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Abstract  Review Article 
 

When small and medium-sized enterprises face financial constraints, they often encounter financing difficulties and 

expensive financing problems. This not only seriously affects the performance of enterprises, but also reduces the 

synergy efficiency of the entire supply chain. This paper considers the three-tier supply chain model of retailers facing 

the problem of capital constraints, designs a credit guarantee financing contract for retailers, and enables retailers to 

obtain certain loans from banks, so as to solve their financing problems. This paper considers the retailer's initial 

capital, as well as the residual value of unsold goods, and so on, and studies how retailers make optimal order 

decisions in the face of initial shortage of funds. 
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INTRODUCTION 
As we all know, the survival and development 

of small and medium-sized enterprises play a vital role 

in promoting the development and vitality of our 

national economy. According to the statistics of the 

National Bureau of Statistics at the end of 2018, the 

total number of small and medium-sized enterprises 

reached369,000, of which the number of individual 

industrial and commercial households exceeded 70 

million. Small and medium-sized enterprises contribute 

more than 50% of the country's tax revenue, more than 

60% of GDP, more than 70% of technological 

innovation and more than 80% of the national jobs [1-

3]. 

 

However, reality is far from the contribution of 

Small and Medium-sized enterprises, considering that it 

faces survival problems of its own. Because of the small 

and medium-sized enterprises' thin strength, incomplete 

information and lack of collateral, their financing 

channels are very narrow, it is difficult to finance 

through traditional banks. However, supply chain 

finance has opened up another financing channel for 

small and medium-sized enterprises [4, 5]. 

 

A supply chain is a network structure that 

provides products or services to end customers through 

upstream and downstream companies, such as raw 

material suppliers, distributors, and retailers. Whether 

this network structure can achieve system optimization 

usually depends on the ability of the core enterprise to 

influence the coordination and control of the whole 

supply chain. Supply chain finance, in short, is a 

financing model in which banks link core and upstream 

and downstream firms to provide flexible financial 

products and services [6].  

 

Theoretically, after the theory of supply chain 

finance is put forward and applied abroad, the domestic 

gradually develops from practical application to 

theoretical research and analysis. Based on this, most 

domestic scholars study supply chain finance from the 

development model of supply chain finance business 

financing. Then, the risk assessment and control of 

supply chain finance have attracted the attention of 

many scholars at the same time. In decision-making and 

coordination, most scholars study wholesale supply 

contracts based on secondary supply chains, repurchase 

contracts, kickback contracts, and decision-making and 

coordination between supply chain retailers and 

suppliers. Only a few scholars in China have considered 

the impact of capital constraints on strategies when 

studying supply chain decision-making. In the case of 

banks joining the supply chain, it is rare to study the 

decision-making and coordination of supplier-retailer-

banks under the relevant contract, and less research on 

the tripartite strategy in the supply chain under the 

supplier guarantee contract [7, 8].  

 

Therefore, considering that supply chain 

financing is actually the business model characteristics 

of many small and medium-sized enterprises, combined 

with the actual situation, this paper discusses the 
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situation of retailers ordering suppliers as the core 

enterprises upstream in the supply chain. In the model 

of single supplier, single retailer, and bank, the core 

enterprise provides the retailer with conditional 

financing guarantee and discusses the financing 

decision of the supplier's credit guarantee when the 

retailer is faced with the financial constraint [9-11]. 

 

SUPPLY CHAIN MODEL BASED ON 

GUARANTEED FINANCING 

Description of the problem and basic assumptions 

Common supply chains contain a supplier and 

a retailer and a financial institution, which generally 

refers to a bank. Retailers face the problem of seeking 

the best order. Suppliers, as core businesses, provide 

guarantees to retailers [12].  

 

Before the start of the sales season, the retailer 

has a financial constraint, its own capital is , the 

retailer orders at wholesale prices, orders unit goods, 

and sells goods at unit prices, . 

 

Suppliers, as core businesses, need to 

guarantee the retailer's borrowing to the bank. The 

wholesale price offered by the supplier is , the 

production cost is , and the retailer cannot fully sell all 

orders after the recovered residual value is  , exists 

. The supplier provides the retailer with a 

guarantee of the loan, the ratio of which is λ（0<λ<1）. 

 

For banks, borrowing rates are key to their 

revenues. Assuming that the risk-free interest rate of a 

bank is , the risk-free rate is based on the base rate of 

deposit, and the loan interest rate  in practice is higher 

than the risk-free rate. That is, . Since banks' 

lending decisions are often relevant to the overall 

market environment, in this article banks do not 

participate in the supplier-retailer game. 

 

The demand of the market is changed 

randomly according to the market environment, and the 

market demand is , which obeys the negative index 

distribution. The distribution function  is 

continuous, and the probability density function meets 

, which is the case. 

 

And we make the assumption that all 

participants will not have ethical issues throughout the 

operation of the supply chain, so the ethical risk is 0. 

Logistics and other participation in all aspects, does not 

affect the transportation and warehousing of products, 

the supply chain for retailers to fully understand the 

business, with the feasibility of supply chain financing 

guarantee.  

 

 
Fig-1: Supply Chain Credit Guarantee Model Figure 

 

Symbol Description  

Table-1: Mathematical symbols in the model 

Symbol Significance Scope of application 

 
Wholesale price of a single item 

 

 
Single sale price 

 

 
Cost of a single item 

 

 
Single-item recovery residual value 

 

 
Orders  

 
Market demand 

Obedience to negative exponential distribution  

 
Retailers own their own money  

 
Supplier guarantee ratio 

 

 
Bank loan rates 

 

 
Bank Security Rate Based on deposit rate 
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SUPPLY CHAIN DECISIONS 
At the beginning of the sale, the retailer orders 

a piece of  item from the supplier and orders it 

according to the needs of the market. The wholesale 

price of goods is . Retailers determine the need for a 

bank loan based on their own capital  and wholesale 

prices .  

 

For retailers, the volume of goods ordered is 

the key to determining their earnings, but due to the 

limitations of their own funds, they cannot determine a 

sufficient amount of goods as they wish, so there are 

two scenarios in which they borrow from banks. 

 

Retailer Financing Decision 

When wQ ≤L is met, that is, when Q≤L/w is 

satisfied: 

 

At this point, the retailer's own funds are 

sufficient to pay for the required order and do not need 

to be loaned to the bank. Therefore, the bank's earnings 

are not taken into account, or can be understood as zero.  

 

Assuming that the retailer's revenue is , then: 

 
 

Where  is based on the mean of a small value between market demand  (random) and the 

retailer's order volume .  is the residual value of commodity recovery. 

 

The retailer's profit is: 

 
 

After finishing, you get: 

 
 

Where the market demand  is subject to negative exponential distribution: 

 
 

 is the distribution function of demand ,  is the probability density function: 

 

And  is satisfied.  

 

Second-order guidance is carried out on the retailer's profit function. Because a second derivative of  is less 

than zero, it is a convex function, so when the first derivative of  is equal to zero, it takes the maximum value of .  

 

So assuming that the first derivative of  is equal to zero, you can get: 

 

Therefore, 

 
 

Therefore, when condition  is met, get . 

 

Retailer Non-Financing Decision 

When  is met, that is, when  

is satisfied: 

 

That is, when the retailer's own funds are 

insufficient to order the required quantity of goods, the 

reforest needs to apply to the bank for a loan. Banks 

will determine the appropriate loan rates based on the 

retailer's own funds and the proportion guaranteed by 

the supplier, and the supplier will choose the 

appropriate guarantee ratio. The mathematical model 

for the specifics is as follows.  
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The retailer's profit can be expressed as: 

 
 

Where  is the bank's loan rate.  

 

After finishing: 

 
 

Retailers are required to meet the following conditions due to the amount of credit provided by the bank: 

 
 

So, 

 
 

First-order and second-order guidance on the retailer's profit function, sorted out: 

 
 

 
 

Because the second-order derivative of  is less than zero, it is a convex function. So when the first derivative 

of  is equal to zero, the maximum value of  is taken.  

 

Therefore, 

 
 

You can get, 

 
 

That is: 

 
 

Therefore, when condition  is met, get . 

 

Supplier Decisions 

After the best  value is known, the supplier's profit is solved: 

 

When , that is, when the retailer makes a financing decision, the vendor's profit function is: 

 
 

 



 

 
Bian Ying-Jin., Sch J Econ Bus Manag, Feb., 2020; 7(2): 70-78 

© 2020 Scholars Journal of Economics, Business and Management | Published by SAS Publishers, India                                              74 

 

 

That is: 

 
 

When , i.e. the retailer makes anon-financing decision, the vendor's profit function is: 

 
 

Suppose this is the case: 

 
 

Here:  Take a negative value, i.e. when the 

retailer's income is able to pay the purchase point and 

loan interest, the supplier is not required to bear the 

guarantee fee, and if the retailer's income is less than 

the sum of the purchase price and interest, the supplier 

is required to pay some or all of the guarantee fee, i.e.: 

 
 

Therefore, combined with the above calculation, you can get the supplier's profit function as follows:  

 
 

This section mainly describes the ordering 

decision in the supply chain under the constraint of 

funds. Based on the traditional Newsvendor Model, the 

relevant variables such as retailers, suppliers and banks 

are modeled and analyzed. A model of whether a 

retailer borrows from a financial institution, solves its 

optimal order , and establishes a supplier's revenue 

model, discusses the situation of the supplier's earnings 

in the two modes of the retailer.  

 

NUMERICAL STUDY 
As can be seen from the previous section, the 

retailer's earnings are affected by the amount ordered, 

so choosing the optimal order volume  is the key to 

determining revenue. Therefore, according to the 

mathematical model in the previous section, set the 

basic parameters in the study. Assuming that the market 

retail price is , the wholesale price of goods is 

, production cost , residual value is 

, the retailer's initial own capital is , the 

market demand  obeys the negative index distribution, 

its mean is . Suppose , the bank's 

secure loan interest rate is , the bank's loan 

rate , and the decision variable order amount  

and supplier guarantee ratio . 

 

Hypothesis 1, the price of the goods sold by the retailer: 

 
 

Solve the impact of supplier revenue on retailers, within a reasonable pricing range. The results are shown in the 

table below: 
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Table-2: Retailer's Optimal Guarantee Ratio and Optimal Order at Different Retail Prices 

𝑝 𝜆 𝑄 𝜋𝑟 𝜋𝑠 
10 -- 0.00 0.00 0.00 

11 -- 2.01 0.96 4.03 

12 -- 3.58 3.27 7.15 

13 -- 4.85 6.44 9.70 

14 -- 5.00 10.01 10.00 

15 5% 5.21 13.60 10.42 

16 17% 6.02 17.46 12.05 

17 26% 6.76 21.66 13.51 

18 33% 7.44 26.13 14.88 

19 37% 7.94 30.81 15.87 

20 42% 8.61 35.68 17.22 

Replace the data in the table and solve the retailer's earnings  and . The results are shown in the following 

figure: 

 

 
Fig-2: Retailer and supplier earnings at different retail prices 

 

According to the chart, it can be seen that both 

retailer and supplier revenue increases as the retail price 

 increases. For retailers, the retail price  is closely 

linearly positively correlated with it, and the supplier's 

earnings are positively correlated with the retail price, 

but the trend is more moderate than the retailer. This is 

because the retailer's earnings are directly related to the 

retail price. As retail prices rise, retailers gain more 

revenue, which in turn encourages retailers to increase 

their volume, which in turn increases supplier's 

earnings.  

 

Hypothesis 2, wholesale price of supplier: 

 

 

Solution Within a reasonable range, wholesale prices affect the profits of retailers and suppliers. The results are 

shown in the table below: 

 

Table-3: Optimal Guarantee Ratios and Optimal Order ingress selling for retailers at different wholesale prices 

𝑤 𝜆 Q 𝜋𝑟 𝜋𝑠 
8 -- 6.25 26.82 0.00 

9 27% 7.55 20.42 7.55 

10 5% 5.21 13.60 10.42 

11 -- 4.55 8.56 13.65 

12 -- 3.29 4.55 13.16 

13 -- 2.01 1.92 10.05 

14 -- 0.93 0.45 5.58 

15 -- 0.00 0.00 0.00 

Replace the data in the table and solve the retailer's earnings  and . The results are shown in the following 

figure:  
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Fig-3: Retailer and supplier earnings at different wholesale prices 

 

It can be seen that the effect of wholesale 

prices  on retailers' earnings is broadly the opposite of 

the effect of retail prices . For suppliers, the higher the 

wholesale price at , the higher the supplier's 

revenue, and when wholesale prices increase to a 

certain extent, the retailer reduces the amount of 

ordering, resulting in a decline in supplier revenue. 

Therefore, it is very important for suppliers to set a 

reasonable wholesale price, and it will be 

counterproductive not to increase the wholesale price.  

 

Hypothesis 3, the residual value of the unit of goods: 

 

 

The solution is within a reasonable range of residual value of the goods, and the impact on the retailer and 

supplier revenue is shown in the following table: 

 

Table-4: Optimal Guarantee Ratio and Optimal Order ingress for Retailers at Different Commodity Residual 

Values 

𝑣 𝜆 Q 𝜋𝑟 𝜋𝑠 
4 -- 4.24 9.54 8.49 

4.5 -- 4.53 10.10 9.05 

5 -- 4.85 10.74 9.70 

5.5 -- 5.00 11.45 10.00 

6 -- 5.00 12.16 10.00 

6.5 -- 5.00 12.87 10.00 

7 5% 5.21 13.60 10.42 

7.5 13% 5.75 14.44 11.49 

8 23% 6.41 15.44 12.82 

 

Replace the data in the table and solve the retailer's earnings  and . The results are shown in the following 

figure:  
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Fig-4: Retailer and supplier earnings at different commodity residuals   

 

For a retailer, the higher the residual value, the 

greater the benefit, so the increase in residual value will 

cause the retailer to increase the order volume and 

therefore the supplier's revenue increase. 

 

Hypothesis 4: Bank Loan Rate: 

 

Solve the impact of supplier  earnings on retailers within a reasonable bank payment rate, as shown in the 

following table: 

 

Table-5: Optimal Guarantee Ratios and Optimal Ordering S/ Retailers at Different Bank Rates 

𝑟 𝜆 Q 𝜋𝑟 𝜋𝑠 
0.050 14% 5.79 13.75 11.58 

0.055 13% 5.69 13.71 11.38 

0.060 11% 5.59 13.68 11.18 

0.065 9% 5.49 13.65 10.98 

0.070 8% 5.40 13.63 10.80 

0.075 6% 5.30 13.61 10.60 

0.080 5% 5.21 13.60 10.42 

0.085 -- 5.00 13.59 10.00 

0.090 -- 5.00 13.59 10.00 
 

 

 

Fig-5: Retailer and supplier earnings at different bank rates   
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As you can see, the maximum return smaller 

for suppliers and retailers decreases as interest rates  

increase, and after interest rates increase to a certain 

extent, both suppliers and retailers' earnings remain the 

same, i.e. retailers choose not to lend to banks. 

Therefore, from the point of view of supplier-centric 

enterprises, its earnings are affected by bank policy, 

negatively correlated with the bank's interest rate, and 

there is an optimal large guarantee ratio, which makes 

the supplier obtain the maximum profit.  

 

At the same time, because the retailer needs to 

borrow, i.e. ,the optimal order volume of 

the retailer is affected by the bank rate and supplier 

guarantee ratio.  

 

The study is based on the retailer's order 

volume , the supplier's guarantee ratio , and the 

bank's interest rate  as decision variables. The optimal 

 value is a prerequisite for solving the benefits of the 

parties, and  is closely related to  and . Traverse 

the value of  within a reasonable range, solve the 

appropriate corresponding  value, and use this as a 

condition to obtain the optimal order . After the 

determination of the decision variables, for other 

parameters, such as , to explore its impact on the 

benefits of the parties, from which the actual supply 

chain operation should pay attention to and clear 

matters.  

 

SUMMARY 
Suppliers act as core companies in the supply 

chain, providing guarantees to downstream retailers. 

With supplier credit guarantees, retailers can access 

external financing services that can encourage risk-

averse banks to raise lending limits for money-

constrained retailers. The results show that financing 

services can increase the order volume and profits of 

retailers, create new value for retailers, enhance the 

purchasing power of retailers, and improve the overall 

performance of the supply chain. Further research can 

assume that the relevant information of banks about the 

supply chain, especially the information on demand 

distribution is asymmetric, and the influence of 

information asymmetry on bank financing risk is 

reduced by designing supply chain financing contracts.  
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