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ABSTRACT 

The shortest path problem is an important classical network 

optimization problem which has wide range of application in 

various fields.In this paper ,algorithms are proposed for the 

Intuitionistic fuzzy shortest path problem, where the arc 

length of the network takes imprecise numbers, instead of real 

numbers namely level λ triangular LR fuzzy numbers ( λ

TLR). Finally an illustrative example is also including 

demonstrating our proposed algorithm. 
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1. INTRODUCTION 
Many fields deal daily with the uncertain data that may not be 

successfully modeled by the classical mathematics. There are 

some mathematical tools for dealing with uncertainties. Fuzzy 

set theory is a powerful tool to model imprecise and vague 

situations where exact analysis is either difficult or 

impossible. 

  Many researchers have focused on Fuzzy Shortest Path 

Problem in a network since it is important to many 

applications such as communications, routing and 

transportation etc. The fuzzy set theory was introduced by 

Zadeh. Atanassov generalized this idea to intuitionistic fuzzy 

sets,and later there has been much progress in the study of 

intuitionistic fuzzy sets(IFSs)The fuzzy shortest path problem 

was first analyzed by Dubois and Prade[1]. According to their 

approach, the shortest path length can be obtained but the 

corresponding path in the network may not exist. Chuang and 

kung[3] proposed a fuzzy shortest path length procedure that 

can find a fuzzy shortest path length among all possible paths 

in a network. Lin and Okada and soper [4]proposed a fuzzy 

algorithm, which was based on multiple labeling methods to 

offer non-dominated paths to a decision maker. 

Nayeem and Pal[7] has proposed an algorithm based on the 

Acceptability index .S.Elizabeth and L.Sujatha[8]  discussed 

about fuzzy shortest path problem based on level λ TLR 

fuzzy numbers. Iraj Mahadavi,Ali Tajdin,Rahele Nourifar 

[10] discussed about  FuzzyOptimization Approach for 

Shortest Path Problem   in Network flow. 

Chen[14] found the fuzzy shortest path length in a network by 

means of a fuzzy linear programming approach. Kiran Yadav 

and Ranjit Biswas [17] has proposed An Approach to Find k

th
 Shortest Path Using Fuzzy Logic., Sujatha ,L. and 

Sattanathan ,R. [21] were discussed about Fuzzy Shortest path 

problem based on similarity degree using LR type fuzzy 

numbers. 

This paper is organized as follows. In section 2 some 

elementary concepts and operations of fuzzy set theory have 

been reviewed. In section 3 we introduced new indices have 

been defined for level λ TLR fuzzy numbers. In section 4 , 

new algorithms have been proposed for Intuitionistic Fuzzy 

Shortest Path Problem based on λ TLR indices. In section 5 

illustrative examples are given to demonstrate to our proposed 

algorithm. In section 6 and 7comparative study was made 

finally in section 8 some conclusions are drawn.. 

2. PRELIMINARIES 
In this section some basic definitions are reviewed. 

2.1 Acyclic Digraph 
 A digraph is a graph each of whose edges are directed. Hence 

an acyclic digraph is a directed graph with out cycle.   

2.2 Level λ  - TLR fuzzy number 
Level   -TLR fuzzy number is represented by  

 LRλc;b,a,A   with the membership function 
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Here a is the point whose membership value is λ , where 

1λ0 
  

 and b, c are the left hand and right hand spreads 

respectively. 
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2.3  Minimum operation on level   - TLR  

fuzzy  numbers     
               Let 

LRλ);2c,2b,2(a2LandLRλ);1c,1b,1(a1L   be the 

two level   - T LR fuzzy numbers. Then

 
LR

λ);2c,1min(c),2b,1max(b),2a,1min(a

)2L,1min(LminL





 

2.4 Addition operation on Level   - T LR     

fuzzy numbers    
             

LRλ);2c,2b,2(a2LandLRλ);1c,1b,1(a1L   be the 

two level   - T LR fuzzy numbers. Then.
 

LR
λ);2c1c,2b1b,2a1(a

LR
λ);2c,2b,2(a

LR
λ);1c,1b,1(a2L1L





 

2.5   The Signed distance 

         Let  d(b,0) = b when, b,0 belongs to R, Where 

d(b,0)means the signed distance of b measuring form 0. 

2.6  Signed distance of level  λ TLR Fuzzy 

number   

      For each 
LR

λ)c;b,(a,Aand(0,1]λε   

The signed distance from 0 to A is defined by d(A,0) =

c)a(2b
4

1
 The ranking of level λ triangular fuzzy 

numbers is defined by A<B iff d(A,0)<d(B,0). 

The signed distance from 0 to LRλ);1c,1b,1(a1L  and 

it is denoted by  

    

,0)2d(L,0)1d(Liff2L1L

here1c1a1b1a12a
4

1
,0)1d(L




 

2.6    Indices based on 
min

Land
i

L  

              Let the   - triangular LR 
thi  fuzzy path length be 

LRλ);ic,ib,i(aiL 
 and the level  

λ  -TLR fuzzy Shortest length be LRλ)c;b,(a,minL  ,

theniciaca

,iaa,ibiabawhere1λ0
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The level    - triangular LR  weighted average index 
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Land
i

L
   

2λ

)iλ(aλ(a)
)

i
Lmin,(L

i
Z






  here we have 

)
2

Lmin,(L
2

Z)
1

Lmin,(L
1

Ziff2L1L






 

2.5 Indices based on 
i

L  

Let the   - T LR 
thi  fuzzy path length be

 
thenLRλ);ic,ib,i(aiL 

  

a) i
LIndex mean  TLRλ level The 

 

is calculated as  

2
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T
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     b)
 i

LIndex   centroid TLRλ level The 
 

is calculated as  

3

ibici3a
)i(L

centroid
T




 

3 .  DEFINITION 

In this paper we introduce the following definition. 

3.1   Addition operation on Level λ  -T LR      

Intuitionistic fuzzy numbers
                   Let    

LR
λ);μ2c,μ2b,μ2(a2Land

LR
λ);μ1c,μ1b,μ1(a1L 

 

the membership function of two level λ  - TLR  intuitionistic 

fuzzy numbers 

Then 

LR

λ);μ2c,μ1min(c),μ2b,μ1max(b),
2

a,
1

min(a

)2L,1min(LminL
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

and 

LR
λ);γ2c,γ2b,γ2(a2Land

LR
λ);γ1c,γ1b,γ1(a1L 

be the Non membership function of two level λ  - TLR  
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intuitionistic fuzzy numbers. Then

 
LR

λ);γ2c,γ1max(c),γ2b,γ1min(b),γ2a,γ1max(a

)2L,1max(LmaxL





 

3.2 Weighted Average Index for λ  TLR 

number (Membership function) 

 Let the level λ  TLR 
th

i  fuzzy path length be 

LR
λ);iμc,

iμ
b,

iμ
(aiL  and the level  TLR 

Intuitionistic fuzzy shortest length be 

1λ0
LR

λ);
μ

c,
μ

b,
μ

(aminL   where 

iμ
c

iμ
a

μ
c

μ
a

,iμa
μ

a,
iμ

b
iμ

a
μ

b
μ

a


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then the level   

triangular LR weighted average index between 

iLandminL is calculated as 
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)2L,min(L
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*
1Ziff

2L1Lhavewehere
2
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*
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3.3 Weighted Average Index for λ  TLR 

number (Non Membership function) 

 Let the level λ TLR 
th

i  fuzzy path length be 

LRλ);iγc,iγb,iγ(aiL  and the level  TLR  fuzzy 

shortest length be 1λ0LRλ);γc,γb,γ(amaxL   

             where 

iγ
c

iγ
aγcγa,iγaγa,iγbiγaγbγa 

then the level λ TLR  weighted average index between 

iLandmaxL is calculated as  

 

)2L,max(L
*
2Z)1L,max(L

*
1Ziff

2L1Lhavewehere
2

i
γ

λa
γ

λa

i
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*

i
Z









3.4 Indices based on 
i

L for membership     

function 

 Let the λ TLR  
thi  Intuitionistic fuzzy      

 

  path length be 
LR

λ);
iμ

c,
iμ

b,
iμ

(a
iμ

L 
then

 

   1) The level λ triangular LR mean index for  

       
iμ

L  is calculated as
2

iμ
b

iμ
c

iμ
2a

Mean
T



                 

2) The level λ triangular LR centroid index for    
iμ
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calculated as     
3

iμ
b

iμ
c

iμ
3a

centroid
T



  

 
3.5     Indices based on 

i
L for Non 

membership function 

  Let the λ TLR  
th

i  Intuitionistic path length be 

LR
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2
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2) The level λ triangular LR centroid index for    
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calculated as     
3
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   3.6    Signed distance of level  λ T LR 

    Intuitionistic Fuzzy number(Membership 

    Function)                     

 
  For each 

LR
λ)c;b,(a,Aand(0,1]λε   

The signed distance from 0 to A is defined by  

d(A,0) = c)a(2b
4

1
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3.7    Signed distance of level  λ T LR 

    Intuitionistic Fuzzy number(Non 

Membership Function)                

   
For each 

LR
λ)c;b,(a,Aand(0,1]λε   
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The signed distance from 0 to A is defined by  

d(A,0) = c)a(2b
4

1
 The ranking of level λ

triangular Intuitionistic fuzzy numbers is defined by A<B 

iff d(A,0)<d(B,0). 

The signed distance from 0 to 

LRλ);
1γ

c,
1γ

b,
1γ

(a1L  and it is denoted by  

,0)2d(L,0)1d(Liff2L1L    here

1μ
c

1μ
a

1μ
a

1μ
b

1γ
2a

4

1
,0)1d(L



 






















 

4    PROPOSED ALGORITHM   

4.1  Proposed Algorithm  for Intuitionistic 

Fuzzy  Shortest  Path Problem Based On  
Level  - TLR Intuitionistic Fuzzy Number                     
In this paper we introduce a new method called       ‘weighted 

index’ which is the measurement tool between minL and 
i

L              

Let 
LR

λ);
iμ

c,
iμ

b,
iμ

(a
i

L 
and 

 

               LR
λ);

iγ
c,

iγ
b,

iγ
(a

i
L 

      i=1,2,…n where  

i
L  denotes the level λ -T LR Intuitionistic fuzzy path length. 

Step 1   Construct a network G=(V,E) Which is an acyclic 

digraph and the arc length takes the level λ - TLR 

intuitionistic fuzzy numbers. 

Step 2  Calculate all possible path iP from source node to 

destination node and compute the corresponding path length 

i
L  i =1,2,…m for possible m path using definition and set 

LR
λ);

iμ
c,

iμ
b,

iμ
(a

i
L 

and LR
;λλ

iγ
,c

iγ
,b

iγ
(a

i
L 

  

   Where   i=1 to n,  for    Membership    function 

    and Nonmembeship function  respectively also   

   1λ0 
    .    

  Step 3  Calculate the Intuitionistic fuzzy shortest length 

minL and maxL  using definition 3.1 and set 

LRλ);γc,γb,γ(amaxLLRλ);μc,μb,μ(aminL 

Step 4 Calculate the level λ -TLR intuitionistic fuzzy 

weighted average between minL , maxL and iL  

Using definition3.2 and 3.3 for i= 1 to n. 

Step 5   The path having the Minimum level λ  TLR 

intuitionistic fuzzy weighted average is identified as the 

shortest path. 

   4.2   Proposed Algorithm  for Intuitionistic 

Fuzzy Shortest  Path  Problem Based on   
Level λ - TLR   Mean and Centroid 

             Let 
LR

λ);
iμ

c,
iμ

b,
iμ

(a
i

L 
and  

               LR
λ);

iγ
c,

iγ
b,

iγ
(a

i
L 

      i=1,2,…n where  

i
L  denotes the level λ T LR Intuitionistic fuzzy path length. 

Step 1   Construct a network G=(V,E) Which is an acyclic 

digraph and the arc length takes the level λ - TLR 

intuitionistic fuzzy numbers. 

Step2 Calculate all possible path iP from source node to 

destination node and compute the corresponding path length 

i
L  i =1,2,…m for possible m path using definition and set 

LR
λ);

iμ
c,

iμ
b,

iμ
(a

i
L 

and

LR
λ);

iγ
c,

iγ
b,

iγ
(a

i
L 

  

  where i=1 to n,  for Membership function 

   and   Nonmembeship function  respectively also  

1λ0 
    .  

  Step 3 Calculate the level  -TLR mean and centroid,  

Using definition3.4 and 3.5 for i= 1 to n 

Step 4  The path having the minimum  Mean and Centroid is 

identified as the shortest path. 

4.3 Proposed Algorithm For Intuitionistic 

Fuzzy    Shortest path problem based on signed 

distance 

  In this paper we introduce a new method called      Signed 

distance    Let 
LR

λ);
iμ

c,
iμ

b,
iμ

(a
i

L 
and  

               LR
λ);

iγ
c,

iγ
b,

iγ
(a

i
L 

      i=1,2,…n where  
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i
L  denotes the level λ -T LR Intuitionistic fuzzy path 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  - T LR intuitionistic 

fuzzy numbers. 

Step 2  Calculate all possible path iP from source node to 

destination node and compute the corresponding path length 

i
L  i =1,2,…m for possible m path using definition and set 

LR
λ);

iμ
c,

iμ
b,

iμ
(a

i
L 

and

LR
λ);

iγ
c,

iγ
b,

iγ
(a

i
L 

  

          i=1 to n,  for Membership function and Nonmembeship 

function  respectively also   

1λ0 
   .    

  Step 3 calculate signed distance of level λ - TLR type 

representation of fuzzy interval for each possible paths using 

definition 3.6&3.7 

Step 4   The path having the minimum signed distance of 

level λ - TLR type representation of intuitionistic fuzzy 

interval is identified as the shortest path.  

5     ILLUSTRATIVE EXAMPLE 1 

Step1  Construct a network with 6 vertices and 8 edges as 

follows 

 

 

Let 1λ 
 

Step 2:  

The possible paths and the corresponding path lengths are as 

follows 

TABLE 1 POSSIBLE PATH AND ITS LENGTH 

i Path iP  Member 

ship 

Function 
i

μ  

Non-membership 

Function iγ  

1 

65

41




 

)(6,13,18;1μ1L   
1)(10,17,21;γ1L   

2 

63

21




 )(8,17,24;1μ2L   1)(12,21,26;γ2L   

3 

65

421





 

1)(12,19,28;μ3L   1)(19,24,31;γ3L   

4 

65

321




 )(9,20,28;1μ4L   1)(17,25,32;γ4L   

Step 3: 

 6,20,18;1minL        and   19,17,32;1maxL 
 

Step 4   

TABLE 2 RESULTS OF THE NETWORK BASED ON 

LEVEL  - TLR   WEIGHTED INDEX 

i Path iP  

 
iμL,minL

AW

 

R

a

n

k 
 iγL,maxL

AW

 

R

a

n

k 

1 

65

41




 

6 1 14.5 1 

2 

63

21




 

7 2 15.5 2 

3 

65

421




 

9 4 19 4 

4 

65

321




 

7.5 3 18 3 
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TABLE 3 RESULTS OF THE NETWORK BASED ON 

LEVEL λ - TLR   MEAN INDEX 

i Path iP   iLT min
 

R
a
n
k 

 iLT max
 

R
a
n
k 

1 

65

41




 

8.5 1 8 1 

2 

63

21




 

11.5 2 9.5 2 

3 

65

421




 

16.5 4 15.5 4 

4 

65

321




 

13 3 13.5 3 

 

TABLE 4 RESULTS OF THE NETWORK BASED ON 

LEVEL λ - TLR   CENTROID INDEX 

i Path iP   
iμLcentroidT

 

R

a

n

k 

 
iγLcentroidT

 

R

a

n

k 

1 

65

41




 

7.6 1 8.66 1 

2 

63

21




 

10.3 2 10.3 2 

3 

65

421




 

15 4 16.6 4 

4 

65

321




 

11.66 3 14.66 3 

 

TABLE 5 RESULTS OF THE NETWORK BASED ON 

LEVEL λ - TLR   SIGNED INDEX 

i Path iP   ,0iμLd

 

R

a

n

k 

 ,0iγLd

 

R

a

n

k 

1 

65

41




 

7.3 1 4 1 

2 

63

21




 

9.8 2 5 2 

3 

65

421




 

14.3 4 7.8 4 

4 

65

321




 

11 3 6.8 3 

 

Step 5 Hence  Path 6541:1P   is the  Intuitionistic 

fuzzy shortest path since it has the minimum level λ - TLR in 

weighted average Index,         Mean Index, 

 Centroid Index, also Signed distance Index  and the 

corresponding shortest path length is  

LR1)(10,17,21;γ1LandLR)(6,13,18;1μ1L   

Hence we find that the solution which is obtained for 

intuitionistic fuzzy shortest path problem . For verifying the 

results we have three different new algorithms to find the 

shortest path in Intuitionistic fuzzy numbers. 

6. A COMPARATIVE STUDY 

A comparative study on solving the network problem using 

TLR Intuitionistic Fuzzy Number present the following new 

methods, evolved the process of the research. 

The four methods TLRλ  Weighted Index, TLRλ  Mean 

Index, TLRλ  centroid Index , TLRλ   Signed Index 

presented in the paper. The Application of all the possible 

path in the evolved four methods brings forth the same results. 

Thus we strongly concluded that, any one method can be 

adopted for deriving the results. 

7.  COMPARISON WITH EXISTING 

ALGORITHM 

In the process of finding the shortest path ,the research 

findings evolved different methods of obtaining the Shortest 

path using (i) Arc Length (ii) Using Similarity 

Approach(iii)Using TLRλ   Weighted Index, TLRλ 

Mean Index, TLRλ  centroid Index and TLRλ   Signed 

Index. 

This paper presents the last approach (iii)  involved in finding 

the shortest path using LR type Triangular fuzzy number.The 

previous two methods were already discussed in the paper 

titled “ on solving network problems using new algorithm 

with Intuitionistic Fuzzy arc length” published in international 

conference on Mathematics in Engineering and Business 

Management. And Second one “Using similarity Degree 

Approach to find Shortest path for Intuitionistic Fuzzy in a 

network” in a referred international journal. 

8   CONCLUSION 

The Algorithm evolved in the process of finding the shortest 

path problem found to be fruitful. As the study brought forth 

three algorithm with the same results.In this paper we 

developed three algorithms for solving shortest path problem 

on a network., where the shortest path is identified using the 

concept of ranking function. Decision maker can choose the 

best path among various alternative methods from the list of 

ranking.  It helps to conclude that the new algorithms 

developed in the current paper is an alternative and improved 

form of previous methods to get Shortest path. Hence we 
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conclude that the algorithms developed in the current research 

are the simplest and is the alternative method for getting the 

shortest path in Intuitionistic fuzzy. 
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