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Abstract. In the context of the digital economy, business processes are con-

stantly changing, increasing the difficulty of enterprise management and in-

creasing operational risks. This article combines random Petri nets and takes af-

ter-sales maintenance scenarios as an example to analyze the current status of 

after-sales maintenance processes in a certain 4S store. A maintenance process 

model based on Petri nets is established, and the process effectiveness is quanti-

tatively studied through assignment. This research applies the Petri net theory to 

the specific business processes of the automotive industry, enriching the Digital 

transformation process simulation tool library. 

Keywords: Random Petri Nets; Process simulation; Automobile after-sales 
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1 Introduction 

Process is the process of creating enterprise value, but traditional business processes 

have many pain points such as fragmentation, redundancy, and complexity, forming 

information islands and data islands, which hinder the innovative development of 

enterprises. In the context of the digital economy, with the continuous advancement 

of the enterprise's Digital transformation process, it has become a general trend to go 

deep into business scenarios and design business flows from the perspective of full 

process and full scene user experience, and enterprise business processes are constant-

ly reshaped. As Huawei experts said, "The essence of Digital transformation is busi-

ness transformation and value chain remodeling. The priority of Digital transfor-

mation is process reconstruction, that is, business process". In the wave of Digital 

transformation, the normalization and transformation of processes become inevitable. 

In order to reduce the risks of process change and improve the stability of process 

change, it is necessary to conduct a quantitative evaluation of the effectiveness of 

process change in advance, identify the overall performance of the process and identi-

fy breakpoints and blockages. 

Considering the strong correlation between scenario operational efficiency and 

process optimization, this article uses process optimization related theories as the  
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basis for studying. Scholars have conducted extensive research on process optimiza-
tion. In terms of business process optimization theory, Chen Huiling et al. [1] modeled 
the purchase transaction using Petri nets and analyzed the time function of the model. 
Liu Hang et al. [2] analyzed outpatient problems based on Petri nets to improve the 
efficiency of the outpatient process. Ren Ning[5] applied the theory and method of 
business process reengineering to procurement business examples and proposed solu-
tions for process optimization; Wang Meilan[7] combined the theories of value chain 
and business processes to optimize and improve the main activities of value creation 
for BW enterprises, and proposed effectiveness evaluation and guarantee measures; 
Zhu Jingduo[8] optimized the product certification process by combining causal dia-
grams, 5W1H, ECRS, and other methods; Zhu Fanfan[9] introduced TOC constraint 
theory and project management theory into the field of business process management; 
Yang Haiyan et al.[6] proposed a project management process optimization plan based 
on the ESIA method, starting from a series of problems in project management. In 
terms of business process modeling, You Jianxin et al.[11] used the IDEFO method to 
describe enterprise business processes, analyzed the problems in the processes using 
the FEMA method, and optimized enterprise processes using Pareto's law and other 
methods; Starting from the limitations of static analysis methods such as BPR, IDEF, 
and ARIS models, Liu Juan[10] introduced Petri nets, a dynamic modeling and analysis 
method, into the field of process optimization to optimize and analyze the inbound 
and outbound processes. 

This article is based on the complex discrete manufacturing industry - the automo-
tive industry. Taking the automotive after-sales maintenance process as an example, it 
systematically reviews the process simulation methods based on Petri nets, in order to 
provide a basic reference for enterprise process governance in the digital context. 

2 Related theories 

2.1 Petri Net Definition 

Petri net is a modeling tool that uses certain symbols to describe models and is often 
used for process modeling. It can provide a powerful means for describing and study-
ing information processing systems with characteristics such as parallelism, asyn-
chrony, and randomness [3]. Therefore, Petri nets are more in line with the characteris-
tics of business processes in the automotive industry and can better describe the con-
nections and relationships between various process links. 

The basic Petri net has a simple structure, mainly consisting of elements such as 
place (P), transition (T), connection (C), and token (T). The repository represents the 
position and state of the system, while transition refers to the consumption, use, and 
generation of resources in the system. connections are usually represented by a di-
rected line segment in the model, while Token is usually represented by a black dot in 
the model, which can move between two repositories. The number represents the 
number of resources in the repository. 
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If a seven tuple ),,,,,,( 0 MKWFTP  is defined as a random Petri net, the 

element definition and connotation are as follows: 
),,,( m21 pppP L  is a set of finite repositories; 

),,,t( 21 nttT L  is a set of finite transitions; 

TP  means that set P and the set T do not intersect; 

TP  means that the set P and the set T are different, they are empty sets; 

)()( PTTPF   (X is a Cartesian product), which means that the relation-

ship F only exists between the set P and the set T, which is a connection set; 
 L,2,1: FW  (relation set F is a mapping to a positive integer) is a directed 

weight function; 
 L,2,1: PK  (mapping of set P to positive integers) is the capacity function of 

the library; 
 L,2,1:0 PM  (the mapping of set P to natural numbers) is the initial identifier. 

 n321 ,,,  L  is the set of average implementation rates of transitions. i  

represents the average implementation rate of the transition, and X represents the 
number of implementation times per unit time. iir /1  is the reciprocal of the aver-

age implementation rate, and i  represents the average implementation delay of the 

transition. The following figure shows a Petri net with 2 repositories and 1 transition. 

 

Fig. 1. Petri net model. 

2.2 Performance Analysis of Random Petri Nets 

The performance analysis of stochastic Petri nets generally follows the following 
process: 

(1) Construct a process Petri net and conduct reliability analysis on it. 
(2) Set transition delay. Based on the established model, associate all transitions 

with a delay that matches the actual situation. 
(3) Isomorphic Markov chains. Based on the known stochastic Petri net model, a 

Markov chain is isomorphically obtained based on the distribution of Tokens (re-
sources) in the model repository and the triggering rules of transitions in the model. 

(4) Solve Markov processes. Based on the obtained Markov chain, the transfer rate 
matrix of Markov process is constructed, and the steady-state probability is obtained 
by solving the matrix equation. 
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Suppose that a Markov chain with the same structure as the stochastic Petri net al-
ready exists, and the Markov chain has n states, then the transition rate matrix Q can 
be defined as: 

  njiqQ  ,1,ji,  

The element ji,q  value of the transfer rate matrix is: when an element on the diag-

onal of matrix ji,q  is present, its value is equal to the opposite of the sum of the rates 

marked on each arc outputting from state im  to all other states jm ; If it is not an 

element on the diagonal of matrix ji,q , determine whether the state identifiers im  and 

jm  are connected by an arc. If so, the value marked on the arc is the value of  ji,q . If 

not, it is 0. 
Let the steady-state probability of n states in the Markov chain be a row vector 

)x,,x,(xX n21 L , and from the properties of the Markov chain, we can get the 

equations: 











i
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By solving this system of equations, the steady-state probability 
  )1(i nixMP i   of reachable identification can be obtained. 

(5) Quantify the effectiveness of process operation. Determine the final perfor-
mance estimate required for the entire system described by the model through the 
calculation of the final performance indicators. 

Let iu  be the average number of markers in any reachable marker for position is  

under steady-state conditions, and iU  be the average number of markers for position 

set jS . The average number of tags in the position represents the length of the task 

queue and is an important indicator used to analyze the response time and throughput 
capacity of the subsystem. ),t( sR  is the marker flow rate, which is the average num-

ber of markers flowing into the post position s of t within a unit time, and  is the 
average implementation rate of t. According to the principle of equal entry and exit 
rates of the system, the average delay time of the system is the quotient of the average 
number of tags contained in the system location set and the average tag flow rate 
flowing into the subsystem. 
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3 After sales maintenance process model based on Petri 
nets 

3.1 Model building 

Under the premise of setting relevant conditions and based on various links in the 
after-sales service process of automobile 4S stores, a Petri net based after-sales 
maintenance process model is constructed, as shown in Figure 2. The meaning of the 
relevant libraries and changes in the figure is shown in Table 1. 

To ensure the correctness of the process, reliability analysis is conducted on the 
constructed process Petri net. The workflow network satisfies the following condi-
tions in structure: 1) After a series of changes in the initial identifier P1, it is certain to 
reach the end identifier P7; 2) The initial identifier P1 undergoes a series of transi-
tions to reach the end identifier P7, while outputting at least one token in the reposito-
ry; 3) The workflow network does not contain dead changes. Based on the above 
conditions, it is determined that the workflow network is reliable. 

 

Fig. 2. Petri net model for online after-sales maintenance process. 

Table 1. The Meaning of Library Location and Transition in Petri Net Model. 

Place Meaning Transition Meaning 

P1 Customer enters the appointment interface T1 
Customer repair information 

filling and acceptance 

P2 
4s store has received an appointment and is 

preparing for review 
T2 Review and acceptance 

P3 
4s store completes acceptance and prepares 

materials 
T3 4s store prepares materials 

P4 
User has successfully made an appointment 

and is ready to arrive at the store 
T4 

User arrives at the store and 
completes identity verification 

P5 
Material preparation completed, waiting for 

repair 
T5 

Repair 
 

P6 
Complete identity verification and wait for 

repair 
  

When analyzing the performance of workflow models, there are generally two sit-
uations: limited resource quantity and unrestricted resource quantity. This study is set 
as a resource limited situation [4]. Car repair services require time, and due to resource 
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constraints, such as longer time spent, relatively less equipment, and insufficient hu-
man resources, car owners may queue up and wait until the previous car owner com-
pletes the repair and service resources become available before providing repair ser-
vices to the next car owner in the queue. 

3.2 Performance indicator calculation 

Repair waiting time is an important factor that both 4S stores and users are concerned 
about. This article conducts on-site research on 4S stores and assigns values to the 
operation time of each link in the process, as shown in Table 2. According to Figure 
1, we can get the Markov chain as shown in Figure 3, and the model flag state and 
inclusion database are shown in Table 3. The transfer rate matrix Q obtained from 
MC is as follows. 

Table 2. Transition assignment situation. 

Place min Rate 1/min 

P1 2 T1 0.5 

P2 2 T2 0.5 

P3 10 T3 0.1 

P4 1 T4 1 

P5 40 T5 0.025 

P6 10  0.1 

 

Fig. 3. MC for online after-sales maintenance process. 

Table 3. Markov chain correspondence. 

Identifying M0 M1 M2 M3 M4 M5 M6 

Place P1 P2 P3/P4 P3/P6 P4/P5 P5/P6 P7 
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According to the calculation method of steady-state probability, the stability prob-
abilities of each state are obtained as shown in Table 4. According to the performance 
indicator calculation method, the average number of Tokens in the system's libraries 
is 1.7804, and the average labeled flow rate into the system is 0.0155. According to 
the principle of equal inflow and outflow rates in the system, the average delay time 
of the system is 114.86 minutes. 

Table 4. Stability probability of each state. 

Identifying M0 M1 M2 M3 M4 M5 M6 

Pi 0.031 0.031 0.0142 0.142 0.001 0.624 0.157 

4 Conclusions 

This article introduces Petri nets into the field of process modeling and introduces the 
basic theory and performance analysis methods of stochastic Petri nets. And apply 
relevant methods to the automotive after-sales maintenance process, simulate and 
quantitatively calculate the effectiveness of the process. The basic theory of stochastic 
Petri nets and performance analysis methods have laid a solid theoretical foundation 
for process modeling and optimization. This article verifies the usability of this meth-
od in the automotive industry, but further research is needed on how to combine pro-
cess quantification effects for precise transformation of processes. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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