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Abstract—  In this article presents an approach based on the application of Genetic Algorithm with the help of  Exponential 
distribution factor (EPDT), to solve the problem of scheduling a permutation flow shop of n jobs on m machines when all 
jobs are available for processing. The objective is to minimize the makespan. Many researches planned various algorithms to  
achieve these objectives through an optimal sequence in a PFS. For identifying an optimal sequence for ‘n’ jobs in ‘m’ 
machines, sequences are to be worked. This planned heuristic approach, approximately solve the problem that consists in 
scheduling the jobs using Exponential Distribution factor which helps in developing a mathematical model with less 
computational instance.  For the evaluation we use Ruben Ruiz well know standard problem using MAT LAB.  The result 
shows that the planned algorithm is very effective and at the same time is easy to implement. Finally the results of newly 
planned heuristic are better when compare to the makespan of other heuristics; Palmer, Gupta, CDS and RA.    
  
Keywords— Flow shop, GA, Heuristic, Benchmark problems, Makespan. 
 
 
I. INTRODUCTION 
 
  A flow shop is described by a unidirectional flow of 
work, i.e. all jobs have the similar processing order 
through the machines.  Manufacturing of products 
from raw materials needs various operations to be 
performed in a given sequence with minimizing the 
makespan. With this objective, many researchers had 
planned lots of heuristics like Palmer, Gupta, CDS, 
RA, etc, and also determined multi-objective criteria. 
According to Rinnooy and French, the criteria of 
scheduling and sequencing problems are classified 
based on completion time, due dates and machine/ list 
use.  
In common, the production system is known as flow 
shop where the jobs are processed by machines in a 
logical way. A flow shop is classified as many types 
based on the sequencing and scheduling. Along with 
those types of the permutation flow shop is being a 
vital area for many researchers over six decades.  
  
Pinedo introduced the name of Permutation Flow-
shop Problem (PFSP) in which the processing 
sequence on the first machine is maintained during 
the remaining machines. In a permutation flow shop 
the possible order of sequence which can be created 
for ‘N’ jobs processed by ‘M’ machines are [n* (n+1) 
/2]. The processing of a job on a machine is called as 
the operation and its duration is called as the 
processing time. The assumptions made for the PFS 
scheduling problem are summarized as follows:  
1. No machine can process more than one job at a 
time.  
2. Each of N jobs was available simultaneously for 
processing at the time of zero.  
3. Every job has to be processed on various machines 
in the same order.  

4. Each machine has its own operations and they 
cannot be reimbursed.  
5. Setup time of job performed on the machine is 
zero.  
6. Constrained resources allotted to the operations of 
the machines are non-renewable.  
7. Processing time for all the jobs on all machines 
was completely known. Jobs are independent of each 
other.  
     8. Pre-emission is not allowed. That means, once a 
job started on the machine, that machine can’t be 
stopped unless the job is completed.   
 
II. LITERATURE REVIEW  
 
         Johnson proposed an algorithm to solve the 
Two machines, ‘N’ Jobs flow shop problem and then 
to find out the Optimal solutions had been obtained 
for two machines problem only. After that extension 
of Johnson proposed an algorithm for three machines 
for ‘N’ jobs flow shop problems.  
          Palmer proposed for a Slope indexing method 
to solve the ‘N’ jobs on ‘M’ machines in a flow shop 
problem and a simple methodology in finding an 
optimal solution.   
        Campbell et al.  (CDS) extended Johnson’s 
algorithm by generating a set of M-1 two machine 
problems by splitting the original M machines into 
two groups. Johnson’s two-machine algorithm is then 
applied to find the M-1 artificial schedules on the 
basis of the minimal total processing time on the M-
machines and select the best one.  
        Dannenbring developed a “Rapid access” 
procedure for Flowshop problems and it was found to 
yield a better quality solution compared to palmer and 
CDS methods; but it required much more 
computational effort.   



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,    Volume- 2, Issue- 4, April-2014 

Application of Genetic Algorithm in Flowshop to Minimize Makespan 
 

78 

       Gupta proposed a functional heuristic algorithm, 
first introduced by Johnson. This heuristic approach 
is related to the approximate functions, f(i)’s, 
associated with job ‘J’ over the general ‘M’ 
machines. The sequence of jobs is now processed on 
all machines in the ascending order and to get the 
new sequence.  
         Nawaz, et al (NEH) proposed a constructive 
method of assigning the highest priority of job with 
higher total processing time on all machines. The two 
jobs with the highest total time are selected from ‘N’ 
jobs. The exhaustive search is considered to find the 
best partial sequence for these two jobs. The relative 
positions of these two jobs are remained with respect 
to each other throughout. The job with the third 
highest total processing time is placed at the 
beginning, middle and end of the previous partial 
sequence. The best of the next partial sequence is 
then fixed and these procedures are repeated until all 
the jobs are fixed.  
            In this paper an attempt was made to apply the 
meta-heuristic called Genetic Algorithm (GA) to 
improve the mathematical heuristic which was 
modelled based on the exponential distribution.  
 
III. METHODOLOGY 
 
The heuristic distributes a higher class of exponential 
factor to the processing time of the job based on the 
machine through it passes. This helps in developing a 
mathematical model which is determined from the 
advancement of a classical algorithm called ‘slope 
index’ algorithm.  
       The factor added to the job is evaluated through 
the exponential equation, which gives an index value 
to the job. By sorting the index value of the jobs in 
descending, an optimal sequence can be obtained.  
        Using the Ruben Ruiz benchmark problem, the 
newly proposed heuristic is compared with existing  
algorithms.   
Step 1: Let ‘N’ number of jobs to be machined 
through ‘m’ machines. It is assumed that all jobs are 
present for processing at time zero. And one job can 
run on one machine at a time without changing the 
machine order.  
Step 2: The exponential index to be calculated using 
the exponential equation for ‘n’ jobs. 

 

IV. GENETIC ALGORITHM IN 
MATHEMATICAL HEURISTIC 

 

 
Fig.1 Flowchart for the general structure of the GA 

 
The sequenced to form from the exponential 
distribution heuristic is considered as the initial seed 
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for the hybridization of heuristic with GA to form a 
meta-heuristic approach.  
         A better initial seed can generate a better 
population, which can be induced in reaching an 
optimal solution with minimized makespan. The 
partial sequences (chromosomes) formed are 
scheduled with the crossover operation of the GA.  
        The swapping of partial sequences 
(chromosomes) also can help in finding the best 
sequencing order to reach the optimal solution; it is 
done through the mutation operation of the GA.  
       The best of the operation technique result is 
obtained as the final population of the meta-heuristic. 
 
V. RESULTS AND DISCUSSIONS  
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CONCLUSION  
  
   The newly developed exponential mathematical 
heuristic yields better results with the objective of 
makespan in a flowshop. The proposed heuristic was 
improved using genetic algorithm was solved in the 
MATLAB. The results are represented graphically in 
Table 2, which concludes the improved EPDT 
heuristic with GA reaches about 90% nearer to lower 
bound and it performs will in finding better sequence 
for a flow shop compared to EPDT heuristic and 
other heuristics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Furthermore this work may be extended for 
minimizing other objectives like total flow time, idle 
time of the machines, etc., either combined or 
individually.                                                
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