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Applying Fuzzy Linguistic GDM Models in Academic Library
Management

L.J. Pérez and E. Herrera-Viedma
Dept. of Computer Science
and Artificial Intelligence,

Universily of Granada,
8071 - Granada, Spain.
Emaii; iperez@idecsal.ugr s
viedma@decsai.ugr.es

Abstract

The aim of this paper is Lo improve
the quality of service in academic ij-
braries.  To do so, we present an
applicalion of decision support. sys-
tem that aids general manager to de-
cide about funding distribution tak-
ing into account the stafls opinions.
We assume a Tuzgy linguistic mod-
elling (o represent the stail’s opin-
ions and apply automatic tools of
Mzzy computing with words to ob-
tain a collective solution to improve
the quaiily of service by distribut-
ing the funds in Lhe most appropri-
ale way,

Keywords: Group decision mak.
ing, decision  support syslem,

Enguistic  maodelling, academic
libraries.

1  Introduction

Phe main goal of an academic library as a
service organization is 1o maintain a level of
service quality that, satislying its users, will
ensure funding for the existence and dovel-
opinent. ol (he library [3]. Hence, there is a
need o determine Lhe value and Imeasure the
performance of the library to distribute (he
funding between the different. offered services,
The Tunding distribution is a complex task,
because il iy hecessaly Lo adapt the distribu-
tien to the users’ needs, which are different in
each case. 1L is nol the same to manage a li-
brary which users are students of engineering

J. Lépez-Gijén
Dept. of Library
Science, Universily of
Granada, 1807] -
Granada, Spain.

. Eamail: jgijon@ugr.es

F.J. Cabrerizo
Dept. of Soltware Emgineering
and Computer Systems,
Listance Learning University
of Spain (UNED),
28040 - Madrid, Spain.
Fimail: cabrerizo@issi uned. es

that do the management in one thal, is [re-
quented by specialists in history because 1he
resources and the information are different.

Usually, the person in charge Lo distribute the
Tunding, calied general manager, ask to the
stail of the Hbrary about their opinions be-
cause they deal directly with the users anel
they know their needs and worries about the
library services. Morcover, the gereral man-
ager has confidence in the stall Lo considoer
their criteria about the distribution ol the
budget.

Taking into account (he above factors, the
main problem for the general manager s Lo
rank Lhe different library services in order Lo
distribute the funds beiween them according
to Lhe stall’s apinions. This problem can be
seen as a group decision making (G IIM) prob-
lemy Lecause it includes all the necessary re-
quirements for this kind of problems.

GDM models are used to oblain the best so-
lugion{s) for a problem according to the in-
formation provided by some decision imakers.
Usually, cach decision maker (expert) may ap-
proach the decision process from a different
angle, but they have a common intorest, in
reaching an agreement on taking the best de-
cision.  Coneretely, in a GDM problent we
have a sel of different alternatives Lo solve
the problem and a set of experts which are
usually required to provide their preferences
about the alternatives by means of a particy-
lar preference format, [5}

In the case of the funding distribution be-
tween library services, the alternatives are
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i seavivis, aodl e sel ol experls of the
prabilens s Lhe stadl of Lhe library. 1o general-
ize the method, we divide the ibrary services
following the libqual+ survey medel [9, 19],
which distinguishes three different groups of
services: i} alfect of service (AS) i) infor-
wation control (IC) and iii) libvary as place
{AP). Furthermore, we add a lourth service
group depending of the local services of the
library. Nowadays all the libraries are chang-
ing into digital libraries, and thus, we choose
the new technologies access (NT) as the last
group of library services.

‘The main of this paper is to apply a GDM
maodel to improve the academic library man-
ageiment. This application uses subjective cri-
leria related to the services offered by the li-
brary. We agsume that the need to invest in
a library service is measured through stafl’s
perceptions aboul the needs of the users. For
this reason, we use a fuzzy linguistic modelling
[T] to represent the stafl’s perceptions. This
kind of modeiling is an approximate technique
which represents qualifative aspecis as fin-
guistic values by means of lnguistic variables,
that is, variables whose values are not num-
bers but. words or sentences in a natural or ar-
tificial language [7]. To compute the quality
assessments we use tools of computing with
words based on the linguistic aggregation op-
erators.

In order to do so, the paper is set oul as
foliows. Some considerations about library
services, GDM problems and the linguistic
approach are presented in Section 2. Sec-
tion 3 deals with the library application of
the model. Pinally, Section 4 draws our con-
clusions.

2  Preliminaries

In this section we present some considerations
about the quality of library services, GIAI
problems and the [uzzy linguistic approach.
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2.1 Owverview about Academic
Library Services

The libraries have drastically changed from
the storehouses of books Lo the powerhouses
ol knowledge and information since the mid-
dle of 20th century.
communication techmology, which is responsi-
ble for this revolulion, has drastically changed

The mformation and

the organization, managemenl and operation
mode of modern libraries. The existence of a
library is fully dependent on the satisfaction
of users, Therelore, libraries are now more
concerned aboul the fibrary customors, (heir
satisfaction, Lhe quality of libraries and infor-
mation producls and services and their proper
marketing.  An user is satisficd when the li-
brary is able to rise to his/her expoctations
ar meel the actual needs. “'he brary ad in-
formation professionals have to properly un-
derstand the customers, what they want, how
they want it and when they want the doe-
uments or information from s library.  So,
the library has to consider the individuality
ol the customers, responsiveness of stafl and
the relationship of the customer with the li-
brary very seriously as it effects the quality of
library products and services heavily [3, 11].

Therefore, it is necessary Lo have a system
through which the customer needs are laken
into aceount. and these must be used to im-
prove the quality of the libraries by distribut-
ing the lunding according to these needs.
There are several methods, tools or technigues
to measure, control and improve the quality of
a library, The quality can be perecived lrom
the organizational level, user lovel or hoth
[9, 10} The libqual+ survey model [9, 10] is a
popular method to evaluate the quality of the
libravies according to the user satisfaction.

We propose a tool managed by the general
manager bul are the stall members who give
their preferences about the needs of lunds in
cach service with the inal gap to distribute
the lunding according to the customer neads
and, in such a way, to improve the qualily of
service in academic libraries.
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2.2  Group Decision Making Models

In a GDM problem we have a finite set
of Teasible allernatives. X = {ay,@0,...
cap by (2 2) and the best allernatives from
X have Lo be identilied according to the -
formation given by a set of experts, £ =
{ev, o0, eml, (m 2 2).

Usual resolulion methods for GIM problems
are composcd by two dillerent processes {3]
{see Pigure 1)

1. Clonsensus process: Clearly, i any de-

cision process, it is preferable that the
experts reach a high degree of consensus
on the solution set of alternatives. Thus,
this process refers (o how Lo oblain the
maximum degree of consensus or agree-
iment among Lhe experts on Lhe solution

altornatives,

2. Seleciion process: 'I'his provess consists
in how to obtain the solulion sel of alter-
natives from Lhe opinions on the alterna-
tives given by the expoerts.

L+ The Connsnius Level tn Batlefaciony ‘|
EL. The Conseatun Level ip Ho! Batlylsciory

Resolutlen Procoss | |

{ aternativol
i Solutlon

L35

Salacllon Process

Advica vrmrenrreanil
Consonsun

Moderator

Problom
Quostion

Sot of
Experis

Sal of }g J% Cplnlons
¢ Adarnallvas A H
. a’éﬂ

\ Group Declslon Making Y,

IFigure 1 Resobubion process of o GDOM

In this papaer, we apply a sclection process Lo
obtain a ranking of academic library services
by using ¢he preferences given by Lhe stafl of
{he library.

2.3  Fuzzy Linguistic Modelling

There are sitnations in which the information
cannot be assessed precigsely ina quantitative

form but may be in a qualitative one. For ex-
ample, when attempting to qualify phenom-
ena related to human perception, we are often
led 1o use words in natural language instead of
numerical values, e.g. when evaluating qual-
ity of a restaurant, terms Hke good, medium
or bad can be used. In other cases, precise
guantitative information cannot be stated he-
cause either it is unavailable or the cost for its
approximate

At

computation is too high and an
value” can be applicable, g, when evaluating
the speed of a gar, linguistic Lerms like fost,
wery fast or slow can be used instead of no-
merie values 11].

The use of Ifzey Sets Theory has given very
aood resulis for modelling qualitative infor-
malion [13]. Ihe fuzzy linguistic modelling is
a tool based on the concept of linguistic vari-
able 1o deal with qualitative assessiments. It
has proven its uselulness in many problems,
ez, in decision making, quality evaluation,
information retrieval models, ete.

The ordinal gy linguisiic modelling {7} is a
very usefui kind ol luzzy linguistic approach
proposed as an allemative ool to the tradi-
tional Tuzzy linguistic modelling which sim-
plifies the computing with words process as
woll as linguistie aspecls of probloms. 14 is
deflined by considering a finite and Lotally or-
dered label sel 8 = {&},i € {0,.., ¢} in the
odd cardinalily (usually 7 or 9 labels}. The
mid term represents an assessment. of fap-
proximately 0.57, and the rest of the tenns
are placed symmetrically around it. The se-
manlics of the label sel is established (rom the
orderad structure of the label set by consid-
ering that cach label for the pair (s, sgeq) is
equally informative [1]. For exaple, we can
use the following sel of seven labels Lo repre-
senl Lhe lingnistic information:

S = { N=Null, VL=Very Low, l=Low,
Me=Mediumy, e Hight, VH= Very  Hight,
Pa= Perfect ).

In any linguistic modeling we also need some
management operators for linguistic informa-
tion. An advantage of the ordinal fuzzy lin-
guistic modeling is the simplicity and speed
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of its computational model. It is based on the
symbolic computational model [7] and acts
by direct computation on labels by taking
into account the order of such linguistic as-
sessments in the ordered structure of labels.
Usually, the ordinal fuzzy linguistic model for
computing with words is defined by estab-
lishing i) a negation operator, i) comparison
operators based on the ordered structure of
linguistic terms, and iii) adequate aggroga-
tion operators of ordinal fuzzy linguistic in-
formation. In most ordinal fuzzy linguistic
approaches the negation operator is defined
from the semantics associated to the Hnguis-
tic terms as

NEG(si) =s; 1§ =(g—1)

and there are defined two comparison opera-
tors of linguistic terms:

L. Maximization operator:
¢ if s; > 85 1 and

MAX (s, 5;) =

2. Minimization operator:
5 i sy <8y .

M [[\I(.‘;h 5]) e

Using these operators it is possible to define
automatic and symbolic aggrogation opera-
tors of linguistic information, as for exam-
ple the linguistic ordered weighted averaging
(LOWAY) operator [6]. 'T'his operator, defined
in |6}, is based on the ordered weighted av-
eraging {OWA) operator defined by Yager in
[12], and on the convex combination of iin-
guistic labels defined by Delgado et al. in [2).

3 Fuzzy Linguistic Group Decision
Models Applied in Academic
Library Management,

3.1 Problem description

The funding distribation problem in academic
libraries environment to tmprove the quality
of service can be modeled like a GIDM prob-
e in which the experts are the stall mem-
bers, the alternatives are the library services
and the general manager acts like moderator.
With this kind of medel, if the experts reach
a consensual collective solution, the problem
can have a quickly and precise soluiion.
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To do so, we present a tool thal colleets Lhe
indlividaal stafl’s opinions aboul the Munding
needs of the library services and shows (o
the general manager the compuled ranking of
these services. We follow the libguai+ sur-
vey model [9, 10] to establish the library ser-
vices to be assessed by the stall menibers. In
libgual+ model three library services are con-
sidered:

o Allect of service (AS): In this cnse new
funds could contribute Lo improve the
stall knowledge by mean of courses, o
Lire new stadl| ote.

¢ Information contro! (1C): Tn this case new
fuds condd contribuie Lo buy new books,
to subseribe new journals, ole.

e Library as place {AP): In this case now
lunds could contribute Lo buy new lurni-
ture, 1o build new rooms, el

Furthermore, by considering the advance of
ase of new technologios i traditional aca-
demic libravios we identify olber library ser-
vice relaied with the development of the new
technologies in Lhe library aclivilies

e Now technologios access (N1 In this
case new funds could contribule to ac-
tualize the old computers, 1o make now
web services, ele,

Therelore, we consider four libravy services
whicli could he potential recoplors of Tinds
depending on the general manager’s decision.

We assume that cach stall member ey pro-
vides his/her prelerences on library sorvices
X o= {8, 4} by means of a fuzzy lin-
guistic prefercnce relations {1°LIPR) 2 char-
acterized by a membership lunction [7)

Jip XX e

where Lthe value s (0, 2p) = 1’5:!; I inter-
preted as the preference degree of the library
service 7, over zp for the experl e,

FLPRs are widely used in this kind of prob-
lems because they are more informative than




preference orderings or utility functions, al-
fowing the comparison of the alternatives in
a pair by pair basis.  Thus, experts have
much more lreedom when giving their prefer-
ences anxl Lhey can gain expressivity against
other preference representations, When cardi-
nality of X iz small, the preference relation
may be conveniently represented by an noxn
matrix PR = (p;';‘)

For example, using the set of seven labels in-
troduced in Section 2 a stafl member o), could
provide the loHowing FLIPR

N oM
R Y
Lo - VI

MM OVH -

According Lo ])fj‘, = M and ‘piﬁ, = 2oy con-
siders thal ap is equally preforred Lo ay and
@y is absolutely preferred (o 2 in the finding
distribution, respectively.

3.2 A selection process in academic
libraries

When all stall members /9 = {ey, .. e
have provided their FLPRs {]-”, P, P’”}
about the fowr library services we can oblain a
ranking of library services applying a selection
process [4]. The selection process is composed
of two diflerent phases [, 7]: (1) aggregalion,
and (i) eaploilation.

3.2.1  Aggregation of individual
FLPRs

The aggregation phase defines a collective
preference relation, P¢ = (]):J), obtained by
means of the ageregation of all individual Hn-
guistic preference relations {P', PELL P 1
It indicates the global preference belween ev-
ery pait of library services according to the
majority of stadl members’ opinions. The ag-
grogalion is carried out by means of a LOWA
aperator [2, GL

A LOWA operalor of dimension 7 is a func-
tion ¢ : 8" —» 5 Lhal has a weighting vee-
tor associated with it, W= (wy, ..., wy), with

wi € {0,1], 320wy = 1, and it is defined ac-

EUROFUSE'0S. Preference Modelling and Decision Analysis

cording te the following expression:

n
qﬁQ(])}) e -,Pn) - Z'w?‘ : Po’(i): pf S 'S‘-
frd
being o : {1,...,n} — {1,...,n} a permutation

defined on linguistic values, such that p,y >
Pagivn): V8 = 1o 1, that is, pogy, is the
-highest linguistic value in the set{p;, ..., py}.

A natural question in the definition of OWA
operators is how to obtain W. In {12} it was
delined an expression Lo obtain W that allows
Lo represent the concept of Tuzzy naority
by means of a fuzzy linguistic non-decreasing
quantifier ¢

wi = QU M)~ QUGE-1)/n), {=1,...,n. {1)

Therelore, in our model the collective FLPR
is obtained as follows:

])';] e Q’I)Q (P!}j‘ B \?’;j) (2)

3.2.2 Exploitation of collective FLPR

The goal of the exploitation phase is to choose
the best alternalives frem P90 In owr [rame-
work, we ook for to identify the best library
services that. could be haproved with the
M distribution. Usuadly, the exploitation in
GDM is modeled using linguistic choice funce-
tions which allow us Lo characterize the al-
ternalives and Lo separate the best ones [8],
Then, we have to develop two tasks:

1. Oblain a rank ovdering amaong the library
services by means of a linguistic choice
Junction: So, we use the choice func-
tion called quantifier guided dominance
degree 1o rank library services [rom the
collective I'LPR PY'This cholee function
guantifies the dominance thal one aller-
nalive has over all the others tn a fuzey
majority sense:

X [y, pexe(@y)), oo (g, piace (20) Y}

being px-{x;) & S the linguistic guan-
g i g !
tilier guided dominance degree of 2; ob-
tained as
P ' 6
."1(\"‘(-1'2} = (f)Q{])?] peoe sPim)'
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2. Choose the best allernalives cccording lo
the esteblished rank ordering. It chtained
as follows:

X%y € Xipxe(a) = Maxy ex {pxe(a;)} (6]

Sometimes it is necessary to apply more
choice functions {1, 8]

4 Conclusions

In this paper we have presented a linguistic
GDM application based on stall perceptions
to evaluate the funding needs of the academic
libraries to improve the quality ol services. In
the luture, we will use incomplete information
models and avoid the impartial preferences by
using weight values which change depending
on experts and the services evaluatad,
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