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Abstract 
An effective job shop scheduling (JSS) in the manufacturing industry 

is helpful to meet the production demand and reduce the production cost, 

and to improve the ability to compete in the ever increasing volatile market 

demanding multiple products. 

In so many combinatorial optimization problems, job shop 

scheduling problems have earned a reputation for being difficult to solve.  

Job-shop scheduling is essentially an ordering problem. A new encoding 

scheme for a classic job-shop scheduling problem is presented. The aim is 

to find an allocation for each job and to define the sequence of jobs on 

each machine so that the resulting schedule has a minimal completion time. 

Genetic algorithm that has demonstrated considerable success in providing 

efficient solutions to many non polynomial-hard optimization problems is 

used to solve job-shop scheduling problem. The schedules given by genetic 

algorithms are constructed using a priority rule and under several 

constraints. After a schedule is obtained a checking operation is applied to 

ensure that the solution is feasible. The approach is tested on a set of 

instances. The results validate the effectiveness of the algorithm. 

Introduction 
Scheduling problems are usually approached with a combination of 

search techniques and heuristics. Scheduling belongs to NP-complete 

problems. Such problems are likely to be unmanageable and cannot be 

solved by combinatorial search techniques. Moreover, heuristics alone 

cannot guarantee the best solution. They involve a competition for limited 

resources; as a result, they are complicated by many constraints [1].  

Manufacturing environments in the real world are subject to many 

sources of change which are typically treated as random occurrences, such 

as new job releases, machine breakdowns, etc. In most manufacturing 

environments, there is a requirement to use the available resources as 
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efficiently as possible [2]. Due to their dynamic nature, scheduling 

problems are rather computationally complex -- i.e., the time required to 

compute an optimal schedule increases exponentially with the size of the 

problem. [3] They are complex tasks that can be formulated using a 

constraint-based representation.[4]  

Reasons for scheduling complexity include [5]: (i) Scheduling is a 

feasibility problem. The final solution must accomplish all the problem 

constraints. Another objective to be satisfied is the optimization of an 

evaluation function, adjusting to certain criteria as cost, lateness, process 

time, inventory time, etc. (ii) Some scheduling problems have many 

constraints due to the unavailability of resources, due dates, etc. [4] 

Scheduling problem involves allocating limited resources to 

operations (activities) over time. [4] In order to complete a schedule, all the 

operations must be completed. [2] Job shop scheduling problem is one type 

of the scheduling problems.[6] ((that)) is a very important practical 

problem. [7] It is among the hardest combinatorial optimization 

problems[8]. 

Efficient methods of solving it can have major effects on profitability 

product quality. The problem is to minimize the total elapsed time between 

the beginning of the first operation and the completion of the last operation 

(the makespan). Other measures of scheduling quality exist, but shortest 

makespan is the simplest and most widely used criterion. In general, the 

difficulty of the Job-Shop Scheduling problem makes it very hard for 

conventional search-based methods to find near-optima in reasonable time. 

This has led to recent interest in using genetic algorithms to address these 

problems. [7]  

The remainder of this paper is organized as follows: the job-shop 

scheduling problem, the design of the system of solving job-shop 

scheduling problem using genetic algorithm including the representation of 

the chromosome, and finally, the results of the system and some 

concluding remarks are given.  

Job- Shop Scheduling Problem using Genetic Algorithm 
Since job shop scheduling is actually a constrained multi-sequencing 

problem, a lot of research concentrates on the problem representation by 

encoding operation sequences for the machines [9]. A schedule is defined 

by a complete and feasible ordering of operations to be processed on each 

machine [10]. 

The JSP is a scheduling problem that considers M different machines 

and N different jobs. Each of the jobs consists of Q operations and each of 
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the operations requires a different machine. All the operations of each job 

are processed in a fixed processing order [11] which specifies the 

precedence restrictions [3]. The operations of a job are totally ordered so 

that no operation of a job can start before the completion of its predecessor 

[12]. Two operations cannot be scheduled at the same time if they both 

require the same machine [10]. Each operation is characterized by the 

required machine and the processing time[11]. This time is known a job 

arrive at the shop all jobs are ready to start at time zero [3]. A job is 

processed on one machine at a time. Machines are available continuously 

[11] and there are no machine breakdowns [10].  

Scheduling systems typically rely on priority rules, which have 

therefore become the subject of intense study [13]. A schedule builder 

produces a single schedule on the basis of a certain priority rule [14]. A 

priority rule is used to select the operation to be scheduled at each step of 

the algorithm, among the set of unscheduled operations. In some cases, the 

operations are selected according to a predetermined order, which is 

equivalent to assign to each operation a unique priority value. The 

operation with the smallest priority value has the highest priority. This 

priority value can be computed in a static way (it remains constant 

throughout the process) [12].  

Two kinds of constraints need to be considered for the Job-Shop 

Problem [8] as follows: 

(i) Operation precedence constraint for a given job: 

As usual, let cjk denote the completion time of job j on machine k and let 

tjk denote the processing time of job j on machine k. For a job i, if the 

processing on machine h precedes that on machine k, we need the 

following constraint: 

      cik −tik >= cih …….. (1) 

 (ii) Operation un-overlapping constraint for a given machine: 

For two jobs i and j, both need to be processed on machine k. If job i 

comes before job j, we need the following constraint [11]: 

      cjk −cik  >=  tjk ……..  (2)     

The goal of the Job-Shop Problem is to choose for each operation a 
suitable machine and a starting time so that the maximum completion time 
Cmax (the makespan) is minimized. [15, 16, 17] 

The genetic algorithm (GA) that has received a rapidly growing 
interest in the combinatorial optimization community and has shown great 
power with very promising results from experimentation and practice of 
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many engineering areas [11] has been used with increasing frequency in 
the context of job shop scheduling problems [3]. 

Encoding a Schedule and Representation of a Chromosome 
As we mentioned earlier, the job-shop scheduling problem is a 

sequencing problem of M machines and N jobs. Each job consists of a 

chain of operations. All the operations of each job are processed in a fixed 

processing order.  

          Suppose that the available set of total operations of N jobs be OP, 

the available set of machines is M, and the indices of the operation op be i 

and k, then we have: 

OP = {op ik | i = 1, 2, . . ., N  and  k = 1, 2, . . ., M } …….. (3) 

     Where i is the job number, and k indicates the operation number of jobi. 

The ik indices of the operation op are encoded as a sequence number 

(index). For example, consider the problem with two jobs, and each job has 

three operations. For this problem, the OP= (op11, op12, op13, op21, 

op22, op23). Note that the op11, op12, and op13 are elements of job 1, the 

op21 and op22 are of job 2. Assign a number, from 1 to 6, to each 

operation in the order of job indices, we have, 1 = 11, 2 = 12, 3 = 13, 4 = 

21, 5=22, and 6 = 31, as shown in Table 1. This sequence number is used 

as an index of a chromosome's gene.  

The chromosome's gene can be represented by two fields: the first 

field (Mach) consists of M-bit string (M is the number of machines), where 

each bit corresponds to one machine. If the operation is to be processed on 

a particular machine, the corresponding bit assumes value (1), otherwise it 

is (0). The second field of a gene is the completion time of the operation 

(C). A sample of a chromosome is shown in Figure 1. 

Generation of Initial Population 
Initialization is the process of generating a new sequence of 

chromosomes. The initialization procedure produces pop_size 

chromosomes- where pop_size denotes the population size- by setting (1) 

at random position in each (mach) field of a chromosome and filling the 

remainder bits of the field by (0's) until the whole chromosome is filled 

and repeat the same procedure until the initial population is filled.    

Evaluation of Fitness 
The evaluation of a chromosome's fitness involves finding the total 

completion time (TCT) of the operations on each machine. The total 

completion time on each machine can be calculated by summing the time 

required to process each operation on a certain machine. The total 

completion time having the maximum value is the fitness value of the 
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chromosome (i.e., the fitness value is the makespan). The formula of 

fitness function is as follows [1]: 

 

   Fitness of a chromosome =                                …….. (4)  

Where: 

     k    is the machine number,  

     M  is the number of machines, and 

 

…….. (5) 

 

  Where: 

       n           is the total number of operations,  

   OpiTime   is time required to perform the operation number i as given in 

table 1, 

   Chrom [Opi [ bitk ]]    is either (0) or (1) as exist in the chromosome at 

operation number (i) at bit number (k), and 

   pen       is the penalty variable that is (1) for legal schedule and (100) for 

illegal one. 

A randomly built initial population and new populations generated in 

advance may contain illegal schedules. Illegal schedule is a schedule that 

violates the problem constraints. In order to avoid the selection of illegal 

schedule a penalty is forced on this schedule. The high penalty (i.e. 100) 

decreases the probability that the violators will not procreate.   

Evaluation of Best-Fit Chromosome  
After finding the fitness values of the chromosomes, we will evaluate 

the best fit chromosome. The best chromosome in a population to be 

selected is the one that has minimum fitness value among the population 

finesses, i.e., for which the makespan is minimum. 

Construction of GA Operators 
The main genetic operators (Selection, Crossover, and mutation) are 

applied iteratively on each population. The selection operator selects 

chromosomes for crossover according to their fitness. Selection operator 

adopted in this system uses tournament selection approach. The crossover 

operator cuts the parent chromosomes at the randomly selected point 

denoted by the vertical line and exchanging parental genes after the cut to 

create new chromosomes. Figure 2(a) demonstrates the crossover operator.  

The mutation operator randomly selects a gene in a chromosome and 

replaces it by a gene randomly selected from the pool. In the example 
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shown in Figure 2(b), the chromosome is mutated in its second gene, 

which is replaced by the gene [0 0 1 0] chosen from the pool of genes. 

Figure 3 shows the detailed steps of the system of job-shop scheduling 

problem. The system was implemented using Visual Basic 6.0 language. 

Experimental Results 
Different cases on which the system was run. These cases are taken 

from different perspectives: population size, probability of genetic 

algorithm operators, and maximum number of generations. The parameters 

values that used with each instance are given in Table2. 

Various problem instances are shown in Table 3 through Table 8. 

These instances differ from each other by the number of machines in the 

system, the number of jobs, and the number of operations required to be 

processed in each job. The time required to perform each operation of a job 

is generated randomly.  

The (M, T) field in instances tables means that the operation of the 

job must go to machine (M) for (T) units of time. At the end of each 

instance table the resultant makespan from that instance is given. 

Conclusions 
This paper presents a genetic algorithm for Job Shop Scheduling 

Problem. JSSP uses direct representation in which a chromosome 

represents a schedule. The schedules are constructed using a priority rule.  

Various problem instances are tested to show the results of the 

system. These instances are differ from each other by the number of jobs, 

the number of operations required to be processed in each job, the number 

of machines, and the values of genetic parameters. The experimental 

results show that the algorithm produced optimal or near-optimal solutions 

on all instances. The schedules obtained are presented in the form of tables. 

The system contains a number of machines. Each machine can 

process only one machine at a time. Each job consists of sequence of 

operations in a predefined precedence order. The problem is to find a 

schedule having a minimum total time often called the makespan of a 

schedule. 

Four genetic parameters including: the population size, the crossover 

rate, the mutation rate, and the stopping condition are used as the problem 

parameters. 
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     Parent 1    
1 0 0 0   C  0 0 1 0  C 0 0 0 1         C  1 0 0 0  C  0 0 0 1  C  0 1 0 0  C 

    Parent 2    
0 0 0 1   C  1 0 0 0  C 0 0 1 0        C  0 1 0 0  C  1 0 0 0  C  0 0 1 0  C 

     Child 1    
1 0 0 0   C  0 0 1 0  C 0 0 0 1          C  1 0 0 0  C  1 0 0 0  C  0 0 1 0  C 

    Child 2    
0 0 0 1   C  1 0 0 0  C 0 0 1 0        C  0 1 0 0  C 0 0 0 1 C  0 1 0 0  C 

 

(a): The Crossover Operator 

 

 

0 0 1 0   C  0 0 0 1  C 0 1 0 0        C  1 0 0 0 C 0 0 1 0 C  1 0 0 0  C 

 

0 0 1 0   C  0 0 1 0  C 0 1 0 0        C  1 0 0 0 C 0 0 1 0 C  1 0 0 0  C 
 

(b): The Mutation Operator 

 

Figures 

 

 
Figure 1: A chromosome for the scheduling problem with no. of machines=4  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Genetic operators for the problem 

 

Tables 

 
Operation No. (k) Job No. (i) Index 

1 1 1 

2 1 2 

3 1 3 

1 2 4 

2 2 5 

3 2 6 
Table 1: Example of Encoding of Operation indices as Index 

 

 

 
 
 

 

 

 

 

            Index 1              Index 2          …...           Index 6             Index 7             Index 8 

          
           Mach     C        Mach      C       ......       Mach        C      Mach       C       Mach      C 

 1 0 0 0   4  0 0 1 0  3 ……   1 0 0 0  9  0 0 0 1  3  0 1 0 0  6 
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Figure 3: A Job Shop Scheduling Problem using Genetic Algorithm 

Generation of Initial Population 

Evaluation of Fitness for Initial Population 

Selection Operation 

Crossover Operation with probability = pc 

Mutation Operation with probability = pm 
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Display The Optimal Schedule and its Fitness Value 
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  Table 2: The Problem Parameters 

 

 

 

 

 

 

 

 

 
Table 3: Problem Instance 1 

 

 
(M , 
T) 

(M , 
T) 

(M , 
T) 

(M , 
T) 

(M , 
T) 

(M , 
T) 

(M , 
T) 

(M , 
T) 

(M , 
T) 

(M , 
T) 

Job 1 2,13 4,5 10,3 1,7 7,1 2,1 7,15 8,3 7,11 7,5 

Job 2 4,4 5,11 9,7 9,13 4,6 3,3 10,11 1,11 4,4 10,11 

Job 3 1,1 3,3 1,9 9,8 6,2 9,5 7,4 1,12 9,14 8,5 

Job 4 2,5 6,11 4,1 7,7 7,10 7,3 3,5 2,4 4,13 4,3 

Job 5 6,12 3,9 8,15 7,2 9,13 2,6 8,13 8,10 6,9 9,8 

Job 6 4,15 4,7 6,6 10,11 3,10 2,11 8,14 5,2 4,8 10,3 

Job 7 4,4 3,9 3,9 7,7 8,4 5,12 6,13 8,2 9,1 4,2 

Job 8 8,14 2,13 2,3 1,1 5,4 2,1 5,10 3,11 3,1 3,3 

Job 9 10,5 1,12 5,5 2,5 4,5 2,8 8,2 1,11 10,7 3,14 

Job 
10 

5,12 10,10 6,11 1,12 6,5 5,15 4,4 9,15 2,11 5,4 

The makespan is 84 

      Table 4: Problem Instance 2 

Instanc
e 6 

Instanc
e 5 

Instanc
e 4 

Instanc
e 3 

Instanc
e 2 

Instanc
e 1 

 

0.85 0.7 0.85 0.8 0.7 0.7 Pc 

0.01 0.001 0.001 0.001 0.001 0.001 Pm 

20 20 10 20 20 20 Pop_Size 

50 50 100 50 80 50 Max_Gen 

10 10 10 8 10 6 
No. of 

Machines 

5 4 10 8 10 6 
No. of 
Jobs 

(M , T) (M , T) (M , T) (M , T) (M , T) (M , T)  

5,5 5,2 1,5 1,14 3,11 2,11 Job 1 

6,11 2,12 1,5 4,13 5,1 5,8 Job 2 

6,1 3,9 5,5 5,10 4,15 4,10 Job 3 

6,10 5,6 6,5 2,1 3,3 3,2 Job 4 

6,1 2,15 3,13 6,7 4,6 3,10 Job 5 

4,3 2,11 6,2 1,8 5,1 1,13 Job 6 

The Makespan is  50 
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 (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) 

Job 1 6,2 1,10 5,4 5,14 5,3 8,10 7,5 1,1 

Job 2 7,4 2,2 7,4 4,11 5,3 7,2 2,1 2,15 

Job 3 3,3 8,10 5,1 3,3 6,8 3,6 8,12 4,9 

Job 4 4,11 2,7 5,2 4,10 3,10 2,9 2,12 6,4 

Job 5 7,3 5,1 3,13 3,4 1,12 1,10 3,12 7,7 

Job 6 1,12 4,5 4,5 8,6 6,5 5,13 4,4 3,2 

Job 7 3,3 7,11 5,10 7,3 6,5 5,8 6,1 5,2 

Job 8 7,15 6,14 7,8 8,15 1,1 1,2 2,14 6,15 

The makespan is 84 

Table 5: Problem Instance 3 

 

 (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) 

Job 1 8,8 1,15 7,12 8,3 6,6 8,4 2,7 7,2 10,12 4,13 

Job 2 4,6 8,3 2,13 3,12 5,12 7,11 1,10 3,13 6,4 9,9 

Job 3 5,10 2,3 10,8 10,5 5,15 10,11 2,10 6,10 4,1 2,6 

Job 4 2,4 3,8 3,12 7,12 10,3 10,3 8,9 2,2 7,4 4,2 

Job 5 8,13 2,7 1,5 7,6 9,11 2,9 6,10 5,1 8,1 4,9 

Job 6 2,9 6,14 9,6 1,10 9,4 8,10 3,12 9,4 3,8 3,15 

Job 7 2,3 9,9 4,11 10,3 10,11 1,15 4,11 6,1 3,6 10,6 

Job 8 6,5 5,7 7,2 2,10 4,11 8,4 10,15 4,9 7,5 4,2 

Job 9 7,7 4,5 3,2 9,14 8,6 7,6 5,9 2,5 5,11 5,7 

Job 10 4,8 7,3 6,14 8,4 6,12 7,2 6,2 9,13 8,9 6,5 

The Makespan is  88 

Table 6: Problem Instance 4 

 
 (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) 

Job 1 4,6 2,14 2,8 4,11 1,5 1,6 2,13 1,6 3,3 4,8 

Job 2 1,8 4,8 1,14 2,15 1,10 1,8 1,4 4,11 1,1 4,14 

Job 3 1,15 2,4 3,1 2,1 3,9 1,3 3,9 2,15 3,1 4,13 

Job 4 3,10 2,1 4,10 3,3 4,12 1,7 2,7 2,4 3,3 3,10 

Job 5 2,11 2,3 3,12 3,3 1,11 2,7 2,6 4,5 2,9 4,4 

Job 6 4,11 3,1 3,15 1,4 3,2 4,10 2,1 1,9 3,9 1,1 

Job 7 2,12 1,15 1,5 1,12 1,6 1,3 3,3 2,15 3,3 2,11 

Job 8 4,15 4,13 3,10 2,13 1,1 2,14 4,8 4,14 4,2 1,6 

Job 9 3,7 3,6 3,11 3,10 3,12 3,1 1,1 4,1 1,7 3,9 

Job 10 1,5 1,4 4,5 3,14 4,13 3,2 1,10 3,12 1,1 2,10 

The Makespan is  194 

Table 7: Problem Instance 5 
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 (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) (M , T) 

Job 1 2,10 4,12 1,9 4,5 3,6 2,11 4,7 1,12 1,4 2,4 

Job 2 3,11 2,13 3,13 2,12 3,12 2,14 5,13 1,14 2,9 5,13 

Job 3 4,6 5,13 4,10 5,9 1,11 3,10 4,5 1,9 5,13 4,5 

Job 4 5,6 3,2 5,2 5,14 3,11 3,3 3,2 3,10 4,6 5,2 

Job 5 1,14 2,9 4,12 5,3 3,3 1,10 1,5 5,11 3,2 3,5 

Job 6 3,2 3,1 4,3 1,5 4,15 3,5 5,4 2,14 4,11 5,10 

Job 7 4,2 2,1 1,8 4,12 5,14 4,1 4,1 5,9 2,6 4,5 

Job 8 5,2 5,4 5,6 2,10 2,1 2,2 1,2 5,2 3,5 3,7 

Job 9 2,14 3,5 4,3 4,1 1,12 1,6 4,10 1,4 5,5 3,15 

Job 10 2,1 2,15 3,13 4,11 3,3 1,4 3,8 1,6 1,3 3,1 

The Makespan is  155 

Table 8: Problem Instance 6 
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 و ثق نج ح عبذالله
إبن الهيثم –جامعة بغداد / كلية التربية   

 

  نخلاص 

وتنالةةلللالجدولةةالالّاّةلةةاللل فةةةللطةة لالناةةةتلال ةةية  لتلةةوةلفّلةةداللتاجِلةةالفااةةِ لا يتةةةج
للفستفرالالتزالدلالت لتَاا لفيتجةتلفتادّداَ.لاّته،لولتَحسلةلالندراِللاتَيَةطُسلط لالسوقلالفتناجالا

طةة لالادلةةدلفةةةلفتةةةللِلتحنلةةقِلاافلالةةا،لفتةةةلللجدولةةالاا فةةةللنلتسةةجتلسةةفاالاةلتلةةوةل ةةاجال
جدولةةالاا فةةةللسةة ل سةسةةةتلفتةةلاالترتلةة .لاليطةةشللنةةدشلفلاةةالتتةةّلرلجدلةةدللفتةةلاالجدولةةاللالحةل.

للةةلل فةةللوتحدلةةدلتتةةةج للل فةةةلل اةة للةةللالجةةةدلتل ةةل لهةةدهلسةةولالنةّللاا فةةةللالليسةةلللا.
ل.فةليالجحلثلللوةلوقتلنلفةللاا فةلل قللفةللفلة

اللوارزفلةةالالجليلةةالالتةة لحننةةتليجةحةةةتللجلةةراتلطةة لن اةةة لالحاةةوللاللّةةو اللاادلةةدلفةةةلفتةةةلللتحنلةةقل
لتة لجةداوللاا فةةللالاافلالالغلرلالفتاددالالحدودلال اجال ستافاتللحللفتلاالجدولالاا فةل.
جاةةدلالح ةةولل اةة للولةةدتهةلاللوارزفلةةةتلالجليلةةالجُيلَةةتلجةسةةتافةللقة ةةدال ولولةةالوتحةةتل ةةدّالقلةةود.

تةةةشلتجرجةةةالاليطةةةةشل اةةة للجةةةدوللاا فةةةةللتجةةةردل فالةةةالتةةةدقلقلللةةةفةةلاةلالحةةةلل فاةةة لوفجةةةد .
لفجفو الفةلالحةلاتلو لجتتلاليتةئجلطاةللالاللوارزفلا.

 

 


