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In recent years, bloated cost is becoming one of the biggest obstacle for the effective operation of supply chain system. It is more and more urgent to minimize cost and optimize the supply chain system. However, the importance measure has been little used in it as a research focus in solving the issues of optimization. Based on the cost of supply chain, this paper studies the corresponding reliability and importance measures in the supply chain systems. The cost of supply chain can be divided into three classes: design cost, manufacturing cost, and inventory cost. Then the corresponding importance measures are given, and the properties are discussed. At last, a case study is used to demonstrate the proposed methods. The results show that the optimal supply chain system and the minimal cost can be obtained by focusing on the important parts during the operation of supply chain.
Keywords: importance measures, supply chain, design cost, manufacturing cost, inventory cost
1 INTRODUCTION

Put nomenclature here.
With the development of economy and progress of information technology, the companies own efforts has been unable to adapt the current intensely competitive market, the competition among enterprises gradually transform into the competition among supply chain, comparing to individual enterprise.

The effective supply chain can reduce the total cost and improve the operational performance by integrating the resources and division cooperation among enterprises. However, enterprises often fail for too high supply chain cost. In order to minimize cost and optimize the supply chain, it is essential to identify the pivotal part of supply chain by combining the importance and supply chain cost.

Nowadays, the research about the application of reliability and importance measures in supply chain has made certain achievements.

Thomas [1] introduced the reliability engineering theory into the supply chain and gave the definition of the reliability of the supply chain. Wlendahl et al. [2] studied the reliability problem of logistics in supply chain system based on the determining factors of the logistics process in supply chain. Feng et al. [3] studied a revenue-sharing with reliability contract in an n-stage supply chain to encourage managers to improve their reliability by setting certain decision.

Yan et al. [4] proposed a cascading failure in supply chain networks by utilizing a node importance evaluation method. Zhang and Han [5] discussed the importance of nodes in supply chain network by using the theory and methods of complex network. Ge and Qin [6] proposed the evaluation methods of node importance in complex supply chain network, to identify the results caused by the largest connected sub-graph node fails in complex supply chain network. Tian and Liu [7] put forward a new evaluation model for node importance in container supply chain, considering node importance and a resilient supply chain networks under stress. Li and Nagurney [8] raised supply chain performance assessment and supplier and component importance identification in a general competitive multitiered supply chain network model. Assessing green supply chain practices in Bangladesh using fuzzy importance and performance approach is proposed by Islam et al. [9] to apply a hybrid method to identify critical green supply chain practices based on importance and performance level under linguistic preferences.
The importance is defined as a criterion to evaluate the degree of influence on the system performance or efficiency produced by the failure or state changes of certain component. It is a mathematical function composed of the reliability parameter about component and the system structure. The greater importance means the component is indispensable in the system, its failure will result in system inefficiency. The importance theory provides a reference for system optimization design and system maintenance design, so it has a big role in different stages of the system. When the system is in the early stages of design, the importance degree helps designers to identify system weaknesses components, which helps to improve system reliability and optimize system architecture. When the system needs maintenance, we can use the importance theory to reduce the system maintenance costs, improve system performance and bring potential economic benefits to the enterprises. When the system is in normal operation, the importance theory can help managers to allocate resources to different components and improve the efficiency of the whole system.

Table 1 Front 10 days’ data of cycle of January

	Cycle Serial 
	1
	2
	3
	4
	5
	6

	Amplitude /℃
	0.85
	0.75
	0.05
	0.05
	2.15
	0.15

	Mean value /℃
	20.85
	22.75
	16.05
	17.35
	19.55
	17.25

	Cycle number 
	0.5
	1
	1
	1
	0.5
	0.5

	Start day of cycle 
	0
	2
	5
	4
	1
	8

	Period of cycle /day
	2
	2
	2
	6
	14
	2


The above researches have some results in studying the reliability and importance measures applied in the supply chain, but little research is involved in the cost of supply chain. In this paper, importance of suppliers as well as the components of suppliers are identified and ranked. We must increase more attention in these to solve the problem of high cost and further promote the development of supply chain.

2 Supply chain reliability
For a supply chain system, if the failure probability of a node enterprise in the supply chain is
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, then the probability that the node enterprise completes the customer requirement is 
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. that is, the reliability of the node enterprise is
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    In this paper, the supply chain is divided into the product design component, the manufacturing component and the inventory component. If a supply chain is composed by m design component, n manufacturing component and p inventory component, each component is connected in parallel with each other, but different components are connected in series with each other, the model is shown in Figure 1. 
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Figure 1 Supply chain structure
We can analyze the supply chain reliability via above figure.
The reliability of design component is
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The reliability of manufacturing component is
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The reliability of inventory component is
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By introducing the reliability of each sub-system, the reliability of the whole supply chain can be obtained as
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3 Analysis of supply chain costs based on the reliability
There are two views about the concept and classification of supply chain costs in current academia. The first view is that: all costs of the supply chain are the logistics costs. The second view is that the supply chain costs are the sum of all costs incurred in the operation of supply chain. In this paper, the second viewpoint is taken that the supply chain cost is the sum of the design costs, the manufacturing costs, the inventory costs and other costs incurred in the supply chain operation.
3.1 Design Costs
In general, design costs are assumed to be an increasing convex function of the reliability level. Mettas [10] proposed that design costs will increase exponentially with increasing reliability. Based on this assumption, when the failure rate of one subsystem is
[image: image9.wmf]1

l

, the subsystem design cost is defined as
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where 
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represents the highest failure rate that can be accepted by customers and
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represents the lowest failure rate that manufacturers can achieve.
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is a parameter, which represents the difficulty in reducing the system failure rate due to complexity, limited resources and technology, etc. 
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represents the minimum design cost when the failure rate is
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. In this function, B1 and  
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are strictly positive factors, larger values of
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and B1 correspond to higher design costs.

3.2 Manufacturing Costs
The materials, techniques and processes which used to make a product are crucial to improving the reliability of one product. In general, the production cost is also assumed to be an increasing convex function of the reliability level. Huang et al. [11] considered the quantitative relationship between the manufacturing cost and the reliability with learning effects and established a model to determine the optimal reliability of the product. Öner et al. [12] proposed a model of the manufacturing cost and analyzed its relationship with reliability. We formulate the unit production cost function 
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In the formula above, 
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 is the manufacturing cost of the base unit when the failure rate is
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, and as
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 decreases, the manufacturing cost increases only raising 
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. All the parameters in this model are positive parameters, which means that larger values of these parameters correspond to higher production costs.
3.3 Inventory Costs
The cost of inventory mainly affects the speed at which customers obtain products through the inventory, then influences the reliability of the supply chain. The amount of inventory owned by a warehouse is related to the management level of this warehouse and the demand of customers. Besides, the management level of warehouse can be directly reflected by the failure rate of the inventory component.

After the production component, a product will enter the circulation channel and finally flow to consumers. In this process, we have to store and keep product, which causes the inventory cost. The cost of inventory mainly comprises the cost of purchase, ordering and storage. When the failure rate is 1, the annual base inventory level is s, and B4 is the highest inventory cost. When the management level increasing, the failure rate will decrease, that’s why we need reduce the order of products to meet customer needs in same level. There, we assume that the relationship during the actual inventory level S and the failure rate
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and the basic inventory level is
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When the actual inventory level decreases, the cost of purchase and the cost of storage will also decrease. We formulate the inventory cost function 
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The first part of the function represents the basic inventory cost when the failure rate is 1, the second part shows the reduced purchase costs when the failure rate is 
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and the interest rate of loan capital is i. The third part denotes the reduced storage cost. 
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represents the unit cost of storage per time, 
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calculates the present value of the storage cost that the product during τ year exerts when the annual interest rate is 
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4 The importance measure based on supply chain costs
In this paper, considering the cost of supply chain, we extend the importance measurento supply chain system. This can help supply chain managers to measure factors which affect supply chain costs and clarify their impact on costs. Supply chain managers and operators can identify the major bottlenecks in the supply chain, so they can achieve the minimum cost and provide effective guidelines to reduce the cost of the supply chain. This article uses the cost-based importance in the supply chain to analyze the impact of each element on the cost.

Birnbaum [13] first proposed the concept of importance measure of two-state systems (Birnbaum importance). The expression of the Birnbaum importance is as follows.
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where
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represents the system reliability,
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 represents the reliability of system components, and 
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is the function of system structure.
However, in supply chain management, our goal is to pursue the smallest supply chain costs. To identify the bottlenecks in minimizing supply chain costs and the factors that affect supply chain costs, the Birnbaum importance based on the cost of the supply chain can be expressed as
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where
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represents the cost of component i, and
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 represents the Birnbaum importance of component i. The physical meaning of this function is that when
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is large, a little change in the importance of component i will lead to a relatively large change in the cost of the component in period of 
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t

. We can utilize this variation of importance to analyze of the impact of different factors that have on the cost.
Assuming the supply chain follows the exponential distribution, the reliability of the design component can be expressed as
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, when the failure rate is λ. According to the assumptions above, the reliability of the whole supply chain is 
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, and the reliability of the sub-components can be calculated by disassembling the components, then we can get the reliability of the whole supply chain system as
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Once we have the supply chain reliability, we can calculate the importance of each supply chain component, which in the design component is
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Substituting the formula above into the importance model based on the cost of supply chain components, the new importance of design component can be obtained as
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The importance of production component is
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The importance of inventory component is
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Here we get the calculation method of new importance - the Birnbaum importance based on the cost of the supply chain component, which can be verified and analyzed in the example.
5 CASE study
As shown in Figure 2, we assume a supply chain of aerospace electronics which consists of two design components, one manufacturing component and two inventory components. The supply chain provided electronics by the original supplier to its customers. Figure 2 shows the entire process of supply chain from the supplier's design stage, the manufacturer's producing stage, the logistics company's inventory stage, until the finished product flow to the end user. There we assume that the failure rate of design components respectively are 
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 and 
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, the failure rate of manufacturing component is 
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, and the failure rates of inventory components are 
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 and 
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, separately.


[image: image58.emf]1

2

3

4

5


Figure 2 The model of supply chain
According to the reliability function of each component and the nature of the serial-parallel logistics network, it can be concluded that the Birnbaum importance of each component in the supply chain is:
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The Birnbaum importance based on the design cost is
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The Birnbaum importance based on the manufacturing cost is:
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The Birnbaum importance based on the inventory cost is:
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In the model of Birnbaum importance based on costs of each component in supply chain, we can see that for different supply chain components, Birnbaum importance based on cost contains different variables, so we separately make some assumptions about three parts and analyze the results. As the design component 1, 2 and the inventory component 4, 5 all belong to the parallel state in numerical model, the location and the structure state of them keep consistent, so we can only analyze one of the components. We mainly analyze the components 1, 3, 5 below.

5.1 The Importance Based on Design Cost
First, we suppose the running time of logistics network is [0,10] days. Second, by consulting the literature and combining the actual situation, we assume B11 is 500000 yuan and the maximum failure rate and the minimum failure rate of design component is 0.01 and 0.002 respectively. Besides, we assume the difficulty
[image: image63.wmf]f

is 0.02, given that the failure rates of other components are 0.01.
From this we can substitute the data above into the model and calculate it with MATLAB, which shows that the trend of the Birnbaum importance based on the cost of design 1 changing with time.
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Figure 3 The diagram of importance varies with t
Thus, the importance of Birnbaum based on the design cost decreases with time. At first, the degree of importance decreases rapidly with the increase of time, and then the trend of slowing down reduce, and ultimately maintain a relatively stable state.
In order to study the effect of other factors on the Birnbaum importance based on design cost, we use MATLAB to draw the trends of the Birnbaum importance based on the design cost with parameters separately. The results are as follows:
[image: image65.jpg]x 10

1507 ubysaq au L uo paseq aauemoduif ay)

The Minimum Design Cost B1




Figure 4 The diagram of importance varies with B1
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Figure 5 The diagram of importance varies with
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Figure 6 The diagram of importance varies with 
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From the picture, we can see that the Birnbaum importance based on the design cost increases linearly with the increase of the B11, and the importance also increases linearly for increasing
[image: image71.wmf]f

. But the increase of failure rate, instead, will lead to a decrease in the Birnbaum importance based on the cost of the design component, and the graph shows that when the failure rate is in the range of 0.002 to 0.004, the decrease in failure rate will cause a significant decrease in importance. Then the downtrend of importance slows down and ultimately maintains a relatively stable state.

Therefore, among the four factors that affect the Birnbaum importance based on design cost, The B11 has a positive effect on the degree of importance, while the time t and the failure rate 
[image: image72.wmf]1
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 have a negative impact on it, what’s more, the time is the greatest influential factor  that we need to focus on in daily management.

5.2 The Importance Based on Manufacturing Cost
First, we also suppose the running time of logistics network is [0,10] days. Then we assume that the cost, B21, is 250,000 and B31 is 2000. According to the actual situation, it is assumed that the maximum failure rate and the minimum failure rate of the design component separately are 0.01 and 0.002, and the failure rate of other components is assumed to be 0.01, the maximum value of failure rate.
We first analyze the impact of time on this importance as well, so we can put the data above into the model and calculate with MATLAB, then we can get the trend of Birnbaum importance based on the manufacturing cost with time, as shown below:
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Figure 7 The diagram of importance varies with t
According to the image, the time t has a positive effect on our new importance. The importance increases with the increasing time, and the speed of increase is faster and faster.
Similarly, we use MATLAB to draw the changing trend of Birnbaum importance based on the costs in manufacturing process with of the various parameters, the results are as follows:
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Figure 8 The diagram of importance varies with B3
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Figure 9 The diagram of importance varies with B2
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Figure 10 The diagram of importance varies with 
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From the images we can see that the Birnbaum importance based on the design cost increases with the increase of the cost B2 and B3. Just like the design component, the increase in the failure rate 
[image: image78.wmf]2
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can result in a decrease of Birnbaum's importance based on manufacturing costs. After a comprehensive analysis for the four factors above, we can conclude that the costs B2, B3 and time t have a positive impact on the degree of importance, and the failure rate has a negative impact on the degree of importance. From the images, we can see that the importance of two costs are far bigger than the failure rate and time, so we should pay more attention to the B2, B3 in the manufacturing process. 

5.3 The Birnbaum Importance Based on Inventory Cost
Supposing the running time of logistics network is [0,10] days, then we assume that B21, the cost is 250,000, B41 is 15000 and B31 is 2000. According to the actual situation, it is assumed that the maximum failure rate and the minimum failure rate of the design component are 0.01 and 0.002 respectively, and the failure rate of other components is assumed to be 0.01. The storage cost per time Cr is 50, the annual interest rate θ is 0.05, the year of product τ is 5 years, the basic stock level S is 60, and the interest rate of loan capital i is 0.06.

We can substitute the data above into the model and calculate it with MATLAB. Then, we can get the trend that Birnbaum importance based on the cost of inventory component 5 changes with time.
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Figure 11 The diagram of importance varies with t
According to the image, the time t has a negative impact on the importance. With the increase of time, the importance decreases rapidly firstly and then slow down, and finally maintains a relatively stable state. That is, the degree of importance tends to increase with the increase of time.

Similarly, we use MATLAB to draw the trend of Birnbaum importance based on the costs of inventory component changing with the parameters, the results obtained are as follows:
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Figure 12 The diagram of importance varies with
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Figure 13 The diagram of importance varies with B4
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Figure 14 The diagram of importance varies with B3
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Figure 15 The diagram of importance varies with rate i
From the above figures, we can see that the Birnbaum importance based on the inventory cost decreases with the increasing cost B2 and B3 in the manufacturing cost. This is different from the design component and the manufacturing component. However, the impact of the maximum inventory cost B4 on the importance is similar to that of the base unit manufacturing cost B2 in the inventory component, which have a decreasing importance with the cost increases. At the same time, the increase of the failure rate
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also leads to the decrease of the importance, but the increase of 
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has a linear effect on the whole degree of importance. In addition, the importance will increase with the unit storage cost Cr and annual interest rate i. Considering all the factors, 
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and B4 have a positive impact on the degree of importance, and B2, B3, λ3, Cr and rate i have a negative impact on the importance. Based on the inventory and the impact, the time t also has a negative effect on the degree of importance, but the effect is not linear. The time t is the key parameter that has the greatest influence on the importance of all parameters, so it needs to be considered particularly.

6 CONCLUSIONS
This paper mainly discusses the application of importance measure in supply chain costs based on the theory of importance and supply chain. Firstly, considering the existing theory research of supply chain and the reliability of system, we primarily analyze the cost and reliability of supply chain from design cost, manufacturing cost and inventory cost. Secondly, considering the cost of supply chain, we extend the Birnbaum importance to supply chain. Thirdly, we calculate the importance of every variable in three costs respectively and get the changing diagrams about importance by a numerical study to identify the crucial part of supply chain.
Acknowledgements
Put acknowledgments here.
References 
[1] M. U. Thomas, “Supply chain reliability for contingency operations,” In Proceedings of Reliability and Maintainability Symposium, pp. 61-67, 2002.
[2] H. P. Wlendahl, G. von Cleminskf, and C. Begemann, “A systematic approach for ensuring the logistic process reliability of supply chains,” CIRP Annals, vol. 52, no. 1, pp. 375-380, 2003.
[3] Feng, I. Moon, and K. Ryu, “Revenue-sharing contracts in an N-stage supply chain with reliability considerations,” International Journal of Production Economics, vol. 147, no. 1, pp. 20-29, 2014.
[4] Y. Yan, L. Xiao, and X. T. Zhuang, “Analyzing and identifying of cascading failure in supply chain networks,” International Conference on Logistics Systems and Intelligent Management, pp. 1292-1295, 2010.
[5] X. Zhang and J. Han, “Analysis on the Importance of Nodes in Supply Chain Network,” International Conference on Business Computing and Global Informatization, pp. 387-388, 2011. 
[6] W. Ge and X. H. Qin, “The evaluation methods of node importance in complex supply chain network,” Advanced Materials Research, vol. 694, pp. 3575-3578, 2013.
�Corresponding Author: hzhuang@uestc.edu.cn


 Tel: +86-28-6181252; Fax: +86-28-61830227.





_1582439148.unknown

_1582439221.unknown

_1582439257.unknown

_1582439275.unknown

_1582439293.unknown

_1582439309.unknown

_1582439318.unknown

_1582439322.unknown

_1582439327.unknown

_1582439313.unknown

_1582439300.unknown

_1582439305.unknown

_1582439296.unknown

_1582439284.unknown

_1582439289.unknown

_1582439280.unknown

_1582439266.unknown

_1582439271.unknown

_1582439261.unknown

_1582439239.unknown

_1582439248.unknown

_1582439252.unknown

_1582439243.unknown

_1582439230.unknown

_1582439234.unknown

_1582439225.unknown

_1582439184.unknown

_1582439202.unknown

_1582439211.unknown

_1582439216.unknown

_1582439207.unknown

_1582439193.unknown

_1582439198.unknown

_1582439189.unknown

_1582439166.unknown

_1582439175.unknown

_1582439180.unknown

_1582439171.unknown

_1582439157.unknown

_1582439162.unknown

_1582439153.unknown

_1582439076.unknown

_1582439112.unknown

_1582439130.unknown

_1582439139.unknown

_1582439144.unknown

_1582439134.unknown

_1582439121.unknown

_1582439125.unknown

_1582439116.unknown

_1582439094.unknown

_1582439103.unknown

_1582439107.unknown

_1582439098.unknown

_1582439085.unknown

_1582439090.unknown

_1582439081.unknown

_1582439040.unknown

_1582439058.unknown

_1582439067.unknown

_1582439072.unknown

_1582439063.unknown

_1582439049.unknown

_1582439054.unknown

_1582439045.unknown

_1582439022.unknown

_1582439031.unknown

_1582439036.unknown

_1582439026.unknown

_1582439011.unknown

_1582439017.unknown

D1
D2
Dm
M1
M2
Mn
V1
V2
Vp



1
2
3
4
5



_1578811317.unknown

