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Abstract— The job-shop scheduling problem is one of the
most arduous combinatorial optimization problems. Flexible
job-shop scheduling problem is an extension of the job-shop
problem that allows an operation to be processed by any
machine from a given set along different routes. Many papers
propose optimization algorithms to solve the flexible job-shop
scheduling problems. The objectives considered were to
minimize the overall completion time (makespan), the total
workload of machines and the workload of the most loaded
machine. This paper minimizes the manufacturing cost in
addition to the above said objectives.  A Genetic Algorithm is
applied to solve the multi-objective flexible job-shop
scheduling problem. The results indicate that the proposed
algorithm satisfactorily captures optimal solutions.

Keywords – Flexible Job-Shop Scheduling, Multi-Objective
Optimization, Non-Dominated Sorting Genetic Algorithm.

I. INTRODUCTION

In the classical job-shop scheduling problem (JSP), n
jobs are processed to completion on m unrelated machines.
In order to match today's market requirements,
manufacturing systems have to become more flexible [1].
In the modern manufacturing plant, a machine has the
capability of processing more than one type of Operation.
This leads to a modified version of JSP called the flexible
JSP [2]. The flexible job shop scheduling problem is one
of the hardest combinatorial problems [3, 4].

Flexible job-shop scheduling problem (FJSP) is an
extended traditional job-shop scheduling problem. It
breaks the restriction of unique resources and allows each
operation to be processed by several different machines,
thus making the job-shop scheduling problem accord with
actual production situation more closely. FJSP is more
complicated than the job-shop scheduling problem (JSP),
since it needs to assign each operation to a machine from a
set of capable machines and then sequence the assigned
operations on each machine, referring to the paper by Xia
and Wu [5]. Brucker and Schlie [6] initially proposed the
problem that one operation could be processed on several
machines and have studied this problem deeply as pioneer.
This marks the beginning of the study on FJSP.

The methods for solving this kind of problem can be
concluded into hierarchical approaches and integrated
approaches. Hierarchical approach, which was first
proposed by Brandimarte [7], considered the assigning
sub-problem and the sequencing sub-problem separately.

Its basic idea is decomposing the complex problem into
some sub-problems in order to decrease the complexity.

However, the integrated approaches solve the assigning
sub-problem and the sequencing sub-problem
simultaneously, such as greedy heuristics [8], simulated
annealing (SA) algorithm [9] and tabu search  [10].

Most of the research on FJSP has been concentrated on
single objective. However, several objectives must be
considered simultaneously in the real-world production
situation. Recently, multi-objective FJSP has gained
attention of some researchers. Kacem et al. [11-13] used
an approach by localization and multi-objective
evolutionary optimization and proposed a Pareto approach
based on the hybridization of fuzzy logic (FL) and
evolutionary algorithms (EAs) to solve the FJSP.
Baykasoğlu et al. [14] presented a linguistic-based meta-
heuristic modeling and multiple objective tabu search
algorithm to solve the flexible job-shop scheduling
problem. Xia and Wu [5] proposed a practical hierarchical
solution approach for solving MOFJSP. The proposed
approach utilizes particle swarm optimization (PSO) to
assign operations on machines and simulated annealing
(SA) algorithm to schedule operations on each machine.
Liu et al. [15] proposed the variable neighborhood particle
swarm optimization consisting of a combination of the
variable neighborhood search and particle swarm
optimization (PSO) for solving the multi-objective flexible
job-shop scheduling problems.

II. MATHEMATICAL FORMULATION OF FJSP

The problem is to organize the execution of J jobs on M
machines. The set of machines is noted U. Each job Jj

represents a number of nj non-preemptable ordered
operations (precedence constraint). The execution of the
ith operation of job Jj (noted Oi ,j ) requires a resource or
machine selected from a set of available machines. The
assignment of the operation Oi ,j to the machine Mk entails
the occupation of this machine during a processing time
called di,j,k. In this problem, the following assumptions are
made:
 all machines are available at t = 0 and each job Jj can

be started at t = 0 ;
 at a given time, a machine can only execute one

operation: it becomes available to other operations
once the operation which is currently assigned to it is
completed (resource constraints);
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Following objectives are to be minimized:
 the makespan (G1): jn j

tff ,1 max  jn j
tff ,1 max (1)

 the total manufacturing cost (G2):


k

cMf2 (2)

Where,
f1 denotes makespan, which is the maximum completion
time tfnj,j of machines.
f2 denotes total manufacturing cost, which is the total cost
(Mc) required to manufacture the jobs in k number of
machines.

High speed machines are sophisticated compared to low
speed machines and high speed machines require less
processing time to manufacture a job compared to low
speed machines. Hence, the high speed machines incur
more manufacturing cost, while the low speed machines
incur less manufacturing cost. In order to resemble this
relationship the following exponential function is used to
calculate the unit manufacturing cost.
Manufacturing cost of a machine per unit time

T

TPk

c EP

eA
M


 (3)

Where,
The constant coefficient A represents fixed costs.In this

work A is taken as 1000. The term e is exponential
function. The term k determines the cost of producing a
single job to the required dimension and includes the
charge rate of the machine. is total processing time
of all jobs on a machine.

IV. PROPOSED GA FOR FJSP

In this work, GA has been designed to optimize the
objectives in the flexible job-shop problems. The test
samples (Kacem instances) for this study can be found in
Kacem et al. [9]. The processing time of the instances 4
jobs × 5 machines is presented in Table 1. For each
machine, the manufacturing cost per unit time is calculated
by using the exponential function given in Equation (3).
A. Input module
The input data required are
1. Number of jobs
2. Number of machines
3. Processing times of operations of job in machines
4. Manufacturing cost of each machine

For the first instance (4 jobs × 5 machines) given in
Table 1,
1. Number of  jobs = 4
2. Number of machines = 5
3. Processing times given in Table 1
4. Manufacturing cost  given in Table 1

B. Initialization module
Ten chromosomes are randomly generated. They form

initial population. The pheno style coding is used to
represent the solutions of the problem as chromosomes.
Every chromosome consists of two substrings. Each
substring consists of 12 bits, the genes of the
chromosomes. Consider the first chromosome, it is
{431213525323 | 3124}. The first substring of the
chromosome, i.e., {431213525323}, represents the
machine assignment, while the second substring {3124}
represents schedule of job sequence.
C. Evaluation module

The objective function is to minimize the makespan, the
workload of the most loaded machine, the total workload
of machines and the total manufacturing cost in the
flexible job-shop problems. All four objectives are
calculated by using Equations (1), (2), (3) and (4). The
objective values, that is the fitness values of the ten
chromosomes, fit (1) and fit(4) are calculated.
D. Fitness function

The fitness value is modified using the exponential
scaling function, as given below:
New fit (X) = (1/Z1) x K where fit(X) is the fitness
parameter value and k= 10 is a constant applied to scale
the fitness function
E. Termination criterion

The GA is terminated when the iteration number reaches
its maximum value. After performing few pilot runs, 100
are taken as the maximum number of iteration.

V. RESULT AND DISCUSSION

The proposed GA algorithm designed for the flexible
job-shop problems is coded in MATLAB and the
experiments were conducted on an Intel Core2 Duo
Processor computer. The proposed algorithm is tested on
benchmark problems found in Kacem et al. [12]. Pareto
optimal solutions are obtained for the four instances, i.e., 4
jobs × 5 machines problem. The best solutions obtained
for the instances are shown in Table 2. It can be seen from
Table 3 that the GA algorithm is more efficient than
hybridization of evolutionary algorithms and fuzzy logic
(HEAFL) proposed by Kacem et al. [12] for solving the
four Kacem instances.

VI. CONCLUSION

In this work, an attempt is made to address the issues
related to flexible job-shop problems with the objectives
of minimizing the make span, and the total manufacturing
cost. Since it is a nonlinear programming and multi
objective problem, GA algorithm is developed to solve
this problem. The proposed algorithm is tested with the
well known instances of flexible job-shop problem. The
experimental results confirm that GA outperforms
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Table 2 : The best chromosomes obtained for 4 jobs × 5 machines problem
Oi,j First solution Second solution Third solution Fourth solution

Mi,j ti,j, fti,j Mi,j ti,j, fti,j Mi,j ti,j, fti,j Mi,j ti,j, fti,j

J1

O1,1 4 0,1 5 0,2 4 0,1 4 0,1
O2,1 2 1,4 2 2,6 2 1,5 2 1,5
O3,1 4 5,9 4 6,10 4 5,9 4 10,14

J2

O1,2 1 0,2 1 0,2 1 0,2 1 0,2
O2,2 5 2,7 5 2,7 5 2,7 5 2,7
O3,2 1 7,11 1 7,11 1 7,11 3 7,11

J3

O1,3 3 1,6 3 0,6 3 0,6 3 0,6
O2,3 2 6,7 2 6,7 2 6,7 2 6,7
O3,3 4 9,10 4 10,12 4 9,11 4 7,9
O4,3 4 10,11 4 12,13 4 11,12 4 9,10

J4

O1,4 1 2,3 1 2,3 1 2,3 1 2,3
O2,4 2 5,6 2 7,8 2 5,6 2 5,6

Table 3: Comparison of results on the Kacem instances

Problem
Objecti

ve
HEAFT GA

Solution 1 Solution 2 Solution 3 Solution 1 Solution 2 Solution 3
4 jobs × 5
machines

G1 18 16 16 13 12 14
G2 408.56 422.68 406.88 408.56 392.76 392.76
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