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ABSTRACT

Type-2 fuzzy sets are a generalization of the amyirsets in which each type-2 fuzzy set is charaete by a
fuzzy membership function. In this paper we proplcae algorithm for finding shortest path and shirpath length using
possibility measure based on extension principiea Inetwork each edge have been assigned as disgpet-2 fuzzy

number.
KEYWORDS: Type-2 Fuzzy Number Possibility Measure Discretpér Fuzzy Number Extension Principle
1. INTRODUCTION

The shortest path problem concentrates on findiegpath with minimum distance to find the shorfesh from

source node to destination node is a fundamentténia graph theory.

The fuzzy shortest path problem was first analygd®ubois and Prade [4]. Okada and Soper [9] dpesian
algorithm based on the multiple labeling approdshwhich a number of non dominated paths can bergéed. Type-2
fuzzy set was introduced by Zadeh [13] as an eidans the concept of an ordinary fuzzy set. Theet2 fuzzy logic has
gained much attention recently due to its abildyhtandle uncertainty, and many advances appearbdtintheory and

applications.

In general in a directed acyclic network, crispues are widely used as the weights on edges, brg gre many
cases when we cannot determine these weights phedis these cases, we can use fuzzy weightsadstécrisp weights

to express the uncertainty, and type-2 fuzzy wsiglli be more suitable if this uncertainty varigsler some conditions.

The concept of fuzzy measures was introduced bersudll], Good surveys of various types of measures
subsumed under this broad concept were preparddubgis and Prade [3], Bacon[2], and Wierzchon [I2jere were
many researches using different approaches, butilveainly focus on an approach based on posstitieory proposed
by Okada[10].

The structure of paper is following: In Sectionv& have some basic concepts required for analgsistion 3,
gives an algorithm to find shortest path and sisbrpath length with type-2 fuzzy number using puoist measure.
Section 4 gives the network terminology. To illasérthe proposed algorithm the numerical exampseliged in section 5.

Finally in section 6, conclusion i included.
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2 V. Anusuya & R. Sathya

2. CONCEPTS
2.1 Type-2 Fuzzy Set

A Type-2 fuzzy set denoted\, is characterized by a Type-2 membership funcior(X,u) where x[IX and u
03,0[0,1].

ie, A = {(xu), #;(x,u))/ 0 x UX, O ulU30[0,1]}in which 0 < £;(x,u) < 1. A can be expressed

as A = I I ,UA(X, U) /(X,U) J J[0,1], where” denotes union over all admissible x and u. For
xOXudJ,

discrete universe of discourgeis replaced by’ .

2.2. Type-2 Fuzzy Number

Let A pea type-2 fuzzy set defined in the universeisdalirse R. If the following conditions are satsfi
1. A is normal,

2. A is a convex set,

3. The support ofA is closed and bounded, thé%\ is called a type-2 fuzzy number.

2.3. Discrete Type-2 Fuzzy Number:
The discrete type-2 fuzzy numbék can be defined as follows:

A= z U5 (X) | Xwhere (45 (X) = Z f.(u)/u where Jis the primary membership.

xOX udd,

2.4, Extension Principle

Let Ay, Ay, A, be type-1 fuzzy sets inyXX,, X, respectively. Then, Zadeh’s Extension Princigleves us to
induce from the type-1 fuzzy sets,M,, A, a type-1 fuzzy set B on Y, through f, i. e, B Af(. .. .,A), such that

/JB(y)={ sup  minfu, (x),... 4, & I G )@

xl,xz,...anf'l(y)
0, f7(y) =9
2.5. Addition on Type-2 Fuzzy Numbers:
Let A and B be two discrete type-2 fuzzy number H&= Z,UA(X)/X and B :Z/,/E(y)/y where

H;(X) ZZ f.(u)/uand 1 (X) ZZgy(W)/W. The addition of these two types-2 fuzzy numbedd] B is

defined as
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Hing (2)= U (:UA (X)ﬂ Mg )

zZ=x+y

= U () u) g, W)/ w))

Z=x+y I

Hs@== U () Dg,w )/ Dw,)))
2.6. RelativePosssibility

Let Aand B be two discrete type-2 fuzzy number then the iraegbossibility for av(A) =x and avé)= y
can be defined as

s@v(A) = xOav(B) = y)=> > uf ()wg @)

Whereav(A) is the actual value of fuzzy séiand A = Z f (u)/u/x and B= Z g,(w)/wly.

2.7. Possibility Measure

Let Aand B be two discrete type-2 fuzzy number then the biggithat A< Bis defined as

> sav(A)=xDav(B) =)
X S5\ — (x,y)OQ(A<B)
S(A<B)= Y s(av(A) = xOav(B) =)

(x,y)3Q(T)

Where

Q(A< B)is the set of all possible situations where(A) < av(B).

Q(T) =Q(A <B) +Q(A =B) +Q(A >B).

Similarly

> sav(A)=xDOav(B) = y)
A S\ — (x,y)DQ(/:\>I§)
S(A>B)= > s(av(A) = xOav(B) = y)

(x,y)dQ(T)

and

> s(av(A)=xDOav(B) = y)
X — B\ — (xy)IQ(A=B)
SA=B)= > sav(A)=xDav(B)=y) |

(x,y)dQ(T)

2.8. Degree of Possibility

The Degree of possibility [for the path P is defined as

www.iaset.us

editor@iaset.us
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D, =min{s(p < p) +<(p =P}

3. ALGORITHM
Step 1: Computation of Possible Paths

Form the possible paths from starting node to dastin node and compute the corresponding patjthsn I:i i

=1, 2, n for possible n paths.

Step2: Computation of Relative Possibilities

A=Y 1,(X)/ x and

B=> 101y

Compute relative possibilitg (av( P, (x,)) Dav(p, (x,))) for all situations whereyis the actual value of the
path P andj=i+ 1.

Step 3: Computation of Possibility Measure
i. i=1
ii. j=i+l

i Computes; (P, < P;) using definition 2.7

iv. Write sj(pi < f)j)
V. Putj=j+1
Vi. If j< n then go to (iii)
vii. Puti=i+1
viii. If i<n then go to (ii)
iX. Compute the possibility o§; (B, = P;)

Step 4: Computation of Degree of Possibility
D(R) =min{s;(p < P;) +(1/2)s;(p = P;)} wherei=12,nandj=i+l.
Step 5: Shortest Path and Shortest Path Length

The path which is having highest degree of possibg the Shortest path and the corresponding leattjth is the
Shortest path Length.
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4. NETWORK TERMINOLOGY

Consider a directed network G (V, E) consistin@dinite set of nodes V = {1,2, n} and a set of imedted edges
E OOVXV . Each edge is denoted by an ordered pair (i,jgrevi, jL1V and i# j. In this network, we specify two nodes,
denoted by s and t, which are the source node lendestination node, respectively. We define a paths a sequence
Pj = {i = i1, (i1, 12),iz, i1, (ika,it), i = j} of alternating nodes and edges. The existericat least one path;fn G (V,E) is
assumed for every nodelV — {s}.

dij denotes a Type-2 Fuzzy Number associated withettee (i,j), corresponding to the length necessary t

transverse (i,j) from i to j. The fuzzy distanceraj the path P is denoted d§P) is defined asd (P) = 3. d”-
(i.j0P)

5. NUMERICAL EXAMPLE

The problem is to find the shortest path and skbpath length between source node and destinatide in the

network having 6 vertices and 7 edges with typezzy number.

S

:II

€
Figure 5.1

Solution:

The edge Lengths are

€ = (0.5/0.2+0.4/0.3)/2 + (0.4/0.2)/3
€,=(0.3/0.2 + 0.8/0.3)/1 + (0.2/0.8)/3
&, =(0.7/0.2)/2 + (0.9/0.4 +0.7/0.5)/4
€, =(0.6/0.2)/4

& =(0.9/0.4 +0.7/0.5)/3 + (0.4/0.7)/5
&, =(0.8/0.3 + 0.4/0.5)/2

& =(0.6/0.4)/2 + (0.7/0.5+ 0.5/0.6)/4
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Step 1: Computation of Possible Paths

Form the possible paths from starting node to dastin node and compute the corresponding patjttsn I:i i

=1, 2, n for possible n paths.

B

€ +8,+8,=1-2-4-6

1

p,=6,+&,+8=1-3-4-6
P, =8&+8& +8=1-3-56
L, = (0.5/0.2)/6 + (0.4/0.2)/7 + (0.5 /0.2 +0.4/0.3)/80.4/0.2)/9

L, = (0.6/0.2)/7 + (0.2/0.2)/9

L, = (0.3/0.2 + 0.6/0.3)/6 + (0. 2/0.4)/8 + (0.2/0.40.5)/10 + (0.2/0.5 + 0.2/0.6)/12

Step2: Computation of Relative Possibilities
A=Y 1 (X)/x and
B=) u,y)1y

Compute relative possibilitg (av(p, (x,)) Dav(p, (x,))) for all situations whereyis the actual value of the

path P andj=i+ 1.

s(p, =60p,=7)=0.012 s(p, =60p,=9) =0.004

s(p, =60p,=6)=0.024 s(p, =60p, =8)=0.008

sS(p,=60p,=10)=0.018 S(p,=60p,=12)=0.022
s(p, =70p, =7)=0.0096 s(p, =70p, =9)=0.0032
S(p, =70p,=6)=0.0192 S(p, =70p, =8)=0.0064
S(p,=70p,=10)=0.014 S(p,=70p,=12)=0.0176
s(p, =80 p, = 7)=0.0264 s(p, =80 p, =9)=0.0088
S(p, =80 p, =6)=0.0528 S(p,=80p,=8)=0.0176
s(p, =80 p, =10) = 0.0396 s(p, =80 p, =12)= 0.0484
S(p,=90p, =7)=0.0096 sS(p,=90p, =9)=0.0032
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S(p,=90p, = 6)=0.0192 s(p, =90p, =8)=0.0064
s(p, =90 p, =10)= 0.0224 s(p, =90 p, =12)=0.0176
S(p,=70p,=6)=0.0288 s(p, =70p, =8)=0.0096
s(p, =70p, =10)=0.0216 S(p, =70p,=12)=0.0264
s(p, =90 p, = 6)= 0.0096 s(p, =90 p, = 8)=0.0032
s(p, =90p, =10)=0.0072 s(p, =90p, =12)=0.0088

Step 3: Computation of Possibility Measure

. i=1
. J = |+1
. Computes; (P, < P;) using definition 2.7

* Write Sj(pi < pj)

. Putj=j+1

. If j< n then go to (iii)

. Puti=i+1

. If i<n then go to (ii)

. Compute the possibility oﬁj ( p = f)j)
S(P < p,)=0.0513 S5(P, < Py) = 0.393
S2(P, = p,)=0.0235 S3(P, = Py)=0.076
S,(P, < py) =0.066 s,,(P, = P,) =0.0235
S,5(P, < P,)=0.1349 S,u(P,=Py)=0

Step 4: Computation of Degree of Possibility
D(p) =min{s,(p, <)) +(1/2)s;(p, = P;)} wherei=12,...nandj=i+l.
D(P,) = min {0.0631, 0.431} = 0.0631

D(P,) = min {0.0778, 0.1349} = 0.0778
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D(P,) = min {0.076, 0.2551} = 0.076

Step 5: Shortest Path and Shortest Path Length

The path which is having highest degree of possibg the Shortest path and the corresponding leatjth is the
Shortest path Length.

Since Highest degree ip, ie. 0.0778.
We conclude that the Shortest Path is 1 — 3 — 4rdéthe shortest length is
L, = (0.6/0.2)/7 + (0.2/0.2)/9.

6. CONCLUSIONS

In this paper we have developed an algorithm fodifig shortest path and shortest path length ysarsgibility
measure with type-2 fuzzy number. This is the dffé approach for finding shortest path in a nekwerith possibility

measure.
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