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Now-a-days, the offer of credit period to the customer for settling the account for the units
purchased by the supplier is considered to be the most beneficial policy. In this article, an attempt
is made to formulate the mathematical model for a customer to determine optimal special cycle
time when the supplier offers the special extended credit period for one time only during a
special period. A decision policy for a retailer is developed to find optimal special cycle time.
The theoretical results and effects of various parameters are studied by appropriate dataset.

1. Introduction

The most prevailing business strategy is adopted by the supplier to offer credit period of
(say) 30 days to settle the account of the retailer. This strategy attracts new customers who
consider it to be a type of discount strategy. The interest is not charged if the account is settled
within the permissible credit period. However, if the payment is delayed beyond this period,
the interest is charged for unsettled account. The retailer can earn the interest by putting
generated revenue in an interest-bearing account. Thus, credit period reduces the amount of
capital invested in stock, and thereby, reduces retailer’s holding cost of stock. When units
in inventory are subject to deterioration, the cost of deterioration incurred by the retailer
contributes to the total cost of an inventory system.

Goyal [1] developed an economic order quantity (EOQ) model under conditions of
permissible delay in payments. Shah [2] and Aggarwal and Jaggi [3] extended Goyal’s model
for deteriorating items. Jamal et al. [4] generalized the model to allow for shortages. Teng [5]
extended Goyal’s model by considering the difference between the selling price and the unit
price and discussed closed-form solution to the problem analytically. Related research articles
are by Shah [6, 7], Hwang and Shinn [8], Jamal et al. [9], Liao et al. [10], Chang et al. [11],
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Sarker et al. [12], Shah [13], Shah et al. [14], Teng et al. [15], Ouyang et al. [16], Shah [17],
and many more.

The abovementioned developments assumed that a supplier provides his customer a
credit period (say) M for settling the account during the normal period. Soni and Shah [18]
derived mathematical model under the assumption that the supplier offers one more credit
period (say) N (N > M) to the retailer for settling the account of the purchased goods.

In this paper, an attempt is made to extend the credit period only once during a
specified period as a special marketing strategy to motivate the retailer to order larger than
usual order quantities. The assumption of Teng [5] that the selling price is higher than
the unit purchase cost is considered. The units in inventory are subject to constant rate of
deterioration. The necessary and sufficient conditions for the optimal solutions are derived.
The algorithm is constructed to find optimal special cycle time. The derived analytical results
are illustrated with numerical examples.

2. Assumptions and Notations

2.1. Assumptions

The proposed mathematical model is derived with the following assumptions.

(i) The annual demand for the product is deterministic and constant over time.

(ii) Lead-time is zero. Shortages are not allowed.

(iii) The replenishment rate is infinite.

(iv) During the credit period, the generated revenue is deposited in an interest-bearing
account at the rate of Ie/ $/unit/annum. At the end of the credit period, the retailer
pays off for all the sold units, keeps the profit, and pays for the interest charges on
the items in the stock at the rate of Ic/$/unit/annum. In general, Ic > Ie.

(v) The supplier offers a credit period, M for settling accounts during the normal
period. However, during festival seasons, the supplier offers extended credit period
ofN (N > M) to settle the accounts during a given specified period. The customer
has a chance to use this offer only once.

(vi) The units in inventory deteriorate at a constant rate (say) θ (0 ≤ θ < 1). The value
of θ is small compared to those of other model parameters. The deteriorated units
can neither be repaired nor replaced during a cycle time. The sensitivity analysis in
Examples 5.1 and 5.2 is carried out by taking θ = 0.10.

2.2. Notations

The following notations will be used in building mathematical model.

(i) R: the annual demand.

(ii) h: the inventory holding cost/unit/year excluding interest charges.

(iii) Ic: the interest charges/$ invested in stock/annum.

(iv) Ie: the interest earned/$ in a year.

(v) P : the unit selling price of the item/unit.

(vi) C: the unit purchase cost; P > C.
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(vii) A: the ordering cost/order.

(viii) M: the usual credit period in settling the account.

(ix) N: the extended credit period in settling the account.

(x) T0: the regular cycle time when the credit period isM.

(xi) Ts: the special cycle time when the extended credit ofN-time units is offered.

(xii) N(T0): the minimum total annual cost during the period T0.

(xiii) Ki(Ts): the total variable cost during the special cycle time Ts for case i.

3. Mathematical Model

Following Goyal [1] and Shah [2], we will derive mathematical models for the following two
cases.

Case 1. Let Ts ≥ N, that is, special cycle time is greater than or equal to extended credit period.
Under the assumption that the customer can make the use of extended credit offered by the
supplier once, the total variable cost during the given specified period is given by

K1(Ts) = A +
(h + Cθ)R

θ2

{
eθTs − θTs − 1

}
+
CIcR

θ2

{
eθ(Ts−N) − θ(Ts −N) − 1

}
− PIeRN2

2
.

(3.1)

The total cost during cycle time under normal condition is given by TsN(T0).
Therefore, the net cost of the system as a result of changing the payment scenario during
the given specified time is given by Z1(Ts) = K1(Ts) − TsN(T0). To obtain minimum value of
Z1(Ts), the necessary condition is dZ1(Ts)/dTs = 0, that is,

(h + Cθ)R
θ

{
eθTs − 1

}
+
CIcR

θ

{
eθ(Ts−N) − 1

}
−N(T0) = 0, (3.2)

and sufficient condition is

d2Z1(Ts)
dT2

s

=
{
h + Cθ + CIce−θN

}
ReθTs > 0. (3.3)

We need to solve (3.2) for Ts = Ts1 by suitable numerical method. Assuming θ to be
very small, we take series approximation of exponential up to θ (neglecting θ2 and higher
powers). We get

(h + CIc)θT2
s

2
+ {h + Cθ + CIc(1 − θN)}Ts − CIcN +

CIcθN2

2
− N(T0)

R
= 0, (3.4)
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which gives

Ts = Ts1×
−{h + Cθ + CIc(1 − θN)}

(h + CIc)θ

+
√
{h + Cθ + CIc(1 − θN)} − 2(h + CIc)θ(−CIcN + (CIcθN2/2) − (N(T0)/R))

(h + CIc)θ
,

(3.5)

To ensure that Ts1 > N, we substitute (3.5) into inequality Ts1 > N and obtain that

N(T0) >

{
2h2 + 2CIch + 2C2Icθ + CIchθN + h2θN + 2Chθ

}
NR

2(h + CIc)
. (3.6)

Case 2 (Ts < N). Following Shah [2], the total variable cost during the given specified period
is

K2(Ts) = A +
(h + Cθ)R

θ2

{
eθTs − θTs − 1

}
+ PIeRTs

{
N − Ts

2

}
. (3.7)

Arguing as above, the net cost incurred during the given specified period isZ2(Ts) = K2(Ts)−
TsN(T0). Under series approximation, Ts is given by

Ts =
−(h + Cθ + PIe) +

√
(h + Cθ + PIe)2 + 2hθ(PIeN + (N(T0)/R))

hθ
, (3.8)

and sufficient condition is

d2Z2(Ts)
dT2

s

= (h + Cθ)ReθTs + PIeR > 0. (3.9)

Substituting (3.8) into inequality Ts < N, we get

N(T0) < R
N{Nθ(h + Cθ) + 2(h + Cθ − PIe)} + 2PIeN

2
. (3.10)

From (3.5), (3.6), (3.8), and (3.10), we have the following postulates.
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Postulate 1.

(1) If (3.6) holds, then the optimal cycle time Ts1 for special credit period is given by
(3.5).

(2) If (3.10) holds, then the optimal cycle time Ts2 for special credit period is given by
(3.8).

(3) If equality holds in (3.6) or (3.10), then the optimal cycle time isN for special credit
period.

Proof. It follows from above discussions.
Using results of Shah [2] and above theorem, we have the following postulate.

Postulate 2. Let

Δ1 = R(h + Cθ + PIe)M2,

Δ2 = R(h + Cθ)N,
(3.11)

T01 =

√
2A +M2R(CIc − PIe)

(h + Cθ + CIc)R
, (3.12)

T02 =

√
2A

(h + Cθ + PIe)R
. (3.13)

(1) If 2A > Δ1 and

(i) N(T01) > Δ2, then optimal cycle time is Ts1 for extended credit period.
(ii) N(T01) < Δ2, then optimal cycle time is Ts2 for extended credit period.
(iii) N(T01) = Δ2, then optimal cycle time isN, the extended credit period.

(2) If 2A = Δ1 and

(i) N(M) > Δ2, then optimal cycle time is Ts1 for extended credit period.
(ii) N(M) < Δ2, then optimal cycle time is Ts2 for extended credit period.
(iii) N(M) = Δ2, then optimal cycle time isN, the extended credit period.

(3) If 2A < Δ1 and

(i) N(T02) > Δ2 then optimal cycle time is Ts1 for extended credit period.
(ii) N(T02) < Δ2 then optimal cycle time is Ts2 for extended credit period.
(iii) N(T02) = Δ2 then optimal cycle time isN; the extended credit period.

Using Shah [2], the minimum annual cost is

N(T01) =
A

T01
+
(h + Cθ)R

θ2T01

{
eθT01 − θT01 − 1

}
+
CIcR

θ2T01

{
e(θT01−M) − θ(T01 −M) − 1

}
− PIeRM2

2T01
,

(3.14)

N(T02) =
A

T02
+
(h + Cθ)R

θ2T02

{
eθT02 − θT02 − 1

}
− PIeR

{
M − T02

2

}
. (3.15)
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Table 1: Optimal solution for different ordering costs.

A T0 N(T0) Ts Ki(Ts) Zi(Ts)

10 T02 = 0.0354 N(T02) = 382.81 Ts2 = 0.0462 K2(Ts2) = 9.73 −7.96
20 T01 = 0.0491 N(T01) = 622.48 Ts1 = 0.0594 K2(Ts2) = 26.01 −10.97
30 T01 = 0.0605 N(T01) = 805.07 Ts1 = 0.0707 K2(Ts2) = 44.14 −12.97
40 T01 = 0.0701 N(T01) = 958.40 Ts1 = 0.0803 K2(Ts2) = 62.57 −14.39
50 T01 = 0.0785 N(T01) = 1093.23 Ts1 = 0.0886 K2(Ts2) = 81.19 −15.67

4. Algorithms

Step 1. If 2A > Δ1, then go to Algorithm A.

Step 2. If 2A = Δ1, then go to Algorithm B.

Step 3. If 2A < Δ1, then go to Algorithm C.

Algorithm A. The steps are as follows.

(A.0) Compute T01 using (3.12) and N(T01) using (3.14).

(A.1) IfN(T01) > Δ2, then optimal solution is (Ts1, K1(Ts1)).

(A.2) IfN(T01) < Δ2, then optimal solution is (Ts2, K1(Ts2)).

(A.3) IfN(T01) = Δ2, then optimal solution is (N,K1(N) = K2(N)).

Algorithm B. The steps are as follows.

(B.0) Set T = M and calculate

N(M) =
A

M
+
(h + Cθ)R

θ2M

{
eθM − θM − 1

}
− PIeRM

2
. (4.1)

(B.1) IfN(M) > Δ2, then optimal solution is (Ts1, K1(Ts1)).

(B.2) IfN(M) < Δ2, then optimal solution is (Ts2, K1(Ts2)).

(B.3) IfN(M) = Δ2, then optimal solution is (N,K1(N) = K2(N)).

Algorithm C. The steps are as follows.

(C.0) Compute T02 using (3.13) and N(T02) using (3.15).

(C.1) IfN(T02) > Δ2, then optimal solution is (Ts1, K1(Ts1)).

(C.2) IfN(T02) < Δ2, then optimal solution is (Ts2, K1(Ts2)).

(C.3) IfN(T02) = Δ2, then optimal solution is (N,K1(N) = K2(N)).
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Table 2: Optimal solution for extended credit period.

N Δ2 Ts Ki(Ts) Zi(Ts)

30/365 493.15 Ts2 = 0.0963 K2(Ts2) = 49.97 −8.53
45/365 739.73 Ts1 = 0.1065 K2(Ts2) = 46.17 −18.53
60/365 986.30 Ts1 = 0.1167 K2(Ts2) = 40.84 −30.06
75/365 1232.88 Ts1 = 0.1268 K2(Ts2) = 33.96 −43.07

Table 3: Effect of deterioration of units on optimal solution.

Θ Δ1 Δ2 T01 N(T01) Ts1 Ki(Ts1) Zi(Ts1)

0.10 14.19 493.15 0.0861 607.50 0.0963 49.97 −8.53
0.15 15.88 575.34 0.0812 649.70 0.0902 50.55 −8.05
0.20 17.56 657.53 0.0770 689.66 0.0851 51.04 −7.65
0.25 19.25 739.73 0.0734 747.70 0.0809 51.47 −7.40

5. Numerical Examples

Example 5.1. Consider the data

[R, h, Ic, Ie, C, P,M,N, θ] =
[
2000, 4, 0.10, 0.08, 20, 30,

15
365

,
30
365

, 0.10
]

(5.1)

in appropriate units. Then Δ1 = 28.37 and Δ2 = 986.30. Using The Algorithms A–C., let us
tabulate computational results for A = 10, 20, 30, 40, and 50 in Table 1.

It is observed that increase in ordering cost increases T0, N(T0), Ts, and Ki(Ts) but
decreases the net cost Zi(Ts).

Example 5.2. Consider the data

[R, h, Ic, Ie, C, P,A,M, θ] =
[
1000, 4, 0.10, 0.08, 20, 30, 30,

15
365

, 0.10
]

(5.2)

in appropriate units. Then 2A = 60 > Δ1 = 14.19. Using Algorithm A, we get T0 = T01 =
0.0861 and N(T01) = 607.50. Let us study effect of extended credit period N on the decision
variables in Table 2.

It is observed that increase in extended credit period increases Δ2 and special cycle
time but decreases in the total annual cost of an inventory system and net cost.

Example 5.3. Consider the data

[R, h, Ic, Ie, C, P,A,M,N] =
[
1000, 4, 0.10, 0.08, 20, 30, 30,

15
365

,
30
365

]
(5.3)

in appropriate units. In Table 3, we study the effect of deterioration on decision variables.
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Increase in deterioration of units in inventory system lowers normal cycle time, special
cycle time, net cost, and increase in total annual cost of an inventory system and special credit
period policy.

6. Conclusions

In this article, we extended classical EOQ model for a retailer when units in inventory are
subject to deterioration at a constant rate and supplier offers only one-time extended credit
period to settle retailer’s account. Under series approximation of exponential term, a closed-
form solution of optimal cycle time is obtained. The algorithms are provided for determining
optimal policy.
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