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ABSTRACT: To effectively solve the problem of flexible job shop scheduling, the 

distribution of processing procedures under various factors is comprehensively considered. For 

the purpose of reducing production costs and processing time, the reasonable flexible shop 

scheduling method is established. By establishing a mathematical model for flexible job shop 

scheduling, the constraint conditions such as machine allocation and process sequencing in 

production are constructed as a model. The proposed ant colony-genetic hybrid model is used 

to solve the problem, to obtain a better solution. The results show that compared with the 

calculation results of genetic algorithm, improved genetic algorithm, ant colony algorithm, and 

improved ant colony algorithm, the maximum completion time obtained by ant colony-genetic 

algorithm is 110s, 17s, 7s, and 14s, respectively. The results are less than the maximum 

completion time achieved by other algorithms. Also, compared with other algorithms, the ant 

colony-genetic algorithm has the highest execution efficiency, and it can converge to the 

optimal solution in a lower number of iterations. Therefore, the proposed ant colony-genetic 

hybrid algorithm has high feasibility and effectiveness in dealing with flexible shop operations. 

KEYWORDS: hybrid algorithm; flexible job shop scheduling problem; optimization 

problem; genetic algorithm; ant colony algorithm 

 

1 INTRODUCTION 

To improve the competitiveness of China's 

manufacturing industry in the world, manufacturing 

enterprises need to reduce production time and 

production costs by rationally arranging production. 

Therefore, the problem of job shop scheduling 

needs to be solved. The flexible job shop scheduling 

problem is an extension of the job shop scheduling 

problem. This problem introduces the decision-

making content of the job path. Each process allows 

operation and processing on any one of a group of 

machines.  

Shao et al. proposed an extended continuous 

distribution estimation algorithm to solve the 

problem of shop scheduling. Through variable field 

search and local search to enhance the local search, 

the continuous vector was converted into a discrete 

arrangement (Shao et al., 2017). Yuan et al. 

proposed a mixed integer linear programming 

model to solve the scheduling problem of a two-

machine flow shop. The results prove that the 

proposed model has a good effect on solving the 

problem of shop scheduling (Yuan et al., 2020). 

Zou et al. proposed the same effective discrete 

artificial bee colony algorithm to solve the 

scheduling problem of automated guided vehicles in 

linear manufacturing workshops. The results show 

that the algorithm has a good effect in dealing with 

such problems (Zou et al., 2020). Shao et al. 

proposed a hybrid node and edge histogram 

algorithm to solve the problem of non-idle 

permutation flow shop scheduling with the goal of 

minimizing the maximum completion time. The 

results show that the proposed algorithm has high 

superiority and effectiveness in solving such 

problems (Shao et al., 2017).  

Through the introduction of the ant colony 

algorithm as an optimization algorithm, the problem 

of flexible job shop is explored. The ant colony 

algorithm and genetic algorithm are combined to 

overcome the shortcomings of single algorithm 

processing problems. Combining the advantages of 

ant colony algorithm local optimization and genetic 

algorithm global search, the genetic algorithm is 

introduced into each iteration of ant colony 

algorithm. Through optimization operations such as 

selection, crossover, and mutation, the next-

generation population with better performance is 

generated. The continuous iterative loops are 
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performed until the optimal solution to the problem 

is found. The performance test of the proposed 

algorithm is carried out by comparing the 

calculation results of other algorithms through 

actual tests. 

2 METHODS 

2.1 Establishment of multi-objective flexible 

shop scheduling model 

The problem of shop scheduling is to reasonably 

arrange processing time for existing resources. Each 

procedure of the workpiece is reasonably allocated 

to each processing workpiece. Also, the processing 

sequence and starting time of the procedures are 

reasonably arranged, and the performance indicators 

are optimized. In the implementation process, it is 

necessary to meet the actual constraints, such as the 

processing sequence of the procedure, the machine 

load, and the interpretation time of the procedure. 

For enterprises, there may be more than one 

optimization goal during processing. Therefore, it is 

necessary to find a scheduling scheme that 

comprehensively considers various factors.  

The description of the shop scheduling process 

usually uses a Gantt chart, which is a line chart. The 

horizontal axis represents time, and the vertical axis 

represents the machine that processes the 

workpiece. The lines indicate the completion of the 

processing. Also, it represents the start and end 

processing time. Therefore, the Gantt chart is an 

effective tool to show the situation of shop 

scheduling.  

The flexible shop scheduling problem can be 

described as: there are n  workpieces and the order 

of the workpieces is represented by i . The 

workpieces are independent of each other, and the 

workpiece i  is represented by iJ
. Each workpiece 

has il  procedures and constraint condition iP
. The 

procedure of each workpiece is represented by 

, 1...,ij iO j l
. There are m  machines and k  is the 

order of the machines. For each procedure ijO
, 

there are a series of machines ijM
 and 

ijM 1,...,m
 that can be processed. The 

processing time of the workpiece ijO
 on the 

machine k  is ijkT
 (Wang et al., 2018; Hosseini-

Nasab et al., 2018; Behnamian, 2019).  

Compared with the shop scheduling problem, the 

flexible shop scheduling problem has the 

characteristics of complexity, uncertainty, multiple 

constraints, and multiple objectives. (1) 

Complexity. The problem includes the complexity 

of model establishment, the complexity of data 

calculation, and the complexity of production links. 

At the same time, the scheduling of a workpiece 

will affect the processing time allocation, process 

adjustment, and handling of the entire scheduling 

process. Therefore, the solution to the problem can 

only find the optimal solution. (2) Uncertainty. In 

the actual production process, various emergencies 

will occur. Moreover, different workpieces may 

consume different times in the same procedure. 

Therefore, these uncertainties add to the complexity 

of the problem. (3) Multiple constraints. The 

scheduling of shop production is constrained not 

only by target conditions but also by processing 

procedures and production processes. (4) Multiple 

objectives. The shop scheduling is not only to 

shorten processing time, but also to minimize 

production costs, maximize production profits, and 

maximize yields. There are also complex 

constraints between these objectives. Therefore, it is 

necessary to measure the importance of these 

objectives to seek the optimal solution (Zhu et al., 

2018).  

There are many restrictions in actual production. 

Therefore, the following constraints are set for 

flexible job shop scheduling:  

(1) Sequence constraint: During the processing, 

there are priorities for the procedures of the same 

workpiece. After the previous procedure is 

processed, the next procedure can be carried out. 

The equation is as follows. 

ijk i(j+1)kE S
              (1) 

Where: ijS
 represents the start time of the 

procedure ijO
. ijE

 represents the end time of the 

procedure ijO
. The equation indicates that the 

procedure j  of the workpiece i  can only be started 

after the procedure 1j   is finished.  

(2) Procedure exclusivity: each procedure can 

only be processed by one equipment.  

1

1
m

ijk

k

x



                (2) 

Where: ijkx
 represents that the procedure ijO

 

selects to be processed on the machine k . 

(3) Other constraints: The workpiece cannot be 

stopped halfway during processing. The parameter 

must be positive.  

ijk ijk ijkE S T 
             (3) 
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0, 0, 0ijk ijk ijkE S T  
        (4) 

Through performance evaluation indicators, the 

flexible shop scheduling problem is solved. Four 

targets are selected according to actual needs to 

form the flexible shop scheduling model.  

(1) Maximum completion time: The completion 

time is the time from the start of processing to the 

completion of the last procedure for each 

workpiece. The longest time for workpiece 

processing is the maximum completion time. It can 

measure the efficiency of shop production, and the 

equation is as follows.  

1 j
1 j n

f = min( max(c ))
            (5) 

Where: jc
 represents the processing completion 

time. 

(2) The maximum load of the machine is the 

minimum: During the solution process, the load of 

different machines may vary greatly. The maximum 

load of the machine should be kept to a minimum 

during processing. The following equation is used 

to describe the load of each machine.  

2

1 1

jkn

ijk ijk
1 j n

j k

f = min( max T x )
 

 


     (6) 

(3) The total machine load is the minimum: In 

the solution process, different machines have 

different processing times for the same procedure. It 

will lead to differences in total machine load due to 

different scheduling schemes. Therefore, under the 

condition that the overall goal remains unchanged, 

the total load of the machine should be ensured to 

be the minimum, and the equation is as follows.  

3

1 1 1

jkm n

ijk ijk

i j k

f = min( T x )
  


       (7) 

(4) The total processing cost is the minimum: 

The processing cost can well reflect the importance 

of the optimization scheme to the enterprise. In the 

solution process, different scheduling schemes will 

have different processing costs. Thus, the total 

processing cost should be the minimum, and the 

equation is as follows.  

4

1 1 1

jkm n

ijk ijk

i j k

f = min( cosT x )
  


     (8) 

Where: ijkcosT
 represents the processing time of 

ijO
 on machine ijM

 (Liu, 2019; Reddy et al., 

2016). 

Because of the complexity of flexible shop 

scheduling, researchers have been exploring more 

efficient optimization algorithms to solve this 

problem. Although there are good results in various 

fields, they still cannot meet actual needs. 

Therefore, the hybrid algorithm based on ant colony 

algorithm is proposed to explore such problems.  

2.2 Design of ant colony-genetic hybrid 

algorithm 

Ant colony algorithm is a simulation algorithm 

based on the positive feedback of information 

proposed according to the principle of the shortest 

path for ants in nature. In the solution to the shop 

scheduling problem, each artificial ant includes the 

completed procedure and the next optional 

procedure. Thus, the route that each ant walks is a 

feasible solution, but not necessarily the optimal 

solution. When an ant obtains the optimal solution, 

it will pass the solution to other ants through the 

pheromone it carries. Therefore, in addition to being 

restricted by conditions, each ant is also affected by 

the pheromone of itself and other ants. Therefore, 

the optimal solution is influenced by the entire ant 

colony.  

Ant colony algorithm has the characteristics of 

strong robustness, good parallelism, premature 

convergence, positive feedback mechanism, and 

self-organization. Therefore, ant colony algorithm 

has a good effect on solving multi dynamic 

combinatorial optimization problems. However, the 

ant colony algorithm has problems such as long 

search time, easy to fall into local optimum, and a 

large amount of calculation. Also, at the beginning 

of the algorithm, the pheromone concentration on 

each route is the same. Therefore, the initial 

pheromone is scarce in the early stage of operation, 

and the operation is slower (Pan et al., 2017). Figure 

1 is the flowchart of the ant colony algorithm. 

The genetic algorithm is an optimized search 

algorithm developed from the phenomena of 

heredity, mutation, natural selection, and 

hybridization in evolutionary biology. When 

dealing with problems, a certain number of 

candidate solutions are used as chromosomes, and 

the next generation is generated through 

reproduction and evolution. The fitness of the 

population is evaluated in each generation. The 

intervention and selection are carried out for 

reproduction and evolution, to continuously 

improve the quality of the population, thereby 

obtaining the optimal solution. Compared with 

other algorithms, the genetic algorithm is based on 

the principle of biological evolution. It has good 

running speed and it is an efficient global search 

algorithm (Li et al., 2020). Figure 2 is the genetic 

algorithm diagram. The genetic algorithm uses 

genetic codes to compare individuals. Through the 

evolutionary process of biology, the purpose of 

rapid optimization is achieved and it will not fall 
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into the problem of local optimum. In the process of 

searching for the optimal solution, the genetic 

algorithm has no requirements on the objective 

function and search range. Therefore, it has strong 

scalability and versatility, which is easy to be 

combined with other algorithms (Nourifar et al., 

2018). 

 

Start

Enter The Iteration
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Probability Of The Turntable 

And Repair The Next Element

Modify The Taboo List

Meet Termination 

Conditions

Update Pheromone

Output Optimal Solution

End
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Figure. 1 Flowchart of the ant colony algorithm 
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Figure. 2 Genetic algorithm diagram 
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Figure. 3 The speed-time curve of genetic algorithm and ant colony algorithm 

 

 

When the flexible shop is scheduled to deal with 

problems, the processing procedures can be 

processed on multiple devices. Therefore, when 

solving the flexible shop scheduling problem, it is 

not only necessary to determine the processing 

sequence and start time on each device, but also to 

allocate the processing device.  

The genetic algorithm is introduced into the 

iteration of the ant colony algorithm, and the 

solution of the ant colony algorithm is used as the 

initial population of the genetic algorithm. 

Individuals are optimized for reproduction, 

crossover, and mutation to produce a new 

generation of the high-quality population. It can be 

seen from Figure 3 that the ant colony algorithm 

and genetic algorithm have different operation 

speeds in different operation times. Therefore, the 

ant colony-genetic hybrid algorithm can quickly 
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converge to the vicinity of the optimal solution in 

the early stage of the operation, and can better find 

the exact solution in the later stage of the operation. 

By comparing the genetic algorithm and the ant 

colony algorithm, it can be concluded that the 

genetic algorithm can quickly converge to the 

vicinity of the optimal solution in the early stage of 

the hybrid algorithm. When the algorithm runs to 

the later stage, the ant colony algorithm with good 

local optimization ability in the algorithm will make 

the ability to find the exact solution higher. 

Start

Initialization

k>mUpdate Taboo List

Initial Population

Nc>=0.6Nmax

Cross

Mutations

Select

Nc>NG

Update Pheromone Matrix

Nc>=Nmax

End

 
Figure. 4 Flowchart of ant colony-genetic hybrid algorithm 

 

The steps of the ant colony-genetic hybrid 

algorithm are as follows: (1) Pheromone, ant 

colony, cycle number cN
, maximum cycle number 

maxN
 , and genetic iteration number NG  are 

initialized. (2) The ant is placed on the node. The 

state transition rule is applied to construct the 

walking route of the ant. Also, the pheromone and 

taboo list are updated. (3) Determining whether the 

ant has completed the cycle. If completed, the 

solution of the ant colony algorithm is output as the 

initial population of genetic algorithm, to judge the 

relationship between cN
 and 0.6 maxN

. If not 
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completed, the cycle is continued. (4) The new 

generation of individuals is generated based on 

selection and crossover. (5) According to the 

mutation method, the mutation under a certain 

probability is performed. (6) Determining whether 

the termination condition is met, that is, the 

maximum number of iterations is reached. If it is 

met, the optimal solution is output. If it is not met, 

the optimal solution is selected, crossed, and 

mutated. Then, the operation of (4) is repeated. (7) 

According to equation  

ij ij ij(t+n)=(1- ) (t)   V
        (9) 

the pheromone matrix is updated to determine 

whether the maximum number of cycles has been 

reached. If reached, the optimal solution is output. 

If not reached, the operation of (2) is continued. 

Figure 4 is the flowchart of the hybrid algorithm 

(Ghosh et al., 2016; Weitzel et al., 2018). 

2.3 Example test simulation 

 (1) Example test 1. The experimental conditions 

are 3 workpieces, 6 equipment, and 15 procedures. 

The ant colony-genetic hybrid algorithm is used for 

experiments, and the optimization goal is that the 

maximum completion time is minimum.  The 

parameter settings: 15 ants, 15 procedures, 50 

iterations, and 60 pheromone intensity.   is 1, 


is 1.5, 


is 0.3, and 0


is 0.1. (  represents the 

information heuristic factor, which reflects the 

importance of the ant's accumulation of pheromone 

content in the search path during the search process. 


 represents the expected heuristic factor. 


 is 

pheromone volatility.) 

(2) Example test 2. The experimental conditions 

are 4 workpieces, 6 equipment, and 24 procedures. 

The ant colony-genetic hybrid algorithm is used for 

experiments, and the optimization goal is that the 

maximum completion time is minimum. The 

parameter settings: 25 ants, 24 procedures, 200 

iterations, and 100 pheromone intensity.   is 1, 


 is 1.5, 


 is 0.3, and 0


 is 0.1.  

(3) Example test 3. An example of 10x10 

flexible shop scheduling is simulated through 

algorithms. The parameter settings: 30 ants; 30 

procedures; 300 iterations, and 110 pheromone 

intensity.   is 2, 


 is 2, 


 is 0.3, and 0


 is 0.1.  

(4) Example test 4. An example of 8x8 flexible 

shop scheduling is simulated by ant colony-genetic 

hybrid algorithm and improved ant colony 

algorithm. The parameter settings: 30 ants; 27 

procedures; 100 iterations, and 100 pheromone 

intensity.  is 2, 


is 2, 


 is 0.3, and 0


 is 0.1.  

3 RESULTS AND ANALYSIS 

The ant colony-genetic hybrid algorithm is used 

to simulate flexible job shop scheduling. To verify 

the performance of the hybrid algorithm, the 

performance is compared by comparing the existing 

algorithms.  

3.1 Comparison of example test 1 and 

genetic algorithm 

Figure 5 shows the optimal solution Gantt chart 

of the ant colony-genetic hybrid algorithm and the 

comparison with the solution results of the genetic 

algorithm. 
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Figure. 5 Example 1 test results: (a) Gantt chart of the hybrid algorithm; (b) Comparison of the number of 

iterations of the two algorithms 
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It can be seen from Figure 5(a) that the ant 

colony-genetic hybrid algorithm calculates the 

example, and the optimal solution is 110s. For the 

measurement of the algorithm, the execution 

efficiency of the algorithm needs to be considered. 

The shorter the execution time, the better the 

performance of the algorithm. It can be seen from 

Figure 5(b) that, compared with the traditional 

genetic algorithm, the genetic algorithm takes about 

20 times to converge to 135s. The ant colony-

genetic hybrid algorithm converges to 110s around 

the 10th time. It can be seen that the performance of 

hybrid algorithm is better than genetic algorithm.  

3.2 Comparison of example test 2 and 

improved genetic algorithm 

Figure 6 shows the optimal solution Gantt chart 

of the ant colony-genetic hybrid algorithm and the 

comparison with the solution results of the 

improved genetic algorithm. 
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Figure. 6 Example 2 test results: (a) Gantt chart of the hybrid algorithm; (b) Comparison of the number of 

iterations of the two algorithms 
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Figure. 7 Example 3 test results: (a) Gantt chart of the hybrid algorithm; (b) Comparison of the number of 

iterations of the two algorithms 

 

It can be seen from Figure 6(a) that the ant 

colony-genetic hybrid algorithm calculates the 

example, and the optimal solution is 17s. It can be 

seen from Figure 6(b) that, compared with the 

improved genetic algorithm, the improved genetic 

algorithm takes about 160 times to converge to 19s. 

The ant colony-genetic hybrid algorithm converges 

to about 17s around the 100th time. It can be seen 
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that the performance of the hybrid algorithm is 

better than that of the improved genetic algorithm.  

3.3 Comparison of example test 3 and ant 

colony algorithm 

Figure 7 shows the optimal solution Gantt chart 

of the ant colony-genetic hybrid algorithm and the 

comparison with the solution results of the ant 

colony algorithm.  

It can be seen from Figure 7(a) that the ant 

colony-genetic hybrid algorithm calculates the 

example, and the optimal solution is 7s. It can be 

seen from Figure 7(b) that compared with the ant 

colony algorithm, the ant colony algorithm takes 

about 275 times to converge to 7s. The ant colony-

genetic hybrid algorithm converges to 7s around the 

150th time. It can be seen that the performance of 

the hybrid algorithm is better than that of the ant 

colony algorithm. 

3.4 Comparison of example test 4 and 

improved ant colony algorithm 

Figure 8 shows the optimal solution Gantt chart 

of the ant colony-genetic hybrid algorithm and the 

comparison with the solution results of the 

improved ant colony algorithm. 
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Figure. 8 Example 4 test results: (a) Gantt chart of the hybrid algorithm; (b) Comparison of the number of 

iterations of the two algorithms 

 

It can be seen from Figure 8(a) that the ant 

colony-genetic hybrid algorithm calculates the 

example, and the optimal solution is 14s. It can be 

seen from Figure 8(b) that compared with the 

improved ant colony algorithm, the improved ant 

colony algorithm takes about 40 times to converge 

to 16s. The ant colony-genetic hybrid algorithm 

converges to 14s around the 30th time. It can be 

seen that the performance of the hybrid algorithm is 

better than that of the improved ant colony 

algorithm. 

4 CONCLUSIONS 

To explore the solution of the flexible shop 

scheduling problem under the influence of multiple 

factors, the ant colony hybrid algorithm is used to 

simulate the constructed flexible shop scheduling 

model, thereby obtaining the optimal solution. First, 

the establishment of the mathematical model of 

flexible shop scheduling is introduced. Also, the 

hybrid algorithm based on ant colony algorithm and 

genetic algorithm is proposed. By combining the 

advantages of the two algorithms, the ability to 

solve problems is improved. The designed 

algorithm is applied to actual working conditions. 

The results show that compared with other 

algorithms, the designed ant colony-genetic hybrid 

algorithm has better feasibility and effectiveness in 

terms of both the optimal solution and the operation 

efficiency. But there are still some problems. The 

genetic algorithm has the disadvantage of precocity. 

If the optimization operation is performed at this 

time, it may be the useless optimization for the 

mature population, and it may cause the destruction 

of good individuals in the population. Therefore, it 

needs to be solved in the subsequent algorithm 

optimization process. 
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