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Abstract 
In this paper, we analyze the buyer’s joint pricing and lot-sizing model in a two-stage supply chain 

consisting of the supplier, the buyer and the customer. It is assumed that the supplier will permit a certain 
fixed period for settling the amount the buyer owes to him for the items supplied in order to stimulate the 
demand for the product. Generally, credit transactions would have a positive effect to the buyer. The 
availability of credit transactions from the supplier effectively reduces the cost of holding stocks for the buyer 
and therefore, the buyer has a lot of price options to choose his sales price for a customer in anticipation of 
increased the customer’s demand and, as a result, it will appear to increase the buyer’s inventory levels. On 
the other hand, in the case of decaying products in which their utility decay over time, the decaying rate with 
time may be expected to reduce inventory levels. In this regard, we need to analyze how much the length of 
credit period and the decaying rate affect the buyer’s pricing and lot-sizing policy. For the analysis, we 
consider the situation where the customer’s demand is represented as a linearly decreasing function of the 
buyer’s sales price. From this perspective, we formulate the buyer’s annual net profit and analyze the effect 
of the length of credit period and decaying rate of the product on the buyer’s inventory policy numerically. 
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1. Introduction 

In deriving the EOQ (economic order quantity) model, it is analyzed under the basic assumption that the 
customer pays the product immediately upon delivery of the order from the supplier. However, some suppliers 
may allow a delay in payments (credit period) for the sale of the product as a means of price differentiation 
from competitors in anticipation of increased the demand for the product they produce. Therefore, such credit 
transactions are expected to have a great influence on the buyer’s inventory policy. In this consideration, many 
studies have analyzed the problem of determining the inventory policy under trade credit. Goyal [1] and Teng 
et al. [2] examined the inventory model for obtaining the EOQ when the supplier allows a delay in payments 
of the product. 

However, as Mehta [3] implicitly mentioned in his paper, one of the important reasons for the suppliers to 
allow trade credit is that they can expect increased the customer’s demand for the products through credit 
period. The supplier usually expects that the profit increases due to rising sales volume can recover the capital 
losses incurred during credit period. But, it can be known that the analysis of the inventory model under the 
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assumption that the customer’s demand is constant has limitations in properly analyzing the positive effects of 
credit transactions. The positive effects of credit period on the product demand can be integrated into the EOQ 
model through the consideration of the supply chain where the demand rate is a function of the sales price. In 
this regard, this paper deals with the buyer’s inventory model in a two-stage supply chain consisting of the 
customer, the buyer and the supplier under trade credit. The availability of opportunity to delay the payment 
from the supplier will reduce the capital opportunity costs for buyer. The customer’s demand is influenced by 
the sales price and therefore, the buyer may choose the sales price from wider range of the price option 
depending on the length of credit period expect to increase the customer’s demand. Since the buyer’s lot size 
is affected by the customer’s demand, the problems of determining the sales price and lot size for buyer should 
be solved at the same time not independent. In this regard, a number of research papers have dealt with the 
problem determining the price and lot size simultaneously under the assumption that the demand for the 
customer is a function of the sales price set by the buyer. Dye and Ouyang [4], and Ouyang et al. [5] introduced 
the problem determining the price and lot-size jointly under permissible delay in payments when the 
customer’s demand rate is expressed by a constant price elasticity function of sales price. Avinadav et al. [6] 
presented the problem of determining the price and lot-size jointly without trade credit assuming that the 
demand rate is expressed by a linear decreasing function of sales price. Also, Shinn [7] introduced the problem 
determining the price and lot-size simultaneously under trade credit in the case of the linear decreasing demand 
function of sales price. 

All the aforementioned studies analyzed inventory model under the assumption that the life of the product 
remained constant over time and so inventory is exhausted by the customer’s demand alone. This assumption 
is valid for products that do not perish or decay over time. However, there were numerous types of product 
whose utility is not constant over time. In this case, inventory held may be depleted not only by customer 
demand but also by decay over time. In the case of decaying product, the decaying rate with time is expected 
to reduce inventory levels and, as a result, reduce the buyer’s lot size. From this point of view, Cohen [8], and 
Chen and Chang [9] analyzed the joint price and order quantity determination problem for an exponentially 
decaying product. Tsao and Sheen [10] also evaluated the same problem with time-dependent purchasing cost 
under trade credit. Recently, Shinn [11] introduced the problem determining the price and lot-size 
simultaneously for an exponentially decaying product under trade credit in the case of the linear decreasing 
demand function of sales price. 

According to the above results, in the case of trade credit, if the supplier allows the credit period for settling 
the amount for the items supplied, the buyer can reduce the capital opportunity costs during that period. Such 
a reduction in capital opportunity cost was found to result in a discount on the selling price to the customer, in 
anticipation of increased the customer’s demand. As a result, the buyer’s lot size increased, and his inventory 
level also increased. The positive effect of trade credit on the buyer’s inventory policy could be achieved in 
the case of decay [11]. However, according to the result of Shinn [11], the inventory loss caused by decay is 
proportional to the inventory level at that time, so the inventory level is reduced compared to the case of the 
product without decaying. Therefore, it can be known that the length of credit period and decaying rate have a 
great influence on the buyer’s inventory policy. From this point of view, in this study, we will evaluate the 
effects of the length of credit period on the buyer’s selling price and lot size. In addition, we will also discuss 
the effects of decaying rate on the decision making of the buyer. For the analysis it is also assumed that the 
demand of the product is represented by a linear decreasing function. In the next section, we formulate an 
appropriate mathematical model and analyze the characteristics of the model. A sensitivity analysis is 
performed numerically in Section 3, which is followed by conclusions. 
 
 
2. Mathematical model and model analysis 

The purpose of this study is to analyze the effect of credit period and decaying rate on the buyer’s lot size 
and selling price on the joint pricing and lot-sizing model under day terms supplier credit by Shinn [7, 11]. 
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Therefore, the assumptions and notations used in this study apply the same assumptions and notations of Shinn 
[7, 11]. Following assumptions and notations are used. 

Assumptions: 
 

(1) Replenishment is instantaneous with a known and constant lead time. 
(2) The demand rate for the customer is a linear function of the buyer’s sales price. 
(3) No shortages are allowed. 
(4) The inventory system involves only one item. 
(5) The supplier permits a certain credit period and sales revenue generated during the period is deposited 

in an interest with rate I. At the end of the period, the product price is settled and the buyer begins paying the 
capital opportunity cost for the products in inventory with rate R (R ≥  ). 

(6) In the case of decay, decay follows exponential distribution with parameter λ. 

Notations: 
 

S = ordering cost. 
C = purchase cost per unit. 
tc = credit period set by the supplier. 
H = inventory holding cost without the capital opportunity cost. 
I  = earned interest rate (as a percentage). 
R  = capital opportunity cost (as a percentage). 
Q  = order quantity. 
T  = replenishment cycle time. 
D  = the customer’s annual demand rate, as a function of the buyer’s selling price, D = a - bP where a 

and b are positive constants. 
P  = the buyer’s sales price, P < a/b. λ = a positive number representing the inventory decaying rate. 
 

Now, let us formulate the annual net profit, Π(, ) for the buyer’s joint pricing and lot sizing model. The 
buyer's annual net profit consists of the following five elements as stated by Shinn [7, 11] and it can be 
expressed as 

 

 Π(, ) = Sales revenue – Purchasing cost – Ordering cost – Inventory holding cost – Capital opportunity cost. 

 In the case of the product without decaying, Π(, ) has two different expressions depending on the relative 
size of tc to T as follows : 

 
 

(1) Case 1( ≤  ) Π(, ) =  −  −  −  − ()  +  −  ,  (1) 
(2) Case 2( >  ) 
 Π(, ) =  −  −  −  −  −  .    (2) 
 

For the case of decaying product, as stated by Shinn [11], Π(, ) also has two different expressions 
depending on the relative size of tc to T as follows: 

 
 

(1) Case 1( ≤  ) Π(, ) =  −  −  −  − (( )( )) −    , (3) 
(2) Case 2( >  ) 
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 Π(, ) =  −  −  −  −  −  .   (4) 
The problem is to find an optimal selling price ∗ and an optimal replenishment cycle time ∗. And we 

can find an optimal lot-size ∗,  =  for the case of the product without decaying and  =   ( − 1) 
for the case of decaying product as stated by Shinn [7, 11]. Although the objective function is differentiable, 
the resulting equation is difficult to handle mathematically; that is, it is impossible to find an optimal solution 
in explicit form. Thus, we have to solve the model approximately through a truncated Taylor series expansion 
on the exponential term, i.e., 

  ≈ 1 +  +  ,    (5) 
 

which is a valid approximation for smaller values of  . With the above approximation, the annual net profit 
can be written as 
 Π(, ) =  −  −  − () − ()  +  −  ,  (6) 

 Π(, ) =  −  −  − () −  −  .   (7) 
 

Note that (5) is exact when λ = 0 so that equations (3) and (4) reduce to the exact formulas equations (6) 
and (7) for non-decay product. Also, equations (6) and (7) are the same formulas as equations (1) and (2) 
referred to except for replacing H with  + λ. Therefore, we can see the same properties, and we can apply 
the same solution procedure as stated by Shinn [7, 11]. As shown in Shinn [7, 11], Π(, ) can be converted 
to the following single variable function Π() =  Π, () where 

 () =   , where  =  + ()   and  =  +  +  , (8) 

  () =   , where  =  +  +   .   (9) 

Furthermore, 
 Π() =  Π, () =  − (1 −  ) − 2 for  ≥ ,  (10) Π() =  Π, () =  − (1 −  ) − 2  for  < ,  (11) 

where  =  − ()  .  (12) 
 

Therefore, an optimal solution (∗, ∗) which maximizes Π(, ) is found by searching over Π(). 
Considering the characteristics of Π(), we can find the following property related to the shape of Π(). 

 
 

Property 1. Π() is a concave-convex-concave function of P and Π() is a concave-convex function of P. 
 

From the result of property 1, there exist the local optimal points. To find the extreme points of Π(), let 
us consider the first order condition for Π() with respect to P as follows; 

 Π() = () =  +  − (1 −  ) − ( + ( − ) )  = 0 ,  (13) Π() = () =  +  − (1 −  ) −    =   0 .   (14) 
 

We can also see that  =  +  +   and  =  +  +  . And in the case of  = 0, equations 
(13) and (14) are the same expression as for non-decaying product mentioned by Shinn [7]. Since Π() is a 
concave-convex-concave function of P, equation (13) has three roots with ∗ , ∗  and ∗ . And also, since 
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 Π() is a concave-convex function of P, equation (14) has two roots with ∗  and ∗ . Although Π() can 
be differentiated, the resulting equation is mathematically intractable; i.e., it is impossible to find ∗  in explicit 
form. Thus, we can find ∗  by numerical search method. Consequently, only the elements in set Ω ={,∗ , ∗ , ∗ , , / − ,  where    is very small positive number} become candidates for P because Π() = Π() at  =  . Let   and   be the inflection point of Π() and  be the inflection 
point of Π(), respectively. Based on the above properties for the candidates of ∗, we have developed the 
following solution algorithm to determine the buyer's optimal sales price and replenishment cycle time which 
maximizes Π(). 
 

Solution Algorithm 
Step 1. This step computes Π()for the candidate values in set Ω. 

1.1. Compute Π() at  =   by equation (14). 
1.2. If Π() < 0, then compute Π() at  = ,∗  and go to Step 1.4. Otherwise, go to Step 1.3. 
1.3. If  < , then compute Π()  at  = ,∗  and go to Step 1.4. Otherwise, go to Step 1.4. 
1.4. Determine () by (9) and go to Step 2. 

Step 2. This step computes Π() for the candidate values in set Ω. 
2.1. Compute Π() at  =   by equation (13). 
2.2. If Π() ≥ 0, then go to Step 2.3. Otherwise, go to Step 2.4. 
2.3. Compute Π() at  =   −  by equation (13). 
2.3.1. If Π(/ −  ) ≥ 0, then go to Step 2.3.2. Otherwise, go to Step 2.3.4. 
2.3.2. If / <   , then compute Π() at  =  / −  and go to Step 2.5.  
Otherwise, go to Step 2.3.3. 
2.3.3. If  <  , then compute Π() at  = ∗ , / −  and go to Step 2.5. 
Otherwise, compute Π() at  =  / −  and go to Step 2.5. 
2.3.4. If  ≤ , then compute Π() at  = ∗  and go to Step 2.5. Otherwise, go to Step 2.3.5. 
2.3.5. If / <   , then compute Π() at  = ∗  and go to Step 2.5. 
Otherwise, compute Π() at  = ∗ , ∗  and go to Step 2.5. 
2.4. Compute Π() at  =  / − . 
2.4.1. If Π(/ −  ) ≥ 0, then compute Π() at  = , / −  and go to Step 2.5. 
Otherwise, go to Step. 2.4.2. 
2.4.2. If  < , then compute Π() at  =  and go to Step 2.5. Otherwise, go to Step 2.4.3. 
2.4.3. If / <   , then compute Π() at  =  and go to Step 2.5. 
Otherwise, compute Π() at  = , ∗  and go to Step 2.5. 
2.5. Determine () by (8) and go to Step 3. 

Step 3. Select the optimal sales price (∗) and replenishment cycle time (∗) which gives the maximum 
annual net profit among those obtained in steps 1 and 2. 

 
3. Sensitivity analysis 
An interesting question is how much effect the length of credit period and decaying rate has on the buyer’s 
sales price, the replenishment cycle time, lot-size and the buyer’s annual net profit. Since the problem structure 
of equations (10) and (11) does not permit sensitivity analysis for   and , the same example problem is 
solved to answer the above question. To illustrate the effects on the buyer’s inventory policy, the following 
problem is considered. Let the customer’s demand rate be the linear function (a = 10,000 and b =1,250). That 
is, D =10,000 -1,250P. Also, let C = $3, S = $50, H = $0.1, R = 0.15(=15%) and I = 0.1(= 10%).  

For the analysis, six levels of tc are adopted,  =  0, 0.05, 0.1, 0.15, 0.2 and 0.3. For each level of tc, six 
level s of ,  = 0, 0.05, 0.1, 0.15, 0.2 and 0.3 are tested. The results are shown in Table 1 and the following 
observations can be made which are consistent with our expectations: 
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1) As tc increases, ∗ decreases while Π(∗, ∗)  increases. 

2) As tc increases, ∗(∗) increases while ∗ decreases. 

3) As  increases, ∗ are decreasing while Π(∗, ∗)  decreases. 

4) As  increases, ∗ are decreasing while Π(∗, ∗)  decreases. 

 
Table 1. Results with various values of tc and  

    
 
 
 
 
 
 
 
 
 
 
 
 

tc 

  0.00 0.05 0.10 0.15 0.20 0.30 
 
0.00 

(, )∗ ∗ ∗ ∗ 
7,399 
5.53 
0.24 
748 

7,347 
5.53 
0.24 
753 

7,299 
5.54 
0.20 
607 

7,256 
5.55 
0.18 
562 

7,216 
5.55 
0.17 
525 

7,143 
5.55 
0.15 
470 

 
0.05 

(, )∗ ∗ ∗ ∗ 
7,466 
5.52 
0.24 
755 

7,413 
5.53 
0.22 
672 

7,366 
5.53 
0.20 
612 

7,322 
5.53 
0.18 
566 

7,282 
5.54 
0.17 
529 

7,208 
5.54 
0.15 
473 

 
0.10 

(, )∗ ∗ ∗ ∗ 
7,529 
5.51 
0.25 
769 

7,475 
5.52 
0.22 
685 

7,426 
5.52 
0.20 
624 

7,382 
5.53 
0.18 
577 

7,341 
5.53 
0.17 
539 

7,266 
5.54 
0.15 
482 

 
0.15 

(, )∗ ∗ ∗ ∗ 
7,588 
5.50 
0.25 
793 

7,532 
5.51 
0.23 
705 

7,482 
5.51 
0.20 
642 

7,436 
5.52 
0.19 
594 

7,394 
5.52 
0.18 
555 

7,317 
5.53 
0.16 
497 

 
0.20 

(, )∗ ∗ ∗ ∗ 
7,642 
5.49 
0.26 
823 

7,584 
5.50 
0.23 
732 

7,532 
5.51 
0.21 
667 

7,485 
5.51 
0.19 
614 

7,441 
5.51 
0.18 
567 

7,363 
5.52 
0.16 
500 

 
0.30 

(, )∗ ∗ ∗ ∗ 
7,749 
5.46 
0.28 
891 

7,679 
5.49 
0.24 
760 

7,626 
5.49 
0.21 
676 

7,578 
5.50 
0.19 
616 

7,535 
5.50 
0.18 
569 

7,453 
5.46 
0.16 
506 

 
 

When trade credit is allowed from the supplier, the delay in payment of product during the credit period 
results in a reduction in the buyer’s capital opportunity cost, which in turn affects the buyer’s selling price. In 
addition, the customer’s demand is directly influenced by the buyer’s sales price, so that the buyer can discount 
his selling price in anticipation of increasing his customer’s demand. It was also found that the discount rate 
of the buyer’s selling price increased as the length of the credit period increased and it can be seen that the 
same result in the case of decay. In the case of decaying product, the amount of decay with time is proportional 
to the inventory level at that time, so the buyer’s lot-size and replenishment cycle time tend to non-increasing 
as the decaying rate increases. 
 
4. Conclusion 

Based on the analysis of Shinn [7, 11], we evaluated the effects of the length of credit period and decaying 
rate on the buyer’s selling price, the replenishment cycle time, lot-size and the buyer’s annual net profit. In 
order to analyze the sensitivity analysis, we formulated the buyer’s annual net profit function but the equation 
structure did not permit sensitivity analysis. Therefore, we tried to apply various values of credit period and 
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decaying rate to the example problem numerically to analyze the effects of the length of credit period and 
decaying rate on the buyer’s inventory decisions. According to the analysis, when the supplier permits the 
credit transaction, the delay in payment of product during the credit period results in a reduction in the buyer’s 
capital opportunity cost, which in turn affects the buyer’s selling price. In addition, the customer’s demand is 
directly influenced by the buyer’s sales price, so that the buyer can discount his selling price in anticipation of 
increasing his customer’s demand according to the length of credit. As a result, we have shown that the 
availability of the credit period from the supplier enables the buyer to select the sales price within a wider 
range of selling price expecting an additional demand for customer. It was also found that the discount rate of 
the buyer’s selling price increased as the length of the credit period increased and it can be seen that the same 
result in the case of decay. In the case of decaying product, the amount of decay with time is proportional to 
the inventory level at that time, so the buyer’s lot-size tends to non-increasing as the decaying rate increases. 
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