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ABSTRACT 
 
A major hurdle to the development of our cities is the traffic jam 
problem. The number of vehicles on roads increases day by 
day.But it is not always possible to makenew roads or to increase 
width of the road corresponding to the increase in the number of 
vehicles. So trying to minimise the traffic jam is the only possible 
way to overcome this hurdle. Here we try to develop a fuzzy 
mathematical approach to the traffic jam problem and suggest a 
method to find a suitable route from an origin to a destination with 
lesser time than other routes. 
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1.  INTRODUCTION  

 
 The characteristic function of a crisp 
set (classical set) assigns a value of either 1 
or 0 to each individual element in the 
universal set, thereby discriminating 
between members and non-members of the 
crisp sets under consideration. This function 
can be generalised in such a way that the 
values assigned to the elements of the 
universal set fall within a specified range 
and indicate the membership grade of these 
elements in the set in question. Larger values 
denote the higher degrees of the set 
membership. Such a function is called a 
membership function, and the set defined 
by it a fuzzy set.Themost commonly used 

range of values of membership functions is 
the unit interval[0,1]. 
 
2. FORMATION OF THE MATRIX 
 
 Suppose there are ‘m’ routes from 
an origin to a destination. The problem is to 
find a route, which takes minimum time to 
reach our destination. For finding such a 
route, we have to consider the parameters, 
which lead to traffic jam in each of these 
routes, such as distance to be covered, 
number of traffic signals on the route, 
number of schools, number of hospitals, 
traffic intensity, time, etc. Suppose we are 
considering ‘n’ such parameters. Then 
corresponding to each of these parameters 
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we define a fuzzy set μ�(1≤j≤n)by a general 
method. After defining these fuzzy sets, we 
can form an m×n matrix, in which each row 
denotes one route and its grading values of 
the considered parameters. Then from this 
m×n matrix, we can solve this problem by 
using a new tool called fuzzy linear 
programming problem3,4. But solving 

through this method is time consuming. So 
here we introduce two methods for solving 
it. The second method can be handled by a 
lay man, who knows the four operations in 
Mathematics. Through this method any one 
can find a suitable route by analysing the 
grading values. Let the m×n matrix be the 
following 

 
TABLE 1 

 
                μ� μ�  . .           .              μ� 
R� μ��          μ��          .             .            .               μ�� 
 
R� μ��          μ��          .             .            .               μ�� 
 

               R	              μ
�          μ
�         .             .            .               μ
� 
 

 
 
First we will find the better route among the 
m routes by the following methods 
(i) Max-min Method 
(ii)  Comparison Method 
 
3.  THE MAX-MIN METHOD 
 

Let �� (1≤ i ≤m) be the routes and μ� 
(1≤ i ≤n) be the fuzzy sets corresponding to 
the parameters considered. In this method, 
first we find the minimum of each row and 
then we find the maximum of all these 
values. Let �� be the minimum of μ��, where 
1≤j≤n. Then the minimum of the row �� is 
��. Let α = max { �� / 1≤ i ≤m } 

Then for each j=1,2,3,….,m, we find 
the α-cut ��={ x /μ�(x) ≥ α }. The route, 
which comes maximum number of times in 
these α-cuts is the better route. 

To find the next better route we find 
β = max { ��, 1≤i ≤m / �� ≠ α } . Then we 

find β-cuts for the remaining routes and 
proceed as above. 
 
3.1. Example. Consider the following 2×4 
matrix corresponding to 2 routes and 4 
parameters 
 

TABLE 2 
 

       μ�   μ� μ�        μ�        Row  Min. 
R�   1   .9 .4 .7               .4 
 
R�  .9   .8 .8 .6      .6 
 
 
Here α = max { ��, 1 ≤ i ≤ m }  
= max { .4, .6 } = .6 
 
Then     . 6� = { x / µ(x) ≥ α } = { ��, ��} 
 . 6�= { ��, ��} 
 . 6� = { ��} and . 6� = { ��, ��}  
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Here the route which comes maximum 
number of times in these α –cuts is ��. So 
��� ��. So �� is the better route. 
 

3.2. Example. Consider the following 3×3 
matrix corresponding to 3 routes and 3 
parameters 

TABLE 3 
 

    μ�           μ�              μ�  Row Min.    Row Min.    Row Min.   

R� 
 

R� 
 

R� 

       1           .9          .8        
 
      .7           .7          .9        
 
      .8           .9          .9        

       .8 
 
       .7 
 
      .8 

       .9 
 
 
 
       .9 

      1 
 
 
 
     .9 

    α = .8      β=.9    �=1 

 
Here α = max { ��, 1 ≤ i ≤m } = max { .8, .7, 
.8 } = .8 
Then     . 8� = { x/ µ(x) ≥ α } = { ��,��} 
 . 8�= { ��, ��} 
 . 8� = { ��, ��,��} 
 

Here the route which comes 
maximum number of times in these α – cuts 
are �� and ��. Then we have to find the 
better route among these two. So we 
consider the next max–min. of these two 
rows and here it is β =.9 . 
Then     . 9� = { x/ µ(x) ≥ α } = { ��} 
 . 9�= { ��, ��} 
 . 9� = {��} 

 
Here the route which comes 

maximum number of times in these β– cuts 
are �� and ��. So we have to go for next 
max-min. of these two rows and that is �=1. 
Then     1� = { x/ µ(x) ≥ α } = { ��} 
 1�= { } 
 1� = {} 

i.e. �� is the better route. So we conclude 
that  �� � ��� �� . 
 
 

3.3. Example. Consider the following 2×4 
matrix corresponding to 2 routes and 4 
parameters 
 

TABLE 4 
 
        μ�     μ� μ�        μ� Row Min. 
 
R�    1     .97 .8          1     .8 
 
R�    .83     1  1 .93            .83 
 
 
α = max { ��, 1≤i≤m }  
= max{ .8, .83 } = .83 
 
Then     . 83� = { x/ µ(x) ≥ α } = { ��, ��} 
 . 83�= { ��, ��} 
             .83� = { ��} 
 . 83� = { ��, ��}  
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Here the route which comes maximum 
number of times in these .83-cuts is ��. So 
�� � �� . 
 
4.  COMPARISON METHOD 
 

In this method we compare the 
routes to get the better route. Two routes 
R�and  R� (1≤ i, j ≤ m) are compared as 
follows: 

First consider the rows 
corresponding to the routes R�   and  R�. 

Among the n fuzzy components, if [
�

�
 + 1 ] 

components of R�exceeds the corresponding 
components of R� , where [.] denotes the 
greatest integer function, then we say that 
the route R� is better than the route R�. Like 
this compare all the routes pair wise and 
finally we can find the better route. 
 
4.1. Example. Consider the problem with 2 
routes and 4 fuzzy parameters in example 
3.1 
 

TABLE 5 
 
               μ� μ� μ�        μ� 
 
R� 1 .9 .4 .7 

 
R� .9 .8 .8 .6 
 
 

Here [
�

�
 + 1 ] = [

�

�
 + 1 ] = 3. Also   μ�� �

  μ�� ,   μ��  �   μ��  and  μ��  �   μ��  . 
 
 So 3 components of the row1 ( ie the 
route 1) exceeds the corresponding 
components of row 2 ( ie the route 2). So 
route R�is the better route. i e �� � �� 

But here  ∑ μ��  
�
� � 3  �     ∑ μ��  

�
� � 3.1 

Here the sum of the grades of second route 
is more but first route is the better route. 
 
4.2. Remark. (1) In method (i) [example 
3.1], the conclusion of the above problem is 
that R� is the better route but here in this 
method, we conclude that  R�is the better 
one. In method (i) we considered only one 
factor α-cuts of the fuzzy sets but here we 
are considering more factors like 
comparison of the grades of each fuzzy sets 
and their sum etc. Also so many other 
factors may have to be considered. 
(2) When the comparison method fails, the 
sum of grades may be compared; and the 
route with the bigger sum may be taken as 
the better. 
 
4.3. Example. Consider the following table 
 

TABLE 6 
 

             μ� μ� μ� 
 
R�  1 .9 .8 
 
R� .7 .7 .9 
  
R�         .8         .9         .9            

 

Here [
�

�
 + 1 ] = [

�

�
 + 1 ] = 2. 

Here    μ�� �   μ��    and     μ��  �   μ�� , so  
R� is the better than R� 
and   μ�� �   μ��    and     μ��  �   μ��  , so  
R� is the better than R� 
  
 Finding a better route between 
R�and R�using comparison method is not 
possible. So in this case we consider the sum 
of the grades of the routes  R� and  R�. 
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Here 
so the route  has bigger sum t
Also 
implies that  is the better than 
Hence  �  � . 
4.4. Remark. If n is even and  

of the routes  exceed both ways  
(ie half components of 
half components of 
consider the sum of the grades of the rows 

 and we choose the route 
corresponds to the greater sum as the better 
route. 
4.5. Example: Consider the following 
matrix 

TABLE 7  
 

                            
 

 1 .97 
 

 .83   1 
 

Here the number of columns, n = 4, an even 

number and [ + 1 ] = [  + 1 ] = 3. But 

 
and 
half components of 
both ways. Hence finding a better route by 
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 and 
has bigger sum than . 

 . This 
is the better than  

If n is even and    components 

exceed both ways  
 and 

) we 
consider the sum of the grades of the rows 

and we choose the route 
corresponds to the greater sum as the better 

Consider the following 

  

 .8  1 

   1 .93 

Here the number of columns, n = 4, an even 

+ 1 ] = 3. But 

 
. That is 
 exceeds 

both ways. Hence finding a better route by 

the comparison method is not possible and 
so we find the sum 

. 
So we can conclude that rout
better route. i. e  �  
 
4.6. Remark. In example 3.3 and 4.5 we 
have considered the same problem. The 
solutions obtained are different. It is easy to 
observe that the solution obtained by the 
second method is more realistic. Hence we 
can conclude that the second method is 
better. 

In the following section, we give a 
case-study of the traffic problem in the city 
of Kochi in Kerala and apply the second 
method to arrive at a solution. 

 
5.  SOLUTION OF A PARTICULAR 
     TRAFFIC PROBLEM: A CASE 
     STUDY 
 
5.1. Problem: One of the r
Ernakulum district in Kerala state where 
traffic jam occurs frequently is the Fort 
Kochi – Kochi Airport route. Mainly there 
are 3 routes between these places. Suppose 

 are these routes. The 
following is the graph2 of these routes.

FIGURE 1 

)  41 

130) 

the comparison method is not possible and 

 is the 

In example 3.3 and 4.5 we 
have considered the same problem. The 
solutions obtained are different. It is easy to 
observe that the solution obtained by the 
second method is more realistic. Hence we 
can conclude that the second method is 

In the following section, we give a 
study of the traffic problem in the city 

of Kochi in Kerala and apply the second 

5.  SOLUTION OF A PARTICULAR  
TRAFFIC PROBLEM: A CASE  

One of the routes in 
Ernakulum district in Kerala state where 
traffic jam occurs frequently is the Fort 

Kochi Airport route. Mainly there 
are 3 routes between these places. Suppose 

are these routes. The 
of these routes. 
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Here in all the routes, the sub routes one from Fort Kochi to Thoppumpady and the other 
from Kalamassery to the airport are common. So it is enough to consider all the three routes 
from Thoppumpady to Kalamassery. 
 
Route1, R�: Thoppumpady →  Kundanoor    →        Palarivattom   →   Civil station   →   
Kalamassery. 
 
Route 2,  R�:Thoppumpady     →     Kundanoor    →Palarivattom   →   Edapally   → 
Kalamassery. 
 
Route 3,  R�:Thoppumpady     →     Ernakulam   → Edapally   →     Kalamassery. 
 
 

Here we are considering the following 
factors (parameters) for the fuzzy sets 
 
1. Time 
2. Distance to be covered 
3. Number of Traffic signals in each route 
4. Number of Schools, Hospitals and 

Public offices, which come under the 
routes 

 
5.2.  Definition of the Fuzzy Set under the  
       four parameters 
 
I.  Fuzzy set μ� corresponding to the  
    parameter ‘Time’ 
 
We divide the 24 hours of a day into three 
units. 
 
(i) 8.00 a.m -7.00 p.m 
(ii)  7.00 p.m-10.00 p.m 
(iii)  10.00 p.m-8.00 a.m 
 
 

I (i). The traffic Intensity of the above three 
routes during time period 8.00 a.m -7.00 p.m 
are 150%, 185% and 215% respectively. 
Then  μ� : { R�, R�,   R� }  →   [0,1] is 
defined by μ� (R�) = ��� ,  1≤ i ≤3, which are 
computed in table.8 below 

TABLE 8 
 
 Traffic 

Intensity(��) 
 

Ratio,�� 

=
��

�
, 

D=M-L 

Value,  
���= 

�

��

, 

m = min (��) 
R� 150[L- Min. 

value] 
2.3[=m] 1 

R� 185 2.85 .81 

R� 215[M=Max. 
value] 

3.31 .7 

 
I (ii). The traffic Intensity of the above three 
routes during time period 7.00 p.m-10.00 
p.m are respectively 120%, 140% and 170%. 
Then  μ� : { R�, R�,   R� }   →   [0, 1] is 
defined by μ� (R�) = ��� , 1≤i ≤3, which are 
computed in table.9 below 
 
 

TABLE 9 
 
 Traffic 

Intensity(��) 
 

Ratio, 

��=
��

�
, 

D=M-L 

Value,  
���= 

�

��

, 

m = min (��) 
R� 120[L- 

Min.value] 
2.4[=m] 1 

R� 140 2.8 .86 
R� 170[M=Max. 

value] 
3.4 .71 
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I (iii).The traffic Intensity of the above three 
routes during time period 10.00 p.m-8.00 
a.m are 50%, 60% and 40% respectively. 
Then  μ� : { R�, R�,   R� } → [0, 1] is 
defined by μ� (R�) = ���,  1≤i ≤3, are 
obtained below. 
 

TABLE 10 
 
 
 Traffic 

Intensity(��) 
 

Ratio, 

��=
��

�
, 

D=M-L 

Value,  

���= 
�

��

, 

m = min (��) 

R� 50 2.5 .8 

R� 60[M=Max. 
value] 

3 .67 

R� 40[L- Min. 
value] 

2[=m] 1 

 
 
II. Fuzzy set μ�  corresponding to the 
parameter“ Distance ” 
 

The total distance in kms.to be 
covered in each of these routes are 
respectively 27kms, 20.5 kms. and 21 kms. 
Then  μ� : { R�, R�,   R� } →   [0,1] is 
defined by μ� (R�) = ��� ,  1≤i ≤3, are 
computed in table. 11 below. 

 
TABLE 11 

 
 Traffic 

Intensity(��) 
 

Ratio, 

��=
��

�
, 

D=M-L 

Value,  
���= 

�

��

, 

m = min (��) 
R� 27[L- Max. 

value] 
4.153 .76 

R� 20.5[M=Min. 
value] 

3.153 
[=m] 

1 

R� 21 3.230 .98 

III. Fuzzy set   μ
� 

 corresponding to the 
parameter “ Traffic Signals ” 
 

The number of traffic signals in the 
routes are 3, 5 and 13 respectively. Then  
μ

3 
: { R1, R2,   R3 }   →   [0,1] is defined by 

μ
3 

(Ri) = ai3 ,  1≤i ≤3, are obtained in 
table.12 below. 
 

TABLE 12 
 
 Traffic 

Intensity(��) 
 

Ratio, 

��=
��

�
, 

D=M-L 

Value,  
���= 

�

��

, 

m = min (��) 
R� 3 [L- Min. 

value] 
.3[=m] 1 

R� 5 .5 .6 
R� 13[M=Max. 

value] 
1.3 .23 

 
IV. Fuzzy set μ

� 
corresponding to the 

parameter “Number of Schools, Hospitals 
and Public offices in the routes ” 
  
 The three routes have 2, 1 and 7 
such bodies respectively. Then μ

4 
:              

{R1, R2,   R3} →  [0,1] is defined by  
μ

4 
(Ri) = ai4 ,  1≤ i ≤3, are computed in 

table. 13  below. 
 
 

TABLE 13 
 
 Traffic 

Intensity(��) 
 

Ratio, 

��=
��

�
,  

D=M-L 

Value,  
��	= 

�

��

, 

m = min (��) 
R� 2 .33 .5 
R� 1 [L- Min. 

value] 
.16[=m] 1 

R� 7 [M=Max. 
value] 

1.16 .14 
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5.3. Solution of the problem. 
 

We consider each of the three time 
zones separately and arrive at solutions 
independently. 
 
1. Solution corresponding to the time 

period 8.00 a.m -7.00 p.m 
 
From the fuzzy sets defined in I (i), II, III 
and IV we get the matrix of the problem as 
 

TABLE 14 
 

 μ� μ� μ�        μ� 
 
R�         1        .76       1         .5 
 
R�        .81       1        .6          1 
 
R�        .7       .98      .23      .14 
 
 

Here [
�

�
 + 1 ] = [

�

�
 + 1 ] = 3 

Comparison of the routes   R� and   R�  : 
 
 Here two components exceed both 
ways and so we consider the sum   
∑ a��  

�
� � 3.26  � ∑ a��  

�
� � 3.41. 

Therefore the route R� is better than   
R�  . i.e.R� � R�  . 
Comparison of the routes   �� ��    ��  : 
Here  ,     a��  �   a��   For all j  and  
so R� � R�   
 

Comparison of the routes   R� and   R�  : 
 

Here 3 components of  R� exceeds the 
corresponding components of R� and  
so R� � R�   
So we can conclude that R� � R�  � R�  . 
i.e.R� is the better route. 

2.  Solution corresponding to the time 
7.00 p.m-10.00 p.m 

1.  
From the fuzzy sets defined in I (ii), II, III 
and IV we get the matrix of the problem 
 

TABLE 15 
 
  μ�      μ�          μ�        μ� 
 

  R�       1      .76        1         .5 
 

   R�       .86      1         .6         1 
 
   R�        .71    .98       .23      .14  
 
Here as in the case of solution of (I) we can 
conclude that   R� � R�  � R�  . i.e.R� is the 
better route. 
 

3.  Solution corresponding to the time 
10.00 p.m- 8.00 a.m 

 
In this case, there is no need for consider the 
parameters 3 and 4. (since these are not 
applicable during these time period). So we 
do consider only the first and second 

parameters. So from the fuzzy sets defined 
in  I(iii) and II we get the matrix of the 
problem 
 

TABLE 16 
 

  μ�         μ�  
 

R�      .8       .76  
R�     .67        1  
R�      1        .98 

 
Comparison of the routes   R� and   R�  : 
  Here one component exceeds both 
ways and so we consider the sum    
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∑ a��  
�
� � 1.56  �     ∑ a��  

�
� � 1.67. 

Therefore the route R� is better than  R�  . 
We denote this as  R� � R�  . 
 
Comparison of the routes   R� and   R�  : 
 
 Here also one component exceeds 
both ways and so we consider the sum  
∑ a��  

�
� � 1.67  �     ∑ a��  

�
� � 1.98. 

therefore the routeR� is better than  R�  . 
We denote this as  R� � R�  . 
 
Comparison of the routes   R� and   R�  : 
 
 Here  ,     a��  �   a��   for all j and 
so R� � R�  . So we can conclude that   
R� � R�  � R�  . i.e.R� is the better route. 
 
5.4. Remark. In the preceding problem, the 
fuzzy sets  I, II, III and IV  are  defined  by  
a general method. In all these fuzzy sets, the 
values of #� in the first column are inversely 
proportional to the grade values ��� in the 
last column. For example consider the fuzzy 
set  μ�  in III, μ� = { (3,1), (5, .6), (13, .23) } 
 

 Here the number of traffic signals 3 
has the maximum grade 1 and that of 13 has 
the lowest grade 0.23. i.e. if the number of 
traffic signals increases then the traffic jam 
also increases and so the grading value 
decreases. 
 The fuzzy sets defined in I, II, III 
and IV are of this type. In all these fuzzy 
sets, the grade values are defined by  ���= 

	

��
 

, where m = min ($�). We call this method, 
Method – I. 
 Now consider the parameter “Width 
of the road ” of the traffic jam problem. The 
traffic jam decreases if the width of the road 
increases. Here the width and the grade 

values of the fuzzy sets are directly 
proportional. i e  if the width increases then 
traffic jam decreases and so grade value  
increases. In such cases we define the grade 
value of the fuzzy sets by ���= 

��

	
 , where m 

= max ($�).We call this method, Method – II. 
 
5.5. Example. Consider a problem with 
three routes and two parameters ‘Distance to 
be covered’ and ‘width of the road’. 
 

TABLE 17 
 

   R�          R�            R� 
 
  Distance (Kms.)       10        13       11.5 
  Width (Mtrs.)           12        15        30 
 
 
Let μ� and μ� be the fuzzy sets 
corresponding to these parameters. Since 
distance is inversely proportional to the 
grade values, we use Method – I for defining 
the fuzzy set μ�  and width is directly 
proportional to the grade values, we use 
Method – II for μ�. 
 
Fuzzy set  μ� (Method – I ) 
 
 

TABLE 18 
 

 Traffic 
Intensity(��) 
 

Ratio, 

��=
��

�
, 

D=M-L 

Value,  

���= 
�

��

, 

m = min (��) 

R� 10[L- Min. 
value] 

3.33[=m] 1 

R� 13[M=Max. 
value] 

4.33 .77 

R� 11.5 3.83 .87 
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Fuzzy set  μ� (Method – II ) 
 
 

TABLE 19 
 
 Traffic 

Intensity(��) 
 

Ratio, 

��=
��

�
, 

D=M-L 

Value,  

���= 
��

�
, 

m = max 
(��) 

R� 12[L- Min. 
value] 

.67 .4 

R� 15 .83 .5 

R� 30[M=Max. 
value] 

1.67[=m] 1 

  
Then the matrix of this problem is 
 
 

TABLE 20 
 

  μ�              μ�  
 

R� 1        .4  
R�   .77       .5  

 R� .87      1 
 
 
By comparison of the rows we get  R� �

R�  � R�  .  
 

6. CONCLUSION  
 
 The above technique can be easily 
adopted by the authorities to arrive at 
solution to the traffic problem in their city 
and arrange traffic accordingly. Each city 
requires separate case study and analysis as 
the routes and parameters differ. 
 An abridged form of the paper was 
presented in the “International Conference 
on Methods and Models in Science and 
Technology” at Chandigarh and was 
selected for the Best Paper Award.  
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