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Corresponding to chance constraints, real-life possibility, necessity, and credibility measures on intuitionistic fuzzy set are defined.
For the first time the mathematical and graphical representations of different types of measures in trapezoidal intuitionistic fuzzy
environment are defined in this paper. We have developed intuitionistic fuzzy chance constraints model (CCM) based on possibility
and necessity measures. We have also proposed a new method for solving an intuitionistic fuzzy CCM using chance operators. To
validate the proposed method, we have discussed three different approaches to solve the intuitionistic fuzzy linear programming
(IFLPP) using possibility, necessity and credibility measures. Numerical and graphical representations of optimal solutions of the

given example at different possibility and necessity, levels have been discussed.

1. Introduction

In the real world some data often provide imprecision
and vagueness at certain level. Such vagueness has been
represented through fuzzy sets. Zadeh [1] first introduced
the fuzzy sets. The perception of intuitionistic fuzzy set (IFS)
can be analysed as an unconventional approach to define a
fuzzy set where available information is not adequate for the
definition of an imprecise concept by means of a usual fuzzy
set. This IFS was first introduced by Atanassov [2]. Many
researchers have shown their interest in the study of intuition-
istic fuzzy sets/numbers [3-7]. Fuzzy sets are defined by the
membership function in all its entirety (c.f. Pramanik et al.
[8,9]), but IFS is characterized by a membership function and
anonmembership function so that the sum of both values lies
between zero and one [10]. Esmailzadeh and Esmailzadeh [11]
provided new distance between triangular intuitionistic fuzzy
numbers.

Recently, the IFN has also found its application in fuzzy
optimization. Angelov [12] proposed the optimization in
an intuitionistic fuzzy environment. Dubey and Mehra [13]
solved linear programming with triangular intuitionistic

fuzzy number. Parvathi and Malathi [14] developed intuition-
istic fuzzy simplex method. Hussain and Kumar [15] and
Nagoor Gani and Abbas [16] proposed a method for solving
intuitionistic fuzzy transportation problem. Ye [17] discussed
expected value method for intuitionistic trapezoidal fuzzy
multicriteria decision-making problems. Wan and Dong [18]
used possibility degree method for interval-valued intuition-
istic fuzzy for decision making.

Possibility, necessity, and credibility measures have a
significant role in fuzzy and intuitionistic fuzzy optimiza-
tion. Buckley [19] introduced possibility and necessity in
optimization and Jamison and Lodwick [20] developed the
construction of consistent possibility and necessity measures.
Duality in fuzzy linear programming with possibility and
necessity relations has been developed by Ramik [21]. Iskan-
der [22] suggested an approach for possibility and necessity
dominance indices in stochastic fuzzy linear programming.
Sakawa et al. [23] used possibility and necessity to solve
fuzzy random bilevel linear programming. Pathak et al. [24]
discussed a possibility and necessity approach to solve fuzzy
production inventory model for deteriorating items with
shortages under the effect of time dependent learning and



forgetting. Maity [25] established possibility and necessity
representations of fuzzy inequality and its application to
two warehouse production-inventory problem. Wu [26] pre-
sented possibility and necessity measures fuzzy optimization
problems based on the embedding theorem. Xu and Zhou
[27] discussed possibility, necessity, and credibility measures
for fuzzy optimization. Maity and Maiti [28] developed the
possibility and necessity constraints and their defuzzification
for multiitem production-inventory scenario via optimal
control theory. Das et al. [29] presented a two-warehouse
supply-chain model under possibility, necessity, and credibil-
ity measures. Panda et al. [30] proposed a single period inven-
tory model with imperfect production and stochastic demand
under chance and imprecise constraints. Intuitionistic fuzzy-
valued possibility and necessity measures have been devolved
by Ban [31] using measure theory. With our best knowledge,
however, none of them introduced chance constraints model
based on possibility, necessity, and credibility measures on
intuitionistic fuzzy set for membership and nonmembership
functions.

The rest of this paper is organized into different section
as follows demonstrating the deduction of our theory and its
application. In Section 2, we recall some preliminary knowl-
edge about intuitionistic fuzzy and its arithmetic operation.
Section 3 has provided possibility, necessity, and credibility
measures in trapezoidal intuitionistic fuzzy number and its
graphical representation. In Section 4, we have proposed
intuitionistic fuzzy chance constraint models based on pos-
sibility, necessity, and credibility measures. The solution
methodology of the proposed models using chance operator
has been discussed in Section 5. In Section 6, a numerical
example is presented to validate the proposed method.
The numerical and graphical results at different possibility
and necessity levels of the given problems have also been
discussed here. Section7 summarizes the paper and also
discusses about the scope of future work.

2. Preliminaries

Definition I (intuitionistic fuzzy set [2, 10]). Let E be a given
set and let A C E be a set. An IFS A in E is given by A* =
{(x, pa(x),v4(x)); x € E}, where yy : E — [0,1] and v, :
E — [0,1] define the degree of membership and the degree
of nonmembership of the element x € E to A C E satistying
the condition 0 < p,(x) + v,(x) < 1.

Definition 2 (intuitionistic fuzzy number [7]). An IFN A is

(i) an intuitionistic fuzzy subset on real line,

(i) there exist m € %R, such that yz(m) = 1, and
Var (m) =0.

(iii) convex for the membership function pzr; that is,

pr(Ax; + (1 = A)x,) = min(ug (), g (x,)), x5
x, € R, A €[0,1].

(iv) concave for the nonmembership function v; that is,
v (Ax; +(1-1)x,) < max(vz(xy), vz (x,)), X;, X, €
R, A€ [0,1].
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FIGURE 1: Membership and nonmembership functions of TIFN.

Definition 3 (trapezoidal intuitionistic fuzzy number
(TIFN)). Leta, < a, < a, < a; < a, < a,. A TIFN A" in
R written as (a;,a,,as,a,)(a),a,,as,a,) has membership
function (c.f. Figure 1)

x—a
—, aq, <x<ay;
a— 0
1, a, < x < ds;
p S X S d3;
Ha(X) =17 a,-x )
—, a3 <x<a
ay — a3
0, otherwise,
and nonmembership function
a, —x )
——, a, <x<ay;
7 1 2
a4~ a
0, a, < x < as;
v (X) =9 x— as X 2)
- , a3 <x<ay
a, — a;
1, otherwise.

Definition 4 (triangular intuitionistic fuzzy number (TrIFN)).
Let a{ <a <a <a; < aé. A TrIEN AT in R written as
(ay,ay, a3)(a{, a,, aé) has membership function (c.f. Figure 2)

x—a

, 41 S X< ay
a—a
1, X = Gy
2>
Uzt (x) = as —x (3)
—, a4, <x<as;
a; — a,
0, otherwise,
and nonmembership function
a, - x ,
T G S X S ay;
a, —a,
0, X = ay;
2
Var (x) = X —a, ' (4)
7 » Oy <X < ds;
a; —a,
1, otherwise.

Definition 5. A positive TIEN A’ is denoted by A’ =
(ay, 4y, a5, a,)(a;, ay, a5, a,), where all a; > 0 foralli = 1,2,
3,4,anda/ > 0fori=1,4.
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FIGURE 2: Membership and nonmembership functions of TrIFN.

Definition 6. Two TIEN A" = (a,, a,, as, a,)(a,, a, a5, a;) and
B' = (b, by, b;, b,)(b], by, by, by) are said to be equal if and only
ifa, =b,a,=by,,a; =by,a,=b,,a, =b| and a, = b,.

Definition 7. Let A = (a,,a,, a3, a,)(a),ay, a3, a;) and B' =

(by, by, by, b,) (B, by, by, b) be two TIEN; then

(i) A'®B' = (a, +by,a, + by, a5 + by, a, +b,)(a] +b],a, +
by, a; + by, a; +by);

(ii) kA" = k(a,, a5, a5, a,)(a], a5, a3, a)) = (kay, kay, kas,
ka,)(ka,, ka,, ka, kay) if k > 0;

(i) kAT = k(al,az,a3,a4)(a{,a2,a3,afl) = (kay, kay, ka,,
kal)(kafl, kas, ka,, ka{) ifk <0

(iv) A'e B' = (a, ~ b, a, — by, a5~ by,a, — b)) (a] — b, a, -
by,a; — by, ai - bll);

(v) A'®B' = (a,b,, ayby, asbs, a,b,)(alb], ayb,, asby, ajby).

3. Possibility, Necessity, and Credibility
Measures of Intuitionistic Fuzzy Number

Definition 8. Let A" and B' be two IFN with membership
function pzr, uz and nonmembership function vz, v,
respectively, and R is the set of real numbers. Then

Pos,, (;fl * BI) = sup {min (pz, pg ), X%, ¥y € R, x * y}
Pos, (A'I * EI) =sup {min (v, v5), %,y € Rx % y},

€)
Nes, (A" » B') =inf {max (uz1, pzr) , %, y € R, x * y}

=inf {max (v, vg),x, y € R,x * y},

where the abbreviations Pos, and Pos, represent possibility
of membership and nonmembership function, and Nes, and
Nes, represent necessity of membership and nonmembership

function. = is any of the relations <, >, <, >, =.

The dual relationship of possibility and necessity gives

(6)

where A! + B! represents complement of the event A" % B'.

Definition 9. Let A" be a IEN. Then the intuitionistic fuzzy
measures of A’ for membership and nonmembership func-
tion are

0s,, {KI} +(1-2) Nec, {ZI}
(7)
0s,, {ZI} + (1 - A) Nec, {KI} ,

where the abbreviation Me, and Me, represent measures of
membership and nonmembership functionsand A (0 < A <
1) is the optimistic-pessimistic parameter to determine the
combined attitude of a decision maker.

If A = 1 then Me, = Pos,, Me, = Pos,; it means
the decision maker is optimistic and maximum chance of A’
holds.

If A = 0, then MeM = Nesﬂ, Me, = Nes,; it means
the decision maker is pessimistic and minimal chance of A’
holds.

If A = 0.5, then Mey = CrH, Me, = Cr,, where Cr is
the credibility measure; it means the decision maker takes
compromise attitude.

3.1. Measures of Trapezoidal Intuitionistic Fuzzy Number. Let
A" = (a),aya5,0,)(a},a,,05,a;) and B = (b}, by, b;,b,)
(b, by, by, b,) be two TIFN. From Definition 8 the possibilities
of A" < B for membership and nonmembership functions
(c.f. Figures 3 and 4) are as follows:

1 a, < b;
Pos, (A" < B') = b~ a, < by, a,> by
<b)= 1< 0y 35
# by—-by,+a,-a
L0, b, <a,
'0, a, < b;
Pos (ZI < BI) = 1 a2, _b3, , ay>by, by >al;
Y a, —a, +b; - b
|1, b, <ay.

(8)



0 1 1
by a; b, by a b as ay

FIGURE 3: Membership function of TIFN A’ and B' and Posﬂ(ﬁT <
BY.

! !
by by a b oa; ay

FIGURE 4: Nonmembership function of TIFN A" and B' and
Posv(;f < BY.

U !
b aq

From the Definition 8 the possibilities of A’ > B’ for
membership and nonmembership function (c.f. Figures 5and
6) are as follows:

1, a; = by;
— = a,—b
Pos, (A’ > B') = 4 ER , a;<b, a,>b;
“( ) a,—a,+b,-b’ ¢
L0, as <b,
[0, b, < as;
Pos (KI>1§I)=< b~ a b, >a,, a > b
AT T b,-bl +al,—a, 27V AT
|1 b >ay.

)
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ajb a a3

b ‘145.3 by

FIGURE 5: Membership function of TIFN A" and B’ and Posﬂ(;&j >

B).

O 1 1 1 1
! U ! !
a9 a a3 by a4 by b

FIGURE 6: Nonmembership function of TIFN A’ and B’ and

Posv(;xj > B.

Now, by Definition 8, necessity of the event Al < Bl are

as follows:

Nes, (A" < B') = 1 - Pos, (&' > B')

0,
_ b —a
“la,-a;-b,+0°
1)
Nes, (KI < EI) =1-Pos, (ZI > EI)
0,

by > a;;
b, > as, a, > by

b, > a,,

!
b, >ay;
!
b, <ay a3 <bg

a; > b).
(10)
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By Definition 8 necessity of the event A’ > B' are as follows:

Nes, (A 2 B') = 1 - Pos, (A" < B)

0, a, < b
a, — by
B S
a,—a, —b, + b,
1, a, > b;,

a, > by, a; < by;

Nes, (A1 = B') = 1 - Pos, (&' < B')

!
0, by <a;
!
by, —a
b
a,—a; — b, +b, /
1, a, < b,.

by > a{, a, > bi;

(11)
By Definition 9 measures of the event A’ < B’ are as follows:
1 _ Rl
Me, (A" < B')

= APos,, (KI < EI) + (1 - 1) Nes, (KI < EI)

0, b, <ay;
by - a,
b,>a, b <ay;
b4 b3+612 al 3 2 1 2
=4, by, > a,, b <as;
b —a,
,1+(1_,\)—, b, > as, a, > by;
a,—a;—b, +b
|1, b, > a,,

Me, (ZI < EI)

APos, (KI < EI) + (1 - A)Nes, (ZI < EI)

1, b, <aj;

/\612—_1)3+(1—)L),

o —al b b, by > aj, a, > by;

=4(1-2), a2<b,b1'<a3;
a'—b
(1_A)sz+b” a3<b1', af1>b;
L0, bZZai.

(12)
By Definition 9 measures of the event A’ > B’ are as follows:
51 Rl
Me, (A" > B)

= APos, (ZI > EI) +(1 - A) Nes, (ZI > EI)

-

1, b, <a,
b
1-1 e A b b ;
( ) al—b b, + 3 > 4y, 0y <y
:<A’ b4>az, b2<a3;
a,—b

—) < bl b;
a,—a;+b,—-b G <@ G4 >

L0, b > a,,

5
Me (ZI>I§I)
= APos, (~I > EI) + (1 -A)Nes, (KI > EI)
0, by <aj;
b a
1-2 L b,>a, a >b;
( ) b by 3 > a4 Gy > 9,
=7(1-2), a, < b, b, < ay;
b,-a ) ,
-A)+A 3 a; <b,, a, >b;
(=4 b,-bl+al —a, 4
_la bIIZai
(13)
For A = 0.5,
0, b <ay;
by —ay
———, by >ay, bs;
2(by—by +ay—ay) $7 A s
Cr”(A <BI): %, by > ay, by < as;
ay —2a3 +2b;, — b, by > ay 4y > by
2(ay—a;—b, +by)
5 b2>ll4;
1, biSal,
—2b3+b4—a1 , ,
—, by >a, > 033
2ay—al vt by BT Rh
cn (7 <3)-11, <t
!
) ’ i
) <bj, by <ay
2(ay—a; —b, +b]) a; <bp, by < a4
0, bZZai,
(14)
1, by < ay;
2a, —2b, + by —a;
———— by >a, > by;
2(ay —ay —by +b;) 37 G
Cr, (&' 2 B) =1 % by > ay, by < as;
_bl
— > as, > by;
2(ay—as +b, —by) b2 > a3, 4 !
0, b, = ay,
0, by <ay;
b3_a{ ' ’
———, by >ay, > by
2(ay—a; - b, +b;) 37 e @20
Cr, (EI = §1)= ) %» a, <by, by <as;
2b, -2 L0
%, b > as, b < als
2(by - b +a;—a;)
1, b > aj.
=1 ! ' =T
Lemma 10. If A" = (a;,a,,a35,a,)(a,,a,,a3,a,) and B =
(b, by, b ,b4)(b1',b ,b ,b;), then
~ _ =l ~ _ =l
Pos#(A SB)zoc, Posy(A SB)S/}
b, —a,
—_ — 2,
b,—b+a,—a (15)
a, - b



Proof. Let us consider

Pos,, (ZI < EI) >« Pos, (ZI > BI) <pB. (16)

Now from (8)
1 _ 3l b —a
POS#(A SB)Z(X@WZ(X,
b, (17)
~ _ 3l a, —
Posv(A sB)sﬁ:% T <.
O

Note. Posﬂ(;\q < x) >
a1)/(az -

« and Pos (A" < x) < B e (x-
a;) > aand (a, - x)/(a, — a;) < B.

Lemma 11, ]fKT = (al’az’%:114)(!1{,(12,&3,(11) and B =
(bl’b2>b3’b4)(b’,b2,b3,b£), then

Nes,, (ZI < El) > a Nes, (ZI < EI) <p

b —as
= —— >aq,
a,—a;—b, +b (18)
a, - b,

<B

! !
a, —a; —b, + b

Proof. Let us consider

Nes,, (ZI < EI) >a, Nes,, (ZI < EI) <B. 19)
Now from (10),
— b —a
Nes, (A' < B') 2 a = L >

esﬂ( ) * a—a;—b+b *

b, (20)
Nes, (A" < B") < = 2 < B.
esv( ) P a,—a;—b,+b P

O

Note. Nesﬂ(A'I < x) > aand Nesv(gl <x)< B o (x-

a3)/(ay —a3) > a and (af1 - x)/(a!1 —a;) <.

Lemma 12. If A" = (a,,a,,a5,a,)(a),ay, a3, a,) and B' =
(by, by, by, b,)(b], by, b, b,), then

or (A <F)za  Cr(A<F)=p
= b~ a, >a,
2(b,-by+a,—ay)
2a3+2b -b,
2(a4 “by4h) (21)
-2b, +b, —a,

2(a2—a1+b’ b) <P

a, —b,
<B.
2(ay—as - b, + b))
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Proof. Let us consider

Cr,(A'<B)2a,  Cr, (A <B)<p (22

Now, from (14),

— = b,-a
Cr,(A<B)2ae= C—| >a,
rﬂ( ) : 2(by—by+a,-ay) ¢

a4—2a3+2b -b,

2(a, - b+b)_
- 2b; + b, - 29
- = +
Cr,(A"<B") < <
r"( ) ﬂ(:)Z(az—al+b' b) <P
b, - a, <.
2(b, - b —a, +as)
]

Note. CrM(KI <Xx) > aq, Crv(;\q <x)=2fB e (x-a)l2a,-
a;) = «, (ag—2a5+x)/2(a, —a;) = aand (2612—x—a£)/2(a2—

a{) <p (a!1 - x)/2(ai -a;) <.

4. Intuitionistic Fuzzy CCM

The chance operator is actually taken as possibility or neces-
sity or credibility measures. We can use chance operator
to transform the intuitionistic fuzzy problem into crisp
problem, which is called as CCM [27]. A general single-
objective mathematical programming problem with intu-
itionistic fuzzy parameter should have the following form:

Max f (x, EI)

subject to g; (x,ﬁl) <b, i=12,...,n, (24

x>0,

where x is the decision vector, & and EII are intuitionistic
fuzzy parameters, f(x,£&’) is an imprecise objective function,
and g;(x, & are constraints function fori = 1,2,..., .

The general chance-constraints model for problem (24) is
as follows:

(25)

Max fi+fs
subject o Ch, {f (x.&) 2 fi} 2 «
Oh, [ (v8) 2 1} < 8

Oh, fa, (v) <} 2,
Chy{gl( &)<t} <

>0, i=12,...,n

The abbreviations Ch# and Ch, represent chance operator
(i.e., Pos or Nec measure) for membership and nonmem-
bership functions. a, 8, A;, and y; are the predetermined
confidence levels such that 0 < A; +y; < land 0 <a+ < 1
fori=1,2,...,n
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4.1. Intuitionistic Fuzzy CCM Based on Possibility Measure.
The CCM based on possibility measure is as follows:

Max h+f
Subject to  Pos, {f (x, EI) > fl} >«
pos, 11 (w€) = £ <
. (26)
Pos,, {gi (x, 51) < bf} > A
Pos, {gi (x, 51) S EII} Sy
x>0, i=12,...,n

where a, 3, A;, and y; are the predetermined confidence levels
suchthat0 < A;+y; < land0O<a+f<1fori=1,2,...,n

Definition 13. A solution x* of the problem (26) satisfies
Pos, (g;(x, &) < b)) = A, and Pos,(g;(x, &) < b) < y; for
i=1,2,...,nis called a feasible solution at (A;, y;) possibility
levels,i=1,2,...,n.

Definition 14. A feasible solution at (A;, y;) possibility levels,
x*, is said to be (a, ) efficient solution for problem (26)
if and only if there exists no other feasible solution at
(A w;) possibility levels, such that Pos,, { flx, &} > aand

Pos,{f(x, &N} < Bwith f(x) > f,(x*) + fo(x*).

4.2. Intuitionistic Fuzzy CCM Based on Necessity Measure.
The CCM based on necessity measure is as follows:

Max L+ hh

where a, 3, A, and y; are the predetermined confidence levels
suchthat0 < A;+y;<land0<a+f<1fori=1,2,...,n

Definition 15. A solution x* of the problem (27) satisfies
Nes, (g;(x,&") < Bf) > A, and Nes,(g,(x,&") < b)) <y for
i = 1,2,...,nis called a feasible solution (1;, ;) necessity
levels,i=1,2,...,n.

Definition 16. A feasible solution at (A;, ¥;) necessity levels,
x"*, is said to be (a, B) efficient solution for problem (27)
if and only if there exists no other feasible solution at
(A;» ;) necessity levels, such that Nes,{f(x, &} > aand

Nes, { f(x, < Bwith f(x) > f(x") + fH(x™).

4.3. Intuitionistic Fuzzy CCM Based on Credibility Measure.
The CCM based on credibility measure is as follows:

Max L+ £fh
Subject to  Cr, {f (x, EI) > fl} >«

rAf(x&)2 £} <B
(28)
A

1

vV

el (58 <7)
Cr, {gi (x, EI) < EI} SV

x>0, i=12,...,n

where o, 3, A;, and y; are the predetermined confidence levels
suchthat0 < A;+y;<land0<a+f<1fori=1,2,...,n

Definition 17. A solution x* of the problem (28) satisfies
Cr,(g,(x,&") < b)) > A; and Cr,(g;(x,&") < b)) < v for
i =1,2,...,nis called a feasible solution (A;,y;) credibility
levels,i =1,2,...,n.

Definition 18. A feasible solution at (A;,y;) credibility levels,
x*, is said to be («, B) efficient solution for problem (28)
if and only if there exists no other feasible solution at
(A, y;) credibility levels, such that Crﬂ{ f(x, &)} > aand

Cr,{f(x, &)} < Bwith f(x) > f,(x") + fo(x").

5. Proposed Method to Solve IFLPP
Using Chance Operator

To solve intuitionistic fuzzy CCM based on possibility or
necessity or credibility measures we propose the following
method.

Step 1. Apply chance operator possibility/necessity/credi-

bility in intuitionistic fuzzy programming (24). Problem (24)
can be converted into following problem:

Max h+f

Subject to  Pos, {f (x, 31) > fl} >«
(29)

or Nes, {f (x, 51) > fz} <B  (30)



or Nes {gi X, SI) < E,I} > A (31

or Nes, {gi X, SI) < E-I} <y (32)

x>0, fori=12,...,n (33)

0<A+y; <1, 0<a+f<1
(34)

fori=1,2,...,n,
where (;, ;) and («, ) are the predefined confidence levels.

Step 2. Using Lemmas 10, 11, and/or Lemma 12, the above
problem in Step 1 can also be written as

Max fi+f
Subjectto  fi+ f,>Z (35)
(31)-(34),

where Z is obtained by applying Lemmas 10, 11, and/or
Lemma 12 in (30) and (29).

Step 3. The above problem is equivalent to

Max Z
(36)

Subject to  (31) - (34).

Step 4. Crisp programming problem obtained in Step 2 can
be solved using any well-known method to get the optimal
solution.

6. Numerical Example

Let us consider the following intuitionistic fuzzy mathemati-
cal programming problem as:

Maximize E{xl ® E,éxz
. I 1 I
subject to  &3x; @ &,x, < &,

(37)
Eéxl @E;xz =< Eé

X1,%, 20,

where & = (5,6,7,8)(4,6,7,9), & = (4,5,6,7)(3,5,6,8),
& = (1,2,3,4)(0.5,2,3,6), & = (2,3,4,5)(1,3,4,6), & =
(6,7,8,9)(5,7,8,10), & = (3,4,5,6)(2,4,5,7), & = (1,2,3,
4)(0,2,3,4), and & = (10,11,12,14)(9, 11,12, 16).

6.1. Intuitionistic Fuzzy CCM Based on Possibility Measure.
Now by using Step 2 of the method explained in Section 4 and
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Write
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FIGURE 7: Flow chart of the proposed algorithm.

Lemma 10, if we apply the possibility measure in intuitionistic
fuzzy mathematical programming (37), problem (37) is con-
verted into the following crisp programming problem:

Maximize (15-a+2B)x; + (13- a+2f)x,

subject to (1+A)x; +(2+ 1) x, <9-1,

(2-1.5y;) x; + (3-2y,) x, < 8+ 2y,
(B+A)x +(1+A,)x, <14-21,  (38)

(4-2y) % +(2-2y5) x, < 12+ 4y,

xX,%, 20, 0<a+f<1,

0<A+y; <1, fori=1,2.

Solving the above crisp problem for efficient levels (o« =
0.6, B = 0.4) and different possibility levels, we get different
optimal solutions. Optimal solution of (38) at different
possibility levels (in Figure 7) are presented in Table 1. From
Table 1, we can observe that maximum value (= 73.09) can be
obtained at (A, = 0.40,y;, = 0.35) and (A, = 0.30,y, = 0.40)
possibility levels.

6.2. Intuitionistic Fuzzy CCM Based on Necessity Measure.
Now by using Step 2 of the method explained in Section 4 and
Lemma 11, if we apply the necessity measure in (37), problem
(37) is converted into following crisp programming problem:

Maximize (10 -a+2B)x, +(8-a+2p)x,

subject to  (3+24;)x; +(4+21,)x, <6+,

(5-2y1) x; +(6-2yy) x, <7 -2y,
(5+A)x+(3+A,)x, <6+A, (39)

(7=2y,) %, + (4= yy) x, < 11 -2y,

X,%,20, 0<a+f<1,

0<A+y; <1, fori=1,2.

Solving the above crisp linear programming problem for
efficient levels (¢ = 0.6,8 = 0.4) and different necessity
levels, we get different optimal solutions. Optimal solutions
of (39) at different necessity levels (in Figures 8 and 9) are
presented in Table 2. From Table 2, we can observed that at
(A, =0.35,y, = 0.45)and (A, = 0.35, y, = 0.45) the decision
maker will get the maximum value = 12.98.
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TaBLE 1: Optimal solution of (38) at different possibility levels.
A 2 A, v, Optimal solution Optimal value (f*)
0.30 0.30 0.35 0.35 x, =341, x, = 1.37 70.09
0.30 0.35 0.35 0.40 x, =3.29,x, = 1.66 72.14
0.40 0.35 0.30 0.40 x, =343, x, =157 73.09
0.35 0.40 0.40 0.30 x, =3.10,x, =19 72.2
0.40 0.45 0.40 0.45 x, =3.16,x, =173 71.05
0.50 0.45 0.45 0.5 x, = 3.16, x, = 1.50 67.93
0.45 0.50 0.50 0.40 x, =297,x,=173 68.02
0.60 0.45 0.45 0.6 x, =3.29,x, =120 65.93
0.50 0.50 0.50 0.50 x, =3.03, x, = 1.57 67.00
0.55 0.40 0.55 0.40 x, =297, x, =150 65.10
TABLE 2: Optimal solution of (39) at different necessity levels.
A v, A, v, Optimal solution Optimal value (f*)
0.35 0.30 0.30 0.35 x, =091, x,=043 12.93
0.45 0.30 0.40 0.35 x, =090, x, =0.45 12.89
0.50 0.35 0.50 0.35 x, =087, x, =047 12.86
0.60 0.40 0.60 0.40 x, =0.85,x, =0.50 12.84
0.70 0.20 0.70 0.20 x, =0.87,x, =045 12.71
0.60 0.30 0.60 0.20 x, = 0.87, x, = 0.47 12.79
0.65 0.35 0.75 0.20 x, =0.84, x, = 0.50 12.75
0.70 0.10 0.70 0.10 x, =0.89,x, =043 12.67
0.50 0.50 0.50 0.50 x, = 0.85,x, =0.51 12.94
0.35 0.45 0.35 0.45 x, =0.88, x, =0.48 12.98
TABLE 3: Input data for [FTP.
D, D, D, Availability (@)
§;I (2,4,6,7)(1,4,6,9) (4,6,7,8) (3,6,7,9) (3,7,9,12) (2,7,9,13) (4,6,8,9) (2,6, 8,10)
5, (1,3,4,6)(05,3,4,7) (3,5,6,7) (2,5,6,9) 2,6,7,11) (1, 6,7,12) (0,05,1,2) (0,05, 1, 5)
s (3,4,5,8) (2,4, 5,10) 1,2,3,4) (0.5,2,3,5) (2, 4,5,10) (1, 4, 5, 11) (8,9.5,10,11) (6.5, 9.5, 10, 11)
Demand (E}I) (6,7,8,10) (5,7 8, 12) (4,5,6,9) (3,5, 6,11) (2,4,5,7) (05,4, 5,8)

FIGURE 8: Optimal solution at different possibility levels.
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FIGURE 9: Optimal solution at different necessity levels.

7. Intuitionistic Fuzzy Transportation
Problem Based on Possibility Measure

Let us consider the following intuitionistic fuzzy transporta-
tion problem (IFTP) (in Table 3).
Above transportation problem is a balanced transporta-

tion problem as @, @’ = EB;:II;; . The above IFTP can be
written as

(2,4,6,7)(1,4,6,9) xy,

® (4,6,7,8) (3,6,7,9) x5
®(3,7,9,12) (2,7,9,13) x5
® (1,3,4,6) (0.5,3,4,7) xy,
®(3,5,6,7) (2,5,6,9) x,,
®(2,6,7,11) (1,6,7,12) x5

Minimize

®(3,4,5,8) (2,4,5,10) x5,
®(1,2,3,4) (0.5,2,3,5) x3,
®(2,4,5,10) (1,4,5,11) x5
subject to Xy, + X1, + X3
<(4,6,8,9)(2,6,8,10)
X1 T Xpp + X3
<(0,0.5,1,2)(0,0.5,1,5)
X31 + X3y + X33
< (8,9.5,10,11) (6.5,9.5,10, 11)
X1+ Xy T X3
> (6,7,8,10) (5,7, 8, 12)
Xpp + X + X35

> (4,5,6,9) (3,5,6,11)

X3+ Xp3 + X33
>(2,4,5,7)(0.5,4,5,8)

X;20, Vi,j.

(40)

Now by using Step 2 of the method explained in Section 4 and
Lemma 10, if we apply the possibility measure in intuitionistic
fuzzy mathematical programming (40), problem (40) is
converted into following crisp programming problem:

Minimize (6 + 2a — 3) x;; + (10 + 2a — 28) x,

+ (10 + 40 — 5B) x5 + (4 + 2a — 2.58) x5,
+(8+2a-3B)xy + (8+4a—5B) xp3
+(7+a-5B) x5 +(3+a—15p) x5,
+(6+2a—3B) x33
subject to X, + X5 + x93 < (17 = A, +2y)
X1+ Xpy + X553 < (34, +4y,)
Xap X3 + X33 < (21— A5 +y3)
X1y + X 231 2 (13 + A4 = 2)
X1y + X + X35 2 (9 + A5 = 2y5)
X1z + X3 + X33 > (6 + 21 — 3.5y)
>0, fori,j=1,2,3,

Xis 0S(X+ﬁ§1,

Y

OSAk'F'll/kSl, fork=1,2,...,6.

(41)

Solving the above crisp problem for efficient levels (o« =
0.6, 3 = 0.4) and possibility levels (A; = 0.5,y; = 0.5) for
i=1,2,...,6, using Lingo-11.0, we get x;; = 0.75, x;, = 0,
X153 = 0,x5 =4.5 x5, =0,x,5 =0, x5, =7.25, x5, = 8.5,and
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X33 = 5.25. Now the minimum intuitionstic fuzzy optimal
cost is

& = (72.25,109, 136, 203.5) (45.62, 109, 136,246.25) . (42)

8. Discussion

Intuitionistic fuzzy sets being a generalization of fuzzy sets
give us an additional possibility to represent imperfect knowl-
edge, making it possible to describe many real problems in
a more adequate way. So in this paper, we have developed
the possibility and necessity measures on intuitionistic fuzzy
set. Here we have presented first time the mathematical
representation of different types of measures in intuitionistic
fuzzy environments and some graphical representations of
them are depicted. We have also developed the theoretical cal-
culation on possibility, necessity, and credibility measures for
defuzzify intuitionistic fuzzy linear programming problem
using chance operators. To validate the proposed method,
we have discussed three different approaches to defuzzify
the intuitionistic fuzzy relations using possibility, necessity,
and credibility measures. Using chance operator we can
convert a problem under imprecise models to corresponding
crisp models. At different levels of possibility, necessity, and
credibility, we have achieved different optimal solution. A
numerical example is presented and solved using LINGO-11.0
to illustrate the proposed approaches. The proposed method
can be applied for multiobjective, multiitem transportation
problem. This method can be also extended to be applied
into different types of optimization problem, namely, optimal
control and solid transportation problems.
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