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ABSTRACT: The multi-objective manufacturing workshop, as an advanced manufacturing 

system, is coupled, mutually exclusive or related to each other among multiple procedures in the 

manufacturing process of each component, which makes the resource allocation and job 

scheduling complex. Based on heuristic comprehensive evaluation algorithm, this study realizes 

the whole process evaluation of resource allocation and job scheduling of multi-objective 

manufacturing workshop, and verifies the feasibility and effectiveness of the algorithm. The 

results show that the multi-objective non-parallel multi-machine scheduling problem should be 

taken into account in the process of resource allocation and job scheduling, and the capacity of 

equipment in the workshop should be balanced as much as possible to improve efficiency and 

save cost. Heuristic algorithm obtains the priority order of the procedures to be scheduled by 

adjusting the priority of the procedures, and comprehensively evaluates the performance index 

of the selectable processing equipment for each scheduled procedure, so as to realize the 

optimization of overall resource allocation and job scheduling. Heuristic algorithm can 

evaluate the resource allocation and job scheduling process by means of the curve change of 

processing capacity or output capacity with time. This study provides a theoretical basis for 

promoting the efficiency and predictability of multi-objective manufacturing workshop. 
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1 INTRODUCTION  

Along with the development of science and 

technology and the diversification of social needs, 

the needs of consumers for products become higher 

and higher, resulting in more and more varieties and 

functions of products. Thus, high-precision and 

multi-objective manufacturing is becoming more 

and more extensive and important (Sharma and 

Anpalagan, 2013). The resource allocation and job 

scheduling of manufacturing workshop mean 

reasonable planning and scheduling of the operation 

tasks of the manufacturing workshop based on the 

production capacity of the manufacturing workshop, 

so as to achieve optimal resource allocation and 

highest economic benefits for the enterprise 

(Pietrantuono et al., 2018). At present, as advanced 

machinery is extensively applied, a large number of 

advanced manufacturing modes emerge, and more 

and more manufacturing workshops gradually 

realize the recombination of manufacturing 

resources, bringing about difficulties in job 

scheduling management (Wang et al., 2017; Pérez-

Rodríguez and Hernández-Aguirre, 2018). In the 

actual production process, the procedures between 

different components have a sequential order, and 

the procedures have a mutual constraint 

relationship, which requires resource allocation and 

job scheduling of workshop to consider the 

constraint relationship between different procedures 

between different components (Hurink and Paulus, 

2011). 

Multi-objective manufacturing workshop 

involves many indexes such as production cycle, 

cost, equipment utilization rate, delivery date, 

inventory and delay time. The goal of resource 

allocation and job scheduling is to achieve 

maximum production capacity, cost effectiveness 

and customer satisfaction (Caprara et al., 2006; Xu 

et al., 2018). To accurately judge resource 

allocation and job scheduling, measures must be 

taken to quickly and accurately understand the 

dynamic production data and inspection data of the 

workshop, so that the data can be fed back and the 

deviation occurring in the production process can be 

found in a timely manner to timely conduct resource 
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reallocation and job rescheduling (Xiao et al., 

2015). Heuristic comprehensive evaluation 

algorithm is a new type of job scheduling evaluation 

method in scheduling and allocation, with simple 

and easy characteristic. However, it is difficult to 

obtain global optimization result by heuristic 

comprehensive evaluation algorithm. The 

evaluation result is dependent on the job allocation 

and application situation of workshop (Li and Yuan, 

2009). Based on heuristic comprehensive evaluation 

algorithm, this study realizes the whole process 

evaluation of resource allocation and job scheduling 

of multi-objective manufacturing workshop, and 

verifies the feasibility and effectiveness of the 

algorithm. This study provides a theoretical basis 

for promoting the efficiency and predictability of 

multi-objective manufacturing workshop. 

2 MULTI-OBJECTIVE 

MANUFACTURING WORKSHOP 

NETWORK AND CORRELATION 

ANALYSIS 

Resource allocation and job scheduling of 

manufacturing workshop carry out allocation based 

on the production information and are generated in 

the actual operation process, including the basic 

information of products, material information, 

equipment information, and scheduling 

management information (Wiebke et al., 2014). As 

the complexity and diversity of products increase, 

the operation length of manufacturing workshop 

increases continuously, and the different procedures 

of each component are mutually coupled, exclusive 

or related, forming a manufacturing workshop 

network (Amar and Xiao, 2010). With the extensive 

application of intelligent information technology in 

manufacturing workshop, the information in 

manufacturing workshop presents characteristics of 

diversity and heterogeneity. From the perspective of 

complex network, the associations between the 

various assembly lines or nodes collectively 

constitute the dynamic characteristics of workshop 

manufacturing (Yuan et al., 2018). Figure 1 shows 

the operation production characteristics of 

manufacturing workshop, including production 

environment and production information of 

manufacturing workshop. Wherein, the complexity 

of production environment is manifested in the 

randomness of tasks, the complexity of process, the 

difficulty of product tracking, the complexity of 

bottleneck identification and multi-objective 

decision-making. The production information is 

featured with diversity, heterogeneity, fuzziness and 

space-time characteristics. 

The production network of multi-objective or 

mixed flow workshop is large in scale and complex 

in structure and its nodes and connected edges are 

also complicated. Moreover, the space-time 

evolution process of the network is also 

complicated. In the evolution process of the 

complex network, the topology is also undergoing 

complexity fusion (Nazari-Heris et al., 2017). We 

regard the lap joint of product or component 

production as a node, and take the center of the 

node in the whole network as betweenness. The 

higher the betweenness of node is, the higher the 

production flow is. We summarize the relationship 

between the betweenness and the average delay in 

manufacturing workshops of several enterprises. 

Figure 2 is a graph showing the relationship 

between the betweenness and the average delay. It 

is obvious that the average delay decreases with the 

increase of the betweenness. That is to say, the 

larger the production flow of manufacturing 

workshop is, the smaller the average delay of its 

products will be. 

Characteristics of 

manufacturing workshop 

production information

Manufacturing workshop 

production environment 

characteristics

Manufacturing 

shop operation 

characteristics

Task randomness

Process complexity

Difficulties in product tracking

Complexity of bottleneck recognition

Multi-objective decision

Diversity

Heterogeneity

Fuzziness

Spatiotemporal characteristics  

Fig.1 Characteristics of production in manufacturing workshop 
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Fig. 2 The relation curve between the betweenness 

and the average delay 

3 OVERALL SOLUTION FOR 

RESOURCE ALLOCATION AND JOB 

SCHEDULING OF MULTI-

OBJECTIVE MANUFACTURING 

WORKSHOP CONSIDERING 

COORDINATIVE PROCESSING 

3.1 Analysis of job scheduling problem of 

multi-objective workshop considering 

cooperative processing 

In a given manufacturing resource parameter set 

or optimization allocation scheme, reasonable 

allocation of manufacturing resources can achieve 

the purpose of optimization production. In fact, the 

manufacturing workshop system is a dynamic 

production environment. In order to realize the 

multi-objective characteristic of product production, 

it is necessary to consider the cooperative 

processing between the components. Figure 3 is a 

production resource model structure, and the 

production resources include production resource 

capability, workshop production resource real-time 

status, production resource service cost, and real-

time production task information. Considering the 

high processing accuracy and resource allocation 

requirements of multi-objective manufacturing 

workshop for cooperative processing, cross-

operation needs to be coordinated between related 

components and the processing procedures are 

related to each other. In addition, there are great 

differences in the processing capacity of the 

existing manufacturing workshops, and the 

processing process is constrained by the process, so 

multi-objective non-parallel multi-machine 

scheduling should be considered in the process of 

resource allocation and job scheduling. Figure 4 is 

the design principle of job rescheduling of multi-

objective workshop. Considering the job scheduling 

in cooperative processing, constraints of complete 

set and group batch, as well as the resource 

constraints such as human and material 

consumption, an incentive feedback is formed 

between them and rescheduling of multi-objective 

workshop and a new scheduling scheme is output 

through continuous self-feedback adjustment. 

Production 

resources

Resource 

combination

Production resource capacity

Real time status of production resources in 

production workshop

Production resource service cost

Real time production task information

Form

 

Fig. 3 Production resource model structure 

Multi objective job 

shop scheduling

Consider 
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constraints such as human 
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constrained job shop 
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 Output new 

scheduling scheme
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Random 
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Fig. 4 Design principle of rescheduling for multi-objective manufacturing workshop 
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3.2 Overall solution for resource allocation 

and job scheduling of multi-objective 

manufacturing workshop  

Plan management is the core function to realize 

resource allocation and job scheduling. Figure 5 is a 

structure chart of order plan management. The 

whole plan management includes order plan 

receiving, production plan locking or unlocking, 

production plan scheduling and production task 

decomposition, production plan adjustment and 

production plan cycle management. In the analysis 

and research of actual production scheduling, it is 

difficult to apply algorithms such as genetic 

algorithm and simulated annealing algorithm. 

Moreover, the bottleneck of production capacity 

will appear in the production process of 

components, and the multi-objective processing 

method for cooperative processing is considered. 

Generally, the suitable equipment is the equipment 

where the component is matched with the 

processing procedure. Therefore, the capacity of 

equipment in the workshop should be balanced as 

much as possible in resource allocation and job 

scheduling, so as to improve efficiency and save 

cost. 

Order plan management 

structure chart

Order plan receiving

Production plan locking and unlocking

Production plan scheduling and production 

task decomposition

Production plan adjustment

Production plan cycle management  

Fig. 5 Order plan management structure chart 

4 SOLUTION OF RESOURCE 

ALLOCATION AND JOB 

SCHEDULING OF WORKSHOP 

BASED ON HEURISTIC 

COMPREHENSIVE ALGORITHM 

4.1 Resource allocation method based on 

heuristic comprehensive algorithm 

In resource allocation, there are dynamic 

scheduling problems in the processing process 

because the processing capacity of the machine is 

limited and there are different machine processing 

sets for different kinds of components. It is assumed 

that there is no time competition between the 

processing tasks on each machine during the 

production operation, and each component or 

processing task needs to be completed before the 

delivery date, and there must be an optimal solution 

of the processing time in the multi-objective or 

mixed flow processing process. Based on this, a 

final model of resource allocation can be 

established, as shown in formulas 1 and 2: 

Objective function: MinE=   
 
           (1) 

S.t

 
 
 

 
 

       

        

       

    
 
     

              

              

                       (2) 

where, Ej is the production time ahead of time for 

processing the component task; dj indicates the 

delivery time of the processing task; cj represents 

the actual completion time of the processing task; rj 

denotes the start time of the processing task; Jj the 

processing task, and Mm denotes a machine. 

Heuristic algorithm has an automatic scheduling 

performance and has three logical levels, namely, a 

procedure priority processing module, a device 

selection module, and a machine configuration 

module. Figure 6 is an algorithm flow of resource 

allocation and job scheduling of manufacturing 

workshop. The production plan data is input by 

means of heuristic comprehensive algorithm, and 

the module configuration is carried out by using the 

automatic scheduling module. The most preceding 

procedures to be scheduled of each component is 

taken out from the remaining procedure set and put 

into an initialization set, and a procedure priority 

order is obtained by means of the priority 

processing module of each component procedure. 

Then the machine set of each component procedure 

is obtained by means of the equipment selection 

module, and the procedure with the highest priority 

is selected from the initialization set. Then the 

optimal processing equipment of each procedure is 

obtained by means of the machine configuration 

module. 
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Fig. 6 Algorithm flow of resource allocation and job scheduling in production shop 

4.2 Optimization and evaluation of heuristic 

comprehensive algorithm 

Figure 7 shows the collection of processing 

resource allocation and job scheduling information. 

The information to be obtained by using the 

Heuristic algorithm includes real-time task basic 

information, product processing and manufacturing 

information, special physical equipment and special 

tooling requirement information and task execution 

index information. Heuristic algorithm obtains the 

priority order of the procedures to be scheduled by 

adjusting the priority of the procedures, and 

comprehensively evaluates the performance index 

of the selectable processing equipment for each 

scheduled procedure, so as to realize the 

optimization of global resource allocation and job 

scheduling. 

Real time task processing 

information model

Basic information of real-time task

Product processing and manufacturing 

information

Special physical equipment and special tooling 

requirements information

Task execution indicator information
 

Fig. 7 Implement processing resource allocation and job scheduling information collection 

Figure 8 is a flow chart of the evaluation of 

heuristic algorithm, which evaluates the weight of 

the object level to obtain the weight vector, and the 

index set obtains the fuzzy evaluation matrix by 

means of the fuzzy evaluation. The evaluation 

vector of heuristic algorithm is obtained by fuzzy 

transformation of object set and index set. The 

working state of resource allocation of 

manufacturing workshop is roughly divided into 

maintenance, idle, under load, full load and 

overload. Resource allocation and job scheduling of 

multi-objective manufacturing workshop can be 

evaluated by processing capacity. In a certain period 

of time, that larger the output capacity scale of the 
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manufacturing workshop is, the stronger the 

processing capacity is. Resource allocation and job 

scheduling of multi-objective manufacturing 

workshop will be the optimal after considering 

various conditions. Figure 9 is change curve of 

resource output capacity with time in multi-

objective workshop. It is assumed that resource 

allocation is at full load in the 0-t1 time period, then 

it is under load in t1-t2 and t2-t3 time periods, and is 

in the overload state in t3-t4. Heuristic algorithm 

can evaluate the resource allocation and job 

scheduling process by means of the curve change of 

processing capability or output capability with time. 

Object set U Index set V

Weight evaluation

Weight vector w

Fuzzy transformation

Fuzzy evaluation

Fuzzy matrix R

Comprehensive 

evaluation  

Fig. 8 Evaluation flow chart of heuristic 

comprehensive algorithm 

t
4

t
3

t
2

t
10

P
ro

ce
ss

in
g

 c
ap

ac
it

y

 

Fig. 9 The change curve of resource output capacity 

with time in multi-objective workshop 

5 CONCLUSIONS 

Based on heuristic comprehensive evaluation 

algorithm, this study realizes the whole process 

evaluation of resource allocation and job scheduling 

of multi-objective manufacturing workshop, and 

verifies the feasibility and effectiveness of the 

algorithm. Conclusions have been drawn as follows: 

(1) The production network of multi-objective or 

mixed flow workshop is large in scale and complex 

in structure and its nodes and connected edges are 

complex. The average delay of products decreases 

with the increase of production flow. 

(2) There are great differences in the processing 

capacity of the existing manufacturing workshops, 

and the processing process is constrained by the 

process, so multi-objective non-parallel multi-

machine scheduling should be considered in the 

process of resource allocation and job scheduling. 

In the process of resource allocation and job 

scheduling, the capacity of equipment in the 

workshop should be balanced as much as possible 

to improve efficiency and save cost 

(3) Resource allocation and job scheduling of 

multi-objective manufacturing workshop can be 

evaluated by the processing capability, and heuristic 

algorithm can evaluate resource allocation and job 

scheduling process by means of the curve change of 

the processing capability or the output capability 

with time. 
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