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AbstrACt

Genetic algorithm (GA) is a derivative free problem optimization method based on the concept of 
natural selection and evolutionary process. Here we have utilized this method along with crossover 
operators. And pentagonal fuzzy number is used in GA to analyse one pesticide from the five 
pesticide for a field. For this purpose we have derived results using the cost matrix of different 
pesticides
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1.0 INtroduCtIoN

In the year of 1965 fuzzy set was introduced by 
L.A.Zadeh [1]. Aim of our present study is to describe 
the basic definition and notations of fuzzy number and 
also to define the pentagonal fuzzy number based on the 
function. Then we have utilized arithmetic operations 
such as addition, subtraction and multiplication 
of pentagonal fuzzy number. In this paper we use 
fuzzy number to choose the best pesticide for a field 
by Genetic algorithm method. Genetic algorithm is 
being used in various problems for representation 
and evaluation process. In this study GA is applied 
to compute the best pesticide for a field by using the 
method of crossover operator to find out the maximum 
value for evaluating.

2.0 bAsIC dEfINItIoNs

2.1  Definition (Fuzzy set) [1]

A fuzzy set Ã in x is characterized by a membership 
function Ã(x) which associates with each point xa real 

number in the interval [0, 1]. A fuzzy set Ã of X is 
defined as Ã ={(x,Ᾱ(x)/xX}, where Ã(x) is called the 
membership function which maps each element of x to 
value between 0and 1.

2.2  Definition (Fuzzy Number) [2]

A fuzzy set Ã is defined on the interval on the universal 
set R, is said to be a fuzzy number if its membership 
function has the following characteristics.

Ã is convex 1. i.e.,)μÃ(λx1 + (1-λ)x2)≥min(μÃ(x1), 
μÃ(x2) ∀λ∈ [0, 1] ∀x1,x2∈R.

Ã is normal is there exists x2. 0∈ μÃ(x0)=1

μ3. Ã is piecewise continuous.

2.3  Definition (Triangular fuzzy number)

Triangular fuzzy number is defined as Ã = {a, b, c} 
where all a, b, c are real numbers and its membership 
function is given below, [2]
μÃ(x) =
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2.4  Definition 2.4  (Trapezoidal fuzzy 
number) [5]

A fuzzy set Ã = (a, b, c, d) is said to trapezoidal fuzzy 
number if its membership function is given by 
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3.0 pENtAgoNAl fuZZy NuMbEr

3.1  Definition (Pentagonal Fuzzy 
Number) [4]

A pentagonal fuzzy number of a fuzzy set P  is defined 
as P  = {a, b, c, d, e} and its membership function is 
given by

P
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(x - b)
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Note: Conditions on pentagonal fuzzy number:

A pentagonal fuzzy number ÃP should satisfy the 
following conditions.

μ1. ÃP(x) is a continuous function in the  
interval [0, 1].

μ2. ÃP(x) is strictly increasing and continuous 
function on [a, b] and [b, c].

μ3. Ã(P) is strictly decreasing and continuous 
function on (c, d] and [d, e).

4.0 ArItHMEtIC opErAtIoN oN 
pENtAgoNAl fuZZy NuMbEr

4.1  Definition (Addition of two  
pentagonal fuzzy numbers)

If  ÃP = (a1, b1, c1, d1, e1) and = (a2, b2, c2, d2, e2). 
Then
+ ÃP + Õ = (a1+ a2, b1+ b2, c1+ c2, d1+ d2, e1+ e2)

4.2  Definition (Subtraction of two 
pentagonal fuzzy numbers)

If ÃP = (a1, b1, c1, d1, e1) and ÕP= (a2, b2, c2, d2, e2). 
Then
 ÃP - Õ = (a1- a2, b1- b2, c1-c2, d1- d2, e1- e2)

4.3  Definition (Multiplication of two 
pentagonal fuzzy numbers)

If ÃP = (a1, b1, c1, d1, e1) and ÕP = (a2, b2, c2, d2, e2). 
Then
ÃP * ÕP = (a1* a2, b1* b2, c1* c2, d1* d2, e1* e2).

4.4  Definition (Membership function for 
pentagonal fuzzy number)

Membership function of ÃP = (a, b, c, d, e) is 
defined as,

a b c d e
, , , ,
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5.0  GENETIC AlGorIThM [7,9,10]

A genetic algorithm is a method for solving both 
constrained and non constrained and unconstrained 
optimization problem based on a natural selection 
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process that mimics biological evaluation. The  
algorithm repeatedly modifies a population of  
individual solution [7].

5.1 INtroduCtIoN to CrossovEr 
opErAtor

The crossover operator is analogous to reproduction 
and biological crossover. In this more than one parent is 
selected and one or more off-spring are produced using 
genetic material of the parent. Crossover is usually 
applied in a genetic algorithm with a high probability. 
[6]

5.2 opErAtIoNs usEd oN gENEtIC 
AlgorItHM

Genetic codingi) 

Fitness function ii) 

Selection processiii) 

Crossover operatoriv) 

5.3 typEs of CrossovEr opErAtor

There are three types of crossover for using in genetic 
algorithm. They are

One-point crossover.i) 

Multi-point crossover.ii) 

Uniform crossover.iii) 

5.4 oNE-poINt CrossovEr

In this one-point crossover, a random crossover point is 
selected and the tails of its two parents are swapped to 
get new off-spring[8].

5.4.1 Example

 {0, 1, 2, 3, 4, 5, 6, 7}

 {7, 6, 3, 1, 4, 2, 8, 5}

Suppose we choose k=5 then we have

 {0, 1, 2, 3, 4, 2, 8, 5}

 {7, 6, 3, 1, 4, 5, 6, 7}

6.0 proCEdurE

Step 1: First randomly select two fields F1 and F2.

Step 2: Next select another two fields F3 and F4.

Step 3: Convert all the elements fuzzy number into its  
 membership function.

Step 4: Set the pentagonal fuzzy number in weights of  
 the fields.

Step 5: Take the values from the field

Step 6: Calculate the cost matrix m=i yi

Step 7: Find the maximum values. Then select the  
 best.

Step 8: Do the crossover operation and find maximum  
 values of the field.

6.1 NuMErICAl ExAMplE

Suppose there are four types of fields F1, F2, F3 and 
F4. Let the possible attributes to above fields w= (a, b, 
c, d, e) as universal set. Where a, b, c, d, e represents 
the five types of seeds like (Paddy, Black gram, 
ground nut, Seasame, corn) respectively. Compute the 
pentagonal fuzzy number in four fields F1,F2, F3 and F4 
by considering completing work.

Step 1: F1= (30, 8, 20, 5, 6) ; F2=(35, 9, 18, 3, 7)   

Step 2: F3= (28, 6, 22, 6, 5) ; F4= (31, 5, 23, 6,7)

Step 3: Convert the pentagonal fuzzy number into  
 membership function.

F1= (3.0, 0.9, 2.0, 0.5, 0.6); F2= (3.5, 0.9, 1.8, 0.3, 0.7)

F3= (2.8, 0.6, 2.2, 0.6, 0.5); F4= (3.1, 0.5,2.3,0.6.0.7)

Step 4: Consider the above fuzzy number is fuzzy  
 weights fij

f11=0.7,   f12=0.8,   f13=0.9,   f14= 0.75,   f15= 0.85

f21=0.7,   f22=0.8,   f23=0.9,   f24= 0.75,   f25= 0.85

f31=0.7,   f32=0.8,   f33=0.9,   f34= 0.75,   f35= 0.85

f41=0.7,   f42=0.8,   f43=0.9,   f44= 0.75,   f45= 0.85

Step 5: calculate the cost matrix f= i yi

Table-1: Calculate the Cost Matrix for Field 1

N 3.0 0.8 2.0 0.5 0.6
0.7 2.1 0.56 1.4 0.35 0.42
0.8 2.4 0.64 1.6 0.4 0.48
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0.9 2.7 0.72 1.8 0.45 0.54
0.75 2.25 0.6 1.5 0.3 0.45
0.85 2.5 0.68 1.7 0.42 0.51

Max = {2.7, 0.72, 1.8, 0.45, 0.54}

Table-2: Calculate the Cost Matrix for Field 2

N 3.5 0.9 1.8 0.3 0.7
0.7 2.45 0.63 1.26 0.21 0.49
0.8 2.8 0.72 1.44 0.24 0.56
0.9 3.15 0.81 1.62 0.27 0.63
0.75 2.62 0.67 1.35 0.22 0.52
0.85 2.97 0.76 1.53 0.25 0.59

Max = {3.15, 0.81, 1.62, 0.27, 0.63}

Table-3: Calculate the Cost Matrix for Field 3

N 2.8 0.6 2.2 0.6 0.5
0.7 1.96 0.42 1.54 0.42 0.35
0.8 2.24 0.48 1.76 0.48 0.4
0.9 2.52 0.54 1.98 0.54 0.45
0.75 2.1 0.45 1.65 0.45 0.37
0.85 2.38 0.51 1.87 0.51 0.42

Max = {2.52, 0.54, 1.98, 0.54, 0.45}

Table-4: Calculate the Cost Matrix for Field 4

N 3.1 0.5 2.3 0.6 0.7
0.7 2.17 0.35 1.61 0.42 0.49
0.8 2.48 0.4 1.84 0.48 0.56
0.9 2.79 0.45 2.07 0.54 0.63
0.75 2.32 0.37 1.72 0.45 0.52
0.85 2.63 0.42 1.95 0.51 0.59

Max = {2.79, 0.45, 2.07, 0.54, 0.63}

Step 6: Therefore among the five pesticides it is found  
 that urea is the best pesticide.

Step 7: Select the two fields F1 and F2 then do the  
 crossover operation.

F1= {2.7, 0.72, 1.8, 0.45, 0.54}

F2= {3.15, 0.81, 1.62, 0.27, 0.63}

Randomly choose an integer k in {0,1,…5}. Suppose 
k=1 then form F1

1 and F2
1.

F1
1= {3.15, 0.81, 1.62, 0.27, 0.63}

F2
1= {2.7, 0.72, 1.8, 0.45, 0.54}

Suppose k= 3

F1
1= {3.15, 0.81, 1.8, 0.45, 0.54}

F2
1= {2.7, 0.72, 1.62, 0.27, 0.63}

Suppose k= 5

F1
1= {3.15, 0.81, 1.8, 0.45, 0.63}

F2
1= {2.7, 0.72, 1.62, 0.27, 0.54}

Therefore the max value is {3.15, 0.81, 1.8, 0.45, 0.63} 
……………………(1)

Next we choose two fields F3 and F4 and again do the 
crossover operation.

F3= {2.52, 0.54, 1.98, 0.54, 0.45}

F4= {2.79, 0.45, 2.07, 0.54, 0.63}

Suppose k=1

F3
1= {2.79, 0.45, 2.07, 0.54, 0.63}

F4
1= {2.52, 0.54, 1.98, 0.54, 0.45}

Suppose k=2

F3
1= {2.79, 0.54, 1.98, 0.54, 0.45}

F4
1= {2.52, 0.45, 2.07, 0.54, 0.63}

Suppose k=3

F3
1= {2.79, 0.54, 2.07, 0.54, 0.63}

F4
1= {2.52, 0.45, 1.98, 0.54, 0.45}

Max value is {2.79, 0.54, 2.07, 0.54, 0.63} 
……………………(2)

Comparing (1) and (2)

{3.15, 0.81, 1.8, 0.45, 0.63}

{2.79, 0.54, 2.07, 0.54, 0.63}

Suppose k=3

{3.15, 0.81, 2.07, 0.54, 0.63}

{2.79, 0.54, 1.8, 0.45, 0.63}

Max value is {3.15, 0.81, 2.07, 0.54, 0.63}

Finally we get the maximum

7.0 CoNClusIoN

We have concluded that pentagonal fuzzy number 
is applied to solve the agriculture problem by using  
Genetic algorithm. The result of the numerical example 
shows the best solution for field. In the numerical 
example we have computed the efficient pesticide. Then 
we took the crossover operation and compared with 
four fields to find out the maximum values. From those 
five pesticides we found that one efficient pesticide that 
will be commonly used in the field of agriculture.
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