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Abstract. In a network the arc lengths may represent timeost. In practical situations,
it is reasonable to assume that each arc lengthyipe-2 discrete fuzzy set. We called it
the type-2 discrete fuzzy shortest path problenthis paper we proposed an algorithm
for finding shortest path and shortest path lerfgiim source node to destination node
using type reduction method. We have compared esultr with other measures like
Hamming, Normalized Hamming, Exponential type diseameasure also. An illustrative
example also included to demonstrate our propogprbach.
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1. Introduction

In graph theory the shortest path problem is tlublpm of finding a path between two
vertices such that the sum of the weights of threesponding edges is minimized. It has
applications in various fields like transportaticommunication, routing and scheduling.
In real world problem the arc length of the networlty represent the time or cost which
is not stable in the entire situation, hence it lbarconsidered to be a fuzzy set. Fuzzy set
was introduced by Zadeh in 1965.

Zadeh [20] proposed type-2 fuzzy sets as an exters (type-1) fuzzy sets
whose membership values are fuzzy sets on thevaltfy,1]. There were further studies
and applications of type-2 fuzzy sets, such as Mo and Tanaka [14], Yager [19],
Mendel [12], Jammeh [5], Mendoza [13] and Wagnet Hiagras[18]. The membership
function of a type-2 fuzzy set provides additiomgree of freedom for modeling
uncertainties so that type-2 fuzzy sets can battprove certain kinds of inference than
do fuzzy sets with increasing imprecision, uncettaand fuzziness in information.

Type reduction was proposed by Karnik and Mendg,9]. It is an ‘extended
version’[20] of type-1 defuzzification methods aisdcalled type reduction because this
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operation takes us from the type-2 output setb@fuizzy logic system to a type-1 fuzzy
set that is called “type reduction set”. There erisny kinds of type reduction such as
centroid, centre —of- sets, heights and modifiddHtis, the details of which are given in
[7,8,9].

Computation of similarity between two or more I$nof information was very
interesting for the fields of decision making, patt classification, and so on [6,16,17].
The most obvious way of calculating similarity ofzky sets is based on their distance.
This calculation is in two steps: In first part tdestance between two fuzzy sets is
obtained by a distance measure and in the secanampa of the relationships between
similarity and distance comes into play to reachtha&t degree of similarity. Various
distance measures are present in literature. $npdgber we have compared some existing
distance measure with our proposed distance medgamey works have been done on
fuzzy graph some of them are given in [21-24].

The structure of the paper is following: In Sewti@a, we have some basic
concepts required for analysis. Section 3, givealgarithm is proposed to find shortest
path and shortest path length using distance mea&ection 4 gives the network
terminology. To illustrate the proposed algorithne thumerical example is solved in
section 5. The obtained results are discussed:tiose.

2. Concepts
2.1. Type-2 fuzzy set

A type-2 fuzzy set denoted, is characterized by a type-2 membership function
H; (X, u)where xUX and ul1J, [1]0,1].
e, A={(xu), pi(x,u)) /0 x Ux, 0 uly000,1] }in which 0= g, (x,u) < 1.
A can be expressed as
A - _[ _[ /UA(X’U) /(X,U) J.11[0,1], where [| denotes union over all
XX ulld,,

admissible x and u. For discrete universe of dism®[i is replaced by}, .

2.2. Type-2 fuzzy number

Let A pe a type-2 fuzzy set defined in the universe is€alrse R. If the following
conditions are satisfied:

1. A is normal,
2. As aconvex set,
3. The support of” is closed and bounded, théhis called a type-2 fuzzy
number.
2.3. Discrete Type-2 fuzzy number

The discrete type-2 fuzzy numbé can be defined as follows:
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A= Z'UA(X) I xwhere 4; (X) = Z f,(u)/u where Jis the primary membership.

XOX udJ,

2.4. Extension principle

Let A, Ay, . ..., Abe type-1 fuzzy sets in (XX,, . . . ,.X, respectively. Then, Zadeh'’s
Extension Principle allows us to induce from theetyl fuzzy sets AA,, .., A atype-
1 fuzzy set B on Y, through f, i.e,B = f(A . . .,A), such that

XX %0 (Y) iff "(y)2o
0o, fT=¢

2.5. Addition on type-2 fuzzy numbers
Let A and B be two discrete type-2 fuzzy number b&=>" 1, (X)/x and

B=>p()/y where ;(x)=> f(u)/uand ;(x)=> g,w)/w. The
addition of these two types-2 fuzzy numbek&] B is defined as

Hios@= | w0015 0))

Z=X+y

= J O fu)/u)N O g,w;)/w,))

7=x+y i j

ts@== U (X ()09, W)/ (uOw,))

z=x+y  i,]

{ sup  min, (4), -y &)
up(y) =

2.6. Maximum and minimum of two discrete fuzzy numbers
The maximum and minimum of fuzzy sets A and B isaled by Max (A,B),Min
(A,B).The membership function of Max (A,B) is givey
Max (A, B) (z) = Sup Min (A(x), B(y) ), OzUR
z=max(x.,y )
And Min (A, B) (2) is given by
Min (A, B) (z)= Sup Min (A(x), B(y) ), OzLIR

z=min(x,y)

2.7. Similarity measure
If d is the distance measure between two fuzzyAetsd B on the universe X, then the
following measures of similarity is presented resively.

S(A,B) S(AB)=1-8(AB), S(AB)=1-d(AB)

“1+d(AB)’

2.7.Distance based similarity measuresfor fuzzy sets
Various distance measures are available in titeeaHere we are using the following
distance measures for the proposed algorithm.
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1. TheHamming distance
d (A B)=>|A(X)-B(x)|
i=1

1. Normalized Hamming distance
d“(A,B) = d(A,B)/n
2. Normalized Exponential type distance
1-expd" (AB)
1-expc 1)
3. Proposed distance
d(AB)(@) = Sp {B(v) -A(x)} DzOR
z=Min(X,y]

2.8. Centroid of type-2 fuzzy sets[Karnik and Mendel (10)]
The Centroid of a type-1 set A, whose domain, X is discretized into N points; xx,, .

. Xy, IS given as

de(A,B) =

im(x)

CA e L

im(&)

Similarly, the centroid of a type-2 se(\, A:{(X, ,uA(X))/XD X} , whose x domain is

_ N
discretized into N points, so thaf\ = Z{ Z f& (u) /u] /% can be expressed as,

i=1 ubdy

..... [ If,6)0f, 6,)0...0f, 6,)

603, 6,03, 6,03,

C. =

A

Mz

x4

1
-

2.8

Mz

1
[y

C; is atype — 1 fuzzy set.

3. Algorithm

Karnik and Mendel [10] introduced the centroid df/pe-2 fuzzy set. In this section we
focus on centroid of a type-2 fuzzy set to contlesttype-2 fuzzy set as type-1 fuzzy set.
Using that we are finding the fuzzy shortest patigth. We have proposed one distance
measure to find the fuzzy shortest path throughiaiity measure with the help of fuzzy
shortest path length. This algorithm finds the 8t path Length and Shortest path
from source node to destination node for a givewomek.

Algorithm for finding shortest path length procedure
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Step 1: Form the possible paths from starting node to dastin node and compute the
corresponding path IengthEi, i=1,2,....nfor possible n paths.
Step 2 :Find CI; using def 2.9
Step 3: SetC; :CE1
Step4: Leti=2
Step 5: ComputeC. = Min (C; ’Cg ) using def 2.6.
Step6: Seti=i+1
Step 7: If i £ n goto step 5
Step 8: The shortest path length &

Algorithm for finding shortest path
Step 1: Compute the shortest path length is using shquehtlength procedure

Step2: Letj=1
Step 3: Computed(C;,C; )using def 2.8(4)
1
Step 4: Computes, (C-.,C. ) =———
ep p J( C Lj) 1+d(CE,CE)

Step 5: Ifj=1, Assigns (CE,CEJ_ )=S, (CE,CEJ_)

Step 6: Compute s = Max (S,)S

Step7: Putj=j+1

Step 8: If j <n goto step 3.

Step 9: The Highest Similarity degree is S and that caroesling path is the
shortest path aig} is the shortest path length.

4. Network terminologies

Consider a directed network G(V,E) consisting dinite set of nodes V ={1,2, . . .n}
and a set of m directed edgésl1VXV . Each edge is denoted by an ordered pair (i,j),
where i,jLJV and i#]. In this network, we specify two nodes, denotedsland t, which
are the source node and the destination node, atesgg. We define a path;Pas a
sequence P= {i = iy, (in,i2),i2,. . . ., L1, (ir1,i), i = J} of alternating nodes and edges. The
existence of at least one pathiR G(V,E) is assumed for every node\V — {s}.

dij denotes a Type-2 Fuzzy Number associated witledge (i,j), corresponding to the
length necessary to transverse (i,j) from i to ljeTuzzy distance along the path P is
denoted ag(P) is defined ad(P) = ¥ d,

(i,icP)
5. Numerical example
The problem is to find the shortest path and skbgath length between source node and
destination node in the network having 6 vertiaed A edges with type-2 fuzzy number.
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Figure 1:

The edge weights are
€ = (0.5/0.8+0.4/0.7)/2 + (0.4/0.8)/3

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

& =(0.9/0.6 +0.7/0.5)/3 + (0.4/0.3)/5
&, =(0.8/0.7 + 0.4/0.5)/2

& &, =(0.6/0.6)/2 +(0.7/0.5+ 0.5/0.4)/4

Algorithm for finding shortest path length

Step 1. Form the possible paths from starting node to dastin node and compute the
corresponding path IengthE i=1,2,....nfor possible n paths.

P, =8 +8,+8=1-2-4-6

P, =&+8+8E=1-3-4-6

P, =86,+8& +8&=1-3-56

L = (0.5/0.7+0.4/0.5)/6+(0.4/0.7+0.4/0.5)/7+ (0.5 /0.6 +0.5/0.5)/8 +

(0.4/0.6+0.4/0.5)/9
L, = (0.6/0.7+0.4/0.5)/7 + (0.2/0.2)/9

L,= (0.6/0.6 + 0.6/0.5)/6 + ( 0.2/0.5+0.2/0.4)/8 + (0.2/0.3)/10 +
(0.2/0.2)/12
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Step 2 :Find CI; using def 2.9
CE1 =0.04/7.3 + 0.04/7.4 + 0.04/7.5 + 0.032/7.6
C_ =0.12/7.4 +0.08/7.6
CE3 =0.0048/8.1 + 0.0048/8.3

Step 3: SetC; =CEl
Step 4: Let i=2
Step 5: ComputeC;. = Min (Ct’Cg ) using def 2.6.

C; =0.04/7.3 + 0.04/7.4 + 0.04/7.5 + 0.032/7.6
Step6: Seti=i+1
Step 7: If i £ n goto step 5
Step 8: The shortest path length &;

C; =0.0048/7.3 + 0.0048/7.4 + 0.0048/7.5 + 0.0048/7.6

Shortest path procedure
Step 1: Compute the shortest path length is using shquihtlength procedure
Step2: Letj=1
Step 3: Computed(C;,C; )using def 2.8(4)
d(CDCg) =0.0352
1
Step 4: Computes, (C.,C. ) =————
ep p J( L L]) 1+d(C, C, )
s(C;.C;) =0.966
Step5: Ifj =1, Assigns (C;,C. ) =5s,(C;,C; )
s (C;,C) =0.966
Step 6: Compute s = Max (S,)S
s (C;.C;) =0.966

Step7: Putj=j+1
j=2
Step 8: If j <n goto step 3.
2<3 goto step 3
Step 3: Computed(CE,CEj ) using def 2.8(4)

d(C;,C, )= 01152
1

Step 4: Computes, (C.,C. ) =————
* putes; (€. G) 1+d(C;,C; )
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Step5: Ifj =1, Assigns (C;,C: ) =s,(C;,C; )
Herej=2
Step 6: Compute s = Max (S,)S
S=0.966
Step7: Putj=j+1
j=3
Step 8: If j <n goto step 3.
3<3 goto step 3
Step 3: Computed(C;,C; )using def 2.8(4)
d(CE,CE3) = 0.0048
1
Step 4: Computes, (C-,C- ) = —————
& Compues (GG ) e )
%(C['CL3) =0.995
Step 5: If j = 1, Assigns (C;,C. ) =s,(C;,C;. )
Herej=3
Step 6: Compute s = Max (S,)S
S=0.995
Step7:Putj=j+1
j=4
Step 8: If j <n goto step 3.
3<4 stop the procedure
Step 9: The Highest Similarity degree is S = 0.995 and toaresponding path

6. Resultsand discussion

In this section we have discussed our proposertie and some existing distance

measures. Our proposed system is make the catmulagtirt as simplest one while

comparing with other distances like Hamming, Noimgal hamming etc., and we are

getting the same shortest path in both proposedame existing distance measures also.
Here we have compared existing distaneasures with our proposed distance

measures. The highest similarity measure givesstiwetest path from source node to

V.Anusuya and R.Sathya
Sz(ct’ctz) =0.896

1 -3 -5 - 6is the Shortest path
and C; = 0.0048/7.3 + 0.0048/7.4 + 0.0048/7.5 + 0.0048/1s6the

shortest path length.

destination node in the network.

Table6.1:
Possib | Similarity | Hammi | Normaliz | Normaliz | Propos | Classificati
le Measure ng ed ed ed on of
Paths distance | Hammin | exponenti | distanc | Shortest
gdistance | al type e Path (as
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distance per
Similarity
M easur €)
1-2-4- s(C;.C.)= 0.883 0.9668 0.948 0.966 2
6 1
1-3-4- s,(C;,C; )3 0.83 0.95 0.923 0.896 3
6 2
1-3-5- ,(C:.C.) = 0.97 0.995 0.99 0.995 1
6 3

Hence the path,” 1 — 3 — 5 — 6 is having the highest similariegrbesz(CE,CEZ) =
0.995

7. Conclusion

The fuzzy shortest path problem in a network hahevestigated in numerous articles
because of its importance to various applicatitihaims to offer a decision maker the
shortest path length and the shortest path in wanktwith fuzzy arc lengths. For this
purpose, in this paper, we proposed new approadetermine the shortest path length
and the shortest path in a fuzzy network. Here-B/fiezzy number has been reduced to
type-1 fuzzy number using type reduction method.
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