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Abstract: This paper reviews modern genetic algorithm based approaches for solving job shop scheduling problems  
Genetic algorithms represent one of the most popular and mostly used metaheuristic methods applied for solving 
many optimization problems within last few decades. Job shop scheduling represents one of the hardest 
combinatorial optimization problems where number of possible schedules drastically increases with number of 
operations and machines. Here, different types of genetic components used for this particular problem are 
considered. Also, some modern genetic algorithm-based approaches from the literature are discussed as well as 
some approaches for integrated process planning and scheduling approach. 
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Pregled primene genetskih algoritama za rešavanje job shop problema terminiranja proizvodnje. U radu je 
dat pregled savremenih pristupa baziranih na genetskim algoritmima za rešavanje job shop problema terminiranja 
proizvodnje. Genetski algoritmi predstavljaju jednu od najpopularnijih i najviše primenjenih metaheurističkih 
metoda za veliki broj problema optimizacije u poslednjih nekoliko decenija. Job shop problem terminiranja je jedan 
od najtežih problema kombinatorne optimizacije za koji važi da se broj mogućih termin planova drastično uvećava 
sa povećanjem broja operacija/zahvata i mašina. Ovde su razmatrani različiti tipovi genetskih komponenata za 
rešavanje ovog konkretnog problema. Takođe, pomenuti su različiti savremeni pristupi bazirani na genetskim 
algoritmima razmatrani u literaturi kao i određeni pristupi za rešavanje problema integrisanog projektovanja 
tehnoloških procesa i terminiranja proizvodnje. 
Ključne reči: genetski algoritam, job shop, terminiranje, projektovanje tehnološkog procesa, optimizacija 
 
1. INTRODUCTION 

Production scheduling represents the process of 
making the best possible utilization of resources by 
allocating them over some time period with the purpose 
of performing some tasks and satisfying certain criteria 
[1,2]. This type of problem belongs to the group of 
combinatorial optimization problems and goal is to find 
best solution within a discrete set of alternative 
solutions [1]. A significant number of published papers 
are related to the optimization of production scheduling 
problems like the ones that will be discussed later. In 
this paper we are focused on job shop scheduling 
problem which is the most popular problem of this 
group. Job shop environment consists of a set of 
different resources/machines (lathes, milling machines, 
drilling machines etc.) that are able to perform 
operations of some jobs where jobs represent parts to 
be produced [3]. One of the simplest definitions of job 
shop scheduling (JSS) problem is provided by authors 
[4]: Given n jobs which have to be processed on m 
machines, each job consists of a sequence of task 
operations. Each of these operations requires to be 
processed without interruption for a given period of 
time on a given machine (no pre-emption). All 
machines in the shops are capable of processing at most 
one job at a time. Tasks of the same job cannot be 
processed simultaneously & each of them needs to 
meet each machine only once and the aim is to generate 
a time schedule to perform the operations on machines. 
One of the most attractive and mostly considered 

objectives is to find a scheduling plan that minimizes 
the makespan, that is, the time needed to complete all 
the jobs [4]. These assumptions are usually considered 
in static and deterministic models of classical JSS 
problems which are widely considered in the literature. 

During the years, metaheuristics became very 
popular approaches which are capable of solving 
instances of problems that are believed to be hard in 
general, by exploring the usually large solution search 
space of these instances [5]. Genetic algorithms (GA) 
are widely known metaheurstics which have been 
successfully applied to many different optimization 
problems in last few decades. They belong to the class 
of evolutionary algorithms which are based on the 
principles of natural evolution [6] and are very 
applicable to different combinatorial problems such as 
job shop scheduling. 

This paper reviews genetic algorithms as 
implementation method for solving job shop scheduling 
problems. Many different types of GA components are 
mentioned and briefly discussed and some modern 
examples from the literature are analysed. Besides that, 
integrated process planning and scheduling approach is 
shortly mentioned and some examples are shown. 
 
2. JOB SHOP SCHEDULING PROBLEM 

JSS problem belongs to the class of strongly NP 
hard problems which means the number of feasible 
schedules increases exponentially with the increase in 
number of jobs and operations of each job [1]. Due to 
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high level of complexity, efficient methods for solving 
this type of problem are required.  

Classical JSS problems consider allocation of “n” 
jobs to “m” different machines in shop environment. 
Each job represents part that need to be manufactured, 
and consists of sequence of operations in some pre-
specified order. The order in which operations need to 
be performed depends on given technological and 
precedence constraints [1]. In the literature authors 
often consider basic assumptions while solving JSS 
problem [7]: 
 Job cannot visit one machine more than once; 
 Simultaneous performing of operations not 

possible; 
 Machine can process only one job at current 

time; 
 No specifications of release and due dates; 
 No pre-emptions of operations. 
During the years, research in the field of JSS 

problems has expanded towards flexible job shop 
scheduling problems (FJSS) in which more than one 
machine for performing each operation are considered. 
This problem exhibit additional complexity in 
comparing to the classical JSS.  

Two different types of FJSS are considered in the 
literature: Total FJSS, where each operation can be 
processed on any machine on the shop floor, and partial 
FJSS, where each operation can be processed on some 
machine of subset of few existing machines on the shop 
floor. Table 1 shows example where operations of jobs 
1 and 2 have different machines as alternatives with 
given processing times for each. 
 

Job Operation M1 M2 M3 M4 M5 

O11 2 6 5 3 4 
J1 

O12 - 8 - 4 - 

O21 3 - 6 - 5 

O22 4 6 5 - - J2 

O23 - 7 1 5 8 
Table 1. Example of FJSS for two jobs and different 

machines [8] 
 
3. GENETIC ALGORITHMS AND 

APPROACHES FOR IMPROVEMENT 

Like the other algorithms in the class of 
evolutionary algorithms, genetic algorithm is based on 
population of individuals which assumes that 
population of possible solutions evolve through 
iteration process. As population based method, GA is 
exploration oriented, meaning that algorithm will 
ensure that all regions of search space are visited [5].  

Genetic algorithm was firstly introduced by John 
Holland in 1975[9] and belongs to the group of 
evolutionary algorithms, like genetic programming 
among others. Since then, GA was applied on large 
number of various types of optimization problems 
including job shop scheduling. Davis [10] makes the 
point that although GAs work very well across a range 
of different problems, they can never be considered the 
best optimization method for any particular problem. 

Based on some disadvantages, like slow convergence 
and lack of exploitation ability (reduced possibility of 
finding best possible individual in visited regions, i.e. 
bad local search abilities) [11], there are three different 
hybridization approaches that improve efficiency of 
GA [2,10]: 

1. Adaptation of genetic operators – This approach 
considers modification or invention of new 
reproduction operators (crossover and mutation) 
that will be suitable for given representation of 
individuals. 

2. Heuristic-featured genetic operators – In this 
approach new genetic operators are created 
based on inspiration from some conventional 
(meta)heuristics. 

3. Hybrid genetic algorithms – Here, useful 
features of some other (meta)heuristic are 
combined with GA wherever possible.  

In [12] authors represented most used architectures 
of evolutionary algorithms (EAs) where hybridization 
can be realized between some EAs (GA and GP-genetic 
programming, for example), then, with assistance of 
neural networks, fuzzy logic, particle swarm 
optimization, ant colony optimization, bacterial 
foraging optimization and some other heuristics such as 
local search, tabu search, simulated annealing and so 
on.  
 
4. BASIC COMPONENTS OF GENETIC 

ALGORITHM 

In this chapter different types of GA components 
for successful implementation to job shop scheduling 
problems are briefly introduced. As already mentioned, 
GAs work with a population of individuals. These 
individuals are identified as chromosomes in 
combinatorial optimization and they are further split 
into number of genes. Simple GA procedure is given in 
[1]: 

1. Choose initial population 
2. Evaluate the fitness of each individual in the 

population 
3. Repeat 

a. Select best-ranking individuals to 
reproduce 

b. Breed new generation through 
genetic operations (crossover and 
mutation) 

c. Evaluate the individual fitness of the 
children 

4. Until termination criteria reached. 
 
4.1 Representation (encoding) solutions 

Many authors classify GA representations in two 
basic ones: direct and indirect. Main distinction is that 
for direct representations, schedules are directly 
encoded into chromosomes, while, on the other side, 
for indirect representations that is not the case. For job 
shop scheduling problems several GA representations 
are used. Two main categories are model-based and 
algorithm based GA representations according to the 
authors [6,13,14]. Different types of these 
representations are illustrated on Figure 1.  
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Figure 1. GA types of representations for JSS problem [13] 

 
For model-based representations, the structure of 

the genotype (configuration of genes) is based on the 
decision variables of particular job shop mathematical 
model and the genotype can be directly interpreted to 
feasible or infeasible solution. If infeasible solution is 
obtained, it has to be transformed into a feasible one. 
On the other side, in algorithm based representations 
genotype used to store information which can be used 
by an algorithm to generate feasible solutions. Model-
based representation are divided into three groups 
based on decision variables that are considered; those 
are binary, processing sequence and integer variables as 
shown on Figure 1 [6,13].  
 
4.2 Selection procedures  

After evaluating fitness values for each individual 
in population, standard procedures for selecting best 
individuals (schedules) are considered. According to 
author [6] fitness-proportional selection (popular as 
roulette wheel) and tournament selection are mostly 
used for job shop problems. 
 
4.3 Crossover and mutation strategies 

Usually, crossover and mutation operators adapted 
for popular travelling salesman problem (TSP) are also 
considered for JSS. Crossover (reproduction) operator, 
by first, represents the main operator in GA which task 
is to mix genes of two selected individuals and generate 
new (possibly better) solutions with probability Pc. 
There are many different crossover operators proposed 
in the literature. Based on the literature information, 
these operators are mostly applied: partially-mapped 
crossover (PMX), order crossover (OX), linear order 
crossover (LOX), cycle crossover (CX), order-based 
crossover (OBX), position-based crossover (PBX), job-
based order crossover (JOX), subsequence-exchange 
operator, uniform crossover, partial schedule exchange 
crossover and so on [6,13,15]. Due to significant 
information about crossover, only three operators are 
shown in this paper. Figure 2 illustrates PMX and OX 
crossover operators that are used for JSS problems. 

The PMX operator selects two random points and 
for generating offspring, it copies segment between 
these points from one parent, and replaces this segment 
of the second parent. Resulted offspring is called proto-
offspring which has to be repaired by mappings from 
parent 1 to parent 2. 

The OX operator determines two random points on 
parent 1 similarly like in the previous case. The 
segment between these points is automatically copied 
to the offspring and rest of the genes are filled in the 
relative order of second parent, excluding those already 
copied from parent 1[6]. 

  

 
Figure 2. PMX and OX operators of GA [6] 

 
Considering mutation operator in GAs, there are 

different mechanisms that are implemented with 
purpose of exchanging determined random genes in 
chromosome [13]. Mutation in GA is used as 
divergence operation and is intended to prevent search 
from falling to local optima. There are few distinct 
mutation operator widely used for JSS problems, such 
as swap, inversion, insertion (shift) and displacement 
mutation [6,13,15].  

Swap mutation exchanges two randomly selected 
genes in chromosome. Inversion is based on inverting 
the order of the genes between two randomly selected 
points in the chromosome. Shift mutation chooses 
random gene and shifts it to some random position to 
the right or left from its current position. This operator 
is also very common for process planning problems. 
Similar to insertion mutation is displacement where, 
instead of one gene, subset of few genes is used [13]. 
Figure 3 shows the example of shift mutation. Number 
3 is shifted to random location while creating a new 
individual. 
 

 
Figure 3. Shift mutation procedure [6] 
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4.4 Termination criteria of GA 
Often a maximal number of generations or a 

maximal time limit are imposed as stopping criteria of 
GA. Alternatively, one can use a termination criterion 
such that the algorithm stops if for a specific number of 
generations no improvements in the best objective 
function value have been obtained, or if the relative 
deviation of the best objective function value from a 
given lower bound does not exceed a particular value 
[6]. 
 

5. MODERN GA APPROACHES FOR JSS 
PROBLEM 

In today’s literature enormous amount of data about 
job shop scheduling problems can be found. Authors 
applied different approaches and considered different, 
static as well as dynamic aspects of scheduling 
problem. In this chapter some modern examples of GA 
implementation on JSS problems are mentioned and 
briefly discussed.  

In [16] GA for JSS problem is introduced and 
results are obtained in the case study. Authors 
considered problem with 15 jobs and 15 machines on 
shop floor. Individuals in population are represented 
using permutations after which the next GA operators 
are used for reproducing new chromosomes: roulette 
wheel tournament as selection strategy, order 
crossover, swap mutation and maximum number of 
generations is used as termination criterion. Makespan 
is used as optimization criterion. Algorithm is coded in 
Matlab software language and experimental results are 
compared with longest processing time (LPT), shortest 
processing time (SPT) and first come first served 
(FCFS) dispatching rules where GA outperformed all 
three of those. 

One of the latest GA implementations is a new 
genetic algorithm (NGA) applied for FJSS problems 
[8]. This algorithm uses different solutions for 
searching the regions. New job permutation is applied 
as encoding strategy where array of integers is used and 
each integer value refers to the index of array of 
operation for each job. Next, roulette wheel is used as 
selection strategy, uniform crossover and special, 
values mutation operator as strategies for generating 
new individuals. Matlab is also used as a tool for 
implementation, and NGA is applied to many different 
problem instances as well as to a problem of a real 
world drug company Saidal Group. This study covered 
the production of Suipuren drug which required three 
shop floors with different machine alternatives for each 
operation. Those shops are weighing room (10 jobs and 
10 machines), production shop (10 jobs and 8 
machines) and conditionment shop (10 jobs and 13 
machines). Table 2 shows machine alternatives with 
processing times (in milliseconds) for performing job 
operations in weighing room. The data shown are 
partial and do not cover the ones for other two shops 
for this particular problem. Obtained results are 
compared to the results from SAIDAL company where 
NGA provided optimal results with minimum 
computational time. Figure 4 represents convergence 
curve for weighing room which shows the decrease of 
makespan values over generations. 

In addition to both scheduling as well as process 
planning optimization problems considered 
individually, popular integrated process planning and 
scheduling (IPPS) approach attracted the attention of 
many researchers. This approach characterizes 
simultaneous performing of process planning and 
scheduling functions which greatly improves the 
performance of modern manufacturing systems. Theory 
and different approaches of IPPS can be seen in brief 
review from authors [17]. 
 

Job Shop Operations Machines 
Processing 
Time (ms) 

BP1 57600 
O11 

BP2 0 

BA1 72000 
O12 

BA2 600 

B1 43200 

B2 50400 O13 

B3 0 

IM1 7200 

IM2 0 
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Table 2. Different machines for given FJSS problem 
(partial view) [8]  

 

 
Figure 4. Convergence curve for weighing room [8] 

 
IPPS has many advantages, including consideration 

of all alternatives of process plans, real dynamical 
situations on shop floor, multicriteria optimization, 
simultaneous performing of process planning and 
scheduling functions and so on. One example of 
implementation of GA for IPPS problem in job shop 
environment is given in [18]. Modified GA is used, 
with slight modifications in representation and genetic 
operators. This model is coded in C++ language and 
fine solutions are obtained. Authors in [19] introduced 
new object-coding GA with special representation and 
corresponding genetic operators as well. Objects 
represent machining operations that are directly used to 
represent genes. This specific model of GA is coded in 
JAVA language with MySQL database. Algorithm 
proved very efficient for some benchmark test 
problems in comparing to other methods. 
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6. CONCLUSION 

In the paper the brief overview of genetic 
algorithms for job shop problems is introduced. Three 
basic approaches for improving GA efficiency are 
mentioned in the second chapter. Different types of 
representations, selection strategies, genetic operators 
(crossover and mutation) and termination criteria of 
GA for successful implementation in the search for 
optimal scheduling plans are given in the third chapter. 
Last chapter considers few GA implementations on 
some problem instances in the literature. Some modern 
approaches are shortly discussed with one example in 
the real world pharmaceutical production. At the end 
the importance of integrated process planning and 
scheduling approach is emphasised with some 
examples found in the literature. 
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