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1. Introduction

The fuzzy shortest path problem is an extensiofuzfy numbers and it has many real
life applications in the field of communication,biatics, scheduling and transportation.
Dubois [4] introduced the fuzzy shortest path peablfor the first time. Klein [6]
introduced a new model to solve the fuzzy shorfesth problem for sub-modular
functions. Lin and Chern [8] introduced a new dasio find the fuzzy shortest path
problem on single most vital arc length in a netwby using dynamics programming
approach. Li et.al. [9] solved the fuzzy shoriesth problems by using neural network
approach. Chuang et al. [3] used two steps to fired shortest path from origin to
destination.

Yao and Lin [18] presented two neweypof fuzzy shortest path network
problems. The main results obtained from theiristigvere that the shortest path in the
fuzzy sense corresponds to the actual paths imehgork, and the fuzzy shortest path
problem is an extension of the crisp case. Nayeath Ral [12] have proposed an
algorithm based on the acceptability index intradliby Sengupta and Pal [14] which
gives a single fuzzy shortest path or a guidelorechoosing the best fuzzy shortest path
according to the decision maker’s viewpoint. Jah Was first introduced the fuzzy
ranking index. Researches and scientists use ltb@yt in many applications. Shortest
path problem in fuzzy chain is one of the applmadiin which we used ranking index to
find the shortest path between origins to destimatiode. Abbasbandy [1] proposed a
new approach for ranking the trapezoidal fuzzy nerab
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This paper organized as follows: Intigec2 some basic concepts on Intuitionistic
fuzzy set theory have been introduced .SectioncBidtes the modified algorithm for
finding shortest path from source node to destmatiode. An illustrative example is
provided in section 4. Finally, the paper is cadeld in section 5.

2. Preliminaries
In this section, some basic definitions used thhoug the paper are presented.

2.1. Fuzzy set~[19] _
A fuzzy setA is defined by = {(X’ ,UA(X))3 xt A',UA(X) O [0,1]}. In the pair

(x, ,UA(X) ) the first element x belongs to the classicalfsehe second elemeni(x),
belongs to the interval [0, 1], called Membershimdtion. It can also be denoted by

A={p,(x)/x: x0 A, (x)0[01]

2.2. Fuzzy number [4]
The notion of fuzzy numbers was introduced by Dsliviand Prade.H (1980). A fuzzy

subset A of the real line R with membership functiéla : R - [01] is called a fuzzy
number if

i. Aisnormal, i.e., there exists an elem&at] Asuch thatia (%) =1
ii. Aisfuzzy convex,

e, g2, (A +(1=2)%,) 2 11, (%) O, (%, )0(x,, %, ) 0 R& DA D] 03
ii. Ha s upper semi continuous
iv. Supp A is bounded where Su’|81o:{xD R: 41,(x) > 0}

2.3. Triangular fuzzy number

A triangular fuzzy numbed is a fuzzy number fully specified by 3-tup|@, a,, a3)
such that a< a < &, with membership function defined as

X—&
aQ-q
a, — X
a; —a,
0, otherwise

Jifa, < x<a,

Uz (X) = Jifa, < x<a,

2.4. Intuitionistic fuzzy set (IFS)
Let X be the universe of discourse, then an irgnistic fuzzy set A in X is given by

A={x, 11, (X), ya(x)/ xO X} where i (x) : X -[0,1]andys (x): X [0, 1]
determine the degree of membership and non menipeoshthe element x[X,
respectively and for evew] X ,0< 1, (x) VA (x) <l
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2.5. Intuitionistic fuzzy number (IFN)

Let A={(x, £, (x), ¥ (x))/ xO X} be an IFS, then we call the p4ju, (x), y,(x)) an
intuitionistic fuzzy number. We denote an intuifstic fuzzy number by

((a,b,c),(l m, n>) . where(a,b,c)0F(1).(,mnyOF(1)1 = [0l0<c+n<1.

2.6. Triangular intuitionistic fuzzy number (TIFN) and itsarithmetic
A TIFN ‘A’ is given by A:{(,uA,yA)/XD R},Where U and y, are triangular fuzzy

numbers witty, < ,uAC . So a triangular intuitionistic fuzzy number Agiven by
A= ((a, b,c),(e f g>) with (e, f,g)<(a,b, C>c i.e., either & band > cor
f <aand < b are membership and non-membership fuzzy nunafeks
An intuitionistic fuzzy numbe((a,b,c},(e, f g)) with e> b and £ c is shown
in the following figure:

-
L i

(&}
s
1
i
il

L - T

Figure 1: Triangular intuitionstic fuzzy number

Addition
For two triangular Intuitionistic fuzzy numbers

A= ((a,by,c): (e 1,0,) va) and B=((a,,b,.C,) - prg (e, T,,0,) 1 1)
with 1, # Uy andy, # yg, define A+B =
(2, +a,.b, +b,.c, +c,): Min(u,, ). (6, + &5, F, + F,,9, + 0, ) : Max(y,r, )

Subtraction
A-B =

(<a1 _a2!b1 —b2,01 _Cz>: Min(luA’luB)7<e1 - €, fl - f2191 _gz>: MaX(VAvVB))
where @, &, &, by, b and B are any real numbers.

2.7. Magnitude measure
The magnitude measure of the triangular intuisbaifuzzy number
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ZZ ((a,b,c),(d,e, f>), Mag (Z) = %2'“’] , where | = a+d; m = b+e;

n= c+f.

2.8. Mean and centroid index
The mean and centroid index are calculated asvisl|

TIFN mear 2I+—;1-m; TIFN Cemmidzw : where |I= a+d; m=c+f;
n= b+e.

2.9. Areameasure

Let A = ((a,b,c),(d,e, f)) be a TIFN such thatzb and

e>c then area measure of é:[(b +e)—(c+f)+(a+ d)] :

2.10, Signed distance
The signed distance from 0 tpi& defined by d(L. 0) =% [2(a, b,c)+(d,e, f)].

3. Proposed algorithm
3.1. Algorithm for triangular intuitionistic fuzzy shortest path problem based on
M agnitude measure

Step 1. Construct a network G=(V,E) where V is the setatices E is the set of edges.
Hence, G is an acyclic digraph and the arc letajths the triangular intuitionistic fuzzy
numbers.

Step 2: From the possible pathsfpom source vertex to the destination vertex and
compute the corresponding path lengthsIL,2,3,4,5.

Step 3: Calculate the Magnitude measure using definitio)(2

Step 4: The path having the minimum magnitude measurdeistified as the shortest
path and the corresponding path length is thetastgpath length.

3.2. Algorithm for triangular intuitionistic fuzzy shortest path problem based on

mean and centroid index and area measure

Step 1: Construct a network G=(V,E) where V is the setatices E is the set of edges.
Hence, G is an acyclic digraph and the arc letajths the triangular intuitionistic fuzzy
numbers.

Step 2: From the possible paths from source vertex to the destination vertex and
compute the corresponding path lengthg41,2,3,4,5.
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Step 3: Calculate the mean and centroid index usingnd&fn(2.8) and Area measure
using definition (2.9).

Step 4: The path having the minimum mean &centroid indeat eninimum area measure
is identified as the shortest path and the cormdipg path length is the shortest path
length.

3.3. Algorithm for triangular intuitionistic fuzzy shortest path problem based on
signed distance
Step 1: Construct a network G=(V,E) where V is the seteatices E is the set of edges.

Hence, G is an acyclic digraph and the arc letagths the triangular intuitionistic fuzzy
numbers.

Step 2: From the possible paths from source vertex to the destination vertex and
compute the corresponding path lengths#1,2,3,4,5.

Step 3: Calculate the signed distance using definition(2.10

Step 4: The path having the minimum signed distance istifled as the shortest path
and the corresponding path length is the shqpstlength.

4. Illustrative example

Figure2:

Consider a network with triangular ititinistic fuzzy arc lengths as shown
below. The arc lengths are assumed to be

Al-2) = ((234),(456)), B(L-3)=((567),(8910))
C(2-3)=((123),(345))

D2-5) =((678),(91012)) E(3-4) = ((6,78),(8910,))
F(3-5) = ((234),(456))

G(4-6)=((789),(91011)) H (5-6) = ((123),( 4586))

The possible paths and its corresponding pathttsraye as follows:
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Table 1.
Paths(j) Path lengths(L Ranking
P,:1-2-5:6 (91215),(17.20,24)) ,
Py 1-2-3-46 (16.22,24),(24,2832)) .
Fy 1.2-356 (61014),(1519,23)) .
Pi1-3-46 (1821,24),(252831) i
Ps1-35-6 (81114),(1619,22)) ,

The shortest path of the same netwarkmgin the above figure , can also be
found by using magnitude measure, Mean and ddntindex , Area measure and
Signed distance . The following table show theltesand in all the cases B identified
as the shortest path.

Table 2: Results of the network based on magnitude measure

Path (F) Magnitude Measuret) Ranking
P, : 1-2-5-6 21.0¢

3
P, 1-2-3-4-6 32.17

4
Ps: 1-2-3-5-6 17.7¢

1
P:1-3-4-6 33.7¢

5
Ps:1-3-5-6 19.5 2

From the table , the path P1-2-3-5-6 is identified as the shortest patiMiagnitude
measure.

Table 3: Results of the networ k based on mean and centroid index and area

measure
Path (k) Mean inde: Centroid inde | Area measul Ranking
P, : 1-2-5-6 22.t 35.t 6.2t 3
P, 1-2-3-4-6 37 57 8.t 4
Ps: 1-2-3-5-6 17 27.5 3.2t 1
Ps:1-3-4-6 35 61.t 9.2t 5
Ps:1-3-5-6 21 33 4.5 2
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Here , the pathf 1-2-3-5-6 is identified as the shortest patfiéan and centroid index
and Area measure.

Table 4: Results of the network based on signed distance

Path (k) Signed Distanc Ranking
P,: 1-2-5-6 33.2 3
P,: 1-2-3-4-6 52 4
Ps: 1-2-3-5-6 29.2¢ 1
Ps:1-3-4-6 52.t 5
Ps:1-3-5-6 30.7¢ 2

From the table, the path P1-2-3-5-6 is identified as the shortest patkigned
distance.

5. Conclusion

In this paper, an algorithm is developed for sajvihortest path problem on a network
with triangular intuitionistic fuzzy arc lengthshere the shortest path is identified using
the concept of ranking function. We conclude that dlgorithm developed in the current
research are the simplest and is the alternativihadefor getting the shortest path
intuitionistic fuzzy.
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