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ABSTRACT: Considering the scheduling factors such as mechanical failures and order 

changes in the actual production process, the dynamic flexible job shop scheduling problem has 

increasingly attracted the interest of researchers. The multi-population genetic algorithm 

(MPGA) increases the mutation probability of the general population, achieves rapid 

convergence, and has extremely strong robustness. Based on the MPGA, this paper studies the 

dynamic flexible job shop scheduling problem in actual production and processing workshop, 

and proposes a dynamic flexible scheduling system. The research results show that the dynamic 

flexible job shop scheduling is aimed at the minimization of the completion time; once the 

dynamic scheduling factors occur in the actual processing and production process, the three 

modules of the flexible dynamic scheduling system will cooperate with each other to complete 

the entire rescheduling work, thereby avoiding the conflict in the processing. The research 

findings have important guiding significance for promoting flexible scheduling of 

manufacturing workshop resources. 

KEYWORDS: dynamic job shop scheduling, multi-population genetic algorithm, scheduling 
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1 INTRODUCTION  

At present, the manufacturing industry is 

orientating towards the collaboratization and 

intelligentization. The scheduling technology and 

scheduling system of the production workshop 

directly affect the production efficiency and the 

resource utilization rate of the equipment, as well as 

the profitability of the enterprise (Geyik & 

Dosdoğru, 2013). The traditional non-informative 

job shop scheduling method is no longer applicable. 

The dynamic flexible job shop scheduling can 

realize the flexible scheduling of different products’ 

processing on different machines, and maximize the 

processing efficiency, because the product 

processed by each machine, and the processing time 

of different processes and different products are 

determined (Chen et al., 2018). This flexible 

scheduling can achieve the resources flexibility and 

machine selection during the processing of 

products, that is, it breaks through the constraints of 

resources and processing machines (Wang and Cai, 

2018). The existing research shows that the 

commonly used algorithms in the dynamic flexible 

job shop scheduling include genetic algorithms, 

immune algorithms, ant colony algorithms and 

particle swarm optimization algorithms, among 

which genetic algorithms are more scalable and 

robust (Wang et al., 2012). 

 

The flexible job shop scheduling problems refer 

to the allocation and reallocation of resources and 

equipment. The resource allocation, processing flow 

and duration are the basis of assignment. Among 

these scheduling factors, at least one scheduling 

performance index needs to be optimized (Wang & 

Choi, 2014). In order to solve the multi-population 

problem of processing equipment selection in 

dynamic flexible shop scheduling, some research 

scholars have proposed an initiation method of 

genetic optimization based on equipment balancing 

strategy, which provides conditions for the 

application of the MPGA algorithm (Wang & Cai, 

2018). MPGAs solve much faster than single-

population genetic algorithm, and has stronger 

global convergence ability. It is an optimization 

algorithm for effectively solving complex 

scheduling problems (Gao et al., 2011). Based on 

the MPGA, this paper studies the dynamic job shop 

scheduling problem of flexible resources in actual 

production and processing workshops, and proposes 

a dynamic flexible scheduling system. This study is 

of great guiding significance for promoting the 

flexible job shop scheduling of resources in the 

manufacturing industry. 
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2 JOB SHOP SCHEDULING PROBLEM 

AND MULTI-POPULATION 

GENETIC ALGORITHM 

2.1 Research methods of job shop 

scheduling problem 

The job shop scheduling problem is related to 

the resource allocation. Each machine can only 

process a certain operation of a job at each time 

(Pan et al., 2013). The common job shop scheduling 

research generally assumes that the machine works 

endlessly, while each job is only allowed to be 

processed on the same machine once, and it must be 

performed in strict accordance with the processing 

order of the job; the dynamic job shop scheduling 

needs to considers the factors such as the processing 

priority and mechanical failure (Rey et al., 2014). 

Figure 1 shows the research methods of job shop 

scheduling problem. The existing common research 

methods include mathematical programming 

method, artificial intelligence technology, artificial 

neural network method, neighborhood search 

technology, an analytical model of discrete event 

dynamic system, heuristic rule method, fuzzy logic 

method, simulation algorithm and genetic 

algorithm. The first seven methods can be applied 

to the shop scheduling problem, but the calculation 

time is long and the optimization result is unstable, 

failing to meet the rapid on-site scheduling. After a 

lot of research, it has been found that the genetic 

algorithm is extremely robust, and can 

simultaneously search the spatial set point of the 

solution, which can effectively prevent the 

convergence to the local optimal solution during the 

search process (Wang et al., 2013; Zhao & He, 

2016). 

Research method 

of workshop 

scheduling

Mathematical programming method

Artificial intelligence technology

Artificial neural network optimization

Neighborhood search technique

An analytical model of discrete event 

dynamic systems

Heuristic rule method

Fuzzy logic method

Simulation algorithm

Genetic algorithm  

Fig.1 Research method of job shop scheduling 

problem 

 

2.2 The basic flow of multi-population 

genetic algorithm   

In genetic algorithms, the numerical calculation 

of individual fitness is an important indicator for 

evaluating genetic sub-populations. The fitness 

value is positively correlated with the probability of 

inheritance. It’s obtained by calculating the fitness 

function of the initially set individual (Fattahi & 

Fallahi, 2010). MPGA involves the relationship 

between multiple initial populations and sub-

populations. The essence of genetic algorithm is the 

selection process (Gao et al., 2007). Figure 2 shows 

the multi-population genetic system. The entire 

multi-population system is affected by the 

environment, and the excellent population and the 

general population are mutually influenced, among 

which the excellent population accounts for only a 

small part of the overall population, but can 

generate more superior new individuals with the 

general population. The MPGA can solve only by 

the fitness function, with no need to rely on gradient 

information and specific fields in the calculation 

process. Figure 3 shows the flow chart of the multi-

population genetic algorithm. There must be an 

excellent population in the multi-population. Its 

genetic algorithm is the same as the single-

population algorithm. In the process of evolution, 

excellent populations will exchange chromosomes 

with general populations, and generate populations 

to form the next generation of chromosomes. The 

multi-population adopts different mutation 

probabilities and retains the excellent individuals of 

the sub-population. 

In the genetic algorithm, the fitness function 

needs to meet the generality condition, and the 

results are non-negative. The commonly used 

fitness function calculation method is the boundary 

construction method, which is divided into the 

minimization problem and the maximization 

problem of the objective function. 

If the objective function is the minimization 

problem, then: 

           
                   

        
     (1) 

If it’s the maximization problem, then:  

           
                   

        
     (2) 
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Fig.2 Multi-population genetic system 
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Fig.3 Flow chart of multi population genetic 

algorithm 

3 DYNAMIC FLEXIBLE JOB SHOP 

SCHEDULING STRATEGY  

The actual job shop scheduling is dynamic, and 

the processing machinery does not work without 

restrictions. Scheduling factors such as order 

addition, change, or cancellation often occur. The 

traditional static scheduling model is no longer 

suitable for actual production. It’s assumed that 

there are J (Ji) jobs processed and produced on the 

M (Mi) machine; each job contains at least one 

operation, and the processing operation of each job 

cannot be changed; uncontrollable factors will be 

added at any time during the process. Therefore, it 

has become an important index for optimization on 

how to determine the processing order and initial 

time. Aimed at minimizing the completion time, the 

mathematical model of dynamic flexible job shop 

scheduling was established, as shown in Equation 3: 

                               (3) 
Figure 4 shows the dynamic flexible job shop 

scheduling information. The entire scheduling 

information includes basic information 

management, production information management, 

inventory management and workshop scheduling. 

Production information and inventory management 

information directly determine the most basic 

workshop process. In case of uncontrollable factors, 

the dynamic job shop scheduling method can 

respond in time and reschedule the processing tasks. 

In this study, one actual workshop was selected. It 

processed a total of ten workpieces and a total of 

five processing industry chains. Figure 5 shows the 

static job shop scheduling results. If there is damage 

to the first mechanical equipment, the workpieces 2, 

8, 8, and 8 can be directly affected. Figure 6 shows 

the dynamic job shop scheduling results. The 

dynamic scheduling strategy was obtained with the 

goal of minimizing the completion time, as shown 

in Figure 7. 

 

Flexible dynamic 

shop scheduling 

information

Basic information 

management

Production 

information 

management

Inventory 

management

workshop 

scheduling

Product processing information

Product order information

Equipment information

Product information

Order management

Quality management

Warehouse

Outbound

Returns

Single-target flexible dynamic 

workshop scheduling system

Double-target flexible dynamic 

workshop scheduling system

Multi-objective flexible dynamic 

workshop scheduling system  

Fig.4 Flexible dynamic job shop scheduling information 
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Fig.5 Static job shop scheduling results 
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Fig.6 Dynamic job shop scheduling results 

8

4

7

8

3

6

4 3 6 8 2 4 3

5 5 4 4

8

3 2 3

8 3 9 8

3 8 6 3

5 15

2

10

Completion time

P
ro

ce
ss

in
g
 e

q
u
ip

m
en

t

M1

M2

M3

M4

M5

Processes affected by dynamic events

Processing not affected by dynamic events
 

Fig.7 Dynamic shop rescheduling results  
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4 MULTI-POPULATION GENETIC 

ALGORITHM FOR SOLVING THE 

DYNAMIC FLEXIBLE JOB SHOP 

SCHEDULING PROBLEM 

4.1 Population decomposition and evolution 

in multi-population genetic algorithms   

The idea of the MPGA is to improve the general 

population using a small number of elite 

populations in the population and then achieve a 

global optimal effect. The lower mutation frequency 

of the elite populations ensures good adaptability 

and stability of the entire multi-population. The 

MPGA imitates the way of biological aggregation 

in nature, with the minimum completion time as the 

target. It is divided into multiple independent 

populations according to the different adaptation 

values when initializing the design. The individuals 

with the highest fitness value are called elite 

populations. Multiple populations use the rating 

evaluation method to exchange individuals. The 

sub-populations obtained after evolution are sorted 

according to the fitness value, and those with higher 

fitness values are upgraded into elite populations, 

thereby allowing the genetic descendants of many 

common populations to enter the elite population. 

Let the number of chromosomes in the actual 

population be N, the number of chromosomes in the 

elite population be only m%, and the remaining 1-

m% be all general populations. After the initial 

population decomposition, the number of excellent 

individuals increases; after at least one inheritance, 

the proportion of the elite population in the 

population must be greater than m%. 

4.2 The dynamic flexible scheduling system 

based on multi-population genetic 

algorithm 

For a fixed production and processing workshop, 

the processing environment is fixed for a short 

period of time. In case of the emergencies with 

processing equipment and products, the scheduling 

scheme that has been formulated needs to be re-

established. Therefore, the scheduling of dynamic 

flexible job shops can be regarded as the process of 

reallocation. The entire processing workshop is 

regarded as a dynamic system. In this system, the 

workpiece will change continuously with time. 

Thus, it is necessary to make a correct response in 

time according to different conditions to ensure the 

coordinated and orderly optimization of the 

production workshop. Many processing workshops 

often use three types of dynamic scheduling: 

adaptive, real-time and online. In the machining 

process, rescheduling is required in order to respond 

to emergency events. The dynamic scheduling 

system will automatically detect the rescheduling 

driver factor status. Once the rescheduling factor 

value is reached, the system will automatically start 

the rescheduling system until new scheduling task 

data is formed. This system has a very efficient 

speed for dealing with emergencies. 

The dynamic flexible scheduling system based 

on the MPGA includes the dynamic database 

management module, genetic module and new 

scheme download module, in which the dynamic 

database management module stores the workpiece 

information, mechanical shift information and 

process information required for processing, and 

through this scheduling system, the processing 

scheduling information can be automatically 

formulated in the initial stage, and new scheduling 

task data is formed together with the rescheduling 

driving factor according to the processing operation 

of each workpiece in the dynamic database; the 

genetic algorithm module can calculate the optimal 

solution; new scheme download module is to store 

the new processing operation after rescheduling. 

Figure 8 shows the modular dynamic scheduling 

system. Once a dynamic scheduling factor occurs, 

the three modules of the dynamic flexible 

scheduling system cooperate to complete the entire 

rescheduling work, thereby avoiding conflicts in the 

process. 
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Fig.8 Modular dynamic scheduling system  
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5 CONCLUSIONS  

Based on the MPGA, this paper studies the 

dynamic flexible job shop scheduling problem in 

the actual production and processing workshop, and 

gives a flexible dynamic scheduling system. The 

specific conclusions are as follows: 

(1) In the MPGA, the excellent population only 

occupies a small part of the overall population, 

which can be solved only by relying on the fitness 

function in the calculation process rather than the 

gradient information and specific fields. 

(2) The MPGA imitates the way of biological 

aggregation in nature, and is divided into multiple 

independent populations according to the different 

adaptation values when initializing the design. The 

individuals with the highest fitness value are called 

elite populations. 

(3) The dynamic flexible scheduling system 

based on the MPGA includes three modules: 

dynamic database management module, genetic 

module and new scheme download module. Once 

dynamic scheduling factors occur in the actual 

processing and production process, these three 

modules cooperate with each other to complete the 

entire rescheduling work, thus avoiding conflicts in 

the processing. 
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