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Abstract
The shortest path problem (SPP) is an optimization problem of determining a path between specified source vertex s and
destination vertex t in a fuzzy network. Fuzzy logic can handle the uncertainties, associated with the information of any real
life problem, where conventional mathematical models may fail to reveal proper result. In classical SPP, real numbers are
used to represent the arc length of the network. However, the uncertainties related with the linguistic description of arc length
in SPP are not properly represented by real number. We need to address two main matters in SPP with fuzzy arc lengths. The
first matter is how to calculate the path length using fuzzy addition operation and the second matter is how to compare the two
different path lengths denoted by fuzzy parameter. We use the graded mean integration technique of triangular fuzzy numbers
to solve this two problems. A common heuristic algorithm to solve the SPP is the genetic algorithm. In this manuscript, we
have introduced an algorithmic method based on genetic algorithm for determining the shortest path between a source vertex
s and destination vertex t in a fuzzy graph with fuzzy arc lengths in SPP. A new crossover and mutation is introduced to solve
this SPP. We also describe the QoS routing problem in a wireless ad hoc network.

Keywords Fuzzy graph · Shortest path problem · Fuzzy shortest path problem · Genetic algorithm

Introduction

The shortest path problem (SPP), which concentrates on
obtaining a shortest path between a specified starting node
and other destination nodes, is one of the most important and
fundamental combinatorial network optimization problems
[6,8] in graph theory that has been appeared in several real life
applications as a sub problem. fields including routing, trans-
portation, supply chain management, communications and
wireless network. The SPP has been researched extensively
in several academic fields such as operations research and
computer engineering in the conditions of efficiency ,effec-
tiveness and analytical algorithmic techniques. Recently,
many different types of SPPs have been studied. For e.g.,
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Cheng et al. [4] have presented SPP for (n, k)-star graphs.
In [40], Zhu andWilhelm described the resource constrained
SPP on a graph.

Experts emerge graph the modeling as a mathematical
model for several decision making problems, e.g., routing
[27], transportation [10], supply chain management [20],
communications [31], wireless network [36], etc. They have
remodeled those problems as a SPP between source node
and other nodes within the modeled graph of the specific
problem. The best path is determined using on the total
number of predetermined measurement. In classical SPP,
we find the shortest path in terms of edge weights which
are classical numbers and all edges are linked with those
numbers of the graph. The classical SPPs with determin-
istic edge weights have been researched intensively, and
these SPPs can be found the solutions analytically and effi-
ciently based on several algorithmic techniques presented by
excellent researchers. These algorithmic techniques are con-
sidered to as classical shortest path algorithmic techniques.
In any real world application of SPP, an edge/arc/link may
represent traveling cost, traveling time, traveling distance or
another variables. The weights of those edges are generally
relatedwith environmental scenarios and those valuesmaybe
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changeable in different condition. For example, the traveling
time may change due traffic or weather conditions, however,
the distance between two areas is same. Experts face difficul-
ties to track the exact path length in such real life scenarios.
Experts are generally considered the concept of fuzzy set into
a network to deal this uncertain scenarios.

However, in real life scenarios, many kinds of uncertainty
are generally encountered, because of imperfect data, fail-
ure, or some other reasons. In real world applications of SPP,
like scheduling, transportation, vehicle green routing, etc.
which are linked to environmental scenarios and the edge
weights could be very much uncertain due to the fluctuation
withweather or traffic conditions. Therefore finding the exact
optimal path in such networks could be challenging. In such
cases, many experts use the probability theory to manage
the uncertainties of the SPP due to randomness. They have
studied the stochastic SPP or fuzzy SPP. For e.g., an network
administrator wants to design a communication network. It is
very to hard to determine the accurate routing delays on com-
munication links [17] because of the time changing scenarios
of the traffic frequency on the telecommunication network.
It is required to create a network system that can work in
uncertain traffic frequency. The server node always requires
to send some control message to all other client nodes in the
telecommunication network whose transmission frequency
are generally uncertain. In the present of aforementioned
uncertainties, a network admin may get it very hard to find
the precise random distributions of arc length/weight. It is
very authentic and useful to consider the fuzzy arc lengths
in SPP in uncertain environment. While presenting an algo-
rithmic technique for dealing fuzzy SPP, we require ranking
method and addition method between two different fuzzy
numbers. Several researchers have studied a lots on SPP
with different types fuzzy number as edge weights over
the last two decades. This type SPP in fuzzy scenarios is
known as fuzzy SPP (FSPP). There exists many researches
in fuzzy shortest pathproblem (FSPP) [2,3,7,9,16,18,19,21–
26,28,30,32,35,37,39].

There exists several routes and paths within two places. It
is an important information for the decision maker to decide
the minimum traveling time and cost for transportation, the
robust path, the least traffic frequency, etc. Decision makers
are considered as graph and they need to find the shortest
path to solve this optimization problem. For e.g., in the fire
stations, the main focus is to go the fire van to the home
within their area in the minimum possible time. It is very
much useful for disaster management term to find the lowest
destructed path for fastest evacuation.

Decision maker used SPP to model many real life
problems, e.g., telecommunication communications [29,34],
scheduling [1,14,33] etc. In [9], Dubois and Prade first time
described fuzzy shortest path problem. They presented an
algorithm for fuzzy shortest path problem which is the mod-

ification of the classical Ford Moore Bellman algorithm. In
their paper, they used the concept of criticality of a path. In
[3], Chanas and Kamburowski presented the idea of fuzzy
preference relationship to find the shortest path and consid-
ered the concept of fuzzy preference relationship in their
introduced method for the SPP. In [19], the authors rep-
resented each edge using an integer number in between
a fixed upper integer number and 1. They considered the
dynamic programming approach in their introduced algo-
rithm to choose the path based on the membership grade
which is settled by the expert. Lin and Chern [21] considered
the edge as a most significant edge (vital edge) in the graph
if its delete from the graph which will increase the shortest
path maximum. They have presented a fuzzy membership
function of the shortest path by using a linear programming
method. They have proposed an algorithmic technique for
determining the singlemost significant edge in a fuzzy graph.
In [30], Takahashi et al. presented the SPP with fuzzy arc
lengths and extended the method introduced by Okada [25].
The authors introduced a genetic algorithm to determine an
approximate shortest path for large fuzzy graph. Nayeem and
Pal [24] expressed the edge weights of a graph by triangular
fuzzy number and interval number. Their proposed algorithm
can solve the fuzzy shortest path problem and their proposed
algorithm can work on both types of numbers. Hernandes
et al. [18] described an algorithmic technique for solving
fuzzy shortest path problem. The authors have used triangu-
lar fuzzy number to represent the weight of the each edge.
In [22], Mahdavi et al. presented a dynamic programming
technique to find the solution of the fuzzy shortest path chain
problem. They proposed a ranking technique for their pro-
posed algorithm which can help to avoid creating the set of
shortest paths because the total count of shortest paths from
a big fuzzy graph can be a high. It may be very difficult for
an expert to chose an exact shortest path. In [7], Deng et al.
have presented a extended classical Dijkstra’s technique to
find the solution of the shortest path problem in an uncertain
environment. The authors have represented the edge weights
of the fuzzy network using trapezoidal fuzzy numbers. They
have considered the gradedmean integrationmethod of fuzzy
number in their algorithm to determine the length of the fuzzy
path and it also helps to compare the fuzzy path distance
between two distinct fuzzy paths. In [16], Hassanzadeh et al.
presented amethod for the finding the shortest path in a fuzzy
graph with fuzzy edge weights. The authors used an addition
operation based on α cut to determine the length of the path.
In their proposed addition operation, a least square method
is proposed to compute an approximate fuzzy membership
function for the corresponding addition operation. A genetic
algorithm is also proposed for solving the fuzzy SPP which
can deal the complexity of the addition of fuzzy numbers for
a high scale fuzzy network.
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Many scientists have worked a lots to present the exact
algorithmic method, mathematical technique, heuristic tech-
nique and metaheuristic techniques for this SPP in fuzzy
environment. Both mathematical technique and exact algo-
rithmic technique are used to get the exact shortest path from
a source node to a destination node of a graph within a very
short time. However, the both of the algorithms require lots
of the time to get the shortest path if the dimension of the net-
works are extremely high. The algorithm needs to search all
possible paths to decide the shortest path which takes times.
Due to this reason, heuristic network optimization algorithms
are very much efficient to solve the SPP. There are many
distinct types of heuristic algorithms to solveSPP such as arti-
ficial bee colony (ABC) algorithm, harmony search method,
and genetic algorithm. Genetic algorithm is a popular and
efficient algorithm to solve the SPP. It is population based
searching method. In this algorithm, an individual (chromo-
some) presents a potential solution of the decision making
problem. A set of distinct individuals(chromosomes) gener-
ates the population. In genetic algorithm, some individuals
(chromosomes) of the population are recombined to produce
new chromosomes. The new chromosomes are done by three
genetic operations, selection method, mutation method and
crossover method. Then, the chromosomes with more fitness
values replace the chromosomes with more fitness values in
the current population. In this technique, genetic algorithm
determines the best solutions of the decision making prob-
lem. Many decision making problems can be figured out by
genetic algorithm.

The motivation of this study is to present an extension
of FSPP which will be efficient but simple enough to use in
real life scenarios. To the best of our information, most of the
researches done onFSPPwith several different types of fuzzy
numbers as the edge weights and there is no research work
on the SPP based on genetic algorithm with fuzzy numbers
as arc lengths in the literature till now. We require to predict
the traveling time and traveling cost for formulating the SPP.
It is very difficult for the decision maker to decide the exact
time and cost of any route due to road condition, traffic load,
accidents, and varying weather conditions. In this paper, we
present the SPP from a specified source vertex to destination
nodes on a fuzzy graph in which a trapezoidal fuzzy num-
ber is assigned to each edge as its edge weight. This SPP is
defined as FSPP. We use the edge weights to represent the
traveling time and traveling cost. A mathematical model is
formulated for a FSPP and a software is used to determine the
solution this problem. We introduce an algorithmic method
based on genetic algorithm for determining the solution of
the FSPP. Finally, we also describe the QoS routing problem
in a wireless ad hoc network.

Thismanuscript is organized as follows. In this section,we
describe some basic ideas and definitions of fuzzy set, fuzzy
number, triangular fuzzy number, trapezoidal fuzzy number,

and genetic algorithm. The next section presents the math-
ematical model for FSPP. The proposed genetic algorithm
is described in the section. We introduce some examples in
the section to present the idea of the algorithm. Finally, the
conclusion is described in the last section.

Preliminaries

Definition 1 Generalized form of simple crisp set is said to
be fuzzy set, where each element has various grade of mem-
bership value. In crisp set, it bases on two values, either it
is zero (false) or it is one (true). It may not be sufficient to
handle the human thoughts. However, fuzzy set can consider
the total interval between one(true) and zero (false) for bet-
ter outcome. In a fuzzy set, each member has membership
within the [0, 1]. Let n be an object of N , then the fuzzy set
Q̃ can be described as follows

Q̃ =
{
n, μQ̃ (n) |n ∈ N

}
(1)

Definition 2 Let Q̃ is a fuzzy set and Q̃ will be fuzzy number
if it follows the four conditions

(a) Q̃ must be normalize fuzzy set.
(b) Q̃ must be convex fuzzy set.
(c) The membership grade of Q̃ must be continuous.
(d) The degree of membership of Q̃ must be in the real num-

ber.

In literature, there exists many different forms of fuzzy
number, e.g., triangular, bell shape, trapezoidal, LR fuzzy
number, etc.

Definition 3 Let Ũ = {u, u0, u} be a fuzzy number. Ũ has a
triangular shaped membership function and it is a triangular
fuzzynumber (TFN).TheTFN Ũ is shownby itsmembership
function μŨ (y) and it is described as follows.

μŨ (y) =

⎧⎪⎨
⎪⎩

y−u
u0−u if u0 ≥ y ≥ u
u−y
u−u0

if u ≥ y ≥ u0
0 otherwise

(2)

The Fig. 1 is an example of a TFN.

Definition 4 Let Ṽ=
{
v, v1, v2, v

}
be a fuzzy number. Ṽ

always has a trapezoidal shaped membership function and
it is a trapezoidal fuzzy number (TrFN). The membership
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Fig. 2 A TrFN

function μṼ satisfy following conditions.

μṼ (y) =

⎧
⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

y−v1
v1−v

if v1 ≥ y ≥ v

1 if v1 ≥ y ≥ v2
v−y
v−v2

if v ≥ y ≥ v2

0 if y < v or y > v

(3)

Here, the v1 and v2 are 2 main possible value, v and v are the
the least possible value and maximum possible value respec-
tively. An example of TrFN is presented in Fig. 2.

Ranking of operations on fuzzy numbers

In fuzzy optimization problem, ranking of fuzzy set is one
of the most important part to solve this problem. It is done
by defuzzification method which converts a fuzzy set into a
specific real number. We use those real values is used for the
rank of n of the fuzzy numbers. In this study, we consider the

graded mean ranking method of TrFN [5] in our proposed
genetic algorithm.

Definition 5 Let Ũ = {
u, u0, u

}
be a TFN and the graded

mean value of TFN Ũ is computed as

P(Ũ ) = 1

6
(u + 4u0 + u) (4)

Definition 6 Let Ũ = {
u, u0, u

}
and Ṽ = {

v, v0, v
}
be 2

TFNs. The fuzzy graded mean value of 2 TFNs can be found
by the following two equations.

P(Ũ ) = 1

6
(u + 4u0 + u) (5)

P(Ṽ ) = 1

6
(v + 4v0 + v) (6)

The P(Ũ ) and P(Ṽ ) values are used to compare two fuzzy
number Ũ and Ṽ as follows.

(a) If the value Ũ and Ṽ both are equal then P(Ũ ) = P(Ṽ ).
(b) If the value of Ũ > Ṽ then P(Ũ ) > P(Ṽ ).
(c) If the value of Ũ < Ṽ if P(Ũ ) < P(Ṽ ).

Definition 7 Let Ũ = {
u, u0, u

}
and Ṽ = {

v, v0, v
}
be 2

TFNs. The addition method of this 2 TFNs can be performed
as follows

P(Ũ ⊕ Ṽ ) = 1

6
(u + 4u0 + u) + 1

6
(v + 4v0 + v) (7)

Definition 8 Let Ũ = {
u, u1, u2, u

}
be a TrFN. The graded

mean value of Ũ can be determined as

P(Ũ ) = 1

6
(u + 2u1 + 2u2 + u) (8)

Definition 9 Let Ũ = {
u, u1, u2, u

}
and Ṽ =

{
v, v1, v2, v

}
be 2 TrFNs. The addition method of this 2 TrFNs can be
performed as follows

P(Ũ ⊕ Ṽ ) = 1

6
(u + 2u1 + 2u2 + u)

+1

6
(v + 2v1 + 2v2 + v) (9)

Genetic algorithm

Genetic algorithm is a heuristic based searching algorithm.
Genetic algorithm uses the concepts of natural genetics. This
algorithm is inspired by Darwin’s principal of survival of
fittest. Genetic algorithms have been treated as a strong solver
to solve combinational optimization problems [11–13]. In the
past years, they have been successfully used for dealing with
complex optimization problems.
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1. Begin: A initial population of size N which consists of
chromosomes is created.

2. Fitness value determination: The fitness of chromosome
in the current population is computed.

3. New population creation: A new population is created by
executing the following step.

3.1. Selection operation: Two different chromosomes are
chosen as parent chromosomes from the current pop-
ulation. The section method is done on based on the
fitness values of the chromosomes. If a chromosome
has higher fitness value then it has more possibility
to be chosen.

3.2. Crossover method: The crossover method is executed
on the selected parent chromosomes to develop new
chromosomes (children). The crossover probability
is the main parameter in crossover operation which
tells that how often this operation will be executed.
If no crossover method is executed, then the child
chromosomes are the precisely same copies as the
parent chromosomes.

3.3. Mutation method: Some selected chromosomes are
performed the mutation operation with a specified
mutation probability.

3.4. Accepting:All the newly generated chromosomes are
accepted and placed in the current new population.

3.5. Replace: Then, the genetic algorithm uses the newly
generated population for a further computation.

3.6. Test: The terminal condition of the genetic algorithm
satisfies, then end and return the chromosome with
highest fitness value in that population. This chromo-
some is taken as the optimal solution of the decision
making problem.

3.7. Loop: Else, Go to Step 2 and perform all other step.

Formulation of FSPP

In this section, we present the idea of the SPP in fuzzy
environment. This SPP is said to be FSPP. We introduce a
fuzzy linear programming method to formulated and solve
the FSPP.

Let G = (Y , Z) be directed weighted fuzzy graph. The
fuzzy graph has p number of nodes represented as Y =
{1, 2, . . . , p} and of q number of directed weighted arcs
Z ⊆ Y × Y . Each arc of the fuzzy graph G is described
by an order pair (y1, y2), here y1 �= y2 and y1, y2 ∈ Z .
In this fuzzy graph, we have assumed that there is only one
directed arc (y1, y2) between the two nodes y1 and y2. The
starting node of the path is x and target node is y. Here, we
consider a non negative TrFNs c̃y1,y2 which are related to the
arc (y1, y2). Here, c̃y1y2 is utilized to describe the fuzzy cost
from the vertex y1 and y2.

We introduce the fuzzy linear programming model of
FSPP as follows:

Minimize
n∑

y1=1

p∑
y2=1

c̃y1y2Fy1y2

Subject to

p∑
y1=1

Fy1 y2 −
p∑

y1=1

Fy2 y1 =

⎧
⎪⎨
⎪⎩

1 if y1 = x,

0 if y1 �= x, y(a = 1, 2, . . . , n)

−1 if y2 = y,

(10)

Fy1y2 ∈ {0, 1} ,∀(y1, y2) ∈ Ỹ

Here, Fab is binary variable related with arc (y1, y2). If
arc (y1y2) presents in the fuzzy shortest path, then Fy1y2 =1
else Fy1y2 = 0.

Proposed algorithm for FSPP

Given a directed weighted fuzzy graph and its edge weight,
our proposed genetic algorithm determines the fuzzy shortest
path between two specific nodes, starting and target nodes
of the fuzzy graph. In this section, a genetic algorithm is
introduced to solve theFSPP in a fuzzygraph.Wehave shown
the flowchart of our proposed algorithm in Fig. 3.

Chromosome encoding

In our proposedgenetic algorithm, each chromosomedescribes
a path between the starting node and target node of the fuzzy
graph. It is a possible solutionwhichmaynot be shortest path,
i.e., optimal solution. A chromosome consists of a finite set
of nodes in the same place as present within the path. Every
nodes in the fuzzy graph are assigned unique integer num-
bers. In this FSPP, the first node of a chromosome is always
the starting node. For creating a path (starting node to target
node) needed to encode a chromosome, the starting vertex is
assumed first to produce the next node of the specific path.
We are tried to determine its next node of the path in repre-
senting chromosome. To solve this problem, a node, say x ,
is randomly selected from the list of adjacent nodes of the
starting node. If the selected node x is not still present in
the chromosome, then the node x is used as the next node
of starting node in the chromosome. The method of includ-
ing the next node in the specific chromosome is done until it
comes the destination node.

123



230 Complex & Intelligent Systems (2021) 7:225–234

Fig. 3 A flowchart of our
proposed genetic algorithm for
FSPP

Begin

Compute the fitness of the
chromosome in using 4.2.

Yes

Max noumber of
generations

End

Generate random initial
population using 4.1.

Select genetic method
probabilistically using 4.3.

Perform crossover method
as described 4.4

Select two individuals
based on fitness

Insert two offspring
into new population

Perform mutation

Select one individual
based on fitness

Insert mutant into
new population

Yes

chromosome=M
No

No
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Fitness function

The fitness value of any chromosome describes the quality of
corresponding chromosome. In our algorithm, the objective
is to determine a path between specified starting node x and
target node y in a fuzzy network such that the path length is
minimum. A fuzzy path starting node x and target node y can
be described by a TrFN. The graded mean ranking technique
is applied to computed the rank of the specified path. The
rank of the path is the real number of the corresponding fuzzy
number.

Selectionmethod

In genetic algorithm, the selection method uses for choos-
ing the more number of chromosomes having higher fitness
values and so choosing less number of chromosomes having
less fitness values. In our proposed genetic algorithm, we use
binary tournament selection technique, where the fitness val-
ues are compared between 2 randomly chosen chromosomes
and choose the good chromosome for the crossover.

Crossover method

Crossovermethod is employed to recombine twoparent chro-
mosomes to generate two new child chromosomes. In the
crossover method, several properties of two parent chromo-
somes are inherited to their two child chromosome which
describes different solutions from their parent chromosomes.
We have used the following crossover method in our pro-
posed algorithm.

1: First, 2 different parent chromosomes/individuals F1 and F2 are
selected from the current population based on their fitness.

2: A substring (except the first and last node) is randomly taken from
F1.

3: Using this substring a child chromosome ch_1 is produced. The
taken substring is copied into ch_1 the same place of F1.

4: The nodes of F2 are spanned from left to right, if a node of F2 is
not already present in ch_1 then it places the node into chromosome
ch_1 at the first available position in ch_1.

Results

We have executed our proposed genetic algorithm on a fuzzy
graph with 24 nodes and 43 edges. We have numbered ran-
domly from 1 to 23, as shown in the Fig. 4. Let the starting
node be node 1. The fuzzy edge weights of the fuzzy graph
are presented in Table 1 as TrFNs. In the literature, we do not
find any fuzzy graph whose each edge has two weights. One
is for fuzzy traveling cost and an another is fuzzy traveling

time. For this fuzzy graph, presented in Fig. 4, 86 differ-
ent random values of TrFN are taken for fuzzy arc lengths
and each edge consists two edge weights. They are shown in
Table 1.

Our proposed genetic algorithm is applied to select the
fuzzy shortest path (FSPP) between the starting node 1 and
several different target nodes. The average fuzzy values are
considered of the fuzzy shortest path lengths in distinct gen-
eration from 20 runs of our proposed genetic algorithm. For
this problem,weconsider the crossover probability andmuta-
tion probability as 0.7 and 0.6. For every cases, the fuzzy
shortest path length is found exactly same. We have pointed
the fuzzy values of traveling cost of the FSPP between the
starting node 1 and several target nodes In Table 2. The
FSPP from the starting node 1 to the target node 24 is
1 → 4 → 7 → 10 → 16 → 20 → 24. The com-
puted traveling cost of this FSPP is [12, 22, 30, 52]. The
FSPP from the starting node 1 to the target node 20 is
1 → 4 → 7 → 10 → 16 → 20. The computed travel-
ing cost of this FSPP is [9, 17, 23, 43]. The FSPP from the
starting node 1 to the target node 14 is 1 → 4 → 11 → 14.
The computed traveling cost of this FSPP is [5, 9, 13, 23].

In this study, this FSPP is also solved using fuzzy math-
ematical model. We have presented the fuzzy mathematical
model of FSPP in (10).We have used the CPLEX software to
solve this FSPP. The solution of our proposed genetic algo-
rithm and CPLEX are shown in Table 3. The computed FSPP
from the starting node 1 to all other target nodes using of our
genetic algorithm is properly same to the path of the CPLEX
software. However, our genetic algorithm requires less time
than the solution of CPLEX software.

Application of FSPP

Many researchers have worked on mobile wireless network-
ing over the last fewyears due to its significant applications in
real life situations. There exist no wired or cellular networks
in mobile wireless network. The mobile device communi-
cates with other mobile device using a single hop wireless
link if and only if the receiver mobile device is in the trans-
mission range of the sender mobile device. Otherwise it can
communicates using multi-hop transmission method based
on intermediate mobile devices to send the control message.
Each mobile device in the mobile wireless network works as
a router and it forwards the data packets to another mobile
devices. In a single hop wireless link, a mobile device can
be received by all other mobile devices within its range of
transmission. Each and everymobile device has a global posi-
tion system collector, which helps to provide the position of
the mobile device and each mobile device also knows the
information about the positions of all other mobile devices
that are in its range of transmission. A mobile wireless net-
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Fig. 4 A fuzzy network with
fuzzy arc length
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Table 1 The fuzzy traveling
costs of the network

Edge Fuzzy traveling cost Edge Fuzzy traveling cost

(1, 2) (8, 9, 10, 12) (1, 3) (13, 15, 16, 17)

(1, 4) (1, 2, 3, 7) (2, 7) (13, 15, 16, 17)

(1, 5) (7, 9, 10, 12) (2, 6) (5, 8, 9, 10)

(3, 8) (8, 9, 10, 12) (4, 7) (3, 5, 7, 9)

(4, 11) ((2, 4, 5, 10)) (5, 8) (5, 8, 9, 10)

(5, 11) (8, 9, 10, 12) (5, 12) (13, 15, 16, 17)

(6, 9) (32, 33, 35, 37) (6, 10) (13, 16, 20, 22)

(7, 10) (9, 11, 12, 13) (7, 11) (2, 4, 5, 10)

(8, 12) (7, 10, 12, 19) (8, 13) (5, 8, 9, 10)

(9, 16) (13, 15, 16, 17) (10, 16) (2, 4, 5, 10)

(10, 17) (22, 23, 24, 26) (11, 14) (1, 2, 3, 7)

(11, 17) ((3, 5, 7, 9)) (12, 14) (5, 8, 9, 10)

(12, 15) (10, 15, 16, 17) (13, 15) (10, 11, 13, 15)

(13, 19) (13, 15, 16, 17) (14, 21) (5, 8, 9, 10)

(15,18) (9, 10, 12, 16) (15, 19) (9, 10, 12, 14)

(16,20) (1, 2, 3, 7) (17, 20) (9, 10, 13, 16)

(17,21) (1, 2, 3, 7) (18, 21) (1, 6, 9, 15)

(18,22) (18, 20, 21, 23) (18, 23) (21, 25, 26, 28)

(19,22) (13, 15, 16, 17) (20, 23) (10, 12, 15, 16)

(21,23) (12, 16, 18, 20) (22, 23) (7, 8, 9, 10)

(22,24) (6, 7, 8, 9) (20, 24) (3, 5, 7, 9)

(23,24) (5, 8, 9, 10)
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Table 2 The solutions of our
proposed genetic algorithm

Source to destination Fuzzy shortest path Fuzzy shortest path length

1–10 1 → 4 → 7 → 10 [6, 11, 15, 26]

1–14 1 → 4 → 11 → 14 [5, 9, 13, 23]

1–20 1 → 4 → 7 → 10 → 16 → 20 [9, 17, 23, 43]

1–21 1 → 4 → 11 → 17 → 21 [[8, 14, 20, 32]]

1–24 1 → 4 → 7 → 10 → 16 → 20 → 24 [12, 22, 30, 52]

Table 3 The comparison of our proposed algorithm with fuzzy linear programming

Source to target Result of our genetic algorithm Solution of CPLEX Run time Run time LINGO

1–24 1 → 4 → 7 → F1,4 = 1, F4,7 = 1, F7,10 = 1 0.20 0.1

10 → 16 → 20 → 24 F10,16 = 1, F16,20 = 1, F20,24 = 1

1–21 1 → 4 → 11 F1,4 = 1, F4,11 = 1 0.17 0.09

→ 17 → 21 F17,21 = 1, F11,17 = 1

1–20 1 → 4 → 7 → F1,4 = 1, F4,7 = 1, F7,10 = 1 0.18 0.16

10 → 16 → 20 F10,16 = 1, F16,20 = 1

1–10 1 → 4 → F1,4 = 1, F4,7 = 1 0.15 0.07

7 → 10 F7,10 = 1,

1–14 1 → 5 → F1,5 = 1,F5,12 = 1, F12,14 = 1 0.7 0.8

12 → 14

work can be modeled by using a weighted directed fuzzy
graph G = X ,Y . Here, X represents the finite set of all the
mobile devices in the wireless network and arc a, b ∈ Y
if the mobile device a is within the transmission range of
the mobile device b. G is strongly weighted connected fuzzy
graph, in which there exist only directed path between any
two nodes. Unicast routing technique is used to choose a
connecting path of given two mobile devices and multicast
routingmethod is to determine a tree that links a set ofmobile
devices. Unicast routing is an application constrained short-
est path problem. There exists several fuzzy cost parameters
c1, c2, . . . , cn related with the transmission links of the net-
work G. A fuzzy path p is said to be a fuzzy feasible path if
the all fuzzy cost parameters c1, c2, .., cn fulfill the given n
constraints. A feasible path is said to be the FSPP if the path
is the minimum (optimal) between all the feasible paths.

Conclusion

The fuzzy shortest path problem is a very popular combinato-
rial network optimization problem in the field of fuzzy graph
theory. Many scientists work several different kinds of fuzzy
shortest path problem. In SPP, decision maker determines a
path between specified source vertex s and destination vertex
t in a graph such that the path length is minimum and trav-
eling time within two vertices. In this study, we present the
SPP, where arc lengths are represented by TrFNs. This type
of SPP is defined as FSPP. The importance of considering

TrFNs as arc lengths in FSPP is presented in this study. This
paper presents a fuzzy mathematical model for FSPP. We
have used the CPLEX software to solve this FSPP. We intro-
duce an algorithmic method based on genetic algorithm for
solving this FSPP. FSPP is one of the most important prob-
lems in supply chain management which contains multiple
organizers such as production manufacturers and distribu-
tors. In future study, the FSPP can be remodeled to real life
problems in supply chainmanagement, production and distri-
bution problems [15,38], transportation, telecommunication
and other relevant areas.
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