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[bookmark: _Toc115344298][bookmark: _Toc115816310]Abstract：
As the problem of supply chain reliability has been highlighted, supply chain reliability has become an important aspect to measure the performance of supply chain operation, and it is important to evaluate and optimize the reliability of the whole supply chain and its member companies. According to the reliability engineering theory, the reliability of the node unit is the basis of the reliability of the whole system, so the correct evaluation and measurement of the reliability of the supply chain member enterprises is the most basic part of the supply chain reliability research work.
This paper relies on existing research results on supply chain reliability evaluation and optimization, and does the following research work：First, by studying the evaluation index system of member enterprises, a process-oriented supply chain evaluation index system is constructed based on the operation process of enterprises; Secondly, the method of improving supply chain reliability, i.e., supply chain reliability allocation, is discussed, and the supply chain reliability allocation method is proposed according to the principle of engineering system reliability allocation; Thirdly, using the supply chain reliability evaluation index system and the supply chain reliability evaluation and optimization method based on reliability allocation, the reliability evaluation, reliability allocation and optimization study of an automobile assembly company's parts supply chain was conducted as a case study. The specific reliability index requirements of suppliers, core manufacturers and distributors in this automotive supply chain to meet the supply chain reliability requirements are derived, and several optimization measures to improve the reliability of the supply chain are summarized.
The results of the paper are of great theoretical and practical significance in considering the reliability evaluation and optimization problems of supply chains centered on manufacturing companies. It has some theoretical reference to improve the supply chain reliability evaluation method and perfect the supply chain reliability optimization technique.
Keywords: supply chain reliability; reliability evaluation; reliability allocation; reliability optimization


DECLARATION 


 
I, Guowei Hua declare that I am the sole author of this Project; that all references cited have been consulted; that I have conducted all work of which this is a record, and that the finished work lies within the prescribed word limits. 
 
 
This work has not previously been accepted as part of any other degree submission. 
 
 

 
Signed : Guowei Hua 
 
 
Date : 14 October 2022 
 
 



FORM OF CONSENT 



I Guowei Hua hereby consent that my Project, submitted in candidature for the M.Sc. Engineering Project Management degree, if successful, may be made available for inter-library loan or photocopying (subject to the law of copyright), and that the title and abstract may be made available to outside organisations. 



Signed : Guowei Hua  
 
  
Date : 14 October 2022


[bookmark: _Toc115816311]CONTENTS
Abstract：	2
CONTENTS	5
List of Figures	7
List of Tables	7
1. INTRODUCTION	8
1.1 Background	8
1.2 Research objectives	9
1.3 Research methods	10
2. LITERATURE REVIEW	11
Introduction	11
2.1 Supply chain theory	11
2.1.1 Supply Chain Concept	11
2.1.2 Supply Chain Management	11
2.1.3 Supply Chain Operation Reference Model	12
2.1.4 Key risks in the supply chain	13
2.1.5 Characteristics of Supply Chain Risks	14
2.2 Supply Chain Reliability Theory	14
2.2.1 Basic Theory of System Reliability	14
2.2.2 Reliability evaluation and reliability model	15
2.2.3 The difference between supply chain reliability and risk	16
2.2.4 Supply Chain Reliability Theory	17
2.2.5 Current State of the Art of Supply Chain Reliability	17
2.3 Summary	19
3. RESEARCH METHODOLOGY	20
Introduction	20
3.1 Reliability evaluation index system for supply chain member companies	20
3.2 Process-oriented evaluation index construction	24
3.3 Reliability evaluation index system for supply chain member companies	29
3.3.1 Supply Chain Reliability Structure Analysis	29
3.3.2 Concept of Reliability Distribution	31
3.3.3 Supply Chain Reliability Allocation	32
4. Supply Chain Reliability Evaluation and Optimization Application Research	36
Introduction	36
4.1 Supply chain overview of an automotive assembly company	36
4.1.1 Company Profile	36
4.1.2 Supply Chain Reliability Data Analysis	37
4.2 Automotive assembly supply chain reliability evaluation analysis	38
4.2.1 Risks in the strategic planning process	38
5. Discussion	47
5.1 Analysis of data obtained by expert scoring method	47
5.2 Analysis of supply chain reliability distribution results	48
5.3 Supply chain reliability optimization measures for automotive assembly companies	49
5.4 Supply chain reliability optimization in case of unexpected events	50
5.4.1 Buffer stock strategy	51
5.4.2 Additional production strategy	51
6. Conclusions	53
References	55
Appendix	57
Appendix 1 ：Expert questionnaire for assigning weights to each link of supply chain reliability	57
Appendix 2：Expert questionnaire on the probability of unreliability events in supply chain member companies	59


[bookmark: _Toc115816312]List of Figures
Figure 2.1 The first fundamental flow of SCOR model	11
Figure 2.2 Block diagram of series systems	14
Figure 2.3 Block diagram of parallel system	15
Figure 3.1 The relationship between the various departments	23
Figure 3.2 Process-oriented supply chain node enterprise reliability evaluation index model diagram	26
Figure 3.3 Manufacturing Supply Chain	28
Figure 3.4 Supply Chain Diagram	29
Figure 4.1 Block diagram of supply chain reliability of an automotive assembly company	37
Figure 5-1 Buffer Stock Cell Model	50

[bookmark: _Toc115816313]List of Tables
Table3-1 Continuity index data	34
Table 4-1 Event likelihood score table	39
Table 4-2 Statistics for Supplier Member Company A1.	39
Table 4-3 Statistics for Supplier Member Company A2.	40
Table 4-4 Statistics for Manufacturer Member Company Z.	41
Table 4-5 Statistics of distributor member company B1.	41
Table 4-6 Statistics of distributor member company B2.	42
Table 4-7 Reliability statistics	42


[bookmark: _Toc115344299][bookmark: _Toc115816314]1. INTRODUCTION
[bookmark: _Toc115344300][bookmark: _Toc115776453][bookmark: _Toc115816315]1.1 Background
After entering the information society, the business model of enterprises has changed profoundly, and the competition between enterprises has been transformed into the competition between supply chains. As the advantages of supply chain are highlighted, more and more companies are participating in this business model, outsourcing their non-core business and focusing their resources on developing their core competencies. In this way, from the supply of raw materials, the manufacturing and production of products, to the distribution and retailing of products is done by several enterprises through collaboration, which reduces costs, spreads risks, increases revenues, enhances the competitiveness of enterprises, and occupies the most advantageous position in the market competition through strategic alliances.
Since the supply chain is a complex system, the enterprises in the supply chain only overlap in some goals, and the inconsistency of goals will bring great risks to the supply chain. Changes in end-consumer demand, which can expand upward along the supply chain, may cause suppliers to add too much inventory, resulting in useless cost increases. The increase in the degree of diversification of customer demands and the shortening of the product replacement cycle have increased the business risks of enterprises, and the low inventory strategy of manufacturing enterprises in order to reduce costs has great accident potential. On the other hand, the uncertainty of distribution retailers can also cause a broken supply chain link.
Taking the automobile industry as an example, in the total cost of automobile production, the cost of parts occupies a large proportion, and this proportion has gradually increased in recent years. With the in-depth development of related theories, the upstream and downstream enterprises in the automobile manufacturing industry have formed a close cooperation relationship with each other, which in turn provides support for the improvement of supply chain theory. From a practical point of view, the supply chain events that have occurred in the automotive industry in recent years need to be strengthened.
In 2014, Chery recalled 131,796 Riich X131,796 vehicles equipped with SQR473 engines due to the possibility of engine mount breakage；In 2016, Nissan recalled 3.2 million vehicles due to occupant detection failures in airbag systems; In 2016, GM recalled 3.6 million vehicles because the airbag system went into diagnostic mode; In 2017, Dodge recalled 1.25 million vehicles due to airbag sensor problems; At the end of 2018, some Toyota vehicles were also recalled due to various problems, which had a huge impact on the business; In 2019, nearly 400,000 Nissan vehicles were recalled in the U.S. market due to faulty braking systems.
At first, people defined these uncertain factors as supply chain risks, and analyzed the sources, key factors and preventive measures of supply chain risks from different perspectives, and tried to quantify the risk level of the supply chain in a variety of ways, but none of them achieved very satisfactory results.
After the concept of reliability engineering was introduced into the supply chain risk assessment, it brought new life to the risk research of the supply chain, if the study of supply chain risk is a side study, then the study of supply chain reliability is the first time people start to directly face the operation condition of the supply chain.
The supply chain is the basis for the survival and development of the enterprise, and evaluating the reliability of the supply chain can directly understand the operational advantages and disadvantages of this supply chain, which can reflect the efficiency and effectiveness of the supply chain management.
[bookmark: _Toc115344301][bookmark: _Toc115776454][bookmark: _Toc115816316]1.2 Research objectives
This research is divided into the following parts:
First, Related Theories. Summarize the basic concepts and principles of supply chain, the concept of supply chain risk, the concept and basic principles of reliability, and the definition of supply chain reliability.
Second, Member Enterprise Reliability Metrics Study. The factors affecting the reliability of supply chain nodes are analyzed, and the evaluation index of supply chain reliability is established, and the reliability measurement of the index is analyzed.
Third, Supply Chain Reliability Optimization. The supply chain is evaluated by combining the constructed reliability evaluation index system, and the supply chain reliability optimization model is established by the reliability allocation method.
Fourth, an empirical analysis is conducted on the supply chain of an automobile company as an example, combining the constructed reliability evaluation index system with the method based on reliability allocation to find out the key links that need to be optimized, and finally proposing measures to optimize the reliability of the supply chain.
[bookmark: _Toc115344302][bookmark: _Toc115776455][bookmark: _Toc115816317]1.3 Research methods
(1) Literature review method, Through the retrieval, collection and sorting out of relevant literature, the existing theoretical basis and development status are obtained, and the existing supply chain reliability research problems and deficiencies of research methods are identified.
(2) Reliability Engineering Methods, The reliability of the entire supply chain is studied by applying the measurement model of system reliability in reliability engineering. Based on the idea of reliability engineering node unit reliability, the reliability of supply chain member enterprises is evaluated and measured.
(3) A combination of qualitative and quantitative methods, The reliability evaluation indexes of member enterprises are analyzed by a qualitative method, and then the reliability metrics are measured by a quantitative method.


[bookmark: _Toc5563][bookmark: _Toc115344303][bookmark: _Toc115816318]2. LITERATURE REVIEW
[bookmark: _Toc115344304][bookmark: _Toc115776456][bookmark: _Toc115816319]Introduction
This chapter firstly introduces the basic concepts of supply chain, the essential principles of reliability engineering. The chapter deals with the reliability calculation methods of two reliability models: series and parallel. Then the concept of supply chain reliability is presented and the similarities and differences between supply chain risk and reliability are analyzed, and finally the supply chain reliability block diagram is given based on the operation structure of supply chain.
[bookmark: _Toc115344305][bookmark: _Toc115776457][bookmark: _Toc115816320]2.1 Supply chain theory
[bookmark: _Toc115344306][bookmark: _Toc115776458][bookmark: _Toc115816321]2.1.1 Supply Chain Concept
The Global Supply Chain Forum defines it as: the cooperation relationship between different enterprises due to the intersection of business, and this chain from the source of supply to the final consumer is the supply chain. Lee (1992) has considered that the supply chain is a complex mesh system consisting of a wide range of clusters of firms that satisfy customer needs. These companies are interlocked, cooperate and win-win, and through the control of each node, such as procurement, production, processing, etc., finally sell the goods to customers for profit. And in this chain, suppliers, manufacturers, distributors, etc. form a whole due to business needs. It contains material chain, information chain, capital chain, more importantly, the supply chain also contains a value-added chain, raw materials in the collaboration of various manufacturers to get value-added, and ultimately bring benefits to the relevant enterprises. In this chain there is often a core enterprise, driven by the enterprise, the whole chain to control each link, in this process, the upstream and downstream enterprises to form a linkage mechanism, division of labor and collaboration, finally complete the entire process of product production to sales. All the nodes in the supply chain establish a cooperative relationship with the starting point of win-win cooperation, during which different enterprises share information and conduct business with each other.
[bookmark: _Toc115344307][bookmark: _Toc115776459][bookmark: _Toc115816322]2.1.2 Supply Chain Management
Supply chain management mainly emphasizes the control of information flow, logistics, and capital flow by enterprises, as well as effective management activities in collaboration with upstream and downstream enterprises (Schönsleben, 2003 ). It is a logistics chain and a value-added chain, in which materials are processed into valuable products after many links, so it is a material value-added process, which is also the biggest difference from the traditional material supply management theory.
Supply chain management is composed of four parts: supply, production planning, logistics and related demand. Much of today's research is also centered on these four points, and modern technological tools provide technical support for the deepening and refinement of the theory. For enterprises, customer orientation is the most basic business philosophy, cost reduction and maximization of benefits is the ultimate management goal, and this process is always closely related to the above four concepts. Accordingly, supply chain management can be subdivided into functional and auxiliary areas, both of which have different focuses. The former includes product engineering, procurement, etc.; the latter includes customer service, design engineering, etc. In addition, since the characteristics of each industry are different, supply chain management is usually a complex process, which covers not only the above points, but also product demand forecasting and planning; supply chain planning and design, etc.
[bookmark: _Toc115344308][bookmark: _Toc115776460][bookmark: _Toc115816323]2.1.3 Supply Chain Operation Reference Model
In order to make research in supply chain management systematic, Supply Chain Council has developed an operational model, SCOR, which can be applied in supply chain management in different industrial sectors (Hasibuan, Arfah, Parinduri, Hernawati, Harahap, Sibuea and Sulaiman, 2018,). The SCOR model divides the supply chain processes into three levels, the first level describes the five basic processes of the supply chain nodes: planning, purchasing, production, sales and returns. The first fundamental flow of SCOR model is shown in Figure 2.1.


[bookmark: _Toc115774645][bookmark: _Toc115776635]Figure 2.1 The first fundamental flow of SCOR model
The second layer is the configuration layer, which is an extension of the previous layer, i.e., a detailed description of the various aspects of the first layer. For example, in the planning process, the extensions made by the second level include planned procurement and planned production; in the procurement process, the extensions made by the second level include production procurement and order customization procurement; in the production process, the extensions made by the second level include the following: inventory production, order production and order customization. The procurement process and sales process are connected to the sales process, thus, the extensions made to returns at the second level include: return of defective products, return of excess products, and recovery of returned excess products. The last level is stratification, which is a further refinement of the second layer, i.e., each criterion of the previous layer is refined into process elements. Since different industries have different characteristics, companies can subdivide according to their actual needs in the process of hierarchy division.
[bookmark: _Toc115344309][bookmark: _Toc115776461][bookmark: _Toc115816324]2.1.4 Key risks in the supply chain
Chrisopher (2004) has considered the risk of the supply chain as its vulnerability, which can directly lead to lower returns of the whole supply chain. Often, it is difficult for companies to completely avoid the occurrence of risk, and the most effective way to prevent risk is prevention and control (Ho, Zheng, Yildiz and Talluri., 2015). Specifically, supply chain risks are classified and then controlled differently according to the different risk types. From a macro perspective, supply chain risks include natural risks, monopolistic risks, etc., which we can collectively call external risks; from a micro perspective, supply chain risks include transmission risks, institutional risks, transportation risks, etc., which can collectively be called internal risks. The degree of impact of different risks on the supply chain varies, and is divided into three specific categories: deviation risk, disruption risk, and disaster risk. The former has the least impact on the supply chain. Specifically, although certain changes in operating parameters lead to changes in the corresponding supply chain, it will not have a significant impact on the overall supply chain; interruption risks have a greater impact on the supply chain. When such a risk occurs, the supply chain may break, usually including man-made and natural risks. Catastrophe risk has the greatest impact on the supply chain, where it often collapses across the board, usually including war risk and large disaster risk, among others. Based on the variability of supply chain subjects, the corresponding risks can be classified as supply risk, production risk, etc. Based on the variability of management objectives, the corresponding risk types can be classified as time risk, quality risk, etc., with quality risk being the most common.
[bookmark: _Toc115776462][bookmark: _Toc115816325]2.1.5 Characteristics of Supply Chain Risks
(1) Objectivity and inevitability, natural disasters, pestilence and war and other factors that cause supply chain risks exist objectively and are not subjective to human will, which determines the objectivity of supply chain risks. In addition, although the supply chain is a whole to face the fierce market competition, but the member enterprises in the supply chain are all independently operated economic entities, and there are problems of coordination of benefit distribution and information asymmetry between different member enterprises, which determine the existence of supply chain risk inevitably.
(2) Chance and uncertainty, Supply chain risk is objective and inevitable along with the operation of the supply chain. However, it is unknown when and where the supply chain risk event occurs, in which form it occurs, and what the consequences are after it occurs, and supply chain risk occurs randomly and is characterized by chance and uncertainty.
(3) diversity and complexity, Supply chain risks come from all aspects of the supply chain operation process, and exist in various forms such as financial risks, human risks, production risks and sales risks; the causes of these risks are many and complex, and it is often difficult to study them precisely.
(4) Transmissibility and amplification, Supply chain requires multiple member companies to cooperate in product development, manufacturing to distribution and sales. Supply chain risks will be transferred among member companies through the supply chain process, and gradually accumulate and amplify until the supply chain cannot bear the degree, which will lead to supply chain accidents.
[bookmark: _Toc115344310][bookmark: _Toc115776463][bookmark: _Toc115816326]2.2 Supply Chain Reliability Theory
[bookmark: _Toc115344311][bookmark: _Toc115776464][bookmark: _Toc115816327]2.2.1 Basic Theory of System Reliability
Product reliability has become one of the important indicators to measure product quality, and more and more countries are closely integrating reliability technology and total quality management.
Reliability research originated from the U.S. military in the 1950s, and after decades of development, it gradually formed a reliability engineering with failure as the core (Taksakulvith, Jones, and Warrington, 2004). R(t) is a common metric used in system reliability engineering, and the formula is as follows ():


Where: 
t: specified working time; 
T: product life; 
P: the probability of the product completing the specified function.
[bookmark: _Toc115344312][bookmark: _Toc115776465][bookmark: _Toc115816328]2.2.2 Reliability evaluation and reliability model
In complex engineering systems consisting of components, system reliability is evaluated on a step-by-step basis. This has the advantage of converting complex system reliability evaluation problems into simpler component reliability measurements.
The current reliability evaluation method is to measure the reliability of each individual component first, and then perform the folding calculation to the upper level to obtain the reliability of the component, on which the reliability of the whole machine, subsystem and the whole system is measured.
When analyzing the system reliability, the reliability index of the whole system is usually calculated based on the reliability block diagram and the characteristic quantities of each unit.
The most basic types of systems are: series systems and parallel systems. All complex systems can be decomposed into these two basic types of systems (Wang and Watada, 2009).
In research analysis, it is usually assumed that each unit that makes up a system can only be in two states - normal or failed - and that each unit is independent of each other.
(1) Series systems: 
Figure 2.2 is a series system, consisting of 4 units. If any one unit of the system fails, the system will fail, or the system can perform its specified function only when every unit of the system is working properly. Its block diagram is as follows:


[bookmark: _Toc115774646][bookmark: _Toc115776636]Figure 2.2 Block diagram of series systems
The reliability of this series system is: 


Where: R(t): the reliability of the whole system; Ri(t) : the reliability of the ith unit; n : the number of units in the system.
(2) Parallel system: The system fails only when all units fail, or as long as one unit works properly, the system can complete its prescribed function, such a system is called a parallel system, and the block diagram is presented in figure 2.3.


[bookmark: _Toc115774647][bookmark: _Toc115776637]Figure 2.3 Block diagram of parallel system
The reliability of this parallel system is:


Where: R(t): the reliability of the whole system; Ri(t) : the reliability of the ith unit; n : the number of units in the system.
[bookmark: _Toc115344313][bookmark: _Toc115776466][bookmark: _Toc115816329]2.2.3 The difference between supply chain reliability and risk
The results of the detailed comparative analysis show that the factors affecting supply chain risk and reliability are essentially similar, thus, some researchers believe that the two are essentially the same(Klimov. and Merkuryev, 2008.). but they cannot be considered the same. First, the current research on supply chain risk includes two perspectives, uncertainty perspective and loss perspective; and the research related to supply chain reliability is mainly reflected in the study of uncertainty risk. Secondly, actual supply chain risk has limited value in reflecting supply chain performance, and it cannot be assumed that the level of supply chain risk reduction and the corresponding performance improvement are the same, however, supply chain reliability studies can reflect the supply chain performance status positively, and have a high indication of supply chain operation effectiveness, and its improvement is equal to supply chain performance. Finally, supply chain risk exhibits qualitative characteristics, which generally cannot be analyzed quantitatively in depth, however, it can be quantified and analyzed based on the supply chain reliability index. Finally supply chain risk shows qualitative characteristics, which generally cannot be analyzed quantitatively in depth, while it can be analyzed quantitatively on the basis of supply chain reliability index. Supply chain risk studies cannot meet this requirement, however, the results obtained can provide support and basis for supply chain reliability analysis and improve the starting point of the latter study.
[bookmark: _Toc115344314][bookmark: _Toc115776467][bookmark: _Toc115816330]2.2.4 Supply Chain Reliability Theory
Since cooperation among supply chain companies can bring competitive advantages of supply chain companies in terms of cost, supply chain companies began to strive to use a variety of means to pursue the minimization of supply chain costs. The Philips fire incident has led to widespread concern about supply chain reliability. The incident has caused huge losses and prompted companies to improve their supply chain reliability and many improvement measures have been proposed. The subsequent supply chain disruptions have also led to increased research on supply chain reliability in the social sciences. In the actual business process there are many companies that pay attention to supply chain reliability and achieve significant results in avoiding risk events. For example, K’NEX, the world's leading toy manufacturer, operates with most of its major raw materials supplied directly from abroad in order to obtain low production costs. However, when its development was hampered by material restrictions, the company's management realized the many problems caused by foreign imports and began to make supply chain improvements and optimizations. For seasonal business, in the case of relying solely on imports, the relevant sales plan needs to be made 4 months in advance, while the requirement can be met half a month in advance in the case of choosing local manufacturers, which is important to improve the company's business collar. The company gradually shifted production to its home country, which was important in reducing the subsequent toy recall controversy and significantly expanding its market share. The supply chain should not simply pursue absolute cost reduction in the development process, but should also analyze the reliability factor to ensure that the expected profit meets the requirements.
[bookmark: _Toc115344315][bookmark: _Toc115776468][bookmark: _Toc115816331]2.2.5 Current State of the Art of Supply Chain Reliability
Kraljic (1983) was the first to discuss the advantages of supply chain, introduce the operation model of supply chain, and call on enterprises to pay attention to the importance of supply chain management. Supply chains are important for business survival, and the level of supply chain operations can be evaluated based on reliability analysis. Supply chains are playing an increasingly important role in modern business competition, and the consequences of any unreliable behavior are becoming increasingly severe in terms of cost and time, with high reliability being an essential attribute of a successful supply chain system. The shortening of product life cycles and the increasing global competition have brought increasing pressure on companies. There is a growing interest in how to design a more efficient and reliable supply chain network to better meet the needs of customers. A large amount of research work already exists to study the reliability of supply chains and related optimization problems.
In 2002, Thomas (2002) first used reliability theory to study supply chain systems. Lukinskiy (2014) defines supply chain reliability as follows: The ability to perform all functions under certain conditions and in accordance with corporate contracts. Pingfeng (2016) analyzed various aspects of the advantages of supply chains and discussed the supply chain operation model and reliability influencing factors. Rimmi  (2017) provides a specific analysis of the constraints and facilitators associated with supply chain development. In this study, Sohn et al. specifically analyzed the connotation of supply chain reliability and argued that its essence corresponds to the quality reliability of the product, and they also studied how to improve the reliability of the supply chain and argued that the main method is to improve the quality of the product. To meet this evaluation requirement, a fuzzy quality function expansion method is also proposed, whereby the correlation between product quality and supply chain reliability can be quantitatively analyzed. Qazi (2018) applied techniques of fault trees, uncertainty decision making (EUT) and multi-criteria decision analysis (swing weights) from reliability engineering to build and implement a supply chain network risk management process. Cheng (2018) used a two-stage robust optimization approach to improve the reliability of the system when a fault has already occurred. Lukinskiy (2015) integration of consumer satisfaction to supply chain efficiency. Fardi (2019) provided cost saving strategies for supply chain members and methods for distributing the benefits of the supply chain. Pavlov (2017) extended the existing supply chain elasticity evaluation model with a hybrid fuzzy probability approach to develop a supply chain design elasticity index.
In general, scholars have made important achievements in the research of supply chain reliability. In this paper, we analyze supply chain reliability from system reliability engineering theory based on the existing achievements, and believe that the concept of supply chain reliability is that under the existing technical conditions and working environment, supply chain reliability reflects its ability to complete the production or operation goals as scheduled.
[bookmark: _Toc115344316][bookmark: _Toc115776469][bookmark: _Toc115816332]2.3 Summary
In general, the current research of scholars mainly refers to the system reliability engineering theory and conducts the related analogical analysis, and the corresponding method is mainly quantitative theoretical research.. However, in the study of reliability generally acquiesce a base condition, that is, to clarify the reliability of each node enterprise, and then carry out other related studies accordingly, and the corresponding model mainly selects the multi-layer tree model. This model requires clear weights in the specific application process, and the weights of the indicators are closely related to the evaluation methods used, so the results obtained are not certain. The evaluation results also vary due to human factors in the case of the same weight determination method. Up to now, when evaluating the reliability of nodal enterprises, it is generally taken to evaluate the selection of the best, and no general and extensive fixed value is given. In this paper, we analyze this issue by considering it in the course of this study.


[bookmark: _Toc115344317][bookmark: _Toc115776470][bookmark: _Toc115816333]3. RESEARCH METHODOLOGY
[bookmark: _Toc115344318][bookmark: _Toc115776471][bookmark: _Toc115816334]Introduction
In order to analyze and discuss the reliability of the whole supply chain, it is necessary to know the reliability of each member company first, and the reliability of member companies is the basis for studying the reliability of the supply chain. In reliability engineering, the reliability of electronic components can all be obtained by destructive testing, while in the supply chain, the measurement of reliability of each node company is a very difficult thing. This chapter relies on the existing research results of supply chain reliability, combines the SCOR model, establishes process-based evaluation indexes, and finally draws on the method of system reliability engineering allocation to study the optimization of supply chain reliability.
[bookmark: _Toc115344319][bookmark: _Toc115776472][bookmark: _Toc115816335]3.1 Reliability evaluation index system for supply chain member companies
For the member companies in the supply chain, the non-critical business they perform is generally left to the upstream and downstream companies, thus forming a kind of division of labor and collaboration among the member companies. For example, manufacturers are responsible for product manufacturing, design companies are responsible for product design, and suppliers are responsible for product procurement and delivery. The business scope of a manufacturing company is relatively broad and may include purchasing, manufacturing, sales and other business activities, so this paper focuses on manufacturers.
There are various factors that affect the reliability of member companies, the most important of which are the uncertainty between sectors and the uncertainty of cooperating companies. Combined with the SCOR model analysis, reliability metrics can be broadly divided into customer-oriented and internal-oriented metrics. The former is formed during the handover process between member companies and customers, while the latter is generated during the operation of the company, and can be specifically divided into departmental reliability and operational reliability indicators. From a macro perspective, there are usually three aspects of logistics, information and capital between companies and their customers.
Customer-oriented metrics:
Consider the articulation around the upstream and downstream enterprises. As mentioned in the previous section, there are three main aspects of material, information and capital transactions between member companies and customers. The reliability of these three aspects is discussed in detail below.
(1) Delivery reliability. The reliability of the material connection between the nodal company and the customer in the process of association between the two. The indicators in this area include on-time delivery rate, product satisfaction rate, etc. The higher the delivery reliability, the more effectively the company and the customer can cooperate.
The delivery quality qualification rate reflects the quality level of the supply chain node enterprises delivered within the specified time, and is numerically equal to the percentage of the quantity of delivered products with qualified quality to the total quantity delivered.
On-time delivery rate reflects the ability of supply chain node companies to deliver on time within the specified time, and is numerically equal to the percentage of on-time deliveries to the total number of deliveries within a certain time.
The product order fulfillment rate reflects the total quantity of products produced by the supply chain node companies to meet the demand of the order within the specified time, and is numerically equal to the percentage of the quantity of products produced to the demand of the customer order.
(2) Collection reliability. The reliability of the financial linkage between member companies and customers as they become associated with each other. Indicators in this area include bad debt ratio, credit sales ratio, etc. The higher the reliability of collection, the more stable the relationship between the company and the customer can be established.
The bad debt ratio reflects the accounts receivable of supply chain node enterprises within a certain period of time, and the calculation of the bad debt ratio is performed in accordance with the financial accounting system of enterprises.
The credit ratio reflects the ability of supply chain node companies to collect payments over time and is numerically equal to the percentage of credit sales to sales amount.
The degree of exchange rate risk reflects the risk of collection by supply chain node companies over a certain period of time when cross-border operations exist.
(3) Reliability of information exchange between enterprises. The reliability of the information interface between member enterprises and customers in the process of generating linkages between the two. Indicators in this area include the timeliness and accuracy of information transmission. The higher the reliability of information exchange, the lower the error rate in the business process of the enterprise.
The timeliness of information transmission reflects the timeliness of information exchange between supply chain node enterprises and other cooperative enterprises. The delay of information transmission can cause the failure of production and management strategies, which is numerically equal to the percentage of the number of timely information transmission to the total number of information transmission in a certain time.
The accuracy rate of information transmission reflects the quality of information exchange between supply chain node enterprises and other cooperative enterprises, and also reflects the degree of "bullwhip effect" in the supply chain. In numerical terms, it is equal to the percentage of the number of accurate information transmission to the total number of transmission within a certain period of time.
Internal-oriented metrics:
Internal-oriented indicators reflect the internal operation of the enterprise, which includes both the reliability of interdepartmental interface and the reliability of internal operations.
First, the reliability of the connection between enterprise departments. An enterprise contains many departments, and the higher the degree of tacit understanding between departments, the higher the reliability of the connection.
(1) Degree of program completion. Reflects the degree of tacit understanding between the planning department and other departments. The indicators involved include the completion rate of procurement and production plans.
(2) The degree of production downtime. In the process of business operation, if the production department and the purchasing department have a miscommunication, the production department will choose to stop work and wait for materials. This indicator can be calculated by the following way: Production downtime = downtime at a certain moment / total production time.
(3) Production and sales rate. It reflects the degree of cooperation between the production and sales departments, and is numerically equal to the percentage of the actual number of products shipped to the total production.
(4) The degree of interdepartmental information sharing reflects the cooperation degree of information convergence among the departments of the supply chain member enterprises, which is a qualitative indicator and can be comprehensively analyzed by the amount of information exchange in the information system within the enterprise and the interdepartmental coordination system.
Second, internal operation reliability. It reflects the degree of reliability of the internal operation of each department of the supply chain member enterprises, and its measurement can be measured by four specific indicators: the degree of plan adjustment, the rate of procurement error, the rate of product conformity and the rate of shipment error.
(1) The degree of plan adjustment. Regardless of the type of enterprise, the business plan may be adjusted for various reasons, and the corresponding indicator is the reliability of each plan indicators, which includes the content of production, sales and other aspects. The indicator is related to the amount of change, the amount of the initial plan, and the two can be divided to obtain the value of the plan adjustment reliability indicator.
(2) Procurement error rate. This indicator can be calculated in the following way.
Purchasing error rate = Types of goods purchased with errors / Total number of goods purchased
(3) Product Conformity Rate. The product qualification rate within the supply chain member companies refers to the degree of reliability of their internal production operations.
Product qualification rate = number of qualified products/total number of products
(4) Shipping error rate
It mainly refers to the degree of reliability of the internal shipping chain. It includes sales error rate and return processing error rate.
Shipping error rate = number of products shipped with errors / total number of products shipped
This level-by-level decomposition of the generated index system basically considers all aspects of business operations, focuses on the coordination between different departments of the enterprise, emphasizes the important role of information in the linkage between the enterprise and the supply chain, and most of the indicators have clear quantitative methods. However, this indicator system also has some shortcomings, such as ignoring the relevance of each indicator, the existence of qualitative indicators, the determination of indicator weights relying on expert experience, and the difficulty of determining weights due to differences in indicator attributes.
[bookmark: _Toc115344320][bookmark: _Toc115776473][bookmark: _Toc115816336]3.2 Process-oriented evaluation index construction
In order to retain the advantages of the evaluation index system of supply chain member enterprises and at the same time overcome the shortcomings of the evaluation index system of supply chain member enterprises. In this paper, a dynamic process-oriented reliability evaluation index system is constructed, which is based on the operation process of enterprises and incorporates the reliability evaluation indexes of member enterprises into it.
According to the SCOR operational model, the first tier of the supply chain consists of five basic processes: planning, purchasing, production, sales and returns. For ordinary companies, they almost always have three operational departments: purchasing, production and sales, and some large companies have a dedicated planning and management department. These departments hold all kinds of information and data of the enterprise, such as data of capital, information and logistics, etc. The relationship between each department is shown in Figure 3-1.


[bookmark: _Toc115774648][bookmark: _Toc115776638]Figure 3.1 The relationship between the various departments
In the supply chain, capital flow, information flow and logistics are parallel, but the failure of any one of the three in the supply chain reliability evaluation will lead to the disruption of the supply chain, so the three are connected in series in the supply chain reliability evaluation. An analysis of Figure 3.3 shows that:
First, in the operational part of the purchasing department, which is mainly responsible for the collection of materials, the resulting costs include the salaries of purchasing personnel and material costs, etc. The corresponding indicator is the payment reliability indicator, which relates the quantity of purchased materials to the total volume of operations. The department also needs to transfer information with other departments or institutions in the process of purchasing materials and adjust or develop purchasing plans based on the information obtained. When the procurement plan and procurement plan adjustment are unreliable, it can have a huge impact on the supply chain and even cause chain disruption, in supply chain reliability the two are concurrent, and the corresponding purchasing plan reliability is related to the formed purchasing plan and the total purchasing plan, and the purchasing plan reliability value is obtained by dividing the two; Reliability of procurement plan adjustment is related to the number of formed procurement plans and the number of deviated procurement plans, and the value of reliability of procurement plan adjustment is obtained by dividing the two; The flow of goods received is expressed in terms of the reliability of receipt, which is related to the number of receipt operations that have been formed, the number of all receipt operations, and the value of the reliability of receipt is obtained by dividing the two; Return logistics is expressed in terms of return reliability, which is mainly related to the number of return operations that have been formed, the number of all return operations, and the division of the two to arrive at the return reliability value.
Second, in the production sector, which mainly covers the production of products and all management expenses, the corresponding indicator is the production capital reliability indicator, which is related to the formed production costs and the total production costs of the enterprise, and the production capital reliability value is obtained by dividing the two. Like the purchasing department, the production department also needs to interoperate with other departments or customers when carrying out production, and make or adjust production plans based on the information obtained. They are also generated simultaneously in supply chain reliability, and the corresponding production plan reliability is related to the already formed production plan and the total production plan, and the production plan reliability value can be obtained by dividing the two. There are two factors that influence the reliability of the production plan adjustment, namely the formed production plan and the production plan with significant deviations in the process, both of which are capable of making an appropriate disposition of the reliability value; For production departments, a problem in the management process can result in goods not being delivered on time, and the impact on the entire supply chain is likely to be catastrophic. An important concept is involved here, namely production logistics. The corresponding index is the production logistics reliability index, which is related to the number of completed production operations, the number of all production operations, and the division of the two to obtain the production logistics reliability index.
Thirdly, in the business part of the sales department, the department is mainly responsible for product promotion and sales. The costs incurred mainly include sales staff salaries and delivery costs, and the indicator is related to the sales funds paid and the total sales funds, which can be divided to obtain the payment reliability value. The corresponding collection reliability is related to two factors, namely, sales revenue already collected, and all sales revenue, which are divided to arrive at the reliability value. The department needs to realize information interchange with other departments and customers when selling products, and make or adjust the sales plan according to the information obtained, the latter two are also generated simultaneously in the supply chain reliability, and the corresponding sales plan reliability is related to the already formed sales plan and all sales plans, and the sales plan reliability value can be obtained by dividing the two. Similarly, the sales plan adjustment reliability is related to two factors, the correct sales plan, and the deviation sales plan, which can be divided to arrive at the sales plan adjustment reliability value. The sales department is also closely connected to the logistics chain in the process of carrying out sales activities. The sales logistics here refers to the shipment logistics, and the corresponding index is the shipment reliability index, which is related to the number of completed shipments and the total number of shipments, and divides the two to obtain the shipment reliability value. After the products are sold, customers may return the products due to product quality problems. The corresponding return reliability is related to the number of returns that have been processed and the number of all returns, and the return reliability value can be obtained by dividing the two.
From the above analysis, we can obtain a perfect supply chain node enterprise reliability evaluation index model as shown in Figure 3.2.


[bookmark: _Toc115774649][bookmark: _Toc115776639]Figure 3.2 Process-oriented supply chain node enterprise reliability evaluation index model diagram
In the process-oriented nodal enterprise reliability evaluation index system, the arrows indicate the relationship between the modules (as shown in Figure 3.4). It also reflects the degree of information sharing between the two, which shows that information transfer plays an extremely important role in the whole supply chain. For each sector, its corresponding evaluation indicators are independent and the arrows relate them, but there is no logical relationship between them, thus the reliability of the arrows can be considered as 1; The arrow below the purchasing department associates that business department with a supplier. And in the process of business operation, there may be deviations in information transmission and further lead to errors in supply, thus it can be seen that the degree of information sharing is related to whether the nodal enterprise and the supplier can establish a long and stable cooperative relationship, that is, the degree of reliability of the connection between the two. The corresponding indicator is the supply reliability indicator, which is related to the number of supply operations formed, the number of all operations, and the division of the two gives the supply reliability value. The arrow between the purchasing department and the production department reflects the degree of information sharing between them. If the information between them cannot be shared to a high degree or the information transmission is deviated, it may cause the raw materials procured by the enterprise cannot meet the needs of the production department. The corresponding indicator is the procurement reliability indicator, which is related to the quantity of raw materials needed to satisfy the production department, the quantity of all raw materials, and the value of procurement reliability is obtained by dividing the two.
Similarly, the arrow between the production department and the sales department also reflects the degree of information sharing between the two. In the process of business operation, the two departments may not be able to achieve effective docking due to poor information flow, which in turn leads to the situation that the products produced do not meet the needs of customers well. The corresponding index is the production reliability index, which is related to the number of qualified products, the number of all products, and the production reliability value can be obtained by dividing the two. The sales department is a direct consumer-facing department, and the arrow below it reflects the relationship between the department and the consumer. If the information between the two is not effectively communicated, it will directly lead to sales information bias. And problems in this link will have a huge impact on the previous links, causing business operating costs to rise. Its corresponding indicator is the sales reliability indicator, which is related to the volume of qualified sales operations, total sales operations, and the division of the two to arrive at the sales reliability indicator.
In more detail, when considering 𝑅supply(𝑡) as supply reliability, 𝑅purchasing(𝑡) represents purchasing reliability, 𝑅production(𝑡) represents production reliability, 𝑅sales(𝑡) represents sales reliability, and 𝑅𝐴(𝑡) represents the purchasing sector reliability, 𝑅𝐵(𝑡) represents the production sector reliability, 𝑅𝐶(𝑡) represents the sales sector reliability, 𝑅1(𝑡) represents payment reliability, 𝑅2(𝑡) represents purchasing schedule reliability, 𝑅3(𝑡) represents purchasing schedule adjustment reliability, 𝑅4(𝑡) represents receiving reliability, 𝑅5(𝑡 ) represents the return goods reliability, 𝑅6(𝑡) represents the production capital reliability, 𝑅7(𝑡) represents the production planning reliability, 𝑅8(𝑡) represents the production planning adjustment reliability, 𝑅9(𝑡) represents the production logistics reliability, and 𝑅10(𝑡) represents the payment reliability, 𝑅11(𝑡) represents the collection reliability, 𝑅12(𝑡) represents the sales plan reliability, 𝑅13(𝑡) represents the sales plan adjustment reliability, and 𝑅14(𝑡) represents the shipment reliability, and 𝑅15(𝑡) represents the receiving return reliability.. In this case, the reliability of supply chain node firms can then be represented by equation 3.1-3.4.

……………………(3.1)

……………………(3.2)

……………………(3.3)

…………………..(3.4)
[bookmark: _Toc115344321][bookmark: _Toc115776474][bookmark: _Toc115816337]3.3 Reliability evaluation index system for supply chain member companies
By evaluating the reliability of a supply chain, we can know the degree of reliability of this supply chain, so that we can compare and select the best for different supply chains, and how to optimize the reliability of the supply chain is also a very important issue.
[bookmark: _Toc115344322][bookmark: _Toc115776475][bookmark: _Toc115816338]3.3.1 Supply Chain Reliability Structure Analysis
The structural reliability of the supply chain is the basis for studying the overall reliability of the supply chain, an important tool for designing, optimizing and evaluating the supply chain system, and a preparation for studying the subsequent contents such as the operational reliability of the supply chain. To facilitate the study of supply chain reliability allocation, the supply chain can be abstracted into a model. The manufacturing supply chain is studied in Figure 3.3.


[bookmark: _Toc115774650][bookmark: _Toc115776640]Figure 3.3 Manufacturing Supply Chain
Product manufacturing requires numerous manufacturers to provide raw materials and components, manufacturers to manufacture and assemble, and many sales manufacturers to sell the products to customers. Roughly, the process is passed backward from one level to the next: suppliers provide various components to manufacturers, who use them as raw materials for production and provide the final product to the next level of business (distributors), who sell the product to consumers.
For the convenience of the study, capital flow and information flow are not considered here, because only the direction of logistics activities is consistent with the flow direction of the supply chain. In addition, the nodal firms are considered as units with their associated articulated activities, such that each supplier firm 𝐵j (j = 1,2, . . . , n) together with its articulated activities constitute a supplier unit. Similarly there are manufacturer units, distributor units, etc. The unit is used as the smallest object for reliability assignment, and the concept of unit is used to study the characteristics of the supply chain structure.
It is clear from the above that when allocating the reliability of the product supply chain, we should analyze the specific unit structure within the supply chain in more depth, and try to explore the key elements of it. As shown in Figure 3.4, the product produced by its core company is composed of several components, each of which in turn consists of several subcomponents or parts. The diagram can be described as a product supply chain reliability model consisting of 14 units containing five components, each with reliability 𝑅i(𝑖 = 1,2, ... ,14).


[bookmark: _Toc115774651][bookmark: _Toc115776641]Figure 3.4 Supply Chain Diagram
Part I, Part II, Part IV and Part V are all three units of the parallel reliability model, so the reliability of Part I, Part II, Part IV and Part V at time t is :

………………………………(3.5)

………………………………(3.6)

………………………………(3.7)

………………………………(3.8)
Part III is a parallel reliability model for two units, and the reliability of all the third components at time t is

……….………………………(3.9)
For the entire tandem reliability model, the corresponding secondary supply chain reliability at time point t can be calculated by:

……….……………………(3.10)
[bookmark: _Toc115344323][bookmark: _Toc115776476][bookmark: _Toc115816339]3.3.2 Concept of Reliability Distribution
System reliability assignment is one of the important tasks of system reliability design (Modibbo , Arshad, Abdalghani and Ali, 2021; Yalaoui, Chu and Chatelet, 2005; Kim, Yang and Zuo, 2013). Reliability assignment is the distribution of the system's specified reliability index to subsystems, parts and components according to a certain procedure to simplify the handling of complex problems and facilitate inspection. It is a decomposition process from whole to local, from big to small, from top to bottom. 
The following principles are to be observed for reliability assignment in engineering technology systems:
(1) Technology level; technically mature components can ensure that a high level of reliability can be achieved when they are put into use, so they should be assigned to a higher reliability level.
(2) complexity; simpler units should be assigned a higher degree of reliability because they consist of fewer parts and have a simple structure, which is easy to ensure better quality after installation, or easy to repair after a failure.
(3) Importance; units whose failure will cause serious consequences should be assigned to a higher reliability level.
(4) Mission situation; units with comfortable working conditions during the mission, or those that do not require continuous work, should be assigned to a higher reliability level.
In addition to this, factors such as cost, weight and size are also affected, and where there is a conflict, a comprehensive analysis is performed to obtain the set system reliability goal at the lowest cost.
For a system with n constituent components, the simplest case is that these components are independent of each other, i.e., a tandem reliability system in reliability engineering, the unreliability of the system is:

……………(3.11)
Where: F(t) is the unreliability of the system and R(t) is the system reliability
If the weight of each cell is Ki, then

………………..……………(3.12)

…………………(3.13)
The above formula is the allocation formula for system engineering reliability.
[bookmark: _Toc115344324][bookmark: _Toc115776477][bookmark: _Toc115816340]3.3.3 Supply Chain Reliability Allocation
3.3.3.1 Supply Chain Reliability Allocation Principles:
(1) Business maturity (P1)，Corresponding to the principle of technical level in the principle of reliability allocation of engineering technology systems, judgment is made on the basis of the length of time they have been in the business, the business operation, and other factors. According to the principle of engineering system reliability allocation, the unit that should bear higher reliability will have lower unreliability, so the most immature enterprise in the supply chain is given a score of 10, and the other enterprises are compared with the standard enterprise operation, and the score is given by their maturity.
(2) Complexity of business structure (P2)，Corresponding to the complexity principle in the reliability allocation principle of engineering technology systems, the most complex enterprise in the supply chain is given a score of 10, and other enterprises are compared with the complexity of the standard enterprise and given the corresponding score.
(3) Degree of importance (P3)，Using turnover as the judgment criterion, the company with the lowest turnover in the supply chain is given a score of 10, and other companies are compared with the turnover of standard companies to give a score of importance.
(4) Business operating environment (P4)，Corresponding to the task situation principle in the reliability allocation principle of engineering and technology systems, the company whose production time requires continuous overtime is given a score of 10 for the company that most often produces overtime in the supply chain, and other companies are compared with the standard company to give the corresponding business environment score.
3.3.3.2 Supply Chain Reliability Allocation Optimization Based on Analytic Hierarchy Process
According to the principle of supply chain reliability allocation, this paper establishes a supply chain reliability optimization allocation method based on hierarchical analysis (Chatterjee, Singh and Roy, 2015.; Di Bona and Forcina, 2017; Zio, Cantarella and Cammi, 2003). The steps are as follows:

(1) Experts in relevant fields are selected to give scores to member companies, which cannot be given arbitrarily by anyone and require subjective qualitative determination by professionals with relevant work experience.
(2) Determine the weights of the four indicators, and each expert performs the weighting for the four indicators.
In the first step, experts are asked to make a determination of the importance of the four indicators, with the most important of them being 10, and the other three determining their importance values based on subjective judgment.

………..……(3.14)
In the second step, the judgment matrix is determined. Denote the importance of indicator k to j by e kj (k = 1,2,3,4; j = 1,2,3,4).

……………..……………(3.15)
Calculation weights.

………………..…………………(3.16)
Normalization process

………………..…………………(3.17)
The third step, consistency judgment, does not require the judgment to have transferability and consistency, i.e., it does not require to be strictly established, which is determined by the complexity of objective things and the diversity of human perception. However, it is desirable to require the judgment matrix to satisfy the general consistency. If the judgment of "A is extremely important than B, B is extremely important than C, and C is extremely important than A" is obviously against common sense, and a confusing judgment matrix that does not stand up to scrutiny may lead to mistakes in decision-making. Moreover, the reliability of the various methods mentioned above for calculating the ranking weight vectors (i.e., relative weight vectors) becomes questionable when the judgment matrix deviates too much from the consistency, so the consistency of the judgment matrix is to be tested in the following steps:
First, calculate the consistency index CI:

……………………………(3.18)

……………………………(3.19)
Second, the corresponding average random consistency index RI is found, and the consistency index RI is shown in Table 3-1.
[bookmark: _Toc115818052]Table3-1 Continuity index data
	n
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	RI
	0
	0
	0.58
	0.89
	1.12
	1.24
	1.32
	1.41
	1.46
	1.49


Third, the calculation of CR= CI/ RI≤0.1 indicates that it is qualified and passes the consistency test.
(3) Experts rate each of the four evaluation indicators for each unit in the supply chain. the score matrix Aj can be obtained, where Aj denotes the score obtained for each cell on the j th metric. Aj consists of i rows and m columns, with i denoting the number of scoring experts as i , and m denoting the number of cells in the supply chain.

………………………………(3.20)
This allows the calculation of the average score Qj for each cell in the jth indicator.

……………………………………(3.21)
The evaluation score of the sth unit in the supply chain

…………………..…………………(3.22)
(4) Optimal allocation of supply chain reliability.
Overall score of supply chain

……………..…..…………………(3.23)
The weight of the sth unit in the supply chain is

…………………..…………………(3.24)
According to the above reliability allocation formula, the reliability of the sth unit in the supply chain is assigned as

………………..……………(3.25)


4. [bookmark: _Toc115344325][bookmark: _Toc115776478][bookmark: _Toc115816341]Supply Chain Reliability Evaluation and Optimization Application Research
[bookmark: _Toc115344326][bookmark: _Toc115776479][bookmark: _Toc115816342]Introduction
In a supply chain, all enterprises are closely linked, and the reliability of each member enterprise has an impact on the whole supply chain. In the actual operation of the supply chain reliability evaluation is actually a comprehensive evaluation of the reliability of all member companies. Therefore, it is especially important to establish a corresponding reliability evaluation system so that different supply chains can be screened and also provide a basis for managers to make decisions. By studying how the body of evaluation process indicators is constructed in Chapter 3, it is possible to calculate the reliability of each member enterprise. In this chapter, the situation of a parts supply chain of an automobile assembly company is used as an example to discuss the application of supply chain reliability evaluation by linking theory to practice.
[bookmark: _Toc115344327][bookmark: _Toc115776480][bookmark: _Toc115816343]4.1 Supply chain overview of an automotive assembly company
[bookmark: _Toc115344328][bookmark: _Toc115776481][bookmark: _Toc115816344]4.1.1 Company Profile
An automotive assembly company operates a wide range of businesses, mainly including product development, quality management and marketing services. The company is strong, producing a wide range of car models and occupying a central position in the entire automotive supply chain. At the turn of the century, the company put supply chain management techniques into practice and achieved success. In addition, the company is strict in all aspects of material procurement, production and sales, and it has won many awards in the field of quality, and now has a wider public base. Along with the development of supply chain theory, in order to improve the competitiveness and comprehensive strength of enterprises, companies began to focus on core products, while innovating their business philosophy and contracting some non-core components to downstream organizations. In addition, enterprises keep up with the trend of the times, constantly improve the technology of supply chain management, and use supply chain management theory as a guiding theory to carry out business activities. The company has also established stable partnerships with suppliers and regularly evaluates them comprehensively to create conditions for the company to achieve healthy development.
[bookmark: _Toc115344329][bookmark: _Toc115776482][bookmark: _Toc115816345][bookmark: _Hlk114169845]4.1.2 Supply Chain Reliability Data Analysis
(1) Poor information communication leads to inaccurate demand
The company has a group of companies and an Asia Pacific headquarters in Shanghai. The department responsible for customer sales is in the Asia Pacific headquarters, and the sales information it is responsible for needs to pass through the sales department in the Asia Pacific headquarters before reaching the group companies, and then from the group companies to the manufacturing plants. This approach is more reliable for established projects, but as a new project, it is often impossible to accurately estimate demand in the early stages of operation, or supply is not timely, resulting in serious adverse effects on subsequent customer demand.
(2) Slow to respond to changes in market demand
Auto sales are subject to large changes in national policies and market conditions. Most of the suppliers of the whole vehicle enterprises obtain their raw materials through the second-tier suppliers, and the latter have a minimum order quantity, so the second-tier suppliers will still deliver according to the original plan when the demand of the whole vehicle enterprises is withdrawn or reduced. Auto parts companies usually order on a one-week cycle. Orders within a week cannot be cancelled, but orders beyond a week can be cancelled, often resulting in high inventory once the company fails to respond in a timely manner.
(3) Inconsistent delivery due to insufficient production levels
Even if the inventory is sufficient, there is a shortage of material due to insufficient production preparation by suppliers. Typically, suppliers of products with high inventories tend to be able to secure their own capacity, while suppliers of products with low inventories usually have problems with capacity, in addition, coupled with inadequate supervision of such suppliers, etc., this results in a shortage of materials to meet the original production schedule, which in turn ultimately results in erratic deliveries.
[bookmark: _Toc115344330][bookmark: _Toc115776483][bookmark: _Toc115816346]4.2 Automotive assembly supply chain reliability evaluation analysis
In the following paper, we study the supply chain of the core company, which includes suppliers, manufacturers and distributors. There are two suppliers, i.e., A1 and A2 in the figure below; one manufacturer, i.e., Z in the figure below; and two distributors, i.e., B1 and B2 in the figure below.


[bookmark: _Toc115774652][bookmark: _Toc115776642]Figure 4.1 Block diagram of supply chain reliability of an automotive assembly company
Assuming that the reliability of the supplier link obtained by solving is specifically denoted as Hg1, Hg2, ..., Hgm, the overall reliability can be determined by the following expression:

…………………………….(4.1)
If the cell reliability of a distributor corresponds specifically to Hf1, Hf2, ..., HfN, then its full reliability can be expressed as follows:

……….…………………….(4.2)
From this, the reliability of the automotive assembly supply chain can be calculated as:

………..……….…………….(4.3)
[bookmark: _Toc115344331][bookmark: _Toc115776484][bookmark: _Toc115816347]4.2.1 Risks in the strategic planning process
In order to calculate the reliability of the entire supply chain, it is first necessary to know the reliability of each member company. The process-oriented reliability evaluation indexes established in Chapter 3 introduce the calculation methods of member companies' reliability in detail, and the data of these indexes are mainly obtained through the collection, analysis and calculation of historical operation data of companies in the supply chain. However, the collection of a large amount of data is affected by many factors, including the long chain of the automotive supply chain, many links, involving a wide range of enterprises and other characteristics make it more difficult to obtain comprehensive data.
Therefore, this section uses the expert scoring method to obtain the generation probability of each evaluation index, and then calculates the reliability of each member firm by using the calculation formula proposed in Chapter 3. By distributing questionnaires to experts or engineers with relevant experience, the probability of occurrence of unreliability events for each indicator, i.e., unreliability, is then determined based on the judgments made by the experts. Drawing on the method of evaluating the hazards of operating conditions in safety engineering (BenjaminGraham (1894-1976) evaluation method; LEC), the likelihood of an event occurring is presented in table 4-1 of the score ( Jiang, Lv and Liu, 2016).
[bookmark: _Toc115818053]Table 4-1 Event likelihood score table
	Score value
	Likelihood of occurrence

	10
	Not at all

	6
	Quite possibly

	3
	Possible but infrequent

	1
	Small possibility, totally unexpected

	0.5
	Very unlikely, but conceivable

	0.2
	Extremely unlikely

	0.1
	Not practically possible


To keep the probability of extreme deviation within 1, the probability score of such an event can be multiplied by 0.1. In this paper, we find 10 experts in related industries and give them questionnaires with the same weight for each expert. The probability of occurrence of each indicator unreliability event Fi is determined based on the final obtained questionnaire statistics, and the calculation formula is as follows.




Where: Fi is the probability of unreliability events; Vi is the experts' weights, all of which are 0.1 here; Qi is the score value given by the experts according to the above table multiplied by 0.1; and Ri is the reliability of each indicator.
The collected questionnaires were counted, and the following statistical table can be obtained according to the above formula.
[bookmark: _Toc115818054]Table 4-2 Statistics for Supplier Member Company A1.
	A1
	reliability index
	The probability of an unreliable event occurring
	Unreliability (Fi)
	Reliability (Ri)

	department
	
	1
	0.6
	0.3
	0.1
	0.05
	0.02
	0.01
	
	

	Purchasing Department
	R1
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R2
	0
	0
	0
	0
	7
	2
	1
	0.04
	0.96

	
	R3
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R4
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	R5
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	Production department
	R6
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R7
	0
	0
	0
	1
	1
	7
	1
	0.03
	0.97

	
	R8
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R9
	0
	0
	1
	7
	2
	0
	0
	0.11
	0.89

	sales department
	R10
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R11
	0
	0
	0
	0
	7
	2
	1
	0.04
	0.96

	
	R12
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R13
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R14
	0
	0
	0
	0
	7
	2
	1
	0.04
	0.96

	
	R15
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	connection relationship
	Rsupply
	0
	0
	0
	0
	7
	2
	1
	0.04
	0.96

	
	Rpuchasing
	0
	0
	0
	0
	7
	2
	1
	0.04
	0.96

	
	Rproduction
	0
	0
	0
	0
	4
	4
	2
	0.03
	0.97

	
	Rsales
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98


[bookmark: _Toc115818055]Table 4-3 Statistics for Supplier Member Company A2.
	A2
	reliability index
	The probability of an unreliable event occurring
	Unreliability (Fi)
	Reliability (Ri)

	department
	
	1
	0.6
	0.3
	0.1
	0.05
	0.02
	0.01
	
	

	Purchasing Department
	R1
	0
	0
	0
	0
	2
	2
	6
	0.02
	0.98

	
	R2
	0
	0
	0
	3
	4
	3
	0
	0.056
	0.944

	
	R3
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R4
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R5
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	Production department
	R6
	0
	0
	0
	1
	4
	5
	0
	0.04
	0.96

	
	R7
	0
	0
	0
	1
	4
	5
	0
	0.04
	0.96

	
	R8
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R9
	0
	0
	0
	4
	6
	0
	0
	0.07
	0.93

	sales department
	R10
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R11
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	R12
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R13
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R14
	0
	0
	0
	0
	10
	0
	0
	0.05
	0.95

	
	R15
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	connection relationship
	Rsupply
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	Rpuchasing
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	Rproduction
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	Rsales
	0
	0
	0
	0
	4
	4
	2
	0.03
	0.97


[bookmark: _Toc115818056]Table 4-4 Statistics for Manufacturer Member Company Z.
	Z
	reliability index
	The probability of an unreliable event occurring
	Unreliability (Fi)
	Reliability (Ri)

	department
	
	1
	0.6
	0.3
	0.1
	0.05
	0.02
	0.01
	
	

	Purchasing Department
	R1
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R2
	0
	0
	0
	0
	10
	0
	0
	0.05
	0.95

	
	R3
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R4
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R5
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	Production department
	R6
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R7
	0
	0
	0
	0
	6
	4
	0
	0.038
	0.962

	
	R8
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R9
	0
	0
	0
	1
	4
	5
	0
	0.04
	0.96

	sales department
	R10
	0
	0
	0
	0
	0
	8
	2
	0.018
	0.982

	
	R11
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	R12
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R13
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R14
	0
	0
	0
	0
	0
	8
	2
	0.018
	0.982

	
	R15
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	connection relationship
	Rsupply
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	Rpuchasing
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	Rproduction
	0
	0
	0
	0
	4
	4
	2
	0.03
	0.97

	
	Rsales
	0
	0
	0
	0
	0
	1
	9
	0.011
	0.989


[bookmark: _Toc115818057]Table 4-5 Statistics of distributor member company B1.
	B1
	reliability index
	The probability of an unreliable event occurring
	Unreliability (Fi)
	Reliability (Ri)

	department
	
	1
	0.6
	0.3
	0.1
	0.05
	0.02
	0.01
	
	

	Purchasing Department
	R1
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R2
	0
	0
	1
	1
	2
	4
	2
	0.06
	0.94

	
	R3
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R4
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R5
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	Production department
	R6
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R7
	0
	0
	0
	0
	6
	4
	0
	0.038
	0.962

	
	R8
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R9
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	sales department
	R10
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R11
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R12
	0
	0
	0
	0
	6
	4
	0
	0.038
	0.962

	
	R13
	0
	0
	0
	0
	4
	4
	2
	0.03
	0.97

	
	R14
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	R15
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.99

	connection relationship
	Rsupply
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	Rpuchasing
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	Rproduction
	0
	0
	0
	0
	0
	0
	10
	0.02
	0.99

	
	Rsales
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98


[bookmark: _Toc115818058]Table 4-6 Statistics of distributor member company B2.
	B2
	reliability index
	The probability of an unreliable event occurring
	Unreliability (Fi)
	Reliability (Ri)

	department
	
	1
	0.6
	0.3
	0.1
	0.05
	0.02
	0.01
	
	

	Purchasing Department
	R1
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R2
	0
	0
	1
	3
	6
	0
	0
	0.09
	0.91

	
	R3
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R4
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	R5
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	Production department
	R6
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	R7
	0
	0
	0
	1
	4
	4
	1
	0.039
	0.961

	
	R8
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R9
	0
	0
	0
	0
	4
	4
	2
	0.03
	0.97

	sales department
	R10
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R11
	0
	0
	0
	0
	0
	10
	0
	0.02
	0.98

	
	R12
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R13
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R14
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	R15
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	connection relationship
	Rsupply
	0
	0
	0
	0
	0
	1
	9
	0.011
	0.989

	
	Rpuchasing
	0
	0
	0
	0
	0
	8
	2
	0.018
	0.982

	
	Rproduction
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99

	
	Rsales
	0
	0
	0
	0
	0
	0
	10
	0.01
	0.99


The reliability of each member company, the reliability of each unit and the overall reliability can be calculated according to the formula 3.1-3.4 in Chapter 3 and the formula 4.1-4.3 in Chapter 4 as shown in Table 4-7.
[bookmark: _Toc115818059]Table 4-7 Reliability statistics
	R
	Suppliers
	Manufacturer
	Distributors

	
	A1
	A2
	Z
	B1
	B2

	Ri
	0.6692 
	0.7282 
	0.8022 
	0.8408 
	0.8253 

	R unit
	0.9101 
	0.8022 
	0.9722 

	R total
	0.7098 


Table 4-2 shows that the total reliability of this supply chain is 0.843, and assuming that the target reliability RS of this enterprise is 0.7098, the node enterprise should be optimized at this time.
Drawing on the idea of engineering technology system reliability allocation, the set supply chain system reliability target is assigned to each node enterprise. To facilitate the calculation, the supply chain is considered as a tandem system in this paper, i.e., it consists of three units: reliability RA in the supply chain, reliability RB in the distribution chain, and reliability RZ in the manufacturing chain. For a large and complex system such as a supply chain system, it is impossible to fully quantify its operational factors, and the reliability allocation problem is not a mere mathematical calculation problem, but requires a combination of qualitative and quantitative methods to find a solution to supply chain reliability allocation. 
Steps of the supply chain reliability optimization allocation method in this paper：
(1) Five experts were selected, and the weights of the experts were set the same, all 20%, i.e. C=(C1C2C3C4C5)=(0.2 0.2 0.2 0.2 0.2)。
(2) Determine the weights of the four allocation principles:


Determine the judgment matrix:






Consistency check:







[bookmark: _Hlk113400847]The weights of the four indicators are .
(3) Experts rate each of the four indicators for supply chain S, manufacturing chain Z, and distribution chain B:




   








The scores of each index of each enterprise are added together to get the final score of each enterprise's link:
Supply chain unit: 90.72
Manufacturing unit:82.74
Distribution unit: 33.92
(4) Reliability optimization

Supply chain unit: 

Manufacturing unit: 

Distribution unit: 
Assuming the need for this car supply chain needs to achieve RS = 0.9, then 1 - RS = 0.1
Then it is known that the reliability to be achieved for each link are:






Comparing the reliability of the current supply chain, it is clear that the reliability of only the manufacturer's unit is not sufficient and measures need to be taken to improve its reliability.


5. [bookmark: _Toc115344332][bookmark: _Toc115776485][bookmark: _Toc115816348][bookmark: _Hlk114169966]Discussion
The purpose of this study is to find a more objective reliability measurement method, which can be used to analyze the operation status of the whole supply chain, discover the key links affecting the reliability of the supply chain in time, provide decision support for supply chain management, and provide a basis for selecting supply chain member companies. This study first establishes process-based supply chain reliability evaluation indexes with the help of SCOR operational model, and determines the reliability data of member companies by calculation. Then, drawing on the principle of system engineering reliability allocation, while comprehensively analyzing the capabilities of each member company of the supply chain, we determine the reliability target that each member company should undertake. Finally, the data derived from the reliability allocation is compared with the actual reliability data to identify the weak links in this supply chain and provide direction for the next proposed measures.
[bookmark: _Toc115344333][bookmark: _Toc115776486][bookmark: _Toc115816349]5.1 Analysis of data obtained by expert scoring method
In reality, since the probability of some events is very small, it is difficult to obtain their accurate probability through statistical methods. In addition, due to the long chain of the automotive supply chain, many links, involving a wide range of enterprises and other characteristics make it more difficult to obtain comprehensive data. In this paper, the reliability data of member companies are obtained by expert scoring method. The analysis of reliability data for this supply chain in Chapter 4 reveals the following problems with the supply chain: (1) poor information communication triggering inaccurate demand; (2) slow response to changes in market demand; (3) unstable delivery due to insufficient production levels.
Analysis of the data obtained from the expert scoring shows that:
(1) Among the indicators of all enterprises, experts give relatively low reliability of procurement plan compared to other indicators. The analysis of the reliability data of this supply chain in Chapter 4 shows that there is a problem of poor information communication in this supply chain, which can lead to inaccurate demand forecast and make the reliability of production plan of each member enterprise relatively low. In addition, from the analysis of indicators in Chapter 3, we can see that the indicators of supply reliability and sales reliability refer to the exchange of information between upstream and downstream enterprises. The data on sales reliability indicators for suppliers and supply reliability indicators for manufacturers in this supply chain network also indicate a lack of information transfer between upstream and downstream firms.
(2) Both supplier member companies of this supply chain supply unit have the problem of relatively low shipment reliability index data from the sales department and unstable delivery. This will result in manufacturing companies not being able to obtain production materials in a timely manner, reducing the reliability of the entire supply chain.
From the above comparison, it can be seen that the data obtained from the expert scoring is basically in line with the situation of this supply chain.
[bookmark: _Toc115344334][bookmark: _Toc115776487][bookmark: _Toc115816350][bookmark: _Hlk114169539]5.2 Analysis of supply chain reliability distribution results 
This study draws on the reliability allocation method of system engineering reliability to determine the reliability targets that each unit of the supply chain should undertake. The essence of this supply chain reliability allocation is to determine the strength of each member company in the supply chain and let the stronger companies take on more reliability targets. This study uses hierarchical analysis to determine the overall strength of each unit firm, and the final results show that the supply unit firm is the weakest and the distribution firm is the strongest in this supply chain. Therefore distribution firms will be assigned to the high reliability target.
Analysis of the assigned reliability target data and the actual reliability data for each unit shows that:
(1) Insufficient reliability of manufacturing companies, and to improve the overall reliability to the target data, we need to improve the reliability of manufacturing companies.
(2) Although the actual reliability of each supplier company is the lowest, two supplier companies improve the reliability of the overall unit by parallel connection, making their reliability data reach the target level. It can be shown that changing the supply chain structure and linking companies in parallel can improve the reliability of the supply chain and is one of the ways to improve the reliability of the whole supply.
(3) Analysis of the data of the reliability index of the manufacturing enterprise shows that the methods to improve the reliability of this enterprise include improving the reliability of logistics and the ability to exchange information between upstream and downstream enterprises and before the internal departments of the enterprise.
[bookmark: _Toc115344335][bookmark: _Toc115776488][bookmark: _Toc115816351]5.3 Supply chain reliability optimization measures for automotive assembly companies 
The following optimizations are summarized in this section that can be used to improve the reliability of the supply chain.
Chapter 4 uses the idea of engineering technology system reliability allocation to optimally allocate the reliability of the target automobile assembly supply chain, and the results show that all links of this supply chain do not meet the requirements. The following measures can be taken to guarantee the reliability of the supply chain.
First, for the unit that does not reach the reliability of the supply chain reliability allocation, the reliability of the whole link can be improved by increasing the reliability of the node companies in the unit. In order to improve the reliability of the nodal firm, it is possible to improve its own reliability by increasing the cost and increasing the value of the evaluation metrics given in Chapter 3. If the final result is still not satisfactory, the supply chain should choose to replace the companies in the link and select companies with similar nature with higher reliability into the supply chain. The following are some optional measures to improve the reliability of nodal enterprises.
(1) Sound management institutions, the development of sound management rules and regulations, management should be carried out at both the planning and implementation levels, so that all employees are involved in the supply chain management.
(2) Revise corporate culture. The supply chain as a whole should have a unified supply chain culture, while each supply chain node enterprise has formed its own unique culture in the process of operation. When the node's corporate culture is very different from the supply chain culture, it is necessary to amend the node's corporate culture and complete the unification of internal cohesion.
(3) Improve the credit system and reduce the occurrence of short-term behavior. Nodal enterprises cannot pursue profit maximization at the expense of the overall interests of the supply chain.
(4) Optimize the structure of the capital chain, develop reasonable revenue allocation measures, and improve the capital recovery rate.
(5) Establishment of a mature information transfer network. The establishment of a unified supply chain database and in-depth cooperation with suppliers can reduce the negative impact of "bullwhip efficiency" by means of Vendor Managed Inventory (VMI).
(6) Actively adopt new technologies, develop new products and improve product quality.
(7) The introduction of advanced equipment, improve the equipment management system, and improve the level of production technology.
(8) Good use of social insurance system to insure key products, key equipment and other resources. Projects that are very risky or have risk consequences that the company cannot bear are also insured to transfer the corporate risk as a way to improve the reliability of the company.
Second, adding parallel firms in the supply chain for units that do not meet the target, thus improving the reliability of this part through changes in organizational structure. Due to the crisis problem of one chain, modern supply chains are keeping multiple supplies to get high supply chain flexibility to cope with the risk with high reliability.
[bookmark: _Toc115344336][bookmark: _Toc115776489][bookmark: _Toc115816352]5.4 Supply chain reliability optimization in case of unexpected events 
The general study is based on a stable supply chain operating environment, but in reality, supply chains are subject to a variety of unexpected events. The Philips' lightning spark event and the September 11 attacks are among the major concerns about supply chain reliability.
Emergencies can be divided into two main types:
Typhoons, earthquakes, floods, snowstorms, diseases and other natural disasters threaten the safety of the supply chain, such as the Philips lightning and sparking incident, the "9.21" earthquake in Taiwan that caused global IT shock, and SARS that hit the airline, restaurant and tourism industries worldwide.
In recent years, natural disasters have become more frequent and can be a top killer of supply chain reliability. In addition, wars and terrorist attacks can also cause supply chain disruptions, such as the September 11 attacks.
Human factors. There is a chain reaction in the supply chain, if any one enterprise makes a wrong decision or releases wrong information it may cause other enterprises in the supply chain to follow, causing some serious harm.
There is a clear urgency in the supply chain for emergencies. Emergencies require the supply chain to take timely measures to deal with them, otherwise the supply chain will be paralyzed. Because the supply chain is a whole formed by the supply chain node enterprises closely connected to each other, once a break occurs in one link will cause the supply chain to be interrupted, reducing the reliability of the supply chain. A supply chain that provides emergency management measures in the event of an emergency is called an emergency supply chain. Depending on the difference between the objects affected by the contingency and the consequences caused, there are two main types of contingency measures: buffer stock strategy and extra production strategy.
[bookmark: _Toc115344337][bookmark: _Toc115776490][bookmark: _Toc115816353][bookmark: _Hlk114169896]5.4.1 Buffer stock strategy
A buffer stock strategy is used when suppliers are unable to supply materials or parts in a timely manner due to unforeseen incidents. From the reliability point of view, it is equivalent to increase the supply chain nodes and suppliers to form a parallel system model to improve the reliability of the supplier part. Buffer stocks that increase supply chain resilience can be built within the manufacturing company so that when unexpected events occur they do not affect the normal supply of buffer stocks. The buffer stock unit model is shown in Figure 5-1.


[bookmark: _Toc115774653][bookmark: _Toc115776643]Figure 5-1 Buffer Stock Cell Model
Since setting up buffer stock causes additional inventory management costs, the number of buffer stock settings needs to be considered in a comprehensive manner when setting up buffer stock. 
[bookmark: _Toc115344338][bookmark: _Toc115776491][bookmark: _Toc115816354]5.4.2 Additional production strategy
When an unexpected incident affects a manufacturer, which hinders the manufacturer's normal production activities, a break in the supply chain occurs in the chain supply chain, resulting in the failure to fulfill orders on time. In a networked supply chain system, the extra production strategy is adopted to send extra production requests to node companies at the same level. In the parallel reliability model only if all the units fail, the whole will fail. By the same token, as long as the idle production capacity of the nodal enterprises at the same level in the supply chain can meet the production requests of the failed nodal enterprises, this part of the supply chain unit is a valid unit. Because the same level of enterprises to carry out rush production, will carry out a series of work such as rush procurement, will cause the cost is increased. Therefore, it is necessary to calculate the minimum cost increase required when using additional production strategies.

6. [bookmark: _Toc115344339][bookmark: _Toc115776492][bookmark: _Toc115816355][bookmark: _Hlk114169941]Conclusions
Supply chain is the main body of market competition, and its reliability is of great significance to the stability of market supply and demand, so it is necessary to study the reliability of supply chain in depth, and optimize and improve it to lay a good foundation for supply chain management. In this paper, a process-oriented reliability evaluation model is proposed, followed by a supply chain reliability evaluation and optimization study, and a supply chain reliability analysis based on the automotive supply chain as an example, and the following ideas and conclusions are obtained.
Firstly, according to the SCOR operational model, we analyze the operational process of the company, establish a process-oriented evaluation index system and make a specific analysis of its advantages. According to the analysis, this model converts the qualitative indicators into quantitative indicators, all of which can be obtained through specific calculations, avoiding the influence of qualitative indicators that make the system subjective.
Second, supply chain reliability optimization is a very important part of supply chain reliability management, and supply chain reliability has to be optimized to achieve the expected set goals. The reliability optimization method is discussed, and the principles of supply chain reliability allocation are summarized according to the principles of engineering technology system reliability allocation, and the supply chain reliability optimization allocation method is completed on this basis.
Thirdly, by analyzing the reliability data of a high risk in the parts supply chain of an automobile assembly company, the links that do not meet the requirements in this supply chain are sought out, and several measures to improve the reliability of the supply chain are summarized.
Study limitations：
First, although the reliability evaluation model for process-oriented supply chain node enterprises basically includes the links of enterprise operation, the treatment in some links is not detailed enough, especially the production link involves a lot of content.
Second, in the application process, this model mainly determines the result by direct calculation of reliability, which is relatively rough and primitive. In addition, since this reliability data is obtained through the expert scoring method, the accuracy of the data cannot be fully ensured, so this result can only be used as a reference to identify the weak links in this supply chain.
Research Outlook:
First, for the constructed supply chain reliability evaluation index, the evaluation index system can be further optimized and improved.
Second, the supply chains studied in this paper are only for enterprise supply chains with more specific structures themselves. Future research can be conducted on process-oriented supply chains, such as food and pharmaceuticals, which are processed like an uninterrupted supply chain through production equipment enterprises.
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[bookmark: _Toc115816358]Appendix 1 ：Expert questionnaire for assigning weights to each link of supply chain reliability
Dear Experts
Thank you very much for taking your valuable time out of your busy schedule to help us complete this questionnaire. In order to protect the security of your information, the questionnaire is conducted anonymously, and the data from the survey results will only be used to support the research and writing of the master's thesis, and will not be used for commercial purposes for profit. Your opinion is very important to our research, thank you again for your help and I wish you a good job and a happy life!
1、Determination of the weight of supply chain reliability allocation index.
(1) Business maturity (P1)，Corresponding to the principle of technical level in the principle of reliability allocation of engineering technology systems, judgment is made on the basis of the length of time they have been in the business, the business operation, and other factors. According to the principle of engineering system reliability allocation, the unit that should bear higher reliability will have lower unreliability, so the most immature enterprise in the supply chain is given a score of 10, and the other enterprises are compared with the standard enterprise operation, and the score is given by their maturity.
(2) Complexity of business structure (P2)，Corresponding to the complexity principle in the reliability allocation principle of engineering technology systems, the most complex enterprise in the supply chain is given a score of 10, and other enterprises are compared with the complexity of the standard enterprise and given the corresponding score.
(3) Degree of importance (P3)，Using turnover as the judgment criterion, the company with the lowest turnover in the supply chain is given a score of 10, and other companies are compared with the turnover of standard companies to give a score of importance.
(4) Business operating environment (P4)，Corresponding to the task situation principle in the reliability allocation principle of engineering and technology systems, the company whose production time requires continuous overtime is given a score of 10 for the company that most often produces overtime in the supply chain, and other companies are compared with the standard company to give the corresponding business environment score.
	index
	P1
	P2
	P3
	P4

	Score
	
	
	
	


2、The four evaluation indicators for each link in the supply chain are scored.
	unit
	P1
	P2
	P3
	P4

	Supply chain unit
	
	
	
	

	Manufacturing unit
	
	
	
	

	Distribution unit
	
	
	
	



[bookmark: _Toc115816359]Appendix 2：Expert questionnaire on the probability of unreliability events in supply chain member companies
Dear Experts
Thank you very much for taking your valuable time out of your busy schedule to help us complete this questionnaire. In order to protect the security of your information, the questionnaire is conducted anonymously, and the data from the survey results will only be used to support the research and writing of the master's thesis, and will not be used for commercial purposes for profit. Your opinion is very important to our research, thank you again for your help and I wish you a good job and a happy life!
The probability of occurrence of unreliability events for each indicator is determined according to the following fractional values.
	Score value
	Likelihood of occurrence

	10
	Not at all

	6
	Quite possibly

	3
	Possible but infrequent

	1
	Small possibility, totally unexpected

	0.5
	Very unlikely, but conceivable

	0.2
	Extremely unlikely

	0.1
	Not practically possible


Evaluation of each member company.
	Department
	Evaluation Indicators
	A1
	A2
	Z
	B1
	B2

	Purchasing department
	Payment Reliability
	
	
	
	
	

	
	purchasing schedule reliability
	
	
	
	
	

	
	purchasing schedule adjustment reliability
	
	
	
	
	

	
	receiving reliability
	
	
	
	
	

	
	return goods reliability
	
	
	
	
	

	Production department
	production capital reliability
	
	
	
	
	

	
	production planning reliability
	
	
	
	
	

	
	production planning adjustment reliability
	
	
	
	
	

	
	production logistics reliability
	
	
	
	
	

	Sales Department
	payment reliability
	
	
	
	
	

	
	collection reliability
	
	
	
	
	

	
	sales plan reliability
	
	
	
	
	

	
	sales plan adjustment reliability
	
	
	
	
	

	
	shipment reliability
	
	
	
	
	

	
	receiving return reliability
	
	
	
	
	

	Connecting relationships
	supply reliability
	
	
	
	
	

	
	purchasing reliability
	
	
	
	
	

	
	production reliability
	
	
	
	
	

	
	sales reliability
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