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Abstract

Present paper proposes the Genetic Algorithm which helps in selection of a machine tool for FISP (flexible job-shop scheduling
problems), which may result in reduction of a make span. The genetic algorithm (GA), a class of theoretical search algorithms,
which is effective in finding optimal solutions to variety of problems and it comprises as follows:

1) An effective selection method.

2) New crossover operator uses the combination of genes concept.

3) New mutation operator helps in maintaining overcoming premature convergence and population diversity.

The aim of this research is to find a schedule that minimizes the “MAKE SPAN”. The experimental results “of 2 jobs 3
operations 3 machine models provided below” proves this phenomena.
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I. INTRODUCTION

The scheduling problem is one of the complicated connectional optimization problems. It is an extension which allows an
operation that to be processed by any machine from a given input. The problem has to assign an operation to a machine and to
order the operations on the numerical machines, in such a way that the make span off all operations is to be minimized. The basic
applications of the system are to optimize crane operations and scheduling in real manufacturing systems. The difference
between of flexible job shop scheduling problems and job shop scheduling problems is to allow each operation that to be
processed on one or more than one machine. However, different machines require the different processing time for each and
specific operation. Comparing to these two, JSSP, FJSP is more complicated and complex and more difficult to solve.
The Approach of GA used to these problems such as job scheduling and the travelling salesman problems. This approach,

introduces three new operations are as follows:

1) Method of selection using fitness function evaluation one which is proposed and used in selecting chromosomes to form a

mating pair.
2) New crossover operator used in generation of new offspring - 1 chromosome with mixed mating pair.
3) New mutation operator is applied to the offspring — 1 for overcoming premature convergence and population diversity.

A. Defining a Problem

The aim of FJSP is to schedule a set of ‘R’ jobs J = {Jo, Js, ..., JrR} on a set of S machines M = {Mo, My, ..., Ms} so that the make
span (Cmax) is minimized. Each job may have a different number of operations. Each operation Oij, j™" operation of the i job, can
be processed on any of the available machines.

An example of FJSP is given in Table: 1.

Each row refers to an operation; each column refers to a machine and cells are processing times. As illustrated in Table 1, for
example, the 3™ operation of the 2" job is only allowed to be processed on M, and Ms. The digit “0” means that the machine
cannot execute the corresponding operation.

Table - 1
Ideal case of the flexible job-shop scheduling problem
. Machines
Job (J) | Operations (O) Mo T ML T ™2
0 - - -
0 1 - - -
2 - - -
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Critical hypotheses for the FJSP, which are as follows:

1) Machines available at t=0.

2) Jobs are performed one after another

3) The sequence of operations for each job, was predetermined and cannot be modified
4) Machine only can execute one operation at a time

5) Operation must be processed without interruption on machines.

#. The proposed algorithm

The proposed algorithm developed is according to a concept of GA Approach. The procedure of such proposed algorithm is as
follows:

1) Generate the Initial Population of chromosomes

The structure of chromosomes used here in this paper consists of two components. The first component of the chromosome
represents the sequence of operations to be processed while the second component contains the list of machines used in
executing the operations in the first component. When we consider an Ideal case of a table given here below, with the 2 - job, 3 -
machine problem, an initial population of 5 chromosomes of which selection should be done in random manner each
chromosome contains 12 genes. The numbers 0 and 1 which appear in the first component of the chromosome stand for jobs Jo
and J; respectively. Since each job has three operations, the numbers 0 and 1 therefore occur three times in the first component of
the chromosome. On the other hand, the numbers 0, 1, and 2 which appear in the second component of the chromosome stand for
machines Mo, M1, and M respectively. According to the chromosome 4, the second componentis[2 1 2 1 1 0]. The first gene
in the second component 2 means that the 0™ operation of the 1% job is to be processed by the machine M.

Component 1 Component 2
o of of 1| o 1] 2f 1] 1] 1] of 1]

Fig 1: Schematic representation of the chromosome structure

71 Fitness Evaluation
In this step, a fitness function is applied to evaluate the fitness of all chromosomes in the population. In line with the main
objective of the FIJSP, the fitness function used in this study is Minimizing of the make span of the chromosome.

Initial population of sample chromosomes and with possible make spans:

Chomesome! (O (O (O |1 |1 |1 ]0]0O |1 |1 |1 |1

For Chromosome 1, need to evaluate total make span through the given relation with random selection of a particular machine, as chosen below
“To O My +J3 Oy My +1,0, My +1; Oy My +1; Oy M +1, OM™

| Chomesome? [0 JOJO 10 o2 1|1 ]0]1]
For Chromosome 2, need to evaluate total make span through the given relation with random selection of a particular maching, as chosen below
“To Og My +J3 Oy My +130; My #1; Og My +1; 01 M 41, OM™

Chomesome3 (O | O (O |1 |1 |l o1 |1 |1]0]2

For Chromosome 3, need to evaluate total make span through the given relation with random selection of a particular maching, as chosen below
“To Og My +J3 Oy M; +1,0, My #1; Og M +1; Oy My +1; O)M;™

Chomesomed | O | O[O |1 |1 |1 |21 |1 ]1]0]!1

For Chromosome 4, need to evaluate total make span through the given relation with random selection of a particular machine, as chosen below
“To Og My +J3 Oy M; +1,0, My+1; Og My +1; Oy M 41, OM™

ojofofufufrfafojujrfrfu]
For Chromosome 5, need to evaluate total make span through the given relation with random selection of a particular machme, as chosen below
“To Og My +J3 Oy My +1,0, My +1; Og My +1; Oy M +1, OM*

Fig. 2: Initial population of sample chromosomes and with possible make spans

‘ Chromesome §
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71 Selection
In the process of selection, parent chromosomes are selected according to their fitness values obtained in the previous stage of
fitness evaluation. Highly fit chromosomes have been selected for mating than less fit chromosomes. These are used as parent
chromosomes in the further process of cross over operation.

Therefore, highly fit Chromosomes are to be considered from evaluations which are as follows:

MirChomsene [ O JOJo |1 |1 |1 |21 ]1]1]o |1 ]

Mo Chomseme [0 O JO |1 |1 |1 [2]o |1 ]1 |1 ]1]

Fig. 3: highly fit Chromosomes are to be considered from evaluations

4} Crossover Operation
Next the proposed model employs the crossover operation to improve the quality of the solution. This paper proposes a new
crossover operator, which randomly selects genes from the parent chromosomes and creates a new offspring chromosome - 1,
which is efficient than its Parent chromosomes.

For an effective Crossover operation, we have:

Offspring chromosome 1= Mixture of Min operational times of [Parent Chromosomel, Chromosome 2]

i.e., offspring 1< [PC 1, PC 2]

Note: Here, in this case Chromosome 4 and chromosome 5 are Parent Chromosomes.

Therefore, the Offspring Chromosome generated from parent chromosomes are,

:lj":E.":;'j:“u'j? L A N N A }}Ieedtustrikeoutgenes are (which are to be
Wallomgee | QO (O (O[22 |2 |2 (0 |1 4|4 |

L eliminated).

|Offtspring L [0 o JoJt |1 [2]o ]t ]1]o]1|]

Fig. 4: Offspring Chromosome generated from parent chromosomes

Using Crossover operator new make span value obtains on simplifications of minimal chromosomes would be the off-spring
1, obtained as follows, “Jo Og M2 +Jo O1 Mg +JoO2 M1+J1 Og M1 +J; O1 Mg +J; OoM;”.
F/ Mutation operation
In this paper, the new mutation operator is employed to perform the mutation on the offspring. The mutation operation is used in
order to maintain the diversity of the population and to overcome premature convergence of offspring 1, the following mutation
procedure is performed:
— Randomly select two genes in the component 2 of the chromosome.
—  Swap the selected genes.
— Evaluate the fitness of the mutated offspring. If the mutated off-spring is fitter than its parent, it will replace its parent in the
population. If not, the mutated offspring will be discarded.
—  This procedure is repeated N number of times, where N is the possible number of interchange ability of chromosomes one
gene with the other.
Therefore,
N =n(n-1)
Where,
‘n’ is the number of genes in the second component of off-spring chromosome 1.
Successively generated Chromosome after Mutatation:

Offspring2 O | O (O |1 |1 |1 (1 |0 [l |2 |0 |1
T GenesWhich are mutated. (inter changed)

Fig. 5: Generated Chromosome after Mutatation

After Mutation operator we obtain chromosome “Jo Op M1 +Jg O1 Mg +J0O2 M1+J1 Og M2 +J1 O1 Mg +J1 O2M7”
@) Termination
Finally, after N number of mutations, we get an offspring chromosome 2 which is the modified version of offspring chromosome
1. And is the fittest of all the previous chromosomes generated.

Therefore, all the chromosomes created terminated except the one with the highest fitness function, that is off-spring
chromosome 2.And here in this case the following Off-spring Chromosome 2 is the final chromosome.
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Fig. 6: Off-spring Chromosome 2 is the final chromosome

I1. RESULTS AND DISCUSSIONS

The proposed algorithm is tested with 2 job 3 different operations and with 3 machines and compiled over a JAVA Program and

resulted here below:
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Fig. 7: Results & Discussion

The results are plotted with fittest chromosome as the final offspring chromosome 2, with the minimum possible make span.

Off-sprmg2 | O |0 |0 |1 |1 |1 1 0 |1 |2 [0 |1

I11. CONCLUSION

This paper proposes a modification to the genetic algorithm for solving the flexible job-shop scheduling problem (FIJSP). Three
main operations of the genetic algorithm are modified: selection, crossover, and mutation operations. The experimental results
show that the performance of the proposed model is significantly improved when these three new operations are used in place of
the original operations typically used in the genetic algorithm. A much more complex version of the FIJSP, which contains multi-
objective, will be studied in the future work.
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