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1  ABSTRACT 

In this report, we make mathematical model of a trade credit practice between a retailer and a 

supplier including all the costs incurred. We shall discuss the strategies of cooperate and defect 

among the retailer and supplier and try to find out the optimum ordering quantity and optimum 

ordering time period for the retailer to gain maximum profit and the value of interest rate for 

the supplier to maximize his profit. We finally conclude by showing the working of the model for 

a case of input values for the variables. 
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2  INTRODUCTION 

When suppliers deliver goods to retailers, they often do not require to be paid immediately. 

Instead, suppliers offer credit terms that allow the retailers to delay the payment. This practice is 

called trade credit. Trade credit transactions normally involve short-term (e.g. thirty to sixty 

days) delayed payment of purchases of intermediate goods or services. Through delayed 

payment, trade credit suppliers are effectively funding their clients with short-term debt.  

The concept of trade credit is popular because the supplier has better information about 

retailers’ creditworthiness which helps him to discriminate prices between different retailers 

leading to minimizing his risk of loss. It also helps the supplier to control the retailer with better 

enforcement options. Commonly used credit terms lower a retailer’s inventory carrying charges 

for a limited period of time. If the buyer does not pay in a timely fashion, these terms imply a 

schedule of escalating finance charge rates. Credit-constrained retailers that have productive 

investment opportunities benefit from receiving credit, because they are able to increase their 

purchase of inputs. At the same time, the possibility of obtaining higher sales gives suppliers with 

easier access to capital markets an incentive to offer trade credit to their customers. 

The importance of trade credit can also be seen from the proportion of investment that is 

financed through it. Peterson and Rajan (1997, p. 661) state, “Trade credit is the single most 

important source of short-term external finance for firms in the United States.” Similar 

observations have been made about firms in Europe as well. A study by Beck, Demirgüç-Kunt and 

Maksimovic (2008) shows, using a survey that covers 48 countries, that on average 19.7% of all 

investment financed through external sources was done using trade credit; in fact, the authors 

found that in most countries trade credit is the second most important source of external 

finance, preceded only by bank credit. Trade credit represents more than 30% of all external 

finance in developed economies such as France and the UK. 

However, trade credit has three main differences with respect to other types of corporate debt. 

First, suppliers lend ‘in kind’; they seldom lend cash. Second, in contrast with bonds or loans, 

trade credit is frequently not subject to specific, formal contracts between the lender and the 

borrower. Finally, trade credit is issued by non-financial firms. 
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Almost all of the models assume that retailers can freely implement their optimal operational 

decisions that are based on their production information, and there exist no budget constraint 

on purchasing decisions. In real applications, especially for start-up and growing firms, a firm is 

often short of capital, and as a result, the purchasing decisions have to be restrained by the 

availability of capital. Indeed, cash flow is a major reason for the bankruptcy of small- and 

medium- sized firms. However, only a few operational decision models consider budgetary 

constraints. By assuming the availability of market hedges, Birge (2000) adapts option pricing 

theory for incorporating risk into planning models by adjusting capacity and resource levels. 

Other models include those of Hadley and Whitin (1963), Sherbrooke (1968) and Rosenblatt 

(1981). However, these models assume that the budget in each period is fixed and will not be 

affected by inventory decisions. An exception is Rosenblatt and Rothblum (1990), who treat the 

capacity as a decision variable for studying multi-item inventory systems under a single resource 

capacity constraint. However, their model does not incorporate financial considerations. 

In this model, we first look at the implications of decision taken by supplier and retailer at the 

end of every period whether to cooperate or defect each other and then proceed to formulating 

the profit gained if they cooperate with each other. We then look at maximizing this profit and 

finding the decision variables namely order quantity, re-order time period, credit rate of interest. 
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3 TRADE CREDIT MODEL 

Assumptions made: 

1) The demand distribution remains same throughout, for all the periods where the trade 

credit is considered. 

2) Zero lead time for delivery of products by the supplier. 

3) A constant rate of interest is maintained for the trade credit. 

As the demand distribution and credit terms are assumed to be constant for every period, it can 

be said that the amount of on-hand inventory required to maximize the retailer’s profit for a 

period also remains the same. Hence, a base stock policy would result in maximum profit for the 

retailer. 

So, the retailer has to decide the base stock level (order quantity) and the re-order period. The 

supplier has to decide on the rate of interest to maximize his profit. 

3.1 EFFECTS OF DECISION OF COOPERATE OR DEFECT TAKEN BY EITHER PARTY 

Each period, the supplier and retailer can either cooperate with each other or one of them 

defects. 

Supplier Cooperates – Retailer Cooperates: 

The supplier cooperates by providing the retailer with the required quantity of products. The 

retailer cooperates by making payments on time. Both of them gain profit and try to maximize 

their profits by changing the variables in their control.  

Supplier Cooperates - Retailer Defects: 

The supplier cooperates by providing the retailer with the required quantity of products. The 

retailer defects by not paying the supplier. In this case, even though the retailer gets benefitted 

for that period, the supplier would defect from the next period which isn’t profitable for the 

retailer in the long run. 

Supplier Defects - Retailer Cooperates/Defects: 

In case the supplier doesn’t provide required product to the retailer, neither the supplier nor the 

retailer will gain profit. 
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Hence, to obtain maximum profit in the long run, it would be beneficial to both the supplier and 

retailer to cooperate with each other. 

3.2 MATHEMATICAL MODEL 

We consider the case that both the retailer and supplier cooperate with each other. 

The variables used in the model are defined below: 

  – Cost price of item for retailer 

  – Selling price of item for retailer 

  – Interest rate offered by supplier per period per item 

   - Ordering cost 

    - Inventory holding cost per item per period 

   – Optimum ordering quantity if ordering is done by retailer for   periods 

   - Demand for the period   

 ( ) - Probability density function for demand 

We need to find out 1) Optimum order quantity for the retailer, 2) Re-order period, 3) Interest 

rate by supplier 

3.2.1 Finding the optimum order quantity 

Cost incurred by retailer =         , where    is the inventory holding cost and    is the 

payment that is to be made to the supplier 

Calculation of    and   : 

The retailer orders    for   periods. Let us assume that this quantity is consumed in   periods, 

owing to the non-deterministic demand. 
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The series goes on up to infinity but can be stopped at any point after which the probability if 

happening is very less. For the sake of convenience, we consider the series up to (   ) 

periods, if the ordering is done for   periods. 

Calculation of retailer’s profit: 

Profit obtained by retailer is given by 
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To obtain the optimum inventory level (order quantity), the above equation should be 

differentiated with    and equated to zero. 

3.2.2 Finding the constraint on interest rate 

The supplier will get profits as long as the retailer doesn’t defect. The retailer will not defect 

voluntarily as it would affect his profits too. Hence, the retailer would defect in a case only when 

he is bankrupt. Hence, the supplier’s credit terms (decision of interest rate) should be in such a 

way that the retailer doesn’t go bankrupt in the worst of cases. Going by the assumption that 

order for   periods will be consumed in at most      periods, the worst case for the retailer 

would be when all the products are sold in the (   )   period i.e.            

          . The profit for retailer in that case will be     [    (   )     ]. Hence, the 

constraint on the interest rate is: 

    [    (   )     ]    

3.2.3 Finding optimum re-order period 

The retailer has to decide on whether to order for 1 period or 2 periods or so on. Firstly, the 

values of         have to be found out using the profit equation and interest rate constraint. 

Substituting that, the profit values          have to be found. The optimum re-order period is 

found by: 
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If 
   

 
 is maximum, the retailer has to order    every   periods to obtain maximum profits. 
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4 RESULTS 

To check the working of the model, the following input is considered and optimum ordering 

policy for 1-period, 2-period and 3-period orderings is compared: 

                       

The demand distribution for any period is assumed to be uniform between 750 and 1250 and 

zero elsewhere. 
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4.1 1-PERIOD ORDERING 

If the retailer orders every period, the profit per period is given by: 
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The constraint for interest rate is 
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Making the above inequality into an equation and solving both equations yields    

                  

4.2 2-PERIOD ORDERING 

If the retailer orders once every 2 periods, the profit is given by: 
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The constraint for interest rate is 
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Making the above inequality into an equation and solving both equations yields    

                  

4.3 3-PERIOD ORDERING 

If the retailer orders once every 3 periods, the profit is given by: 
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Making the above inequality into an equation and solving both equations yields    

                  

4.4 COMPARISON OF RESULTS 

 1 period ordering 2 period ordering 3 period ordering 

Optimal Ordering 
quantity 

1278.024 2273.614 2774.7223 

Total profit 2792.8 5732 7689.9 

Maximum interest 
rate (per period 
rate) 

15.51% 7.468% 3.649% 

Profit per period 2792.8 2866 2563.3 

Hence, for the values considered, 2-period ordering is better than 1-period or 3-period ordering. 
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5  CONCLUSION 

In this report, we have developed a model for trade credit considering the various costs involved 

for the retailer and found the optimum strategies of retailer and supplier to maximize their long-

term profits. We then took an example and looked at the variation of profit based on variation in 

the re-order time period of the retailer. 

The model developed, however, has some shortcomings as it assumes zero lead time, which is 

highly improbable in real life situations. This model can be used as a starting point to develop 

complex models by relaxing the assumptions considered. Also, various other trade credit terms 

exist in usage, such as no interest for the first period or varying interest rate as payment gets 

delayed etc. Models for different trade credit terms can be made in a similar procedure. 

  



18 
 

6    REFERENCES 

 

[1] Diwakar Gupta, Lei Wang, 2009, A Stochastic Inventory Model with Trade Credit 

[2] Vicente Cunat, Emilia Garcia Appendini, 2012, Trade Credit and its role in Entrepreneurial 

Finance 

[3] Jia Chen, Xiuli Chao, Shouyang Wang, Delayed Cash Payment, Receivable and Inventory 

Management 

[4] Xiuli Chao, Jia Chen, Shouyang Wang, Dynamic Inventory Management with Financial 

Constraints 

[5] Wallace Hopp, Mark Spearman, 2000, Factory Physics second edition 


