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Since the selection of middle managers is critical to the development of organizations for third-party
logistics service providers (3PLs), how do the organizations of 3PLs select and recruit competent
middle managers? The decision-making for middle managers selection poses a multi-criteria problem
and faces a fuzzy environment. Hence, the aim of this paper is to develop a fuzzy multiple criteria
decision-making (MCDM) model, to select middle managers for 3PLs. At first, some concepts and
methods used to develop a fuzzy MCDM model are introduced. Secondly, to effectively select middle
managers for 3PLs, three steps of a fuzzy MCDM algorithm are proposed. Finally, a step-by-step
numerical example is illustrated by using the proposed fuzzy MCDM approach. The illustrated example
shows that the proposed method can successfully accomplish the study’s goal.
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INTRODUCTION

With the growing improvement of technology and the
rapid change of economic environment, many enterprises
encounter enormously, increasing risks and uncertainties
that are greater than before. The keen competition and
many changes have arisen. Facing the tendency towards
fast developments on the economy, the usage of
computers and electronic communications in business
transactions and the acute competitions on international
markets, some violent changes have came into existence
on the customers’ behavior. For meeting customers’
requirements, to ensure the re-purchase intention and to
develop the new customers, the trends of outsourcing of
logistics services have emerged from the requirements of
effectiveness. As a result, it would reduce the cost and
increase the efficiency by applying the outsourced
activities for an enterprise. Hence, the third-party logistics
service providers (3PLs) are sprung up all over the world
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as a result of being fastidious about the effectiveness and
convenience of customers.

The focus of supply chain management is increasing,
more and more companies are searching for the usage of
3PLs due to the fact that the 3PLs provide more
customized services and many different functional
services (Murphy and Poist, 2000). There would be an
opportunity to use the 3PLs surrounded by upstream,
midstream and downstream of companies among the
supply chain. On the other hand, more specialized
services provided by 3PLs can be taken to find out the
solutions of purchasing materials and distributing finished
products for their companies. The companies would be
kept under the intimate partnership with the 3PLs due to
the fact that they could integrate the whole supply chain.
That is, the non-core logistics activities are being
outsourced to the 3PLs (Stock and Lambert, 2001);
hence, the companies can emphasize on their core
activities of competitive advantage.

However, how to make the logistics systems operate,
and how to integrate the coordination of logistics activities
to be efficient and effective is paramount. We know that



the management can be applied to deal with those
matters. DuBrin (2006) referred to organizing and staffing
as one of the four management functions, while the other
three are planning, leading and controlling. To accomplish
these goals, all non-managerial employees and
managers would use the input resources and perform the
four management functions. Then, the output
performance could be finally surveyed, and at the same
time, the managers can view whether or not the usage of
input resources and the transformation process of
management functions are efficient, or whether the goals
attainments are effective in the management systems.

Robbins et al. (2008) indicated that the three
characteristics of an organization are goals, people and
structure. Aaker (1995) pointed out that structures,
systems, people, culture and strategies are the five
components of an organization. Stock and Lambert
(2001) had noted that the main component of an effective
logistics organization is the people. Most scholars agree
that the people are one of the most important elements in
any organization. As such, organizational people can be
divided into non-managerial employees and managers.
Robbins et al. (2008) indicated that the former ones ‘work
directly on a job or task and have no responsibility for
overseeing the work of others,” while on the other hand,
the latter ones are people who ‘directly oversee the
activities of other people in the organization. The
managers are usually classified as top, middle and first-
line managers. The top ones, for example, president,
chief executive officer (CEO) etc., are responsible for
policies formulation and the decision-making of the
organizational direction, while the first-line ones (for
example supervisor, taskmaster, etc.) are those people
who directly conduct the daily activities. With regard to
the middle ones (for example, unit chief, department
head, project manager etc.), they are responsible for
switching the organizational goals to specific details that
first-line managers will devote to the accomplishment.
Among these three categories, the middle ones are very
important for 3PLs due to the fact that lack of managerial
competency for a department head would result in the
arrearage of enterprise development in the future. The
proper middle ones can not only perform the projects well
toward the organizational goals, but also can employ
each kind of managerial skills to modulate the operational
process of the organization. Therefore, in this paper, the
issue of middle managers has been investigated due to
the fact that they relate to the successful business and
future development of enterprises.

Since the punctilious selection of middle managers is
critical to the development of organization, how do
organizations select and recruit competent managers?
Do the organizations ensure that they get competent and
skillful people? To perform the management functions
more effectively, it really depends on recruiting capable
people who possess a number of specific skills or
capabilities. Therefore, it is important to select those
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middle  managers holding various  managerial
competencies (Fang et al., 2010) to compete against
their competitors. However, the department of human
resources management (HRM) should be well-down to
this task.

As mentioned already, the evaluation of middle
managers selection is crucial; however, experience has
shown that it is not an easy matter. The decision for
middle managers selection poses a multi-criteria
problem. It involves a multiplicity of complex
considerations and poses a unique characteristic of the
multiple criteria decision-making (MCDM). The evaluation
criteria of managerial competencies of middle managers
are usually subjective in nature and often change with the
decision-making conditions, which creates the fuzzy and
uncertain nature among the criteria and the important
weights of the criteria. Further, there are situations in
which information is incomplete or imprecise or views that
are subjective or endowed with linguistic characteristics
creating a fuzzy decision-making environment (Ding,
2005). The authors, therefore, adopts the fuzzy set theory
(Zadeh, 1965), in combination with MCDM method
(Ahmad et al., 2010; Anisseh et al., 2009; Ardil and
Sandhu, 2010; Chou, 2010a, 2010b, 2010c; Ding, 2009,
2010; Sreekumar and Mahapatra, 2009) as an evaluation
tool to improve the quality of this study. In the light of this,
a fuzzy MCDM model of soft computing is used to
evaluate selection of middle managers for the HRM
department of 3PLs.

In summary, the aim of this paper is to develop a fuzzy
MCDM model to improve the quality of decision-making
in evaluating selection of middle managers for 3PLs.
Subsequently, the study presents the research methods
and then proposes a fuzzy MCDM algorithm. Afterwards,
a numerical study is illustrated and conclusions are thus
made.

RESEARCH METHODS

Here, some of the research methods are briefly introduced.

Triangular fuzzy numbers and the algebraic operations

A fuzzy number A (Dubois and Prade, 1978) in real line R is a
triangular  fuzzy number if its membership  function,

faR—>[0,1],is
(x—c)/(a—c), c<x<a
fi(x)=3(x=b)/(a=b), a<x<bh
0, otherwise

with = <€ Sa<bhb<oo qpe triangular fuzzy number can be
denoted by (c, a, b). According to the extension principle (Zadeh,

Alz(claalabl) A2:(C2’a2’b2)

1965), let and
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be fuzzy numbers, then the algebraic operations of any two fuzzy
numbers, A and Az, can be expressed as:

(i) Fuzzy addition, ®: DA, =(c,+¢y,a,+a5,b,+D,)

(ii) Fuzzy subtraction, o:
Agh = (¢,=by,a,—a,,b,—c,)
(iii) Fuzzy multiplication, ®:

k®A, =(kc,, ka,, kb,), ke R, k=0,
A ®A, =(cc,,a,a,,bb,), ¢, 20, ¢, 20

(iv) Fuzzy division, .

(A)" =(c,,a,,b)" =1/b,, 1/a,,1/c), ¢ >0,
A LA, =(¢ /by, a/a,, b[c,), ¢ 20, ¢,>0

Linguistic values

In fuzzy decision environments, two preference ratings can be
used. They are fuzzy numbers and linguistic values characterized
by fuzzy numbers (Zadeh, 1975, 1976). Depending on the practical
needs, decision-makers (DMs) may apply one or both of them. In
this paper, the weighting set and rating set are used to analytically
express the linguistic values and describe how important and good
the involved criteria, sub-criteria and alternatives against the
various sub-criteria above the alternative level are.

In this paper, the weighting set W = {VL, L, M, H, VH} and the
appropriateness rating set S = {VP, P, F, G, VG} are used, where
VL = very low, L = low, M = medium, H = high, VH = very high, VP =
very poor, P = poor, F = fair, G = good and VG = very good. Both
sets are used to evaluate the weights of all criteria and sub-criteria,
as well as the fuzzy ratings of alternatives against various sub-
criteria above the alternative level. We define VL = VP = (0, 0,
0.25), L= P=(0, 0.25, 0.5), M= F=(0.25, 0.5, 0.75), H= G = (0.5,
0.75, 1) and VH = VG = (0.75, 1, 1). These triangular fuzzy
numbers are referred to in Ghyym (1999).

Ranking method

For matching the following fuzzy MCDM algorithm developed in this
paper, a systematic method based on the concepts of integral value
(Liou and Wang, 1992) was used to rank the final ratings. Let

fi(x)=(x-c)/(a—c),c<x<a,

R —
fa)= (x—b)/(a —bhasxsb, be the left and right
membership function of fuzzy number A, respectively. Suppose that

and

L R L R
8a and 8a are the inverse function of fA and fA,

gy =c+la-oy .,

respectively, then

R = j—
8a (y) =b+(a b)y can be obtained, respectively. Define
the left and right integral values of A as:

1"(A) = [ gk(dy =(c+a)/2

and

1"(A)= [ X (n)dy = (a+b)/2

, respectively.

Then, the ranking value R(A) of fuzzy numbers A;is defined as:

R(A)=pI*(A)+ (=PI (A) 0<B<1. "

The value B can be referred to as the DM'’s risk attitude index. If
B<0.5, B=0.5, and B>0.5, respectively, it implies that the DM is a
risk-averter (pessimism), risk-neuter (moderatism) and risk-lover
(optimism), respectively. The value 8 can be determined by two
procedures. First, the DM gives the value § at the data output stage
(Kim and Park, 1990), for example, 8=0.2, 0.5, 0.75. However, it is
difficult to apply this procedure directly in multiple DMs problem.
Hence, Chang and Chen (1994) suggested that it is reasonable to
evaluate 3 through the evaluation data conveyed by the DMs at the
data input stage. In this paper, the method developed by Chang and
Chen (1994) is cited to find the total risk attitude index B. The
ranking of the fuzzy numbers, A; and A, is defined based on the
following rules:

A >A & RA)>RA,)

(i)

oA <A SRA)I<RA)

(i) nd
A=A R(A;) :R(Aj)

(ii).

Let A, =(c;, a;, b)) and i=12..,n, be n fuzzy

numbers. The ranking value of the fuzzy number A; can be obtained
as:

R(A) = Bl(a, +b,)/2]+ 1A - Pl(c, +a, )/2]-

Then based on the ranking rules described, the ranking of the n
fuzzy numbers can be effectively determined.

THE PROPOSED FUZZY MCDM ALGORITHM

Here, a systematic model of the fuzzy MCDM algorithm is
proposed. The steps to be taken are thus described.

Step 1 (Development of the hierarchical structure)

A hierarchy structure is the framework of the system’s structure. It
can not only be utilized to study the interaction among the elements
involved in each layer, but also help DMs to explore the impact of
different elements against the evaluated system. The concepts of
the hierarchical structure analysis with three distinct layers (that is,
criteria layer, sub-criteria layer and alternatives layer) are used in
this paper. In this paper, there are k criteria (that is, C,

t=1, 2,...,k), Ayt 0t e pcriteria (that s,
Cu"'clnl "'Cn"'cm, ...Ckl...C,mk) and m
i=12,....m

alternatives (that is, A,
structure.

As regards the evaluation criteria and sub-criteria, the authors
referred to some literature, which were made known in academic
and management publications (Chen et al., 2008; Crawford, 2005;
Crawford and Nahmias, 2010; DuBrin, 2006; Fang et al., 2010;
Fisher, 2010; Giunipero et al., 2005; Harison and Boonstra, 2009;
Lewis et al., 2010; Liao, 2005; Murphy and Poist, 2000; Robbins et
al., 2008; Siu, 1998; Stevenson and Starkweather, 2010; Stock and
Lambert, 2001). Then, the criteria and sub-criteria of managerial
traits, skills, capabiliies and competencies are preliminarily
discussed with scholars and senior managers of the department of

) in the hierarchical



HRM of 3PLs by the authors. Finally, five criteria in the first
hierarchy and twenty-eight sub-criteria in the second hierarchy are
suggested and their codes are shown in parentheses:

(i) Conceptual competency and administrative management
capability (Ci). This criterion includes six sub-criteria, that is,
logistics knowledge and understanding of specific contexts on
organizational development and their work processes (Ci1),
logistics planning on cost, time, risk, quality, scope, process
management, etc (Ci2), empowerment (Cis), monitoring and
controlling of logistics activities (Ci4), cross cultural consideration
and skills (Cys) and strategic thinking (Cis).

(i) Communication competency (Cy). This criterion includes five
sub-criteria, that is, skills and experience in verbal levels and
intermediary communication at multiple levels (Cz1), encouragement
of participative management among employees (Cz), ability of
negotiation and analysis (Czs), conflict of reconciliation (Czs) and
facilitation and presentation skills (Cas).

(iii) Interpersonal competency (Cs). This criterion includes five sub-
criteria, that is, leadership (Cs1), ability of coordination (Cso), ability
of team work and managing team (Css), skill of customer focus and
customer concern (Css) and developments of inbound and
outbound interpersonal networks (Css).

(iv) Information of personal characteristics (Cs). This criterion
includes five sub-criteria, that is, acting with integrity and awareness
of business ethics (Cs1), ability of self-motivation (Cs2), be patient
with customers (Cu3), ability to build new relationships (Css) and
education and past experience (Cus).

(v) Logistics professional competency (Cs). This criterion includes
seven sub-criteria, that is, the logistics managerial know-how of
information technology and information system (IT/IS) (Cs+), insights
into risks and success factors of logistics-related processes (Csy),
ability to problem-solving and decision-making (Css), deep
knowledge of cost and profit (Css), knowledge of the project
construction work (Css), insights into logistics integration (Css) and
action orientation (Csy).

Step 2 (Computation of aggregating evaluation ratings of all
alternatives)

The detail steps can be done and summarized as follows. That is,
let

w, =(,.a,.b,),0<c, <a, <b, <1,

t=12...k q =12,....n, be the weight given to
cntenon Ci by the ¢ DM. Then, the welght of C;can be represented

t _(Cf’af’bf)’

as
[ I3 [
——Zth, a,=— Aig» bi :_zb’q
where g1 g gt
Let Wig = (ijq’ ijg » f/q) 0< Ct/q =y —bf/q < 1’
t=1,2,....k; J= Soq=L2 0 e

weight given to criterion C,, by the q’h DM. Then, the weight of Cy

W4 =\(C...d,.. b
can be represented as ~ V (c;» ay> by),
n

1 & 1< 1
C ——EC< a<——za< b——zb
t tig® 4 tig® 1 1
b n g b n g b n g

where a=l a=l q=l
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Let

mirjq :(Ciqu’aiqu’ tf/q) 0< C"/q —a"/q —btf/q <1
i=1,2,....,m t=12,...,k; j=L2,..,n
g=12,...,n,

be the appropriateness rating assigned to
alternative A; by the g" DM for criterion Cy. Then, the
appropriateness rating of alternative A; can be represented as

Mi’f - (C”f > Qs bi’f )’where

1 1 1
Ciy =—chfq’ Qi =—Zam’ by :_zbm‘q
n q=1 n q=1 n q=l1

The aggregation appropriateness rating of alternative A; for the n

. k)

sub-criteria under criterion C; (t = 1’ can be denoted

as:

1®[ W) @l,, oW, @ S{v, oW )@ S{u, @, |
(2

Mi,j:(ci,y"ai,y"bi,y‘) and mj:(c,j’a,y"b,y‘)’
can denote Ru‘ - ( it? Qu‘ ’ Gu‘)

nf f

Y, = chf c;/n s Qi = Zanf a;/n,,
j=1 Jj=1
nf

G, =2 by by/n,.
j=1

Because

where

i=L2,....om; t=1,2,... k.

for

Furthermore, the final aggregation appropriateness rating of
alternative A;can be denoted as:

1
= ®lR, ®W)&(R, ®W,) ©-- (R, ®W,)©--- B[R, OW, )] o
Because VV’ - (C’ » s b’ ); we can denote
k
Y, =YY, ¢ /k,
F=00,0.G) o 20
k k
Qi:an a,/k, Gi:zGirbt/k’
t=1 t=1 for
i=1,2,....m

Step 3 (Choice of optimal alternative)

Let A= (c, a, b) be the importance weight or appropriateness rating
obtained by using the aggregation method proposed in Step 2.
Based on the method developed by Chang and Chen (1994), the
value of y=(a-c)/[(a-c)+(b-a)] can be considered as the DMs’ total
risk attitude index for someone’s important weight or
appropriateness rating. Hence, for the fuzzy MCDM algorithm
presented in this paper, the total risk attitude index B of all the DMs
can be obtained by:



614 Int. J. Phys. Sci.

B, +,3 +0
(k><n)+(n><2n )+(m><n><2n )

=1 , where

A ZZ )+(bq —a,)

t=1 q—l

'B_

a. —C

pSyy

gt gt ( Ay t/q)+( g t/q)

p.= izzz i o

=l t=1 j=lgq= 1 i — ztjq)+( itig ttjq)

,and

Finally, by using these equations, we can calculate the left integral
value, right integral value and the entire DMs’ risk attitude index S.
Based on the ranking method and the use of Equation (1), the final
ranking values of the m alternatives can be obtained; and then the
optimal alternative can be selected.

THE NUMERICAL ILLUSTRATION

Here, a numerical example of evaluating middle
managers selection for a 3PL company is studied to
demonstrate the computational process of the proposed
fuzzy MCDM algorithm, step by step, as follows.

Step 1: An assumption that a 3PL company needs to
select a middle manager. Three middle managers (X, Y,
Z, respectively) are chosen after preliminary screening for
further evaluation. The HRM department has formed a
committee of three DMs, that is, A, B, C, respectively, to
evaluate the best choice among three candidates. Five
criteria and twenty-eight sub-criteria are suggested in
step 1 of the proposed fuzzy MCDM algorithm.

Step 2: Three DMs made use of the linguistic values of
weighting set to evaluate the importance weights of all
criteria and sub-criteria. For example, the three DMs that
evaluated the importance of C; with linguistic values are
M, M, H, respectively. Then, according to Step 2 of the
proposed fuzzy MCDM algorithm, the importance weight
of C; is (0.333, 0.583, 0.833). To sum up, the results of
the importance weights of all criteria and sub-criteria can
be shown in Table 1. Similarly, the appropriateness
ratings of three candidates versus all sub-criteria can be
obtained by Step 2 of the proposed fuzzy MCDM
algorithm. However, the results are shown in Table 2.

Step 3: By using equation B of Step 2 of the proposed
fuzzy MCDM algorithm, we can obtain the three DMs’

total risk attitude index B = 0.5056, where B,= 9, B, = 52
and B, = 119.5, respectively. The risk-bearing attitude of
the DMs trends is positive, based on the procedure of
data input stage. Furthermore, by using Equation (1) of
the ranking method, the left integral values, right integral
values and final ranking values can be obtained. The
results are shown in Table 3. The ranking order of the
three candidates is Y, X and Z Therefore, it is obvious
that the optimal selection is candidate Y.

Conclusions

The usages of 3PLs are increasing all over the world due
to the fact that the non-core logistics activities outsourced
those of professionalized companies. However, how to
make the logistics systems operate, and how to integrate
the coordination of logistics activities to be efficient and
effective is paramount. Most scholars have noted that the
main component of an effective logistics organization is
non-managerial employees and managers. Among the
managers, the middle level managers are very important
for 3PLs due to the fact that lack of managerial
competency for a department head would result in the
arrearage of enterprise development in the future. The
proper middle ones can not only perform the projects well
toward the organizational goals, but can also employ
each kind of managerial skills to modulate the operational
process of the organization. Therefore, the issue of
middle managers is investigated in this paper.

Since the selection of middle managers is critical to the
development of organization, how do the organizations of
3PLs select and recruit competent managers? The
decision for middle managers selection poses a multi-
criteria problem. It involves a multiplicity of complex
considerations and poses a unique characteristic of
multiple criteria decision-making (MCDM). The evaluation
criteria of the managerial competencies of middle
managers are usually faced by an ambiguous and
uncertain nature. Hence, the selection of middle
managers is confronted with a fuzzy decision-making
environment. In light of this, the aim of this paper is to
develop a fuzzy MCDM model to select middle managers
for 3PLs.

To effectively select middle managers for 3PLs, a
systematically fuzzy MCDM model is proposed. At first, a
hierarchy structure is developed. Then, we calculate the
final aggregation ratings of all other alternatives. In
addition, a ranking method based on the concepts of
integral value is used to rank the final ratings. Finally, a
step by step numerical example is illustrated to study the
computational process of the fuzzy MCDM algorithm.
Furthermore, this paper with its methodologies developed
can be employed as a practical tool for business
application. The proposed model not only releases the
limitation of crisp values, but also facilitates its
implementation as a computer-based decision support
system in a fuzzy environment.



Table 1. The fuzzy weights of all criteria and sub-criteria.
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Criteria / Linguistic . Criteria / Sub- Linguistic .
Sub-criteria DM values Fuzzy weights criteria DM values Fuzzy weights

A M A VH

Ci B M (0.333, 0.583, 0.833) Caz B VH (0.583, 0.833, 0.917)
c H c M
A H A H

Cs B VH (0.5, 0.75, 0.917) Css B H (0.5,0.75, 1)
c M c H
A M A M

Cs B M (0.417, 0.667, 0.917) Cas B M (0.167, 0.417, 0.667)
c H c L
A M A M

Cs B M (0.25, 0.5, 0.75) Css B VH (0.583, 0.833, 0.917)
c M c VH
A H A L

Cs B VH (0.667,0.917, 1) Car B L (0.083, 0.333, 0.583)
c VH c M

c A M A M

" B M (0.167, 0.333, 0.583) Caz B M (0.167, 0.417, 0.667)

c VL c L
A H c A H

Ciz B L (0.25, 0.5, 0.75) “ B L (0.333, 0.583, 0.833)
c M c H
A VH A M

Cis B M (0.583, 0.833, 0.917) Cua B VH (0.333, 0.583, 0.75)
c VH c L
A M A M

Cia B H (0.417,0.667, 0.917) Cus B H (0.5, 0.75, 0.917)
c H c VH
A L A VH

Cis B H (0.167, 0.417, 0.667) Cs1 B M (0.417,0.667, 0.833)
c L c M
A M A VH

Cis B VL (0.167, 0.333, 0.583) Cso B H (0.583, 0.833, 1)
c M c H
A M A M

Cor B VH (0.5, 0.75,0.917) Css B M (0.417,0.667, 0.833)
c H c VH
A H A H

Coz B M (0.417,0.667, 0.917) Css B VH (0.667,0.917, 1)
C H C VH
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Table 1. Contd.

Cos

Cos

Cos

Ol > Ol > O >

O >

VH
VH

TITX I

~XXX

(0.583, 0.833, 0.917) Css
(0.167, 0.417, 0.667) Css
(0.5,0.75,0.917) Cs7

(0.167, 0.417, 0.667)

O w > Om>

O wW>

VH
VH

VH
VH

(0.667, 0.917, 1)

(0.583, 0.833, 1)

(0.667, 0.917, 1)

Table 2. The appropriateness ratings of three candidates versus all sub-criteria.

Sub-criteria

DM

Linguistic values

Fuzzy ratings

X v z X Y Z
A P G P
Ci B VW VG VP (008302505  (0.667,0917,1)  (0,0.167,0.417)
c F Ve P
A VWV VG WP
Cro B G G VP  (0167,0.2505  (0.667,0.917, 1) (0, 0, 0.25)
cC VW VG VP
AP PP 0.167, 0.333 0.167, 0.333 0.167, 0.333
Cis B G G G © 0.583) © 0.583) © 0.583)
cC vV VP VP
A F G P
Cua B G G P  (050750917)  (0.583,0833 1)  (0.25,0.5,0.667)
cC VG VG VG
A VWV VG WP
Cis B VG VG VP (0250417,0583)  (0.667,0917,1)  (0,0.083, 0.333)
c P G P
A P VG P .
Cis B WV VW P (0. 85’8%)333’ (0.417,0.583,0.75) (0, 0.167, 0.417)
c G G W '
o A G G G (0.417, 0.667, (0.417, 0.667, (0.417, 0.667,
‘ B VG VG VG 0.833) 0.833) 0.833)
A G G G (0.417, 0.667 (0.417, 0.667 (0.417, 0.667
Ca1 g ‘f ‘f ‘f 0.833) 0.833) 0.833)




Table 2. Contd.

Ding and Chou

Co2

Cos

Cos

Cos

Cai

Css

Css

Cu1

Ca2

Cu3

Cua

Ol > Ol > O m> O m> O m> O > O > O > O m> O m> Ol > O W >

O W >

TOD

MMM

VG

VG

MMM

VG

VG

VG

VP

VG
VG

VG

VP

VP

VP

VG

VP

VP

VP

VG

VP

VG

VP

VP

(0.333, 0.583,
0.833)

(0.25, 0.5, 0.75)

(0.083, 0.25, 0.5)

(0.417, 0.583, 0.75)

(0.25, 0.417, 0.667)

(0.5,0.75, 0.917)

(0.25, 0.5, 0.667)

(0.167, 0.333,
0.583)

(0.083, 0.167,
0.417)

(0.5,0.75, 0.917)

(0.5,0.75, 0.917)

(0.25, 0.5, 0.667)

(0.083, 0.25, 0.5)

(0.667, 0.917, 1) (0, 0.083, 0.333)

(0.167, 0.333,

(0.25, 0.5, 0.75) 0.583)

(0.333, 0.5883, 0.75) (0,0.167, 0.417)

(0.583,0.833,1)  (0.417, 0.583, 0.75)

(0.167, 0.333,

(0.25, 0.417, 0.667) 0.583)

(0.667, 0.917, 1) (0.5, 0.75, 0.917)

(0.5, 0.75, 0.833) (0, 0.083, 0.333)

(0.167, 0.333,

(0.667, 0.917, 1) 0.583)

(0.333, 0.5,0.667) (0, 0.167, 0.417)

(0.583, 0.833, 1) (0.333, 0.5, 0.667)

(0.667, 0.917, 1) (0.083, 0.25, 0.5)

(0.667,0.917,1)  (0.25, 0.417, 0.583)

(0.333,0.5,0.667) (0, 0.167, 0.417)
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Table 2. Contd.

A P P WP
Cis B VP VP VP (02504170583 (0.25 0417,0583)  (0.25,0.333, 0.5)
cC VG VG VG
A FoVG P (0.417, 0.667 (0.417, 0.667
Cs1 B VG G VG fosan (0.667, 0.917, 1) fosan
c F VG F
A G G G 0.167, 0.333
Cs2 B G G W (0.5, 0.75, 1) (0.5, 0.75, 1) (0.167, 0.333,
0.583)
c G G P
A VW VG P
Css B G VG P (0.1 875’8%;333’ (0.667, 0.917, 1) (0,0.167, 0.417)
c P G W '
A VG VG VG
Css B P P P  (0.333,0583 075 (0.333,0.583, 0.75) (0.25,0.417, 0.583)
c F F W
AP R 0.083, 0.333
Css B P G W (©. oaan) (0.5, 0.75, 0.917) (0, 0, 0.25)
c P VG W '
A G VG VP
Css B VWV VG P (0333 05,075) (0.75, 1, 1) (0, 0.167, 0.417)
c G VG P
A P G P
Cs7 B F G F (008302505  (0.333,05075  (0,0.167,0.417)
cC W VW VP

Table 3. Ranking value of the three candidates.

Candidates Right integral values Left integral values Final ranking values Ranking order

X 0.3639
Y 0.4836
V4 0.265

0.1349
0.2080
0.0851

0.2507 2
0.3473 1
0.1763 3
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