

La,n
r {in the Journal coleciion problew woeoadd boows opee ar O 7,500
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for 10 Jovennla ceer m 30 period haviaon), conelder dropping Lhe

Integer comntraltt Lo yleld Lhe v poogra ofuy neidibei

n

. . t
VI-2%) ¥ax ¥ lti'
tel
n
s.t. r lt - 1
tel
» 1
A £ b, ¥ ial,...,m
tel

A 2O ¥ tel,ll,n

Thiz wmerns that they do not optiedze the origlinnl peebdem bl ecomrlder
a 2)ightly cifferent cree. ‘ihus, by deletinz the integcr vonctraint,
their cpiimal solubion will provids sp upirer bound to the optinad
walue of the obicctive Function of the oariginsl yro¥iem.  ¥Wate thatl
adding an Iptegrality coustraint to VI-16G) will crly rield the Lent
feasible eolution penereted as of fioration k.

However, even here n 1= Loa large Lo b handded in &0y resspatle
farhion., DRrooke apnd Ceoffrion thow that the duel pro™lem ¥VI-20) cen
be uscd in eonfunction with Everott'sn feclhalque to peuerate eapough

alternatives to cpdimine problfs ¥VI1-03). Yhe dual te VI-U%) s

el -

vi-rh) tdn n ¥

u 4+ I &g o ® ¥ 4wk, ... 0
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Thun, the ptopph.s role forces ue Lo termineds the procens ph Lhe

k'“h step, whick opliniren YI-PT), where

¥I-7hn} A LT 5 glt s ulX ¥ tel, ... k)

»n
YI-ohb) Lk..rk-zz:kr,‘t -ut-

The algoritim ectuslly optimizer prollem ¥1-22) using the Lagranzinn
formrzlaticon uf the jouwrnal seloebion problem. The value of the
objertive Functinn of problem V1-73), at 1is meximsl point i{p the
upper boynd te the optinnl value of the objloetive functica of the
Journal keleetion rodel.

If the finkl iolution ylelde one lpv L, 5ok, =0 ¥ 1dp, Lhe pth

1
alternatlve, vitdleh mict now be founlble, iI5 8lko cptizmal, rot cnly
for problepm ?I-P?}, tul for fie Jowranl releclion prohlen (1s€) .
This oefeups becoune a1l requiressuts needed for probles ¥i=2) to
be optimal have beea med in th'n particular cage.

Hote that probiew YI-19) 18 & rpeedal pobret, rore or less, of
provlem VI-03) i that the forcer penersles nly ko albevnrtdves of
the pocpidble n existing cned Lol opbtimives bokh problosmc. Brle alsn
that problem VI-O3) muet eventuglly converse rince we have & findite
linear pregras.  Furtier, we can have oply W) Luelc, porFttive varieblep
in tie letter liticar pyuosri.c Yoo eolutben end poae of Lhese nav be

good npprosivoticns b the solubion of e orbeined Jovingd reloctifes
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:pro‘blm. The authors compare ¥1-23) to a wixed strategy generalization
of the original problem with Lp equal to the probabtility of choosing
alternative p. 7They elsc note ons nesd not stors each aliernative

but only each P and gip if one {s attempting to computerize the
algorithm.

The comparimon of Brocka and Geoffrion's dual problem of VI-24)
to that of Dalas' [5] dual to the general integer programming problew
{sse Appendix B) reveals that the varisble u, 18 equivalent to the
Belas' expression -vx. Dalas states the primal problem as

Max [r-cxl.&x-ry-g-i-yib,yac, x¢0, x integer] !
x,¥
and abovs that the dual problem is

Max Min [5b-vx |a&-v = ¢, X230, 520, x integer, ¥ unconstrained].
x )

Assuming primal feasidbllity (g-Ax3b or g+#y=b, X320, ¥y&0, x integer),
which iz the cnly case of interest, Brocks and Ceoffrion show that

1
e tbongt a et -t s ¥ tel,....n; 820
as the conditions for dual feagibility. Thie implies that
R R T N R L R ) ;

The authorz alro cleim that at optimality,

I,t -rt—BkgtSuok ¥tal,...,n; J
|
|



and that

Lk-tk-btgkuu:lndbkyk-o. |
{ -

Thia weans that L'F o X 4 8(b-g") « u: LD YL

Dalas achlevezs & similar reault with hias dual feasibility considera-

tion
BA-v =ec, 829 (x:0, x integer).

This implien that

BAX-VX x Pg-VInCX w T,

If we are primal feasible

db & bg = BAX

which implies that .
db-vx & BAx-vx » { . |
If one is at an optimal peint, where primal sod dual fessibility co-
exut,-
I.k - l‘k bksk = -'rkxk . I 'f
The final point made by Brooka and Geoffrion 1 that we can extend
Everett's initial complementary slackness conditions to those of Balas®,

that 1s ]
|

51("1"1) ~ 0 ¥ iul,...,T
i at optimum. However, since the probles they solve {a not the exact

% original problem, it is not necessary to have to impose these conditions.
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The reascn this does not bring about extra problema is that Evereti's
technigue centers about the primal) cptisization problem. Thus, the
concern is not for finding the optlzal dual yarisbles tut only in
finding thoase variables that will be suitable Lagrangian multipliers.
As pointed out before, by estoblishing qu as & geoerated right-hand-
#ide valus of the constraint 8 2 gik s Everett's technique does allow

for complenentary slackness in terms of Blk{sil-gl) =0. Bince

h

€ "sik ror tke kt' iteratiom, aik can be any positive pumber.

The Lagranglan Model
The Lagrangiaa function for the journal selection model cap be

formulated as followa:

] T q ,
- - T T E L ’
VI-23) Let L 3=l g=0 tso YJ!Q"D‘ Jyq-2,2 |
[
T s g
- E & x E Y

(e, +e,veh
qﬂl q j-l 10 qu":‘ 1 2

3 Jrq""!

r " g1

.X )+ LB L L Y
Ha-kE o 9 50 g0
] ) o q

- £ L LY

;l
J-l g0 e JpQ"p‘ JpQ“‘,‘ '

s,a-01010 %y o 4}



whers
™ 2 «B_{c, +0, 40, +X )
TR I R 0 R Sa TP SF AL T IS B

¥ Jul,..., 8} qer} ¥ i=0,1,,..,9

. "
M a-t,8 " %0 C17%2* 05 gor,0 * %y q-a,0)
YI-26) 15,4:—:,1 - + bq*l(c1+xj,q-t+1,l)

-VJ-I,..-,S; Vq-l....,r-l; k .l-o,l,...,q

8 ”J,o,o+bl(cl+xj,1,o) ¥ J=l,.00,B7 qQed=Q

Of course, the Lagrangisn function is to be maximized mibject to the

conrtreints that .

!J,q-l e " Oorl ¥ Jr1,...,8; q=0,1,...,7;
L}

B0, 1,v-0,9

VI-26a) and

Y ¥ Jed,...,8; q=l,...,F; £«0,1,...,9-1.

£
1,9-5,¢ ° Ta,0-241,2

Note that

s r q ;
- - b :
vi-26b) f 43‘:1 qEO on TJ:Q"‘!‘ Jiq-4,8 i

and

5 g-1

I AR E TR IL S A PR N R Y

s q-1

- I T Y

¥q.
=) 4=0 di9-2-1,4 ) e

{Q’- +KJ!Q"‘:‘
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In order to solve our Lagrengisn protiem, we wuat prove the

following lemas

12 we have the optimization problem

Lowma ¢ a

a r
¥YI-27) Max = E ¢ Y, M
J-]- t-o th J!t
a.t. 1’1" ‘Yj,t-—l ¥ jul,oon,B; ¥ tal,eua,r
Ty =Oorl ¥ 3=1,...,8 ¥ t=l,...,r,
the optimal decision rule is L
- E
1l ir rJ,t-l =1 I

k
«Obut EX} X0
‘-tJ"

¥ kat,t4l,...,1r

vi-28) ¥ - ~4 1 ir y

R} J,t-1

0 gtherwise :
- [

Ty

for all J mnd t.
The problem is solved iteratively, startiog with tel and continuing
to increase t until tar is reached. YJ.O iz » given parameter of .
the problem, not & decislon variabls, 'I "
:

Froofs

gince Yj % 12 & rero-one binary valued variable and is conatrained
*
sequentially by the coastraint ';,t & rj,t-l ¥ t, one really haz a

scheduling problem of when to Legin to take the actlon represented by



in
74 % being equal to one. This is a parulle) to the scheduling model
L]
format discussed in Chapter IT apd III of this thesis, Once begun,

rexalng unity for all t larger than the initjial stage when it
i

Tt
1s aet equal to one.

8ince ithere are no constraints of any kind on the muabher of
decision variables allowed to be positive, we can decompose the

original problem fnto = subproblems of the form |

r .
L3 H ’
Max zJ tEo ) t r.},t |
S
| i
nt. Y ¥ t=l,...,r |

3t Tt

T

5t " Oorl \‘t-}‘,...,r;

. . |
Bote that x, the origina) objective function, iz egqual to Ik 2y ’
3=l

Let Py - the point at which r.‘l.'f- becomee unity; i.e.,

TJ L~ 1 if and only if ¢ ipJ . Note that p.1 1s a nonnegative integer
j
( T r
in the range [C,r+1]. Thus z . {p,) = E X ST A S
s A L R S top, 3.t

If no YJ ¢ 1» greater than gzero, pJ is zet equal to r+l, Let Xj-ir],
»

represent another possible decixjon point, whare KJ = pj,pji].,...,r.

1) r Ky r K, :
Then, £ (K 41} = £ At = Al L+ E &y, - E At
r | 3 o KJ .
a E X .= E A _ wxlp,)- I A .. 1P, 4z the oplimal
tapy 2 T epy DTS g O 3



X A
3
decinion point, 'J{PJ) z zJ(KJ'!-l) or gfp‘ M0

¥ Kdup:','ps-i-l,.u,r .

e

U PR S 9 YJ 4 wust be squal to one by the constralint VI-29u).
r r
X4

=0 but E Lt 0 ¥ K -t,t-"'l,-u,l'. aet !J t.l.
L]

R o N 3

I
=0, |

Fote that we gpolve the problem iteratively, starting with tal,

Othervise, set Yj't

and increaring t until tar, This insures fenzidility as well as P
optimslity, and the preof ia complete.
This lemms implies that the Lagrangian formmlation can be optimired
for a specific et of & waluas by calculating X! for all J, q,
q J.q9-2,1
and ¢ via V7-26) and by uging the following decision rule iterutively

-
ir 1
1 Yj,q-‘-l,_l. - y
K .
1 ir =0 but I A} t N}
r\jaQ"'ls‘ - tal qu-‘-"tl‘ '

VI-29) Yy 1,8
¥ x'olln" g

0 otherwlige.

b

Ar Upper Bound Algoritim
Using the Lagrangisn forrulation of the Journal selection wodel,
wa now have a deyvice for obtaining a good upper bound for the optimal
objective function. Ewerett's generalized Lagrangian method, incorporating

frocks and Geoffrionta technique to up-date the multipliera via ligear
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programeing and their stopping rule Lo detect the optims]l asclutiocan

to thelr problem, can be applied hers, The cowplete algorithm,

$1lustrated in Flgure 9, ia degcribed in detail below. A computerized

vorsion of this algoritim 1s presented in Appendix C.

1)

2}

3)

k)

5)

The journal selecticn problem sust be set up as

outlined {n Chapter 1II. This means specifying =, |

¥, cl' 02. cj' nq ¥q, and KJ,Q“,‘ and

¥ 3, q, and ;. One muat also specify YJ 0.6
I} 1y

The check for femsibility, Bqt dflfdro’o(camsxj'q.o}

# g muet be carried out. If & feasible aoclution exists,

J.q-2,4
¥ J.

proceed to sptep 2 to find such a molution. If no
feanible solution ex:lstt-, the ‘lsori'th- termicates

here.

Set switch IDONSO i1 we Tirst desire an initial
golution. Bet JDM=l 1a we are secking an optimal

solution and alresdy have an initisl aclution.

Set k=l. If IDONwl, one must specify bq ¥q. Set

8,=0 ¥ q if TRON-0, .

Calculate A’ ¥ i, q, £ sccording to VI-26).

JSQ"r‘

Use the optimization procedure of ¥I-29} to iteratively

¥ 3, q, and £. '

T Yy o ys !



174

S S

6) Calculate & = JE.‘L :Eo YJ.‘I",J (cl-scz+c}13,q_"‘+](a,q-"l)
» g-l x
T E E e R eu ) ¥

& 1 q

fk k
m - E ! L
el ql-:o Jfo Yasa-t,2 Mya-t,

7) If ID0N-1, go to step 10,

8) 1r gq>1;ll for any g, set aq .aq+o.ool {or scme other

dasired value). Set kai+l and go to step 4. I

9) Here gqinq ¥ q, s0 we have a feasible molution. Bet

IDOXal and go to step 3. S

o)} 1t gq) Bq for any q, we have an infeagible solution.

Go to step 13,

11) If k=1, go to step 13.

T
12) 1 £° - 2 8 gf 50 ¥l 1, wne
q

Y o x_x X
fl - L B & "I we have an upper bound answer, =0
Y 1 9 ©
9 .
X . &
we calcoulate the upper bound = L ).tr and terminate the
tsl

algoritim. If not, continue to step 13.



3 1 +
A a1 al‘” ,...,ar" b oy

solving for the optimal dual warisbles with the following

15) Mnd the new wultipliers, u

linear programming problem;

k t .
Max Ed.f |
tal . ,
x x t
st. Ta.l, tdgYss ¥ia,..r d.z0
t-lt t-lti 1 * ' t

¥ tel, .. ke

Bet k-k+l and go to step b,

The algorithm starts by epecifying initial values to all parmmeters
and checking for the existence of a feasible solution (step 1). We
note that the mlgorithm has the cepability of finding & "ressonable™
initial feasible solution (stepr 2, 3, k, 5, 6, 7, 9). One may, ;
bowever, uge any feasible solution that is at hand, zuch asz the ome
investigated by step 1 of buying no new journalz or the initial i
reasible sclution found by the use of the dynamic programming ccnpuﬁ- -
tional algeritim {see Flgure B). '

The use of the lagrangian formulation and aubsequent cptimization
procedure §8 illustrated in stepn 3, 6, and 7. The use of the linear
programming technique to up-date the multipliers is illustrated in
step 1%, while the stopping rule is used to sdvantage in step 12, fr
¥ote that tha upper bound, the optimal objective function of VI-23}

19 8lao calculsted in step 12,
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With an upper bound generaied, we can now sslect the best fempible

solvtion available and see how near it is to the bound. Or wa can

try to improve the solution by methods discuased balow,

Final Improvemente
Whlle & set of femsible sclutions and an upper bound on the optimel
value of the objective function have been generated, we may ba able
o ilwprove the solutions already genesrated via a knapsack approsch,
to yield & better feasible golutiom. BRrooks and Ceoffrion note that
the set of ecalutions involved io the optimal bacis of their linear
rogrameing problem are reasonable approximations of the optimal
solution to the original Journal selectlon problem. We shall :

congider thess 20lutions as well az aeveral other solutions gensrated

by the Lagrangian algoritim as candidates for improvement. The object

is to generats the best poasible feazible golution. )
We shall improve & apecific aclution by treating it az a l:.r:nq:»--I

sack problem. Thesge are 2imiler to the sub-problesms formed by the

decomposition of the overail journal selecticn wodal using dynamic

Frogramming. Any sclutlonz having infessible budgets in certain

periods will be driven to feasibility by reducing the number of items

selected for acquiasition ig that or former periodx. Of course the

items with least mxpechbed usage per unit cost should be the coea daleted

from this get of gelected journal iesues. After feasibdility hasz been

obtaiped, we can uow add desirable but wnselected items to any solution

set of jouraalx with large enough slacks in its budgets.



The computeational slgorithm {e 1llustrated in Figure 1C and
discuseed below. The almilarities of this procedure and the dynamie
programming algorithe of Figure 8 above will be obvicus aince both
do employ the Inapesck problem approach. However, thare are differdnces
that will arise szince this improvemsnt technique becomeg involved
with more than oue time period whep additions and deletions are made

from the list of pelected items.

1) Specify for each of the L solutiocus to be considered the

sslection policy Y.b for all j,q-f,£. Here the

J’Q“r‘

superscript t Tepressents the tth solution, tul,...,k.
o € [ T q t
Calculate E E £ X X and i
) " e e b Y0aet :
: t 2
= E + 0 A +X
‘q. Jll ‘Em YJpq":‘ (cl ce 5 qu-zi" J’Q")‘)
Sl 2 gl .
- E Z Y c, +X X
J=l feo J,q-2-1,1 ( 1 J’q-‘l‘) &

for all q and for all t.
3} Gat tal.
k) Bet gal.

3) 17 sqt & Bq. go to step 12,



6) Here we have an infeasible solution. Calculats the

ratios -
t t
!J.q-"j (1 Yj!q""lr"}lj!Q"l‘/
S oy +eatesdy 0on,s 4Ky qen,0)
! 1f peq, ¥ £a0, p-1
Y a, L fle bote, . 4K, )
404 T30 cl 2 3,09 Jso.q
if pegqas
' -
5,3

% Tt N
rJlQ"w‘ YJ-“-‘ 'f!':“ hjnr"o‘/ r

{r +c}).'1 q-l,l) dup ¥ pul,...,g-1

t t t
FRYNACK U VAR X IRW
L q-l S
r-: RSN IA I TN Y ﬁ'

Vpal,.-.,q-l #‘ﬂ,l.non,?‘l-

7) Ramk the journals on the basis of the values of R
J.p-4,1

in ascending order for all values that are strictly
positive. Bloce we have already &stablished the fact that
& fesaible solution existe in order to even consider

improvesents, some Rt must be positive. "

J.P-l 4



&)

9

10)

1)

B)

182

Bet the decision wariable corresponding to the highest
%

ranked item, tJ,q-a‘.,l ; Bqual to zerc. Get

rd'q"“"b,‘ =0 for all b-l’ato’ﬁq""‘

Caletlate the reviped walues of t‘t and of g t for all

g+h
p=l,1,...,r~q+f. Go to step 5,

Set q equal %o the value g+l. If g% r, go to atep 9,

Otherwise, aet g=l mnd go to atep 11.

aleulate the following ratior for all J and g:
r—-q
Yy 2o

B t
¥y 01,8 E M 0nemaf o

SLt 2t ry,000,0 455,04 0,4

R: -
dre-k, 4 ¥ 40,1, ...,q-1
r-q
Z X o, + +e X +X .
oo 51,072 ,0,4* K 0,0 4

—

o gt Lt
Calculate Ilj’q_"‘ B.j,q-:.sfl !j,q-j,j) ® 3, q,tl.nd L.

Rank the journals on the bacls of the values of R
d,q-4,4

in descending order. P’*

Cennider the item with the higheet rark with its associated
t t
decision varisblie rd.'l-i.a' . Calculate xqm - gqﬂ: + ':2
t
+* cBXJ;Q.‘-‘"c.-‘ for o=1,2,...,r-q+f and xq - t:1+r_-2+(:3,1kJ a8,
+ X

d;q-4,1
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W)

t
rdlﬂ"‘"'cl“

t o
xq+c‘Bq+e tor all ewl, ), ..., raq+i set oy

=l for all ce0,),...,r-q+s.

15) Now consider the next jouraoal down the 1list of
ranked jtema and go to step 13, If no more ltems

exist, go on to step 16.

16) Bet g egual to the vaJue of g+l, If Q5r, go to atep 11;

otherwize, go on to step 17.

17) Set t equal to the wmlue of t41, If L2L, go to

step 4. Otherwise, stop.

Fote thet stepe 1 and 2 mre the initial input whers the data
previously generated az the L candidate gzolutiong are specitied. In
stepa b through 9, we seek to generate feaaible solutionz by deleting
scwt of the items selected for acquigition so that all budget
constraipte wil} no longer be violated. In step 6 we calculate r,
ratios of the total usage of s specific item up to period g, where
the budget for period g has been wiclated, to the cost in period q te
setquire apdfor store and circulate thet item. The ftems with lowest
positive ratios will be deleted from the list of selections (stepa 7
and 8). Mo item zelected nrior 1o period q will be deleted In period
q stince such a policy would violats the coostraint that once an ftem
ia scquired, it remains within the library systewm.

The assigrmaant of new itema to the 1ist is swchieved irp ateps 10O
through 16. Here we conslder the ratioc of all future usage as of

period ¢ to the cost in period g, where period ¢ has soma slack in

‘



its budget {(atepp 11 mnd 12), Of course, the selection of s new
item cannot violate the cost constraints of period g or of any future
budget {steps 13, 1L, and 13).

The set of i{xproved feagible solutions, consisting of the r+l
solutions corresponding to the optima) beses of the linear programing
problem, other feagible sclutions genersted by the lagranglan algorithe,
the feapible molution generated by the dynamic progremming algoritim,
and any other solutiona genersted by the Lagrangian algoritim one
might desire to improve, now ylelds the dezired near-optimal soclutien
ac the one among the set with the largest value for itz objective
funetion. The true optimm ia then bounded from below by this value,
and bounded from above Uy the upper boumd generated by the Lagrangian

algorithm.

z An Example Problem

In order to demonstrate the algorithms and to {1lustrate how they
work, an exaxple ig presented below. The size of the problem will
ba kept mall to maintain an understanding of the coamputatione.

Suppose we consider the purchasing of a few journals to add
bresdth and depth to an ongoing collection. Thie means that past iy '
usag# data is eanily accenzible, costz and facilities are fixed and .

_ralatively atable, and the decision in guestion {s the selection of
some gubset of A mmall number of available journals over o mmall time
horiron. To be spacific, let us consider the purchase of s=l journals

related to gome field of acientific endeavor, such as operations
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research, over & ref period planning horiton. We ahall assume that
we are interested in o yesrly auvbacripition cyels for esch year mo
that each time period represents a one-yesr period.

The jpitial input data are presented in Tabls L below. 5

|
I
Table k. Initisl Values and Parsameters for the Example Problem

Usage Farameters Coste
& b o he S-S
0.60 0.50 0.93 19.80 0.194% 148 ,
RI
Badgets '
s, e 1 2 3k |
- n3 13 130 1% '1% "’{
B
-
Initinl Usege '
LI o qe © 1 2 3 [ 5
J=1 1.50 2.00 2.00 2.50 2.%0 3,00
2 3.00 bL,00 5.00 6.00 7.50 B.00
i 1.00 1.3 1,50 1.75 2.00 2.25
2.00 2.00 2.00 2.00 2.00 2.00
Bubscription Coots :
x! ‘.o t= © 1 2 3 h .
j= 1 12 13 1k 1%

10

15 15 15 20 20 25
5 5 10 10 10 10

10

Initial Acquisitiona

k 4 - I 1 2 3 4

J!DEO

o 1 1 o
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The parsmeters &, b, and ¢ are used to calculute expect usage,
lJ,q-J,J s dccording to the revissd Markovian model described in
equation IV-25), Thias model usea the initial usage estimates,
1:},e,q s wWhich were aasigned to the journaly randewm)y but as non-
decreasing functioms of publishing date. The cost figures for s
o and c, are taken from estimates in the giudy by Wi(lliams, et.al.
[81]. The budgets, increasing over time, were selected in order to
allow for a soluticn that, & priori, seemed reasonable in terms of
continuity of ongolng Journals. The initla) subscription costs,
assigned randomly to the Journals, were set up as incressing functions

of an item's wge. In thiz example, it was azsumed that subacription

costs vers not a function of en item's date of publication. The
final item in the initial data cet is the specification of Journsls
already being purchased as of the ianitial pericd, i.e., initinl
acquisitions.

It 15 not to be implied that this example problem is at all
representative of any large general clase of problems, but {t will d
be seen that this exazple does {1lustrate the mechanics of the
algorithma. It 1s noteworthy to menticn that for wven & mmall problem
such asm this, o lot of input data is required,since this can be a
major roadblock to implementation. if

The sclutions gensrated by the algoritims are presented, in part,
below in Tables 5 through 11. Since the Lagrangian upper bound
algoritim generated 27 soluticns, in eddition to two frcm the camputa-
tiopal algoritim of the dynemic progromming formulation, coe new solution

from the final isprovemsst algorithm, snd one sadditional aclution with
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s "full” policy for comparison is generated, we shall only coneider
those solutions daemed relevant or good, The tebles list each
solution with ite objective function, the btudgets for the problem

(Bq), expendituras in esch time period {gq), the Lagrangian multipliers

where Appropriate (bq), and t the pericd in which the issues of

J.9°

Journal J published in period q are acquired, If ¢, , «rsl =6, the

4,9
item 1s never sacqguired in the five-period planning period. Note

that & 2 q by definition. Alsp note that each sclution 1= feapible

4t
or infeagible only in terms of the cost constreints. The constraints

on eontinuity, of the form Tj,t,qirj,t-z,q’ are mointained through

the solution procedures of the various algorithms, as are the conztrainta

on tha decislon variables Y as being zerp or one in valus.

J,a-£;2

The first spswer, 1llustrated in Table 5 as aolution 1, is the
one formed by coasidering an “empty" policy of buying no new jJournal |
issues ot all. The feasibllity of this answer esteblishes the
existence of at least one feagible solution to the example problem. %
Solution 2, alsc in Table 5, 1a the feasible sclution generated by °
the camputationsl algorithm of the dynamic programming formuletiocn.

The iniiiel fensible solutliop generated by the first portion of
the Lagrangian upper bound algorithm is presented az solution 3, i i
the Firet answer in Table 6. The next r4le6 solutions in the table
ara those corresponding to the optimal bazis of the linear programming
problem. These solutionz are numbered L through © inclusively. The
optimal u_ is 40,5336, the optimad A 's are 0.634k, 0.0527, 0.0682,
0.1051, 0.04BG, and 0.0907, 1in that order, and the upper bound to the
objective function is 1250564, Solutions 10 and 11 are additional
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Table 5. Initial Feacible Solutions Generatsd hy tha
Dynaaje Programming Algorithm

Solution 1 Objective Punction w 16.3095
gu O 1 2 3 [ 5
nq - 11%.0 129.0 130.0 140.0 150.0
A - 5.0352 h.31LY 3.8739 3.5 3.3570
t‘n‘ N
=l & 6 6 6 ]
? () 6 & 6 4 5
z 0 6 6 6 & 5
6 é é 4 6 [
Solution 2 ObjectSive Function w 120.5742
Q= 0 1 2 3 A 5
nq - 115.0 125.0 130,0 140.0 150.0
&, - 8572 121,692 126.010L 135.77T99 1kh.907)
‘Js‘
J=1 6 1 4 3 L1 .
2 0 1 2 3 " b
. 0 é 6 )] & 5
g 6 b A 2 6 6 &
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feasibla solutions generated by the Lagrangian algorithm, while number
12 18 the wnswer gensrsted by using the optimal dual varlablea of the
linsar programming probiem as pultiplisre. These latter eolutiona
are also part of Table 6.

Solution 1%, found in Table 7 together with number 14, comes
from the final improvement slgorfthm, Solutions 3, %, 6, 7, 8, and
9 yielded number 13 upon improvement; while solutions 1, L, 10, 11,
and 12 yielded solution 2 upon Improvement. We note that hranch and

bound techniques could be employed on solution 13, specifically in
H

piriod g2 to make Y) equal to unity and T equal to tero,

'0,2 IOIE
with subsequent corrections in all future periods, to yield solution 2.
Solution 14 is a "full" policy, consiziing of buying all items as
soon 4z possible. This policy, baving the largest value of the
cbjective function of any set of zero-one decielon variables for this
example, can be used as & comparison for the other solutions. The

lLagrangian algorithn genorated this soluticn as the second anmrer in

the latter portion of the algoritim,

We see that tbe upper bound 1s 123.0564 mnd that the best
feasible solution generated is solution mumber 2 which has 120.5742
for its objective function value. This weans that the true optimum
lies smevhere beitween or on one of these two extremes. Any further
improvements can mean an incresse of at most only (125.0546 - 120.5742)/
120.57The x 100% w 2.0587H 4in the objective function,

The "full” policy ylelded a value of 155.7011 ns the maximal
upper limit to the objective function but it 1s not a valid comparison ::

zinee this policy is completely infeasible. We see that the optima)



Table 6.

folution %

sojution i

G -

o O

- ¥-K- K- ]

14

Bome Lagranglan Upper Bound Algoritim Selutions

Objactive Function » 10%.2835
1 2 3 b 5
115.0 125.0 130.0 140.0 150.0
1m.572 82.9552 %.5368 103.1510 109,967

0.178 0.16% 0.148 0.1y 0.08
: : 3 ) :

& 2 6 6 2 ;
1 6 é é [

ObJective Funciion = 125.7109
1 2 3 L] 5
115.0 125.0 130.0 1ko.o 150.0
M.My2  1L8.8632  128.1580 137.7521  1k6.ThTE
C.2847 C.1508 C.1437 o.ne7 0.0623

Y Yo r
1 R 0
[ AVEV AV |
Lo B O
EXVIV N



Tabla & {Coatinued)

Bolution 3
¢ = D
iq -
sq -
Bq 0
t’n!
3 6
2 (]
,i 0
! 6
Bolution 6
q= 1]
lq -
81 -
bq (o]
tdlq
3=l 6
2 o
a 0
6

Objective Function = 115.132%

b 2 3 b
15.0 14,0 130.0 1%0.0
11.8572 82,9552 123.1228 166.3916

0.1840 0.1660 0,148, 0.0946

1 6 3 k
1l 2 3 &
9 2 3 b
1 é 'S "

Objective Function » 121.2611
1 2 3 L

1ns.o 12%.0 130.0 140.0
138.7012  8L.9178  125.002%  13%5.23%8
0.1705 0.1640 0.135L 0.10B84

ot et
LT
o
[ B
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2
150.0
118, 3453

0.05L4

AL RN A% RV |

150.0
177.5470 |
0.0578

AC AL AN AN )




Table § (Continued)

solution 7
qQu

B!

‘Q

golution §

q=

O OO

OO

Objective Function = 118.L5%0
1 2 3 ]
11%.0 125.0 1%0.0 140.0
11.8872 g2.9552 156.0768  135.9652
0.180% 0.1643 0.135% 0.1042

- N
N R ON
Aol
onerarp

Objective Function = 122.8311
1 2 3 L
115.0 125.0 120.0 1%0.0
138.7012 Bh.o178 125.0025 168.18g8
0.1787 0.164], 0.13582 0.1027

-
R Y-
. UL T
ey

196

3
150.0
145. 0509

0.0618

GWR\A\R

L DT i

150.0
147.1306
0.0631

[- ST RS LY ]




Table § {Continued)

Solution O Objective Function = 113.562%
qe O 1 2 3 b 9
Bq - 115.0 123.0 130.0 1h0.0 150.0
£ - 111.8572  BR.9552  12%.1228  135.L%76  1k2.B7ST
8" 0 0.1807 0. 1641 0.1382 0. 1045 0.0615
t"h j
Jal § b & 3 L 5
2 0 1 2 3 L 5
i 0 6 2 3 L 5
6 1 6 6 6 6
gcluticn 10 Chjective Function = 94,122k
P 1 2 3 b »
B, - 115.0 125.0 150.0 140.0. _ 150.0
A - b3.ghg2  no.7060  116.6607  127.501F  1ST.WMAT
a‘ o 0.20L43 0.1765 0.1373 0.1172 0.0615
- *3,q _
J=1 6 & 6 3 k 5
2 0 1 1 3 & 5
i 0 '3 6 3 k 5
€ é é 6 & &



Table & {Continued)

Solution 11

qm=

Solution 12

q=

AOO O

hROOM

ObJective Punciion » 108.L4258
1 2 5 A
115.0 125.0 130.0 140.0
111.58572 55,7412 120.97%2  1%1.Lgsh
0.1812 0.1666 0.139% 0.1062

o Sl
O O
DA
e

Ob)ective Function = 1418760
1 2 3 [
115.0 125.0 130.0 1ko0,0
138.7012 156.8258 162.9917 175.0219
0.17%9 0.1635 0.1367 0.1037

I pa e
Y IR
LY R AT AN ]
= e

150.0
141, o292
0.0653

AN AV AN |

130.0
186.0958
0. 0607

VLV AN AN |

———



Teble 7. 5Scme Other Solutions

solution 13 Objective Function « 119.6%67
q= Q b 2 3 [
Bq - 11%.0 125.0 13%0.0 140.0
t"" .
3=l é 1l 2 5 h
2 o 1 g 3 L
z [+] [ 2 3 L}
& ) 6 é [
Bolution 14 hlective Function = 153.7611
q= 0 1 2 3 h
a‘ -  115.0 125.0 1%0.0 140.0
L -  Poh.o66h  15L.9553 166.TT3L 178.53%32
a‘ 0 0.9 0.0 0.0 0.0
t.q
Jad
2

-3
Ry oy
L LLL
WL
e

199

150.0

LAV RN AN |

3

150.0
189.4297

0.0

WA



solution, as swrmized, must have & value of its objective function
that lies botwesn the valus for the "smpty” policy, 16,5004, and the
"full" policy. However, thepe Jimita are cbvicusly superceded by
the tighter bdounds discusecd above, q
Que point 45 clear, that in none of the solutions presented
eaxcept the last one corresponding to the "full® policy 4id the
algorithas allow older items to be selected over new material. Thum,
=) for £t>0 unlesa Y

noY =1 for all but the lsat zolution.

3,4 J.¥-1,9
Another point 4is that there is some loms of continuity in the best

feasible solution, number 2. The initial conditions zpecify that

Journals 2 and ¥ are being acquired. In the first two time perlods,
we sslect current lasues of journals 1, 2, and L; while in the lagt
three time perfods, we pelect current {ssuss of journals 1, 2, and 3.

In other worda, journal 3 ix drepped for the firat two time perioda E

in fevor of Jownal k. Then, the situaticu reverses itgelf and stays |
8¢ throughout the remaining porloeds. If continuity is desired, a
librerian might examine this solution and decide to purchace only j
Journale 1, 2, and 3 throughout tbe planning horiron. This revised
pian ia 1)lustrated below az aolution 15, the first answer In Table 8.
The secomd sclution, number 16, consists of & policy of acquiring
Journals 1, 2, and L throughout the horiron mnd providea a contrast
to the previcus answer. EHote that aclution 15 is feagible while

solution 16 ix not, . i



Table 8., Sowe Bolutions Idlustrating Contipuity

Bolution 13 thjective Punction « 118,1835
g= 0 b 2 5 L 5
sq -  115.0 125.0 130.0 1k0.0 150.0
&, - 1o.7hT2 115.3543 125.3628  135.4561 1kk.7ao
*50
s é 1 -4 3 § »
2 0 1 2 3 & >
i ) 1 2 x & 5
6 & 6 6 [ 6
Solution 16 Cbjective Function = 120.7617
g= 0 1 2 3 4 =
3q - 115.0 125.0 130.0 ho.¢ 150.0
€ -~ 18572 121.6492 13:.3803 1ho.o6L9  1k9.6187
tqu -
=l 6 1 2 3 L 5
2 0 1 2 3 L L]
a 4] [ 6 6 6 [S
6 ) 2 3 L b



Banaitivity Analysis
Conslder changing some of the input parameters, specifically
3,0,9° Thias is done
to deponstrate the fact that the algorithme cen work properly under

the budgeta Bq and initial expected demands X

different, and perhaps more adverse, conditions than thoss presented
in the original example. We shall use the dest feazidle sclution
generated by the Lagrangiss upper bound algorithm and attespt to
improve it vie the Tinal improvement algoritim. The improved

solution, the upper bound on the optimal value of the objective

Numetion, and the maximal percentage improvemant ~ {th& upper bound i
= the best feasiblie value of the oblective function} x 100% / (the
best feasible value) are presented below in ‘fwblex 9, 10, and 11.
Beiuticns A, B, €, &nd D are preseuted below ia Table 9 as four
cases 1llustrating the affects of changes in the budgets. Solution
A represents the cvondition of droepping 32 from 125.0 to 75.0 and
increasing B, from 140.0 to 200.0, with all otber parwmeters remaining
fixed. We note a decreass of rselections in pariod 2 mnd an increase
in period & as expected. We alao note that the upper bound hes been
decreazed from 123.0564 to 120.2918. This implies that a set of
budgets increasing properly over time is better than a sudden drop of
ons budget to be compensated for in & later period. Solution B represents
the originel problem with 33 decreased from 150.0 to 35.0. The regults
of changing the original problem by decreasing B',' from 1%50.0 to 15.0

is presented 1n solution C. In both of these latter twe solutions,

no new items vere selected in period 3. With a budget of only 15.0
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Table 5. Solutiona With Different Budget Parametera --

Increasing X 3,2,9 versus gq
Bolution A Objective Function 11k.B023
gw O 1 ? 3 i 5
B, - 11%.0 5.0 130.0 £00.0 150.0
& - m.gyr2 557412 120.9752 1977370 1KS5, 7040
t‘v‘ i
=1 6 1 é 3 § 5 :
2 0 1l 2 3 b )
i 0 6 6 E 3 5
6 1 € 0 & |
Upper bound = 1720.2918 Maximal iwprovement - 35.624
golution B Objective Function = 98,9442
Q= o 1 e 5 h 5
% - 115.0 125.¢ 5.0 tho.o 150.0
8 - 1D.8472  115.9092  20.0129 136.6020 137.30M0 J
tﬂol
3 6 1 2 6 Ll "
2 0 1 2 b t 5
2 0 6 2 6 6 5
3 1 & 6 é &

Upper bound = 106.2551 Maximal improvement =» 6.32%



Teble § (Continued)}

Bolution ¢ Objective Function « 76.9262
qe 0 1 2 3 5 5
B, - 15.0 125.0 1%.0 140.0 150.0
5, ~ M.p7e 13.3472 11,0806 129.8240  131.6127
5.
J=1 5 1 é & b 5
£ 0 1 é k b 5
z 0 6 6 (4 6 (3
6 1 é 6 6 [
Upper bound = 88.6179 Meximal Improvement = 15.2%
Solution D Objective Punction = 115.1777 1
q= 0 1 2 3 b 5
B - 5.0 12%.0 120.0 1ko.0 150.0
&, - 1.7 135.5092 90.0564% 133.2622  1hk2.7h59
t‘rl
=1 & 1 2 3 [ 5
2 0 1 2 3 b 5
i 0 é 2 6 b 5
[ 1l 6 [ 6 é
Upper bound = 121.6133 Haxiwal improvemsnt = 4,25%
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' tor period C, the solution C selections in period 2 were algo null
since there are not enough funds to cover ptorage and circulation ie
pericd 3. With & budget of 35.0 for perfod 3, we can allow for sowe
selections being made ip period 2 ms in sclution B. Bolution D has

& change only iz B_,, decressing from 130.0 to 120.0 with &ll other
parameters resaining as they were in the origioal problem. Here wm
can test the tradeoff of current versua past selections as the best
answer for the original problem (solution 2 of Table 5} requires an
expenditure of 126.0104 for pariod 3. We see in eclution D little
changs in eelections made pricr to pericd % and s reduction of
selections made in period 3 itself. One final cbservation is that
the percent improvement posalble as indicated in Tables 9 and 10
iscreanzen as we deviate from the original problem. Doe reagon may
be that in casss such as solution ¢, it is hard to reconcile mot
selecting any new ftems in period 2 with a tudget of 32 «125.0.

The initial ¥aluez for A at pregented in Table 4 and used

d.0,9

in the original example problem revesl that L is & nondecressing

Js0,9
functicn of q. It weems that thie phenomenon might help explain

why all tradeoffs occurred in favor of the wost recent selaction. That
iz 10 say, when any periocd bad s low enough budget to force m chojce
between acquiring a current Journa) issue and eelecting a previous
fasue of & Journal, the current item wus slwvays selected. To tant

this, the initial wvalues of X were rearranged to yleld

| Jlo)q
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b Y o q= O 1 2 3 b %
Jal L Mesl 2.50 2.%0 2,00 2.00 1.50
2 8.00 T.50 6.00 5.00 k.00 5.00
. z 2.2% 2.00 1.5 1.50 1.25 1.00
2.00 2.00 2.00 2,00 2.00 2.00
We note that now 1'1 0,0 is a ponincreasing function of publication date
Rt

g, Using the waricus budgets of the last four scluticas plua the

original budget, ws have the following answers, presented im Tuble 10t

Bolution E, the first solution in Table 10 and the cae using the i
budgeta of the original problem, yielded a sowevhat different solution
than that of molution 2 of Table 5. The reason for this seems to be
that the higher uses that are now found in the first few periods are
more than the lower budgets of thoee perlods can handle. This 1z seen
in period 1 quite clearly. Purthermore, as {llustrated {n Table h,
Journal 3 is e low ueage-low cost item while journal % has both higher!
usez and uses that remain ronatant over publication date and higher

¢osts, In the original preblem, as demand for journal 3 incressed .

until 1t surpasszed the demand for journal 4 and se jourval 3 replaced I
Journal L in the st of selected itema. However, in the case of
solution E that now confronte us, ihe high demand for journal 3 soon
gsubsides and mekes vay for journsl & in the latter time periods.
Thess phencmena occur throughout the golutiona of Table 10. We note
the higher upper bound and lower objective function valus of sclution E
which implies a higher maximal percentage of improvement in cowparison
to solution 2. A
golution F haz ths same input parameter:s ms golutiom B of Table §.

The phenomena of fewer items beling aelected in pericd 1 and the issuex

of journal L selected over thoae of Journal 3 in the latter periods



Tebls 10. Bolutiona With Different Badget Parameterg -~

Pecreani 1 versus
"€ %4,0,q 1

Bolution B Objective Fuaction = 119.0700
Q=0 1 2 3 k S
Bq - 15.0 125.0 150.0 1h0.0 150.0
gq - 83,7082 120.88k1 12h.639h 133 3160 135.k220
14
J=1 é 6 2 [ b s
2 0 i 2 3 L 5
e 0o 1 2 X 6 6
6 6 6 5 L) .
Upper bound = 128.3079 Maximal improvement « 7.75%
Solution F Objective Punction « 101.5829
q= 0 1 2 3 L] 5
nq -  115.0 135.0 35.0 140.0 150.0
&, - B3.7082  120.88h1 21.83L 150.028
t‘:‘
=) é 6 2 6 & 3
2 0 1 2 b 4 L
i Q 1 2 6 6 &
é é é 6 b 5

Upper bound = 113.2302 Marimal improvement = 11.6%



Tevle 10 (Continued)

salution G Oblective Function = 82.9228
¢=0 1 2 3 b 5
Bq - 11%5.0 12%.0 15.90 140.0 150.0
3 -  s5.Tsh2 57.0885  14.7000  124.1929  157.06h9
t‘l‘
Jul 6 (1 s 6 5 6
2 o 1 2 b b s
i o é & 6 5 6
h & é 6 6 [ 5
Upper Bound = 89.220h4 Maximal improvement w 7.6
Bolutiom H Objective Punction = 115.050%
nq - 115.0 125.0 120.0 k0.0 150.0
., - B83.7082 120.8841  97.L25h  131.1684%  133.L350
th‘
=

ROO N
PYTIVY-N
YOS
[ = AW ALY )
F = o
LT R RV AN |

Upper bound » 126.9202 : Maximal improvement = 10.54%



Table 10 (Continued)

Bolution I Cbjective Tunction = 112.26L1
B, - 11%.0 75.0 150.0 200.0 150,0
&, -  B3.7082  39.6061 135.1592 183.0707 1%5.5606
t‘o‘
el 6 6 '3 3 b 5
2 0 1 2 i k N
i 0 1 [ L &
6 & [ 3 b 5

Upper bound = Y24.2172 Marioml improvement w 10.6%
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again ocours in F. We also note that golutlon T hag a higher upper
bound, & higher valua of the objective functiom, and & higher maximal
percentage of improvement than solution B,

Solution O corresponds to solution C of Table §, while aolution
H corresponds to solution D of Table B. The umual phencmena ag
discussed sbouve ngain occurs. Bolubtiocn G has a higher upper bound,

A higher velue of the objective functiom, and lower maximal percentage
of improvement; while solution H ham a lewer value of the objective
function, a higher upper bound, and » higher maxima) percentage of
improvement. We note that in solution G, the latter pericds seem to
prefer items published in previous periods but not yet acquired in
the latter perlcds to current items. This ls due to the higher
expected uzage of earlier material taking precadence, even with age,
Over newer jteme, This unusual phénomenont Gecurf nowhere else and

is quite contrary to what we expected.

Solution I correaponds to golution A of Table §. Again the usual !
situation as observed throughout Tmole 10 occurs in terme of the
oritching of positiong of jowrnale 3 and U mnd the selection of only
two journals {n the first period. Other than that, the two analogous
solutions are quite similar. Ooe point of interest 1z that solutionm
I ¢ould not be improved at all using the final iwprovement algorithm
80 that solution I represents the beet feasible solution poasible
for the problem and in thie situation, 1t is unique. i

Gevoral observations can be mede in terma of the contrast of |
soluticn 2 of Tmble 5, the best feasible eolution of the original

axapple problem, and the solutions of Tables 9 and 10 with changes



in budget andfor initisl ussge parsmsters. PFirst of all, the mumber

of feanible solutions generated by the Lagrangian upper bound algoritim
{8 limited to one, tha initial one, in all cases except the originel

txemple problem which had & total of four feasible aclutions, Secondly,
pone of the latter solutionz had ns lov o maxima)l percentage of
ixprovenent az did solution 2. Lower percentagea imply that the
value of the cbjective function is quite close to its upper bound, i

with litile rocm for improvemwent. One resson for this could be that

several other “good™ solutionz generated by ths Lagrangian slgorithm |
wares not fwproved; specifically, those solutionsa associated with
the optimal hases of the linear programming problems of the algorithm.
Rowever, even in the most adverse case, the percentage uever exceodsd
16%. In our limited computational experience we found that generally,
the percentsge was below 11%. 1In a few cases it wan below 5%, with
the bLest pe:rcenta.g‘e coming from the original problem, 2.0587%. Thus
we can ¢onclude that the algorithms work reascnably well in solvwing
the mathematical programming problem as exhibited in the jJournal
selection model.

Computational effort was not deened to be a limiting facter for
this example problem. The whole Legrangian algorithm required from
ik to 30 secondn, using the CDC 6500 computsr, and from 2L to 37
jterations. The simplex algorithm, used for the linear programming
segment, required from 1 to 19 iterations for the Few times in which
this statistic was observed, and used from 5 to 10 seconda of computer
time. The other algoritims were Banipulated without the aid of a camputer

50 that computational effort cannot be aspecified, H i



Jo order to test the sensitivity of the model to mmall changes
in some of the initial expected usags estimetes, we varied, for all g,
).5’“1"1 snd l'h,o,q bty plus or mious 20% and '.\3'0’(. by plua or minue
10%. Since usage iz an input dats requirement, the librarian must
be able to coms up with a reasonable estimata that hae ecoe marglno
for error in the estimation procedure. In & Library system there
most likely are very limited funds for such sctivities and few
records of wital atatistica where accurats estimates could be
obtained easily,

The resilix of these final perturbations of the original data
set are presented below in Table 11. Solution J, the first ooe in the
teble, was formed by increasing l],o,q by 204 for all g, holding all
cther parameters constont. We can see that io the first two pericds,
Jowrnal 3 {am now preferred to journal L, az oppozed to solution 2 af
Table 5. However, since we did not examine and improvs all possible
candidate molutions, there iz a good chence that journal b pay gtill
supercede journal 3 for these early pericds in the true optimal
solutfon. In any case, n 206 varistion seems big enough to wi least
indicate the poasibility of zome changes in the optimal salution.

golution X corresponds to a decrease of 20% in lb.D,q for sll qi
while solutions L and H correspond to an increage and & dscrease of
20 1n L for all q, respectively, with no cther paramsters being
allowed to vary. We nole that there iz no change in the f1nal answer
from that of aolutiocn 2 4n Table 5., Of course, the wmluck of the
obJective funciion and upper bound changed an did the parameter that

Vas mémsed ‘or dacreased, One point of interest wms that when we



Table 11. Boluiions Formed by Varying One kd o by Sowe Fixed
Percentuge +e
Belution J Objective Punction = 121,2867
qw O 1 2 3 L] 5
lq - 115.0 125.0 130.0 140.0 150.0
& - 1l06.2652 118.0572 126.2%2h 1%6.h82g  1h%.9218
t
3.9
Jul [ 1 2 3 [ 5
g © 1 2 3 b 3
i o 1 2 3 4 3
6 [ 6 6 6 [
Upper bound = 125,5027 Eaxipal Smprovement = 3,.49%
Bolution K Objective Punction = llé.jmh
q= 0 1 2 3 L s
n‘ - 15.0 125.0 130-0 0.0 150.6
£ - 131.7092  12.5752 126.4554 13L.8B0B  1L4%.8075
1.0
3=l

n
nooMm
oy
N oK R
[ AV RV A ¥ ]
o>
AV AR

Upper bound a 21,2951 Maximal improvewent = 2.3H§



Table 11 {Continued)
Boluticn L Objective Functiom = 131.130%
qm © 1 2 3 k 5
nq = 115.0 125.0 130.0 1ko.0 150.0
By - 115.k8s2  123.9732  128.953hF  139.k615 1h9.1N19
t‘:‘ i R ;
=l é 1 2 3 b L3 ‘
2 o 1 2 3 ] 5
i 0 6 6 3 [ L]
6 1 2 (3 6 6
Upper bound = 131.9078 Maximal improvement = 0,52%
Lo
Solution M Objective Function = 110.0180 E
q= O 1 2 3 L} ]
nq -~  115.0 125.0 150.0 140.0 1%0.0
5 - 110.2292 116.3752 123.087hF  132.0951 140.21k4
K ?
3= 6 1 2 3 b 5
2 ¢ 1 2 5 & 5
i o (9 6 3 5 3>
3 1 2 é é (3
Upper bound = 11L.2049 Maximal iwprovement = 5.61%



Table 11 (Continued)

Bolution K Objective Funciion « 120.9058 _
Bq = 113.0 125.0 150.0 1Lo.o 150.0
& - 111.9312 116.1676 126.02B8  136.0371  M45.3772
tJaq '
Jnl 6 1 2 » b 5
2 0 1 2 3 » 5
z 0 8 2 3 s 5
6 1 § 6 6 &
Upper tound = 124.2053 Maximal improvement = 2.79%
Bolution O Objective Function = 11G.54&1
qw 0O 1 2 3 y 5
3q -  115.0 12%.0 130.0 1ko.0 150.0
‘q = 111.8572 121.6122 123.7329 135.3451  1LL,3%527
! L
t""‘ I
Jn 6 1 2 3 " 5
2 0 1 2 5 [ b d
E o é 8 3 L ]
[ 4 . -] 6 6 6

Upper bound = 122,0482 ¥aximal improvemest = 2.09%
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increaged )"l; 0,q" the utilization of ell budgeta waz eo high as to yield
s maximal percentage of impravement of only 9.52% in solution L.

Bolution ¥ corresponds to an increase of 10% in M for all q.

19,9
Here again aa in solution J, journal 3 replaces journsl 4, although

only in period 2 for solution M. Since all possible ceandidatea have
not beet exawined for improvement, wa cannot be sure 1f this is the -

best feasible solution. However, we havs demonatrated the extreme

sensitivity of the model to L,'.,o.q and perhaps to other variables

as well. Bolution O corresponds to & decrease of 10% in 1},0,11 for

all q apnd remalnz unchanged Trom the answer of solutica 2. Furthermore,

solution 0 could not be improved at all using the improvement algorithe,

implying that 1t represents the bLest feasible sclution possible for

the problem. : ;I.
We pote that this sensitivity snalysis of changes in initial

expected usage estimates ylelded results that stemmed primarily !

from 1ts effects upon the objective function. While the uszage

yariables also sppear in the constralots, the mall value of its

cost coefficient <y no doubt reduced the effects of mall perturbations

in the usage pirameters. Moreover, this anAlysis showed that in several

cases, in the latter periods journal b wes preferable to journal 3

but was too expenclye so that Journsgl 3 was selected while journmal

h waz not., We note that changes as large as 20% {n a parameter did

not produce large changes in the value of the besgt objective function

obtained for cach problem, even when fuch changes indicated policy changes

In general, the objective function changed less than 5%, with na change

being larger than 10%, Finally, throughout the example problem, an

interceting fact was seen to occur in that the optimization segment

of the Lagrangisn algorithm was quite sensitive to mmall chenges in
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the values of the generated wmultipliera. Sincs the decision rulea
are based op the nomnegativity of e seriles of suma, 1t seemz that
the multipliers atteapted to Just make some of these ecmm become
negutive or positive by only a very s}l amount so that any change
in the nultipliers wil) sean quite a differencs in the geoerated
solution. It was noted that wwriaticoz in the fourth decizal place

of the multipliers could be quite sigonificant.



CHAFTER VII

SUMMARY, CONCLUSTONS, AKD
IMPLICATIONS FOR FUTURE RESEARCH

In the preceeding chapters we have developed the journal selection
model mas & zero-one linoar programming preblem. An objective function
has been conatructed, baced on the library being both & service
organization and an information retrieval eysiem; mnd the objective
function has been compared to varicus means of evaluating the performance
of information systems. Ways of measuring jouroal worth, necessary
for use in the oblective function, have been investigated. The j
constraints were generated primarily from budget and cost consideraticns,
with the other constraints originating from the definition of the
decision variablea. Fipally, we have developed twe algorithms, one
bazed upon a dynsami¢ programming formulation, and the other based
upon & lLagrangien formulation of the model., These algoritims both
generate feasible scluticns, if at least ocue existe; and the latter
one gives us an upper bound on the optimal walue 'or the objective
function. A final improvewment algoritim may then be uaed to improve
the solutions genermted by these algorithme in order to produce a
Tessible, near-optimal, or optimal solution. Thus, the journal zelectiom

problem can be solved, P i
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Two important implications for the university librarian can be
seen from the specific form of the objectiwve function. First of all,
the worth of a journsl when acquired iz the key elspent of the
objective Tunction. Relating this worth to the worth of oot acquiring
the item, we get u ximple form for our wodel in terws of a binary-
valued decision varieble that represents whether or not an item is
acquired by the l{brery. Thisz form leads to & linear objective
function and seeme quite adaptable to other library problems. For
example, congider the declslion to form a centralized library as
opposed to & decentralized or branch system. Moreover, we més how
wa can avold such sticky issues as the determination of the cost of
user delay, which Lister [L8] faced and found to be guite important
in terms of the sensitivity of the molel to such costs., Secondly,
we mee that such a form, in conjuncticn with the cost conatraints,
can represent the cohjunction of pertinence or nonpertinence and
acquisition or nopacquisition, as discugsed by Swets [7h) in terms
of the cvaluation of information retrieval systems. In geseral, we 'I
find that the cbjective functicn is quite representative of the
important factors involved in weasuring tbhe performance of such
ayitems. o j

The cost constrajnts were formed primarily to reflect the harsh
resirgint imposed by the scarcity of capital mnd to show the influsnce
of funder cootrol on a llbrary organization. We use the linear form
as depcribed by Leiskuhler [L0] and by Willlams, et.al. [B1], who
alse provide us with eatimates of the magnitude of there costs. The
relevant costs are Lhe initial ordering, wubscription, storage, and

glreviation cowts. Other scarce resources that could restrain library
|
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activities could be included in the model using inequalities that are
" guite similar to those $n the cost constraints, However, we believe

that, in terms of the Joornsl selection decision, the chief factor

$¢ the scarcity of capital. We can smploy additionsl seans to handle

ell other acarce resourcez; wmeans such as to cope with restrictions

1

on available space. l1

The definitional comstraints specify, first of all, that the
decision variables can take om only the values rero or one. Secondly,
the constraints apecify that once a particular item has been acquired,
it remalins within the library system. This implies that i{tems that
have been lost, stolen, or defaced must be replaced as zcon ag possible,

The Journal selection problem takes the form of a zerc-one
linear programming problem. Linearity is maintained by sllowing one
of the cost factors, the cost associated with the first acquisition
of a pew Journal, to be rero. Further rezearch could be done to ses
how one would handle thig general, nonlinear (bilinear} case. The
wodel can be re-written ss a scheduling model of the kind used in
industrial operations. While this does not in i{tself yield a new
method of solution, {t does establish & liok between & specific model
of a library probliem and en established set of importent problems of
an entirely different sort. i

Journal worth, the prime elesent of the objective function, which
ix to be maximized over a1l Journsle and over time, can be measured
by two different criteris. The firsgt, Journal usage, fite in quite

aicely with the concept of information sysiem performance evaluatlion.
1



Horcowr', the modified Markovian model can be used to adeguately
deacribe expected usage over time. There are oiher models, especially
the "Mm" medel that can be used instead, but modifications can lead
to grave camplications in terms of parameter eatimation. We see that
the literature on usage tends to view parsmetric forma as having
persmeters common to all items relevant to s epecific rield of endeavor,
This causes no problems at all for the modified Markovian model, One |
problem that does arige is that most work in this srea has dealt only
with technical llterature, with emphasie more on curve fitting than !
on behavioral reasons behind the suitability of spuch parametric
forms. Thus, more research could be done to expand usage mcdeln to
cover nontechnical literature, to coppare theze models with the
others, and to find explanations that reveal why a particular form
can describe usage over time.

Journal productivity, the number ol relevant articles in a journal,
18 the alternste meagurs of Journal worth. While it too fits in quitel
well with the concept of the evaluation of an {nformation szystem, it
cannot be deseribed quite so nicely over time. Epidemic models of
1iterature growith are considered, as is Leimkuhlerts [39] Bradford
distribution, for use iIn desgcribing the scattering of relevant articlea.
This implies that a librarian wust be sble to specify what flelds of
sndeaver are important to the users of hie library, and that he muat
be able to specify which articleg are relevant to thome fields. Further-

more, he must be able to consider the complete set of journals which

_—dih Featads et awaak awbdaVYme . i



Using data to teat the modsls, we find that the epidemic model
falls to adequately describe the growth of 1iterature. The Bradford
distribtution direcily establishes the fact that a majority of relevant
articles are aituated in o very few of the most productive journals,

a point quite relevant to librariane. It dows not, however, lend
itself for use in deciding which Journals are in the set of top-
ranked itews and should be acquired. The set is a dynamic entity,
changing cver time 50 that the question of which journals are in the
set at mny particular moment cannot be determined by the Pradford
distribution. Purthermore, for the bady of queuweing theory literature
citad 4n the bibliography of a textbook on the subject [€6], which

i8 used as the data base, the Bradford parameter changes drastically,
declining over time, revealing still another side of the dynamic
nature of the procesa. Sinve the ield was relatively new, perhapa !
the growth of the field from infancy explsina the varlance; however, |
the 1ibrarian cennoct ba sxpected to be go familiar with each filsld

of acientific endeavor s ae 1o be nble to accurately dezeribe each

field's growth and scattering characteristicas.

The establishment of a relationship between Journal productivity
amd usage leads us to the inference that ve can use either crlterian
and still maintain the advanteges of both in terms of measuring
Journal worth. Tbuw, usage, which can be modeled and dezcribed over
time with relative ease and accuracy, should be spelected as Lhe best
eriterion. One final point here is that a Markovian process wag

developed to aid 1o the wodeling of the decision problewm of melecting
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Journsla in & university library system. Even if epidemic theory and
Bradford distribution models were adopted, the procesa im wo complex
as to render the whole concept lmpractical.

The solution algoritims attempt to decowpose the zero-one
programming problem into mmaller, more workable forma. The smire of
the orlginal vroblem renders the exjisting algorithms impractical.

It goes without esaying that better techniquea for exact solutions to
theae general optimizsation problems are needed. However, as our
example problem demonstrates, these algoritime cen find a near-optimal
or optimal, fesmaible solution for the Journal selection probiem snd
wn upper bound on the optimal value of the objective function. More-
vver, s@veral interesting jmplications atem from the formulstion and
soluticn of the problem. .

First of al}l, the dynamic programming formulation allowa us to
break down the large probles into a zeries of subproblems at each
astage or time period in the planning horizon. The link betwesn the
stages ig the cost of storage and circulation In future periods of i
jtems scquired now, alnce theae coste can affect the acquisition
policies of theas future periods. Ignoring these effects, we can
generste the subproblems ss & periex of knapsack problems, and can
solve them to produce a femnible, suboptimal solution. We swploy &
theorsa dealing wiila the control of a etochastic syetem [53], which
uses expected valuas to yleld a deterministic equivelence, to nid

ur in properly structuring the subproblems. i



The special caaes when the algorithm provides us with an optimsl
solution tell us quite a bit about the structure of the problem.
The firat case 1a concerned with the situation where the cost of

storing and circulaticg an item la set to zero so that the link between

stages 18 broken and the reswiting sclution im optima). The costs

used in a gelection declsion model pust he thone azsnciated with the
incremental coat if a particular item is acquired. 7Tn a 1ibrary

syetem such ap Purdue Unlveralty's, the only relevant coet in the
model is the subscription cost, since all other associated sctivities |
have been budgeted for separately. This impliea that there could be
restricticna on the mmber of items acquired due to a fixed, restrictive
capacity of the system ti perform some required amctivity. It also
implier that more research needs to be done on the determipation of
incremsental costs of library activities.

The second and third cezes are concerned with situstions that
cause the budget constralntz to be reduced to limitations on the
amber of 1tema that can be gelected. The underlying sweeuaption 1s
that all items have a constant subscription cost and/or demand 3n e
time period, regardless of age or Journal. Io the context of & new
1ibrary sttempting to gtart & collection, with no past ussge data and |
with dealers that might s2ell pets of Journals to the library at a
fixed price, this assumption asight Le realistic. However, fn a more
general case, this asrzusption can be quite restrictive. j A

The Lagrangian algorithm deals with a clazsical approach to
continuoue optimization problems ae applied to a discrete variable

problem. It involves linear programming, scheduling theoTy, and duality



theory, eapecially in relation to discrete problems. Tt 1s quite
interesting that, uwsing Everett's [19)] approach, we can generate an
easily wolvable scheduling type of problem. HMoreover, we can use
Brooks and Geoffrion's [9] linear programming technique to updste the |
Lagranglan multipliers, and use their stopping rule to indicate when

an upper bound on the optimal yalue of the objective function has been |
reached. We see that this approach, especially with respect to the 4|
stopping rule, is quite analogous to Balas' {%] theory of duality 1
for discrete problems.

The example problem demonstrated the applicability of our algorithms
to the journal selection problem. The size of the example problem is
quite small and yet it requires a good deal of computer storage and
time., While thie may be & function of medloere computer programming
skille, it does indicate a large mmount of storage space apd time may
be required for & real library to apply theass results. However,
this approach still seems more practical than attempting to use ﬁ
existing integer programming routinsgs to find &n exmet solution op h ;
abandoning the model and regorting to existing rules of thueb.

The most lwportant implicetion of the exmmple, in the light of
the sensitivity analysia where budget and initial ussge parameters
were perturbed, is that the "nicest” soluticos occur when problems
are set up with budgets that the funders had the foresight or gcod;
fortunas to make large enough. By large enough, we wean that there is
enough money to cover storage and circulation coets for past sacquisitions
and to maintain on-going Jouwrnals. In some cases, there mey be encugh

aoney left over to begin mcquiring new jJournals or to go back and fill
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ia the gape in exieting journal sets. Thia concept is relnforced by
the latter two specinl cases dizcuseed abors where the dynamic programming
algoritim generates an optimal molution. Thus, the model can ba used
by & funder to deteruine a prior! what are the effects of vearious
levels of funding and to determine some optimal level at which to
operate.
The final improvemant algoriths again pointe out how closely tha .
Journal selection problem is related to the knapsack problem with
respect to the mtructure of the two problems [26]. Moreover, we gee
that the solutioas generated, sspecially by the Lagrangian algoritim,
while not all feasibls, are subject to improvement. Candidatez for
improvement, can be any sclution avallable} howsver, the solutions of
interest include nll feacible ones available plus those that comspon-d
to the cptimal bagis of the linear programming segment of the Lagranglen
algorithm. We can then use the best feasible golution now at hand as
the near-optimal, or optimal, solution. However, in general there
is ne way of knowlng 1f we have serendipitcusly reached an opiimal
solution. | -
The data requirements for the selection mpddel seam io pose the
moat gevere roadblock to successhul implementation of this research
affort in & geners)l university library system, The dats muszt be
taken with care and accuracy If a meaningful solution g desired, The
quantity of date peeded ig rather large, but with the exception of
initial dewand and demand parameter estimates as well az incremental
costs, the data cen be eazily obtained from standard scurces such as
accounting figures. Usage se¢emz to be the largest problem eince

there 18 a good deal of data required for this item and since unbiased

estimates may be very dlfficult to obtain. Sinee usage will detersine
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Journal worth and hence policy, & decision-waker may bies estinmates
in favor of those ltems he decides a priorl are good for one resscn
or another. Eesearch must be done to det:rwine methode of cobtajining
good, unbiesed estimates that can be had with relative eaxe and
accuracy, and they must be reascnably inexpensive to obtsin.

We note that waristions in same of the initial expected usege

estimates of an Jittle as 108 {ndicate the possibility of elight
changes in the optimel sclutlon. While this occurred for only one
came, o5 vas the gituation for a 206 variation, this degree of ’!
aensitivity 4id reinforce the need for accurate estimmtes. It also
showed that gome wariables are more stable than others, so that a
librarian may use the model to investigate slternative solutions for
different levels of the more zensitive parametera. More rezeiarck 1s
needed to provide an analytical base for determining the senesltivity 1
of tha node]l to parsmeter perturbations in a discreie prograemming _
situation. i e ;'i
4
Gae porsible way to reduce the amount of data required ig to 1

#stablick sixple parsmetric forms for A (expected uzage in pericd

J.0.q

q of the issues of journal } published in pericd g} and for K 4t

(subscripiton comt of the issues of journal ] publighed in period ¢

1f acquired in period t+g) versus the variable q. Of course, this

will then add to the problem of finding good estimates for all of

the pareweters used in the model. | i q
The ixplementaticn of the Jowrmal selection model to produce pol].lcy

decisions in an sctual library environment seems to be the next required

step for further research. We have taken uzages studies and doveloped
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the decision medel. As pointed out before, the model performa very
well under favorable conditions such as reaponable sige. However,
thore are other problems besides pize that must be considered. First
of all, the present wodal allows for random salectisn 1n that thare
is no restricticn on which lasue of a Journal must be acquired firgt,
second, or in any specific order whatsoever. Thuz, there ix no
guaraniee that all laeues of a Journal will be acquired in arquence,
or even that al) fssuer will even be acquired. Ome could add more
constraints to account for continuity of on-golng journals., However,
tame of these constraints may be noulinear. One could instead uze
the approach taken by Williems, et.al. [81], who select Journals
rather than issues of journals., They obinin continuity by meking it
inherent in the structure of thelir model. We rejected this approach
for academic reasons, hoping to eee what s50rt of policies would be

generated if additional freedom was granted the decision-maker.

However, research should be done Lo gee which approach is best for a

given practical aituation.

|
1

|

Pinelly, the librarian mugt never allow this model, or any other,

to replece him ag the ultimate declsion-maker. Thic impliez thet the
responsibility for decisiona mugt rest with the person, not the tool.
The model is Just that, n tool to be used as n guide and an wid to the

declaion-maker, With this in mind, it is cur hope that general uses

|

may ba found for the model as spplied to the Journal selection decision

in & wniveraity library system, and perhaps to be applied under other

circumstances as wall.
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The Library Crizia

Bourne, C. F., Hethods of Information Handling, John Wiley &
Sons, Inc., New York, 1903,

A c¢iting of Library of Congress estimates aa to the axistence
of approximately 30,000 ccientific and technical journale with
other estipates going as high a8 100,000 jouwrnals. A growth rate
of 900,000 to over 2,1 million articles per year is alsc ostimated,

Danton, J. F., Book Selection and Collection: A Comparison of
German and American Libraries, Columbia University Press,
New York, 1963,

Regesrch materials are printed in many languages and the
attatmment of bibliographic Information concerning them way be
costly. In addition, it may be difficult to forecast the degree
to vhich these materials will actually, 4f ever, be uzed.

ée Solla Price, D., “The Scientific Foundations of Science Foliey",
Nature, Vol. 206, pp. 233-38.

A growth rate of seven percent annmislly for an expenential
growth cuwrve of library size is noted. This appeare to have been
in effect gince the 17th century when libraries were started in
this country. lI.
de Solla Price, D., "Retworks of Sclentific Papers™, in Kochen, N.,

The Growth of Knowledge, John Wiley & Sone, Inc., Kew York,

1567, :

Literatures growth ie seen, in terms of citation listings, as L
an expanding network.
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Dunn, 0. L., W. ¥, Blobert, and J. A. Scheunwsan, Ths Past
and Lﬁ.oll Future of 58 Hesearch Libreries; 1951-1600:
Btatintical niudy of Growth and Change, Purdue Univeruity
Library,  Lalayette, Indiana, 1557,

A etwdy of the Purdue Unfveraity Library system that shows
that an exponential growth of & library with a doubling interval
of 16 years on the average with 1little deviation still holds.

Garvey, W. D., and E. B. Compton, "The Flood and How to Survive
It", The Johns Hopkine University Magmzine, Fall 1967.

A briel lock at the crisis of ever expanding litersture i
given. They note that Iitersture grows exponentially doubling
wyery 10 or 15 years.

Greves, E. C. (Ed.}, Ulrich's Periodicale Directory: A Classified

fuide to A Selected List of Current _Perlodficels, Foreign and

Domestic, Bth Editiom, P. R. booker Compeny,  New York,
1956,

A selective directory of periodicals that liste aver 16,000
foreign and domestic journals that are svmjilable,

Hacker, ¥. S., "Finsncisl Problems of the Large Library”, The
Library Quarterly, Vol. 38, No. 1, Jenuary 1968, pp. %i=57.

Toe author points out that in spite of rising demands mnd i
rising costs, funds are lizited and outzide competition for the

use of these funds 1o increasing. FHe suggests three means with
which to remedy the situation; participation in regional central{izs-
tion, investigation of new sources of income, and making every
effort to lmprove the mansgement of the library pysiem.

Leimiviler, F, F., and A. Neville, "The Uncertein Future of
the Library”, 7The Johns Hopkins University Magaszine, Fall

1967.
Four major problem areas feced by the university library are

pointed out:

the phytical problem - space requirementa dus to the bulk of
acQuired material

the operational problem - time and cost considerations masociated
with information clorage and retrieval

the intellectual problem - the deacripticms of user gqueries and
library salcrials for retrieval

the behavioral problem = the changes In user needs and in fields
of endeaver which prowide documented information.
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Ridar, F., The Scholar and the Future of the Research Library,
Hadham Press, MNew York, 10kh,

A library growth curve of an exponential form, doubling svery
1€ years 12 auggested. Four factors supporting thess growth
rates are listed: the continuelly increasing reslization of the
importance of libraries in the educational process, the cortinuml
addition of new achaools to universitiea, the incressed desirs
ard meana to acquire vast ranges of previcusly published materials
in already astabliched flelds, and the enormoua increes: in
contemporary output. He alse polnts out that ugage of repsarch
meteringls in e library has characteristles which edd to the _
dirficulty of being able to forecsst the degree to which such !
materinls are actually used, The items ocften have a very low
usage rate, users are ofien limited to thoce who have obtained
& certain level of intellectual competence in A specific ares,
and these materials are oftes cited ap references but not read

extensively or in depih.

fwank, R. C., "The Cort of Keeping Booka”, in Problems and
Prospects of the Research Library, E. Williama (Ed.),
Boarecrov Prese, Hew Jersey, 1955,

The growth of librariea in the past 50 years is partially
atiributed to research, The author points out that scholarship
bas certain qualitler which coniribute to expension: knowledge
is elastic, dynumic, and ever expanding; research has an
inconcluaive quality about itself 5o that a terminal state 1w
pever reached; fraculty members, while not all are great scholars,
are encoursged to coatritute -- “we have resred a race of paper
writers”; and creative activity is unpredictable.

Welna, P., "Xnowledge: A Growth Process”, in The Crowth of ! I
Xnowledge, M. Kochen, John Wilsy & Sons, Inc., KRew York,
1967.

Expansion of Xxnowledge is compared to organic growth processes,
“Qur knowledge grows the way a living body does ... like an
organic tras, not &8 & compilation of collectors® items™.
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The User/pervicer/Funder Mcdels of tha

Library ae & Bervice Organization

Baker, K. R., MNotes for Library 8Seminer, Unpublished notes at
Pordue University Library Seminar, Lafeyetta, Indiaoa,
March, 1966, i

A aet of seminar notes that initielly sets forth the ides
of & 1ibrary being & service organization. The participanta-
users, fundera, and servicerns - ares also discussed and put.
together in a pchematic flow wodel of the librery.

Baker, N. R., “foward An Anslytical Pramework for fServicel
Organivations™, Presented at the XTIV International Meeting
of TIM3, Mexico City, August 1567.

.,

A reviged discussion of the library as a service organization
is discuzeed, Examples of the various declelon probless facing
each participant are examined and models of their respectiva
decieion processes viewed.

Baker, X. R., and R. E. Hance, “The Use of Simulation in
Btudying Information Storage and Retrieval Systeame”,
Presented at the 32nd Retional ORSA Meeting, Chicago,

1967.

A geoners)l discuseion of the use of afwulation technigues in
order to study information storage and retrieval sysiems 1a
pregented.

Nance, R. E,, "Strategie Simulation of a Library/User/Funder
fystem"”, Ph.D Thesls, OSchool of Industrial Engineering,
Furdue University, Lafayette, Indiana, June 068,

An indugtriel dynamice simuletlion of a university library
wystem iz pregented in this doctoral digsertation. The basie for
ithe general model is Baker's user/servicer/funder flow model.

Narnce, R.E., “Systems Annlyeis and the Study of Informalion
Bystemr®, Proccedings of the ADI Annual Meeting, Vol, k,

Octoper 1967, Hew York.

A general discuszeion of how systeme analyels could be uged
to study and improve perforsance of information syetems.
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IF The Jibrery as sn Information fystem !
|

Pairthorne, R. A., A Morphology of "Information Flow",
<. of AOM, Vol, 1i, October 1967. |

T

Information flow relationships are developed bhatween sources
{as suthors), messepee, designations (as topics), cxdes, .
destinstions (ms usera), spd channeln. !

Jain, A., “A Statirtical Study of Book Usage”, Fh.D. Thesis,
Bchool af Industrial Englnecring, DPurdue University,
Latayette, Indiana, 1967.

The author discussea some of the functions of an information
retrieval system. lie views proper gelection of materinls az a
requisite to acquieition. He algo coneiders indexing mnct-ionl,
& ldentified by clagsifying and cataloguing functions, and
circulation functions since the user 1s usually given materials
ot a loan only basias,

4
Kent, A., "The Information Retrieval Gema”, in A. Xent and E k
0. Taulbes (Ed.), Electronic Intormation Handling, ! j

Bpartan Books, Washlfgton, D.G., Lo&5.

The major functions or unit cperations of w servicer of an
informmtion retrisval system are lipted ar follows;

1) scquisition of source dociments,
11{) analyses of gource documents, |
if1) control of terminology and ecurce headings,

iv} recording of results of analysiz on a searchable
medium, _ i

v) storage of source docusents, extracts, abatracta,
snd for bibliographic referencea,

v1i) anaiysis of questions amd development of search
stratexy,

vii) conducting of zearch, . I! l
¥ii1) delivery of results of search, and

ix) wutilirstion of resmults of search. ; ‘



g
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Xing, D. W., "Deelgn and Evalustion of Inforwation Dyatems™, in
C. A. Cundrn (Ed.}, Annual Review of Information Seience
and Technology, Intersciencs rublichers, Vol. 3,  i56ET
The 1iat of information retrieval funciions is extended by

considering announcements of collection additione and c¢hanges.
He mlso groups Lhe othor functions ag follows: ) _
L

1} surrogation - cataloguing, abatracting, and
indexing;

11) document mansgement - etorsge, retrieval, and
diceemlination;

|
111) index operations - storage, search, retrieval,
dissemination; end

1¥) correlation - creation of information, biblicgraphic. l
preparation, answering technical guestions.

Vickery, B, €., On Retrieval fystem Theory, 2nd Edition,
Washington, ~Butterworth, 1G65. | i

In & book on fnformaticon retrieval cyetems, the sauthor notes
that & lot of feedback relationshlps are charscteristic of such
syetema, | i

Wall, E., "A Rationale for Attacking Information Problemsa™,
American Documentatlon, Vol. 18, Apri) 1947,

The classical functiong are iabeled "processing variasbles"
to separsate them from utilization variables such as economie,
sociopolitical, and technical vartables (such as user needs
with respect to time and quality of service) and from origine-
tion variables,
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28.

Bystem Analysia in the Library

Baker, N. R., mnd P. F. Leimkuhler, "“Library Design and
Operationa Study", RKeport o K3F for Fiscal Year 1967-68.

A brief review of some of the library system stuwdies undar-
takep At Purdue Uhiverzitiy 1p presented. l' _

Borks, H., "Dexigm of Information Syatems and Services”, 4in'
€. A. Coadra {EA.), Annual Review of Information Selence
snd Technology, Vol. 3, intersclence Publlsber, 196"?.7

He defines systoms analyzis xp "s formal procedure for
exapining a complex processe or organization, reducing it to its
compopent parts, and relating these parts io each other and
t0 the whole in sccordance with mn sgreed upon performance
criteriocn. A blbliography of other studles and a brief discussion
of their contents concerning systems acalysis in information
aystems iz als0 given,

Juin, op. elt.

Library materials cang be clazsified ag research materials --
those waterinls that extend the frontiers of knowledge and
constitute contributione to 4t or which esable the scholar to
make such a contribution, such as wonogrephs snd regearch studieag
and pon-resgearch materials -- thoge materisls which do not make
such contributicns, such as texts and introductory works.

Xing, op. cit. . 4 :'

An extenclive discussion of the available literature on the
topic of systems anelyeis uped in evalusting the performance of
information systemz.

Rees, A. M., "Evaluation of Information Systemes and Services™,
1o €. A. Cusdra (Bd.), Annual Review of Information Science
and Technolopy, Yol. 2, Interscience publisher, 19G7.

An extensive dibliography and brief discupsion of studies
on systems analysin in information syatems,

Taylor, R., "The Interface Detween Librarianship and Information
Sclence and Engintering”, Cpecial Libraries, Vol, 58,
Jaouary 1567,

Systexma analysis can provide new losights about information
systems. | I
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Library Evaluation

Altmann, B., "A Multiple Teating of the Natural Tanguage
Btorage snd Retrieval ABC Method: TPreliminery Analyais of
Test Results”, American Documentation, Vol. 18,

January 1967.

Fatimates of the probabilities of an ltem being relevant
with respeet to s apecific query are discuased.

Bedrarik, A. B., and Juck Delzer, "A System Performance Punction”,
in A. Kent, 0. Taulbee, J. Belzer, end G, (0ldeteln,
Electronic Handling of Informaliou: Testing and Eveluation, -
Academic Press, London, 19G7, 1

Regresafon analyaie 18 used fn conpidering service time
versug user requirements, growlh rate of queries, manpower
requirements or meoning leveln, operating coste, precigion,
wersus user requlresents, recall, file relevance, and implementa-
tion manpower.

Brooke, B. C., "The Measures of Information Retirieval Effective-
ness Proposed by Swets”, J. of Documentmtion, VYol. 2L,
Bo. 1, March 1968.

Swets' measures of effectivenegs are discussed in great ‘ i
detnil. Sowe modifications are suggested. ! .=

Bryant, E. C., "Wodeling in Document Handling", in A. Xent,
0. Taulbtee, J. Belrer, and G. Goldetein (Ed.), Electronic
Handling of Information Testing snd Evaluation, ~Academic
Press, London, 1967, |

2= T—_ -

Information systems wmust maintain saome zort of trade-off
between acquisitioning and azpociated processing of materiala
prior to requests, and borrowing items from other sources when
needed, Time 1g important and &0 is the proporticn of usera
wmwilling to wait more than t days for a requested item 'hiCh-Kt
the author suggests follows an exponential diaztribution, 1l-e .
Other factors to be considered are gystem coats and efficiency,

Cheydleur, B. ¥., "Indexing Depth, Retrieval Effectiveness, sand
Time Sharing”, in A. ¥Xent, 0. Taulbee, J. Delier, and
G. Goldstein (Ed.), Electronic Handlirg of Information
Testing and Evaluation, Academic Press, Londom, 1067.

Evaluation of the indexing elements, one small part of the
total system, is conaidered, This study ehows how detalled one
of many components can be,



35. Creager, W. A., and D. E. Sparka, "A Serials Data Program for
Bcience and Technology”, Final Report to K3F, Contract

37-

ner k15, {(1963).

An interssting biblicgraphy of the literaturs concerning.
evaluation of information syatews {8 presented,

Coadrs C., end R. Eatter, "™Ms Relsvance of Relevance Ascess~
ment”, Proceedinge of the 30th Annuml Meeting of the ADI,

New York,

October 1007,

Users can and do discriminate on the bapis of estimated
pertinence to thelr specific needs; pertinence or relevance
being a relstionship between an item and a specific need for

information.

Downa, R. B.,

I
A Survey of the Libraries of Purdue Univereity,

Purdue iniveraity Libraries, Lafayetie, Indiana, 1GG7.

Quality, not quantity, snd usefulness of a collecticn
contribute to its value. Downs' report on a study conducted at

i) find and read material required for a coures,

Purdue University liasted 11 majfor reasons for using » library:
|
l.

11) read Library materinl for aelf-improvement,

111} resd for pleasure or funm,

1) borrow Ylbrary materiat for Turther reading, *
¥) do reseerch for a term paper,

vi} do research for graduate examas or thesia work,

vii) do research for a publishable paper or book, !

viii) get some material copied,

|
ix} return materials to the library, \

x) do howework with his own books, anrd

xi) sesk information which does not require borrowing
of library materiale -- refovence pervices,
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Iym, E. D, '"Relevance Predictability It Investigation Back-
ground and Procedures”, In A. Kent, 0. Taulbee, J. Dalrer,
and G. Goldstein (Ed.,), Electronic Handling of Information
Testing and Evaluation, Academic Press, London, 1967,

Factors such as user motivaticon, user populstion, and tools
utilired are considered in the context of an information theory
atmlysis to see hiow wuch a reprepentation of sn {tem reducea

the uncertainty sbout the state of tho item. |

Fairthorsne, R. A., Towsrds Information Retrieval, mttem'rth,'-:
London, 1561. i

Recall and precision ration can vary without retrieval |
¢haracteristics (ouch as indexing, zelectlom, or eriteria of
acceptance ) having been changed. Further, an arbitrary removal
of pertinent itema retrieved would dragtically alter these ratios,
vhich could be misleading. Finally, the suthor points out that
there are several statistical problema that might ccocur.

Fairthorme (18], Op. cit.

Fairthorne ident{fies informstion flow relationships batweea
sources (ar authors), mexasges, designations (&s topics), codes,
destinations {ss users), and chaanels.

Fasana, Psul J., ans James E. Fall, “"Proceszing Comts for
Seiencs Monographs in the Columbis University Libraries="
Library Rescurces and Technical Services, II, pp. 97-1i%,
Winter 1967. ik

The authors present a study of how they estimated various
proceesing costa for science ponographs. This includes gelection
and erdering (87.4¢), mequisition searching and ordering (12%.24),
receipt of materials and processing of invoices {26.6¢),
miscellanecus activities (65.6¢) and materials (28.5¢), pre-
cataloging {I10.1h¢), cataloging (307.0¢), card production
(75.65¢), post-cataleging (G7.07¢), bindery processing {1%.7¢),
and receiving procedures (29.0¢), for a total of $10.26 costs
per book excluding (i original coat of the book,

Gotterer, M. H., T"Identification of Performance Criteria of an
Electronlce Information Syatem", 1n A. Kent, O, Taulbes,
J. Belrer, and G. foldstein {Ed.), Electronic Handiing of

Informaticn Testing and Kvalustion, ~Academi¢ Press, London,
1567.

The economic theory of rupply and demand {r stregsed in
svaluating the performance of an information gysiem, The author
points out that the determination of the price a user 18 willing
to pay for zervice is necessary for evalustion purposes.
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4y, Jain [19]), Op. eit,

Jain adde to the 11st of library functions by conzidering
sslection am a prerequisite to acquisition, identifying the
indexing functions as classifying and cstaloging funciions, and
by pointing out that the user is usually girven such materisls ca
s circulation or loan Lasis. :

b4, Xent, A., "Evaluating Procedures for Procezsing and Searching
Metallurgical Literature", Comunications of the ACM,
Yol. 5, No. 11, 1%04

Qualitative factors (such as subject coversge, depth of
analyeiz of source documentm in & retrievel system, precision
of retrieval service) are distinguizhed from quantitative factors
(such as precision of retrieval gervice, speed).

k3. Kent, A., Textbook on Mechanized Information Retrieval, 2nd B4.,
Interscience Publishers, New York, 199G,

Hoxee factors involved in measuring the performanca of
information systems are: physical requirements (equipwent, form
and type of input and cutput, and apecial conditions such as
space limitetions or security restrictions) and environzental
variables (hunan acceptince and resistance to change; and
changea 1n the system paraseters such az intereats of the
elientele, complexity of the subject matter, swvailabls tools, .
file sire and Tile use, and operating i‘undsj.

6. Eiog [21], Op. cit.

A good discussion of some of the literature on the topie of
testing and eveluatien of informetion gyatems le presented.
Bawe of the articler deal with cost studles of operatjons in
& library envircoment., Studies are alze cited that zhow a
majority of itemg in an information retrieval ayatem exiating as
sither pertinent ftewme retrieved in answer o s specific query
or as nonpertinent items not retrieved, s viewed in fwets [58]
contingency table analynes, and especially in the latier case.
Overall correlation of pertinence and retrieval 1s high. Teats
of correlation versus random ecattering have been suggested.
It seema that changer in the slatistics in any of the peritloent-
retrisved, pertivent-nost retrieved, or nonpertinent-retrieved
categories will alter the values concerniog the benefits of tha
rystem but will not deter correlation.

pone sludies of the relaticnahip batween recall and precision
ratios {mply that the usual hypothesizad relstionship ma seen by
Cleverdon fa fuvalid fn the liwliiog valuss., Oliter studies imply
that thesze reatiog should only be used to indicate when a system
is faring poorly, requiring fallure analysis., There are alego
seversl etatistical estimation problems encountered when using
these ratios to svaluate informsiion systeus.
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Bisuilation studies are cited that investigate opersting
characteristica such as volume® and frequency of work requirweents,
operating epeeda, cost of equlpment, personnel allocation,
aysilablility of fallure rates of equipment, job scheduling, and
Queve-unloading algorithms, Finally, the bibliogrephy should
be consulted for thess and other atudies.

King cites studies showing that users rely on seversl
sources of information, zmany of them informal, which i partly
due to ignorance of the extent of services offered by formal
syatems. Further, the single most important factor may be
accesaibility of information. This implies that user convenience .
pay exceed exmnected amount of informmtion retricved as & criteris’
for the uvser in determining hiz rources of information. He almo
cites Pollock who shows that usera regquire various opumbers of
itemz depending vpon the specific need,

King alsoc extends the liat of library functicons by adding
announcement and by grouwping the functionas:

1) murrogstion -- cataloging, abstracting, and Sl
indexing;

11) document management -~ storage, retrieval, and
digsemination;

111) index operation -- storage, search, retrieval,
dissemination; and

1v) correlation «- creation of information. ;

il

FKorfhage, R. R., mnd T. G. Delutis, "A Basis for Time and
Coat Evaluation of Information Systems", Research Memorandum
69-6, School of Industrial Engineering, Purdue University,
lafeyette, Indimne, June 1969.

Time and cost measures are used to evaluate internal design
of information systems.

Lancaeter, F., and W. P. Climenaon, "Evaluating the Econowde
Efficjency of a Document Retrieval System”, J. of Documentation
Vol. 2h, No. 1, March 1968.

Econcmic efficiencies of {nformation retrieval systems are
discussed. Uaability, the value of literature included in w
specific topic in terms of age, reliability, and cowprebensibility,
ia addnd mz an ndditional factor. Mention is made of the importance
of selection cxiterin. Citation county and cireuletion statistics
are listed as date sources for the selectlon decision.
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N9. Tancaster, F. W., and J. Milla, "Testing Indexes and Index
Language Devicea: The ASLIB Cranfield Project”, American
Docusentation, Vol. 13, Eo. 1, 1964,

Cleverdon's list of relevant evaluation factors iz cited an
inclwding: time lag, effort required by userx, presentation of
cutput, extent of coverage of the collection, recall = the
portion of pertinent articles that are retricved, and precision - |
the portion of retrieved articles that are pertinent. Co

50. Haron, M. E., apd J, L. Kuhna, "fn Relavacce Frobabilistic
Indexing and Informetion Retrieval”, J. of the Assoe.
for Computing Machinery, July 1960, Vol. 7, No. 3.

Eatimates of the probability of an item being relevant
with respect to a specific request are developed usxing a
Bayesinn approach. Termination of search efforte ir not discuased,
bowever.

51. MeCarn, Do B., and C. R. Stein, “Intelligence Systems Evalua-
tien", in A. Kent, O. Taulbee, J. Belw=r, and G. Coldsteln
{Ed.), Electronic Hendling of Information Testing and
Evaluation, Academlc Press, Loodon, 1667.

The dfatribution of recall ratice yield different resulls
than those obtained from mn average value aleone,

52. Mearna, D. C., The Story Up to Now, The Library of Congress,
1800-1946, Washington, D.C., p. 211-12.

Mearns cites the objectives of The Library of Congress as
follows:

i) the library should own and make available puch
booka, periodicals, and ciher 1ibrary materiala
a3 are required by the studenta and faculties of
the universzity in the performance of their =
research work; !

i1) the Librery should own mnd make available such
booka, perindicals, and other librery materials as
are ralated to the fnstructional and reesarch
yrograxs of the university;

111) the library should own and make aveilable those
parts of the past and present graphie recorda of
thoee cultures and peoples whoge experjences are
Telated io any vy to Lhe educational and research
yrograms of the univergity; and

i¥} the Ubrary should own all materials relsting to the - i:
history, development, and character of the university.
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Mefer, R., "Efficiency Criteris for a large Library”, Librery
Quartorly, Vol. 31, pp. 215-3h, (1961),

The author, interested in time loares to users, developed
the unit item-uee-day to memgure the amcuni of paterials charged
out to users within a standard periocd of time. He noted that
for every minute of tixe asaved in getting library materials,
faculty members gained two or three minutes acquiring and reading
more literature. Morcover, he noted that facully wembers spent !
15 minutes while students spent sewen or e¢lght ninuten, on the !
average, to travel to the library and sttempt to obtalin deaired !
materials.

Reea, [28], 0Op. cit. 4 l |

gystems evaluated in terws of comparigone with similar
systems are diacussed in this article which aled investigates
how well comparison techniques heve been uaed.

Rzasa, P. V., 'The Develoment of Measures of Effectiveneas
for a University Library”, M.S. Theasle, 3Scheol of
Industrial Engineering, Purdue University, Lafayetts,
Indians, 1969,

Some performance Facstora that cannot be controlled by the
servicer are new departwents, rapid Increases in existing
departmenta, technological development, governmeni policles,
industrial policlies, and fumier controle. Rzaga assumes the
funders are user need oriented and develope Eome measures of
effectiveness.

He degigns a primary measure of effectivencss {PME)} 1n
terms of the wotal populmtion served by the 1ibrary (¥), the
number of users per n specific time pericd (n), the number of
non-material information items sought per time pericd (ni}, the
number of non-materisl information items provided per
time period (nn), the total number of users studying io the
1library with their own books or using the library for soclal
purposea (n_), and the total number of materiaml items used per
time period. His xessure is - i

\ il '

n n "
1 n [ i [
1.1) MEwv [LQ4g v 2 (1egm )]+ ()
vhere w_, ¥, and v, are welghting factors. He then defines k

subpopulations into which one can partition the uxers. His
gecondury meagure of effectivenegs for subpopulation j (SME(J})}

is defined in terms of the mmber of irndividuale from group j

who ure the library facilitiea per time periocd (m,}, the nuaber

of times group ) used the library facilities per Ytime period {nl),
the activity of group j§ or the number of timesg users came more J

than once to the library (AJ nﬂj - nj ¥ 0), the sumber of individuals
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in group J (IIJ}, and the number of individuals in group J who E
do not use the library (Nd-n ). He notes that
) o . K
Ne EN, atd na= L n', Rrana's secondary meaaure is
PR ol

- T - fI_J. - 2
Be(s) = Uy -a/mIGl) = apym? .

dalton, G., Autamatic Information Organization and Retriewal,
MeGraw-}ill Book Company, New York, 1944,

The following factors are linted as being relevant to the
performance of information syetems: user populstion -- type of
users and rate which users enter the information gystem; .
indexing -- type, level, end accuracy of the indexing system; |
collectinn coverage; AnaAlysis and search -- type, power, and i
complexity ar well ag effort reguired; type of equipment and
form of input and output; and operating efficiency =- cost,
time 1lag, response time, and mainienance or service problems,

The author suggests that measures of performance and
efficiency are becoming increacingly important as information
syatems are being used rore and more, Further, the fact that
automatic systems encounter fewer human errcrs but require more
complex evaluation procedures is polated out,

A very heavy mathematical treatment of recall and precision
retea 15 aleo given. Methods for estimatling these measures,,
presenting results, and using them in designing information &
systems are dlecussed in some detail.

4

Enyder, M. B., "Sawe Pehavioral Aspecte of Test and Evaluation”, ‘ir
A. Yent, O. Tsulbee, J. Belzer, and G. Goldstein (Ed.)},
Electronic Handling of Information Testing end Evaluation,
Academic Preas, london, 1967,

Kusan factors are an important factor in the testing and
evaluating procesces.

Swels, John A., “Informetion Retrfeval Systems”, in M. Kochen
The Growth of Enowledge, John Wiley & soms, Ine., New York,

1967,

A contingency tavple analysis of pertinence versus retrieval
is ret up and discusged. 7The proportion of items {a, b, c, 4)
and the value or coat (Y., X,, K,, V,) for the four categories
{pertinent-retrieved, no%per}incht-rétrined, pertinent-nonretrieyed
nonpertioent-nonretrieved), respectively, are defined. Seversl
studlea concerning the use of these variables to define messurea |
of system perforuance are discuseed in deteil.




pourne, et.al., proposed an "omnibus” measure based pot only
on the contingency table variables masocialed with retrieval
(a and b) but ales on delay, eass ¢f cowmunications, coumplexity
of search logle accommodated, form in which iteme nre delivered,
and degree of assurance that itema or o given sublect do not ’
exict., Some of the latter olemente wre¢ megsures of efficiency
rather than of effectivenens, concentrating on factors such as
time, convenience, operating coet, and product form. The seasure
attempta to combine aspects of gystem performance and related
user requirements; however, it 1z not clear that a =ingle
metric can successfully combine all these varicuns e¢lements
together.

Bornstein dividen pertinence into four categories (pertinent
as repremented by the variable a, partially pertineat, peripherslly
pertinent, snd nonpertinent as represented by b) in discussing |
wbat has been retrieved. He leels the responzes to queries, the
time spent Ly users in examining the responses or reirieved
materiale, the substitution for "hard covy”, and sctual coincidence
and unjquenezs of responses can be compared in each of the four
categories of pertinence. He aleo suggests consideration of
interaction terms and defends this relative measure by eaying
that absolute le.luren require excessive effort and Introduce
biases.

Willys introduced & sequentisal szearch routine and proposed
& restriction ratio as the reduction in the number of potentinlly
pertinent ftems effected by such a search. He also conefdered
the cost of using this method with provisions for time, money,
inconvenience, and ipdexing costa, the wariable '¢', and the loas
function 'Ka' with provisions for degrees of pertinence,

VerhoelT, Goffwan, and PBelrzer propose a measure which when
translated into cur terms becomes .

L] a\rl—bl{l-exa +d\'2

It is asmmed that "Il, Vi, Kl’ and K, are nonnegative and that

each user will define his owm concept of pertinence. To maximire
thias peasure, iteme would be retrieved only 1f 1t had & probabllity
of pertinence, calculated for esch item relative to each query,
greater than a erltical probability )
P
P, - (v2+x1}/(1{1+){24v1+1.2). :
While thie measure iz actually more germane to the design rather

than the apalysis and evaluation of an information retriewsl
sysiem, it still bears mention here. P




1
o |

[
gwanson has sugzested a szlightly different parformancs F aod
meawurs, expressed ln our terms as follows: '

H-R-Kl[(uh) - {a+c)R] « RL +x1(-+c}] -xl(uh},

vhere R denotea the ratio of the sum of the relevance weights of
all items retrieved ip answer to & specific query to the eum

ot the relevance weighis of all itemx 1o the stors. An example
of & relevance welght would be the estimate of an item's
pertipence, q. Borko modifles the measure gomewhat to cobtaln
the Following:

M= R-[b/(ntb)]). .

Mooers proposes thres ratios calculated sz the number of
ftems retrieved divided by the number of items fn the store, 1
the differences coming in terma of the pertinence of the items
retrieved for any specitfic query. The first ratio conalders
only crucilally pertinent items, is& consgidered an important )
ratio, and iz indicative of a good system If near unity. The ]
second reatic considers crucielly pertinent and pertinent items,
is scpeubat leps irportant than the firet, and should also be
pear unity if the zystem ls effective. The last ratio congiders
nonpertinent items, is as important ss the first, aod & good ;
system will possess & value for thls ratio near zero,

Perry and Kent concentrate on the variibles afa+c and
n/ub. Cleverdon cnlls theae variables the "recall ratio” and
the "relevance ratic"” or "precislon™ respectively. He hypothesizes
an ipversely propertional relationship boetween the t o ratios.
He algo considers coverage of the collection, time lag, presentad
tion of output, and effort required of uger, Ap one increages
the restrictiveneas of responses, the relevance ratio increases |
while the recall ratio decresger and vice versa if restrictiveneas
is decreased. BSwenson recommended that n/a+c be plotted agminet
b to yield a pozitive relationship, the recall reatio increaaing
as b does but with a decreasing slope. Swets, on the other hand
has suggested plotting recall ratios against portions of none
pertinent articles retrieved, b/psd. This will yield & curve
similer to Swanson's, but will also incorporate all termes of
the contigency table and assumpes the rorn or an opernting curve,
mh s md by ;t.ul.i-l.icia.ns. o T La

1)
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59. Treuw, 5., "Testing and Evaluation Review", 1in A. Kent,
O, Taulhaw, J. Delzer, and . Goldltein {ka. ), ncctronlc
Handling of Information Teating and kEvamlustion, ~Academic
Tress, adon, 1967,

studias concerning testing as well as eveluating informaticn
systems are discussed. The author gives a lengthy bibliography
of such atudies.

60. ‘Tukey, John W., "A Statistfcimn's Cooment”, fn 4. Kent,
0. Taulbee, J.Belzer, amd C. Goldsteln (Fd.), Flectronlc

Handling of Informatfon Testing mnd Evnluation, Academic
Preve, London, 1967.

It iz difficult to zrke precise aatimates of factoras used
in performance measures, but they surt acmehow be made. Further-
more, ihey must be pade adequately enough s6¢ that improper
conclusiona will not be formed.

61, Wall {23], Op. eit.

Well ¢nlls the technical procegeing functions "processing
variables" ag opposed 1o utilization vmriables such as econmmic,
soclopolilical end technical variables (such ag user necds with
respect to time and quality of eervice) or originstion variables,

I|.
H

62, Walch, John T., Jr., ‘'Measures mnd Criterin for Evaluation", :
in A. Kent, 0. Taulbee, J. Belzer, and G. Goldsteln (Bd.), !
Electronic Bandling of Taformation Testing and Evaluaticn,
Academic Press, London, 1907.

P

Service time, handling costz, manpower requirements, and f
ftile rolevance are sucgested as the important factors in ;
weasuring the efficiency of an Information reirieval system.
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Journal Ussge Hﬁ 1

Downis [571, Op. cit.

A study conducted at Purdue liste 1) major reamons for using
& university library:

1) to find and read materials required for & course, i
2} to resd livrary materials for self luprovement, |
3) to read for pleasure or fun,

4} +to vorrow llbrery materials for further i
reading, :

%) to do research for a term paper, 'i‘

6) to do research for graduste exams or thesia
work,

T} to do resecarch for & publisbable paper or book, ;
B) to get some materimls copied,
9) to return materials to the library,

10) to do homework with one's own booka, or

11) to seek Information which does not require i
borrowing of library zaterials -- reference services.| i

it
Herner, Saul, and Mary ferner, "Information Needs and Users' *-
in Sclence wnd Technology”, im C. A. Cuadra (E4.), Anpual
Reviev of Information Selence and Technolegy, Vel. 2,
Ioterscience rublizhers, I19G7. e

References on usage of library materials are presented.

Jaln [19], Op. cit. e ]

Appendices A and B and Chapter T of his doctoral dfzsertatiod
gilve peveral exemples of previous studies of user behavior.
Brief descriptions of the work, dats, wmodels If us=d, end
results are given (up to 1565). Most of the work hes Leen in i
the area of determining who the user is and what guantity of
umwge can be attributed to various library materiale. [ i



“C

67.

é3.

23

King (1], Op. eit.

A good discuseion of saveral articles related to the testing
and evaluation of information systems. Studies are cited that
show that usera rely on many ecurces for information, many of
them {nformal, which is partly due to ignorance of the extent of |
services. The single moat fmporiant factor may be accesnibility
of information which implies that uger convenlence may exceed
expected amounts of Information retrieved as a criteria for the
user in determining hlg sources of infoermation,

Palsley, W., "Information Needs and Uses”, dn . A. Cumdra (Ed.),
Annual Review of Tnformation Science and Technolopy, Vol. 3,
Interscience Publishers, 1968,

References on usage of 1ibrary materials ore pressnted.

Yollock, S. M., "Measures for the Comparieon of Informatiom
Retrieval Systems”, American Documentation, October 1968,

Usere require various numbere of items depending upon the .
apecific need. ‘&

Trueswell, R. W., "User Behavior Patterne and Requirements and
Their Effect on the Possible Applicationa of Date Processing
and Computer Techniques in & University Library”, Fs.D. ]
Thesis, Korthwestern University, Evanston, Illinois, 196k,

User needs are showvn to be very important in termsz of u.nder-
atanding how to improve library gervice, User peeds are :
categorized by users being divided, in a univereity library
enviromment, into faculty and etudent body components, With

the faculty having both teaching and research needs, the under-
graduate students haye courase work needp, and the graduste I
students have both course work snd research needs, He also
states that & university library has three functions. Tt is s ;
social center, a study hall, and mn information retrieval system. ;




Journal Productivity

Bradford, 8. C., Documentstion, Crosly Lochwood & Son, Ltd.,
London, 1953.

The Bradford law, stoting that journals can be ranked and
divided into equally productive zones, with the opumber of journsld
in each successive zone belng represented ns a geomeiric series,
is formulated and digcussed.

Rrockes, B. C., "The Derivation and Application of the Bradford-
Zipf Distribution”, Journal of Documentation, Vol. 24,
wo. b, December 1968,

Oriticizing the Bradford distribution as developed by
feimkuhler, the author derives a simllar Bradford-Zipf law,
viewing the relstive frequency of ranked items ae being '
proporticnal to the inverse of the rank. \

Brockes, B. C., "Bradford‘'e Law and the Bibljography of Ecience”,
Hature, Vol. 22L, December 6, 1969.

The formulation of Bradford*'s law is divided into two
segments to account for the tall,

R(n) « the number of articlzg in the top n ranked journals
ad® lansze
4
Klogn/s c%nsA.
Duta are used to show how realistic his model ip.

Cezairlyan, A. 0., P. S. Lykoudis, and Y. 5. Touloukian,
"A New Method for the Search of Scientific Literaturs Through
Abstracting Jowrnals", J. of Chem. Documentation, VYol, 2, |
No. B6, 1962, |

A comprehensive scurce of scientific journals ia conducted
for useful articles on thermophyeical properties.

Cole, “A New Look at Reference Scattering”, J. of Documentation
vol. 18, No. 2, Junec 1062.

A linenr relstionship betvween the cinsulative fraction of
totel titles and cumulative fraction of toteal references is
phtained.




i

tood, J. J., "the Fopulation Frequancies of Specles and tha
Estimation of Population Parametera”, Blometricka,
vol. LO, December 153. \

Populetion frequencles of speciés are discuseed and &
scattering functiom shown that is similar to the genersl ucuttering
distributions. | :f :
Groos, “Rradford’s Iaw and the Xeenan-Atherton Data", Aserlcan

Docimentation, Vol. 1§, Ne. 1, 1967,

The fact that only spproximately L percent of the journsis |
Bad 50 percent of the articles is noted. Alzo 50 percent of the

© Journals, the top 50 percent carried approximately 9% percent to

95 percent of the articles. e poses an interesting propoaitiom
that service to the user lg evaluated by the uaer in terme of

titlea of jowrnals produced and not in terms of the number of
eitations or articles produced from & emall fistful of titles.

Haight, F. A., "Some Statistical Problesms in Connection with
Word Association Data", Journal of Mathematical Peychology,
Yol. 3, Ko. 1, February 1066,

Several distributions eruch ac the Yule distribution, Borsl I
distribution, Fisher distribdutlon, Zetm dlatrituition and Zipf :
conjecture are digcussed, He also liste several phencmena which |
have scattering characteristicet word liste, words in & given

© bock, sclentists and a mumber of published papers, sire and |

" eolor of cars, countleg in stateg, abundance of chemical elementl,

| slxe of cities, income of individuels, length of congressional

specches, nu:nber of specles of genera, area of countries, and
frequency of surnames. i

Holt, C., and W, Sthrank, “Growth of the Profesricnal Liters-
ture in Econaaice and Somc Other Fields and Some Implicetionz”,
American Documentation, January 1958.

Iiterature growth iz discussed and exponential growth models
presented.

y

Kendall, M, G., "The Bibliography of Operaticnal Research™, |

Operational Research Quarterly, Vvol. 11, No.s 1 and B, |
{1560}

The bibliographic data of articles on operational repsarch :
topice was uped to demonstrate Predford'c law, Cosparisons to i
pimilar scattering functions were alsc made. :




e |
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]

B0, ©O'Neill, E. T., "Journal Usage Patterns snd Their Implication
in the Flanning of Library Systems”, M.D. Thesiz,
School of Industrisl Engineering, Purdue Unlversily, i
lafayette, Indisna, Jeouary 1970. ' ; i

O0'¥elll dincusnes several distributicos which cen be used
to describe scattering such ap the Yule distribution, the Borel
distribution, the Fisher distribution, and the Zata digtributiom.
O'Neill mlro points out that Brookes [71] hss misueed the etate-
ment of Bradford's law and inadvertently cope up with an ;ppraxination
that {s incorrectly claimed ap exact. T

61. Simon, Herbert, “On A Clese of Skew Diatritution Functions ,| ;
Biometrica, Vol. 42, 195%.

The scattering functions exhibited fn warious scciological, !
Plologlical, and economical phenomena are discussed in detall. .
They are usually 'J' cshaped or at least highly skewed with rery '
long upper tails. The tails are approximated by the form

£(4) » (a/4%! wbere 8, k, and b are constants and b ie Just '
less than unity. The constant k is much greater than 1 and i
way sometimen be very close to 2. Usurlly the functional form

slso dercribes the distribution for emall i with £(2)/f{1) being

Al
about 1/3 and rarely reaching 1/2 end I £(i) being about 1/2, i
iel { i
Examples of such distributions are the negetive binomial, Pzher ;
logarithmic series, and Yule model.
' A stochagtic model is doveloped for ecatieriog of word | :
frequenciea in works of literature. Generalfration of the model i
and explanatione of why the model holds for such phenomena are | i
also given. i !

B2. Stevens, R. E., "Characteristics of Subject Literatures”, ' i
Averican College and Reaearch Libraries, Monograph Series,

¥I, 193. . | .

I
Data are collected nnd analyzed to verify Eradford's law.

85. Vickery, B. C., "Bradford's Law of Scattering”, J. of Documentas
tion, Vol. h, 1ck8.

Bradford's initial article is clarifled and a correct method
of fitting a theoreticel curve to observed data i developed. T
The law is geen to be independant of the number of zones chosen I
although this does affect the value of the ratie multiplier. !



29

A

Bk, zipf, jhman Pehavior and the Principle of Least Effort,
Add{son-Wesley Publishing Company, 1GLG,

M & book showing how huwans behave za If minisizing
effort, the muthor develops a kcaltering relationship. The
propertion of articles in a journal should be inversely

i proportional to the relative rank (rank divided by the total

nader of Jowrnals io the set) of the jowrnal.
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