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Abstract

Today is a world of uncertainty with its associated problems, which can be
well handled by soft set theory. In this paper, we introduce the concept of
arithmetic and weighted arithmetic mean of interval valued intuitionistic fuzzy
soft matrix. And we are devolping an algorithm which is a new approach for
decision making by employing interval valued intuitionistic fuzzy soft
matrices.
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1. Introduction

In real life scenario, we face so many uncertainties, in all walks of life. Zadeh’s
classical concept of fuzzy set [18] is strong to deal with such type of problems. Since
the initiation of fuzzy set theory, there are suggestions for higher order fuzzy sets for
different applications in many fields. Among higher fuzzy sets intuitionistic fuzzy set
introduced by Atanassov [1, 2] have been found to be very useful and applicable.
Atanassov and Gargov [3] extended the intuitionistic fuzzy set [1, 2] to the interval
valued intuitionistic fuzzy set which is characterized by a membership function and a
non-membership function whose values are intervals rather than real numbers.

Soft set theory has received much attention since its introduction by Molodtsov
[11]. The concept and basic properties of soft set theory are presented in [11, 6]. Later
on Maji et al [7] have proposed the theory of fuzzy soft set. Majumdar et al [9] have
further generalised the concept of fuzzy soft sets. Maji et al [8] extended fuzzy soft
sets to intuitionistic fuzzy soft sets which is based on the combination of the
intuitionistic fuzzy set [1] and soft set.
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Due to the increasing complexity of the scientific environment and the lack of
data about the problem domain, in the process of decision making under an
intuitionistic fuzzy environment, a decision maker may provide their preferences over
alternatives with interval valued intuitionistic fuzzy values. Yang et al [16] presented
the concept of the interval valued fuzzy soft sets by combining the interval valued
fuzzy sets and soft set. Y. Jiang et al [5] presented the concept of interval valued
intuitionistic fuzzy soft set theory which is an extension of the intuitionistic fuzzy soft
set theory [8].

Matrices play an important role in the broad area of science and engineering.
However, the classical matrix theory cannot solve the problems involving various
types of uncertainties. In [17], Yong et al initiated a matrix representation of a fuzzy
soft set and applied it in certain decision making problems. Borah et al [10] extended
fuzzy soft matrix theory and its application. In [4]Chetia et al and in [12]
Rajarajeswari et al defined intuitionistic fuzzy soft matrix and its types. Also extended
some operations and an algorithm for medical diagnosis in [13] and also introduced
the concept of Interval valued intuitionistic fuzzy soft matrix, and their properties in
[14] and applied the concept of Interval valued intuitionistic fuzzy soft matrix in
medical diagnosis field in [15].

In this paper, we are devolping an algorithm which is a new approach for decision
making by employing interval valued intuitionistic fuzzy soft matrices.

2. Preliminaries

2. 1. Fuzzy Soft Matrices [10]

Let U={c3, Cy, C3...Cm} be the Universal set and E be the set of parameters given by
E={ei, e, €3...e,}. Let A cE and (F, A) be a fuzzy soft set in the fuzzy soft class (U,
E). Then fuzzy soft set (F, A) in a matrix form as Amxn = [@ij] mxn OF A= [a5] I=1, 2,
..m, =1, 2,3, . n

. ife. €A
Where ajj = u,(q) o H; (ci) represents the membership of c; in
0 ife; A

the fuzzy set F(e;).

2. 2. Intuitionistic Fuzzy Soft Matrix [12]

Let U={c3, Cy, C3...Cm} be the Universal set and E be the set of parameters given by
E={e1, e, es...en}. Let A cE and (F, A) be a intuitionistic fuzzy soft set in the
intuitionistic fuzzy soft class (U, E). Then intuitionistic fuzzy soft set (F, A) in a

matrix form as Amx, = [ai]] mxn OF A= [a5] i=1, 2, ...m, j=1, 2, 3, ..... n
(c), v (c ife, e A
Where ajj = (lul ( I) Vi ( )) i <
(0,1) ife, ¢ A

H; (ci ) represents the membership of ¢; in the intuitionistic fuzzy set F(e;).

V; (ci ) represents the non-membership of ¢; in the intuitionistic fuzzy set F(g;).
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2. 3 Interval valued Intuitionistic fuzzy soft matrix(IVIFSM) [14]
Let U={c3, Cy, Cs3...Cm} be an Universal set and E be the set of parameters given by
E={ei, € €s3...en}. Let A cE and (F, A) be a interval valued intuitionistic fuzzy soft
set over U, where F is a mapping given by F: A—I", where 1” denotes the collection
of all interval valued intuitionistic fuzzy subsets of U. Then the interval valued
intuitionistic fuzzy soft set can be expressed in matrix form as

Ao = [ai]] mxn OF A= [aj] i=1, 2, ...m, j=1, 2, 3, ..... n

([”jL( Ci)s iy (C i)]["jL (€)viu (C-)]) ife; € A
([0.0][L.1]) ife, ¢ A
[ 15 (), 1y, (c;)] represents the membership of ¢ in the interval valued

intuitionistic fuzzy set F(gj).
[v(c)vyy (c)] represents the non-membership of ¢; in the interval valued

where a; =

intuitionistic fuzzy set F(e;) with the condition s, (¢;)+vy, (¢) < 1

Note: If wuy, () =py (¢) and vy, () =v; (c;) then the IVIFSM reduces to an
IFSM [12].

2. 4 Arithmetic mean of Interval valued Intuitionistic Fuzzy Soft Matrices [14]
If A =T[ag] € IVIFSM m, B = [bi] € IVIFSM my, then we define A& B, arithmetic
mean of A and B as

A& é = Cij]mxn

— Ma T Hg May + Hay Vi TVa Vi TVau forall i and j
2 ! 2 ’ 2 ) 2

2. 5 Weighted Arithmetic mean of Interval valued Intuitionistic Fuzzy Soft
Matrices [14]

If A =T[aj] € IVIFSM mxn, B = [bij] € IVIFSM 1y, then we define A&y B, weighted
arithmetic _mean of A and B as
A&W - [ CIJ]an

_ (V‘ﬁL“AL +W2L:u|§|_] (V\{U‘uz\u + Wy s, ]:I l:(quvAL +W2LvéL](V\ng W,V ﬂ
woHw U oy U ww U wy g,

Wi Way s W, Wy €[0,]]

w, +wy, =Lw, +w,, =1

2. 6 Value matrix [12]
Let A = [aj] e IFSM ma, Where a; =(u;(c,).v;(c,)). Then the Value matrix of



50 Dr. P. Rajarajeswari and P. Dhanalakshmi

Intuitionistic Fuzzy Soft Matrix A is V(A) =[a;]=[ u; (¢,)-v; (¢ |i=1, 2, ...m, j=1,
2,...n

2.7 Score matrix [12]
If A =[aj] € IFSM mxn, B = [bjj] € IFSM myn, then the Score matrix of A and B as
St &= [dijlmxn Where [di] =V(A)+V(B) V ij.

2. 8 Neutral reduced intuitionistic fuzzy soft matrix [15]

Let U={c3, Cy, C3...Cm} be an Universal set and E be the set of parameters given by
E={e1, ey, es...en}. Let A cE and (F, A) be a interval valued intuitionistic fuzzy soft
set over U, where F is a mapping given by F: A—I", where 1” denotes the collection
of all interval valued intuitionistic fuzzy subsets of U. Then the interval valued
intuitionistic fuzzy soft set

Fe;) = {Ci,([u,-L (e): o (@) ][ (6) v (Ci)])'v e;eAand V¢ eU}

[ 15 (), 1y, (c;)] represents the membership of ¢; in the interval valued
intuitionistic fuzzy set F(gj).

[v(c)vyy (c)] represents the non-membership of ¢; in the interval valued
intuitionistic fuzzy set F(e;) with the condition s, (¢;)+vy, (¢) < 1

An interval valued intuitionistic fuzzy soft set can be converted into Neutral
reduced intuitionistic fuzzy soft set as

F(ej)z{ci,(ﬂ“(ci);#‘“ (ci),ij(ci)+2ij (Ci)],v e, cAand V¢ eU}

And Neutral reduced intuitionistic fuzzy soft matrix as
A, =[aij]lmnor A, =[] i=1, 2, ...m, j=1, 2,3, ..... n
(ﬂ,-L (G)+ 1 (Ci),"jL (c)+viu (c) ) ife, < A
3 = 2 2
0,1 ife, ¢ A

3. Applications of Arithmetic mean of Interval valued Intuitionistic Fuzzy Soft
Matrices in Decision Making

In this section, we introduce the idea to make a decision based on IVIFSM and its
arithmetic operator. we apply RIFSM and NRIFSM [15] with special operator
Weighted Arithmetic mean of Interval valued Intuitionistic Fuzzy Soft Matrix for
making decision.



Arithmetic Mean of Interval Valued Intuitionistic Fuzzy Soft Matrices 51

3. 1 Arithmetic mean of Interval valued Intuitionistic Fuzzy Soft Matrix
If A =[aj] € IVIFSM nyxn, then we define arithmetic mean of A as

A = [ Ciflmxn
Z‘HAL Z'u/&u ZVAL ZVAU

S| H T e when weights are equal
n n n n

3. 2 Weighted Arithmetic mean of Interval valued Intuitionistic Fuzzy Soft
Matrix

If A= [aij] € IVIFSM 1xn, then we define, weighted arithmetic mean of A as

ANAM = [ Cijlmxn
n n n n
ZWJ"HAL ZWJ"uAU ZWJ'VAL ZWJ'VAU
=1 =1 =1 =1
n ! n n ! n
Z\Ni ZWJ' Z‘Nj ZWJ
j= =1 j= =1

,W; for j =1 2..n are respective weights.

3. 4 Methodology

Suppose Mr. Gupta wants to choose the best higher institutions among 1y, I, Is for
his son such that U = { I1, I.... Is} and E is a set of parameters related to the
institutions. We construct IVIFSS (F, E)over U represent the selection of institutions
by Mrs. Gupta, where F is a mapping F: E-IVIEY, IVIFY is the collection of all
interval valued intuitionistic Fuzzy subsets of U. We further construct another IVIFSS
(G, E)over U represent the selection of institutions by Mrs. Gupta, where G is a
mapping G: E—IVIE", IVIF” is the collection of all interval valued intuitionistic
Fuzzy subsets of U. The matrices A and B corresponding to the interval valued
intuitionistic Fuzzy soft sets (F, E) and (G, E) are constructed, using def (3. 2),
Compute ANAM B\NAM which is the weighted arithmetic mean of instituitions by Mr
and Mrs Gupta. Using def(3. 3), Compute Neutral reduced intuitionistic fuzzy soft
matrix of A,,, and B,,, . Calculate value matrices and score matrix. Finally find I; =

max(li), then conclude that the instituition I; has selected by Mr and Mrs Gupta. If |;
has more than one value the process is repeated by reassessing the parameters.

3.5 ALGORITHM
Stepl: Input the Interval valued intuitionistic fuzzy soft set (F, E), (G, E) and obtain

the interval valued intuitionistic fuzzy soft matrices A and B corresponding to (F, E)
and (G, E) respectively.

Step2: Compute ANAM é\NAM which is the weighted arithmetic mean.

Step3: Compute Neutral reduced intuitionistic fuzzy soft matrices.
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Step4: Compute value of the matrices.
Step5: Calculate Score matrix. Find max (1;).

Then we conclude that the instituition I; is selected for the study.
Incase max I; occurs for more than one value, then repeat the process by
reassessing the parameters.

3. 6 Example

Suppose Mr. Gupta wants to choose the best higher institutions among 1y, I, Is for
his son such that U = { 1, I, Is} and E={es, e, e3 e4} is a set of parameters related to
the institutions where ej=infrastructure of the instituition, e,=less capitation fees
es=placement e;,=Academic result. We construct IVIFSS (F, E)over U represent the
selection of institutions by Mrs. Gupta, where F is a mapping F: ESIVIE®, IVIFY is
the collection of all interval valued intuitionistic Fuzzy subsets of U. We further
construct another IVIFSS (G, E)over U represent the selection of institutions by Mrs.
Gupta, where G is a mapping G: E—IVIEY, IVIFY is the collection of all interval

valued intuitionistic Fuzzy subsets of U. The matrices A and B corresponding to the
interval valued intuitionistic Fuzzy soft sets (F, E) and (G, E) are constructed.

e e, e, e,
[10.8,0.9][0.1,0.1] [0.7,0.8][0.1,0.2] [0.9,0.9][0,0.1] [0.6,0.8][0.1,0.2] |
[0.6,0.7][0.2,0.3] [0.3,0.4][0.5,0.6] [0.7,0.8][0.1,0.2] [0.8,0.8][0.1,0.2]
[0.5,0.5][0.3,0.4] [0.3,0.4][0.4,0.4] [0.6,0.7][0.3,0.3] [0.7,0.8][0.2,0.2]

[0,0.5][0,0.5]  [0.8,0.9][0.1,0.1] [0.6,0.7][0.2,0.3] [0.6,0.7][0.2,0.3]
1[0.7,0.8][0.1,0.2] [0.9,1][0,0] [0,0.5],[0,0.5] [0.4,0.6][0.3,0.3] |
el eZ e3 e4
[10.7,0.8][0.2,0.2] [0.8,0.9][0.1,0.1] [0.9,0.9][0,0.1] [0.7,0.8][0.1,0.2]
[0.6,0.7][0.3,0.3] [0.4,0.4][0.5,0.6] [0.6,0.8][0.1,0.2] [0.8,0.9][0.1,0.1]
[0.5,0.6][0.3,0.4] [0.4,0.5][0.3,0.3] [0.6,0.7][0.2,0.2] [0.7,0.8][0.1,0.2]

[0,0.5][0,0.5]  [0.8,0.9][0.1,0.1] [0.6,0.7][0.2,0.2] [0.6,0.7][0.1,0.2]
 [0.8,0.9][0.1,0.1] [0.9,1][0,0] [0,0.5][0,0.5]  [0.5,0.6][0.3,0.4]

=

N

N

>
Il

(9]

=

N

N

o>
Il
- — = = -

(9]

If Mr. Gupta prefer to “ es=placement ” of the instituitions and weights 0,. 1,. 8,.
lare given on the parameters “infrastructure of the instituition”, “less capitation fees”,
“placement” “Academic result” respectively, and if Mrs. Gupta prefer to the weights
0. 05,. 5,. 4,. 05 on the parameters “infrastructure of the instituition”, “less capitation
fees” “placement” “Academic result” respectively, then



Arithmetic Mean of Interval Valued Intuitionistic Fuzzy Soft Matrices 53

[[0.85,0.88][0.02,0.12] ] [ [0.83,0.89][0.065,0.11] ]
[0.67,0.76][0.14,0.24] [0.51,0.6][0.31,0.4]
Ay =| [0.58,0.68][0.3,0.3] | B, =| [0.5,0.6][0.25,0.26]
[0.62,0.72][0.19,0.28] [0.67,0.79][0.135,0.165]
| [0.13,0.56][0.03,0.43] | [0.515,0.775][0.02,0.225] |

Neutral reduced intuitionistic fuzzy soft matrices of ANAM é\NAM are

[(0.865,0.07) [ (0.86,0.0875) ]
(0.715,0.19) (0.555,0.355)
Apa =| (0.63,0.3) | B, =| (0.55,0.255)
(0.67,0.235) (0.73,0.15)
| (0.345,0.23) | | (0.645,0.1225) |
[0.795] [0.7725] [1.5675 |
0.525 0.2 0.725
V(Ayug)=| 0.33 | V(Byuy)=| 0.295 (i i) =| 0628
0.435 0.58 1.015
10.115 | 0.5225 | 0.4425 |

From the above score matrix, We conclude that the instituition one(l1 ) is better
choice for their weights given to the parameters.

Conclusion

In this paper, we devolped an algorithm which is a new approach for decision making
by employing interval valued intuitionistic fuzzy soft matrices. For this, we applied
RIFSM and NRIFSM with special operator Weighted Arithmetic mean of Interval
valued Intuitionistic Fuzzy Soft Matrix. It’s make our algorithm more flexible and
adjustable. In future, we will use other special operators also and compare the results
for making decision.
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