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MODELING OF THE LIBRARY COLLECTION
ACQUISITION PROCESS

Constantly increasing assortment of literature of various genres and directions offered by pub-
lishers sets a problem for the libraries when purchasing new literature in the conditions of limited budget-
ing. In this connection, the task of the qualitative acquisition of the library stock is urgent. The main con-
ceptual idea for the solution of the problem is the maximum satisfaction of the information needs of various
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types of library resource users. To implement the users informational preferences, a general mathematical
model of decision-making support has been developed in the task of optimizing library stock acquisition.
It allows it to be replenished and renewed in order to meet the information needs of library resource users
and takes into account the limited budgeting for acquiring new books. The demand for library resources
is considered as the optimality criterion. A formalized approach to the process of completing the library
fund with popular printed publications is proposed. To reduce the area dimension of possible solutions, a
model approximation of the optimization problem has been constructed. The transition from the optimiza-
tion problem to its model approximation is based on the ideas of identifying the most important features
of the area of possible values and the segmentation of the readership. In the practical implementation of
the constructed model, the method of data mining, the method of analyzing strategic alternatives and the
theory of fuzzy sets in accordance with the specifics of the problem to be solved were used in determining
each significant classification problem. The model, constructed and tested on the basis of the scientific
library of the Orenburg State University (OSU), allows to take into account not only the influence of various
factors on the quality of the library stock, but also the issues caused by the limited budgeting of libraries.

Keywords: optimization problem, library stock acquisition, demand for library resources, infor-
mation needs of users, Data Mining, decision tree, membership function, separation threshold, method
for analyzing strategic alternatives.

Introduction

One of the indicators of the nation’s development level is its intellectual
potential. Therefore, the problem of obtaining high-quality intellectual infor-
mation is still relevant. Among the most well-known and common ways to
solve this problem should be the use of library resources.

We will consider the activities of a library as providing the information
services to the public. We aim to organize the process of serving readers in
such a way that their information needs are satisfied as fully as possible. To
achieve this goal, we should choose a competent approach to the formation
of the library stock, carrying out its replenishment and renovation to meet the
information needs of the library users and taking into account the limited
funding for acquiring new publications.

Thus, the relevant scientific problem is to create a general mathematical
model for completing the library stock based on information preferences of
the library users and to create an intellectual method for controlling the library
fund acquisition based on the information-analytical approach.

According to the methodology adopted in library science, the quality of
the library stock is assessed by the degree of satisfaction of the users infor-
mation needs:

K= Number of books handouts
Volume of stock

(1

However, neither a decrease in the volume of stock, nor an increase in
the number of book handouts contribute to the increase in the level of satis-
faction of the information needs of the readership. Therefore, the quality of
the book stock will be measured by the demand for literature [1].

124



MopenupoBaHue mporiecca KOMIUIEKTOBaHUS OHOIHoTedHOTo poHIa

The demand for books is an integral characteristic, dependent on many
variables. The most important of them include: library characteristics of
books (author, year of publication, publisher, etc.); the correspondence of the
edition to the sections of the library thematic rubricator of information pref-
erences of the readership; attitude of library users to the problem of satisfying
information interests.

The increased educational level and awareness of users of library re-
sources requires more careful attention to replenishing and renewing the li-
brary stock. The problems of increasing the efficiency of acquisition and use
of the scientific libraries stocks were studied by the teams of the largest li-
braries in our country under the direction of Y.N. Stolyarova [2], V.I. Te-
reshina [3], N.I. Kovalenko [4]. Their research aimed at compiling the opti-
mal core of the library stock. The modeling of stocks based on the study of
information needs of subscribers was developed by A. Markina and G. Ani-
simova [5; 6]. According to the research results a problem thematic rubricator
has been developed and a structural model of the library stock has been pro-
posed. Other works [7; 8] consider the pecularities of the acquisition of na-
tional, specialized and regional libraries stocks taking into account changes
in users flows and their information needs. The system of information and
bibliographic services for specialists was analyzed. The scientists have cho-
sen probabilistic statistical methods as the main research tool. The university
library was the object of research in the works of T. Stukalova, P. Poll [9; 10].
Hierarchical structures of university libraries as subsystems of an educational
complex have been proposed. Automated control systems based on the theory
of mass service with calculation of the probability distribution function have
been developed. Libraries in the Russian Federation mostly lagged behind
other areas of the national economy (industry, banking sector) in the field of
informatization. However, in recent years, the tendency to unite into consor-
tia, and more specifically, into corporate information systems (CIS), has be-
come quite distinct. Automating the library and bibliographic processes opens
up new opportunities for research and creates favorable conditions for numer-
ical modeling. Issues of development, implementation and design of auto-
mated library information systems are highlighted in the works of F. Voro-
isky, Y. Shraiberga, V. Boyko, V. Savinkova [11-13]. However, unlike other
libraries, the library of the university as an object of automation has the fol-
lowing pecularities: textbooks acquisition in accordance with the curriculum,;
a large percentage of multi-copies educational literature; the seasonal over-
loading; remote access to the electronic catalog and information databases;
protection against unauthorized access; information support of distance
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learning. The research on integrated information systems and the use of au-
tomating the flow of library and bibliographic processes, including solving
the problems of supporting the acquisition of library stock was conducted by
P. Boldyrev [14], Y. Schreiberg [12]. These studies substantiate the need to
create intelligent methods and models for evaluating library performance in-
dicators based on the use of a fuzzy logic apparatus and the theory of neural
networks and technologies for operational analytical data processing due to
the fact that the tasks of evaluating library performance are considered to be
poorly formalized. The development of the system of analytical support for
control of the information and educational university’s fund is represented in
the research by A. Popkova, V. Kurovsky [15]. Researchers recommend using
business analytics to conduct continuous monitoring of the university’s infor-
mation and educational fund. To ensure the effective execution of a large number
of analytical queries, it is proposed to use business analytics based on OLAP
technology with subsequent integration into a single data store of the university's
quality system. Among foreign scholars who worked on modeling the library
stock on the basis of the intellectual approach, the work of N. Moore and S. Elliot
should be highlighted [16; 17]. Their field of research was presented by large
public libraries. The main direction of optimizing the acquisition of the library
stock was to bring them into full compliance with the structure of the institution.

The analysis of the research revealed the absence of fully formalized
approach in existing publications on the acquisition of the library stock.
Therefore, the purpose of the study is to build a general model of acquisition
of the library fund. To achieve this goal, the following tasks have been solved:

— to formulate a mathematical formulation of the problem of completing
the library fund with popular literature in the form of an optimization problem;

— to reduce the dimensionality of the problem of choosing a printed
publication from a variety of alternatives offered by book publishers, con-
struct a model approximation;

— to test the constructed mathematical model formulated in the form of
an optimization problem of choosing printed publications from a variety of
alternatives offered by book publishers.

At the same time, solving the second problem requires solving the fol-
lowing subtasks:

— identify the most significant features of printed publications;

— identify the most priority information needs of users;

— identify the most promising types of users;

— take into account the restrictions on financing the purchase of new
printed publications.

126



MopenupoBaHue mporiecca KOMIUIEKTOBaHUS OHOIHoTedHOTo poHIa

1. Materials and Methods

To formalize the task, we introduce the following notations. Let
H={h1,h2,...,hH}={hj} be the set of libraries in the G region, j=1,H

where H is the number of libraries in the G region. Each library he H has
its stock. Let A" = {alh, aj,....a) } = {a;‘} be the set of books of the h library,

J=1n, where ana is the stock volume of the h library and

A= {al, 8y, @y } is the set of books offered by publishers. Any book a has
standard library characteristics. Let Z* = {zf‘, z,..., zj} be the set of library

characteristics of book a, where | = m , where A is the number of library

characteristics of book a of the stock of h library. The books stock of each

library h is divided into thematic rubricator sections in accordance with its

specialization. Let R" = {rlh 0.l } is the set of thematic rubricator sec-

> Im,

tions of library h, j=1,m_, where m:a is the number of thematic rubricator
sections of library h. Each library h € H has its own readership — the users

of library resources. Let S" = {slh O } is the set of the users of library h

resources, j =1,k , where m is the number of the library h users.

To make a decision on the control of the library stock A" acquisition
from a variety of editions offered by publishers, we choose an edition
a e A, for which the demand function takes the maximum value, that is, we
formulate criterion:

f(a)=f(z*1",S) > max, (2)

where f is the modified function of demand for the book, acA,
22eZ* 1" eR"ScS".

Since the utility function in problem contains both internal and external
variables, the optimization of the library stock acquisition process assumes
the use of a set of mathematical models [18].

The solution of the optimization problem (2) for completing the library
stock with the popular literature causes difficulties due to the high dimension-
ality of the space of possible solutions and the complexity of formalizing the
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attitude of library users to meeting their information needs. In addition, the
managerial decision on acquiring a book a € A is made by the library man-
agement on the basis of reading preferences that are unstable and difficult to
predict [19]. Even with the correct interpretation of informational interests of
users, there is a time lag in renewing the library stock associated with the
funding of purchases and the selection of the required literature. Due to the
vagueness of readers' preferences, the complexity of formalizing the attitude
of users to meeting their information needs, there is no reason to verify the
proposed library stock acquisition model as closed, in the strict sense [20].

To simplify the decision making process of completing a library stock
A" with an edition ae A let us turn to a model approximation of the pro-
posed optimization problem (2), identifying the most important features of
the space of possible solutions and segmenting the readership.

To formalize the identification of the most significant for the readership

S" features of the books, we divide the set Z* of library characteristics of a
book a into three classes. The first class of Z7 = {z j}, j :1,_%1 includes li-

brary and bibliographic features that characterize the book a (author, pub-

lisher, year of publication, etc.). The second class Z ={Z j}, j=LA, in-

cludes the characteristics of books related to their correspondence to the sec-
tions of the library thematic rubricator of the information needs of the
readership of the library h (the number of the book editions, etc.) The third

class Z3 = {Z j } , )= m includes the attributes of books, which characterize the

attitude of library users to the satisfaction of their informational interests [18].

When identifying the most significant features of books, it should be
noted that most of the characteristics (author, edition, etc.) relate to qualitative
features, which greatly complicates the use of traditional statistical methods.
In addition, the volume of data processed is quite large, since the volume of
the library stock and the number of library h users are expressed by suffi-
ciently large numbers even for a small region G .

Localization of significant features of books can be achieved by apply-
ing Data Mining methods [21]. To simulate the assessment of the most sig-
nificant characteristics of the literature of the library h stock, we use the
method of decision trees.
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The application of the method of decision trees to the problem of clas-
sifying the books characteristics allows to reveal the most significant features

7° = {zf‘} ,1<i <\, for satisfying information needs of the publication a e A.

Due to the limited budgeting for the acquisition of new library stock,
we will divide the sections of the thematic rubricator into groups in accord-
ance with the information preferences of library resource users. The division
of sections of the thematic rubricator into classes is a rather difficult task due
to the fact that the strict formalization of the information interests of the read-
ership to different sections is associated with the complexity of describing a
person’s attitude to the objects of satisfying information needs [22]. There-
fore, an indication of the threshold value of the boundaries of the division into
classes of demand from the readership will be required [23]. Taking into ac-
count the instability and vagueness of the reader’s demand for certain the-
matic sections of the library h literature and the vagueness of the conditions
under which the publication is assigned to a specific section, the use of meth-
ods and models of the theory of fuzzy sets and fuzzy logic is justified [19].
One of the ways to solve the problem of dividing sections of a thematic ru-
bricator according to information requests is the adaptation of the Leung
model of division into trade zones in fuzzy conditions [24].

The modification of the Leung model in the task of dividing a thematic
rubricator into groups of informational preferences of library resources users
gives reason to unite the sections of the rubricator of the library h according
to the degree of importance of information characteristics, presenting the set

®R." in the form:
R"={r'}=R] UR U..UR] ={rj}, 3)
where j=Lm_,i=Lp,,1<p, <m R'NR}=i=j.
The number of groups 1, depends on the structure of the library stock,

the conjuncture of the library users, as well as the attitude and ways of satis-
fying the information needs of the readership. Each set Rih is a combination

C¥  of a different number of elements 1<k <m_ of the set R" depending on
the information preferences of users.

Dividing sections of the thematic rubricator R" of the library h stock

allows us to aggregate the internal variable r". This significantly reduces the
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dimension of the decision-making area in the task of optimizing the acquisi-
tion of the library stock through acquiring popular library publications
aeA.

To preserve the library contingent of the library h, we will make seg-

mentation of the set S" = { S;‘

} into types of users, in relation to which the
same library stock acquisition strategy will be used in accordance with the
attitude of library users to the problem of satisfying information interests.
Given the competitive nature of the services provided by the library h,
method of analyzing strategic alternatives is applied to the task of segmentation

of the readership into classes, which makes possible to present the set S" as

S ={si}=stusiUSU..US) =us], (4)

where j=1k,,1<y, <k SinS!=@,i#j.

a’ ™l

Class S'} is formed by users S? with the j the way of dealing with the

problem of satisfying information interests. The number of classes Yy, may

vary depending on the category of library service users and the information
attractiveness of the library h, as one of the options for meeting information

needs. The introduced classes of the users of library stock Srj' make it possible

to structure a set S" according to the position of users in relation to the satis-

faction of their information interests for a certain period of time. This, in its
turn, makes it possible to draw certain conclusions about the potential of read-
ers in consuming the resources of the library h. Using the method of analysis
of strategic alternatives in the task of classifying users of the library h in
accordance with the relation to the satisfaction of information requests allows
us to predict the set S of the most perspective library h users.

On the basis of the conducted merger according to the features similar-
ity and the following identification of the most significant characteristics of
books, affecting the function of demand f , we leave one of the most signif-

icant features in each group of factors. For the function f(za,rh,S) in the
task (2) of completing the library stock, the transition to a model approxima-
tion will simplify the procedure for making the decision on how to compile
the library stock with a book a € A and will lead to a significant decrease in
the dimension of the decision-making area. Thus, the task of acquiring a li-
brary stock with literature that satisfies the information needs of users of
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library resources can be reduced to the task of optimizing the relevance of a
book publication a € A. The modified demand function Fdepends on the
most significant factors representing the formed classes and depending on the
most significant features.

f(a)= f(z%,r",S)~F(zR,S)=F(a), (5)

where F is the modified function of demand for the book aeA,
zeZ® RcR",ScS".

The process of a library stock acquisition involves the acquisition of not
one, but a sufficiently large number of publications offered by publishers to

satisfy the informational interests of readers. In this regard, it is appropriate
to designate the i th book being acquired, where is the number of titles of the

literature being acquired as @, € A, where i = I,TQ is the number of books

acquired. Each edition being acquired a,i =1,v, , we denote as n, . The pro-
posed formalized approach to solving the problem of optimizing the library
collection 4" from the standpoint of maximum satisfying the information
needs of different types of users S" of the library h with popular publications
a; allows us to select a subset 4, — A4 satisfying the condition:

A ={a e AF(a) — max . (6)

When finding the set 4, in the problem of optimization, in addition to
the condition of maximizing the objective function of the relevance of the
book @, , it is necessary to consider the limits imposed by the limited budget-

ing of the library h. These limits are expressed in the form of conditions for
limiting the number of books purchased that meet the largest number of read-
ing preferences on the part of users with the maximum degree of satisfaction
of their information needs S".

Let @, is the amount of budgeting for the acquisition of the library stock,

P, is the price for which the library h buys one book &;, then the limits in

the optimization problem will take the form:
>n, -p, <P. (7)
i=1

Thus, the proposed formalized approach to the task of optimizing the
acquisition of the library stock leads to a general mathematical model (5) —
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(7) supporting the control decision to replenish the relevant books resources
meeting the information needs of different types of users while taking into ac-
count the limited budgeting of the library. The task of the process of acquiring
library stock that satisfies the information needs of library users is reduced to task
of optimizing the relevance of acquired books with funding restrictions.

2. Results and discussion

We use the scientific library of the Orenburg State University As an
experimental platform for approbation of the constructed complex model of
library stock acquisition, taking into account information preferences of var-
ious types of users.

Comprehensive automation of the educational and organizational pro-
cess allows us to get complete information about all areas of the university,
in particular about the library and bibliographic processes.

The most valuable information includes data on educational materials
issued, the number of copies of a textbook. The data obtained served as an
information base for solving the problem of identifying the characteristics of
a demanded textbook by method of data mining.

The task of assessing the relevance of educational literature relates to
the task of classification. Localization of factors of demand for educational
literature can be achieved by applying data mining methods [21].

To identify the most significant characteristics of popular textbooks, all
factors affecting the demand for textbooks are conventionally divided into
three groups: bibliographic, educational and organizational, as well as factors
related to the attitude of users to the library as a way of obtaining information.
When applying this method, it was found that among the compared biblio-
graphic factors the highest priorities are: information about the author (22 %),
publishing house (20 %), purpose of the textbook (15 %) and place of publi-
cation (13 %); among educational and organizational factors — the recommen-
dation in the curriculum (40 %), the presence of questions for self-study in
the curriculum (30 %) and the discipline cycle (19 %). Among other factors,
all factors but storage locations have quantitative characteristics, which
means that statistical methods can be used to evaluate them. As a result of
building a decision tree in the Deductor, it is obtained that only three factors
are significant: the number of textbooks (41 %), the year of publication of
educational literature (22 %) and the discipline cycle (17 %). These results
indicate the need to purchase additional literature, taking into account the year
of publication and the place of discipline in the curriculum.

132



MopenupoBaHue mporiecca KOMIUIEKTOBaHUS OHOIHoTedHOTo poHIa

To solve the problem of classifying informational preferences of library
users, the Leung model of the distribution of a trading zone in fuzzy condi-
tions has been adapted, taking into account the significant factors affecting
the relevance of educational literature [1]. In connection with the constantly
changing curricula of specialties and areas of training, which have one general
tendency to reduce the share of classroom disciplines by increasing the share
of independent work, as well as the specifics of training and the number of
students in each department, certain additional requirements are imposed on
the subject and number of copies of educational literature. In addition, the
motives that guide students when ordering textbooks in the library are very
vague. Therefore, the choice of a textbook by students of different faculties
to study the same discipline can be viewed as a task set in fuzzy conditions
[23]. In this regard, the use of the fuzzy logic tools for its solving is justified
[18]. If we introduce the following designations in the modified Leung model:

X ={X, X,, X;} —a set of students, Y :{yl, Yyseons yp} — a set of factors influ-
encing the choice of a textbook, Z = {Zl, Zy,y..s Zm} —a set of disciplines stud-
ied, then @ : X xY — [0,1] 1s a membership function of a fuzzy binary rela-
tion R, for all xe X, and for all yeY ®,(X,y) is priority degree of the

feature y in the assessment of students of the faculty X in determining the
importance of the discipline, the threshold value of the priority area of disci-
plines was calculated to be 10,837, which allows defining the boundaries of
priority areas of the disciplines studied [1].

The software implementation performed in the Delphi programming
environment made it possible to determine the priority levels of the disci-
plines, that is, to make a ranking of disciplines, educational literature on
which should be acquired first. To obtain actual data on the issued educational
literature, the software product «The Demand for Educational Literature» was
used. The unstable economic and demographic situation in the country forces
universities to be competitive. In turn, this is reflected in the activities of their
libraries. Since the issue of building a corporate strategy for a scientific library
is being considered, the method of analyzing strategic alternatives has been
applied to identify faculties that are perspective in terms of compiling the li-
brary stock with educational literature in the first place. The activity of stu-
dents was characterized by the number of books given per student.

In the task of identifying prospects for the use of library resources, all
faculties of the OSU were considered: the Faculty of Information Technolo-
gies (FIT), the Mathematics Faculty (MF), the Aerospace Institute (Al), the
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Transport Faculty (TF), the Faculty of Geology and Geography (FGG), the
Faculty of Physics (FPh), Faculty of Philology and Journalism (FPhJ), Fac-
ulty of Architecture and Construction (FAC), Faculty of Food Production
(FFP), Faculty of Economics and Management (FEM), Faculty of Chemistry
and Biology (FChB), Faculty of Electric Power Engineering (FEPE), Faculty of
Humanities and Social Sciences (FHSS), Finance and Economics Faculty (FEF),
Faculty of Law (FL). Figure shows a bubble diagram of the analysis of strategic
alternatives based on the data on issued educational literature.

1Growth of the textbooks issued

10 15 20

Portion of the textbooks issued

|
v
o -
w

Fig. Diagram of the method of analyzing strategic alternatives

The revealed significant features of the textbooks in demand indicate
the need to purchase additional literature, taking into account the year of pub-
lication and the place of discipline in the curriculum.

According to the results of the program implementation of the Leung
model, it can be concluded that literature in all disciplines, with the exception
of psychology, is in demand in all the considered faculties. Literature on psy-
chology is in demand only in the physical and chemical-biological faculties,
i.e. this discipline is characterized by scarce demand, which means that the
purchase of textbooks on this discipline can be made last.

The analysis of strategic alternatives allows us to conclude that FHSS
takes a small market share and has a low growth rate of the use of library
resources. That is, this faculty is not perspective for the library, and the most
relevant strategy is to acquire textbooks for FHSS last. Faculties of TF, FEF,
FL, MF, FGD and Al are characterized by a low market share in the rapidly
growing markets of popular educational literature. They require support for
the acquisition of additional literature and are perspective in the acquisition
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of the library stock. All other faculties, including FAC, FEM, FFP are among
the leaders in the rapidly growing market. The educational literature acquired
for these faculties will be guaranteed to be in demand. This means that the
acquisition of textbooks at the request of teachers of these faculties should be
carried out first. No departments with a high market share and low rates of
growth in the use of textbooks have been identified among the faculties of the
OSU. On the whole, at the university, as a result of applying the methodology
of analyzing strategic alternatives, it was found that textbooks are in demand
by all faculties.

Conclusion

The library as a socio-economic system that provides services to meet
the information needs of the population needs the intellectualization of the
control of its processes. As a result of the research, a new approach to the
library stock acquisition process was developed. This approach is completely
formalized, based on the analysis of information preferences of users and
takes into account the limited budgeting for acquiring new publications.
A new model of the task of optimizing the demand for acquired library pub-
lications has been built. Methods and algorithms have been developed to iden-
tify the most significant characteristics of publications and groups of infor-
mation preferences of the readership. To solve a optimization problem, the
most important characteristics of the area of possible values were identified.
The method of decision-making support in the control of the library stock is
proposed. It allows using the information resources of the library to the fullest
extent and satisfying the information preferences of various types of library
users as fully as possible.
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