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ABSTRACT: As the most core part of a manufacturing enterprise, the manufacturing 

workshop is related to the production efficiency, product quality and operation safety of the 

manufacturing enterprise. It is an effective way to enhance the static scheduling of the 

production workshop to improve the production and processing efficiency of a manufacturing 

enterprise and to ensure product quality and production safety. Based on the multi-factor 

scheduling model, this study explores the static scheduling problem of flexible workshop of a 

manufacturing enterprise. The results show that the multi-factor scheduling model can 

accurately calculate and simulate the flexible workshop of a manufacturing enterprise and 

reasonably schedule the production in the workshop according to the working hours of different 

machines and the working procedures of components. In addition, the model can improve 

production efficiency of flexible production workshop effectively, thereby guaranteeing the 

product quality and production safety of the production in the workshop. At the same time, 

taking a manufacturing enterprise as an example, this study verifies the effectiveness of the 

scheduling model for improving the static scheduling of flexible production workshop through 

practice. 
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1 INTRODUCTION 

Since the reform and opening up, China’s 

manufacturing industry has flourished on the basis 

of its good mineral reserves and relatively low labor 

prices. However, with the further refinement of 

industrial production, saving resources and reducing 

cost has become an important direction for the 

development of manufacturing industry. The 

transformation from relying on a large amount of 

resources and cheap labor force to technological 

sustainable development enterprises can’t be 

realized without an efficient production scheduling 

system (Birgin et al., 2014). The main function of 

workshop production scheduling is to reasonably 

allocate various resources required in production 

projects and to reduce production cost while 

improving production efficiency (Roshanaei et al., 

2013). Specifically, it is to determine reasonable 

resource usage and processing sequence at each link 

of production (Jalilvand-Nejad and Fattahi, 2013). 

Based on the multi-factor scheduling model, this 

study analyzes and explores the static scheduling 

problem of flexible workshop in order to provide 

reference for improving the utilization efficiency of 

resources in manufacturing industry, reducing the 

production cost and enhancing the competitiveness 

of China’s manufacturing industry (Oguz et al., 

2019). 

In the 1950s, some scholars conducted 

preliminary exploration on the static scheduling 

problem of workshop mainly according to the type 

of workshop, the type of processing process and 

different scheduling technologies (Catalán et al., 

2018). At present, researchers at home and abroad 

focus on job scheduling, and many new workshop 

scheduling theories have been developed 

(Bochenina et al., 2015). Precise solution and 

heuristic algorithms are the two main methods 

currently used to solve static workshop scheduling 

problems (Legout et al., 2015). Precise solution 

mainly refers to establishing the corresponding 

model to obtain the optimal solution according to 

the actual problem. Its disadvantage is that it can 

only solve the small-scale optimization problem 

(Qiu and Lau, 2014). Heuristic algorithm uses 

neural network, tabu search and ant algorithm to 

solve static scheduling problem, with the advantage 

of being able to solve large-scale production 

scheduling problems (Uribe-Paredes et al., 2014). 
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2 STATIC SCHEDULING PROBLEM 

OF FLEXIBLE WORKSHOP 

2.1 Classification of static scheduling 

problem of flexible shop 

Static workshop scheduling mainly means that 

all the components to be processed are in the same 

state before processing, and the processing 

sequence of all components can be determined after 

the scheduling of a components is completed, and 

the processing sequence will not change again 

during the processing, which is relative to dynamic 

workshop scheduling (Zhang et al., 2012). Flexible 

workshop means that the production system used by 

the production workshop includes a variety of 

flexible systems, such as flexible process, flexible 

tools and flexible equipment, relative to a rigid 

workshop (Soltani and Karimi, 2015). The 

classification of flexible workshop static scheduling 

problem is shown in Figure 1. 

Flexible workshop 

static scheduling

Different 

processing 

systems
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performance 

indicators
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production 

environments

Single machine 

scheduling, multiple 

parallel machine 

scheduling, flow shop 
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scheduling performance 
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Deterministic 

scheduling and random 

scheduling

 

Fig. 1 Classification diagram of static scheduling problem in flexible workshop 

2.2 Description of static scheduling 

characteristics of flexible workshop 

In the manufacturing process, the production is 

often conducted orderly, each processing process is 

subjected to a different procedure, and the 

procedure is often continuous (Jain et al., 2012). 

However, the orders received by enterprises are 

often different, so there are also often differences in 

the products to be produced in different orders, and 

differentiated products require differentiated 

procedures. Therefore, when orders are different, 

products will go through different procedures 

(Defersha, 2012). In view of the status quo of the 

manufacturing industry, problem characteristics are 

given in this study before establishing a scheduling 

model for optimizing the production process, as 

shown in Table 1. 

Tab. 1 Problem characteristics 

Problem 

characteristics 
Feature description 

No material 

constraints 

In production, the equipment 

remains intact, and the supply 

of raw materials and labor is 

sufficient 

Non-preemptive 

production 

Any operation cannot seize 

equipment that has already 

been processed 

Equipment speed and 

product are related to 

process 

The processing speed of the 

product in a certain process is 

only related to the equipment 

and fixed 

24-hour production Scheduled by 24 hours 

3 MULTI-FACTOR SCHEDULING 

MODEL 

3.1 Scheduling model 

The scheduling model mainly aims at 

completing the component task most reasonably. 

According to the given number of machinery and 

equipment, the fixed procedure to be passed by each 

component, the condition that each procedure 

should be completed on a specific machine or that a 

machine can only process a specific procedure of a 

specific component at a specific time, a 

mathematical model with constraint conditions is 

established, and the optimal solution of production 

scheduling which can reach all conditions is 

obtained by using the model. This study probes into 
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the scheduling problem of flexible production 

workshop. In the flexible production workshop, the 

procedure of components to be processed is not 

determined in advance, and there may be more than 

one machine to perform processing. It is the 

flexibility that makes the static scheduling problem 

in flexible production workshop become more 

complicated. 

3.2 Description of model constraints 

(1) In the production process, the component 

may only have one subsequent processing 

procedure after any one procedure. 
                                   (1) 

Formula (1) indicates that there is only one 

subsequent procedure for any component after 

being processed, except for the component 

processed in the last procedure. The condition of the 

inequality sign in the formula is that the component 

is processed in the last procedure. 

(2) In the production process, only one 

preceding procedure may exist for any component 

in any procedure.  

                              

                                    (2) 

Formula (2) indicates that any component only 

loves a single preceding procedure before being 

processed in any procedure, except for the 

component processed in the first procedure. 

(3) Processing constraint on adjacent 

components in the production process. 

                          

                                    (3) 

 

Formula (3) indicates that there are two adjacent 

components u, t which need to be processed by i 

equipment in 1 procedure, and i equipment is 

currently used to process u, then t can only be 

processed by i equipment, that is, two adjacent 

components processed in the same procedure must 

be processed by the same equipment. 

(4) The relationship between the start time of 

two adjacent components in the same procedure. 

                                   

                       

                                  (4) 

Formula (4) shows that in the production 

process, the component ordered in the later in any 

procedure shall be processed after the previous 

component is finished. 

3.3 Objective function of model  

The practical significance of the scheduling 

model is to complete all the procedures with the 

shortest time, so the objective function of the 

scheduling model is defined as to shorten the time 

to complete the component processing as much as 

possible on the premise that the component 

processing can be completed on time. 

           
                    

                                     

                                  (5) 

Where,     refers to a procedure to be passed 

through when the component u is processed. 

The optimal solution obtained in the scheduling 

model is the maximum value of Formula (5). 

           
                         

                  refers to the time required for 

all components to be processed, and 

             refers to the penalty to be faced 

when the component processing is not completed on 

time. This means that            shall be 

reduced as much as possible, that is, the processing 

task shall be completed on time as much as 

possible. In order to reach the target with the 

maximum value of the objective 

function,             
                    

                       shall take the 

maximum value, which requires a long processing 

period of the component. Therefore, the objective 

function (5) can finish the processing procedure on 

time while the component machining is close to the 

required date. 

4 EXAMPLE ANALYSIS 

According to the above description of 

scheduling model, this study takes a processing 

plant as an example to solve the scheduling problem 

of flexible workshop. The specific problems are 

described as: there are 6 kinds of components to be 

processed in the flexible production workshop of a 

plant, and the types of the 6 kinds of components 

are different from each other, and the processing 

time, cost, quality and energy consumption of 

processing procedure are different from each other 

in different equipment. 

First, according to the constraints of the plant, 

the objective functions of four indexes of 

processing time, cost, quality and energy 

consumption are summarized. 

In the constraint condition of this model, the 

processing time is expressed as: 

             
     

      
            (6) 

In Formula (6),   is the time when the 

processing of the last component is completed; 

   is the start time of processing of the last 

component;    is the time taken for the last 

component to be processed, and     
  and     

  

represent the time taken for the intermediate 

procedure, respectively. 

The component processing cost is expressed as: 
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                                 (7) 

In Formula (7),    is the processing cost of 

component, and    is the material cost of the 

materials used before and after component 

processing. 

The processing quality is expressed as: 

       
  

   
 
     

       
     

      
        

 
       

   (8) 

In Formula (8),    
  refers to the failure rate that 

occurs when the machine z processes components u 

in the procedure i,       
     

      
     

 
   

    refers to all costs incurred prior to carrying out 

the   procedure. 

Energy consumption is expressed as: 

                               (9) 

In Formula (9),   ,    and    refer to startup 

energy consumption, no-load energy consumption 

and processing energy consumption, respectively. 

According to the objective functions of 4 

indexes, the example data of 4 indexes under 

different procedures of each component in flexible 

workshop are obtained. According to the actual 

situation of the plant, flower pollination algorithm is 

used to solve the scheduling model, and the solution 

set of the final generation is obtained (omitted 

here). Under conventional scheduling, the optimal 

values of processing time, cost, quality and energy 

consumption in the flexible workshop are 72, 765.3, 

285.27, 438.72, respectively. The maximum values 

obtained by the flower pollination algorithm are 

69.5, 757.3, 275.31 and 430.57, respectively. 

Therefore, the scheduling model has good 

performance in the scheduling optimization of the 

flexible workshop. Figure 2 and Figure 3 represent 

the iterative processes of processing time, cost, 

quality and energy consumption, respectively. 

 

Fig. 2 Time and cost optimal value iterative process 

 

Fig. 3 Energy consumption and product quality 

iterative process 

The scheduling model gives different solutions 

according to the algorithm. In the actual production 

process of flexible production workshop, managers 

will set different optimization weights for the 4 

indexes of processing time, cost, quality and energy 

consumption according to different requirements 

because different orders have different 

requirements. In this study, the weights of 

processing time, cost, quality and energy 

consumption are set according to the actual 

situation, as shown in Figure 4. From the solution 

set of final generation, the optimal solution in the 

flexible production workshop of the enterprise is 

69.5, 757.3, 275.31 and 430.57. 

 

Fig. 4 Constraint indicator weight setting 

Gantt chart can express the relationship between 

component processing and time more directly, 

where the lines represent the actual completed 

procedure and the actual used time. Besides, it is 

convenient for managers to manage the progress of 

the project. After optimizing the static scheduling of 

the enterprise’s flexible production workshop, the 

Gantt chart is obtained, as shown in Figure 5. 
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Fig. 5 Optimized Gantt chart 

In Figure 4, g11 refers to the first procedure of 

the second the component, g12 refers to the second 

procedure, g21 refers to the first procedure of the 

second component, and so on. From Figures 2, 3 

and 4, we can analyze that after the flexible 

workshop scheduling is optimized, the flexible 

workshop of the enterprise can shorten the 

processing time of the component, greatly reduce 

the processing cost and the energy consumption and 

obviously improve production quality before 

optimization. On the whole, the production 

efficiency of the flexible workshop is obviously 

improved, and the scheduling in the workshop is 

more reasonable and scientific, so as to improve the 

production efficiency, reduce the production cost, 

improve the product quality and ensure the 

production safety. The above examples show that 

under the reasonable use of the scheduling model, 

the obtained optimal solution can effectively 

optimize the scheduling problem in the flexible 

workshop. 

5 CONCLUSIONS  

Based on the multi-factor scheduling model, this 

study explores the static scheduling problem of 

flexible workshop of a manufacturing enterprise and 

takes A manufacturing enterprise as an example to 

explore practically. The concrete conclusions are as 

follows:  

(1) The scheduling model can establish a set of 

algorithm models according to the constraints such 

as internal conditions, equipment configuration, 

component processing procedure and component 

production requirements of the flexible workshop of 

the enterprise. The optimal solution obtained by the 

algorithm model is used to optimize the scheduling 

in the flexible workshop. 

(2) The key to establishing the scheduling model 

is to determine the constraint conditions and 

establish the objective functions. The constraint 

conditions should conform to the production 

conditions and component processing requirements 

of the flexible workshop as far as possible, so as to 

ensure the completion according to the given time 

under the condition of ensuring the quality, as well 

as reduce production costs as much as possible, 

resulting in greater benefits while increasing 

production efficiency. 

(3) For the manufacturing enterprise optimized 

by the scheduling model, the production efficiency 

in its flexible workshop can be effectively improved 

and the production cost can be obviously reduced, 

which indicates that the workshop scheduling after 

the optimization of the scheduling model is 

obviously improved. Different scheduling modes 

can be designed according to future order 

requirements to further improve production 

efficiency. 
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