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Abstract: In this paper, aiming at the planning problem of optimal cost in the process of raw 
material supply, by establishing a mathematical model based on genetic algorithm to study 
the optimal ordering scheme and transportation scheme of the actual supply chain planning 
demand[1], an optimal planning model based on genetic algorithm is proposed[2]. The 
regression coefficient, supply error rate, fluctuation acceptability and large order proportion 
are established, and the importance of supplier guarantee enterprise production is evaluated 
by formula method, and the most important 50 enterprises are solved and screened out. At 
the same time, the 0-1 programming model with the minimum number of suppliers as the 
objective function was established, and 127 suppliers were needed to supply at least. 

1. Background

Supply chain management refers to the process of planning, coordinating and optimizing the whole
supply system in order to optimize the operation of the supply chain, so as to make the supply chain 
start from procurement and satisfy customers with the least cost. 

2. Modeling and solving of problem 1

2.1 Global master 

This question aims at the quantitative analysis of the supply characteristics of the supplier and 
establishes the evaluation model.  Evaluate the importance of suppliers to ensure production and 
rank them from highest to lowest. 

2.2 Model Establishment 

The title gives the data of 402 suppliers, which are respectively the order quantity (240 weeks) of 
the enterprise to the supplier, denoted as D, the category of raw materials supplied by the supplier, 
and the weekly supply quantity (240 weeks) of each supplier, denoted as G. The weekly supply 
quantity of the supplier is written as 𝑥𝑥𝑖𝑖, and the average is written as 𝑥̅𝑥, the number of business 
orders per week is denoted as 𝑦𝑦𝑖𝑖, and the average is denoted as 𝑦𝑦�.   
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In addition to the original data, the following indicators are also constructed by using the above 
reference conditions: 

Regression coefficient: SPSS is used to calculate the regression coefficient between the supply 
quantity of the supplier and the order quantity of the enterprise, and judge the degree of its absolute 
value close to 1. The closer it is to 1, the higher the supply credibility of the enterprise is[3]. The 
specific calculation formula of regression coefficient is as follows:  

R= ∑(𝑦𝑦𝚤𝚤� −𝑦𝑦�)2

∑(𝑥𝑥𝚤𝚤� −𝑥̅𝑥)2                                  (1) 

Rate of supply error 𝛼𝛼 : The supply error rate α represents the error ratio between the supply 
quantity of the supplier and the order quantity ordered by the enterprise. The difference between the 
supply quantity and the order quantity is calculated and then depicted by dividing the order quantity. 
The smaller the supply error rate α, the more stable the supply of the supplier. When the order quantity 
D is not equal to 0, the specific calculation formula of supply error rate 𝛼𝛼𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 is as follows:   

𝛼𝛼𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = |𝐺𝐺−𝐷𝐷|
𝐷𝐷

                                 (2) 

The total supply error rate α takes the 4 average values of the effective weeks, and the specific 
calculation formula is as follows:   

𝛼𝛼 = ∑𝛼𝛼𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
240−𝑛𝑛𝑛𝑛𝑛𝑛(𝐺𝐺=𝐷𝐷=0)

                              (3) 

Acceptability of fluctuations𝛽𝛽: For production enterprises, they need to have a certain ability to 
bear risks. When the supplier's supply is unstable, if the quantity of supply changes within a proper 
range, the manufacturer can bear the pressure without too much impact on its own production. 
Therefore, as long as the supply error rate α is not 30%, it can be considered that the supply is 
relatively stable. The specific calculation formula is as follows:   

𝛽𝛽 = 𝑛𝑛𝑛𝑛𝑛𝑛(𝛼𝛼≤30%)−𝑛𝑛𝑛𝑛𝑛𝑛(𝐷𝐷=𝐺𝐺=0)
240−𝑛𝑛𝑛𝑛𝑛𝑛(𝐷𝐷=𝐺𝐺=0)

                          (4) 

Proportion of large orders𝛿𝛿: For suppliers, the more large orders they supply, the more stable their 
supply channels will be. The specific calculation formula is as follows:   

𝛿𝛿 = 𝑛𝑛𝑛𝑛𝑛𝑛(𝐺𝐺≥500)
240−𝑛𝑛𝑛𝑛𝑛𝑛(𝐺𝐺=𝐷𝐷=0)

                              (5) 

2.3 Model Solution 

In the overall quantization of suppliers, the orders of A, B and C are added up separately, and all 
evaluation quantities are calculated: 

Table 1: The evaluation quantity of three products 

product classification A B C 
Supplier quantity 146 134 122 

Regression coefficient 𝑅𝑅 0.593 0.895 0.738 
Rate of supply error 𝛼𝛼 0.480 0.472 0.427 

Acceptability of fluctuations𝛽𝛽 0.469 0.469 0.534 
Proportion of large orders𝛿𝛿 0.087 0.075 0.084 

 
It can always be seen that the supply error rate and volatility acceptability index of raw material C 

are the best, that is to say, the supplier of raw material C does the best job in ensuring the importance 
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of enterprise production compared with A. Although the supplier of raw material B has excellent 
performance in regression coefficient, its performance in other aspects is unsatisfactory, and it does 
the worst in ensuring the importance of enterprise production. Therefore, in the subsequent selection 
process, suppliers of raw material A and C should be selected as far as possible.  

According to the importance model of individual suppliers guaranteeing enterprise production, the 
50 most important suppliers are finally obtained as follows: 

Table 2: The 50 most important companies 

1 S275 9 S108 17 S308 25 S346 33 S244 41 S211 49 S139 
2 S229 10 S194 18 S365 26 S367 34 S080 42 S003 50 S379 
3 S329 11 S151 19 S284 27 S055 35 S180 43 S078   
4 S340 12 S131 20 S031 28 S395 36 S348 44 S126   
5 S361 13 S356 21 S364 29 S218 37 S189 45 S037   
6 S268 14 S352 22 S040 30 S362 38 S005 46 S351   
7 S306 15 S247 23 S143 31 S388 39 S270 47 S366   
8 S282 16 S330 24 S294 32 S397 40 S273 48 S123   

3. Modeling and solving of problem 2 

3.1 Constraint condition 

Calculate the production capacity that can be provided by raw materials A, B and C respectively, 
and then add them up, requiring that the final value should be greater than the required capacity of 
2.82*104 cubic meters. Special attention should be paid to the fact that for the first week, raw 
materials needed for the first and second weeks should be purchased in the first week, so the 
corresponding capacity of two weeks should be 5.64*104 cubic meters.  The specific mathematical 
expression is:   

98% × �𝑟𝑟𝐴𝐴⋅𝑀𝑀𝑀𝑀𝑋𝑋𝐴𝐴
0.6

+ 𝑟𝑟𝐵𝐵⋅𝑀𝑀𝑀𝑀𝑋𝑋𝐵𝐵
0.66

+ 𝑟𝑟𝐶𝐶⋅𝑀𝑀𝑀𝑀𝑋𝑋𝐶𝐶
0.72

� ≥ �
5.64 × 104

2.82 × 104
⋯

2.82 × 104
�   (6) 

3.2 Assumption 

The 402 suppliers were separated according to the supply type A, B and C, and were still ranked 
according to the serial number of the original supplier from the smallest to the largest in each supply 
type. 

   
Picture of supplier of A Picture of supplier of B Picture of supplier of C 

Figure 1: Weekly supply line chart of suppliers 

Assume that the maximum quantity each supplier can supply is the maximum quantity the store 
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has supplied during that time period in the past year. Take the fixed value as the upper limit of each 
supplier's supply for each month of the year. Through calculation, it is found that there are A total of 
146 suppliers supplying raw material A, the weekly supply limit of 146 suppliers is set as 𝑀𝑀𝑀𝑀𝑋𝑋𝐴𝐴, 
146 rows of the matrix respectively represent 146 suppliers, and 24 columns respectively represent 
the maximum value at this time point in each year, so as to obtain:   

𝑀𝑀𝑀𝑀𝑋𝑋𝐴𝐴 = �

2 0 ⋯ 1
65 64 ⋯ 84
⋮ ⋮ ⋱ ⋮
0 0 ⋯ 1

�                          (7) 

3.3 Objective function 

The minimum number of suppliers is the explicit objective function of this programming model. 
May wish to use the above selection matrix 𝑆𝑆𝐴𝐴, you can add the 24 data of each column of each 
matrix, if the data is not equal to 0, it can indicate that the store was purchased during the supply 
process. Similarly, add 𝑆𝑆𝐵𝐵  and 𝑆𝑆𝐶𝐶  to the 0-1 matrix of variables.  Objective function 𝑡𝑡1  is 
expressed as:   

𝑚𝑚𝑚𝑚𝑚𝑚  𝑡𝑡1 = 𝑛𝑛𝑛𝑛𝑛𝑛�∑ (𝑟𝑟𝐴𝐴)𝑖𝑖𝑖𝑖24
𝑖𝑖=1 ≠ 0� + 𝑛𝑛𝑛𝑛𝑛𝑛�∑ (𝑟𝑟𝐵𝐵)𝑖𝑖𝑖𝑖24

𝑖𝑖=1 ≠ 0� + 𝑛𝑛𝑛𝑛𝑛𝑛�∑ (𝑟𝑟𝐶𝐶)𝑖𝑖𝑖𝑖24
𝑖𝑖=1 ≠ 0�     (8) 

3.4 Model Solution 

According to the above planning model, the enterprise should select at least 127 suppliers to supply 
raw materials to meet the demand of production, and the selected suppliers are: 

 

Figure 2: Selected suppliers 

4. Evaluation of Model 

1. This paper adopts mainly planning model to analyze production planning scheme layer by layer, 
and uses 0-1 variable matrix to facilitate calculation. 

2. This paper puts theoretical values into the model for many times, and tries to simulate possible 
situations in real life to make the conclusion more rigorous and scientific. 

3. The convergence rate of ordinary mathematical programming model is slow, and it may 
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converge to the local optimal solution, and the global optimal solution cannot be obtained.  
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