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ABSTRACT 

This paper presents an approach for finding an optimal 

schedule of n-jobs and m-machines flowshop scheduling 

problem involving transportation time between jobs by using 

neural networks. An algorithm has been given for finding the 

optimal sequence in scheduling problem without 

transportation time [2]. Here, this algorithm is applied when 

transportation times are involved between machines to find 

the optimal sequence. 
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1. INTRODUCTION 
The flowshop sequencing problem is considered as one of the 

general production scheduling problem in which n different 

jobs must be processed by m machines in the same order. 

Complete enumeration, integer programming, branch and 

bound techniques can be used to find the optimal sequences 

for small size problems but they do not provide efficient 

solutions for large size problems [3]. The problem of 

scheduling of n jobs on two machines arranged in tandem 

where time required transporting jobs from first machine to 

another machine was assumed to be negligible [8]. There are 

practical scheduling situations when certain times are required 

by jobs for their transportation from one machine to another 

machine. This situation can be visualized when the machines 

on which jobs are to be processed are planted at different 

places and these jobs require additional times in their 

transplantation from one machine to another machine in the 

form of loading time, moving time  and then unloading time 

of jobs. Some model [2, 12, 14, 6] have been developed and 

its application based on object oriented neural network for 

scheduling problem. Some heuristic algorithms [4, 7, 9, 11, 

13, 1] have been used for the n-job, m-machine sequencing 

problem. Artificial neural networks for job shop simulation 

have been given by [5]. Fuzzy Job sequencing for a flowshop 

have been given by [9]. 

The flowshop sequencing problem with the makespan 

criterion: Sequencing is the process of defining the order in 

which jobs are to be run on a machine. Scheduling is the 

process of adding start and finish time information to the job 

order dictated by the sequence. Essentially, the sequence 

determines the schedule, since we will assume each job is 

started on a machine as early as possible, that is, as soon as 

both the jobs has finished all predecessor operations and the 

machine has completed all earlier jobs in its sequence. 

The flowshop problem sequencing problem is a production 

planning problem: n jobs (items, tasks,…) have to be 

processed in the same sequence on m machines; the 

processing time of job i on machine j is given by 

 1, 2, ..., ; 1, 2, ...,
ij

p i n j m  .These times 

are fixed, non negative and some of them may be zero if some 

job is not processed on a machine [13]. The transportation 

time of job i  on machine j  to machine 1j  is given by 

 1, jjti  
(i = 1, 2… ,n;  j = 1, 2 ,…, m). The problem 

consists of minimizing the time between the beginning of the 

execution of the first job on the first machine and the 

completion of the execution of the last job on the last 

machine, this time is called makespan. In other words, the 

objective is to find the sequence of jobs minimizing the 

maximum flow time (makespan) [3].   

2. FORMULATION OF THE PROBLEM 
Formulation of the problem in tabular form is given below: 
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3. ALGORITHM 
Step1. Take the operation times of each job on each machine 

with transportation time, generate a mn dimensional 

problem. 

(If the completion time of a job on a machine is greater than 

the sum of transportation time from a machine to the 

subsequent machine and processing time of the subsequent 
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machine will be as completion time on first machine 

otherwise the completion time of job on subsequent machine 

will be starting time of the next job on that machine). 

Step2. Consider all of the combinations of all jobs, produce 

 1nn   pairs (two by two).  

Step3. Calculate the partial makespan of all pairs by loading 

the jobs on the machines. Pair  ji, and pair  ij, are 

compared. For the pairs which have smaller completion time, 

the first job takes the frequency value of 1, the other job 0. 

By these comparisons   21nn frequency values are 

obtained. If the completion time of the pairs are the same then 

both jobs takes the frequency value of 1. 

Step4. Sum up the frequency values of all jobs and sort them 

in decreasing order (This method sequences the jobs in 

decreasing frequency values order). 

Step5. If the jobs have equal frequency values, consider 

alternative sequences and the sequence which results in less 

total completion time is optimal sequence. 

4. IMPROVEMENT PHASE 
The job pairs which have equal total completion times are 

evaluated and the dominant pairs are found. The pairs which 

have less total machine idleness are considered as dominant. 

A frequency value of 1 is added to the first job and a 

frequency value of 1 is subtracted from the other job and a 

new sequence is generated.   

5. NUMERICAL EXAMPLE 
Consider a flowshop with 4 machines. There are 3 jobs to be 

scheduled and their processing and transportation times are as 

follows: 

 

We compare the calculated total completion times for pairs 

ij and ji for all of the combinations of the jobs: 

Pair Completion time Pair Completion time 

1 2 90 2 1 96 

1 3 82 3 1 91 

2 3 92 3 2 95 

Firstly, pair (1, 2) and (2, 1) are compared. Since pair (1, 2) 

results in less partial makespan, job 1 takes the frequency 

value of 1 and job 2 takes the frequency value of 0. By 

executing these   21nn  comparisons, we obtain the 

frequency values for all the jobs. 

Frequency value of each job at each comparison 

Comparison  Job 

1 2 3 

1  1 0  

2  1  0 

3  1 0 

Now, we find the sum of the frequency values for all the jobs. 

The frequency values for each job are given below: 

Job No.  Total of Frequency  

1 2 

2 1 

3 0 

The frequency values of all jobs are sorted in decreasing 

frequency value order. The method yields the sequence 1-2-3. 

There is only one sequence so the optimal sequence is 1-2-3 

with total completion time 112 units. 

NOTE 
In the above example there are no job pairs which have equal 

total completion times. So there is no dominant pair. 

 

6. CONCLUSION 
This paper provides an algorithm for finding an optimal 

schedule of n-jobs and m-machines flowshop scheduling 

problem involving transportation time between jobs by using 

neural networks. An algorithm has been given for finding the 

optimal sequence in scheduling problem without 

transportation time [2]. This paper has considered the 

situation where transportation times are involved between 

machines. There is a scope of neural network in other cases 

related to the scheduling problem. 
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