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1. INTRODUCTION: Fuzzy set theory was introduced by Zadeh [10] in the year 1965. The
concept on Intuitionistic Fuzzy Number was introduced by Atanassov[3]. An Intuitionistic
Fuzzy set is a powerful tool which deals with vagueness. There are many models in
transportation problem which play an important role in reducing cost, maximizing profit and
improving service. Intuitionistic Fuzzy Numbers are used in many applications of decision
theory for research. In this paper an illustrative example for minimizing cost with Heptagonal
intuitionistic fuzzy demand and supply along with degree of acceptance and degree of
rejection is solved. The initial basic feasible solution is obtained by Intuitionistic fuzzy
Vogel’s Approximation method and optimal solution by fuzzy modified distribution method.
The Heptagonal intutionistic fuzzy numbers are converted to crisp values by using value and
ambiguity index based ranking method.

2. PRELIMINARIES

Definition 2.1[2]: Intuitionistic fuzzy set: Let X be a universal set. An Intuitionistic fuzzy
set AT in X'is A= {X,p41(X), 9 41(X)):x€X} where the function p 1 : x—[0,1] , 9,1 : x—>[0,1]
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define the degree of membership and the degree of non-membership of the element xeX to
the set A’ respectively and for every xeX in A’ ,0 < 1 (X)+ 9,1 (X) < 1 holds .

3. Heptagonal intuitionistic fuzzy numbers
Definition 3.1: Heptagonal intuitionistic fuzzy number:

A HpIFN @' =< (ay, a,, as, a4, as, ag, a,)(by, by, b3, by, bs, bg, b7); ws, ug > is a
Intuitionistic Fuzzy

set on a set of real number R, whose membership and non-membership functions are
defined as:

MEMBERSHIP FUNCTION

( wi(x—ay)
_— , A <x<a
(az-aq) L 2
Wy ,ay < x < az
(wg—wq)(x—az)
wy + ——————= a;<x<a
1 (ag—az) '8 4
Wga X = Ay
udl(x): \ (wg—wi)(as—x)
w, + 25— a,<x<a
1 (as—as) $Ta >
w1 (a7—X)
_— g <x<a
(a7—-as) 1 e 7
\ 0 ,otherwise

NON-MEMBERSHIP FUNCTION

( (1-wq)(by—x)

ug + % by <x<b,
Uz x=Db

Va1 x) =X a ’ 4
(Wi —ug)(x—b,)
(1-w;)(x—bg)
Wq + —(b7—b6) , b6 <x< b7
\ 1 ,otherwise

The value w; represent the maximum degree of membership and the value uz minimum
degree of non-membership suchthat 0< wz; (X)<1,0< uz X)<1,0< wz +uz (X) <
1 are satisfied.

4. Arithmetical Operations
Let @' =< (ay,ay,as,aq,as, ag, a;) (c1, ¢y, C3,Ca, Cs, Cg, C7); Wg, Ug > and

EI =< (bll bz, b3, b4, b5, b6' b7) (dli dz, d3, d4, ds, d6' d7), WE, UE > be tWO HpIFNS and l be
a real number. Then the arithmetical operations are
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a'+b" = < (a;+by, ay + by, az + bz, aytb,, as + bs, ag + bg, a; + by; ci+dy, c; + dy, c3 +
ds, cutdy, cs + ds, cg + dg, c7 + d); min{wg,wj }, max{ug, uz} >

a' —b'=< a; — by,a; — bg,az — bs, a4 — by, as — bz, a6 — by, a7 — by;¢ — dy, ¢ —

d6' C3 - d5, C4_d4_ ) C5 - d3, C6 - dz, C7 - dl)’ mln {Wa,WE }, maX{u,a, U.B} >

a'*b'= < (ayby, ayb,, asbs, asby, asbs, agbg, a;b, ; cidy, c3dy, c3ds, C4dy, csds, cedyg, C7dy);
min{wg,w; }, max{ug, uz} > Where @ and b are non-negative heptagonal intuitionistic fuzzy
numbers

Aal =< (Aay, Aay, Aas, Aay, Aas, Aag, Aa; Acy, Acy, Acs, Acy, Acs Acg, Acy); wg, ug >, 120,

< (Aaq,Aay, Aas, Aay, Aas, Aag, Aay; Acqy, Acy, Acs, Acy, Acs, Acg, Acy); wg, ug > ;A <0

~I—1_ 1 1 1 1 1 1 1 . 1 11 1 1 1 1.,
a _<(_l_!_!_!_)_F_’_l_)_)_l_i_l_)lWalua>
a7 Qg As A4 A3 Az A1 C7 Ce C5 C4 C3 C2 C1

5. a-cut sets and B-cut sets of Heptagonal Intuitionistic Fuzzy Number (HpIFN):

5.1: Aa-cut set of aHpIFN @’ =<
(al' az, asz, Ay, ds, Ae, a7)(b11 b21 b3' b4' bSI b6' b7); Wa, Ug > is a

crisp subset of R defined as @', = {x|p r (X) = @ } where 0< a < wy.

5.2: A B-cutset of aHpIFN a’ =<
(al' az, asz, Ay, ds, Ae, a7)(b11 b21 b3' b4' bSI b6' b7); Wa, Ug > is a

crisp subset of R definedas a's = {x|9, (x) < B} whereu; <B<1

a', and @' are both closed sets and are denoted by @', = [La1(a),Rg1(o)] and @'
=[La(B),R 5 (B)] repectively. The respective values of @, and d, are calculated as follows:

[a, + a(az—as) a, — a(as—ae) ]

" o where ae [0, w,]

[Waa3 +a(as—az)-wia, wgas—a(as—a,)-wia, ]

) E—— where ae (w; ,wg]

)

[w1b4—B(b4—b3)—uab3) w1bs+B(bs —b4)—uab5)]
(wi—ug) ' (wi—ug)

where Se [ug, wq]

b,—B(by—b1)-w;by b6+B(b7_b6)_W1b7]

wher 1
aw) ' (wy) ere fe (wa 1]

[

6. Ranking of HplFNs based on Value and Ambiguity

The value and ambiguity of a HpIFN and NIFN can be defined similar to those of a TIFNs
introduced by D.F.Li [5].

Definition 6.1;

Let a’ ;and d’ﬁ be an a-cut set and -cut set of a Heptagonal Intuitionistic Fuzzy Number
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~] __ .
a =< (all a,, asz, Ay, ds, Ag, a7)(b1' bZl b3' b4-) bS' b6' b7)! Wa, Ug >

Then the values of the membership function p;(Xx) and the values of the non-membership
function 9, (x) for the HpIFN &’ is defined as follows

wg Lot (@+R_1 (@)

V. @) =J, T (@ s (1)

~ 1 Ly (B)+R,1(B)
Ve@) =f, ——"—

_ua >

P05) 1 T )

Respectively, where the function f(a) is a non-negative and non-decreasing function on the
interval [0, w;] with f(0)=0 and fow ® fla)da = wy The function g(P) is a non-negative and
non-increasing function on the interval [uz,1] with g(1)=0 and fu{ g(B)dp =1-us. Throughout

2(1-p)

the paper we shall choose f(a) = % , a €[0,w;] and g(B) = —

where B €[ug,1] .

The value of the membership function of a HpIFN @’ is calculated as follows:

v (~1) _ wi(ai+2az+2as+a;)  (wa+wy)wg(az+as)—2wyas] | (Wi+waw,+wi)(2as—as—as)
s a)= 6wy I 2wy I 3wy
...................... (3)
The value of the non- membership function of a HpIFN @’ is calculated as follows:
~I\ _ 1 ((2wi-wi-2ug+u?)(2wibs—ug(bs+bs)) | (3wi—2w3—-3uZ+2u})(bs—2bs+bs)
Vo(@) = (1-ug)(wy-ug)" 2 + 6 ]
+[(1—W1)((b2+b6)—W1(bl+b7))]+[(1—3W%+2W%)(b7—b6—b2+b1)]

2(1-ug) 6(1-ug)(1-wyq)

With the condition that 0< w; + uz < L,it follows that V, (a') < Vy(a') thus the values of

the membership and non-membership function of a HpIFN @’ can be expressed as an interval
[V, @), V(@i

Definition 6.2: Let @', and @’ be an a-cut set and B-cut set of a
HpIFN a! =< (ay, ay, as, a4, as, ag, a;)(by, by, bz, by, bs, bg, b;); wg, uz >

Then the ambiguities of the membership function p;(x) and the ambiguities of the non-
membership function 9;(x) for the HpIFN @’ and NIFN @’ are defined as follows

Ay@h = fOWﬁRaI((X) e A (0 () [ R (5)

A,@) = fulaRﬁ,(s) () J(:) R (6)
It can be followed from definition of A4,(a’) and A,(a’) that A,(a") = 0,As(a’) = 0

The ambiguity of the membership function of a HpIFN &' is evaluated as follows.
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A”(dl) _ w?(a;+2a¢—2a;—a;) +(as—a3)(w§+wﬁw1—2w%)
3wg 3wg

Similarly, the ambiguity of the non-membership function of a HpIFN &’ is evaluated as
follows.

(bs—b3)[(3w?—2w3 —3uZ+2u)-3ug (2w, —w?-2ug+u?)] + (1-wy)[(bg—b3)—wq (by—b1)]

~]\ —
Ap(@) = 3(1—ug) (W1 —1iz) (1-1z)

+(1—3W%+2W%)(b7—b6+b2—bl)
3(1-ug)(1-wq)

With the condition that 0< w; + u, < 1,it follows that 4,(@") < As(a@’) thus the values of
the membership and non-membership function of a HpIFN @’ and NIFN @’ can be expressed
as an interval [4,(a@") , Ag(a')].

7. The Ranking Technique [9]:

Ranking is evaluated by taking the sum of value index and ambiguity index

RAN=VELD+AG@,D) ©)
Where V (ﬁl 1) - M A (ﬁl l) - Au(Ah) + Ag(7')
'y > , '3 —2

8. Initial Basic Feasible Solution by Intuitionistic fuzzy Vogel’s Approximation method
for heptagonal intuitionistic fuzzy balanced transportation problem for profit
minimization

1. In Intuitionistic fuzzy transportation problem, the heptagonal intuitionistic fuzzy

transportation cost are reduced to crisp numbers using value and ambiguity based ranking.

2. In the reduced HpIFTP, identify the row and column difference considering the least two
numbers of the respective row and column.

3. Select the maximum among the difference and allocate the respective demand or supply to
the minimum value of the corresponding row or column.

4. We take the difference of the corresponding supply and demand of the allocated cell which
leads either of the one to zero, eliminating the corresponding row or column (eliminates both
demand and supply if both are zero).

5. Repeat step 2, 3 and 4 until all the demands and supplies are satisfied.

6. To find the minimum cost, sum of the product of the cost and the allocated values are
calculated.

9. Modified Distribution Optimal Solution by Intuitionistic fuzzy Vogel’s
Approximation method for intuitionistic fuzzy balanced transportation problem
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1. The number of allotted cells must be equal to m+n-1, if not degeneracy exists for which a
very small positive assignment € is allotted in independent suitable cost cell so that the
number of occupied cells is exactly equal to m+n-1.

2. For each allotted cell we solve system of equations uj + vj= Cj; starting with either some ui;
or some vjequating to zero where the number of allocations are maximum and hence finding
the values of ujand vj respectively.

3. Evaluate Cjj- (ui + vj) for all unoccupied cells.
4. If dij= Cij- (ui + vj) = 0, then the basic feasible solution is the optimal solution.
10. ILLUSTRATIVE EXAMPLE 1:

Consider a 4 x 3 Heptagonal Intuitionistic Fuzzy Number with value and Ambiguity index

TABLE 1:
D1 D2 D3 IFS
( (15,20,25,30,1
o1 1 2 0 (10,15,20,30,40,4
( (20,25,30,35,4
02 2 3 4 (15,20,25,35,45,5
( (20,25,30,35,4
(0K 1 5 6 (15,20,25,35,45,5
IF | ( (15,20,25,30,E< (25,30,35,40,1( (15,20,25,30,1
D (10,15,20,30,40,4| '(20,25,30,40,50,5| '(10,15,20,30,40,4

we apply value and ambiguity ranking on heptagonal intuitionistic fuzzy number and obtain
the following crisp values [3,4,7,8,9]

Consider supply S: <(15,20,25,30,35,40,45)(10,15,20,30,40,45,50);0.6,0.2>
V.(S1) = 17.9922, Vy(S1) = 18.6001, A,,(S1) = 10.612, Ay(S1) = 14.917

V,(S1) +Vy(S1) Au(S1) + Ap(S1)

V(Sy) = = 18.2962, A(S1) = = 12.7645

R(S1) = V(S1) + A(S1)= 31.06

Similarly applying for all the Heptagonal intuitionistic fuzzy demand and supply values, we
have the following table
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D1 D2 D3 IFA
O1 1 2 0 31.06
02 2 3 4 34.11
o3 1 5 6 34.11
IFR | 31.06 37.16 31.06 99.28

ISSN: 2094-0343
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The above table 2 is a balanced transportation problem as total supply and total demand are

equal to 99.28

Intuitionistic fuzzy Vogel’s Approximation method for heptagonal intuitionistic fuzzy
balanced transportation problem

TABLE 3: Basic Feasible Solution

D1 D2 D3

o1 1 0
2 31.06 31.06
02 2 3 4 34.11

34.11 '
O3 1 5

31.06 3.05 0 34.11
IFD 31.06 37.16 31.06 99.28

m+n-1=5, which is not equal to number of allocations 5.Hence we introduce € (—0)to the

unallocated least cost cell, so that m+n-1 is equal to number of allocations

Applying Modified Distribution method for optimal solution of heptagonal Intuitionistic
Fuzzy transportation problem.

TABLE 4: djj= Ci- (Ui + Vj)

D1 D2 D3
o1 - -3 -
02 3 - 6
O3 - - 6

Since all dj;are not >0, we generate a loop for the improved solution

TABLE 5: dij= Cij- (Ui + Vj)
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Since dij =0, the optimality is obtained.
TABLE 6: New allocations
D1 D2 D3 IFS
01 1 2 0
31.06 31.06
02 3
2 3411 4 34.11
03 1 5
31.06 3.05 0 34.11
IFD 31.06 37.16 31.06 99.28

Total cost = (€x 2) + (31.06 x 0) + (34.11 x 3) + (31.06 x 1) +(3.05 x 5)
=148.64+2¢€ (as €-0)
= 148.64/-

11. CONCLUSION

A method for finding optimal solution in an intuitionistic fuzzy environment has been
proposed using value and ambiguity ranking method for heptagonal intuitionistic fuzzy for
cost minization transportation problem. Value and ambiguity ranking method is used to solve
intuitionistic Vogel’s Approximation method to find the initial basic feasible solution and
modified distribution method for optimal solution of intuitionistic fuzzy transportation
problem.
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