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ABSTRACT

Improving the efficiency of dynamic routing problem on road network is a difficult .There is
numerous works proposed for this problem and they try to solve this in different aspects. Most of
the existing routing problem based on static approach. In this paper, we propose a fuzzy Dijkstra’s
shortest path algorithm based on dynamic approach. The linguistic variables that qualify user
parameters are quantified using fuzzy set theory that provides fuzzy numbers outputs to predict
the shortest route on network. By handling the fuzzy parameter, it gives issue to compare the
distance between two different paths with their edge lengths represented by fuzzy numbers. The
addition of fuzzy numbers using graded mean integration representation is used to improve
Dijkstra’s algorithm. A numerical example of a road network is used to illustrate the efficiency of the

proposed method.

Key words:User-based intelligent Decision Support System, Dijkstra’s Algorithm,
User Parameter, Fuzzy Set Theory, Fuzzy Numbers.

INTRODUCTION

User-based decision support system in
route selection on a road network is great interest.
It is necessary to provide the shortest path from
origin to destination nodes™ 2. In a road network,
the edge weight based on one of the distance,
cost and travelling time. We propose a new type
of path searching technique using fuzzy numbers.
The main objective of this work is to deal with the
imprecise data involved in different kinds of
existing searching techniques in a more efficient

way and thus to suggest a new improved version
of searching technique under uncertainty which
will be helpful in solving real life problems of
transportation, routing, communications etc. in the
road network of edge in the path of a network have
the parameters that are not precise (i.e. distance,
cost , travelling time , traffic, road quality, number
of tollgate etc.). In these cases the use of fuzzy
numbers for modeling the problem is quite
appropriate. The algorithm is based on the idea
from all the shortest paths from source to
destination.
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Many efficient algorithms have been
developed by Bellman, Dijkstra's, Dreyfus and
these algorithms are referring to as the standard
shortest path algorithms. One of the most used
methods to solve the shortest path problem is
Dijkstra's algorithm; it handles only the crisp
number. But many optimization methods the
linguistic variables quantity cannot be applied
directly to fuzzy numbers, some modification are
needed before using Dijkstra's algorithm. Many
typical works? transform the fuzzy number into crisp
number* by defuzzification method. When applying
the fuzzy Dijkstra's, we need three key issues.
Quantify the linguistic variables into fuzzy numbers,
the graded mean integration representation
method leads to the result that addition of two
numbers can be represented in crisp number then
the Dijkstra algorithm can be easily implemented.

In this paper , we are motivated to develop
a Dijkstra's algorithm for fuzzy shortest path
problem. The most classical shortest path algorithm
is the Dijkstra's algorithm. Whose complexity is
O(IEI+IVI loglVI, where IVl is the number of
vertices and |El is the number of edges, it is not
applicable under fuzzy environments. Therefore,
in this paper we modify the algorithm with the help
of fuzzy set theory. At first, fuzzy numbers are used
to represent the user parameter, then the fuzzy
arithmetic between fuzzy numbers are adopted to
find the shortest path, resulting in the fuzzy
Dijkstra's algorithm(FDA) .So FDA handle the fuzzy
shortest problem flexibility and effectively. In
addition, one feature of FDA is that no order relation
between fuzzy numbers is used.

The rest of the paper is organized as
follows. In section 2, some basic concept of fuzzy
set theory. Section 3 deals with User-based
intelligent decision support system to find the set
of user parameter for road network. Section 4
proposed FDA to solve fuzzy shortest path
algorithm. Section 5 gives the assessment model
and process. The results obtained are also given
in this section. Section 6 concludes the paper.

Preliminaries

In this section some basic definition, fuzzy
numbers and fuzzy arithmetic operations are

reviewed?®.

Definition 2.1:
Afuzzy number 4.LetX be the Universe
of discourse, then a fuzzy set is defined as:

A={[xpd(x) xex ]} (1)

This is characterized by a membership
function ;L_{:X—}[Ull , where, ,u;_i I:x:l

denotes the degree of membership of the element
xtothe set 4.

Definition 2.2:
A triangular fuzzy number represented
with three points as follows _4=(a,,a,a, ) shown

in Fig 1. This representation is interpreted as
membership functions and holds the following
conditions

a, to a, is increasing function
a, to a, is decreasing function

a, < a, < a,
I I
— Srea,
ulm =1
0, £r 24, ..(2)
|l: - I =0
Definition 2.3:

A trapezoidal fuzzy number represented
with three points as follows 4 =(a,,a,,a,,a,) shown
in Fig 2. This representation is interpreted as
membership functions and holds the following
conditions

a, to a, is increasing function

a, to a, is stable function

a, to a, is decreasing function

a=a, <a=a,




Definition 2.4:

Arithmetic Operation of Triangular Fuzzy
Number Consider two triangular fuzzy numbers
A=(a,, a, a;) and B =(b,, b,, b,).

1. Addition of Aand B :
A+B=(al, a2, a3) + (b1, b2, b3) = (a1+b1,
a2+b2, a3+ b3) where al, a2, a3, b1, b2,
and b3 are real numbers.

2. Product of Aand B :
A x B=(c1, c2, c¢3) where T= {a1b1, a1b3,
a3b1, a3b3} ¢c1 =minT, c2 =a2b2, c3 =
max T If a1, a2, a3, b1, b2, b3 are all non
zero positive real numbers, then Ax B =
(a1b1, a2b2, a3b3)

3. Subtraction of Aand B :
A-B=(a, a, a,) - (b, b, b)) =(a,-b,, a,-b,,
a,b,)wherea,, a,, a, b,, b,, and b3 are real
numbers.

4. Division of A and B :
A/B=(a,, a, a,)/ (b, b, b,) = (a/b, ab,
a/b,) Where A and are non-zero positive
real numbers

Definition 2.5:
Defuzzification by Graded Mean
Integration Method

The conversion of a fuzzy set (or) a fuzzy
number to single crisp value is called
defuzzification and is the reverse process of
fuzzification.

Let B be a triangular fuzzy number and
be denoted as fi=(b,,b,,b, ).Then we can set the

graded mean integration representation® of B by
above formula as

L1
p(4) = z(a +4xa; +a;) .(4)

Let C be a trapezoidal fuzzy number, and
be denoted as (" =(c,,c,,C,,C, ). Then we can get

the graded mean integration representation of C
by formula as

. 1
p{ﬂ'}:g{c1+2xaz+ 2xa; +a;) 5
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The graded mean integration
representation of the addition of triangular fuzzy

number Fand B can be defined as:

’

w428 )=p(d)% PB)==(n+41m +ay —é::bl—i.zig—il;)

...(6)
The graded mean integration
representation of the addition of triangular fuzzy

number Fand fican be defined as:

w - w R | 1
pA®EB)=pld)x PI_I:']:5[55-_—4123—a;}:a[h._—-t:':l:—':l;}

(7)
The graded mean integration
representation of the addition of trapezoidal fuzzy

number Fand B can be defined as:

ol @ Bl =mld 1+ BB =—fg+ 71 g9+ 15 po b el +—0h £33 brt 21 bethal
oA E-j}l-...-”-..j} =—\@+i1 &3 +inaytay) +-( Hizp i Hie)

] a

...(8)
The graded mean integration
representation of the addition of trapezoidal fuzzy

number Fand B can be defined as:
1

MEEL-REE P} P_’E‘-:g:;, it g tite +a) n ok +ink 4 ink )

-
(9)

Dijkstra algorithm

It conceived by Dutch computer scientist
Edger Dijkstra's in 1956 and published in 19597,
is a graph search algorithm that solves the single-
source shortest path problem for a graph with non-
negative edge path costs, producing a shortest
path tree. For a given source vertex (node) in the
graph, the algorithm finds the path with lowest cost
(i.e. the shortest path) between that vertex and every
other vertex. The signle-source shortest-paths
problem for a given city called source in a
trapezoidal fuzzy number connected cities, find
shortest routes to all its other cities. They are several
well-known algorithms for solving it,including
Floyd's algorithm for the more general all-pairs-
shortest-paths problem . But we consider the best-
known algorithm for the single-source shortest-
paths problem, called Dijkstra's algorithm. It finds
the shortest paths to a graph's vertices in order of
their risk factor from a given source. First,it finds
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the shortest path from the source to a vertex nearest
to it, then to a second nearest, and so on.In
general,before its ith iteration commences,the
algorithm has already identified the shortest paths
to i-1 other vertices nearest to the source.

Let the node at which we are starting be

called the initial node. Let the distance of node Y

be the distance from the initial node to Y. Dijkstra's

algorithm will assign some initial distance values
and will try to improve them step by step.

1. Assign to every node a tentative distance
value: set it to zero for our initial node and to
infinity for all other nodes.

2 Mark all nodes unvisited. Set the initial node
as current. Create a set of the unvisited
nodes called the unvisited set consisting of
all the nodes except the initial node.

3. For the current node, consider all of its
unvisited neighbors and calculate their
tentative distances. Even though a neighbor
has been examined, it is not marked as
"visited" at this time, and it remains in the
unvisited set.

4. When we are done considering all of the
neighbors of the current node, mark the
current node as visited and remove it from
the unvisited set. A visited node will never
be checked again.

5. If the destination node has been marked
visited (when planning a route between two
specific nodes) or if the smallest tentative
distance among the nodes in the unvisited
set is infinity (when planning a complete
traversal), then stop. The algorithm has
finished.

6. Select the unvisited node that is marked
with the smallest tentative distance, and set
it as the new "current node" then go back to
step 3.

Proposed method

Fuzzy logic is very effective in dealing
with table that involve uncertain such as qualitative
term, linguistic vagueness and human
intervention®. There are assessment criteria in
driver-preference route selection® such as Travel
time, Travel distance, Number of traffic signal,
Entertainment of route, Difficulty of driving, etc. The
membership function Travel time, Travel distance

used to find the shortest path. The best route based
on Number of traffic signal, Entertainment of route,
Difficulty of driving etc.

Fuzzy Dijkstra's algorithm
Step 1

Construct a Network G = (V, E) where V is
the set of vertices and E is the set of edges.
Step 2

Get the Trapezoidal fuzzy number of
Traffic signal, Entertainment of route and Difficulty
of driving member functions for each edge.
Step 3

Add Tollgate, Traffic and Quality of road
fuzzy number using fuzzy arithmetic operation.
Step 4

Calculate risk factor of each edge using
Definition 2.5.1
Step 5

Calculate all possible paths Pi, from
source vertex s to all other vertices using Dijkstra's
shortest path algorithm.

Fuzzy Dijikstra's algorithm Algorithm finds
the shortest paths to a graph's vertices in order to
their fuzzy values from a given source. First, it finds
the shortest path from the source to a vertex nearest
fuzzy values to it, then to a second nearest, and so
on, In general , before its ith iteration commences,
the algorithm has already identified the shortest
paths to i-1 other vertices nearest to the
source.These vertices, the source, and the edges
of the shortest paths leading to them from the
source form a subtree Ti can be referred to as
“fringe vertices". They are the candidates from
which Dijkstra's algorithm selects the next vertex
nearest to the source.

fuzzydijkstra(G,S)

/I Fuzzy Dijikstra's algorithm for single-source
shortest paths

/Nnput:A weighted connected graph G=<V,E>with
fuzzy parameter values is a (triangular or
trapezoidal ) fuzzy numbers and its strating city
node

//Output:the length dv of a shortest path from sto v
and its penultimate vertex pv for every vertex vinV
for every route e in E do

R +—Add(Tc,Qy,Et) // add it all fuzzy parameter
values



GradeMeanIntMethod(R)// using for geeting crisp
number

Initialize(Q) //initialize vertext priority in the priority
queue to empty
for every vertex vin V do

d, ¢ o;p, «—null

Insert(Q,v,d )d, <—0;

Decrease(Q,s,d,) V. 6
for 1<—0tolVI-1 do

u* <—DeleteMin(Q)
V =V i {u}
for every vertex u in V-V_that is adjacent to u* do
if du*+w(u*,u)<d_u;

d €—du*+w(u*,u); p, €—u*

Decrease(Q,u,d )

Example

Consider the simple network from'°shown

in Fig 3,with five nodes and six routes.For example.
See Fig 3 and Table 1. From node a to d ,there are
two routes. One is a—+b —#c—+d and the other
a—# b —»d. The use of canonoiucal representation
of the additional operation on fuzzy numbers in
shortest path finding problem can be illustrated as
follows. The first route a—*b—*c—*d , can be
follows

Route1(a,d)

= Route(o, B} = (00,12} + (1.2.3.4) + (2.345) = (5811}
= Routelh, ¢} = (12 541 + (234,50 + (3.4.55) = (6,9.12,14)
= Roure(c, d} = (12,34} + (L23.4) +(2.345) = (47.10,13)
=Fuouta(a bR outz(b,c R osta(c 4]
=(3,52,114806,0,12,14)0(4,7,10,15]

1 1 1
=‘G—in—JxE.—11}—£I:5—J x?—lx11—14}—ﬂf4—lx'—1x1-5—13}

o b

40 62 351_15

Route1(a,d)

= Routs{a b} = (0,012 + (L234) + (2.34.5) = (3.5.811)
= Rowte(b.d) = (0.0.1.2} + (3459} + (0.01.2) = (3.4.7.9)
=Route(a, BB Route (b.d)

=(35.811HB(34.75)

1 1 ~
=3 (3+1=5+2x8+1 1}—5 (351 %4+17+4)

-

5+5 b
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THY7
|femmmm e m e =
) y 3 X
Fig. 1 : A triangular fuzzy number
',I_ ﬁ{x]ﬂ
1

L 3

I T A
Fig. 2 :A trapezoidal fuzzy number

Fig . 3 :A simple transportation network.

T4
The result shows that the & is better

1533
than T . Here dynamic routing under Dijikstras

algorithm using fuzzy parameter, decision making
can be easily obtained by using the canonical
representation of the addition operation is that its
result is a crisp humber without the process of
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Tree cities Remaining cities llustration

al—.0) bim, 6.66)c(—,=2)d{—, =)e(—, =)

O
bia, 6.66) c(b.16.99)d(b, 14.76)e(b, 18.82)

@ 5 ;
d(b, 14.76) e(b, 16.99) o(h, 18.82)

@ b
c(h,1699) e(h, 18.82)

RNy

e(h, 18.82)

@ 2

Fig . 4 :Application of Dijkstra's algorithm.The next closest vertex is shown in bold.
Fater the mumher of wvertices of the graphd shonld b= ¥ #)

Y 9% YPY U YUY YUY YpY Yyy
14 I 7 B 11 14 15
12 14 8 @ @ B 4 7 1B 13 999 999 999 999
7Y 47 IH1I MU WGE 11 12
15 999 999 999 99% 6 8 11 12 B R A ©

L1667

¥y
T.3331

Fig . 5 :The result of fuzzy Dijkstra algorithm in simple transportation network.
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Table 1. Parameters to compute membership functions.

Arc Member function
Traffic signal Entertainment Quality
of Road of Road of Road
(a,b) (0,0,1,2) (1,2,3,4) (2,3,4,5)
(b,c) (1,2,3,4) (2,3,4,5) (3,4,5,5)
(b,d) (0,0,1,2) (3,4,5,5) (0,0,1,2)
(b,e) (2,3,4,5) (3,4,5,5) (3,4,5,5)
(c,d) (1,2,3,4) (1,2,3,4) (2,3,4,5)
(d,e) (3,4,5,5) (0,0,1,2) (3,4,5,5)

ranking fuzzy numbers.

A numerical example of the fuzzy shortest
path problem.lt (Fig 4.) is used to show the efficiency
of the proposed method.Tthe transportation
network routes are trapezoidal fuzzy numbers with
membership functions as shown in Table 1.

In step 1,city (a), which is source node,is
moved to tree cities, while the distance from source
city to all other remaining cities are
calculated.Among them, the shortest one a?b
,whose route value 6.66 is moved to tree vertices.

In step 2, the next shortest path b?d,
whose route value 14.76 is moved to tree vertices
from the remaining cities.In step 3, city ¢ ,value
16.99 from city b selected.In step 4, city e ,value
18.82 from city b selected. The remaining cities

become an empty set and the search is complete.
The shortest path , in Fig 5. Shows the result

CONCLUSION

This paper using Dijkstras algorithm to
solve the shortest path with fuzzy
parameters.Three key issused are addressed. First
how to add the fuzzy parameters.Second how to
determine the addition of route fuzzy
numbers.Third how to compare the distance
between two different path when their routes are
represented by fuzzy numbers. The proposed
method using fuzzy arithmetic addition,graded
mean integration method for fuzzy numbers.The
example of simple network problem illustrate the
efficieny of fuzzy Dijkstras algorithm. The proposed
method can be applied to many network
optimization problem.
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