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ABSTRACT 

In the supply chain and logistics management of 

household electrical appliances, it involves the process 

management, information management, logistics and 

supply chain management of the whole lifecycle of 

products, which is the main research content of the 

whole lifecycle management of products. On the basis 

of detailed analysis of product lifecycle process and 

information flow, using Petri net technology as 

expression tool, this paper analyzed product lifecycle 

process model, described the relevance and 

application of product design, product manufacturing 

and logistics in product lifecycle. It provides a 

theoretical basis for how to analyze and evaluate 

product lifecycle process and provides technical 

support for the future integration of multidisciplinary 

technology applications, too. 

Keywords: The whole lifecycle, Process model, 

Petri net, Logistics and supply chain management. 

 

1. INTRODUCTION 

With the continuous development and maturity of 

science and technology, the upgrading of household 

electrical appliances is getting faster and faster, and 

their product life cycle is getting shorter and shorter. 

According to the lifecycle theory, this paper gives five 

stages of the life cycle of household appliances, 

namely, design stage, production stage, sales stage, 

consumption stage and recycling stage. The design 

phase includes external data acquisition, market 

research and technology innovation, pre-research 

programs, and prototypes involving data and concept 

products. The production phase includes external data 

acquisition, component selection and product 

construction, production process optimization, product 

examples and product tracking. The sales phase 

includes external data acquisition, sales strategy and 

channels, marketing solutions, logistics and sales 

tracking. The consumption phase includes external 

data acquisition, interactive platforms and second-hand 

transactions, guidance on consumption, consumer 

choice and experience, and consumption tracking. The 

recycling phase includes external data acquisition, 

disassembly, repair, recycling, and reuse tracking. 

There are behavior records and data management at 

each stage. 

2. PETRI NET MODEL 

All material on each page should fit within a A4 size, 

Petri nets were originally born in the field of physics, 

and Petri nets are mathematical representations of 

discrete parallel systems. The Petri net was invented by 

Carl A. Petri in the 1960s and is suitable for describing 

asynchronous, concurrent computer system models. 

Petri nets have both strict mathematical expressions 

and intuitive graphical expressions. They have rich 

system description methods and system behavior 

analysis techniques, and provide a solid conceptual 

foundation for computer science.  Due to these unique 

characteristics of Petri net theory, it has been widely 

used in various fields in recent years. This paper 

mainly applies petri net to network dynamic structure 

analysis, process optimization and system analysis in 

all aspects of product life cycle, mainly Links include: 

demand planning, product development, testing and 

mass production, supply chain and logistics, after-sales 

service and repair, recycling and disposal. The 

modeling methods often used in process modeling 

include flow chart analysis, role behavior diagram, 

IDEF model analysis, event-driven process chain 

analysis, and Petri net analysis. Petri net modeling 

method has the ability to support process optimization 
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and can use computer to model the dynamic model 

system. At the same time, Petri net theory is 

considered to have better processing ability for 

concurrent, asynchronous, distributed, parallel, non-

deterministic and random information. It has good 

applicability for recycling business process 

optimization, and Petri net theory has been widely used 

in logistics field, and many excellent theoretical results 

have been produced. Therefore, this paper selects Petri 

net as the modeling method of product service life 

cycle. Petri net definition and graphical representation 

are as follows. 

Definition 2.1 The triplet N = (P, T, F) satisfies the 

following conditions and is called a directed network: 

 

Where P = {p1, p2, p3, ..., pn} is called a set of finite 

locations of N; T = {t1, t2, t3, ..., tn} is called a finite 

set of transitions; F is called a flow relationship, 

dom(F) = {x│y, (x,y)}is the first element of an ordered 

couple, and cod(F) ={x│y,(x,y)} is the second element 

of an ordered couple, where (x, y) is the element of N. 

It can be seen from the above that in the Petri net 

model, P is defined as a library, and T is us- -ed to 

represent transitions, and a directed arc (arrow) from x 

to y is used to indicate ordered pairs (x, y), also called 

directed arcs. 

It can be seen from the above that in the Petri net 

model, P is defined as a library, and T is used to 

represent transitions, and a directed arc (arrow) from x 

to y is used to indicate ordered pairs (x, y), also called 

directed arcs. 

The Petri net model established in the modeling stage 

is a static model structure based on the specific 

conditions of the research object, and the optimization 

of the model is to be studied through the dynamic 

behavior of the model. It is necessary to simulate the 

constructed Petri net model. In this way, the specific 

properties of the constructed Petri net, including 

reachability, boundedness, flexibility, etc. The details 

are as follows: 

Accessibility: If an initial identifier M0 of the Petri net, 

by continuously stimulating the transition, and finally 

obtaining a new identifier Mn, then M0 to Mn is 

considered reachable, and the reachability is used to 

verify whether the system can reach a certain state. 

Boundedness: For a Petri net, its reachable identity set 

is: R(M0), for any library p, if: ∀M ∈R(M0):M(P)≤k, 

then the library P is bounded. Let k be the boundary of 

the library P, and record it as B(p). Where M(p) 

represents the element of the state identifier M 

representing the library P. If all the libraries in a Petri 

net are bounded, the Petri net is called bounded. The 

boundedness guarantees that the system's buffer will 

not overflow, and the work will not accumulate in a 

certain operation phase. 

Flexibility: Flexibility is used to indicate whether the 

Petri net model system will be stagnant. The reason for 

this phenomenon in general Petri net systems is that 

the entire process cannot be continued due to resource 

competition. If a Petri net model does not appear in the 

simulation. This phenomenon can be told that the Petri 

net is flexible. 

As can be seen from the above, Petri nets have many 

properties such as boundedness, accessibility, 

flexibility, etc. In order to understand these 

characteristics of Petri nets, it is necessary to use 

Characteristic analysis method for analysis. Several 

common characterization methods are as follows: 

1) reachable tree analysis 

2) structural analysis 

3) association matrix analysis method 

3. PETRI MODEL OF THE WHOLE 

LIFECYCLE OF HOUSEHOLD 

ELECTRICAL APPLIANCES 

3.1 Process Description Tool 

In this paper, from the point of view that it is not only 

convenient for computer analysis, but also convenient 

for people to intuitively understand the whole lifecycle 

process of products, and suitable for process 

management, the process description tool based on 

Petri net is used to give the whole lifecycle process 

model of products S.C. Bandinelli ect.
[2]

 proposed a 

SLNG process model to describe the evolution of 

software lifecycle process based on advanced Petri net-

ER (Environment /Relation) network 
[3]

. On this basis, 

according to the characteristics of product life   cycle 

process, the process behavior description in SLANG 

process model is improved. For a detailed description 

of the SLANG process model, please refer to the 

relevant literature
 [3]

. The following is a brief 

description of the improvements made in this paper. In 

the SLANG process model, the definition of process 

activity (Process Activities) is expressed through 

advanced Petri net. The process activity module 

corresponds to the P (Places), T (Transitions), arc A 

(Arcs) and so on in the ER net. The state of the process 

activity is given by the mark of the Petri net. Events 

are represented by transition T, and the occurrence of 
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events (manifested as the activation of corresponding 

changes) change the state of process activities by 

transferring Token from the input library to the output 

library. Network topology describes the relationship 

between processes and the conflict and parallelism 

between events and process activities. Each process 

activity corresponds to a logical unit of work, which 

consists of hidden local events and interfaces, and 

interacts with other process activities and 

environments through interfaces. The occurrence and 

termination of events are represented by interface 

changes, which can be divided into two types: Starting 

Event Events (SE) and Ending Events (EE). 

According to the abstraction of the whole life cycle 

process of a product, the libraries at the interface can 

be divided into the following four categories: 1) input 

Libraries - tokens for starting event input; 2) final 

result Libraries - tokens for terminating   event output; 

3) shared result Libraries -used to store intermediate 

results that can be shared by other process 

activities;4)coordination instruction Libraries - used to 

store instructions for coordinating process activities of 

each module. According to the analysis of various 

activities in the whole lifecycle of a product, there are 

two types of activities in the whole life cycle of a 

product: professional activities in different processes 

and coordination activities used to coordinate the 

relationship between different processes, as shown in 

Figure 1. 

 
Fig 1: Types of activities in the life cycle of 

household electrical appliances, the images can be 

extended both columns 

Professional activities correspond to demand analysis, 

product design and process design in the whole life 

cycle of products, while coordination activities 

correspond to coordinated actions and group decision-

making among different processes. After each 

professional activity is activated, work will be carried 

out according to the activities of the process, output 

intermediate results corresponding to a certain 

granularity, and activate other activities. In 

coordination activities, trade-offs and decisions will be 

made on different process schemes and/or proposals, 

after obtaining the unanimous approval of each 

process, they will be transferred to the next cycle. 

When the whole network activity is stable, the final 

result will be combined to form the output of the 

product lifecycle process. 

The biggest advantage of this method is that each 

process can be designed macroscopically from the top 

and then refined step by step, which is in line with 

people's habit of thinking about problems; moreover, 

this method is based on advanced Petri nets, and can be 

easily corresponded to Petri nets for strict 

mathematical analysis and simulation. 

3.2 Full Lifecycle Process Model 

Description for Household Electrical 

Appliances 

The whole lifecycle process of household appliances 

products is a concurrent process of seamless 

integration of products and processes, i.e. (1) 

household appliances products and processes evolve 

synchronously and forward; (2) the division of process 

stages only indicates the granularity and clarity of 

products and processes, and is a continuous process; 

(3) the granularity of processes decreases with each 

iteration cycle and clarity is increasing. 

In the analysis and management process model, after 

obtaining the preliminary requirement specifications, 

the product design process is taken as the main role, 

and the other processes are taken as the supporting 

roles to jointly carry out the conceptual design of the 

product. Conceptual design schemes are shared by 

other processes as intermediate results. Based on these, 

corresponding conceptual design schemes are 

developed in other processes, such as process design 

conceptual scheme, logistics support conceptual 

scheme, quality assurance conceptual scheme, etc. The 

intermediate results of each process include both the 

corresponding conceptual plan and the modification 

suggestions and suggestions. All intermediate results 

are used as input of coordination activities. Under the 

intervention of project managers or the guidance of 

enterprise strategic guidelines, all processes reach 

consensus and output coordination results, so as to 

modify and improve their conceptual design schemes 

and enter the next stage of the process. 

Based on the above explanation, we can summarize the 

characteristics of the product whole lifecycle process 

model: 

1)All professional activities related to product lifecycle 

are carried out through step by step process.The whole 

product lifecycle process is a continuous process. 

Conceptual design, preliminary design and detailed 

design only represent the degree of detail and clarity of 
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process plan, not only refer to product design, but also 

refer to the whole product lifecycle. 

2) The product information model has undergone a 

gradual evolution from qualitative to quantitative, from 

vague to clear. 

3) With the progress of the process, the granularity of 

the process gradually decreases, and the degree of 

parallel processing increases gradually. 

4) Synchronization mechanism between processes is 

achieved through coordination activities. All decisions 

in the whole product lifecycle process are completed 

with the participation of all processes, which is 

embodied in an online decision-making and 

participatory project management of the leadership. 

5) The whole model is very similar to the parallel 

machine. When the whole process is stable, the whole 

product lifecycle process ends. 

6) The above process models can be refined gradually 

in specific situations of different processes. 

4. SUMMARY AND FUTURE WORK 

Based on the analysis of the whole product lifecycle 

process, this paper proposes a product life cycle 

process model based on advanced Petri net, which 

formally demonstrates the information parallelism of 

product design and manufacturing activities in the 

whole product lifecycle. The next step is to use the 

model to simulate and analyze the whole lifecycle 

process of the product, evaluate the whole lifecycle 

process of the product according to certain evaluation 

indexes, and further improve the whole lifecycle 

process of the product
 [4]

. In the future work, we will 

further integrate the related achievements of the project 

team members
 [5-14]

, utilize network resources and 

wireless communication technology resources, 

integrate machine learning, big data and sensing 

information, and apply this technology to data 

acquisition, communication, management and service 

of all kinds of products in the whole lifecycle. 
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