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1. Introduction

Fuzzy set theory was introduced by Zadeh [18] in the year
1965. The concept on Intuitionistic Fuzzy Number was in-
troduced by Atanassov [6]. 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 and improving service. Pentagonal In-
tuitionistic Fuzzy Numbers are used in neural networks and
also in many other applications of research. In this paper
an illustrate example for unbalanced transportation problem
with pentagonal intuitionistic fuzzy cost along with degree
of acceptance and degree of rejection is solved. Where the
supply and demand are real numbers. Further initial basic
feasible solution and optimal solution for Intuitionistic fuzzy
Vogel’s Approximation method is evaluated by converting the
pentagonal intutionistic fuzzy number to crisp values by using
value and ambiguity index based ranking method.
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2. Preliminaries

Definition 2.1. [3] Intuitionistic fuzzy set: Ler X be a uni-
versal set. An Intuitionistic  fuzzy set A in X is

= {x, uh (x), 94 (x)) : x € X} where the function oy x =
[0,1], 19;& : x — [0, 1] define the degree of membership and the
degree of non-membership of the element x € X to the set A
respectively and for every x € X in Al, 0 < Iy (x)+ 19/: <1
holds.

Definition 2.2. [9] Pentagonal intuitionistic fuzzy num-
ber: A PIFNE = ((al,a27a3,a4,a5)(b1,bz,bg,b4,b5);w5,u5>
is a Intuitionistic Fuzzy set on a set of real number R, whose
membership and non-membership functions are defined as:

MEMBERSHIP FUNCTION
(x—ar)
ﬁ for aj<x<a
wH—W for ap<x<aj
We for x=a3
B () =9 o) as—v)
wl—l—“[mfa3 for a3 <x<ay
wl% for az<x<as
0 for as<x & a; >x

NON-MEMBERSHIP FUNCTION

1= Ul for by <x<by
wi—(wy—u~) (x—b2) <<
- for by <x<bs
U~ for x=bj
02 () = Wi on—u)(ba )
ba—b; Sfor b3 <x<by
1= U= for by <x < bs
1 for bs<x & by >x

The maximum degree of membership wr and minimum
degree of non-membership u-- satisfy the conditions 0 < w- <
1,0< u <land 0 < W+ u < 1. The parameters we and
u reflects the confidence level and non-confidence level of
the  Pentagonal Intuitionistic Fuzzy =~ Number
((a1,a2,a3,a4,as)(b) 7bz,b3,b4,b5);wgug>.

Let 7~ (x) = 1 — p~(x) — ¥~ (x), which is an indeterminacy
factor index of an element x in a. It is the degree of the

indeterminacy membership of an element x in a.
Definition 2.3. [9] Let a = ((a1,a2,a3,a4,as)(c1,c2,c3,cC4,
¢s);w,u=) and b= ((b1,b2,b3,b4,bs)(d1,d2,d3,da,ds);

be two PIFNs and A be a real number. Then the arlthmetlcal
operations are

a+b=(a;+bi,ay+by,a3+b3,as +ba,as +bs;ci +dj,

cr+do,c3+ds,ca+dy,cs +d5);min{wz,wz},max{uz7u;}}

~

a—b = {(a; —bs,ay — by,a3 — by,as — by, as — by;c, — ds,

~ uN>
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axb=(arby,arby,a3bs,ashs,asbs:c1dy,cady, c3ds, cady, csds):;
min{w-, w;},max{uz, u;}) where a and b are non-negative

D
pentagonal intuitionistic fuzzy numbers.
AEZ ((lal,lag,la3,la4,la5;lb1,lb2,lb3,7Lb4,7tb5);w5,uz);
A>0
Aa= <(la1,laz,la3,la4,?La5;lbl,lbz,lb3,lb4,lb5);wz,uz>;
A <0
~=b 1 111 1.1 1111

a :<(E’E’E’E’E’E’E’E’H’E Wavua>

3. a—cut sets and —cuts sets of
Pentagonal Intuitionistic Fuzzy Number
(PIFN)

[9] Ea and Eﬁ are both closed sets and are denoted by
ag = [L- (o), R~ ()] and 513 = [L-(B),R(B)] repectively.
The respective values of ¢ and ZB are calculated as follows:

[L(@), R ()] = a1 + a(a —ai) art (a_(Wl)(a3 ;ag)
w1 WZ*W]
(a_wl)(a4 —Cl3)

oas —as)
as+ (WE —W]) ,as + wi ]
(1=PB)(b2—by) (w1 —B) (b3 —b2)
(1—w1) (wi—ws) 7
(w1 —B)(bs —bs3) (1-B)(bs —b4)
(w1 —w>) bst (I—wy) )

[LZ(ﬁ)vRE(ﬁ)]:[bl+ ,by+

bs+

4. Ranking of PIFNs based on Value and
Ambiguity

The value and ambiguity of a PIFN can be defined similar to
those of a TIFNs introduced by D.F.Li [11].

Definition 4.1. [9] Let Ea and E[; be an o—cut set and
B—set of a Pentagonal Intuitionistic Fuzzy Number
a= <(al7027a3»a47as)(b1,bz,bs,b4,b5);w5,u;) respectively.
Then the values of the membership function L. (x) and the
values of the non-membership function ¥, (x) for the PIFN a
are defined as follows
~ we L~(0) + R~ (@
0
~ e Ly(B)+RL(B)
Vola) = [ (B
Respectively, where the function f() is a non-negative and

non-decreasing function on the interval [0, w~] with f(0) =0
WN

and | “ f(o)do = w-. The function g(B) is a non-negative

and non increasing function on the interval [u-., 1] with g(1) =
1

0 and / 8(B)dB =1 —u-.. Throughout the paper we shall

2(1-B)

200
choose f(a) = —, a € [0,w-] and g(B) =
W:l, 1— M;

C2_d47C3_d3»C4_d27C5_d1)§min{W;7W;}7max{u57”;}> B € [u,1].
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The value of the membership function of a PIFN a is calcu-
lated as follows:

2

~ wi(a; +2ay+2a—4+as)
Vyu(a) = -
u(a) 6w~
N (we +wi)[w- (a2 +as) — 2w as]
ZWZ

w% +wawi +w%)(2a3 —ap—ay)

3w~
a

~
The value of the non- membership function of a PIFN a is

calculated as follows:
~ 1
Vo (a) =

2wy — W% - Zuz + M%)(2W1b3 — M;(bQ +ba))

2
(3w} — 2w} = 3u2 + 20 ) (by — 2b3 +bz)}

* 6
(1=w1)((b2+bs) —wi(b1 +bs))

H 2(1—u) ]

+[(1 —3w? +2w}) (bs —b4—b2+b1)]

6(1 —u=)(1—w1)
With the condition that 0 < we +u- <1, it follows
that Vy(a) < Vy(a) thus the values of the membership and

non-membership function of a PIFN a can be expressed as an
interval [Vy(a),Vg(a)).

Definition 4.2. [9] Let Ea and EB be an a—cut set and 3 —set

Of a PIFN(NZ = ((al,a27a3,a4,a5)(b1,bz,b3,b4,b5);
we, u;) respectively. Then the ambiguities of the membership
function |1~ (x) and the ambiguities of the non-membership

function V- (x) for the PIFN a are defined as follows

@) = [ Ry (o) ~ L) f ()

Ao (@) = [ R;(B) - Ly (B)g(B)dP respectivly.

It can be followed from definition of Ay(a) and Ag(a)
that Ay(a) >0, Ag(a) >0

The ambiguity of the membership function of a PIFN ais
evaluated as follows.

722/724

5. The Ranking Technique

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

R(1) =V (i, 5) +A(i.5)
Where V(%, 7) = V,l(n)—;—V,g(n)
~ 1. Au(n)+Ag(n
A(n’i): u( )‘; s(n)

6. Initial Basic Feasible Solution by
Intuitionistic fuzzy Vogel’s Approximation
method for pentagonal intuitionistic
fuzzy unbalanced transportation problem

1. An unbalanced transportation problem is converted into
balanced transportation problem by introducing dummy
cost with respect to demand as the total demand is less
than the total supply.

2. In Intuitionistic fuzzy transportation problem, the pen-
tagonal intuitionistic fuzzy transportation cost are re-
duced to crisp numbers using value and ambiguity
based ranking.

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

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

5. 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
ZEro0).

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

7. To find the total minimum cost sum of the product of
the cost and the allocated values are calculated.

Au(a) =

a a
Similarly, the ambiguity of the non-membership function
of a PIFN a is evaluated as follows.

3w~ 3w~

~ W%(as +2a4—2ay—ay) N <a4_a2)(W%+W;W1 —ZW%)

(1=wp)

7. Modified Distribution Optimal Solution
by Intuitionistic fuzzy Vogel’s
Approximation method for pentagonal

oo (ba=b2)[(BwE 2w} —3uZ +2u2 ) ~Bu~ (2w —w? —2u~+ul)]
Aﬂ(a) = 3(la—uz)€w1—u;) —
(1—3w? +2w})(bs —ba+by —b,)]

3(1—uz)(1—wy)
With the condition that 0 < we + <1, it follows
that Ay(a) < Ay (a) thus the values of the membership and
non-membership function of a PIFN a can be expressed as an
interval [Ay(a),Ag(a))].
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intuitionistic fuzzy balanced
transportation problem

1. The number of allotted cells must be equal tom+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.
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2. For each allotted cell we solve system of equations
u; +v; = Cj; starting with either some u; or some v;
equating to zero where the number of allocations are
maximum and hence finding the values of u; and v;
respectively.

3. Evaluate C;; — (u; +v;) for all unoccupied cells.
4. If djj = C;j — (uj+v;) > 0, then the basic feasible solu-

tion is the optimal solution.

8. AN ILLUSTRATIVE EXAMPLE

Consider a 5 x 3 Pentagonal Intuitionistic Fuzzy Number with
value and Ambiguity index
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TABLE 2:
A B C | D |E|Supply
ST ]10.08]16.73[7.87[8.74 0| 50
S2 [18.69]14.33[17.21]11.18] 0| 40
S3 [8.33]11.2115.73]9.36 | 0| 70
Demand| 30 | 25 | 35 | 40 [30] 160

Intuitionistic fuzzy Vogel’s Approximation method for pen-
tagonal intuitionistic fuzzy balanced transportation prob-
lem

TABLE 3: Basic Feasible Solution

A B C D E
TABLE 1: 3 15
1 10. 16. ) 74
. - - Suply N 0.08 6.73 7.87 8.7 0
{(9,10, 11, 13,15) [{(16, 18,20,22,24)| {(3,5,7,9,11) o 20
S1 (7,9,11,14,17); |(14,17,20,22,24);| (3,5,7,10,12); | 50
0.6,0.2)) 0.6,0.2)) 0.6,0.2))
{(15,20,21,24,27)[((12, 14, 16, 18,20)[ ((16, 18, 20,22, 24) 52 1869 11433 17.21 11.18 0
52 |(14,19,21,25,28);{(10,13,16,19,21);| (14,17,20,23,26);| 40
0.6,0.2)) 0.6,0.2)) 0.6,0.2)) ‘ 30 ‘ 25 15
{(4,6,8,10,12) | {(8,10,12,13,15) |{(14,16,18,20,22) —
S3 (2,5,8,10,12); | (7,9,12,15,18); |(12,15,18,21,23);| 70 $3 8.33 11.21 15.73 9.36 0
S 0'6%%2» 0‘6’205'2» 0'6’305‘2» Demand |30 35 35 20 30
= Column 1.75 3.12 7.86 0.62 0
Difference
D E Supply
((4,6,8,10,12) ((0,0,0,0,0)
S1 | (2,5,8,11,13); [(0,0,0,0,0);| 50
0.6,0.2)) 0.6,0.2))
(8,10, 12, 14,16)[{(0,0,0,0,0) Supply| Row
52 |(9,11,12,15,18);/(0,0,0,0,0);| 40 i
0.6,0.2)) 0.6,0.2)) Differ
{(5,7,9,11,13) [{(0,0,0,0,0)
$3 | (3,6,9,12,13); [(0,0,0,0,0);| 70 -ence
0.6,0.2)) 0.6,0.2))
Demand 40 30 S1 50 |7.87
. . . S2 40 |11.18
Since Total Demand # Total Supply, this problem is an unbal-
anced transportation problem. We has introduced a dummy S3 70 |8.33
cost column E with demand value 30 which balances the
. . Demand | 160
transportation problem. Now for the balanced transportation
problem we apply value and ambiguity based ranking on pen- Column
tagonal intuitionistic fuzzy number. Difference
((9,10,11,13,15)(7,9,11,14,17);0.6,0.2) we have

Vy(a) =6.9192

~

Vig(a) =9.1208
Ay(a) =1.9335
Ap(a) =2.196
~ Vu(a)+Vs(a
V(a):M:&oz
~ Ay(a)+As(a
A(G)ZM:Z%

R(a)=V(a)+A(a) =10.08
Similarly applying for all the values, we have the following
table
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Proceeding the same manner. We get the solution as follows
Total Cost = (35 x 7.87) + (15 x 8.74) 4+ (10 x 11.18)
+(30x0)+(30x8.33)+ (25 x 11.21)
+(15 x9.36)
=1188.9/—
Applying Modified Distribution method for optimal solution
of Pentagonal Intuitionistic Fuzzy transportation problem.

TABLE 4: Cost of the allotted cells
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A| B |C| D | E |Ujs

S1| - - |7.87|8.74| - ]-0.62
S2| - - - |1L.18] 0 |1.82
S$31(8.33(11.21 9.36| - 0

Vis(8.33]11.21(8.49| 9.36 |-1.82

TABLE 5: dl'j = C,‘j — (Mi + Vj)

A|B|C |D E
S12.37|6.14| - |-|1.2
S2|8.54/ 1.3 |69 |-| -
S3| - | - [7.24/-|1.82

Since d;; > 0, the optimality is obtained.
The fuzzy optimal solution is given by X13 =35, x14 = 15,
X24 = 10, X5 = 30, x31 = 30, x32 = 25, x34 = 15
The fuzzy corresponding optimal cost Rs
Total Cost = (35 x 7.87) + (15 x 8.74) + (10 x 11.18)
+(30x0)+(30x8.33) + (25 x 11.21)
+(15x9.36)
=1188.9/—

The optimal solution of the above problem by fuzzy VAM is
Rs.1188.9.

9. Conclusion

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

References

il p, Acharya, M. Basu, and A. Das, More-for-less paradox
in a transportation problem under fuzzy environments, J.
Appl. Computat. Math., 4(2015), 1 - 4.

(2 M.S. Annie Christi, B. Kasthuri, Transportation Prob-
lem with Pentagonal Intuitionistic FuzzyNumbers Solved
Using Ranking Technique and Russell’s Method , Int.
Journal of Engineering Research and Applications, 6 (2)
(Part - 4) ( February 2016), 82-86 , ISSN: 2248- 9622.

[3] K. Atanassov, More on Intuitionistic Fuzzy Sets, Fuzzy
sets and systems, (1989), 7-46.

41 K.T. Atanassov, Intuitionistic Fuzzy Sets, Fuzzy sets and
systems, 20 (1)(1986), 87-96.

[S] K.T. Atanassov, Intuitionistic Fuzzy Sets: Theory and
Applications, Physica Verlag, Heidelberg, New York,
1999.

724

724/724

(6] K.T. Atanassov, Intuitionistic Fuzzy sets, Fuzzy sets and
systems, 20(1986), 87-96.

[71 PK. De, Debaroti Das, A Study on Ranking of Trape-
zoidal Intuitionistic Fuzzy Numbers, International Jour-
nal of Computer Information Systems and Industrial Man-
agement Applications, 6(2014) , 437-444, ISSN 2150-
7988.

81 A, Nagoor Gani, and S. Abbas, A new method for solv-
ing intuitionistic fuzzy transportation problem, Applied
Mathematical Sciences, 7(2013), 1357-1365.

91 v, Kamal Nasir, V.P. Beenu, Pentagonal Intuitionistic

Fuzzy number with Ambiguity Index, Journal of Applied

Science and Computations (JASC), VI(VI)(June 2019),

836-847 .

P.S. Kumar and R.J. Hussain, Computationally simple

approach for solving fully intuitionistic fuzzy real life

transportation problems, International Journal of System

Assurance Engineering and Management, (2015), 1-12.

D.F. Li, A ratio ranking method of triangular intuitionistic

fuzzy numbers and its application to MADM problems,

Computers and Mathematics with Applications, (2010),

1557-1570.

S. Narayanamoorthy, S. Saranya and S. Maheswari, A

Method for Solving Fuzzy Transportation Problem (FTP)

using Fuzzy Russell’s Method, International Journal of

Intelligent Systems and Applications, 5(2)(2013), 71-75,

ISSN: 2074-904.

(3] ¥ Ponnivalavan and T. Pathinathan, Intuitionistic Pen-

tagonal Fuzzy Number, ARPN Journal of Engineering

and Applied Sciences, 10(12)(2015), 5446-5450, ISSN

1819-6608.

K. Pramila and G. Uthra, Optimal Solution of an Intuition-

istic Fuzzy Transportation Problem, Annals of Pure and

Applied Mathematics, 8(2)(2014), 67-73, ISSN: 2279-

087.

S.K. Singh and S.P. Yadav, A new approach for solv-

ing intuitionistic fuzzy transportation problem of type-2,

Annals of Operations Research, 220(2014), 1-15.

S.K. Singh and S.P. Yadav, Efficient approach for solving

type-1 intuitionistic fuzzy transportation problem, Inter-

national Journal of System Assurance Engineering and

Management, 6(2014), 259-267.

[171 H. A. Taha, Operations Research: An Introduction. 8th

edition, Pearson Education India, 2008.

L.A. Zadeh, Fuzzy sets, Information and Control,

8(1965), 338- 353.

H.I. Zimmerman, Fuzzy programming and linear pro-

gramming with several objective functions, Fuzzy Sets

and Systems, 1(1978), 45-55.

[10]

(11]

[12]

[14]

[15]

[16]

(18]

[19]

ok ok ok ok ok ok ok k
ISSN(P):2319 — 3786
Malaya Journal of Matematik
ISSN(0):2321 — 5666
]k ok ok ok ok ok Kk


http://www.malayajournal.org

	Introduction
	Preliminaries
	-cut sets and -cuts sets of Pentagonal Intuitionistic Fuzzy Number (PIFN)
	Ranking of PIFNs based on Value and Ambiguity
	 The Ranking Technique
	Initial Basic Feasible Solution by Intuitionistic fuzzy Vogel’s Approximation method for pentagonal intuitionistic fuzzy unbalanced transportation problem 
	Modified Distribution Optimal Solution by Intuitionistic fuzzy Vogel’s Approximation method for pentagonal intuitionistic fuzzy balanced transportation problem 
	AN ILLUSTRATIVE EXAMPLE
	Conclusion
	References

