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LINGUISTIC LABELS BASED METHODOLOGY FOR FUZZY
GROUP DECISION MAKING

Marimin’, L Hatono & H. Tamura™

ABSTRACT

In this paper, we review our research works om gradual
Improvements o fuaxy group dechlos-making methodologles
Firstly, a single-level semi-uumeric method, Le., Mngulstic labels
represestation with furzy sets compuintion, and & fully nos-nusseric
method, Le., Bngulstic labels represeniation with labels manipulation
for solving palrwise fuzzy group decision making problems are
discussed.  Secomdly, the extemsion of these methods Into »
hierarchical seml-numeric and & hierarchical noa-smmeric methods
are described. Flually, the methods are verilled and applied to
solving some real csses of furzy group decision-making probiems
siach as 8 waste disposal methods schection problems.

Keywords : group decision making, fuzzy logic, linguistic label,
preference modeling.  multiple  oriteria  hierarchical
snalysis

ur research works discussed here are devoted to

gradually revising and improving the previously

developed fuzzy group  decision-making
methodologies. For this purpose, linguistic labels based
methodologies which are more flexible and suitable to be
applied to solving real cases of pairwise fuzzy group
decision-making problems are developed.

We propose a semi-numeric method [1], ic.,
linguistic labels representations with fuzzy sets
computation, and a fully non-numeric method [2], i.e.,
linguistic labels representations with non-numeric
computation for pairwise fuzzy group decision making.
These methods can be used to identify the preferred
alternatives.  Satisfaction degree to each alternative
preference is accommodated into the proposed methods
[3). These methods deal with single-level structure
problems.
For dealing with a large and a more complex
problem, the semi-numeric and non-numeric methods are
extended into a hierarchical semi-numeric method [4], [5]
and a hierarchical non-numeric method [6], respectively.
These methods are able to solve multiple criteria
hierarchical structure problems. The methods are verified
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and applied to solving some cases of fuzzy group decision
making problems, e.g., advertising media selection, a
waste disposal method selection, and agricultural based
industries project selection problems. The hierarchical
semi-numeric method is compared to the Saaty’s method
of AHP [7]. The possibility to improve the methods are
also discussed.

Fuzzy Preference Relations

In the numeric method for pairwise fuzzy group
decision making [8], an element of a fuzzy preference
relation matrix R* on a set of alternatives S, for individual
decision maker k is expressed by a membership function
Mgk (5,5)) : Sx 8 — [0,1] as follows:

1 if s is definitely preferred to s,

ce(0.5]) if 5isslightly preferred to 5,
HR‘-=(""Sﬂ 0.5 if s is indifference to 35, (1)

de(005) if 5;isslightly preffered to s;,

0 if s ; is definitely preffered to 5.

is impractical to be implemented, because the decision-
makers tend to give linguistically more natural evaluation
values. Moreover, the computation models are rigid and
some information may be lost in the computation process.
The numeric single-point representation and computation
are extended in [1] by wusing linguistic labels
representation and with fuzzy sets computation. The
decision-makers may express their fuzzy preference
relations in 13 labels according to the following equatioa:

(DP if nj is preferredios jin defimile degree,
VHE ifs; is preferrediosin very high degree,
HFP s is prefarediosjin high degree,
M P  ifsj is preforredios jin modersie degree,
LP  ifsj i prefemediosjim low degree,
FLFP ifs; is preferrediosjin very low degree,
R‘k{q,”}- AT if o sboutthe same w5 j,

VLD ifsjis preferredion;in very low degree,
LD H’ljiﬂtﬂmﬂhtiilmrdl'-.
MD  ifsjis preforedios; i moderatc degres,
HD  ifsjis preforredios; in high degree,
VHD iljip‘m‘dhliimum
(DD ifsj ia preferrodios; i definite degree.
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The preference values are reflective-reciprocal
with AS as the center. He labels are converted into and
processed in partially ordered triangular fuzzy numbers
(TFN). The computation models use direct and indirect
approaches. However, they are different with the numeric
single-point computation models [8] in the following
ways: (1) the core concept is extended into a fuzzy core
concept which allows fuzzy member of alternatives in a
solution set; (2) thresholds arc eliminated from the
computation models; (3) neat-OWA (ordered weighted
average) aggregation operators [9] are used both for
aggregating the individual preferences into a group
preference and for representing the aggregation guided by
linguistic quantifier such as most; and (4) a set of criteria
which may have the same or different weight are
considered explicitly. The computation produces solutions
in TFN that can be converted back into the corresponding
labels by using a similarity method [1].

The conversion process may be time consuming
and it may decrease the results’ accuracy. To avoid these
drawbacks a fully non-numeric method is proposed in [2].
The computation models are simplified, i.c., the fully
ordered labels are directly processed non-numerically, and
OWA operators for a non-numeric ordinal environment
[10] are used on some of the processes.

The non-numeric computation models also use
direct and indirect approaches. However, the computation
procedures are simplified, i.e., there is no transformation
process from labels into TFN values and vice versa. The
computation produces at most one preferred alternative in
a label form. The non-numeric method is especially
suitable for a group decision making in which a full
consensus is the role for selecting the alternatives.

We also propose to use the linguistic labels for
expressing the corresponding degrees of satisfaction to the
preference values [3]. The degree of satisfaction is
represented by using five-points labels as stated in Eqn.
(3). So, there will be preference matrices R and their
corresponding satisfaction matrices 7. T are symmetrical
matrices, i.e, #f is equal to & . For example, rj = HP
m:fj:manmumbymedacisionmakukme

satisfaction degree of the altemnative i is preferred to the
alternative j in high degree is very high.

VH if thesatisfactin degreeto ttm{'i‘ is veryhigh,

HI if thesstifactn dogioeto meri'j‘ ia high,
lg.--lME if the satisfactin degreeto rr:ri'-'i‘ is medium,

LO if thesatisfactin degreeto :heri'i‘ is low,

VL ﬁummmm%‘uw. &
The satisfaction matrices can be processed by using the
semi-numeric method.
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Hierarchical Analysis

We extend the semi-numeric and the fully non-
numeric methods for solving multiple criteria hierarchical
structure problems which are commonly faced in the real
applications. Each problem is tailored into a focus, criteria
and alternatives. The structuring process is similar to that
in the AHP (Analytic Hierarchy Process) [7].

The evaluations are done in the criteria level and
than in the alternatives level on each criterion. For
example the waste disposal method selection problem can
be tailored in a hierarchical structure as shown in Fig 1.
level one is the one focus of the analysis, level two consist
of criteria used for selecting the altemnatives, and level
three is the considered alternatives. For evaluation on the
criteria level, the term “is preferred to” of Egn. (2) is
replaced by “is more important than™,

In the hierarchical semi-numeric method [4), [5],
the linguistic labels are converted into triangular fuzzy
numbers (TFN) as shown in Fig.2 (a) and then processed
by using direct and indirect approaches[l]. The
computation models are summarized in Table 1. The
computation result fuzzy relative weights of the criteria in
TFN form. Evaluation on the alternative level, which is
the same as that on the single-level structure, results the
preferred alternatives on each criterion.

Level 1:
Focus

The Most Suitable Waste Disposal Method

Level2: Disposal Disposal Cost
Criteria  Technology

Level 3: Landfill Lagoon
Alternative

A hlerarchical structure of the wasie disposal method
selection problem

Fligure 1.

The fuzzy relative weights of the criteria are used
in the fuzzy weighted average or the special case of neat-
OWA operator for aggregating solutions on each criterion

into solutions on overall criteria.
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Figurel.  The mapping of lingulstic labels into the corresponding
: TFN.

Tablel. Formulas of the semi-numeric method for solving a

palrwise furry group decision making problem

Formuls for each oniterion
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kﬂ
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Explicitcriteri :dorad
Sameweightsof criteria

I : 1
) coie—DAELY LI

In the hierarchical non-numeric method [6], on
the criteria level, each decision-maker expresses his/her
opinion about the importance/weight of criterion towards
the focus of the analysis independently. The possible
values of the weight are very high, high, medium, low and
very low. Evaluations of all the decision-makers are
aggregated to obtain the final weight of each criterion by
using formulas explained in [2], [10].

Preferences to the alternatives of all decision-
makers are processed by using the direct and indirect
approaches of the non-numeric formulas summarized in
Table 2. These formulas result solution on each criterion
which can be aggregated into the final solution with
respect to the weight of criteria obtained previously.
Verification and Discussion

Let us consider a 4 criteria and 4 alternatives
fuzzy group decision-making case shown in Fig. 1. In this
case there are 4 decision-makers, namely: (1) an
environmental division manager, (2) an environmental
bureaucrat from a municipal city, (3) an environmental
expert from a university, and (4) and environmental expert
from an environmental engineering consulting company.
The evaluations are done directly on the alternative level
under each criterion.

Tablel, Formulss of the mom-mumeric method for solviag a

pairwise fuszy group decision making problem
Formulafor eacheriterion
Direct approach Indirectpproach
K =Kol
h=fL K
= (wjnbj} V248 i {wjnbj} V248
K otherwise Mot 7)) otherwise

C= !;i,uz.f::,...;.lﬂ.ir,,] Q=g /n.2/n. -‘u""n]

Cq =FCq:Cayr-Ca,

QW)= mzf-l ko, O)F

j.] L/ Ca

a0 ™

Legend :

k,":mmmm ?:mmunm
individual & supports furzy - preforonce matrix
altemative 1; z; :vimiliar Lo v

hi:The degree to which all Q :similier 10 C

indivadual supports s; Cg:'lhld\liﬂﬂﬂlﬂ'ﬂl‘il
¥; :most individusl spports »; F(): The nest OWA aggrogalion
C:The solution set on each operalor

T

Bkt ki comidesia

Same weightsof oriteria Diﬁ‘etﬂ.u-iﬁuuf crileria
"-';ﬂ'j w) 4‘\,:_1 [HrIAaC,)
o U ¥Coi2 45 Co= @ ¥Coi2 A5
Al oy Cuy othorwise Al 1€, otherwise
Legend
A’ :The degree 1o which rj © The element of sgrop
individual k supports fuzzry - preference matrix
alternativ e 5 #; : umiliart o v

b : The degres to which all 0 : similisrt o O

indivudual supports ¥ Cg:mm on all criten
v :most individual supports 5y F(): The neat OWA aggrogatio na
C : The solution set on esch operslor

enterion




Ll (] Mumerie methed
P 5o mahcd

B ol vommaric method

E 5 &%

1~

4

P
VHF

4

B b

g8 & &

51

4
Ly [ Ve mathod
BEE Vemraumas mabkod

B Pl som-rumari mstied

LN

() The indirect approach

Figure 3. Solution of 8 waste disposal method selection by single-level siructure methods
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Figare 4 Solution of 1 waste disposal method selection by using the
hierarchical and single-level semi-numeric method

Fig. 3 shows solutions of the single-level
numeric, semi-numeric, and fully non-numeric methods
Mmmmmmmmmwm It shows that
the most preferred alternatives on all methods and on all
approaches are the same, i.c., alternative 1. However, the
degree of preferences to the altematives are slightly
different.

The Fully non-numeric method gives only one
preferred alternative. The numeric and the semi-numeric

methods are suitable for full and partial consensus, while
the fully non-numeric method is suitable especially for full
consensus cases. Full consensus means that an alternative
can be considered as the solution, if all the decision-
makers have no objection to that alternative. Partial
consensus means that an alternative is still possible as the
solution, even if one or more decision maker(s) dis-
prefer(s) to that alternative but it is preferred by the group
of decision-makers as a whole.
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The waste disposal selection problem is then
solved by using the hierarchical semi-numeric method.
Firstly, the decision-makers assign preference relation on
the criteria level. Secondly, the decision-makers assign
preference relation to each pair of alternatives on each
criterion.

The data obtained from the first evaluation are
processed to identify the weight of criteria. These can be

done by using formulas listed on Table 1. The result is a
set of relative weights of the criteria in TFN. In our case,
the weights of criterion 1, 2, 3 and 4 are (0.316, 0.499,
0.768), (0.525, 0.717, 0.967), (0.361, 0.546, 0.808), and
(0.095, 0.232, 0.584), respectively.

The data obtained from the second evaluation are
processed to identify the preferred alternatives on each
criterion. Then, by using the fuzzy weighted average



model the preferred alternatives on all criteria are
identified with respect to the weights of criteria obtained
above.

Fig. 4(a) shows the preferred alternatives by
using the hierarchical semi-numeric method with the
direct and indirect approaches. This figure shows that the
most preferred alternatives on two approaches are the
same, ie., altemative 1. However, the degree of
preferences to the alternatives are slightly different. Fig.
4(b) shows the solution obtained by using the single-level
structure semi-numeric method [1] with the weights of
criterion 1, 2, 3, and 4 are medium, very high, high, and
low, respectively which are then converted into TFN
according to Fig. 1(b). Fig. 4 shows that the results of the
hierarchical semi-numeric method are slightly different
with that the single-level semi-numeric method due to the
difference in determining the weights of the criteria.

Similarly, the problem can be solved by using the
hierarchical fully non-numeric method. Because the non-
numeric method follows full consensus rule, it suggests
only one alternative, that is alternative 1 (Fig. 5). In term
of most preferred alternatives, all methods suggest that
alternative 1 is the best.

The satisfaction degree to each preference values
obtained by the single-level and the hierarchical semi-
numeric methods are shown in Fig. 6.

The proposed methods were also verified and
applied for solving an advertising media selection problem
[1] and an agricultural based industries project selection
problem [2].

Hierarchical Semi-numeric Method Compared to AHP
Method

The hierarchical semi-numeric method has some
similarities and differences with the AHP method [7] in
the following ways:

* The main intention of the hicrarchical semi-numeric
method is for group decision-makers while the AHP
method is actually for a single decision-maker.
Although the AHP is extended for group decision
makers, the main model is still unchanged, ie.,
preference matrices of all decision makers are
aggregated by using geometric or arithmetic mean
operator, the composite values are then processed by
using the ordinary AHP.

= In both of the two methods let each decision-maker
evaluates each pair of options. In the hierarchical
semi-numeric method the evaluations are expressed in
two groups of seven labels, see Eqn. (2), which are
then converted into and processed in TFN. In the
AHP method the evaluations are expressed in a group
of nine ordinal values from 1 (equal importance) to 9
(one option absolutely more important than the other).

This judgement is ry,lhl:{l /th entry of the ath
criterion matrix. rj; is taken to be 1/rf v and 7f=

1v;. It is possible to extend the ordinal evaluation
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values of AHP into fuzzy evaluation values, ¢.g., the
evaluation can be expressed into about 1, about 3, etc.
Extending the AHP model into a group-AHP or a
fuzzy group-AHP is a possible topic for the future
work.

= The hierarchical semi-numeric method uses direct and
indirect approaches to derive the intended solution set.
That is a set of alternatives which is preferred by the
decision-maker as a whole. There will be a set of
preferred and a set of dispreferred altemnatives. It uses
neat OWA aggregation operators. The AHP method
basically uses a linear weighted formula for finding
eigenvector, the set of relative weights, corresponding
to the maximum eigenvalue. When the AHP method
is applied for solving the problem described in Fig.1,
the solution, ie, a set of relative weights of
alternatives 1, 2, 3, and 4, is 0.503, 0.149, 0.092, and
0.256 respectively. This shows that the best
alternative is alternative 1, which is also suggested by
the semi-numeric method.

CONCLUSIONS

For improving the flexibility and practicality of
the numeric preference relations based group decision
making the single-point numeric  preference
representation and computation is extended into a semi-
numeric method, i.e., linguistic labels representation with
fuzzy sets computation. The new method allows the
decision-makers to express their preference relations in
linguistic labels rather than in numerical values.

Fuzzy criteria have been incorporated explicitly
to the new model. It allows the decision-makers to
express their preference relations based on each criterion.
It gives results on each criterion and on all criteria. The
criteria may have the same or different weights.

To improve the computational efficiency, a fully
non-numeric method for the pairwise fuzzy group-decision
making is developed. The proposed non-numeric method
expresses and processes the preference relations non-
numerically. It simplifies the computation processes and
preserves the preference accuracy by avoiding the use of
inefficient transformations of the linguistic labels into
numeric values and vice versa.

The degree of satisfaction to the assigned
preference values is defined and added into the
representation and computation models. This allows the
decision-makers to express the corresponding satisfaction
degree of the preference values.

The single level semi-numeric and non-numeric
methods are extended for solving multiple criteria
hicrarchical structure pairwise fuzzy group decision-
making problems. By doing so, the proposed methods are
able to solve more complex and larger group decision-
making problems.

All of the proposed methods have been verified,
mmpﬂredmdamhedtumlwngmmalmsﬁ,eg,
advertising media selection, an agroindustrial project
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selection and a waste disposal method selection.
Moreover, the hierarchical semi-numeric method is
compared to the AHP method.

Degree of satisfaction and the preference values
are identified and analyzed separately. Other
representation method, e.g., a fuzzy set of type 2 can be
investigated for representing and processing the preference
values together with the comresponding satisfaction
degrees simultancously.

The semi-numeric method, non-numeric method
and their variations which have been developed in this
research can be used as one of the possible basis for
developing a group decision support system.

. 'The consistency of the preference matrices are
computed by using a similar method to that in AHP. In
this case, the labels are transformed to TFN and the
analysis considers the middle values of the cormesponding
TFN. Investigation of developing a model to determine
the consistency directly from matrix of labels can be
considered for the future work.

The hierarchical semi-numeric method has
similarities and differences with the AHP method. For
future work, it can be investigated the possibility and then
extend the hierarchical semi-numeric method into a
network semi-numeric method which is similar to the
analytic network process [11].
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