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Abstract 
In the current changing international market environment, the distribution process of 
enterprise purchase orders is faced with the problems of supply interruption and 
uncertainty of supply capacity. This article considers a buyer to purchase a variety of 
raw materials from multiple The goal is to minimize the product rate, and a fuzzy multi-
objective mathematical optimization model is established. Considering the supplier's 
production load rate as one of the factors that the purchaser evaluates the supplier's 
ability, a new supply interruption risk function is formed, and under different supply 
interruption risks, the influence of supplier capacity and supply interruption risk on 
procurement allocation is studied. The simulated annealing algorithm is used to solve 
the transformed single-objective model, and the final purchase order allocation result is 
obtained, which proves that as the risk of supply interruption continues to increase, the 
impact of capacity and price fluctuations on the balance of order allocation gradually 
increases. 
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1. Introduction 

Economic globalization has brought many challenges to the efficient operation of the supply 
chain, and the stability of the supply chain has become the key to stable production and 
increased profits for enterprises. The operation capability of multi-enterprise resource 
integration in the supply chain is higher than the operation capability of a single enterprise 
alone. The formation of a whole unitary planning, coordination and control of the logistics, 
information flow and capital flow between enterprises can help enterprises in the supply chain 
achieve maximum benefits change. [1] In order to form a stable supply chain, companies will 
select one or more suppliers for reasonable strategic procurement based on demand goals. 
Choosing only one supplier for procurement can easily form a monopoly, and because there is 
no supplier competitiveness, The quality improvement of raw materials will have a negative 
impact. At present, companies will choose more than one supplier to purchase the raw 
materials they need, which can more effectively form a benign competitive environment and 
minimize supply risks. Therefore, reasonable purchase order allocation becomes particularly 
important. [2]The distribution process of corporate purchase orders is easily affected by many 
factors. In recent years, due to emergencies such as the new crown pneumonia epidemic and 
Sino-US trade frictions, the global supply chain has been greatly affected, which has increased 
the risk of corporate supply chain interruption. At the same time, domestic companies’ slow 
resumption of work and production process, capital shortages, and severely blocked logistics 
processes have caused the decline in corporate production capacity, which has reduced the 
efficiency and ability of some companies to provide downstream raw materials. The back-end 
of the supply chain is also affected by the lack of raw materials. The overall benefit of the 
product market. Supplier's production capacity not only directly affects the supply of raw 
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materials, but also indirectly affects the formation of supply interruption risks to a certain 
extent. [3] Therefore, in order to better stabilize the product supply chain and fit the current 
global economic environment to the utmost extent, the optimization of purchase order 
allocation considering the supply interruption risk and supplier capacity constraints has 
attracted the focus of various companies. 

2. Literature Review 

With regard to the factors affecting the distribution of purchase orders, Chinese and foreign 
scholars and business managers have conducted extensive research. Li Xingguo and others 
have studied the order allocation problem under the uncertain demand. Considering the 
supplier's strategy of volume discount, the supplier's purchase cost, quality, delivery lead time 
and delayed delivery quantity all have order allocation problems. Advantages It makes the 
order distribution problem closer to the actual situation, and considers the influence of batch 
discount prices on order distribution. Feyzan Arikan builds a fuzzy multi-objective supplier 
selection and order allocation model. The cost, quality, delivery on-time rate and other models 
are transformed into linear parameters using membership functions. Finally, the model is 
solved and the case is combined to complete the reasonable allocation of purchase orders. The 
advantages are Setting the uncertain quantity as the fuzzy quantity brings the idea of  fuzzy 
mathematics into the order allocation problem. [3, 4, 5]. 
At the same time, supplier capacity is one of the core factors in the supplier's order completion 
process. In the process of purchase order allocation by traditional buyers, the supplier's 
production capacity will be subjectively judged according to the supplier's past completed 
order volume and delivery timeliness. , This method will cause the supplier's capacity load to 
be too large to meet the order requirements or excessive capacity surplus, resulting in loss of 
profits. Huang Hui et al. [7] focused on the problem of buyer selection and order allocation with 
multiple products, multiple price discount stages, and considering supplier capacity constraints, 
and established an optimization model taking into account the existence of fuzzy demand for 
products, and used simulated annealing algorithms. The solution was carried out, and the 
constraint effect of the supplier's capacity problem on the order allocation was considered. 
The global economic environment is becoming more and more complex, and risks to the 
stability of corporate supply chains are gradually increasing. When the Suez Canal ship jam 
occurred in 2021, the shipping industry and manufacturing industry lost at least US$400 
million per day. Environmental emergencies caused untimely supply of raw materials and 
suppliers. Issues such as the decline in production capacity are obvious. At the same time, the 
production problems caused by the supply interruption of corporate suppliers due to the Sino-
US trade friction have become increasingly prominent. Scholars have conducted relevant 
research on issues related to the risk of supply interruption. Prasannavenkatesanetal studied 
supplier selection and order allocation under interruption risk, and came up with a multi-
objective decision-making model for order allocation and supplier selection under interruption 
risk, but did not conduct an in-depth analysis of the reasons for interruption risk. Pan Wei 
considers that under the risk of supply interruption, fuzzy multi-objective planning is used to 
quantify the order allocation factors of the enterprise and finally achieve the purpose of 
optimizing order allocation. This model divides the supply interruption risk into three types 
based on the relationship between supply and demand. The situation is expressed as a function, 
and the solution method is provided in detail. On the basis of Pan Wei’s research, Jiang Yunlong 
and others added the buyer’s evaluation function to the supplier as a quantitative indicator into 
the supply interruption loss function. The advantage is that it considers the influence of the 
supplier’s strength on the distribution of purchase orders under actual conditions. The 
disadvantage is Importing supplier capabilities from only the two deterministic indicators of 
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delayed delivery rate and defective product rate will cause the problem of insufficient dynamic 
analysis. Therefore, based on the research on the purchase order problem under the existing 
supply chain interruption risk, the supplier performance consideration index can be further 
added to the loss cost caused by the supply chain interruption. 
The existing research on purchase order allocation has achieved important results and progress. 
Part of the research on the impact of supply interruption on purchase order allocation did not 
consider the supplier’s capacity factor. Therefore, on the basis of existing research, we have 
thoroughly explored the causes of supply interruption. Reasons, such as: defective product rate, 
delayed delivery rate, production capacity load, further consider the influence of the supplier’s 
own performance on the purchase order allocation, establish a fuzzy value based on multiple 
products, multiple price discount stages, and demand volume, and consider The purchase order 
allocation model of the impact of supplier capacity load on supplier interruption risk function 
has important practical significance for supply chain members to improve service quality, 
reduce operating costs, and solve unbalanced and unreasonable problems in the order 
allocation process. [3,6,7]. 

3. Problem Description 

In the supply chain era, it is necessary to form a stable partnership while avoiding a single 
monopoly. Buyers will choose multiple suppliers to purchase raw materials. The process of 
allocating purchase orders to multiple suppliers is affected by many factors. This article chooses 
to Three suppliers purchase three kinds of raw materials, and each supplier has a different 
production capacity for different raw materials. Under the condition of uncertain short-term 
demand for raw materials, consider the existence of supply interruption risks and capacity 
constraints at the same time, in order to purchase costs and delay delivery rates , Product 
quality, three as the goal, establish a fuzzy multi-objective planning model to optimize the 
allocation of purchase orders. 
When the purchaser allocates the purchaser's order, it will cause supply interruption due to 
various reasons. In this paper, combining the actual situation, the relationship between the 
market's demand for and supply of raw materials is divided into three categories: greater than, 
equal to, and less than, in these three types of market environment When each occurs, consider 
the impact of supply interruption on order allocation. Among them, the supplier capacity 
constraint is not only the restriction constraint in the purchase order allocation process, but 
also an important item in the supplier performance index. The supplier capacity load rate, the 
delayed delivery rate, and the defective product rate are simultaneously generated as supply 
interruptions. Factors, and take into account the target in the way of procurement costs. How 
to combine supplier capacity with supply interruption risk and apply it to the purchase order 
allocation process is the focus of this article. [8,9]. 

4. Model Establishment 

4.1. Model Assumptions 
Set up a two-level supply chain, with a certain company as the core as the buyer, sourcing 
multiple raw materials from multiple suppliers, and each supplier can provide the same types 
of raw materials at different prices. Determine the distribution of supplier order quantities 
through analysis. The assumptions of the established model are as follows: 
Assumption 1. When different raw materials are purchased in different quantities, each 
supplier has different purchase prices. 
Assumption 2. Buyers purchase products from a certain supplier and can only discount prices 
at one stage. 
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Assumption 3. The maximum supply of each supplier is the supplier's supply capacity limit. 
Hypothesis 4. The buyer’s demand for a certain raw material is a fuzzy value in a short period 
of time, but the unit raw material price, raw material price discount and other parameters are 
constant and known within a certain period of time. 
Assumption 5. Buyers set fixed evaluation indicators for different suppliers based on their 
capabilities. 
Hypothesis 6. The relationship between the demand for different raw materials and the supply 
situation is only used as the basis for the classification of the supply interruption loss function, 
and does not affect other quantities, and the probability of each raw material market scenario 
is known. 

4.2. Parameter Symbol Description 
Table 1. Parameter symbol description 

 Raw material code,  

j  Supplier serial number, 1, 2... ;j J  

k Price discount stage serial number, 1, 2... ;k K  

ijkx  Under k price level, the quantity of raw materials purchased from supplier j  

ijky  The buyer chooses to purchase raw materials from supplier jat the price level of  k 

ijy  The buyer chooses to purchase raw materials from supplier j to  

iD  Demand for raw materials 

ijO  Order cost of raw material i  provided by supplier j   

ijkP  Under k price level, the unit price of purchasing raw materials from suppliers 

The supplier provides the minimum quantity of raw materials at the price in the k-th price 
discount stage 

ijkS  When suppliers j  provide raw materials i , the defective rate of products does not change 
with the price discount stage 

ijkd  
The late delivery rate when the supplier provides raw materials, does not change with the 

price discount stage 

ijE  
The total amount of raw materials produced by the supplier, that is, the supplier’s 

production capacity 

ijZ  
Production load rate, that is, the ratio of the number of orders allocated by the supplier to 

the supplier's production capacity 

jh  Supplier evaluation score 

tG  
The probability that suppliers and enterprises face different market demand scenarios, 

t=1,2,3 

( )
ijkp ijkq x  Probability of supply interruption for each product in different scenarios 

i 1,2... ;i I

i

i

ijkV
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4.3. Model Construction 
4.3.1. Objective Function 
When a buyer allocates an order, he will measure and select the ability of the supplier based on 
multiple indicators. Based on previous studies, this article starts from the perspective of 
uncertain market demand and the risk of supply chain interruption. Cost, raw material quality 
(defective product rate), and delayed delivery (delayed delivery rate) are used as objective 
functions to establish a fuzzy multi-objective optimization model. 
Objective function. 
(1) The total purchase cost of the purchaser is the smallest. 
When purchasing purchase orders, the cost target is the first issue that any company needs to 
consider. The procurement cost in this article consists of the cost of purchasing raw materials, 
the fixed purchase transaction fee that needs to be paid during the procurement process, and 
the interruption loss cost caused by the supply interruption. The composition, that is, the 
minimum purchase cost can be expressed by the following formula: 
 

1
1 1 1 1 1 1 1 1 1

min +Prob(t) ( )
I J K I J K I J K

ijk ijk ij ij t ijk
i j k i j k i j k

z P x O y fC x
        

   
 

 
(2) When there is a supply interruption, in order to ensure the timely completion of the 
procurement task and meet the needs of the purchaser, the supplier must be required to deliver 
the raw material to the purchaser in a timely manner to reduce the number of delayed 
deliveries. This is more for the purchaser. One of the goals we care about, that is, the minimum 
rate of delayed delivery can be expressed by the following formula: 
 

2
1 1 1

min
I J K

ijk ijk
i j k

z d x
  


 

 
(3) In the purchase order allocation process, the unqualified rate of raw materials is usually 
used to indicate the quality of raw materials, that is, the number of unqualified raw materials 
should be kept as small as possible during the purchase order allocation process: 
 

3
1 1 1

min
I J K

ijk ijk
i j k

z S x
  


 

 
Regarding the impact of supply interruption risk, this article uses three different raw material 
market conditions as a classification (the relationship between raw material market supply and 
purchaser demand), constructs three supply interruption loss functions, and integrates them 
into procurement costs as loss costs. Based on the research of the existing literature, it is 
concluded that the buyer will quantify the existing supplier's ability when assigning the order. 
As the evaluation score of the corresponding supplier, the evaluation score of the supplier itself 
affects the occurrence of supply interruption to a certain extent, so the corresponding The 
supply interruption loss function of is also different. It is applied to the purchase cost target and 
combined with the targets of other purchasers to assist the purchaser in completing the order 
allocation. 
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On the basis of previous research, not only considers the supplier’s delayed delivery rate and 
defective product rate, but also incorporates the supplier’s production load rate into the buyer’s 
evaluation of the supplier’s ability: 
 

, 1, 2... ; 1, 2... ; 1, 2...ijk
ij

ij

x
Z i I j J k K

E
   

 
 

Form supplier evaluation scores: 
 

(1 ) (1 )j ijk ijk ijh d S Z    
 

 
And according to the supplier evaluation score, the probability of supply interruption is 
obtained: 
 

( ) (1 )
ijkp ijk ijk tq x h G 

 
 
According to the literature and the actual situation, it can be concluded that the buyers will face 
different market environments in the actual procurement process. Therefore, the buyer’s 
evaluation of the suppliers is combined into the three market demand environments, and the 
supply interruption loss function is determined to obtain the supply interruption. Loss function: 
(1) When the market supply of raw materials is far greater than the demand for raw materials: 
 

1( ) ( ) , (0,1)
ijkijk p ijk ijk ijkfC x q x x h      

 
 
(2) When the market raw material supply and raw material demand are basically balanced: 
 

2( ) ( ) , 0
ijkijk p ijk ijk ijkfC x q x x h      

 
 
(3)When the market supplies raw materials, Yuan Xiaoyu's raw materials demand: 
 

3( ) ( ) ,  , 0
ijkijk p ijk ijk ijkfC x q x x h       

 
4.3.2. Constraints 

1 1

=
I K

ijk i
i k

x D
 



                                                                    (1) 

 

1

1 , 1,2..., ; 1,2... ; 1,2... ;
K

ijk ijk ij ijk
k

y x E y i i j J k K


                                     (2) 

 

1

1
K

ijk
k

y


                                                                        (3) 
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1 , 1,2... ; 1,2... ; 1,2...ijk ijk ijk ijk ijkV y x V y i I j J k K                                             (4) 
 

1 1 1

0.1
I J K

ijk ijk i
i j k

d x D
  

                                                         (5) 

 

10.1 0.8

K

ijk
k

i

x

D
 


                                                                 (6) 

 

0 ( 1) 0 , 1,2..., ; 1,2... ; 1,2... ;；ijk ijk ijkx x y i i j J k K                                     (7) 
 

Formula (1) indicates that the purchaser's raw material purchase quantity must meet the fuzzy 
demand for the raw material in a short period of time; Formula (2) indicates the supplier's 
ability constraint; Formula (3) indicates that the purchaser can only use one When buying 
goods at a price at a discount stage, you cannot purchase the same product at multiple prices 
from the same supplier at the same time; formula (4) indicates that the purchaser purchases 
raw materials i from supplier j at a certain price discount stage k The formula (5) expresses the 
reduction of supply risk and requires the supplier’s punctual delivery rate to reach at least 90% 
of the purchase quantity; formula (6) expresses that in order to maintain the balance among 
the multi-supplier groups, protect for the cooperative relationship, the order for supplier j to 
obtain raw material i must be greater than 10% but not more than 80% of the total purchase; 
formula (7) expresses the constraint of decision variables. 

5. Model Solving 

For the fuzzy multi-objective optimization model established in this paper, various influencing 
factors need to be analyzed quantitatively, and the fuzzy multi-objective optimization model is 
transformed into a single-objective problem and finally solved. The first step is to use fuzzy 
mathematics theory to find the membership function of the objective function and constraint 
conditions involving the fuzzy quantity of demand; the second step is to use the fuzzy 
membership function to set the corresponding satisfaction degree and transform the model to 
convert the multi-objective After the problem is transformed into a single-objective problem; 
in the third part, you can choose a reasonable algorithm to solve the model. This article chooses 
to use the simulated annealing algorithm to complete the solution. [10,11]. 

5.1. Membership Function 
In real life, in order to adapt to the market more accurately, it is necessary for the purchasing 
company to set a rough range of demand in a short period of time based on personal experience, 
historical data, and the actual situation of the company, and choose the most likely value among 
them. This way is vague. In this paper, we choose to introduce fuzzy variables, set the 
purchaser's demand for a certain raw material as a triangular fuzzy number, and convert the 
fuzzy and uncertain demand into a definite value. Set the minimum demand as the lower bound 

l
iD  of the triangular fuzzy number and the maximum demand as the upper bound k

iD  of the 

triangular fuzzy number. The most likely demand is the intermediate value m
iD of the triangular 

fuzzy number. Therefore, the demand for raw material i can be fuzzy by triangle The number is 

expressed as ( , , ),l m k
i i iD D D D


. This article uses expected value to deal with fuzzy requirements, 

and the relevant theories are described below. [12,13]. 
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For the passive objective function for solving the minimization problem, the smaller the value, 
the better, and its membership function can be expressed as follows: 
 

0, ( ) max

( ) ( max ( )) / ( max min)

1, ( ) min

t

t t t

t

t

t t

t

Z x Z

z x Z Z x Z Z

Z x Z



 
  
 



 
 
The market demand is fuzzy, so that the demand constraints are fuzzy constraints. The 
membership function of the fuzzy constraints is expressed as follows: 
 

0,

,

( )

,

0,

k
f j

k
j f m k

j f jk m
j j

f f l
f j l m

j f jm l
j j

l
f j

a x D

D a x
D a x D

D D
a x

a x D
D a x D

D D

a x D



 



   

   
   

5.2. Fuzzy Multi-Objective Optimization Model Solution Method 

In solving the fuzzy multi-objective programming model, the membership function ( )tz x


of 

each objective function is first obtained, and  is defined as the maximum satisfaction. Finally, 
the fuzzy multi-objective programming is transformed into a single-objective programming 
model for solution. Among them,  1 2maxmin ( ), ( ), , ( )}= tz x z x z x    , ( )e ec x  are the membership 

degrees of each objective function, ( )f fa x is the membership degree of the fuzzy demand 

constraint, D  is the number of the membership degree of the objective function, R  is the fuzzy 

constraint condition to determine the number of the membership degree, and e and f are the 
e objective The minimum value of the membership of the function and the f  constraint 
condition. 
 

1 1

{ ( ) ( )} / ( )

( ), 1,2 ,

( ), 1,2 ,

( ) , 1,2 ,

( ) , 1,2 ,

, , [0,1]

D R

e e f f
e f

e e

f f

e e e

f f f

e f

Max c x a x D R

c x e D

a x f R

c x e D

a x f R

  

 
 

 
 

  

 

  

 

 

 

 



 





 

5.3. Solving the Simulated Annealing Algorithm 
The multi-objective optimization problem is to achieve the purpose of minimizing or 
maximizing multiple objectives. The solution method mainly focuses on transforming the multi-
objective problem into a single-objective problem through the satisfaction setting and 
completing the solution. The simulated annealing algorithm is a single-objective optimization 
technology with a certain degree of convergence, making it one of the methods for solving 
multi-objective optimization problems. This paper uses the simulated annealing algorithm to 
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complete the solution of fuzzy multi-objective problems. The specific process is as follows [14, 
15,16]: 
(1) First consider the constraints of demand and order allocation, and get an initial feasible 
solution for order allocation, and then continue to search and update new solutions in the 
search space; 
(2) Cooling process: First, set the initial temperature, and take into account the constraints of 
supplier quality, on-time delivery, and supplier production capacity to traverse all search 
spaces with a greater probability; then cool down at a constant rate of 0.9, where The Markov 
chain length is to determine the number of searches for a feasible solution search at each 
temperature; finally when the temperature drops to the end temperature, the search ends and 
the iteration number parameter is initialized. 
 

Table 2. Parameters 
parameter name Numerical value 

Provide raw materials 1 

No raw materials are provided 0 

The allocated order quantity is less than 10% of the raw 
material demand 

The allocated quantity is 0 

The allocated order quantity is between 10%~80% of the 
raw material demand 

The allocated quantity is the current allocated 
value 

The allocated order quantity is greater than 80% of the raw 
material demand 

The allocated amount is recorded as 80% of 
the total demand 

The initial temperature 0 1000T   

Cooling rate 0.9   

Markov chain length 1000l   

End temperature 3endT   

Initialize the number of iterations parameter 0k   

Technical parameters of inner loop iteration 0l   

 

(3) Annealing process. Set the inner loop iteration technical parameter to 0l  , and execute the 
inner loop 1l l   when the thermal equilibrium is reached at each temperature, and a new 
feasible solution is generated. After the allocation of raw materials is determined, the 
corresponding price discount stage and unit raw material quotation are reversed, and the 
objective function value is finally calculated. Let new currentE E E   , if 0E  or 

exp( ( ) / )new currentrand E E t   , reject the new solution, otherwise let newsolution E , if l L , 
terminate the inner loop. 
(4) The temperature drop process. 1 , 1k kT T k k     , if k endT T , go back to (3), otherwise 
go to (5). 
(5) Find the optimal solution Solution. 

6. Numerical Example Simulation 

6.1. Numerical Example Simulation 
A buyer intends to purchase 3 kinds of raw materials. There are 3 suppliers to choose from. 
Assuming that the market demand for raw materials 1, 2, and 3 obeys the fuzzy demand, the 
supplier’s instantaneous supply capacity is known, see Table 3 and 4. The types of raw 
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materials provided by suppliers are limited, but the three raw materials required by buyers can 
be obtained from these three suppliers. The delivery delay rate and service level of the raw 
materials provided by each supplier are obtained based on historical data. out. At the same time, 
according to the existing research, the probability of buyers facing different market 
environments is set as shown in Table 5. 
 

Table3. Buyer needs and supplier performance evaluation indicators 

supplier  Raw materials  
 

    

1 

1 (5500,7000,13500) 

900 

2 8 13000 

2 (9000,11000,12500) 4 7 8500 

3 (8500,9000,10500) 2 6 10000 

2 

1 (5500,7000,13500) 

1100 

4 8 13000 

2 (9000,11000,12500) 3 6 8700 

3 (8500,9000,10500) 2 5 9000 

3 

1 (5500,7000,13500) 

1000 

2 4 6500 

2 (9000,11000,12500) 4 5 10000 

3 (8500,9000,10500) 3 3 8000 

 

Table 4. Unit Product Quotation 

supplier

 

Raw 

materials  

Price 
discount 

stage 
  

Price 
discount 

stage 
  

Price 
discount 

stage 
  

1 

1 

K=1 

0 15 

K=2 

3000 14.5 

K=3 

4500 14 

2 0 12 2500 11.5 3500 11 

3 0 8 1800 7.5 3000 7 

2 

1 0 11 3500 10.5 5000 10 

2 0 9 1900 8.5 2500 8 

3 0 14 2000 13.5 3500 13 

3 

1 0 13 2500 12.5 4000 12 

2 0 14 3000 13.5 4500 13 

3 0 12 1500 11.5 3000 11 

 

Table 5. Probability of different market environments 
Market 
environment In the 
raw material 
market: 

In the raw material 
market:Demand << 
supply quantity 

In the raw material 
market:Demand = 
supply quantity 

In the raw material 
market:Demand >>supply 
quantity 

Probability of 
buyers facing this 

environment tG  

1 0.51G   2 0.34G   3 0.15G   

 

According to the membership function formula, the maximum value max z  ( 0  ) and 
minimum value min z  ( 1  ) of each objective function under the same constraint conditions 
are calculated, and the fuzzy demand of buyers is listed in Table 6. 

j i
iD ijO (%)ijkS (%)ijkd ijE

j i ijkV ijkP ijkV ijkP ijkV ijkP
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Table 6. Membership data information 
 0   1   0   

1Z (The market situation is 1G ) 412006 284983  

1Z (The market situation is 2G ) 433121 303013  

1Z (The market situation is 3G ) 3421670 1964795  

2Z  2037.7 1886.4  

3Z  1549.3 1032.1  

1D  5500 7000 13500 

2D  9000 11000 12500 

3D  8500 9000 10500 

 

Convert the fuzzy multi-objective into a single-objective problem to solve: 
Objective function: 
 

1 2 3 4 5 6

1 2 3 4 5

1 1 1 1 1

2 2 1 2 2

3 3 3 3 3

3 3

4 1
1 1

3 3

4 1
1 1

max ( ) / 6

0.65, 0.75, 0.7, 0.6, 0.7

(max ) / (max min )

(max ) / (max min )

(max ) / (max min )

(13500 ) / (13500 7000)

(

jk
j k

jk
j k

z z z z

z z z z

z z z z

x

x

      
    








 

 

     

    

  
  

  

  

 




3 3

5 2
1 1

3 3

5 2
1 1

3 3

6 3
1 1

3 3

6 3
1 1

1 1

1

5500) / (7000 5500)

(12500 ) / (12500 11000)

( 9000) / (11000 9000)

(10500 ) / (10500 9000)

( 8500) / (9000 8500)

1

=

jk
j k

jk
j k

jk
j k

jk
j k

I K

ijk i
i k

K

ijk ijk
k

x

x

x

x

x D

y x
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In this part, the method of expecting fuzzy demand is introduced to transform the buyer's fuzzy 
multi-objective order allocation into a single objective, and the simulated annealing algorithm 
is used to solve the case. 

6.2. Model Running Results 
The purchase order allocation model that considers supply interruption and supplier capacity 
constraints is facing different market environments, and the probability of supply interruption 
is also uncertain. Use the above to solve the results of purchasers’ order allocation in different 
scenarios and observe the suppliers the relationship between the capacity score and the result 
of the supplier's order allocation. 
Scenario 1: When the market demand for raw materials is far less than the supply of raw 
materials in the market, the possibility of supply interruption risk is very small, defined as 0, 
that is, the interruption loss cost in the procurement cost target is 0, and the cost target is: 
 

3 3 3 3 3 3

1
1 1 1 1 1 1

min ijk ijk ij ij
i j k i j k

z P x O y
     

  
 

 
The calculation solution shows that when the purchaser is in the first market environment, that 
is, the market demand is far less than the market supply, the overall optimal solution is obtained, 
and the optimal result is 115610. At this time, the allocated quantities of the three raw materials 
are shown in Table 7: 
 

Table 7. Raw material distribution results 
 1j   2j   3j   

1i   

111 723x  (10%) 121 0x   131 1466x  (20.9%) 

112 0x   122 4994x  (69.1%) 132 0x   

113 0x   123 0x   133 0x   

2i   

211 0x   221 0x   231 0x   

212 0x   222 0x   232 3211x  (27.3%) 

213 3620x  (31.8%) 223 4528x  (40.9%) 233 0x   

3i   

311 0x   321 0x   331 0x   

312 0x   322 2100x  (22.2%) 332 1621x  (16.7%) 

313 5520x  (61.1%) 323 0x   333 0x   

 
At this time, the supplier capacity load rate corresponding to the allocation result is shown in 
Table 8: 

 

Table 8. Supplier capacity load rate 
 1j   2j   3j   

1i   0.054 0.372 0.226 

2i   0.411 0.517 0.301 

3i   0.551 0.223 0.188 
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It can be seen from the model results that raw materials 1 and 2 are mainly purchased from 
supplier 2, and raw material 3 is mainly purchased from supplier 1. At the same time, in the 
purchase order allocation result, when the supplier has a lower price of raw material, its The 
capacity load rate is relatively high. Preliminary analysis can be made from the distribution 
results. When there is no risk of supply interruption, because supplier 1 and supplier 2 have 
the same supply capacity for raw material 1, large quantities of raw material 1 are purchased 
in the lower price range; when the three suppliers purchase raw materials When the difference 
in supply capacity between 2 and 3 is small, buyers will still choose the lowest price range for 
purchasing. 
Scenario 2: When the market's demand for raw materials is equal to the supply of raw materials 
in the market, the interruption loss cost in the procurement cost target differs between 
different suppliers, so the cost target is: 
 

3 3 3 3 3 3 3 3 3

1 2
1 1 1 1 1 1 1 1 1

min ( )ijk ijk ij ij ijk
i j k i j k i j k

z P x O y fC x
        

    
 

 
The parameters assigned to the supply interruption loss function in the supply-demand balance 
market environment are: 1  . 
 

2 ( ) ( )
ijkijk p ijk ijk ijkfC x q x x h  

 
 
After the calculation, it can be known that when the purchaser is in the second market 
environment, that is, market demand and market supply are in equilibrium, the overall optimal 
solution is obtained, and the optimal result is 126640. At this time, the allocated quantities of 
the three raw materials are shown in Table 9: 
 

Table 9. Raw material distribution results 
 1j   2j   3j   

1i   

111 865x  (11%) 121 0x   131 1720x  (22.5%) 

112 0x   122 4663x  (66.5%) 132 0x   

113 0x   123 0x   133 0x   

2i   

211 0x   221 0x   231 0x   

212 0x   222 0x   232 3421x  (28.3%) 

213 3520x  (29.8%) 223 4480x  (41.9%) 233 0x   

3i   

311 0x   321 0x   331 0x   

312 0x   322 2030x  (22.2%) 332 1545x  (17.2%) 

313 5457x  (60.6%) 323 0x   333 0x   

 
At this time, the supplier capacity load rate corresponding to the allocation result is shown in 
Table 10: 
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Table 10. Supplier capacity load rate 
 1j   2j   3j   

1i   0.054 0.359 0.253 

2i   0.412 0.521 0.312 

3i   0.516 0.222 0.193 

 
It can be seen from the model results that the distribution result of the purchase order has the 
same trend as the distribution result when the supply interruption risk is zero: raw materials 
1 and 2 are mainly purchased from supplier 2 and raw material 3 is mainly purchased from 
supplier 1. Among them, for the purchase of raw material 2, the purchaser chose 41.9% of the 
orders to purchase at a lower price, and the remaining orders were almost evenly distributed 
to the remaining two suppliers in order to reduce the risk of supply interruption. This result 
shows that when the risk of supply interruption is small, the supplier's capacity production load 
rate increases the risk of supply interruption, which further affects the distribution of purchase 
orders. 
Scenario 3: When the market's demand for raw materials is far greater than the supply of raw 
materials in the market, the risk of supply interruption is very likely to occur. The cost target is: 
 

3 3 3 3 3 3 3 3 3

1 3
1 1 1 1 1 1 1 1 1

min ( )ijk ijk ij ij ijk
i j k i j k i j k

z P x O y fC x
        

    
 

 
In the supply-demand balance market environment, the parameters assigned to the supply 
interruption loss function are: 
The calculation solution shows that when the purchaser is in the first market environment, that 
is, the market demand is far greater than the market supply, the overall optimal solution is 
obtained, and the optimal result is 183211. At this time, the allocated quantities of the three 
raw materials are shown in Table 11: 
 

Table 11. Raw material distribution results 
 1j   2j   3j   

1i   

111 1091x  (13%) 121 0x   131 1250x  (15.7%) 

112 0x   122 0x   132 0x   

113 0x   123 5050x  (71.3%) 133 0x   

2i   

211 0x   221 0x   231 0x   

212 0x   222 0x   232 3227x  (27.3%) 

213 3320x  (29.8%) 223 4598x  (40.9%) 233 0x   

3i   

311 0x   321 0x   331 0x   

312 0x   322 2802x  (29.2%) 332 2745x  (28.7%) 

313 4498x  (41.1%) 323 0x   333 0x   
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At this time, the supplier capacity load rate corresponding to the allocation result is shown in 
Table 12: 
 

Table 12. Supplier capacity load rate 
 1j   2j   3j   

1i   0.056 0.384 0.204 

2i   0.410 0.516 0.301 

3i   0.351 0.277 0.241 

 
It can be seen from the model results that the difference between the scenario of greater supply 
interruption risk and the scenario of supply-demand balance is mainly reflected in the 
comprehensive consideration of the two factors of supplier capacity and supply interruption 
risk, the increase in supply interruption risk will further increase the capacity load rate As a 
result, buyers will choose suppliers with smaller capacity differences and a lower price range 
for major purchases. At the same time, in order to ensure the stability of each purchaser and 
minimize the risk of supply interruption, the remaining orders will be roughly evenly 
distributed to the remaining suppliers. 
The following figure proves that the model and algorithm in this paper have good convergence 
in actual operation, and proves the feasibility and effectiveness of the proposed method. 
 

 
Figure 1. Operation effect display 

 

 
Figure 2. Display of running effect 
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Figure 3. Display of running effect 

 

7. Conclusion 

This paper proves that the two factors of supplier capacity constraint and supply interruption 
risk should be further considered in the procurement process, which provides a new 
optimization plan for the realization of resource integration and reasonable order allocation. In 
the case of uncertain raw material demand, the optimization of multi-product order allocation 
considering the influence of capacity constraints and supply interruption risks is studied. 
Research shows that: (1) Supplier’s order allocation results are not only affected by product 
price, quality, and other internal factors, but also by the supplier’s own capacity factors. Buyers 
should consider the supplier’s capacity load rate when assigning purchase orders. When the 
price gap of these raw materials is small, the larger the supplier's capacity, the more orders it 
will allocate. Therefore, if the supplier wants to gain the favor of the manufacturer and obtain 
a larger share of the raw material supply, it needs to comprehensively improve its own capacity 
advantage. (2) The risk of supply interruption will have an impact on the distribution of 
purchase orders. As the risk of supply interruption continues to increase, the impact of 
production capacity and price fluctuations on the balance of order distribution will gradually 
increase. Buyers are pursuing cost and other objectives while at the same time supply The risk 
of interruption is minimized as much as possible, and ultimately the purpose of maintaining the 
stability of the supply chain is achieved. 
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