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ABSTRACT: The scheduling problem of workshops has an impact on the production 

efficiency of the enterprises and their long-term economic development. In order to optimize the 

supply-demand balance and the production scheduling of flexible workshops, this paper applies 

dynamic network to analyze the problem of production scheduling in workshops, and proposes 

an optimization algorithm for supply-demand matching and production scheduling, then it 

verifies the feasibility of the optimization algorithm via an empirical analysis of an actual 

factory workshop. The research results show that using multi-dynamic network technology to 

model the workshops enables the production system to adjust itself according to the market 

changes in a timely manner, and it can improve the adaptability of the system; moreover, the 

empirical analysis also shows that the proposed dynamic network optimization algorithm can 

adjust the scheduling of workshops; even in more complicated cases, it can still make proper 

adjustments and improve the production efficiency. This study lays a theoretical foundation for 

the scheduling optimization and production deployment of flexible workshops. 
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1 INTRODUCTION 

With the development of the social economy, the 

manufacturing industry is playing an increasingly 

important role in the national economy, and its 

proportion in the total economic volume is get 

higher. With the advent of the 21
st
 century, the new-

type manufacturing industry characterized by 

energy-saving and innovated knowledge has 

become a trend for the development of international 

manufacturing industry, and the traditional domestic 

manufacturing industry is also transforming towards 

this direction (Jin et al., 2008; Moradi et al., 2011; 

Helber et al., 2017; Shi et al., 2019; Wang and Mao, 

2018). The traditional large-scale machinery 

manufacturing is shifting to the information-based 

multi-variety, small-batch workshop production 

mode, and the future manufacturing industry is 

developing in the direction of flexibility, 

networking and intelligence (Wang et al., 2013; Liu 

et al., 2011; Shao et al., 2014). 

To meet the market demands in diversification 

and personalization, the traditional manufacturing 

management model and product structure have 

undergone great changes. Large-batch production 

can no longer meet the demands of the market, and 

small-batch production has begun to appear 

(Asokan et al., 2008; Huang et al., 2016). Under 

such new conditions, the manufacturing system 

needs to integrate resources and adapt to the ever-

changing market with dynamic alliances 

(Jakubovskis, 2017; Sabuncuoglu & 

Hommertzheim, 1992). China's manufacturing 

industry is facing huge challenges in the global 

competition, whereas our manufacturing workshop 

management lacks scientific methods and the 

corporate management is still under the traditional 

mode, which hasn’t carried out management and 

collaboration from a global perspective, thereby 

failing to give full play to the resource advantage of 

the workshops (Nejad et al., 2011; Behnamian & 

Ghomi, 2013; Chandra et al., 2002). This paper 

applies dynamic network to study the optimization 

algorithm for supply-demand matching and 

production scheduling in flexible workshops, and 

conducts an empirical analysis on an actual 

workshop of an engine factory, so as to provide a 

theoretical basis for the scheduling problem of 

workshops. 

2 MODEL OF OPTIMIZATION 

ALGORITHM OF WORKSHOP 

SCHEDULING BASED ON DYNAMIC 

NETWORK 

2.1 Networked manufacturing resources 

The environment of traditional workshop 

manufacturing is separated, not only the materials 
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and equipment are scattered, also the network 

shared resources are distributed in different 

workshops. Networked manufacturing workshops 

can integrate resources through network, and utilize 

resources of different companies through resource 

selection (Wang et al., 2018; Zheng & Wang, 2016; 

Bhunia et al., 2017). Companies in the alliance can 

make use of the online resources through the 

networked manufacturing workshops, so as to make 

the workshop scheduling more systematic and 

rational (Baykasoglu, 2002; Rajkumar et al., 2010). 

Networked manufacturing workshops can maintain 

the continuity of logistics, improve the utilization 

rate of equipment, and reduce material 

consumption, costs and delivery time, so as to 

enhance the competitiveness of the companies. 

The production of high-precision and high-value 

products often requires expensive equipment, while 

purchasing equipment is usually a high risk for 

small and medium sized companies, the utilization 

rate is not high, and the economic benefits are not 

obvious. Therefore, searching for shared resources 

on line is a good idea. Fig. 1 shows the composition 

of networked manufacturing resources, it can be 

seen from the figure that the shared resources of 

networked manufacturing workshops include the 

local company/workshop manufacturing resources, 

local/remote workshop manufacturing resources, 

and the scattered manufacturing resources, etc. 

Since there are so many network resources and the 

resources are scattered and disordered, it’s quite 

difficult to choose proper resources, and how to find 

resources that can satisfy customers from the 

disordered network manufacturing resources is an 

important problem to be solved. 

 

Manufacturing 

resources of local 

enterprises

Manufacturing 

resources

Manufacturing 

resources of non 

local enterprises

Local workshop 

manufacturing 

resources

Manufacturing 

resources of different 

workshops

Scattered 

manufacturing 

resources

 

Fig. 1 Networked manufacturing resource model 

 
At present, many networked manufacturing 

resources are on the ASP network management 

platform, contracts and agreements based on 

commercial bidding are adopted, but for enterprises 

and manufacturers who have already applied the 

ASP system, constructing distributed manufacturing 

system is not only time and labor consuming, it is 

also not conductive to the effective allocation of 

resources. The company in need of equipment can 

send out invitation for bids and companies who 

receive the bidding invitation can determine 

whether to accept it or not by evaluating the 

situation of resources. This method not only makes 

the resource selection of the companies more 

targeted, but also saves the time costs. With the 

continuous development of networked 

manufacturing resources, in addition to time, costs, 

and goals, the cost of transportation and the quality 

of processing have also become factors that require 

the comprehensive attention of the companies. 

 

2.2 Workshop scheduling optimization 

algorithm model 

For any company, the workshop scheduling 

system plays a crucial role in coordinating 

production activities, and it is affecting the 

sustainable development of the companies and their 

production goals. Current scheduling systems still 

have certain shortcomings such as the control 

system is deficient and the scheduling process is not 

the optimal result, resulting in many problems in the 

actual production process. The production 

scheduling control system under the networked 

manufacturing mode is essentially to control and 

expand the execution system in the manufacturing 

process. The traditional workshop scheduling 

method is limited to one workshop or one same 

area, obviously it is no longer suitable for modern 

production modes. The characteristics of networked 

workshop scheduling are dynamic, complex, multi-

objective, and distributed manufacturing resources. 

The rationality of the control system directly 

determines the vitality of the manufacturing system 

in a complex environment. Since the reform and 

opening up, the manufacturing industry is facing a 

complex and changing market competition 

environment, and companies have to quickly adapt 

to market changes and meet the demands of the 

market. The manufacturing industry has undergone 

updates and iterations during the process of 

adapting to market environment, and the technology 

of the system has experienced the development 

process from centralized control to progressive 

control, and then to distributed control. Each kind of 

the control system has its own characteristics. In 

order to better meet the demands of the market, the 

evolution process has derived new control modes 

constantly. 

The centralized control system is realized by a 
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central controller, the system uses one computer to 

implement information processing and control 

functions, coordinate the relationship between 

equipment, and make control decisions. Fig. 2 

shows the structural model of centralized control 

unit. The earliest control systems generally adopted 

the centralized control structure, but as the control 

systems become more complex, the centralized 

mode can no longer satisfy the requirement, thus 

this mode has rarely been applied after the reform 

and opening up. The centralized control structure is 

characterized by the unified processing of all 

information, and all engineering activities can be 

recorded. As the manufacturing systems get more 

and more complex, the centralized control systems 

become less reliable, correspondingly, the slow 

speed and poor scalability have become the main 

contradictions. 

 

Centralized control unit

Unit Unit Unit Unit...

 

Fig. 2 Structure of centralized control system 

 

Dividing the production unit into several layers 

is the characteristic of the progressive control 

system. The entities inside the control system 

exhibit a tree-shaped structure, as shown in Fig. 3. 

The progressive control structure is quite similar to 

the common corporate management model at 

present, it is a mature technology that has been 

applied most widely, and it has two important 

features: one is that the data flow and control flow 

of the control system are integrated together, the 

data execution and transmission are integrated and 

carried out in the same entity; the other is that the 

upper control layer makes higher-level decisions 

and gives commands, while the lower layer 

coordinates and completes the instructions. 

With the progress of globalized economy, market 

competition is becoming increasingly variable and 

complex. The manufacturing system needs to be 

reorganized to adapt to the rapidly changing market 

environment, as a result, the distributed control 

system has appeared, its system structure is shown 

as Fig. 4. The distributed control system has certain 

advantages, such as high-degree of modularity, 

good system reliability, and high fault tolerance. 

Individual errors won’t affect the operation of the 

entire system, the system is highly configurable and 

can be edited according to different needs; however, 

the distributed control system also has certain 

disadvantages, each distributed control unit is of 

certain autonomy, the system goals are prone to 

contradictions and can hardly be unified. 
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Fig 3. Progressive control system 
 

Unit Unit Unit ��
 

Fig 4. Distributed control system 
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2.3 Algorithm model of flexible production 

scheduling based on dynamic network 

In recent years, dynamic network and multi-

agent technology are the hotspots in the research of 

artificial intelligence, and they have become 

effective tools for networked manufacturing 

systems. Facts have proven that dynamic network 

can promote the reorganization and expansion of 

workshops in the manufacturing industry. By 

applying multi-dynamic network to model the 

workshops based on network technology, and 

transforming different objects in the workshops into 

modules of dynamic network, a network frame of 

the workshops could be constructed, which enables 

the manufacturing system to quickly respond to 

market changes and improves the adaptability of the 

system. 

Dynamic network operates in a certain 

environment and takes flexible actions to achieve 

the computing goals according to changes in the 

environment. The features of dynamic network 

include the autonomy, sociability, initiative, and 

responsiveness. Autonomy is the ability to control 

one's own behavior under the condition that there’s 

no outside intervention or man-made operation; 

sociability refers to the ability to exchange 

information with intelligent agents via intelligent 

language; initiative means that one gives order on 

one’s own and has the impetus to achieve the goals 

by perceiving the surrounding environment; 

responsiveness is that one makes changes in the 

environment according to the changes one senses in 

the environment, and changes the environment by 

changing oneself. The typical system of a dynamic 

network is shown in Fig. 5. 
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Fig 5. Dynamic network system structure 

 

3 EMPIRICAL ANALYSIS ON THE 

ALGORITHM FOR SUPPLY-

DEMAND MATCHING AND 

PRODUCTION SCHEDULING IN 

NETWORK WORKSHOPS 

3.1 Problems in the production 

The target engine factory is a national high-tech 

enterprise with national-level production 

qualifications. The factory currently has 1,230 

employees, and professional technicians account for 

24%. The factory is a comprehensive enterprise 

integrating design, technology and processing, and 

the annual output reaches 100,000 sets, in the 

factory, there are more than 100 kinds of processing 

equipment and the processing flow of the factory is 

shown in Fig. 6.  

Through the investigation and analysis of the 

engine factory, it was found that the company's 

production is based on the MRP mode, and its 

production management mode has very obvious 

defects. When managing the workshops, the 

production capacity of the workshop hasn’t been 

restricted and there is no systematic job allocation 

method, resulting in that the site management is 

generally based on experience, the delivery of 

production orders is often delayed and it’s hard to 

fix the phenomenon. 

There are some problems with this engine 

factory, its medium and long-term planning is not 

well formulated, so the company hasn’t got a macro 

strategic guidance and the production plans are 

generally made according to the experience, 

resulting in that the production plan of the factory is 

not well instructed and there are many 

contradictions, such as the predicted value of output 

deviates greatly from the actual market demand. In 

the production process, the information acquired by 

the company is not dynamic, and because of the 

lack in timely and effective information, production 

planners couldn’t effectively control the production 

capability of the company, as a result, a large 

amount of semi-finished products pile up in the 

workshops, and the production capability is reduced. 

The production of orders is not scientifically 
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arranged, which leads to a large deviation between 

the capacity of the production resources and the 

estimation of the orders, so the factory usually 

accepts the orders blindly. 

 

Production

Organize teams

 Engine 

assembly

Component 

assembly

Final assembly 
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User delivery
 

Fig. 6 Factory processing flow 

 

In addition, the utilization of resources in the 

workshops is not balanced. The utilization rate of 

equipment for special processing is not high, 

whereas the price of such equipment is very 

expensive. The equipment is in an idle state most of 

the time, but when the orders come in groups, the 

equipment operates at full load, which would cause 

great wear to the equipment. The formulation of 

production plans has only considered the total time-

limit of the project, while ignoring the 

characteristics of the orders such as the different 

importance. During the delivery period, more 

attention needs to be paid to the completion time of 

the decomposed sub-orders. The dissatisfaction of 

customers in delivery time often leads to the 

cancellation of orders, resulting in economic losses 

of the company. In addition, the precision issue of 

the engine also asks for special attention, poor 

quality and low precision products can easily cause 

damage to the brand image of the company. 

 

3.2 Resource selection and production 

scheduling of networked workshops 

The production mode of networked workshops is 

mainly discrete and in small batches, and such 

production mode is characterized by long delivery 

time, complex process, demanding techniques, and 

high requirements for scheduling schemes, material 

supply and manpower deployment. This paper 

selects the processing flows of balance block, 

crankshaft and housing with relatively complicated 

processing techniques for research and comparison. 

The process of workshop scheduling is very 

complicated. In order to facilitate the analysis using 

the dynamic network optimization algorithm, the 

process flow is numbered and analyzed, and the 

process numbers are shown in Table 1. 

Table 1. Process number 

Crankshaft F1 

Technological process Blanking Scribing Finishing car Drill Polishing 

Process number P11 P12 P13 P14 P15 

Housing F2 
Technological process Blanking Drill Scribing Finishing car Sequence clamp 

Process number P21 P22 P23 P24 P25 

Balance block F3 
Technological process Blanking Polish Scribing Drill Sequence clamp 

Process number P31 P32 P33 P34 P35 

 

As intermediate products, the completion times 

of crankshaft, balance block and housing are limited; 

assuming these components can enter production at 

the same time in the workshop, then they can be 

accepted by the owner earlier, and seize the 

opportunity to occupy the market. Aiming at these 

three workshop scheduling problems, according to 

survey data and analysis, the expected completion 

time Ti of each job and the latest completion time Tj 

unacceptable to customers could be obtained, the 

specific values are shown in Table 2. The Gantt  

 

 

 

chart of the original workshop scheduling is shown 

in Fig. 7. 

Table 2. Survey data 

Product 

Expected 

completion 

time Ti 

Latest 

completion 

time Tj 

Crankshaft 27 34 

Balance 

block 

26 31 

Housing 28 33 
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Fig 7. Gantt chart of original workshop scheduling 

 

According to the data in Table 2 and the 

quantification method of supply-demand matching 

in workshops, the final calculation results of supply-

demand matching in the workshop are Kj1 = 56%, 

Kj2 = 36%, and Kj3 = 45%, respectively. It can be 

seen that none of the jobs in the scheduling scheme 

is eligible, the resources are not fully utilized in the 

production process, a lot of resources are wasted, 

and the delivery time is uncontrollable, which 

cannot satisfy the customers. In the original 

scheduling scheme, the utilization of equipment is 

not completely balanced, which makes the 

optimization goal of the system incomplete. This 

paper applies the model of supply-demand matching 

and production scheduling in flexible workshops 

based on dynamic network to the calculation, and 

adopts Matlab as the optimization tool, it sets the 

parameters of the algorithm as follows: the 

population size is 200, the probability of mutation is 

0.05, the number of generations is 100, and the 

optimized Gantt chart is shown in Fig. 8. After 

calculation, the obtained optimized supply-demand 

matching degree is 1, this indicates that the scheme 

is optimal in the production scheduling process, and 

the operation load of each equipment is relatively 

balanced, and total completion time has been 

shortened by 17.64% compared with the original 

scheduling scheme. 

 

Fig 8. Gantt chart of the optimized workshop 

scheduling 

4 CONCLUSIONS 

This paper analyzed and optimized the 

production scheduling of flexible workshops based 

on dynamic network, and proposed an optimization 

algorithm suitable for the supply-demand matching 

and production scheduling of flexible workshops. 

The main conclusions are as follows: 

(1) This paper applied multi-dynamic network 

technology to model the workshops, so that the 

production system could make appropriate 

adjustments when the market changes, thus 

improving the adaptability of the production system 

and providing certain scheduling guarantee for 

manufacturing companies. 

(2) The dynamic network optimization algorithm 

proposed in this paper can adjust the scheduling of 

workshops. For more complex workshop production 

problems, it can also optimize the production 

scheduling and improve the production efficiency. 

(3) The optimization algorithm proposed in this 

paper has universal applicability to supply-demand 

matching and production scheduling in flexible 

workshops. 
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