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Abstract: Based on the discussion of the ordering and transhipment process of suppliers' raw 
materials, the optimal scheme of three kinds of raw materials in ordering and transportation is studied. 
This paper uses the fuzzy evaluation method to evaluate the suppliers comprehensively. Then under 
the condition of ensuring the production demand of the enterprise, the corresponding planning model 
is established, and the optimal raw material ordering scheme and transfer plan are established to meet 
the needs of the enterprise. Then the coefficient of variation method is used to eliminate the influence 
of different dimensions of each index and judge the resolving power of the index. The fuzzy 
evaluation model is used to analyze the supply characteristics of each supplier quantitatively. On the 
premise of ensuring the normal production capacity demand of the enterprise, the 50 most important 
suppliers are selected. Then, the ordering stage and the transfer stage are considered, respectively, 
and the goal programming model is established, which is considered from three aspects: decision 
variables, objective function and constraint conditions. Firstly, the 0-1 selection matrix of whether or 
not to select suppliers is constructed to establish the 0-1 programming model, and the least supplier 
scheme is obtained, which focus on the cost problem. The cost only includes the raw material unit 
price factor, establishes the planning model to get the most economical raw material ordering plan in 
the next 24 weeks, and finally establishes the model to get the transfer plan with the least 
transportation loss. In the process of data processing, due to a large amount of data, the genetic 
algorithm is used for optimization, and the simulation results show that the scheme's effect is good. 

1.  Introduction 
 Materials refer to the basic raw materials used by production enterprises to form certain products, 

which can be generally divided into two categories. One is products in natural forms, such as iron ore 
and crude oil. One is agricultural products, such as cotton, oil, etc. [1]. Raw materials are the starting 
point of a product production chain, so the ordering and transportation of raw materials is a crucial 
link to ensure the production of enterprises. 

2.  The establishment of fuzzy evaluation model 
2.1.  Model building 

The first step is to determine the factor set of the evaluated object 1 2 3X  {x x x }= ， ，  , where X1 
is supplier's supply satisfaction = supply quantity/order quantity, X2 is supplier's supply capacity = 
average weekly supply, x3 is supplier's stable supply capacity = weekly supply variance. The second 
step is to determine the weight of each factor and the membership vector to obtain a 3*402 fuzzy 
evaluation matrix. 

2.2.  Supplier evaluation index 
The paper uses the known data to construct the following three evaluation indicators: 
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Tab.1. The evaluation index 

Supplier supply stability∂    ====  Weekly variance of supply 
Supplier availabilityη       ====  Average weekly supply 

Supplier order fulfilment level χ   ====   (The number of days on which supply exceeds order 
quantity-The number of days when the quantity of supply and order is zero)/ (240-The number of 

days when the quantity of supply and order is zero)the number of days there are orders 

2.3.  The solution of fuzzy evaluation model 
Taking the optimal value of each column [2] as the ideal index, the evaluation matrix is constructed 

according to the relative deviation evaluation method, and then the evaluation weight vector is 
determined by the variation coefficient method. Finally, the deviation of each scheme is weighted 
and averaged to get a comprehensive evaluation. 

Tab.2. Quantitative analysis table of supply characteristics 

The material classification A B C 
Number of suppliers  146 134 122 

Stability of supply∂  66.81 77.06 62.59 
Supplier availabilityη  41.47 46.60 49.46 

Degree of supply completion χ  0.52 0.53 0.55 
Based on the guarantee of enterprise production, C is the preferred material. Since the supply 

stability of B is less than that of MATERIAL A, but the supply capacity and order completion degree 
of material B are both greater than that of material A, we should choose between A and B according 
to specific needs[3]. If supply stability is much important, material A should be given priority; 
otherwise, material B should be considered. 

In the case of ensuring the production of the enterprise, the fuzzy evaluation model based on 
relative deviation is used to evaluate the importance of each supplier to the enterprise 
comprehensively, and the most important suppliers are as follows: 

Tab.3. 50 suppliers list 

Rankin
g 

Supplie
r 

Rankin
g 

Supplie
r 

Rankin
g 

Supplie
r 

Rankin
g 

Supplie
r 

Rankin
g 

Supplie
r 

1 S229 11 S194 21 S40 31 S266 41 S5 
2 S361 12 S356 22 S364 32 S67 42 S30 
3 S340 13 S308 23 S346 33 S239 43 S213 
4 S275 14 S352 24 S367 34 S174 44 S189 
5 S329 15 S330 25 S294 35 S362 45 S169 
6 S282 16 S247 26 S218 36 S221 46 S3 
7 S268 17 S143 27 S80 37 S342 47 S351 
8 S131 18 S31 28 S244 38 S55 48 S237 
9 S306 19 S365 29 S178 39 S175 49 S7 
10 S108 20 S284 30 S53 40 S379 50 S98 

3.  Minimum supplier solutions 
3.1.  Scheme determination 

In order to find the minimum number of suppliers to meet the production demand, all selected 
suppliers are required to supply to the enterprise as much as possible, without focusing on the loss in 
the transhipment stage[4]. Therefore, solving the average loss of attachment 2 can temporarily reduce 
the loss rate to 1%. Taking into account the relationship between the amount of data, the model can 
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first arrange the three kinds of raw materials, and it can be found that the supply volume of suppliers 
has a certain periodicity, so in order to optimize the data. 

 
Fig.1. Statistical chart of material supply 

3.2.  The decision variables 
The main solution is the minimum number of suppliers. Therefore, for each supplier, as long as 

the choice of judgment can be. After analysis and preliminary inspection[5], the model has no solution 
when selecting 50 suppliers. Therefore, it is judged that the number of suppliers needed must be more 
than 50, so the model carries out optimal solution planning for all decision variables. Taking 146 
suppliers of raw material A as an example, the decision variable A lent the choice of 146 suppliers in 
24 weeks, forming A 24-row and 146 columns 0-1 matrix, where 1 means that the enterprise chooses 
the supplier and demands to supply according to the maximum quantity; otherwise, 0 means no 
supply. 

3.3.  Objective function 
The programming model requires the objective function to be the minimum number of suppliers, 

so it can be converted into a mathematical expression using the selection matrix 𝜆𝜆𝐴𝐴. Add up the 24 
selection data in each column of a store, and if this data is not equal to 0[6], then the store is selected 
in the supply process. In the same way, we do the same for𝜆𝜆𝐵𝐵 , 𝜆𝜆𝐶𝐶. In other words, the objective 
function ω _ 1 is expressed as follows: 

146 24 134 24 122 24

1
j 1 i 1 j 1 i 1 j 1 i 1

min  ( ) 0 ( ) 0 ( ) 0A ij B ij C ijnum num numω λ λ λ
= = = = = =

     
= ≠ + ≠ + ≠     

     
∑∑ ∑∑ ∑∑        (1) 

3.4.  The constraint 
The capacity provided by A, B and C raw materials was calculated separately, and the energy 

produced by the product was 28,200 cubic meters higher than the demand. Meanwhile, considering 
that the energy produced in the first week should meet the demand of the first two weeks, the energy 
produced by the product should be twice the original demand, that is, 56,400 cubic meters. The 
mathematical expression of the constraint conditions is: 
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4.  The most economical way to order raw materials 
4.1.  Decision variables 

The obtained ω1 suppliers, which make the most economical raw material ordering plan each 
week, can still be used as a supply planning model, which can be divided into three kinds of raw 
materials: a _ Magi B ~ C for supplier selection. It is divided into A, B and C raw materials for 
supplier selection. Therefore, taking raw material A as an example, the quantity supplied by the 
supplier I in week j is(𝑃𝑃𝐴𝐴)𝑖𝑖𝑖𝑖. 

4.2.  The objective function 
For the purchase unit price of raw materials A, B and C, it can be assumed that the unit price of 

raw material C is 10,000 yuan/cubic meter, so raw material A is 12,000 yuan/cubic meter, and raw 
material B is 11,000 yuan/cubic meter. The specific objective function is established as: 

( ) ( ) ( )2
i 1 i 1 i 1

min =1.2 1.1 1
a b c

A B Cij ij ij
ω

= = =

× Ρ + × Ρ + × Ρ∑ ∑ ∑                   (3) 

4.3.  The constraint 
It is necessary to ensure that the supply volume meets the capacity demand, that is, the enterprise 

capacity demands that the sum of the actual quantity received by a supplier in week j is greater than 
or equal to week j. 

( ) ( ) ( )
1 1 11-1%

0.6 0.66 0.72

a b c

A B Cij ij ij
i i i

jN= = =

 Ρ Ρ Ρ 
 × + + ≥
 
 
 

∑ ∑ ∑
（ ）                   (4) 
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The supply quantity of supplier I in week J shall not exceed the maximum supply it can provide: 

( ) (max)

( ) (max)

( ) (max)

A ij ijA

B ij ijB

C ij ijC

P

P

P

 ≤
 ≤


≤

                                (5) 

5.  Transport scheme with least loss 
5.1.  Model assumes 

The transportation loss rate has the possibility of the same periodic fluctuation, so through simple 
chart statistics, the model also takes 48 weeks a year as a cycle, and the average value of the 
corresponding weeks per year represents the transport loss rate of the corresponding weeks of a 
transporter. If we take the first week of each year as an example, by calculating the arithmetic average 
eight times, we can get the loss rate matrix of each transporter in the first week: 
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5.2.  The decision variables 
This paper aims to establish a cooperative relationship between each supplier and which 

transporter. According to the basic idea of the 0-1 programming problem, a 0-1 matrix is established 
for 127 suppliers obtained by the previous model: supplier transporter cooperation matrix. The I 
supplier chooses the j transporter to cooperate in the k week, 1 indicates that the I supplier establishes 
a cooperative relationship with the j transporter in the k week. Otherwise, 0 indicates no cooperation. 

5.3.  The objective function 
The transport scheme with the least transport loss should be based on the corresponding supply 

quantity of the supplier and the loss cost of the cooperative transporter, so the expression of the 
objective function can be obtained: 

3 k kmin 
A

B

C

Cω µ
Ρ 
 = Ρ ⋅ ⋅ 
 Ρ 

                                  (7) 

5.4.  Constraints 
Each supplier must have only one transporter to cooperate in material transportation. That is, 

supplier transporter cooperation matrix Ck satisfies the mathematical relationship: 

( )
8

k
1

1
ij

j
C

=

=∑                                      (8) 

Each transporter has a capacity of 6000 m3/week 

k

6000

6000

A

B

C

C
Ρ   
   Ρ ⋅ ≤   
   Ρ   

                                   (9) 

6.  Solution of the objective programming model 
6.1.  Code design 

This model adopts three layers of coding: at the first layer, the minimum supplier selection adopts 
0-1 coding, which is 0 when the supplier is not selected, and 1 when the supplier is selected. The most 
economical ordering scheme at layer 2 uses integer encoding for the quantity supplied, with each 
floating-point number representing the quantity supplied by the supplier in that week. The third layer 
has the smallest loss. That is, the selection of the transporter adopts the 0-1 code. When a supplier is 
selected, the value is 0 if the transporter is not selected, and the value is 1 if the transporter is selected. 
Such encoding means clear meaning and does not need to decode, which improves the transmission 
rate. 
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6.2.  Genetic strategy 
Crossover: Set the crossover probability of the population to Pc. Two chromosomes were 

randomly selected, and when the crossover condition was satisfied, two crossover points were 
randomly generated, and the T1 periodic data of chromosome 1 and the T2 periodic data of 
chromosome 2 were exchanged. 

Variation: Set the mutation probability of the population to Pm. Randomly select a chromosome, 
when the variation condition is satisfied, randomly generate two mutation points, t1, t2 ∈ [1, T], 
and exchange the chromosomet1,t2 cycle data. 

According to the above planning model, the enterprise should select at least 127 suppliers to supply 
raw materials to meet the production needs, and the selected suppliers are shown in the following 
table (the selected suppliers are marked in the table): 

Tab.4. Minimum supplier selection table 

1 2
1 

4
1 

6
1 81 10

1 
12
1 

14
1 

16
1 

18
1 

20
1 

22
1 

24
1 

26
1 

28
1 

30
1 

32
1 

34
1 

36
1 

38
1 

2 2
2 

4
2 

6
2 82 10

2 
12
2 

14
2 

16
2 

18
2 

20
2 

22
2 

24
2 

26
2 

28
2 

30
2 

32
2 

34
2 

36
2 

38
2 

3 2
3 

4
3 

6
3 83 10

3 
12
3 

14
3 

16
3 

18
3 

20
3 

22
3 

24
3 

26
3 

28
3 

30
3 

32
3 

34
3 

36
3 

38
3 

4 2
4 

4
4 

6
4 84 10
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12
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14
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16
4 

18
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20
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24
4 

26
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36
4 

38
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5 2
5 

4
5 

6
5 85 10
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5 

18
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20
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5 

24
5 

26
5 

28
5 

30
5 

32
5 
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5 
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6 

4
6 

6
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6 

26
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7.  Conclusion 
This paper first establishes a comprehensive index system of supplier importance and then 

establishes the optimal planning situation which meets the production demand based on the fuzzy 
comprehensive evaluation method. The whole process of supplier is divided into two stages: ordering 
and transportation, and the least supplier scheme, the most economical raw material and the model of 
minimum transportation loss are studied respectively. A genetic algorithm is used to optimize the 
scheme, and the simulation results show that the effect of the scheme is good. 
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