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ABSTRACT: The key to solving the shortage and lagging of scheduling resource 

capabilities is the optimal resource allocation of flexible job shop. This paper studies the 

flexible job shop resources scheduling problem based on the multi-agent system (MAS) 

technology. It establishes the data model to calculate the optimal resource allocation. Also, a 

comparative analysis was conducted about the scheduling capacities between the traditional job 

shop scheduling method and MAS-based scheduling methods. The research results show that 

the scheduling model based on the MAS theory has better adaptively to resource scheduling 

problems and more stable overall performance, which is theoretically feasible; using the latest 

scheduling method and establishing scheduling paths, it is found that in practice, the distributed 

scheduling method based on MAS technology can save 31.4% and 12.7% scheduling time on the 

scheduling path compared to the traditional scheduling method and the scheduling method 

without adding flexible jobs; the experiments have confirmed that the scheduling method 

designed in this paper is feasible. The research findings provide support for the practical 

research and application of flexible job shop scheduling problems. 
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1 INTRODUCTION 

With the advent of the intelligent information 

age, intensification, reduction, and intelligence have 

become the mainstream for the development of 

today's industrial enterprises, especially large 

manufacturing enterprises, and logistics and 

transportation enterprises. The successful and 

intelligent allocation and application of resources 

are the key factors to save business operating costs 

and improve profits (Brazier et al., 2002), so it has 

been the focus of many scholars' research on how to 

reasonably realize resource scheduling and 

allocation according to demand (Mostafa et al., 

2018). Generally, the research on improving 

industrial enterprises starts with the rational 

allocation and optimal configuration of job shop 

resource scheduling. Job shop scheduling is the core 

unit of resource scheduling. It is usually described 

that some jobs need to be completed by machines 

and equipment; each job consists of several ordered 

operating units; each operation needs to be 

processed on a specific machine and equipment; 

each machine can only operate once and cannot be 

interrupted in the same time. The optimal 

configuration based on this scheduling seems 

extremely important. The research results (Lerner et 

al., 2012; Zhao et al., 2018) show that the types of 

scheduling are more in line with the application of 

genetic algorithms (Gazafroudi et al., 2017). Many 

scholars at home and abroad have studied the 

optimal scheduling based on different algorithms, 

and proposed the production reservation approach 

to implement scheduling planning. (Min et al., 

2012). Also some other scholars have done a lot of 

research and statistical work on the optimal solution 

of scheduling problems using mixed methods, and 

achieved many achievements. However, due to the 

characteristics of wide distribution of shop 

scheduling locations, multi-objectiveness, and 

dynamics (Kang et al., 2012), there exist some 

deficiencies in the response speed and presented 

effects of the flexible job shop scheduling after 

increasing the random problem processing and 

scheduling tasks (Sinha et al., 2003), that is, the 

application research of random dynamic scheduling 

and resource allocation in shop scheduling needs to 

be strengthened (Chen et al., 2010). In this paper, 

the frontier computing method was used to study 

the flexible job shop scheduling problem of 

resources through simulation. 

MAS is a cutting-edge discipline in today's AI 

and also one of the important branches of DAI 

research. Its goal is to construct large and complex 

systems into small, interoperable and coordinated 

ones that are easy to manage (Batle et al., 2016; 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.18, ISSUE 1/2020 

32 

Karfopoulos et al., 2013). The systems implemented 

using MAS theory and technology has practical and 

wide adaptability, so MAS has been successfully 

applied to traffic control, flexible manufacturing, 

logistics and other fields. This paper attempts to 

build different job scheduling models based on 

MAS. The simulated experiments were conducted 

to verify these models. The study shall provide 

support for the practical research and application of 

flexible job shop scheduling problems. 

 

2 MAS-BASED FLEXIBLE JOB SHOP 

SCHEDULING MODEL 

2.1 Multi-Agent system architecture 

The sub-unit of the MAS system is supported by 

Agents. MAS is a collection of multiple agents. 

Each Agent is a small intelligent one with the 

characteristics of autonomy, interaction, 

cooperation, and decision-making capabilities. All 

agents make communication and coordination 

according to the agreed protocols so that the system 

under study becomes a whole with superior 

performance, thereby solving large-scale complex 

problems. The appropriate selection of the MAS 

system structure affects its consistency, autonomy, 

and adaptive ability, and also determines the storage 

method of the system information and the 

communication mode between the agents. In this 

paper, the pure distribution structure that is 

relatively easy to simulate was selected, as shown in 

Figure 1. The agents share information and 

knowledge with each other. This study starts from 

the shop unit, and makes adjustments on the larger-

scale MAS system based on the effect. 

Agent

Agent Agent

Agent

 
Fig. 1 The distributed structures of MAS 

 

2.2 Implementation of scheduling algorithm 

based on MAS 

Through the analysis of the MAS architecture 

above, it’s found that to achieve the randomness 

and dynamics of its intelligent algorithm, and to 

meet the randomness of each scheduling task, we 

should try to make the offline scheduling method 

meet the system's scheduling requirements. For 

single-shop scheduling problems, it’s assumed in 

this study that the workshop dispatches the trolley 

from the garage to perform the task, and after 

completing the task, the trolley returns to the 

garage. However, during the trolley's dynamic 

execution of tasks, the starting point is not 

necessarily the designated garage in the workshop, 

but it may be the unloading point of the car at the 

planning time. Therefore, it’s necessary to modify 

the mathematical model of the MAS-based job 

scheduling established in the scheduling situation 

accordingly. Figure 2 shows the reference chart of 

the model. 
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Fig. 2 The flow chart of MAS-based job shop 

scheduling model 

 

3 FEASIBILITY STUDY OF MAS-

BASED FLEXIBLE JOB SHOP 

SCHEDULING PROBLEM 

3.1 Simulation calculation and result 

analysis 

Based on the section 2.2 about the MAS, a 

distributed job scheduling method with high 

adaptability was established. In order to better test 

its comprehensive performance and compare it with 

other common scheduling methods, this paper 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.18, ISSUE 1/2020 

33 

builds a targeted simulation experiment model. This 

model divides the 150m × 120m range into different 

grids. 50 sites and scheduling tools were randomly 

distributed on grid lines, and grid lines were also 

used as the connection path between sites. Multiple 

repeated experiments were conducted. Each 

experiment generated a random combination of 

different site distributions, and repeated 

experiments were performed on different job 

scheduling methods, which allow us to better 

evaluate the comprehensive performance of 

different job scheduling methods. For better 

comparison between the simulation experiment 

model and traditional job scheduling methods, the 

MFCFS, MAS-RC were used as the traditional 

methods, while the job scheduling method proposed 

in this paper was expressed by MAS, MAS-I-S, 

MAS-I-R, where MAS is the MAS-based 

scheduling method, I (insert) is the simple insertion 

method of new task, S (single-auction) is the use of 

a single exchange strategy, and R (Re-auction) is 

the use of multiple scheduling exchange strategies. 

Table 1 lists the simulation results of different 

scheduling methods.  

Table 1. Simulation results 

T 
performa

nce 

MFCF

S 

MA

S-

RC 

MA

S 

MA

S-I-S 

MA

S-I-

R 

4.5 

Ave-w 166.3 85.4 78.9 80.3 78.6 

Max-w 588 632 558 462 411 

Max-n 12 16 14 14 16 

Sat-r 69.5 96.5 90.6 93.0 92.8 

Uti-r 103.3 78.5 85.3 78.2 76.5 

5.0 

Ave-w 95.8 79.5 82.7 73 72.4 

Max-w 422 522 426 471 448 

Max-n 8 9 9 6 7 

Sat-r 82.5 93.8 92.9 95.3 96.0 

Uti-r 84.4 77.5 78.2 75.3 75.8 

5.5 

Ave-w 83.4 68.7 74.4 64.5 64.2 

Max-w 315 367 312 375 361 

Max-n 5 4 3 3 3 

Sat-r 95.4 98.6 97.8 99.4 99.6 

Uti-r 74.6 71.3 71.8 69.4 69.3 

Remarks: t, Average task interval (s); Ave-w, 

average task waiting time (s); max-w, maximum 

task waiting time Room (s); sat-r, task on time 

completion rate (%); MAX-n, maximum task queue 

length of the site; Uti-r, trolley utilization rate (%). 

The simulation results in Table 1 and the trend 

graph in Figure 3 show that among the five 

scheduling methods the system's average task 

waiting time, maximum task waiting time, 

maximum task queue length, and trolley utilization 

rate decrease with the increase of the average task 

interval, while the completion rate of tasks on time 

increases with the increase of the average task 

interval. In general, the two scheduling methods, 

MAS-I-S and MAS-I-R, have higher efficiency, and 

their average task waiting time, maximum task 

waiting time, and scheduling utilization are 

relatively smaller than other scheduling methods. 

 
Fig. 3 The average waiting time of different job 

scheduling methods under different task intervals 

 

The TST method was used to evaluate the 

comprehensive evaluation results of each 

scheduling method at different task intervals, as 

shown in Table 2. 

 

Table 2. The evaluation results of each job scheduling 

method under different task intervals  

Scheduling 

method 

4.5 5 5.5 

Evaluati

on value 

ran

k 

Evaluati

on value 

ran

k 

Evaluati

on value 

ran

k 

MFCFS 0.0458 5 0.1306 5 0.1825 5 

MAS-RC 0.6974 4 0.6789 3 0.6623 3 

MAS 0.8236 3 0.5688 4 0.4589 4 

MAS-I-S 0.9962 1 0.9654 2 0.8956 2 

MAS-I-R 0.9556 2 0.9523 1 0.9053 1 

 

 
Fig. 4 The evaluation results of each job 

scheduling method under different task intervals 

trend 

 

Compared to traditional centralized job 

scheduling methods such as MFCFS, MAS-RC, and 
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MAS, the distributed job scheduling method based 

on MAS is not sensitive to the dynamic changes of 

parameters such as the number of sites and task 

arrival interval, and has better environmental 

adaptability and more stable comprehensive 

performance. This indicates that it has certain 

advantages over traditional centralized scheduling 

methods in optimizing system performance and 

improving system reliability when applied in the 

dynamic and large-scale job shop scheduling, which 

is conducive to the flexibility of the job shop 

scheduling problem，as shows Figure4 tend.  

3.2 Implementation of MAS-based flexible 

job shop scheduling strategy 

Due to the limitations of simulation in practical 

applications, the simulation model established based 

on intelligent MAS technology is significantly 

different from the real job shop scheduling. It needs 

to be verified that various job scheduling methods 

can show their expected effects in actual scheduling 

jobs. The key to achieving optimal scheduling is the 

optimal configuration of the scheduling equipment 

in the workshop, while the key to the scheduling 

tools is the information of the used industrial 

equipment, the scheduling path, and the status 

management of the transferred materials. The site of 

the scheduling path is determined or changed 

according to the scheduling; the scheduling path is 

transmitted to the scheduling list, and to the tools 

used for scheduling, and the services that meet the 

requirements are selected through state management 

to implement the scheduling process. Figure 5 

shows its operation process. 

Unknown state Idle state Assigned status Connection state

Insert vehicle

Assignment task

Approach mount site Current task completed

Cancel tasksVehicle exit

Vehicle exit

 
Fig. 5 State transition diagram of vehicle 

 

The management of the scheduling tools and 

task generation are the prerequisites for realizing 

the resource allocation. The scheduling distribution 

is to perform task management on the dispatched 

materials, manage the state change of the task in its 

entire life cycle from the beginning to the end, and 

select the task services meeting the requirements for 

scheduling management. Each task includes 

elements such as location information, status, 

loading position, unloading position, scheduling 

time, priority, etc., which are recorded by means of 

a task list. The task status defines five types of 

tasks, namely the tasks to be assigned, suspended, 

assigned, being executed, and completed. Figure 6 

shows the state transfer of the tasks. 

Idle state Assigned status Executing state

Approach mount site

Cancel tasks

Task 

generation

Load

Suspension state
Completion 

status

Waiting for

 the event to happen the event to happen
uninstall

 
Fig. 6 Task status transfer 

 

Based on the above scheduling methods, the 

MFCFS, MAS-IS, and MAS-IR scheduling 

methods were tested three times, for 8 hours each 

time. The experimental results are shown in Table 

3. The average task period in the table indicates the 

average time from task generation to completion. 

From the data in Table 3, it can be seen that in 

terms of the average task waiting time of MFCFS, 

MAS-IS, and MAS-IR, MAS-IR was 67.7s and 

21.6s less than MFCFS and MAS-IS, respectively; 

in terms of average task cycle, MAS-IR was 27.1s 

and 71.5s less than MFCFS and MAS-IS 

respectively, so MAS-I-R has the highest efficiency, 
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follow by MAS-I-S, indicating the test results are 

valid. 

 

Table 3. MFCFS, MAS-I-S, MAS-I-R, Test results of 

dispatching rules 

Numbe

r 

MFCFS MAS-I-S MAS-I-R 

Task 

wait 

Task 

cycle 

Task 

wait 

Task 

cycle 

Task 

wait 

Task 

cycle 

1 
209.

6 

385.

6 

173.

3 

331.

2 

156.

9 

296.

3 

2 
224.

8 

366.

2 

169.

0 

325.

6 

146.

3 

295.

6 

3 
211.

6 

356.

9 

165.

3 

318.

9 

139.

8 

302.

3 

average 

value 

215.

3 

369.

6 

169.

2 

325.

2 

147.

6 

298.

1 

 

4 CONCLUSIONS 

This paper attempts to study the flexible job 

shop resources scheduling problems based on MAS 

technology. It first establishes a MAS-based 

flexible shop scheduling model, to verify the 

feasibility of the proposed scheduling method. 

Then, based on the materials and scheduling tools 

required by the scheduling workshop, the 

experimental was conducted to compare the 

scheduling capabilities of the scheduling methods 

such as MFCFS, MAS-I-S, and MAS-I-R. The 

conclusions have been drawn as follows: 

(1) Compared to traditional centralized job 

scheduling methods such as MFCFS, MAS-RC, and 

MAS, the distributed job scheduling method based 

on MAS is not sensitive to the dynamic changes of 

parameters such as the number of sites and task 

arrival interval, and has better environmental 

adaptability and more stable comprehensive 

performance. This indicates that it has certain 

advantages over traditional centralized scheduling 

methods in optimizing system performance and 

improving system reliability when applied in the 

dynamic and large-scale job shop scheduling. 

(2) The scheduling capability of MAS-I-R is 

better than the MAS-IS and MFCFS in terms of 

performance indicators such as average task waiting 

time and average task period, which proves the 

feasibility and effectiveness of the MAS-I-R in 

practical application. 
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