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Abstract 

 

In most of the inventory model on permissible delay in payment, definite 

credit period has alwaysbeen assumed. This presumption is not always in line 

with the entire business practice. In JIT purchasing, payments are made for 

batches of deliveries to reduce costly paperwork instead of paying for each 

delivery. In this paper, we formulate both 1-batch and 2-batch permissible 

delay in payment models under the assumption thatpayments are postponed 

when one or two consecutive orders are accumulated. Parameter analyses are 

implemented to illustrate the applications of the models. 
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1. Introduction 

In the classical EOQ model, it was tacitly assumed that the retailer must pay off as 

soon as the items are received. This is not always true in today ‘s business 

environment. To motivate faster payment and stimulate sales, the supplier may offer 

customers a permissible delay for setting outstanding account. Several authors have 

developed analytical inventory model to investigate this issue under varying 

assumptions. Goyal (1985)established a single item inventory model under the 

conditions of permissible delay in payments. Later, Shinn et at. (1996) extended 

Goyal’s model and considered quantitydiscounts for fright cost. Aggarwal and Jaggi 

(1995) extended Goyal’s (1985) to consider the deteriorating items with no shortage 

be allowed. Jamal et al. (1997) further extended Aggarwal and Jaggi’s (1995) model 

to allowed for shortage. Huang (2007) developed an EQO model in which the supplier 

offers a partially permissible delay in payments when the order quantity is smaller 

than the predetermined quantity. Chang and Day (2001) extended Aggarwal and 

Jaggi’s[1] model to consider partial backlogging with two-parameter Weibull 

distribution rate in inventory deterioration. Recently, Beraet al. (2014) modified 
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Huang’s (2007) model from the viewpoint of supplier’s marketing policy. 

Allabove-mentioned modelsthat considering permissible delay in payment is 

formulated by assuming a definite period of credit(say, 30 days). If the payment 

occurs within the permissible time, the retailer may benefit from discount prices. 

Beside this payment rule, many practice require payment by some specific day of the 

month following the month of delivery rather than a fixed time period after delivery. 

For convenient purpose to reduce transaction cost, all orders that occurred in different 

day may be required to pay on the same day of the month. Kinsman (1983) proved 

that the classical EOQ is not the optimal size for purchase orders when considering 

this general practice. 

In this paper, an economic ordering model under batch-based delay in payment in JIT 

inventory system is formulated. Along with a JIT system, many companies implement 

JIT purchasing. Under this approach, only a few suppliers that can invariably deliver 

high-quality goods on time are used. Materials and parts delivered in small lot sizes 

immediately before they are needed. Besides, to reduce costly paperwork for both 

vendor and the purchaser, payment are made for batches of deliveries, instead of 

paying for each delivery, Hilton and Platt (2011). Both 1-batch and 2-batch 

permissible delay in payment will be formulated in this paper. In Section 3, we 

develop two theoremswhen compare these two models to the models of 

non-permissible delay in payment. In the final section, various parameter analyses are 

implemented to examine the impact on the models. 

 

 

2. Notations and assumptions 

Thebatch-based inventory models proposed in this research are based on the 

following notations and assumptions: 

D demand rate, which is a constant, 

P  =unit purchase cost, 

Co ordering cost per order, 

Ch carrying cost(except interest) per unit inventory per unit of time, 

Ci interest cost per unit inventory per unit of time, 

n =number of orders per unit of time, 

TC(n) =Average relevant cost of inventory system. 

 

The following assumptions are adopted in this study: 

1. Lead time is zero and shortages are not allowed. 

2. Time horizon is inifinite. 

3. Payments of each procurement is delay to the following i-th replenishment, 

i=2, 3 

 

3. The models 

3. 1 The classical EOQ model (non-permissible delay in payment) 

Under thenon-permissible delay in payment environment (classical EOQ model), 

inventory system cost TCBincurred per unit time is the sum of ordering cost and 

carrying cost (holding cost + interest cost), that is 
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TCB n( ) = nCo +
DCh

2n
+
DPCi

2n
 (1) 

To obtained optimal solution, first solving the following equation 
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The minimal integral that satisfies 01 nTCnTC BB
 is the optimal ordering 

numbers( ) of the classical EOQ model,. After rearrangement to (2), we have 
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3. 2Inventory model under 1-batch delay in payment 
Under 1-batch permissible delay in payment, the payment of each order is postponed 

to the day when buyer receives the items of next order(see Figure 1). 

 

 
 

Figure 1. Inventory model of the 1-batch delay in payment 

 

 

As a rule, before each replenishment accountsettled, the buyer can employed all sales 

revenue to earn interest. In this model, we assume this annual rate of interest return be 

equal to the rate of carrying inventory, Ci. Then interest cost in (1) will not be 

occurredand replaced by the contributed of an equal amount of interest revenue. 

*n
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Thetotal system cost of the 1-batch model, TC1, is thus calculated as 

TC1 n( ) = nCo +
DCh

2n
-
DPCi

2n
.  (4) 

The minimal integral that satisfiesTC1 n+1( ) -TC1 n( ) ³ 0  is the optimal ordering 

numbers (n
*

1)of 1-batch model. After rearrangement to (4), we have
 

n
*

1= Min n: n n+1( ) ³
D Ch +PCi( )

2Co

ì
í
î

ü
ý
þ
 (5) 

 

3. 3Inventory model under 2-batch delay in payment 

 

 
 

Figure 2. Inventory model of the 2-batch delay in payment 

 

 

Under thepolicy of 2-batch permissible delay in payment, payment of two consecutive 

orders are accumulated and postponed to the day when buyer receives the items of 

next order. (See Figure 3) Before replenishment account settled, the buyer can 

employed all sales revenue during two credit periods to earn interest. 

Total system costs for the 2-batch model is the net amount of ordering cost and 

holding cost less interest revenue contributed, 

nCo +
DCh
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To acquire the optimal order numbers of 2-batch model, say n
*

2, both of the two 
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situations in (6) must be solved to find the lowest system cost. Then optimal numbers 

of order can be obtained asthe n that leads to a lower system cost of two situations. 

We let TC2O n*( )denote as the lowest system cost for nÎ  odd , TC2E n*( ) the 

lowest system cost for nÎ  even. The optimal solution for 2-batch system can be 

obtained from (7). 

TC(n
*

2)= Lower:  TC2O n
*( )or TC2E n

*( )    { }  (7) 

 

Theorem 1. 1-batch model always has a lower cost than non-permissible delay in 

payment modelthat is, nTCnTC B1
 

 

Proof. 

From (1) and (4) 
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Theorem 2. 2-batch model always has a lower cost than 1-batch modelthat is, 

nTCnTC E 12 ，and nTCnTC O 12 。 

 

Proof ： 

From (4), and (6) 
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4. Illustrative example 

The following parameters are used to illustrate the application of theabove-mentioned 

models. The demand rate is 8, 000 units per year;other related factors are as follows: 
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carryingcost (except interest) is$0. 3 per unit per year; interest cost is 0. 05 per unit 

per year; unit purchase cost is $1; ordering cost per order is $192. 

In Table 1, by varying ordering number, we can find the convexity of 1-batch cost 

function. The optimal number of ordering is 17, under which optimal system cost of 

$6, 352. 24 can be found. 

 

Table 1 Total system costs of non-permissible delay in payment system 

 

n TCB n TCB 

1 52, 692. 00 11 6, 884. 73 

2 26, 634. 00 12 6, 679. 00 

3 18, 076. 00 13 6, 534. 46 

4 13, 893. 00 14 6, 438. 00 

5 11, 460. 00 15 6, 380. 00 

6 9, 902. 00 16 6, 353. 25 

7 8, 844. 00 17
* 

6, 352. 24 

8 8, 098. 50 18 6, 372. 67 

9 7, 561. 33 19 6, 411. 16 

10 7, 170. 00 20 6, 465. 00 

 

 

In Table 2, if 1-batch delay in payment is allowed from supplier, the delay in payment 

can create cost benefit to reduce the overall inventory carrying cost to buyer. A lower 

number of ordering of 14 is obtained to reflect this reduce in cost, under which 

optimal system cost of $5, 366. 57 can be found. The cost saving from using 1-batch 

model to non-permissible is 15. 52%. 
 

Table 2 Total system costs of 1-batch permissible delay in payment system 

 

n TC1 n TC1 

1 37, 692. 00 11 5, 521. 09 

2 19, 134. 00 12 5, 429. 00 

3 13, 076. 00 13 5, 380. 62 

4 10, 143. 00 14
* 

5, 366. 57 

5 8, 460. 00 15 5, 380. 00 

6 7, 402. 00 16 5, 415. 75 

7 6, 701. 14 17 5, 469. 88 

8 6, 223. 50 18 5, 539. 33 

9 5, 894. 67 19 5, 621. 68 

10 5, 670. 00 20 5, 715. 00 

 

 

Finally, under 2-batch permissible delay payment model, by following the solution 

algorithm in (7), optimal numbers of ordering must be found respectively under two 
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situations ofn, for nÎ  odd  and nÎ  even . Then overall optimal numbers of 

ordering is one of these two situations that have a lower system cost. In table 3, the 

convexity of cost function can be ensured, for nÎ  odd  and nÎ  evenrespectively, 

with a lowest system cost of $4, 759. 31(n=13) for nÎ  odd  and a lowest system 

cost of $4, 804. 00 (n=12) for nÎ  odd . Then overall optimal numbers of ordering 

can be obtained as 13, which result in a overall optimal system cost of $4, 759. 31. 

When compare to Table 1, and Table 2, the cost savings from using 2-batch model to 

1-batch model and to non-permissible delay in payment models are 11. 31%, and 25. 

08% respectively. 

 

Table 3 Total system costs of 2-batch permissible delay in payment system 

 

n TC2 n TC2 

1 22, 692. 00 11 4, 777. 29 

2 15, 384. 00 12 4, 804. 00 

3 9, 742. 67 13
* 

4, 759. 31 

4 8, 268. 00 14 4, 830. 86 

5 6, 660. 00 15 4, 846. 67 

6 6, 152. 00 16 4, 947. 00 

7 5, 476. 65 17 5, 002. 75 

8 5, 286. 00 18 5, 122. 67 

9 4, 968. 74 19 5, 206. 17 

10 4, 920. 00 20 5, 340. 00 

 

Table 4Comparison of models by varying interest cost 

 

iC  Non-permissible 1-batch model 2-batch model 

 n* TCB* n1* TC1* n2* TC2* 

0. 020 16 6, 072. 00 15 5, 680. 00 15 5, 466. 67 

0. 030 16 6, 165. 75 15 5, 580. 00 13 5, 238. 60 

0. 040 16 6, 259. 50 14 5, 473. 71 13 4, 998. 96 

0. 050 17 6, 352. 24 14 5, 366. 57 13 4, 759. 31 

0. 060 17 6, 440. 47 14 5, 259. 43 11 4, 492. 17 

0. 070 17 6, 528. 71 13 5, 149. 85 11 4, 207. 04 

0. 080 17 6, 616. 94 13 5, 034. 46 9 3, 913. 19 

 

 

By lettingother parameters remain the same, table 4 shows the impact that Cihas on 

the three optimal policies. First, the higher the value of interest cost Ci, the higher the 

value of ordering numbers and system cost in non-permissible model. While this is 

oppositein1-batch and 2-batch models that a lower ordering number and optimal 

system cost will be get when Ci increase, as it implies higher cost saving cost. Second, 

in a lower interest cost environment such as Ci=0. 02, the cost saving rate of using 
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1-batch model and 2-batch model are 6% and 9. 97% respectively when compare to 

non-permissible model. These ratios grow to 23. 92% and 40. 86% respectively in a 

higher interest cost environment such as Ci=0. 08. This implies a larger cost saving 

can be obtained in a higher interest cost than in a lower interest cost environment. 

 

 

5. Conclusion 

In this paper, we investigate a batch-based delay in payment inventory model in JIT 

environment. Under JIT purchasing, inventory are delivered in small lot sizes 

immediately when needed and payment are made for batches of deliveries to reduce 

costly paperwork. We formulated both 1-batch and 2-batch permissible delay in 

payment models. In sensitivity analysis, we find that interest cost play a critical role 

that a larger cost saving can be obtained in a higher interest cost than in a lower 

interest cost environment when compare delay in payment models to the classical 

non-permissible delay in payment model. 
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