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lambda-max method is utilized in determining the criteria weight for the
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1. Introduction

Various decision making models have been
introduced to solve various type decision making
problems. According to Carlsson and Fullér (1996)
the models can be categorized into three, which the
Multicriteria  decision is making (MCDM),
Multiattribute decision making (MADM) and Multi
Objective Decision Making (MODM). In some
situations, the problems are better represented in
hierarchical structure and one of the best suited
methods to be used is the Analytic Hierarchy Process
(AHP), a method in MCDM. A hierarchy is basically
can be viewed as a stratified system for organizing
objects. In other words, it helps to locate and group
objects effectively. The hierarchical structure has its
own advantage as it gives an overall picture of the
complex relationship inherent in the situation and
assists the decision makers to address the issue in
each level.

Soft set theory was first introduced by Molodtsov
(1999). It's known as general mathematical tools to
deal with the complexities of modelling uncertain
data. Its parameterized representation is useful and
convenient to apply to many decision making
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situations. At present, the investigation on the soft
set theory is progressing rapidly and has been
successfully applied in many different fields
(Molodtsov; 1999; Maji et al, 2002; Herawan and
Deris; 2010). Cagman and Enginoglu (2010a; 2010b)
redefined the operation of soft set and introduced
uni-int decision making and four products of soft
sets. As a generalization the standard concept of soft
sets, Maji et al. (2001) introduced fuzzy soft theory
and applied it to decision making problems.

Some researchers applied fuzzy soft sets in
theoretical and practical applications of decision
making problems (Roy and Maji, 2007; Chetia and
Das, 2010; Maji et al,, 2002). Cagman and Enginoglu
(2010a; 2010b) presented soft matrix theory and
introduced the soft max-min decision making to
solve a decision making problem with two decision
makers. Wei (2010) proposed the method of fuzzy
soft matrices (FSM), defined the basic concept and
discussed some other properties of FSM. Later, Yang
and Ji (2011) defined the fuzzy soft matrices and also
discussed the properties of FSM and in particular the
commutative law in soft matrices used in Cagman
and Enginoglu (2010a; 2010b). They showed the
validity of the commutative law in their concept.
Celik and Celik (2016) applied fuzzy soft matrices
approach for medical diagnosis in hypothetical case
study.

Cagman and Enginoglu (2012) proposed a soft-
max min decision making method. Later Razak and
Mohamad (2012) extended the model of Soft matrix
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and fuzzy soft matrix in group decision making
problems.

Observing the strength of both mathematical
tools of AHP and fuzzy soft sets, in this paper we
consider the group decision making problem that
convert the complex problem into hierarchical
structure and solve by using fuzzy soft max-min
decision making method (FSMmDM) incorporating
together with weight of criteria determined by using
Lambda-max approach by Csutora and Buckley
(2001) and the result is calculated based on score of
overall priority vector using the concept of AHP
(Hambali et al., 2009).

2. Preliminaries

The following are some basic definitions that will
be used in this paper.

2.1. Fuzzy soft sets

The following definition is taken from Cagman
and Enginoglu (2012).

Definition 2.1.1: Let U be an initial universe set and
E be a set of all parameters. Let F (U) denotes the set
of all fuzzy sets inU. Then (F, A) is called a fuzzy soft
set over U where A c C and F is a mapping given

by(F~: A- F(U)).

In general, for everyx € A, F, [x] is a fuzzy setin U
and it is called fuzzy value set of parameter x. If for
every x € A, F, [x]is a crisp subset of U, then (F, A) is
degenerated to be the standard soft set.

2.2. Fuzzy soft matrix

The following definition is taken from Yang and Ji
(2011) in introducing fuzzy soft decision making
method.

Definition 2.2.1: Let (I::, A)be a fuzzy soft set over U,
where U = {ulluz, um} be an initial universe set,

E = {el_ez,men} be a set of parameters andA4 C E.
For Vu; € Uand Ve; € E, there exists membership
degree, [aij] = fej(u;) then all the membership
degrees will be presented by a Table 1 as follows:

Table 1: Evaluation of membership degree of FSM

el e2 emn
u 93 Qo apy
u; azq az azn
um uml um2 umn
The matrix
a1 Q2 QA1n
A _ [au] _ | Q21 Q22 Qazn
mxn il xn : : :
Am1  Am2 Amn

is called Fuzzy Soft Matrix.
3. Hierarchical based procedure

Our proposed procedure for solving decision
making problems consists of three main
components:

3.1. Criteria weight determination using lambda-
max method

The Lambda-max method by Csutora and Buckley
(2001) is one of the fuzzy AHP approaches used to
determine criteria weight of decision making when
the comparison is made in pairwise. In contrary to
some other methods of weight determination that
offer the weight in crisp values, the Lambda-max
method presents the criteria weight in fuzzy form.
This will ensure that the information is lost due to
simplification. The procedure of the Lambda - max
method can be obtained in Csutora and Buckley
(2001).

In determination criteria weight we use the
following linguistic variables and its membership
function is shown in Table 2.

Table 2: Triangular fuzzy conversion center

Degree of Importance Linguistic variable
Equally preferred
Equally to moderate preferred
Moderately preferred
Moderately to strongly preferred

Strongly preferred

Very strong preferred
Very to extremely preferred
Extremely preferred

Ot 001 Nt OV U B LIt DN =

Strongly to very Strongly preferred

Triangular Fuzzy Scale

Triangular Fuzzy Reciprocal Scale

(1,1,1) (1,1,1)
(1,2,4) (1/4,1/2,1)

(1,3,5) (1/5,1/3,1)

(2,4,6) (1/6,1/4,1/2)
(3,5,7) (1/7,1/5,1/3)
(4,6,8) (1/8,1/6,1/4)
(5,7,9) (1/9,1/7,1/5)
(6,8,9) (1/9,1/8,1/6)
(7.9.9) (1/9,1/9,1/7)

3.2. Fuzzy soft max-min decision making method

FSMmDM method introduced by Cagman and
Enginoglu (2012) to solve decision making problem
that involved two decision makers. They defined the
And-product, the fuzzy soft max-min decision
function and give the fuzzy soft max-min decision
making (FSMmDM) algorithm as follows.

27

Definition 3.2.1: Let [r;],[sy] € SMyx,where
SM,, % is the soft matrix of dimension (m X n). The
And - product between[rl-j] and [s;;]is defined by

N SMopsn X SMopsn = SMop 2, [rij] Alsyl = [tip]Where
[tip = min{r;j, sy }|suchthatp = (n+ 1) + k.

Definition 3.2.2: Let
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[cip] € FSMypxn2, I = {p:3i,ciy # 0,(k — Dn},p < kn

for all k € I = {1,2,:- n}where FSM,,,,2is the fuzzy
soft matrix of dimension m X n?. Then fuzzy soft (fs)
max-min decision function, denoted Mm, is defined
as follows:

M,, FSManz - FSManl

Mm[clp] - ]T(ngxl{tlk}]

where,
min{cyp,} iflx # 0

pelk ;
0, ifl, #0

ik =

the one column fs-matrix Mm(cip)is called max-min
decision fuzzy soft matrix.

Definition 3.2.3: Let = {u, u,, - uy,} be an initial
universe andMm|[c;,| = [d;]. Then a subset of Ucan
be obtained by using[d;]as in the following
expression Opt[d;|(w) = {d;;/u;:u; € U}, d;; #+ 0,
which is called an optimum fuzzy set of U.

Now, by using Definition 3.2.2 and 3.2.3 the
FSMmDM algorithm is given as follow:

Step 1: Choose the feasible subsets of the set of
parameters.

Step 2: Use the matrix form to construct the fs -
matrix for each set of parameters.

Step 3: Find the And-product for the fs -matrices.
Step 4: Find a max-min decision fs -matrix.

Step 5: Find an optimum set of U

3.3. Fuzzy soft max-min decision making method
(FSMmDM) with criteria weight

Razak and Mohamad (2012) generalized the
method of Cagman and Enginoglu (2012) to nth
number of decision makers using FSMmDM
approach that satisfied the associative law and
employed together with the weight of each criteria
and sub-criteria. The FSMmDM method procedure
together with weight is constructed as follows:

e Step B1: Evaluate the membership value of
alternatives with respect to sub-criteria in decision
making problems.

e Step B2: Use matrix form to construct the fuzzy
soft matrices for each set sub-criteria according to
its main criteria.

a1 Q12 A1n

[D ME ] az1 Q2 Qon
Rijlysn — : : :

Am1  Am2 Amn

where, m is the number of indicators involved and n
is the number of sub - criteria with respect to
criteria N.

e Step B3: Incorporate importance weight of
subcriteria I/T/Nj and compute the values for each
alternative. Then construct the fuzzy soft matrices,

28

WNj = (Wy1, Wyzs - Wyy)

is the importance weight of sub-criteria with respect
to criteria N, where

j=(1,2,--n).Hence [DM>< x WNj]mxn
DM} = [DMfS x Wy,
a1 Wy, a;, W WNZ a1n @ Wy,
QGigwy, G2 @ Wy, Az @ Wy, |
Ami@wy, %mz ® WNZ Ann ® 171\/Nn

where DM¥ is fuzzy soft matrix with sub-criteria
weight with respect to criteria N for decision maker
k.

e Step B4: Find the And-product of fuzzy soft
matrices

(e.g.(DM,_y ADM,) = A)

[DMY] A [DME] = min(dimy A difg
dffl,lvn dffl,lvlz dﬁlllvln
- ~ ~1 ~1
[DMI},]/\[DMI%]]z dm.N21 dmsz dm.NZn A
dﬁi,lvml dmNm2 dﬁi}vmn
[dmg,, dmgy,, iy 1
diiiy,,, dm,\,22 diiy,, .
[dr?l,z\,ml dm,\,m2 dmNan

In this step, we can be obtained(m x n?)of
fuzzysoft matrix, in which there are n blocks of
(m X n) elements in the above matrix.

e Step B5: Find the minimum of And-product

Between [DMyland[DMZ], for each n blocks of
elements above.

a1 Q12 Ain

. A a a a
min[DMy ADMZ] = [A] = |21 722 m
Am1  Am2 Amn

where
Gpn = min[DM% A DMZ]

e Step B6: Find the And-product between Aand

[DM]
dyp Qg 1n
a a a
min[AADMZ] = [B] = |2t %2 oA
3 3 aml amz amn
IrdmNn dlez dlen]
~3 ~3 =3
|dm,v21 dfmy.,, dfmiy,., ;
=3 =3 =3
ldmle dfiy,., dmNan

we can be obtained(m X n?) of fuzzy soft matrix, in
which there are n blocks of(m X n) elements in the
above matrix. Repeat step B5 to find the minimum of
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[DM}]land[DMZ]for each n  blocks of(m x An example of the overall priority calculation is as
n)elements. follow:
by by - by = (U11 X Winer) + (W12 X Winez) + -+ + (Ugy X Wine)
in[A 31 _[g] = |b21 b2 v Do
min[A A DM7] = [8] : T :f where u,y* is decision alternatives in sub-criteria,
b1 bmz - by Wonenis the importance weight of main criteria N.
where
e Step C3: As a result the highest score value of the
@mn = min[A ADM3] overall priority vector will be chosen.
e Step B7: Find the max-min decision fuzzy soft Table 3: Overall priority vector for the alternative with
matrix respect to the criteria
Main Main Main Overall
Alternative Criteria Criteria Criteria L.
Mm([DMy ADMR] A [DMF])mxq = [ug, tp, - ] 1me, 2me, Nmey Priority
Main criteria w w w )
3.4. Overall priority vector weigh met me men
Uy Uya Uy Uin U
: : Uy U1 Uzz Uzn up”
The concept of hierarchical structure of Fuzzy : :
AHP by Razak and Mohamad (2012) is apply to u, Uy Upy Uy Uy
calculate the overall priority vector at all level
involved in the hierarchical level. The value in 4, Case study; house selection problem
procedure one and procedure two will be combined
together to determine the best selection of In this paper we convert the Comp]ex prob]em of
indicators. The step is discussed as follows: house selection criteria in Razak and Mohamad
(2012) into hierarchical structure. There are three
e Step C1: Develop the framework of overall main criteria, follow by nine sub-criteria and three
hierarchical expert group A, B and C are consider as a decision
e level to find an overall priority vector. maker to evaluate the house selection problem. The
e Step C2: Perform all levels in the hierarchical framework will be described in the following
structure to get the overall priority vector as diagram in Fig. 1.
shown in Table 3.
House Selection Problem
Decision Maker 1 Decision Maker 2 Decision Maker 3
Neighborhood Property Community

I Government I I Entertainment

Aesthetic Safety Exterior Interior System

| House 1 I House2 House3 House4 House 5 House 6 House 7

Fig. 1: Hierarchical structure of house selection problem

4.1. House selection problem and es represent the parameters “aesthetic”, “safety”,
“exterior”, “Interior”, “system”, “school”,

A soft set (f,z) describes the “attractiveness of “government”,  “social” and  “entertainment”

houses”. Let U = {hy, hy, hs, hy, hs, he, h;} be a goal respectively.

set is a universe set consisting of six houses as

possible alternatives, M = {m,,m,,ms}be a set of 4.2. Constructing the pair-wise comparison

main criteria where m,, m,, m; represent the criteria

“neighborhood”, “property” and “community” The fuzzy evaluation matrix relevant to goal for

respectively, and E = {ej, e,, €3, €4, €5, €, €7, €g, €9 }is each main criteria and sub-criteria according to

a set of sub-criteria , where e, ez, e3, es, e, es, €7, es, decision maker 4, B and C are constructed via pair

29
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wise comparison using nine scales in Table 1 are shown in Tables 4-7.

Table 4: Fuzzy comparison matrix with respect to goal

M mi m; m3
DM DML __DM2Z __DM3___ DMI DM2 DM3 __DM1__DM2 _ DM3
m (1L (LL1)  (LL1) (357 (1 ! 1) (1 ! 1) 357 (LL1) (1 ! 1)
1 111;1 4y 4, 9y 6;4;2 513: 9y =S ,{Jg)3
me (7,5,5) 246) (135 (LL1)  (LL1) (UL (246) (135) (g'g' 1)
111 111, (11
S22 Ly (357 (_,_,_) <_,_, ) 135 (LL1) (LL1) (L1l
mo (5z3) @D G5 (cps) (s31) 035 1D L) (LD

Table 5: Fuzzy comparison matrix of two sub-criteria with respect to neighbourhood
E €1 ez
DM DM1 DM2 DM3 DM1 DM2 DM3

111 111
111) @11 @L)  (5,5,2) (57 (_,_,_)
e WL 1) @) (5eg) BSD (5

111
e (6579 (z3) (68 LLD  @WLD (LY

Table 6: Fuzzy comparison matrix of three sub-criteria with respect to property
E e3 €1 €s
DM DM1 DM2 DM3 DM1 DM?2 DM3 DM1 DM2 DM3

111 111 111

1,1,1 1,1,1 1,1,1 === == (357 (@135 (=== 5,7,9
e @Lh (L1 (111) (753) (975)( ) )(z§§> (111)

3,5,7 579 (=== 1,1,1 1,1,1 1,1,1) (135 (=== ===
e Ba7 - (379) (753 iy Gy @b @35 (642) (753)

11 111 11
i 357) (=,=,2) (==, 2,4,6 357) (1,11 1,1,1 1,1,1
e (c31) 650 (572 (531) @460 G5H WL @iy 01D

Table 7: Fuzzy comparison matrix of four sub-criteria with respect to community

E €6 e7 es €9

o DMl DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3
T1in, A1, 111 T1nh, (111

wo W) G ERD AT Gz3) G73) Gea) e A - Ban) Gzs) Gzd)

er (7,5,5) (13,11,71 (15,1,9) (11,11,11 L) (LLY) (689 (g'gl 1) (7'5 , 5) (6'7’5) (13,51,71 3.5.7)

es (14,?81 (E‘Z'E) (Z'E’ 1) (grgrg) (11,31,51 (13,51,71 (11,11,1) 1,1,1) (11,11,11 (1,35) (@gq) (2,4,6)

© (Gga) © 6 679 Gz Gz Gz @ gz 00 0w o

4:2.1. Criteria weight e Step B1: Evaluate the membership degree for each

Table 8 shows the weighted for all main criteria alternative  with respect to sub-criteria of

I neighborhood
and sub-criteria. . .
e Step B2: Use the matrix form to write out the fuzzy
Table 8: Criteria weight soft matrices for alternatives with respect to sub-
M mi=0305 my=0411 m3=0.284 criteria of neighborhood by every decision makers.
o1 o022 © 0309 e 0194
E ! ‘ e 0332 e 0.295 Table 10: Evaluation of membership value for fuzzy soft
e 078 e 0359 062251 Matrix by DMz
e 0.26 DMI hi h, hs hs hs he hy
et 040 050 067 060 070 045 0.23
4.2.2. Alternative decision with respect to sub ez 063 058 050 046 023 070 090

e3 0.70 056 0.23 040 080 1.00 0.86
€4 050 0.60 080 0.70 045 029 090
€s 1.00 050 080 0.60 0.23 040 0.80

criteria for each main criteria using FSMmDM

The evaluation of seven alternatives with respect es 070 050 060 050 032 040 020
to sub-criteria of Neighborhood, Property and ez 035 080 070 060 050 032 024
community by three decision makers are shown in es 060 050 045 065 063 023 075

€9 0.70 050 0.65 040 0.53 0.62 0.23

Table 9-11.

Table 11: Evaluation of membership value for fuzzy soft
Matrix by DM3
DM1 h: h, hs hs hs he hy
e1 0.60 050 075 055 023 050 0.60
€2 0.70 056 090 036 054 060 0.73
e3 059 067 065 0.75 048 090 0.60
€4 080 0.60 030 050 043 035 026
es 0.70 056 032 067 086 070 090
€6 1.00 080 040 034 0.67 030 0.80
e7 0.70 023 035 0.65 040 080 0.20
eg 040 052 060 070 050 0.60 0.23
€9 025 065 040 080 0.75 0.50 0.30

Table 9: Evaluation of membership value for fuzzy soft
Matrix by DM
DM1 h; h2 hs hs hs he hs
e1 035 040 050 050 050 080 0.90
€2 1.00 030 050 0.70 0.80 0.60 0.50
e3 023 056 070 080 065 040 0.03
es 0.56 090 1.00 040 058 075 0.60
es 1.00 080 0.26 060 0.70 0.56 0.90
€6 0.62 080 075 056 070 040 1.00
e7 0.23 052 064 050 040 030 0.10
[ 050 080 076 045 0.12 0.60 0.30
€9 090 0.60 023 054 087 026 0.0

30
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e Step B3: Multiply each parameter with weight of
aesthetic and safety for each decision makers. We
obtain: [ws |= (des = 0.220, Saf = 0.780), where ws
refer to sub-criteria weight with respect to

neighborhood

1035 1.007
0.40 0.30
0.60 0.50
A =050 0.70

0.50
0.80

10.90
r0.40

0.50
0.67
=10.60
0.70
0.45

-0.23
0.60

0.80
0.60

0.50
0.637

0.58
0.50
0.46
0.23
0.70

0.90-
0.70

0.50
0.75
0.55
0.23
[0.50

0.60

0.56
0.90
0.36
0.54
0.60J

0.73
r0.077

[Aijsws] = [Dy] =

[Bikxws| = [Ei] =

[Ciws ] = [Fil =

0.088
0.132
0.110
0.110
0.176

10.198
r0.088

0.110
0.147
0.132
0.154
0.099

L0.051
0.131

0.110
0.164
0.120
0.050
0.110
0.131

e Step B4: Find the
matrices between [Dj ]and [Ei ] is obtained as

follows:

0.077
0.088
0.132
[Dij AEy] =0.110
0.110
l0.099
0.051

0.7807
0.234
0.390
0.546
0.624
0.468

0.390-
0.4917

0.452
0.390
0.359
0.179
0.545

0.702
0.547

0.437
0.703
0.281
0.422
0.469
0.570

And-Product of fuzzy soft

0.077
0.088
0.132
0.110
0.110
0.099
0.198

which is 7X4 matrix.

0.088
0.110
0.147
0.132
0.154
0.099
0.051

0.491
0.234
0.390
0.359|,
0.179
0.468J
0.390

e Step B5: Observe that there are 2 blocks (7x2)
elements in the above matrix. For each blocks we
choose the minimum for each row. We then
obtained minimum between [Dj ] and [Ei | ,where

[Di] A [Ea] = [usp)

31

0.077
0.088
0.132
[us] =[0.110
0.110
|l0'099
0.051

0.088
0.110
0.147
0.132
0.154
0.099I
0.051J

e Step B6: Using And-Product [uiy ] U[Fi ] is obtained

as:

0.077
0.088
0.132
[uip] A[Fyl =[0.110
0.056
{0.099
0.051

0.077
0.088
0.132
0.110
0.110
0.099
0.051

0.088
0.110
0.147
0.132
0.056
0.099
0.051

0.088
0.110
0.147
0.132
0.154
0.099J
0.051

hence min for the[uip] A[Fy] = [tip] is:

0.088
[0.132
[t:ip] =]0.110
0.056
0.099
0.051

[0.077

0.088
0.110
0.147|
0.132]
0.056
0.099
0.051

e Step B7: From Step B6, we obtained maximum
value in each row of fuzzy soft matrix [t ] as:

0.088
[0.110]
0.147
Mm([Dy] A [Eu] A [Ful) = [0.132]
0.056
0.099
0.051

where, hs it is decision for alternative for two-sub-
criteria with respect to neighborhood.

Note: By using the similar steps in procedure 2 from
Step B1 until B7, calculate the alternative decision in
sub-criteria of property and sub-criteria of
community.

By using algorithm of FSMmDM with criteria
weight in 3.2.1, calculate the alternative decision of
all sub- criteria with respect to their main criteria
and the result in Table 12:

a) Alternative decision with respect to “aesthetic(e1)”
and “safety (e2)”,two sub-criteria of Neighborhood

b) Alternative decision with respect to “exterior (es)”,
“interior (es)”, and “system (es)”, three sub-criteria
of Property.

c) Alternative decision with respect to “school(es)”,

“government(e7)”, “social(es)” and
“entertainment(es)”four sub-criteria of
Community.

4.2.3. Overall priority vector

The overall priority vector can be obtained by
multiplying priority vector for the house selection by
the priority vector of the criteria shows in Table 13.
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Table 12: The overall priority vector of the alternatives
with respect to the criteria

mi mz ms3
Weight 0.305 0.411 0.284
h:1 0.088 0.166 0.067
h: 0.110 0.173 0.067
hs 0.147 0.071 0.078
hs 0.132 0.124 0.066
hs 0.056 0.083 0.062
he 0.099 0.096 0.058
hy 0.051 0.086 0.039

Table 13: Overall priority vector

ALT  Neighbor-hood Property Community Overall
0.305 0.411 0.284 Priority
h1 0.088 0.166 0.067 0.114
hz 0.110 0.173 0.067 0.124
hs 0.147 0.071 0.078 0.096
ha 0.132 0.124 0.066 0.110
hs 0.056 0.083 0.062 0.069
he 0.099 0.096 0.058 0.086
h7 0.051 0.086 0.039 0.062

Example:
0.088(0.305) + 0.166(0.411) + 0.067(0.284) = 0.114

It is clear that the maximum score among seven
alternatives is 0.124, scored by h, and the decision is
in favor of selecting h,

5. Conclusion

In this paper we have shown that Fuzzy soft
matrix hierarchical structure can be effectively used
in solving group decision making problems that
consider all level in the hierarchical structure. We
implemented the Lambda max method introduced
by Csutora and Buckley (2001) and fuzzy soft max-
min decision making (FSMmDM) method introduced
by Cagman and Enginoglu (2010a; 2010b) that
satisfied the associative law. The result shows that
the maximum value of overall priority vector for the
seven of house selection is house 2, hence the
decision maker will be choose h,

This method will be applied to other multi-
criteria decision making problems in uncertainties
or vague data. At the same time determination of
criteria weight can be determine by using other AHP
method such as Fuzzy AHP or extent analysis.
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