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Abstract—The research in this paper includes the supply chain of complex structures of multiple manufacturing centers and 
multiple products, and the total cost and total response time are used as two major indicators to optimize the supply chain decision 
problem of this three-tier structure. The complex network theory is introduced into the solution structure, and the artificial bee 
colony algorithm is used in the subsequent solution process. The algorithm shows excellent performance in solving the global POS 
solution set of the three-layer complex supply chain network structure. 
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I. INTRODUCTION 
Nowadays, with the rapid changes in the business environment, enterprises must evaluate and configure the supply chain 

network to achieve the demand for products or services that better meet customer needs at the lowest cost[1,2,3,4]. The 
manufacture, processing and transportation of products constitute a complex supply chain network(supply chain network，
SCN),The process model managed in the SCN involves both the selection of materials (raw materials, intermediate products, 
finished products) and the screening of information (requirements data, delivery date, delivery time, assembly costs and 
delivery dates)[5,6].A number of different literatures have now proposed a variety of different models to solve optimization 
problems in multi-target supply chains. For example, Shaw et al. [7] proposed an integrated supplier selection strategy based on 
fuzzy analytic hierarchy process and fuzzy multi-objective linear programming, but did not consider the importance of the 
complex network structure of the supply chain. Moncayo-martnez et al.[8] proposed an ant colony optimization algorithm to 
minimize total supply chain costs while reducing product response time to ensure product delivery without delay.Although they 
noticed that the ant colony algorithm can solve the multi-objective problem in some aspects, its research does not improve the 
search speed. 

Optimization in supply chain network (SCN) management refers to finding the best process model for product 
manufacturing (ie, resource selection) [9]. The process model managed in the SCN involves both the selection of materials (raw 
materials, intermediate products, finished products) and the screening of information (requirements data, delivery dates, 
delivery time, assembly costs and delivery dates) [10,11]. 

II. MODEL ESTABLISHMENT 

A. Problem Description 
The three-tier supply chain model can be seen as a complex network. This paper cites a three-tier supply chain model for 

multiple products: Product A, Product B, and Product C, as well as multiple manufacturing centers. As shown in Fig.1, 
different nodes represent different processing processes. (a) The black node of the dotted line represents the collection and 
processing of raw materials or intermediate products; (b) The black node of the thin line represents the configuration process of 
the most end product; the black line of the thick line indicates the transportation process of the product to the target market. The 
directed line segments between the nodes represent the supply relationships of the various parts, and the dashed lines in each 
node indicate their respective selectable options). The black points in each node in this supply chain network are an option for 
the node in which they are located, and each has its own cost value and response time. The directed line segments connecting 
the black points represent the relationship between the upper and lower levels in the supply chain network. With the continuous 
improvement of network technology, the number of suppliers has increased dramatically, and more nodes will be added to form 
a more complex three-tier supply chain network. 

A node is the main subcomponent of three products (A, B, and C), node 𝑎𝑎2 is a common subcomponent of two products (B 
and C), and node 𝑎𝑎3 is a subcomponent of a product (A). Abstract the above supply chain network into a complex network 
structure. It consists of a number of independent node sets{𝑎𝑎1,𝑎𝑎2,𝑎𝑎3,⋯𝑎𝑎𝑛𝑛}. The black point contained in each node is 
represented by𝑎𝑎𝑖𝑖𝑖𝑖(𝑗𝑗 = 1,2,⋯ ,𝑁𝑁𝑖𝑖), where Ni represents the total number of black points contained in the ai node. The total cost 
and total response time are used to represent the satisfaction indicators of the company and the customer, respectively, and the 
following formula is used to describe the problem: 

 𝑍𝑍 = 𝜔𝜔1 × 𝑃𝑃𝑃𝑃 + 𝜔𝜔2 × 𝐿𝐿𝐿𝐿 (1) 

Equation (1) is the subject objective function, where PC represents the total cost on the supply chain and LT represents the 
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total response time. 𝜔𝜔1and 𝜔𝜔2 are weights used to balance the total cost and total response time to measure the importance of 
the two and add up to 1. 

 𝑃𝑃𝑃𝑃𝑖𝑖 = 𝜇𝜇𝑖𝑖 ∑ 𝑃𝑃𝑖𝑖𝑖𝑖 ×𝑁𝑁𝑖𝑖
𝑖𝑖=1 𝑦𝑦𝑖𝑖𝑖𝑖 (2) 

 𝑃𝑃𝑃𝑃 = 𝛿𝛿 ∑ 𝑃𝑃𝑃𝑃𝑖𝑖𝑁𝑁
𝑖𝑖=1  (3) 

Equations (2) and (3) are used to solve the total cost of the supply chain. δ represents the monthly or weekly interest rate of 
the cost of node 𝑎𝑎𝑖𝑖, and 𝜇𝜇𝑖𝑖represents the average demand per unit time. The cost per unit product in 𝑎𝑎𝑖𝑖𝑖𝑖 is expressed as 𝑃𝑃𝑖𝑖𝑖𝑖, 
and if the black point 𝑎𝑎𝑖𝑖𝑖𝑖is selected for delivery, its corresponding 𝑦𝑦𝑖𝑖𝑖𝑖value is 1, Otherwise it is 0. 

 𝐿𝐿𝐿𝐿𝑖𝑖 = ∑ 𝐿𝐿𝑖𝑖𝑖𝑖 ×𝑁𝑁𝑖𝑖
𝑖𝑖=1 𝑦𝑦𝑖𝑖𝑖𝑖 + 𝑚𝑚𝑎𝑎𝑚𝑚𝛼𝛼𝑘𝑘∈𝑆𝑆𝑖𝑖𝐿𝐿𝐿𝐿𝑘𝑘 (4) 

Where 𝐿𝐿𝑖𝑖𝑖𝑖  is the response time required by the jth material provider manufacturing process in node𝑎𝑎𝑖𝑖.Si is a set of black 
points that provide material for 𝑎𝑎𝑖𝑖, 𝛼𝛼𝑘𝑘 is the manufacturing process in all 𝑆𝑆𝑖𝑖 and 𝐿𝐿𝐿𝐿𝑘𝑘 is the response time accumulated by 𝛼𝛼𝑘𝑘. 

𝐿𝐿𝐿𝐿 = ∑ 𝐿𝐿𝐿𝐿𝑖𝑖𝑁𝑁
𝑖𝑖=1  (5) 

Where 𝐿𝐿𝐿𝐿𝑖𝑖is the response time of node 𝑎𝑎𝑖𝑖 and LT is the total response time on the supply chain. 

𝑦𝑦𝑖𝑖𝑖𝑖 = � 1     𝑖𝑖𝑖𝑖 𝑐𝑐ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑗𝑗
0              𝑜𝑜𝑜𝑜ℎ𝑜𝑜𝑒𝑒𝑒𝑒𝑖𝑖𝑜𝑜𝑜𝑜

          ∀𝑖𝑖 ∈ 𝑁𝑁, 𝑗𝑗 ∈ 𝑁𝑁𝑖𝑖 (6) 

∑ 𝑦𝑦𝑖𝑖𝑖𝑖 = 1𝑁𝑁𝑖𝑖
𝑖𝑖=1  (7) 

For 𝑎𝑎𝑖𝑖(𝑖𝑖 = 1,2,⋯ ,𝑁𝑁), equations (6) and (7) ensure that only one black point in each node can be selected. 

∑ 𝐿𝐿𝑖𝑖𝑖𝑖𝑁𝑁
𝑖𝑖=1 + 𝑚𝑚𝑎𝑎𝑚𝑚𝛼𝛼𝑘𝑘∈𝑆𝑆𝑖𝑖𝐿𝐿𝐿𝐿𝑘𝑘 − 𝐿𝐿𝐿𝐿𝑖𝑖 = 0  (8) 

Equation (8) verifies the correlation of response times between nodes. 

B. The expression of solution 
In Fig.2, each node represents a manufacturing process, and we can express the supply chain network structure in some 

subnets, as shown in Figure 2. 
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Figure.2 Visual representation of the supply chain network 

As a combinatorial problem, the solution of the artificial bee colony algorithm can also be expressed in the form of 𝐴𝐴𝑖𝑖 =
(𝑎𝑎1,𝑎𝑎2,𝑎𝑎3,⋯𝑎𝑎𝑛𝑛)𝑇𝑇. According to the different node combinations formed by different products, a complete supply chain is 
formed. Similarly, the node 𝑎𝑎𝑖𝑖 = (𝑎𝑎𝑖𝑖1,𝑎𝑎𝑖𝑖2,𝑎𝑎𝑖𝑖3,𝑎𝑎𝑖𝑖4,𝑎𝑎𝑖𝑖5)𝑇𝑇is a 5-dimensional vector including the node number, the number of 
black points, the response time of the black point, the cost of the black point, and the probability that the black point is 
selected. . 

III. ARTIFICIAL BEE COLONY ALGORITHM BASED ON COMPLEX NETWORK 
The subnetwork is detected and extracted from the supply chain network, as in step 2.1. Shown as Fig.3. 

Outbound of Node A (Out Degree): The number of directed segments leading from Node A to other nodes. 

Single out node: A node with an outbound value of 1. 

Multi-exit nodes: Nodes with an out-of-range value >=2 and support assembly >= 2 products. 

Terminal node: Finished product node with an exit >=2 pointing to the target market. 

The use of parallel computing and greedy principles in algorithms greatly improves the speed of global POS solution sets. 
The specific algorithm flow is shown as Fig.3. 

The global optimal solution of the sub-network is combined into the global optimal solution GlobalParams of the SCN, and 
the optimal cost GlobalBestCost and the optimal response time GlobalBestLeadtime are calculated. 

623



IV. ANALYSIS AND SUMMARY OF ALGORITHM RESULTS

The solution to the complex network in the supply chain network management decision can greatly improve the search 
speed of the global POS solution set of the multi-objective optimization algorithm. When a large, complex supply chain 
network is extracted into a combination of small, relatively simple subnetworks, the complexity of problem solving is greatly 
reduced. 
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Fig.1 Three layers of the supply chain network 
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Figure.3 Visual representation of the supply chain network 

 

Step 2.2: Send a scout bee to search for the 
initial solution set near the honey source 

 Generating a neighboring solution set in the 
initial solution set; 
 Calculating the objective function value and 
fitness of the proximity solution; 
 Choose a better solution based on the 
principle of greed; 
 Update the current solution set. 

Step 2.3: Jump out of the local optimum 

 If Max(Bas)>BAOptsLimit then 
 Generate a new solution to replace the current 
solution; 
 Calculate the objective function value and 
fitness. 
 Cycle=Cycle+1 
 Generating a global optimal solution for a 
subnetwork 

Input 

 Data point number 
 Cost response 
 Alternative probability 

Step 2: Use the bee colony algorithm to find 
the global POS solution set 

 For   all subnets in the SCN  do  
 Cycle<=MaxCycle do Step 2.1 

Step 2.1: Send a hired bee to find the source 
of honey 

 Using a random walk to generate an initial 
solution set; 
 Calculate the objective function value and 
fitness of each solution. 

Step 1:Extract the subnet from the supply 
chain network (SCN) 

 Calculate out degree of each node; 
 Classify nodes the single-out or multi-out 
nodes; 
 Determine whether it belongs to the terminal 
node; 
 Different types of nodes are combined into a 
subnetwork; 
 Forms the solution of the subnetwork. 

Output 

 Global optimal solution  
 Global best cost  
 Optimal response time 
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