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Abstract—In this paper, we present GA and PSO for multi-objective function for flow-shop scheduling problem with various weighted
sets. For this work we used the multi-target function which includes four objectives are total weighted squared tardy, total weighted
squared earliness, maximum Makespan, no. of tardy jobs. The multi-objective function contained here is the minimization of weighted
sum of all four objectives. As increases the size of the problem solving time also increases (NP-Hard Problem) so we use the Meta
heuristic approach to solve the problem. Genetic Algorithm GA and Particle Swarm Optimization PSO are the most important
technique of meta-heuristic approaches capable to handle Nonlinear NP-Hard large size of problems. Comparison between the results
of the GA and PSO shows thatin larger problems the results obtained by PSO do not have adequate efficiency compare to GA.

Index Terms—Flow shop scheduling problem; genetic algorithm(GA); particle swarm optimization (PSO)

I. INTRODUCTION

Broadly speaking the schedule is a document, which provides information about encountering things, how they are going to be
happen and manage by providing plan based on start and end time of certain activities. Scheduling is the method of creating
sequence and schedule for manufacturing systems. When the need of scheduling arises, it can be managed by the proper
sequencing in which planning is for decisions.These decisions are for selecting the next task and the starting and completing time
of each task.

Flow-shop Scheduling Problem (FSSP) is one of extremely hard problems because it requires very large combinatorial search
space and the precedence constraints between machines. FSSP is a difficult NP-hard combinatorial optimization problem. The
traditional algorithm used to solve the problem is the branch-and- bound method, which takes considerable computing time when
the size of problem is large. And also itprovides only single solution. The study carried out and the results presented are based on
Meta-heuristic approaches for solving FSSP. Meta-heuristic approaches generate large set of possible solutions.

I1. CLASSIFICATION OFOPTIMIZATION TECHNIQUES

The optimization techniques for scheduling problems are classified in two types, one is continuous and the second is
combinational. Most of the continuous kind of optimization techniques having traditional kind of methods like linear programing,
quadratic programing, and nonlinear kind of branch and bound methods. But the continuous optimization techniques are the new
and global kind of optimization techniques those having ability to work for a large number of data and perform mathematical &
computational formulation, so that they are easy to handle very hard nonlinear kind of scheduling problems. In this work we
focused on the NP-hard kind of Flow Shop Scheduling problem and having a review of past researchers those have already applied
Genetic Algorithm to solve it. In this paper we are presenting the way, how the past researchers used GA and PSO for FSSP and a
comparative analysis of performance between GA and PSO. [6]

I11. MATHEMATICAL MO DEL

Multi-objective function FSSP: we follow the multi-objective fitness function for Flow shop scheduling which is based
on the due dates, processing time and setup time according sequence, where constraints of objective functions are °Total
Squared Tardiness’, ‘Makespan’, ‘Total Squared Earliness’ and ‘Total numbers of Tardy Jobs’. The multi-objective
function is to minimize all the objectives simultaneously for flow shop scheduling. Because the target of research is to mini mize
the overall Makespan of the flow shop scheduling by which we can increase the productivity, and used the resources
with effective and efficient manner. As we know, time is directly related to cost and this multi-objective function will
provide a unique solution considering all relevant constraints simultaneously. [1, 2].Deb, K [5] explain the application of
evolutionary approaches for multi objective problems in his book. Azardoost E. B. [8] used hybrid algorithms for flow shop
scheduling with two objectives.

The procedure for optimizing the FSSP is to minimize Makespan first, so it will ultimately meet due dates efficiently.If the
machines are used very effectively then only it can be possible, this is the main resign for the requirement of optimum scheduling
to minimize Makespan. Here we followed the multi-objective fitness function based on the work by AshwaniDhingra[7] for
driving the optimum flow shop scheduling results. By use of this optimum schedule,Makespan has also optimized. The objective
function has four constraints i.e. Total Weighted Squared Tardiness, Makespan, Total Weighted Squared Earliness and Total
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numbers of Tardy Jobs [7]. It is good to handle all constraints simultaneously; because these constraints directly affect to meet the
due dates. The multi-objective function and its relevant constraints are as follows.

Multi-objective function:

The multi-objective function and its constraints are as below:
n n
_ 2 2
(X = [ZWJ'TJ' +Coa + 2 W] +(Nt)]
j=1 j=1

1. Total Weighted Squared Tardiness-
This measure reflects the due dates of jobs to be reschedule for minimization of late deliverables and is defined as follows.

Zn:Wjsz
-1

T, =Max {C,—d,} if C,-d, >0
= 0 otherwise.
Here TJ- = Tardiness,
C, = Completion time,
[Cj— d, = Lj] and L; = lateness
2. Makespan-
C.x = Max(C,........ C.)

3. Total Weighted Squared Earliness
This measure reflects the due dates of jobs to be rescheduled for minimization of early deliverables and is defined as follows.

ZWiEiz
j=1
E; =Max {d;-C,} if d,-C; 20
= 0 otherwise.

4, Total numbers of Tardy Jobs
This measure reflects the total number of jobs considered for minimization.

N, = ZUJ
j=1

IV. META-HEURISTIC ALGORITHMS FOR FSSP

A.Genetic Algorithm (GA):

Sergio Cavalieri and P. Gaiardell[22] used the Genetic Algorithm GA by two ways. First was based on allocation and second
was on sequence production lotsin job shop. There the problem was based on nonlinear, multi-objective fitness function. L. D.
Ravindran& A. NoorulHaq[4] used GA approach to optimize the value of Makespan and minimize it, and also for the total flow
time for job shop scheduling. He wused three hybrid algorithms based over genetic algorithm. T .Pasupathy,
ChandrasekharanRajendran& R.K. Suresh [24] followed the flow shop scheduling problem, where the scheduling problem was
considered with bi-objective of minimizing Makespan and total flow time of jobs based over multi-objective genetic algorithm.
Chuen-LungChenet. al. [3] also used GA for flow shop scheduling problem. The work was based on Taillard[26] where numbers
of jobs were varying from 20 to 200 and numbers of machines were varying from 5to 20.

B.Particle Swarm Optimization (PSO):

Ruiz and Stutzle [20]used particle swarm optimization for permutation flow shop scheduling. They followed the total flow
time as single objective. Their research was based on competitive analysis of PSO with discrete differential evolutionary
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approaches. T.C. Wong, Felix T.S. Chan and L.Y. Chan [27]used PSO with lot and sub lots, the sub-lot having same size and
provide better results Li. D. and Deng, N [12]proposed an electoral cooperative PSO based on several sub swarm for permutation
FSSP, by individual voting for sub swarm. They applied this approach to benchmark Taillard’s [26] and the results were good
performance of electoral cooperative PSO for permutation FSSP.

V. EXPERIMENT INPUTS

In this work we used computational experiments to solve the multi-objective optimization problem for comparative analysis
between GA and PSO for their performance. In this experimental work for optimising flow shop scheduling on the basis of best
fitness value for problem size of 5, 10and 15 machines with 10, 20, 25, 50and 100 jobs. Four input variables used here are
processing time for individual job on individual machine, due date for each job, weighted value for each job and sequence
dependent setup time for each machines.The same weighted value for every job is taking as assumption in this experiment setting.

VI. EXPERIMENTAL SETUP AND RUN

Genetic algorithm is the one of the best method of evolutionary algorithms, for multi-objective optimization problem specially.
And here we perform experiments to solution sequence dependent FSSP through GA and PSO on MATLAB platform. So here we
use Genetic Algorithm as a universal search method of finding the optimum solution, same for the PSO also. The multi-objective
fitness function of the problem has constraints which are already discussed.

A. Setup for GA and Its operators:

Now Genetic Algorithms use for obtain a basic seed sequence based on the multi objective fitness function for generating init ial
population This basic seed sequence along with set of (Population Size - 1) random generated initial population size.And by
selecting a good set of chromosomes caring minimum fitness value in the initial population usually improve the performance of
genetic algorithm. GA start the optimization process with seed sequence, then GA generate random population, then it combined
with initial seed sequences. The GA operators perform creates a sequence of new population. With every stage GA uses the fitness
evaluation in current generation for selecting best chromosomes for next population. The fitness value is based on the multi-
objective function, which we are taken for optimising FSSP followed by Total weighted Squared Tardiness, Makespan, Total
weighted Squared Earliness and Total numbers of Tardy Jobs simultaneously. After that algorithm select the seed chromosomes,
and according to fitness value call the parental generation. Parents are selected according their fitness value (as selection criteria),
according to our objective function which is minimization function; minimum fitness value is choose as base fitness value. The
individual members of the current population that have lesser fitness value are chosen as Elite. These Elite are member of cu rrent
population which is considered to the next population. It produces off-springs from the parent. Those offspring are child or new
generation. There are two methods of generating off-springs first, by Crossover and second, by Mutation. By crossover off-springs
are produced either by combining the vector entries of pair of parents, and by mutation only random changes is done on single
parent. And then replace the current generation with their children for next generation. And this process is run in continuously till
optimum solution is obtained. The end run of the algorithm is computational time based. Algorithm run continuously and does not
stop until time limit reaches n x m x 0.5 seconds. Where n refers to the number of jobs and m is the numbers of machines in the
system. Generation of seed sequence in first step has been obtained from genetic algorithms. [1, 2]

Where, n=no. of jobsand m= no. of machines.In this case we followed following settings

Population size for each generations =50

Elite Count =02

Crossover (Order) probability =0.8

Mutation (Reciprocal Exchange) probability =0.1t0 0.15
Selection of chromosome Strategy = Roulette wheel
Stopping condition of iteration loop =(n x mx 0.5) Sec.
Migration rate  in one generation =0.2

Migration Interval =20

Genetic Algorithm Parameters:

i Population Size:
Population refers to the set of solutions or results.The population is used to show the particular generation and first population
contains large number of diversified solutions but after the generation of new population, we have better results. In computational
sector we fix the population size less than the available number of sequences so that it will take lesser time and provide better
results. In present work we fix the size of population as 50.

il Selection:
Select those chromosomes with promising fitness value and participate for new generation with better results.The selection
procedure is based on the individual fitness value of chromosome . These best chromosomes show the best quality for the available
mu lti-objective optimization problem.Best fitness value’s chromosomes are recombined. Now they are ready to participation for
new generation of better results.Here in present work we followed the straight forward selection procedure, Roulette wheel
selection for selection of best chromosomes.
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iii. Crossover function:
Crossover is used for generating new set of solution (new generation).The characters of chromosomes carried by genes are
mutually interchanged between two chromosomes.New types of child chromosomes develop with the same characters like
parental chromosomes and with better also.There are so many types of crossover possible like partial matched crossover, order
crossover, cycle crossover and single point crossover etc.In present work the rate of crossover is fixed to 80 per cent, which is a
good crossover rate for generating better results.

iv. Mutation function:
It is the last operator of Genetic Algorithm, which is also used for generating new generation.Mutation generation of single child
is done by single parent by a small random Reciprocal exchange or inversion of individual characterfor a solution. The probability
of mutation function is lesser then the crossover, individually it is very small. In our work the mutation rate is also fixed with 10
to 15percent.

V. Elite Count:
After the generation of new population, next step is to decide which individuals to keep and which ones to discard.
By the generational rep lace ment the new generation supersedes the old generation, and there is always a risk of dismissing of very
promising solutions.So here the most important Elitism concept is developed, which is used to always keep the most promising
solution in the population.

Vi. End-run condition:
End-run condition is the condition used in genetic algorithm for stopping the process of generation or running off algorithm
computationally. We use end-run limit as n x m x 0.5 seconds.

B. Setup for PSO and Its operators:

PSO is a neighborhood optimization algorithm that models the social behavior of particles within a search space. PSO was first
introduced by Kennedy and Eberhart [11]. They introduced PSO as a simulation of behavior of bird for search optimal solution,
but it quickly evolved into one of the most powerful optimization algorithms in the computational intelligence field. The
algorithm’s principle has partials in n-dimensional search space. The position of each and every particle represents a potential
solution to the optimization problem. This position is used to determine the fitness value of a particle. In each next iteration,
partials update their location on the bases of two things: one is the best location (or solution) found by itself, the pbest. The second
is the one found by the whole swarm by distance, thegbest. Every particle updates its velocity and position according to the
following equations.

Vs =w.i, + clrl{(pbestaj) - XfiJ))} + c,15 {(919@“6;;) - Xfi'j))} (i)
tH1 _ oyt t+1 N
Xap = Xap * Vap (i)

Where, equation (i) is used for velocity update of each particle between two consecutive points, here first point is the past
location of particle and the second point is the current location of that particular particle. And the equation (ii) is used to locate
particles in solution space; here it used the past location of a particular particle and its current velocity which it used to move from
past location to current location. Here n= no. of jobsand m=no. of machines. i= no. of particlesand j= no. of dimensions.In this
case we followed following settings

No. of dimension =04
Numbers of particles =50
Numbers of iteration = 500

C and C =2.05
Initial velocity =rand (50, 4) (Randomly taken)
Initial positions =rand (50, 4) (Randomly taken)

Stopping condition of iteration loop = (n x m x 0.5) Sec

Sequence generator generate unique sequence for every partial, total number of sequences are equal to 'n, number. of jobs.
Objective function solver was based on integer programing for each and every sequence of jobs; it calculates the final optimal
value in terms of fitness value. Selection of gbest and pbest were based on fitness value for each and every string. Then according
the principle of PSO compare the current fitness value of each string with past string’s fitness value and follow the best and again
select gbest among all possible solutions for that particular iteration.

The algorithm carried out until all the iteration has been completed or provide a time limitation ofn x m x 0.5 seconds or till the
systemstabilizes.

VII. RESULTS AND ANALYSIS

Experimental observations are the values as the output of the MATLAB. Here we developed MATLAB codes for solving FSSP
by GA and PSO. The output of the experiment is taken as fitness value. Both GA and PSO approaches used for same size of
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problem and theperformance measure are taken in form of relative percentage deviations (RPD). The relative percentage deviation
is the most common performance measure to compare two or more algorithms [17]. Here the benchmark has been taken as the
Taillard’s [26] problems in this experiment.

Table 1 Table Type Styles

RELATIVE PERCENTAGE DEVIATION FOR GA AND PSO
S. No. Problem Sizes GA-RPD PSO-RPD
1 5X10 0.00% 0.08%

2 5X20 0.22% 0.84%

3 5X25 1.76% 4.51%

4 5X50 4.91% 6.83%

5 5X100 2.34% 3.76%

6 10X10 0.46% 0.91%

7 10X20 1.30% 3.55%

8 10X25 0.99% 2.79%

9 10X50 5.69% 6.51%
10 10X100 2.71% 4.45%
11 15X20 3.92% 6.98%
12 15X25 4.44% 4.68%
13 15X50 6.75% 3.27%
14 15X100 4.02% 4.11%

The above results were obtained by solving the Flow Shop scheduling problem in MATLAB software. Out of many
sets of results we choose one set of solution depending upon the best fitness value. The current problem is for minimization
of the objective function thus we consider the minimum fitness value. The following set of solution includes the optimum
value for all the constraints related to objective function. From the resultant processing time obtained from the
calculation we can clearly spot optimum Makespan value. In addition to the above, we also get the optimum schedule for the
jobs.

Comparative results between GA & PSO are based on Relative Percentage Deviation (RPD) are in depicted in Figures 1-3:

As shown in Figure 1, 5 machines problems with different number of jobs, the performance measure for the purpose of comparing
GA and PSO approach is followed by RPD. However, for 5 machines problem initially both the GA and PSO perform almost
same, but as the number of jobs increased we can see the value of RPD for GA is 0.20% and for PSO is 0.84%. That means GA
performs comparatively better than PSO at this stage. Similarly with increasing size of jobs and with same number of machines as
5, we observed that the GA having 3.73%, 4.91% and 3.24% values for RPD comparatively PSO having 5.51%, 8.83%, 4.53%. It
shows that with the large size of flow shop scheduling problems GA provides better results compare to PSO. Even if we increase
the number of machines with large numbers of jobs, GA having much more attractive results then PSO, because GA having lesser
value of relative percentage deviation. And with the lesser value of RPD shows more promising optimized results.
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Fig.1. RPD for GA and PSO for 5 machine problem with job size 10, 20, 25, 50, 100
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Fig.2. RPD for GA and P SO for 10 machine problem with job size 10, 20, 25, 50, 100.
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Fig.3. RPD for GA and PSO for 15 machine problem with job size 20, 25, 50, 100

VI1l. CONCLUSION

Here an efficient GA and PSO algorithm has been presented to solve sequence dependent setup time based flow shop
scheduling problem. Both the approaches minimize the total weighted squared tardiness, Makespan, total weighted squared
earliness and number of tardy jobs. Due to the nonlinearity and the large-size of problem, we followed PSO to solve the present
problem. The performances and results were compared with the GA solutions. PSO answers have a large variation in terms of
Relative Percentage deviation. Also the PSO results are lesser attractive compare to GA results. The results obtain from both
techniques got optimal solutions but the GA results are much more near to optimum solution.
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