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Abstract

The shortest path problem is an important, classical
network optimization problem which has a wide range
of application in various fields. This paper proposes to
find the shortest path in an intuitionistic fuzzy
weighted graph with nodes remaining crisp and links
remaining crisp but the edge weight will be an
Intuitionistic fuzzy number. An existing algorithm -is
proposed for finding the shortest path length. Finally
illustrative numerical examples are given to
demonstrate the proposed approach
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Weighted Average Index, Total integral index ('T) a

cut interval for LR Trapezoidal Intuitionistic fuzzy
number, Convex Index for Intuitionistic fuzzy number,
Index Ranking of fuzzy numbers.

1. Introduction
In  network problems the weight of the edge in a

shortest path problem is supposed to be real numbers,
but in most real world problems was the length of the
network which represents the time or cost.
Fuzzy set theory proposed by Zadeh L.A [1], The fuzzy
shortest path problem was introduced by Dubois and
Prade [2]. Klin C.M discussed about the fuzzy shortest
path [4]. Hyung LK, Song YS, [7] Lee KM., discussed
the Similarity Measure between Fuzzy Sets and
elements Yao and Lin [10]developed two types of
fuzzy shortest path network problem where the first
type of fuzzy shortest path problem uses triangular
fuzzy numbers and the second type uses level.

(1—[3,1—(1) interval valued fuzzy numbers. The main

result emerging from their study was that the shortest
path in the fuzzy sense corresponds to the actual path in
the network, and the fuzzy shortest path problem is an
extension of the crisp case. Chuang T.N., Kung
J.Y.[13] proposed a new algorithm for the discrete
fuzzy shortest path problem in a network. L. Sujatha
and S. Elizabeth [20,21] found the fuzzy shortest path
problem based on Index ranking. In this paper they
defined acceptability index, convex index and total
integral index using this they proposed many
algorithms and found the shortest distance.
P.Jayagowri,  Dr.G.Geetharamani,[23]  discussed,
various approaches to solving network problems using
ATLR intuitionistic fuzzy numbers. This paper is
organized as follows; In Section 2 provides the
preliminary concepts required for analysis and
definitions in fuzzy set theory used throughout the
paper, and some new indices and o -cut interval for
LR Trapezoidal intuitionistic fuzzy numbers are
introduced. Section 4 gives proposed algorithms based
on the indices defined in section2. Section 5 showcases
the proposed algorithm and explains its functions. In
section 6 some conclusions are drawn.

Preliminaries

In this section ,some basic definitions relating to our
work has given, and introduces new definition for
convex index , Total integral index, Signed index of
level 4 -LR intuitionistic trapezoidal fuzzy number.
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Acyclic Digraph

A digraph is a graph each of whose edges are directed.
Hence an acyclic digraph is a directed graph without
cycle.

Membership function of the L.R trapezoidal
fuzzy number

Membership function of the LR Trapezoidal fuzzy

number A=(ab,c.d), g is

0 x<a-c¢

x-\la-c

M, a-c<x<a
c

pa(x)=41 a<x<h

(b+d)—x

e b<x<b+d
d

0 X>b+d

n, Membership function

The membership function that has the “ 7, ”shape has
four parameters .

Iw
x<lp
Ip + Iw - x
mo (X Iw, Ip,ip, ) = 1, Ip<x<mp
w
, X > Ip
X—1p+mw

It is now used in current research to define the shortest
path in a fuzzy sense.

Addition operation on 7, shaped fuzzy
numbers

Assuming  that  both A:(le,lpl,rpl,rwl)and
B:(IWZ,IpZ,rpZ,nNZ) are fuzzy numbers, then

A+B:(Iw1+IW2,Ip1+lp2,rpl+rp2,rwl+rW2 )
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Minimum Operation on 7z, shaped fuzzy

numbers

The two %2 shaped fuzzy numbers

Ly =(wy. oy, g,y ) and Ly =(w,Ipy, 5w, )
then,

rnax(lwl, Iw, ) min(lpl, Ipz), min(rpl, My )
L min (Ll' L2)= .

mln(rwl, NV2)
Weighted Average Index for level
A 7, Membership Function
L min = (W.Ip,rp,rw;2) be two level & 77, Membership
function, If Ip<ip;,m<m;, then the Weighted

Average Index between L; and L ;, can be calculated

min
)\A'F}\AI
as WAI(L in L) = 0 <1 <1, where
2
Ip+m Ip; +1mp; .
-—— andA; - ——— i=lton,
2 2

In the Weighted Average Index, we have L; <L, if

and only if WAI(Li, . L1) < WA (L » Lo)

min

o— cut interval for LR trapezoidal fuzzy
number
a— cut interval for LR trapezoidal fuzzy number

A =(a, b'c'd)LR is

S I B P T

a — cut interval for LR type representation
of fuzzy interval
a — cut interval for LR type representation of fuzzy
interval A= [a, b] is given by
Aa=|:AI(; ,A(lj]= [a—ac,ad+b]
Convex Index (COI)

Let A be an LR trapezoidal fuzzy number, then

L)+(1—x>(A(li) isthe «— cut interval of

Col:k(Aa
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A:(a, b,c, d)LR Jif

HA [x(A('; )+ (1— x)(A;J )]z min {MA (AI(; ) uA(A;J )} for

all a,xa[o,l]. If A and B are two LR trapezoidal fuzzy

numbers, then in convex Index, we have A < B if and
only if Col(A) < Col(B)

Total Integral Index

For fuzzy numberA:(a,b,c,d)LR the Total integral
index 11 (A)can be constructed from the left integral
values I (A)and the right integral values I (A). the

total integral value 14 (A)with index of optimism A
where O<a<1 is then defined as,
IT(A) =N (A +@L-VIR A). === (3)The left
integral values 1 (A)and the right integral values

Ig (A of a LR trapezoidal fuzzy number can be found

{513
fer(27)]
{1 -3)3)
{57

The signed distance of level A-LRType
Representation of Fuzzy interval

a

Let A:{<p g ,r,s ;k> }LR
be levelAL—LR type representation of fuzzy interval.
The
a—cutof Ais

A(a)=[AL(au)AR(ua], 0<a<iA and 1 ¢ (01]

“ar M+ as Since
VAR (@) =

Where A| (a) = »

the function is continuous over the interval 0<a <A
integration is used for obtaining the mean value of
signed distance as follows: d(A.0) = Y4(2(p+q)+(s-r))
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The ranking of signed distance of level
A—LRtype representation of fuzzy interval.

'—etA:{<F’1vq1’f1'31?’“> }LR? B:{<p2’q2’f2'52?7“> }LRbe
two level A-LRtype representation of fuzzy
intervals. For A ¢ (01]the ranking is defined as
AA<B iff d(A0)<d(B,0)
Mean and standard deviation of level A LR
Trapezoidal Fuzzy number

Let A={<p1,q1,r1151;/1> }LR be a

trapezoidal fuzzy number, then the membership
function in terms of mean and standard deviation is
defined as follows:

Mx-w-o]
—, if p-o<x<p
o
?»[(u+6)—X] .
A= ————————, if p<x<p+o
o
A if x=p

2+q)+ (-1 3a-n+2(+n
—and g=——"—

4 4

where p=

If the ith

L; =(p;.9;.%.8;:2) gand  the fuzzy

fuzzy path Length is

shortestlengthisLmin =(p.q,r,s;A)_ g Thenthe
shortestMean and StandardDeviation Index

between LMin and Li is

Mu+o)—(u; —o:)
(pin - Li) = : ]

6+(5i

20 +9)+ (-1

—  and
4 4

Introduces new definition are here.

3g-N+20+0

Where p=

Minimum  Operation on 7, shaped
Intuitionistic fuzzy numbers:

Fortwo 7, shaped Intuitionistic fuzzy numbers
! :<('Wu1"pu1 rpul'“"’ul) ('Wvl"pvl rpvl‘“Nvl)>’

L2 =<(|Wu2,|pH2 TPHZ,YWM) (IWYZ’IpYZ er2’NVYZ)>

www.ijert.org 536



max(lwul, |WH2), min(lpul , Ipuz),
Lmin L1.L2) = ) )
min( 12 Pyo ) Mn(w y, W o)

min(lwyl , |WY2 ), max(lpy] , Ipyz ),
Lnax L1.Ly) =

maX(erl, Py2 ) maX(TWYl,“Nyz)
Weighted Average index for level A,
Membership function

i Py Py Wy ;x) and

Lvin = (W 1Py 1Py 1wy 3 2) be two A,

membershipfunctions

=acC
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- . [.L u]
A—{<pu’qu'ru'su> <py.qy,ry,sy >}LR is Aa_[Aa’Aa

a—cut intervalisembershipfunctionand

.The above

¢ aclod]

nonmembershipfunctionas follows
= LAY - d d, and
=aCy +@y=Cy) i Agy = by +dy) —ady
AV
y—@u-c,) i Ay =0b,+d)+ ad,

a— cut interval for LR type representation

of Intuitionistic fuzzy interval

a — cut interval for LR type representation of fuzzy

If Ip<Ip, , rp<rp; then theweightedaverage interval A:[av b] is given by

index between Ay = A; , A(LZJ .The above o — representation cut

L; and L., can be calculated as interval is obtained for membership function and
AA+ A nonmember ship function as follows V ag[O,l]
WAI(L o L) =——F 0<2A<1 L y
Lmin -+ Li 0 Agp=by—ac, Ay, =ad, +b,
Ip, +r Ip . +rp . L u i
WhereAzuandAi =u and A“Y_bY-"acY A(xy_ ady by
2
i=1,2,..n Convex Index for Intuitionistic fuzzy number

Let A be an LR trapezoidal Intuitionistic fuzzy
number, then

Weighted Average index for level Am; non-
CoI(Au)zx(Al(;u)+ (1_1)(Afju) ; ColA,)=(1- k)(AI(;Y )+ X(A;JY)

membership function

Let Li :(|Wyi,|p,yi,rp,yi,fW,Yi;7») )

and L ~(w, | W) Where lAtH A}j“ and lAI(;Y A
max = Wy Py, Py Wy be two non

inter al of A:{<pu,q“,fuv5u> <py’qy’rY’sY >} If

A [X(Al&u )* (- }‘)(A(LXJM )JZ min {“A (Aosz ) HA (A(LXJM )} ;
YA[(“”)(AEV)+ k<A<tJY )]<max {YA(AI&Y)YA<A:1JY )}

u

ay] arethe a— cut

membership functions, If
I'>1Ip; , p>m; thenthe weightedaverageindex

betweenL. and L can be calculateds
i max

kA+kAi
WAL L) =—— 0<i<1 forall a,rz0,1]
) Ipy + 1y ) Ipyi 1Py | - Total Integral Index
WhereA = ———andA. = i=1,2,..n.

ForanintuitiorsiticfuzzynurrberA:{<pu,qu,ru,su> <py,qy,ry,sy >
a—cut interval for LR trapezoidal

Intuitionistic fuzzy number

o — cut interval for LR trapezoidal Intuitionistic fuzzy

number
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Thetotalintegralindex| (A)can beconstructd from
theleftintegralsvaluesl| (A) andtherightintervalhalue
Ir (A).The totalintegralvalue I+ (A)with index

of optimismA where 0 < A <1.

Is then defined for both membership and non
membership function.

|T(Au)=x|,_(A“)+(1—x)1R(AH) :

'T(Ay):(l_)‘) 'L(Ay)+“R(Ay)

{57

n+d+m a+b
IR(Au)z{(a+b+I)+[Tj} |=T,

n=Il-a, m=b-1I

where IL(AY):{(a +b+ I)+($j} ;

IR(AY):{(a+b+ |)—(n+dT+mj}

Signed distance of level - LR Intuitionistic

Fuzzy number(Membership Function)

_ . [.L u]
A—{<p“,qu,ru,s“> <py,qy,ry,sY >}LR is Aa_[Aa,Aa

The mean valueof signeddistanceis

1
d(A.0) :Z(Z(DH +a)+ 6y -1

Signed distance of level - LR Intuitionistic
Fuzzy number(Non Membership Function)

: L u]
A={<pﬂ,qﬂ,rﬂ,sﬂ> <py,qy,ry,sy >}LR is A, = [Aa A,

Themean valueof signeddistancelS

1
d(A,O) :Z(Z(F)?/ +q}/)+(r7/ _S;/))
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Mean and standard deviation of level A LR
trapezoidal Intuitionistic Fuzzy Number

sl o )
<pu G 5u> Py Oy Ty Sy /) o
is intuitiondctrapezoidéfuzzy number

If the ith fuzzy path Length for membershipfunction

is L“i :(pui’qu ;M) gand the

i Sui
nonmembersipfunction Lyi :(pyi'qyi*ryi*syi;k)LR

then fuzzy shortestlengthsare L min :(p“ Ay 'SM)
and Lypx :(py Oy ,ry,sy) Thenthe shortestMean
and StandardDeviation Index between L vin andLi is
Mp+ G)_(“i —Gi)

G+Gi

Mp+ G)—(Hi —Gi)
I(LMaX’Li): G+0;
|

“=w and
4
3(g-p)+2(s+7r)
o=
4
_2(p+ )+ (r-s)
i U V2
4
_3(p-a)-2(s-1)
o=
4
Proposed Algorithm
Algorithm for Intuitionistic fuzzy shortest
path problem based on convex index

for membershipfunctionand

and

for NonmembershipFunction

In this section a new algorithm is proposed for finding
the Intuitionistic fuzzy shortest path based on convex
index.

Step 1:Construct a network G= (V, E) Where V is the
set of vertices and E is the set of edges.

Step 2:Form the possible path P, from source node to
destination node and compute the corresponding path
length L, ii=1,2,...m for possible’ m’ path and set

Lj ={<ppi*qpi'ruivsui> <pyi'qyi'ryi'syi>}
LR
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Step3:Calculate ¢ cut interval for LR trapezoidal
Intuitionistic fuzzy number ( or LR Type representation

of fuzzy interval) for all possible path length, L, I

=1,2,...m and set
L U ) .
Li((l(lu: |~Li(0,(llvl,Li(0,(1pJ |=1,2,,,_m :
L U .
L (aay™ [Li (aory’ Li (aay. i=12,..m

Step 4:Calculate Convex Index
L u .
Col(L, H)=>M(Li (w“)+ (1- x)(Ai (an’

Col(L; y )=(1- }‘)(Lli_((x(xy)+ )”(L%J(aw{)

for all possiblepathlengths
Step 5:Ranking the shortest path with the minimum
convex index and the corresponding path length L, is
the Intuitionistic fuzzy shortest path.

Algorithm for Intuitionistic fuzzy shortest
path problem based on weighted average
index

A new algorithm is proposed for finding the
Intuitionistic fuzzy shortest path based on weighted
average index

Stepl:Construct a network G =(V,E) Where V is the
set of vertices and E is the set of edges. Here G is an
acyclic digraph.

Step 2:Calculate all possible paths P, from source node
to destination node and compute the corresponding

path length L; i=1,2,...m for possible m path and set

Li :{<pui’qui'rui'sui> <pyi'qyi*ryi*sy I>}
LR

Step3:Calculate the Intuitionistic fuzzy shortest length.

L in Using definition and set

L. = ,g ,r,s . L using definition
min {<p“ qu m M>} max g

and set Lyax =9(P_.0

1 1 r 1S
A B A
Step4:Calculate weighted average index using
definition and the rank to the path based on weighted

index.
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Step5:Rank the shortest path with the highest weighted
index.

Algorithm For Intuitionistic Fuzzy Shortest
path problem based on signed distance

A new algorithm is proposed for finding the
Intuitionistic fuzzy shortest path based on signed

distance in this paper introduces a new method Signed
distance

LetL; {<pui'qui’rui’sui> <pvi'qvi"vi’SY .>}

and i=1,2,...n where
Li denotes the level A _LR Intuitionistic fuzzy path

LR

length.
Step 1: Construct a network G=(V,E) Where V is the
set of vertices and E is the set of edges. Here G is an

acyclic digraph and the arc length takes the level A -
LR intuitionistic fuzzy numbers.

Step 2: Calculate all possible paths P, from source
node to destination node and compute the

corresponding path length Li i=1,2,...m for possible

m paths using definition and set

and

Li {<pyi'qyi'rui’sﬂi><p7"q7i'ryi’87 '>}

i=ltonand 0<a<1

LR

Step 3: calculate signed distance of level A - LR type
representation of fuzzy intervals for each possible path
using definition 3.8&3.9

Step 4: The path having the minimum signed distance
is identified as the shortest path.

Algorithm for Intuitionistic Fuzzy Shortest path
problem based on Mean and standard deviation
index

A new algorithm is proposed for finding the
Intuitionistic fuzzy shortest path based on Mean and
standard deviation index in this paper introduces a new
method called ‘Mean and Standard Deviation index’

which acts as the measurement tool between L and

Li L andLi

7 T max
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LetLi ={<p,ui’q,ui’r/li’s/li> <p},i,q7i,r},i,sy I>}
LR

Li denotes the level A LR

and i=1,2,...n where

Intuitionistic fuzzy path length.

Stepl:Construct a network G =(V,E) Where V is the
set of vertices and E is the set of edges. here G is an
acyclic digraph.

Step 2:Calculate all possible paths P, from source node
to destination node and compute the corresponding
path length L, ,

i =1,2,..m for and set

Li {<ppi'qpi'rpi'spi> <pyi’qyi'ryi'sy |>}
LR

Step 3:Calculate the Intuitionistc fuzzy shortest length.

L in usingdefinitionandset L in :{<pu,qu,ru,su> };

possible m path

Lax usingdefinitionand set Ly :<py,qy,r},,sy >
Step 4:Calculate Mean and standard deviation index

between L and Li L.y and Li using

min
1
L

definition 3.10.

Step 5:The path having the maximum Mean. and
Standard deviation index is identified as the shortest
path.

ILLUSTRATIVE EXAMPLE

Stepl:Construct a network with 4 vertices and 5 edges
Fig (1)

as follows:

Step 2: The possible paths and the corresponding path
lengths are as follows
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Pil—>2—>4=1L, =(7343991)

and L (7,36,34,91)

y1=
Py:1—>4 =L, =(6,2830,71)
and L ,=(3303161)
P3:il—>3—>4 =L 3=(9414941)

and Ly3 =(13,46,467;1)

Step 3:
Ly =19.283073)  and Lygy = 13464691
Step 4: Let A=1 for weighted index, signed

distance index
Table 1 Results of the Network Based on Level

Lamda TLR Weighted Index

i pathS Wa i Ly R Wa (L Ly ) Ra
a nk
n
k
1 piis2-a | 3275 | 2/405 i
5 P14 29 1| 38.25 1
3 Rl1->3-4 37 3| 48 ’

Table 2 Results of the Network Based on
Level Lamda TLR Signed Distance Index

| pathS d(LH ) Ra d(LY i 0 Ra
nk nk
1 pis2ss |13 2 14 2
2| pyi1>4 113 115 !
3| pi1>354 (163 |3 |78 3

www.ijert.org
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Table 3 Results of the Network Based on Convex

Index

i | paths 0015 (L R 001 5 (L Ra
a nk
Lui) n Lyi)
k
1 Ril>2-4 5.15 2| 7.35 2
2| pyi1>4 115 1] 4.85 1
3 Pyil>3-4 7.85 3| 12.45 3

Total integral index for different values of A4

(i) reta=.3 then,
Table 4 Results of the Network Based on Total
Integral Index
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i | paths Ma (L Ran . Ran
k k
Lu i) Ly i)
1 P1:1—>2—>4 64.2 2 80.85 2
2 P2:1—>4 534 1 64.85 1
3 p1s3sa [790 |3 11015 |3

A=1 then,

Table 5 Results of the Network Based on Total

Integral Index

i | paths Wy Rank T Rank
Lui) Lyi)

1 P1:1—>2—>4 .9967 2 1.070 2

2| pyi1sa 1022 |1 1131 |1

3 P3:1—>3—>4 9603 3 9421 3

Step 5:Pathp,:1-4 is the Intuitionistic fuzzy

shortest path since it has the highest level A
Trapezoidal LR weighted average index and the
corresponding shortest path length is

L, =(6.28307) g and L5 =(3,30,31,61) - The

solution obtained for Intuitionistic fuzzy shortest path
problem in this paper coincides with the solution of the
existing algorithm.

Conclusion

This paper developed three algorithms for solving the
shortest path problem on a network with intuitionistic
fuzzy arc length. The ranking given to the paths is
helpful for the decision-makers as they make decisions
in choosing the best of all the possible path alternatives.
Verification is also done with the existing methods,
which helps to conclude that the algorithms developed
in the current paper are an alternative and improved
form of previous methods, to get the shortest path in
intuitionistic fuzzy environments.
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