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of trade credit refers that the supplier provides to his/her retailer a permissible delay period to
settle the account and the retailer also in turn provides a delay period to his/her customer for
paying of purchasing goods. The retailer’s credit period M offered by supplier is greater than

28 January 2012 customers credit period N provides by the retailer. This paper investigates retailer optimal
Keywords: replenishment policy under finite replenishment rate by minimizing the total annual inventory
EPQ cost. Three theorems are developed to determine optimal cycle time, optimal relevant cost and
Trade credit optimal order quantity for retailers accurate and rapidly. A numerical example is used to
Limited storage space analyze the validity of propose model, Sensitive analysis shows managerial decisions for
Inventory retailer.
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1. Introduction

Over the years, numerous research articles have been published in different journals on trade credit
under various conditions, in which the suppliers offers a delay period to settle the retailers account.
The retailer takes the benefit of trade credit and sells the product and earns interest by putting
generated revenue in an interest bearing account. The supplier does not charge any interest if the
payment is made before credit period. However, if the payment is paid beyond the predefined period,
a high interest rate is charged. Many researchers contribute on trade credit with variety of conditions.

Goyal (1985) is believed to be the first who developed the economic order quantity (EOQ) model
under the conditions of permissible delay in payments. Davis and Gaither (1985) presented EOQ
model when supplier offers one time opportunity to delay the payments of order in case an order for
additional units is placed. Chand and Ward (1987) investigated Goyal (1985) model under the
assumptions of classical economic order quantity model. Shah et al. (1988) studied the same model
incorporating shortages. Mondal and Phaujdar (1989¢) extended this issue by considering the interest
earned from the sales revenue. Shah (1993a, b) also developed EOQ models for perishable items
where delay in payment is permissible. Aggarwal and Jaggi (1995) developed Goyal’s (1985) model
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to the case of exponential deterioration, Shah and Sreehari (1996) presented an extended issue of
EOQ model where the delay in payment is permitted and the capacity of own warehouse is limited.
Liao (2000) and Sarker (2000a) deal this problem with inflation. Jamal et al. (1997) and Chang and
Dye (2001) examined this issue with allowable shortage. Chang et al. (2001) investigated this topic in
the case of linear trend demand. Mondal and Phaujdar (1989b), Hwang and Shinn (1997), Jamal et al.
(1997) and Sarker et al. (2000b) extended this issue with deteriorating items. Teng (2002) modified
Goyal’s (1985) model by assuming the selling price is not necessary equal to purchase price. Other
papers related to this area are Chang and Dye (2002), Chang el al. (2001), Chen and Chung (1999),
Chung (1998a, b) Jamal et al. (2000), Sarker et al. (2000a), Salameh et al. (2003), Huang and Chung
(2003), Arcelus et al. (2003), Abad and Jaggi (2003), Shinn and Huang (2003), Chung and Huang
(2003), Chung and Liao (2004), Chung et al. (2005), Chung and Liao (2006), Huang (2007,) and Liao
and Chung (2009).

In above models, the supplier adopts a business strategy of permissible delay period in paying the
purchasing cost to attract more customers. The retailer takes the benefit of trade credit and sells the
product and earns the interest by putting generated revenue in an interest bearing account. They
implicitly assumed that the buyer would pay the supplier as soon as he/she receives the items. As
mentioned earlier, supplier only offers a trade credit to the retailer but retailer does not provide any
trade credit to his/her customer which means we deal with one level of trade credit. However, in
many real-world cases, this condition will not hold. Recently, Huang (2003) modified this assumption
by assuming that the retailer will also adopt the trade credit policy to stimulate his/her customer
demand to develop retailer replenishment model and this method is called two level of trade credit
policy. Retailers take benefits of trade credit and place an order of large quantity of goods to supplier
to reduce inventory cost. Since retailer’s storage capacity is limited so he/she has to take a rented
warehouse for excess quantities to store his goods. This paper is strongly related for small and
medium size retailers whose storage capacity is limited especially the growing markets like in India.
When retailer receives an order the delivery is first replenishment from rented warehouse because
holding cost of rented warehouse is higher with the respect of own warehouse. Numerous researchers
have focused in this area such as Sharma (1987), Pakkala and Achary (1992), Benkerouf (1997),
Goswami and Chaudhuri (1992), Bunia and Maiti (1998), Huang et al. (2006) and Lee and Hsu
(2009) and much more. Huang (2007;,) extended Chung and Huang (2003) and Huang (2003) model
in the light of two level of trade credit and determine retailer’s replenishment decision with EPQ
framework. Teng and Chang (2009) extended Huang (2007,) and Teng and Goyal (2007) model in
more realistic situation in which the retailer obtains its revenue from N to T + N not from 0 to T and
N <M.

This paper extends Huang (2006) model by assuming finite replenishment. We developed a
mathematical model to determine optimal retailer’s replenishment policy under two levels of trade
credit and limited storage space in EPQ framework. Three theorems are developed to accurate and
rapidly determine optimal cycle time, optimal relevant cost and optimal order quantity for retailers
under minimizing total cost of inventory system. Finally, a numerical example explore the validity of
propose model.

2. Assumptions and Notations
For convenience, most assumptions and notations throughout in this paper used Huang (2006) model.
2.1 Assumptions

1) Demand rate is known and constant

2) Shortages are not allowed.
3) Time horizon is infinite.
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4) Replenishment is finite, known and constant

5) sz¢k=hl, =1, andM = N.

6) If the orders quantity is larger than retailer’s OW storage capacity W, the excess quantity is
stored in rented warehouse. Since, storage capacity of rented warehouse is unlimited. When
orders received by retailer the items is first replenishment from rented warehouse.

7) Before settling the account the retailer’s takes the benefit of trade credit and sells the product
and earn the interest by putting generated revenue in an interest bearing account. When the
cycle time (T) is greater than or equal to the retailer’s credit period (M) offered by the
supplier. Then, the retailer settles the account at T = M. The retailer pays for the product sold
and keep his/her profit and start paying interest on unsold items at rate I,. When the cycle
time (T) is less than or equal to the retailer’s credit period (M), the retailer settles the account
at T = M. Therefore, the retailer does not have to pay any interest charges.

8) The retailer can accumulate revenue and earn interest when his/her customer pays the amount
for purchasing goods to the retailer by the end of predefined trade credit period offered by
supplier. The retailer earns the interest by putting generated revenue in an interest bearing
account at the rate of Ie per unit per year; i.e. the retailer can earn interest during the period
[N, M] with rate Ie under the condition of trade credit.

9) The transportation cost between own warehouse and rented warehouse is negligible.

2.2 Notation

1) A Ordering cost per order
2) ¢ Purchasing price per item
3) D Demand rate per year
4) P Replenishment rate per year. P > D (Decision variable)
5) p1-220
6) h OW stock-holding cost per item per year
7) I, Interest earned per $ per year
8) I, Interest charged per § per year
9) k RW stock-holding cost per item per year (Decision variable)
10) M The retailer’s trade credit period offered by supplier in years (M > N)
11) N The customer’s trade credit period offered by retailer in years (Decision variable)
12) s Selling price per item (Decision variable)

2R ifpTp > w (T > )
13) t,, The rented warehouse time in years, t,, = vnf
0 if DTp <W (T <)

p

14) w Retailer’s OW storage capacity
15) TRC(T) The annual total relevant cost which is a function of T (Decision variable)
16) T* The optimal cycle time of TRC(T) (Decision variable)

3 The Model

The total annual relevant cost of inventory system consists of the following elements. Three
situations may arise (hM=N > D—M;, )M = D—M; > N and (3)% >M = N.

Case.1 Suppose that M > N > W /Dp

(1) Annual ordering cost = ;



(2) According to assumption (6) annual stock-holding cost (excluding interest charges ) can be
obtain as follow:

1. W/Dp<T

In this case the order quantity larger than retailer’s OW storage capacity. So the retailer needs to rent
the warehouse to storage the exceeding items. See in Fig. 1 Hence

Annual stock holding cost = annual stock holding cost of rented warehouse + annual stock-holding
cost of the storage capacity W

Kty (DTp—W)+ AW[DT(1+p)-W] _ K(DTp—w)>? +hW[DT(1+p)—W]
- 2T 2DT - 2DT 2DT

2. T<W/Dp

In this case order quantity is not larger than retailer‘s storage capacity. So the retailer will not
necessary to rent warehouse to storage items. Hence

Annual stock-holding cost = DTzﬂ

ﬂi DTp

Rented W.O.
i Own W.O.
e

Inventory level

v

»
»

tl M t2 T Time

Fig. 1. The holding cost of inventory in Rented W.O. and Own W.O.

(3) According to assumption (7) cost of interest charges for the items kept in stock per year can
be obtained as follows:

. Mm<2<r
D

. . . . . Ipp [DT2-PM?
In this case, interest charges are paid for the items kept in stock= % —]

2
2. M < T asshownin Fig. 2
cIpD(T—M)?

In this case, interest charges are paid for the items kept in stock = pye

3. NST<M
No interest charges are paid for the items kept in stock.

4 0 <T < N similar as case-2

No interest charges are paid for the items kept in stock
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DTp

Inventory level
3

M T  Time
Fig. 2. The inventory level and total accumulation of interest payable when M < T < %
(4) According to assumption (8), interest earned per year can be obtained as follows:

sDT sDT] sDT

» » »
» » »

N M T Time N T M Time T N M  Time

Fig. 3. The total accumulation of interest ~ Fig. 4. The total accumulation of  Fig. 5. The total

earned when M < % <TorM<T< % interest earned when N < T < M accumulation of interest When
T<N

L M<ZZ<T
sleD(M?-N?)
2T
2. MLT S% as shown in Fig 3
sleD(M2-N?)
2T
3. N<T <M asshown in Fig. 4
— sl [(DN+DT)(T—N)

Annual interest earned =

Annual interest earned =

sleD(2MT—-N?-T?)
2T

Annual interest earned

+DT(M — T)]/T =
4. 0<T <N asshown in Fig. 5
sIeDT(M—N)

T

Annual interest earned =

From the above argument the annual total relevant cost for the retailer can be expressed as
TRC(T) = ordering cost + stock-holding cost + interest payable — interest earned.
We show that the annual total relevant cost, TRC (T) is given by

TRC,(T) if T2— (a)

TRC,(T) if M<T<— (b
TRC(T)={TRC,(T) if N<T<M () (1)
TRC,(T) if

TRC,(T) if 0<T<

where



k(DTp —W)? hw(DT(1+ p)—W) sleD(M? — N?) )

A
TRC,(T) =7 + + clpp(DT? — PM?) —

2DT 2DT 2T

A  k(DTp—W)%2 hw(DT(1+p)—W) cl,D(T —M)?> sI,D(M?— N2 3
TRCZ(T):_+( p )+ (DT(1 + p) )+p( )?  slD( )' 3)

T 2DT 2DT 2T 2T

A  k(DTp—W)%2 hW[DT(1+p)—W] sLD(2MT — N2 —T? 4
TRC,(T) = At (DTp ) [DT(1 + p) 1 sL.D( )’ 4)

T 2DT 2DT 2T

A k(DTp—-W)2 AW[DT(1+p)—-W] sI,DT(M —N) (5)
TRC,(T) = Tt 2DT + 2DT B T ’
and

A DTh
TRCS(T) = -+ Tp— sI,D(M — N). 6)

SinceTRC, (”M) TRCZ( ) TRC,(M) = TRC5(M), TRC3(N) = TRC,(N) and
TRC, ( ) # TRCs ( ) TRC(T) is continuous except at T = — Furthermore we have TRC,(T) =
TRCs(T) forall T > 0.

W2
— [ZA +T(k - h) — CIP(P - D)MZ - SleD(Mz - Nz)] 4 Dp(kp + CIP)

TRC,(T) =

2T 2
24+ (k h) — clp(P — D)M? — sleD(M? — N?) (24)
TRC]'(T) = 3 >0
2
—(24 + WT(k —h) + D{M?(cI, —sI,) + stle}] D(Kp? + cl,)
TRCy(T) = + .
2T 2
2
24+ % (ke — ) + D[M?(cl,, — s1,) + N?sl,] (3B)
TRCY(T) = 73 >0
2
TRCIT) = —[2A+W7(k—h)+sDNzle] | Dkl
3 ZTZ 2
2
24+ % (k) + sDN?I, (4C)
TRCY(T) = = >0
2
e a-n| gy
TRC4(T) - 2T2 2
2
24+ % (kc— b GD)
TRC)(T) = >
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—24 Dh
24 Dhp

TRCL(T) = 5

TRCY(T) = i—f >0 (6E)
Egs. (3B), (4C),(5D), (6E) imply that TRC,(T), TRC5(T),TRC,(T) and TRCs are convex on T >
0. However, TRC,(T) is convex on T >0 if 24+ W—Z(k —h) —clp(P — D)M? — sleD(M? —
N?)>0. Moreover, we have TRC](5%)=TRC} ( %), TRC}(M) = TRC3(M), TRC}(N) =
TRC4(N) (TRC(T) is convex) and TRC4( ) # TRC: ( ) (TRC(T) is piecewise convex, but not

convex).

Case.2 Suppose that M > % = N.
ItM > DKP = N. Egs. 1a-e will be modified as

TRC,(T) if T2— (a)

TRC,(T) if M<T<— (b)

(7

TRCM=1TRC,(T) if ——<T<M ()

TRC((T) if NsTsﬂ (d)

Dp
TRC,(T) if O0<T<N. (o)

When N <T < %. the annual total relevant cost, TRC¢4(T) consists of the following elements:

(1) Annual ordering cost = =

(2) In this case the order quantity is not larger than retailer’s storage capacity. So the retailer will

not necessary to rent warehouse to storage items. Hence
. DTh

Annual stock-holding cost = =

(3) In this case no interest charges are paid for the items kept in stock

sIeD(2MT-N?-T?)

(4) Annual interest earned =

2T
Combining above element, we get
DThp slI,D(2MT — N? —T?) (8)
TRC,(T) = = -
oM =7+—3 2T

Since TRC, (%) = TRC, (), TRC,(M) = TRC3 (M), TRC; (= ) ” TRCG(—) and TRCg(N) =
TRC5(N),TRC(T) is continuous except atT = D—p Furthermore we have TRC5(T) = TRC4(T) for all
T > 0.

2A +sI,DN?| D(hp + sI
Tch(T)=—[ e ] (hp + sl.)

2T? 2

2A + sI,DN? 8A
DN" (8A)

TRC)(T) = =



From Eq. (84) implies that TRC4(T) is convex onT > 0. Moreover we have TRC; (ﬂ)
TRC; (57), TRCH(M) = TRC3(M) and TRC4(N) = TRC(N). (TRC(T) is convex) TRC} (5 p) >
TRC, ( ) (TRC(T) is piecewise convex, but not convex).

Case.3 Suppose that ;V—p >M=N.

If% > M > N, Egs. la-d will be modified as

TRC,(T) if T>% @

TRC,(T) if T>Dl b)
TRC(T) = pW ©)
TRC,(T) if M<T<— (0

Dp

TRC,(T) if N<T<M (d)
TRC,(T) if O0<T<N. (o)

When M <T < %, the annual total relevant cost, TRC,(T). consist of the following element:

(1) Annual ordering cost = =

(2) In this case the order quantity is not larger than retailer’s storage capacity. So the retailer will

not necessary to rent warechouse to storage items. Hence

Annual stock-holding cost = %hp

a2
(3) Cost of interest charges for the items kept in stock per year = w
(4) Annual interest earned = sI,D(M? — N?)/2T.
Combining above elements, we get
A DTh cL,D(T — M)?* sI,D(M? — N? 10
T 2 2T 2T

Since TRC; (51) = TRC, (2). TRC, (5 )qe TRC, (= ) TRC7(M) = TRC,(M) and
TRC¢(N) = TRC5(N), TRC(T) is continuous except at T = E . Furthermore we have TRC, >

TRC,(T) for all T > 0and TRC,(T) will be reduce to TRC,(T).
_[24+ D{M*(cl, = sl) + N*sI }] D(hp + cl)

TRCH(T) = o >

24+ D[M?*{cl, — sI }+st1] (10A)
T3

TRCY(T) =

From eq (10A) implies that TRC,(T) is convex onT > 0. Moreover we have TRC; (%) =
TRC;(57)  TRC)(M) = TRC4(M) and TRC,(N) = TRC{(N) (TRC(T) is convex) TRC} (DKP) *
TRC; ( ) (TRC(T) is piecewise convex, but not convex).

4. Determination of the optimal cycle time T*

In this section, we shall determine optimal cycle time for the above three situations under minimizing
annual total relevant cost using differentiation
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w
Case.1 Suppose that M > N > 5
Then we can rewrite

2
w
24+ 5 (k—h) —cl,(P - D)M? — sleD(M?* — N?) N DTp(kp + cI,) _ (2kwp — hw — hwp)
2T 2 2

TRC,(T) =

Diff. with respect toT, We get

(11
2
24 + %(k — k) — cl,(P — D)M? — sleD(M? — N2)
T =
! Dp(kp + cl,)
Therefore
WZ
TRC,(T7) = \]Dp(kp +clp) [ZA + 5 (k —h) = cl,(P — D)M? — sleD(M? — N?) (12)
[kap —hw — hwp]
2
Similarly we can derive TRC,(T) with help of derivatives as follows:
2
24 + WT(k —h) + DM?(clp — sl,) + sI,DN? DT (kp? + cl,)
TRC,(T) = +
2T 2
hw(1 +
- [KWp + cl,DM — %]
Diff. with respect to T, We get
W2 (13)
_— 24+ T(k —h) + DM?(cl, — sl,) + sI,DN?
2 D(kp2 + clp)
Therefore
w2
TRC,(T5) = { |D(kp? + cI) [2,4 + 5 (k — k) + DM?(cl, — s1,) + sI,DN?| — {kWp
hw(1l +
a0 04D,
(14)

Similarly, we can derive TRC5(T) with help of derivatives as follows:

WZ
24+ - (k—h) + sDN?I, s DT (kp? + sl,)

TRC,(T) =

2T
2kWp — hW — hRWp + ZsIeDM]
2

Differentiation with respect of T, We get



w2
2A +T(k - h) +SDNZIe

. _ (15)
Is D(kp? + sl,)
Therefore
w2
TRC3(T3) = D(kp? + sl,) [ZA + o (k—h)+ sDNZIe]
hW (1 +
- [kWp - M + sIeDM]
(16)
Likewise, we can derive TRC,(T) by differentiation
WZ
24+~ (k=h) kDTp? AW (1 + p)
TRC,(T) = + - [kWp TP oM - N)]
2T 2 2
Differentiation with respect to T, we get
- (17)
24+ (k—h)
T, =
4 kDp?
Therefore
2 hW (1 + p) (18)

TRC,(T}) = \/kDpZ [ZA + I%(k _ h)] _ [kWp _ 4+ sDI,(M — N)]

At last we can derive TRC5(T) with the help of differentiation
TRC5(T) =%+ DT _ s1,D(M — N)

Differentiation with respect to T, we get

. 24 (19)
> |Dhp

Therefore

TRCs(TZ) = [\/2ADhp — sDI,(M — N)] (20)

Eq. (11) gives the optimal value of T* for the cases when T > % so that T} > P¥ we substitute

D
Eq.(11) into Ty = %, then we can obtain that
> PM

)]

. . W2 2 2 2 PM
ifand only if —24 — F(k —h) — cDM?IL, + sleD(M* — N*) + (7

2
) D(kp?+clp) <0
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. . . % w PM w *
Similarly Eq (13) gives the optimal value of T™* for the cases when — < T < —so that — < T, <
Dp D Dp

%. We substitute Eq. (13) into l;”—p <T; < %, then we can obtain that
T < PM
27D

2
ifand only if ~ —24 —“(k — h) — cDM?I, + sleD(M? — N?) + (”M

2
7) D(kp? +clp) =0
and

2
T; > M ifand only if —24— WF(k — R) + DsI,(M% = N2) + DM2?kp? < 0
Similarly Eq (15) gives the optimal value of T* for the cases when N < T < M so that N < T3 <
M. we substitute Eq. (15) into N < T3 < M , then we can obtain that

2
T; < Mifand only if —24— WF(k — h) + Dsl,(M%2 = N2) + DM2kp? > 0

and
N<Tg

ifandonly if  —24 =" (k — k) + DN?kp® < 0
Likewise Eq. (17) gives the optimal value of T* for the cases when W /Dp < T < N so that
W /Dp < T; < N we substitute Eq.(17) into W /Dp < T; < N then we can obtain that
2
T; <N ifandonlyif —24-— WT(k —R) + DN%kp? = 0
and =< T ifandonlyif — —24+ <0

Finally Eq (19) gives the optimal values of T* for the case when T < W /Dp so that T < W /Dp we
subtitute Eq. (19) into T¢ < W /Dpthen we can obtain that

T: < W /Dp if and only if —24A +hlg—:2 0

Furthermore, we let

A= —24— sz(k —h) — cDM?L, + sleD(M? — N%) + (%)2 D(kp? +cl,) @)

A= —2A — WFZ (k — h) + DsI,(M? — N?) + DM?p?k (22)

By=—24~"(k = h) + DN2kp? (23)
w? (24)

Ay=—2A+h——

W2h (25)

Ag= —24 +

Egs. (21) — (25) imply that A;> A,> Ag> A;> A, . From above arguments we know that
TRC5(T) > TRC,(T) we can obtain following results.

Theorem 1
(A)ifA;>0,A,>0, A;>0.A,> 0,As> 0thenTRC(T*) = TRC(TS)and T* = T<
(B) ifA;> 0,A,>0,A3>0,A,< 0,As> 0thenTRC(T*) = TRC(T,) and T* =T,
(©) if A;>0,A,>0,A;< 0,A,< 0,A5> 0thenTRC(T*) = TRC(T;) and T* = T3
(D) if A;>0,A,<0,A3<0,A,< 0,As> 0then TRC(T*) = TRC(T¢)and T* =T



(E) if A;> 0,A,< 0,A5< 0,A,< 0,Ac< O then TRC(T*) = TRC(T})and T* = T%

(F)if A< 0, Ay> 0,A3>0,A,> 0,A5> 0 then TRC(T*) = min [TRC(T;y), TRC(TS)]
and T* =T{,T<

(G)if A< 0, Ay> 0,A3> 0,A,< 0,A5> 0then TRC(T*) = TRC(T{)and T* = T;

(H)if A,<0, A;<0,A3<0,A4,< 0,A5> 0then TRC(T*) = TRC(T{)and T* =Ty

(D if A;<0, A;<0,A3<0,A4,< 0,A5> 0then TRC(T*) = TRC(T{)and T* =Ty

M) if A< 0, A;<0,A3<0,A,<0,A5< 0then TRC(T*) = TRC(T{)and T* =Ty

Case 2.Suppose that M > D_m:) = N.

ItM > D—m; > N, we know TRC(T) as follows from Egs. 6a-d:

TRC,(T) if Tz% (@)

TRC,(T) if M>T% (b)

TRCM=41Re,M) if V<T<M (o)

Dp
. w
TRC,(T) if N<T<— (d)
Dp
TRC,(T) if O<T<N. (e)

From Eq. (8) we can derive TRC,4(T) with help of derivative as follows:

2
TRC, = 2A+sDN?1, N DT(hp+sly) sDMI,

Differentiation with respect to T, we get

e [24+ DN, (26)
¢ | D(hp +sl,)

Therefore
TRCo(T%) = [JD(hp + sI.)(2A + sDNZI,) — sDMI | 27)
Similarly to the above procedure in case 1 We substitute Eq. (11) into Ty > %. then we can obtain
that

Ty ==

PM
D

2
ifandonly if 24 =" (k — h) = cDM?1,, + sleD(M? = N*) + (“2)" D(kp? + cl) < 0

Substitute Eq. (13) intoM < T, < %. We can obtain that

. _ PM. . w2 2 2 2 PM? 2
Ty <Zifandonlyif =24 — = (k — h) — cDM?1, + sleD(M? — N?) + (22) D(kp® + clp) 2 0
and
2
T; > M if and only if —24 — %(k — R) + DsI,(M? — N2) + DM2kp? < 0

Substituting Eq. (15) into % < T3 < M. then we can obtain that

T3 < Mifandonlyif —24—"(k — ) + Dsl,(M? — N?) + DM?kp? = 0
and
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2
W/Dp < T; ifand only if  —24 + DW—pz(hpz +sl,) —sDN2[, < 0

Substituting Eq. (26) into N < T¢ < W /Dp , then we can obtain that

2
T; <W/Dpifandonly if — —2A+ DW—pz(hp +sl,) — sDN2I, > 0
and

N < T¢ ifand only if  —2A+ DN?hp < 0.

Substituting Eq. (19) into Tz < N,then we can obtain that
T < Nifand onlyif —2A+ DN?hp = 0.
Furthermore, we let

Ag= —2A + D7 (hp? + sl,) — sDN?I,

W2 h sl ) (29)
A= —2A + F(; + ?) —sDN*I,
and
Ag= —2A + DhpN? (30)

Egs. (28) — (30) Imply that A;> A,> Ag> A,> A, From above argument. We can obtain
following results.

Theorem 2: Suppose that M > ;V—p > N, then

(a) if A;>0,A,>0, Ag> 0,A,> 0,Ag> 0.then TRC(T*) =TRC(T¢) and T* = T<
(b) if A;>0,A,>0, Ag< 0,A; > 0,Ag> 0,then TRC(T*) = TRC(T;) and T* =T5
(c) if A;>0, Ay> 0, Ag< 0, A;>0,A3< 0then TRC(T*) = TRC(T¢)and T* =Tg
(d) ifA;>0,A,<0,A4< 0, A;>0,Ag< 0thenTRC(T*) = TRC(T;)and T* =T,
(e) ifA>0, A;< 0,A4< 0, A;<0,Ag< 0thenTRC(T*) =TRC(Ty)and T* =T;
(f) ifA;>0,A,>0,A4< 0,A,< 0,Ag< 0 then TRC(T*) = min[ TRC(T;), TRC(T?)]
and T* =Ty, Te

(g) if A< 0,A,>0A>0,A,<0,Ag>0thenTRC(T*) =TRC(T{)and T* =Ty
(h) if A;<0,A,> 0A4< 0,A,> 0,Ag>0then TRC(T*) =TRC(T{)and T* =Ty

(1) ifA<0,A,<0,A6< 0,A;>0,Ag> 0thenTRC(T*) =TRC(Ty) and T* =T}
(G) ifA<0,A,<0,A6<0,A;,<0,Ag< 0thenTRC(T*) =TRC(Ty)and T* =T}

Case 3: Suppose that D_m; =>M=N.
If% =M = N, we know TRC(T) as follow From Egs. 8a-d.

TRC/(T) if TZ% (a)

TRC,(T) if W o p M (b)
Dp D
TRC(T) = w

TRC,(T) if M<T<— (o)
Dp

TRC,(T) if N<T<M (d

TRC,(T) if O0<T<N. (o)

From EQ. (10) we can derive TRC,(T) with the help of derivative a follows:
2A + cl,DM? — sI,D(M? — N*? DT(hp + cl
L 2Te ( )+ (pz p)—cDMIp

TRC,(T) =

Differentiation with respect to T, We get



7 =

e 2A + D[M?(cl, — sl,) + N2sl,] (31)
D(hp +cl,)

Therefore,

TRC,(T}) = {\/D(hp + cl,)[24 + D[M?(cI, — sl,) + N2sl,]| — cDMlp}

(32)

Similar to above procedures in cases 1 and cases 2, we substitute Eq. (11) into T} > %. then we can
Ty =22
1= p
. . W2 2 2 2 PM 2 2
if and only if —2A4 — ?(k —h) — cDM?IL, + sleD(M* — N*) + (7) D(kp*+cl,) <0

Substitute Eq. ( 13) into Dip <T, < % then we can obtain that

PM

2 2
T; <Zlifand only if —24 —*=(k — h) — cDM?I,, + sleD(M? — N?) + (F) D(kp? + cl) = 0

D
and

2
T; > W /Dp ifand only if —24 + DW—pz(hpz + clp) — D[M?(clp — s1,) + N2sI,] < 0
Substituting Eq. (31) intoM < T; < Vi/ /Dp then we can obtain that
T; <W/Dp ifand only if —24 + ;VT (hp + cI,) — D[M?(cL, — s1,) + N?sI,] = 0

And
M < T; if and only if —2A + sI,D(M? — N2) + DM?hp < 0

Substituting Eq. (26) into N < T¢ < M, then we can obtain that
T¢ < M ifand only if —2A4 + sI,D(M? — N?) + DM?hp =0
and N < T¢ ifand only if —2A + DN?hp < 0.

Substituting Eq.(19) into T < N then we can obtain that

Te < Nifandonlyif ~ —2A + DNZ%hp > 0. Furthermore, we let

w2 (33)
Ag= —2A + D—pz(hp2 + clp) — D[M?(clp — sl,) + N2sl,]

Bao= ~24+ 3o (hp + cly) = D[M?(cl, = 1) + N?s1, (34)

Aj;= —2A +s1,D(M? — N?) + DM?hp (35)

Egs. (33) — (35) imply that A;=> A= Ag=> A{;= Ag From above arguments, we can obtain
following results.

Theorem 3
(@) if A;>0, Ag> 0,A10>0,A;,> 0,Ag> 0then TRC(T*) =TRC(T¢)and T* =Tz
(b) if A;>0, Ag< 0,A10>0,A1;> 0,Ag> 0then TRC(T*) = TRC(T;)and T* =T,
(c) if A;>0, Ag< 0,A10>0,A1;> 0,Ag< 0then TRC(T*) =TRC(T¢) and T* =T¢
(d) ifA;>0,00<0, Ap>0,A1;<0,Ag< 0thenTRC(T*) =TRC(T;) and T* =T;
(e) ifA;>0,00<0, A1p<0,A;;,<0,Ag< 0thenTRC(T*) =TRC(T;)andT* =T,
(e) if A;<0,A9>0,A1p> 0,A;,> 0,Ag> O0then TRC(T*) = min [TRC(Ty), TRC(T%)]
and T* =T],T:

(f) if A;<0,A4<0,A,0>0,A,,>0,Ag>0then TRC(T*) = TRC(T;)and T* =Ty
(g) if A;<0,A0< 0,A10>0,A1;< 0,Ag> 0then TRC(T*) = TRC(T;)and T* =Ty
(h) if A;<0,A0< 0,A10< 0,A1;< 0,Ag> 0then TRC(T*) = TRC(T})and T* =Ty
(1) if A,<0,A4<0,A,0<0,A;,<0,Ag< 0thenTRC(T*) =TRC(T;)and T* =Ty
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5. Numerical examples

Let A = $600/order, c = $25/unit, D = 5000units/year, h = $5/unit/year,

I, =$0.10/$/year,I, = $0.08/$/year,M = 0.12year N = 0.08year

Table 1
The optimal cycle time with various value of W, k, P and s
w S P k A A, A A A T Q TRC(T")
50 9000 10 >0 <0 <0 <0 <0 T, =0.1584 792.00 4103.10
15 >0 <0 <0 <0 <0 T~ 0.1490 745.00 4341.02
20 >0 <0 <0 <0 <0 L 707.50 4548.71
T, =0.1415
60 10000 10 >0 <0 <0 <0 <0 T, =0.1458 729.00 4315.98
150 15 >0 <0 <0 <0 <0 T = 01367 683.50 4596.19
20 >0 <0 <0 <0 <0 P 647.00 4839.80
T, =0.1294
70 11000 10 >0 <0 <0 <0 <0 T, =0.1367 687.50 4461.90
15 >0 <0 <0 <0 <0 T~ 01230 640.00 4779.11
20 >0 <0 <0 <0 <0 T 605.50 5058.96
T, =0.1211
A1 AZ Aé A7 A8
50 9000 10 >0 <0 <0 <0 <0 T, =0.1626 813.00 4091.30
15 >0 <0 <0 <0 <0 T — 0.1566 783.00 4192.04
20 >0 <0 <0 <0 <0 P 759.00 4283.96
T, =0.1518
60 10000 10 >0 <0 <0 <0 <0 T, =0.1495 749.50 4276.00
250 15 >0 <0 <0 <0 <0 T* 20,1434 717.00 4406.23
20 >0 <0 <0 <0 <0 P 693.00 4511.86
T;:0.1386
70 11000 10 >0 <0 <0 <0 <0 T, =0.1626 700.50 4391.04
15 >0 <0 <0 <0 <0 el e 670.50 454714
20 >0 <0 <0 <0 <O P 647.00 4666.95
T, =0.1518
A1 A9 A10 AIl AS
50 9000 10 >0 <0 <0 <0 <0 T, =0.1821 910.50 3927.99
15 >0 <0 <0 <0 <0 i 890.00 3972.86
20 >0 <0 <0 <0 <0 : 875.00 4006.75
T, =0.1750
60 10000 10 >0 <0 <0 <0 <0 T, =0.1686 843.00 4056.41
350 15 >0 <0 <0 <0 <0 T 01633 816.50 4126.90
20 >0 <0 <0 <0 <0 T 798.00 4178.13
T, =0.1596
70 11000 10 >0 <0 <0 <0 <0 T, =0.1574 787.00 4162.95
15 >0 <0 <0 <0 <0 T 01517 758.50 4250.92
20 >0 <0 <0 <0 <0 P 739.00 4314.42
T, =0.1478

From the results of Tablel, we can observe the optimal cycle time, optimal order quantity and
optimal relevant cost with various parameters of w, k, s and P, respectively. The following inferences
can be made,

1.

2.

The optimal cycle time for the retailer will be decrease as replenishment rate P increases. The
retailer will purchase less quantity, since the replenishment rate is fast enough.

The optimal cycle time increases when retailers' storage capacity W increases. It means that
the retailer will purchase more quantity.

The optimal cycle time will decrease and total relevant cost increases as RW unit stock-
holding cost k increases. Therefore, the retailer will purchase less.



4. The optimal cycle time will decrease as the unit selling price increases. It means that the
retailer will purchase less to take the benefits of the trade credit more frequently.

5.1 Effect of changing the inventory model parameters

The sensitivity analyses are performed by varying different parameters and are given in Table 2, 3, 4,
5 and 6.

Sensitive analyses for various inventory model parameters are as follows and remaining parameters
are same as from above example.

Table 2

Sensitivity analysis

A W S P K A, T, Q" TRC(T")
700 150 S50 9000 10 A< 0A,<0A;< 0A,<0A<O T, = 02692 1346.00 4029.61
800 250 60 10000 15 A;>0A,<0Ag<0A,<0Ag< 0 T, = 0.2096 1048.00  5144.09

900 350 70 11000 20  A;>0A,<0A;<0A;,<0A<O0  T,=01931 96550  6288.63

Table 3

Sensitivity analysis

h W S P K A T, Q" TRC(T")
6 150 50 9000 10 A< 08, <0A;<0A,<0A<0 T, = 0.2434 1217.00 3738.98
7 250 60 10000 15 A;>04,<0Ag<0A,<0Ag< 0 T, = 0.1844 922.00  4440.48
8 350 70 11000 20 A>0A<0A)<0A;<0Ag<0 T, = 0.1596 798.00 5253.88
Table 4

Sensitivity analysis

c W S P K A, T, Q" TRC(T")
30 150 50 9000 10 A< 08, <0A;<0A,<0A<0 T, = 02319 115950 371147
35 250 60 10000 15 A;>04,<0Ag<0A,<0Ag<0 T, = 0.1860 930.00  4132.98

40 350 70 11000 20  A;>0A<0A,<0A;<0A;<O0 T, =0.1591 79550  4645.94

Table 5
Sensitivity analysis

I, W S P K A T, Q" TRC(T")
005 150 50 9000 10 A< 0A,<0A;<0A,<0A<O T, =0.2092 1046.00 3103.68
007 250 60 10000 15 A;>04,<0Ag<0A,<0Ag<0 T, =0.1916 958.00  4159.01

009 350 70 11000 20  A;>0A<0A,<0A;<0A<O0 T,=0.1648 82400  4674.57

Table 6

Sensitivity analysis

M W S P K A; T; Q” TRC(T")
015 150 50 9000 10 A< 0A,<0A;<0A,<0A<0 T, = 02125 106250 3229.52
0.13 250 60 10000 15 A;>04,<0Ag< 0A,< 0Ag< 0 T, = 0.1860 930.00  3892.98

0.1 350 70 11000 20  A;>0A,<0A;<0A,;<0Ag<0  T,=0.1655 827.50  4839.70

1. It is observed that as A is increased with an increase in values of w, s, P and k results T* and Q* is
decreased but TRC (T™) increase. The retailer purchased less quantity.

2. When holding cost increases with an increase in values of w,s,P and k results T* and Q" is
decreased but TRC(T™) increases. The retailer purchased less quantity.

3. As purchasing cost ¢ is increased with increased values of w,s,P and k results T* and Q™ is
decreased but TRC (T™) increases. The retailer purchased less quantity.

4. If Ie is increased with increased values of w,s,P and k results T* and Q* is decreased but
TRC(T™) increases. The retailer purchased less quantity.
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5. A higher value of M along with increased values of w, s, P and k results T* and Q™ is decreased but
TRC(T™) increases. The retailer purchased less quantity.

6. Conclusion

This paper developed to determine optimal retailer’s replenishment policy in EPQ framework. We
extends Huang (2006) model by considering finite replenishment rate. We setup three easy-to-use
theorems to help the retailer in accurate and rapidly determine the optimal replenishment decisions
under minimizing the total cost of inventory system. Numerical results are provided to illustrate the
propose solution procedure and to provide managerial insights. (1) The retailer will purchase less
quantity, since the replenishment rate is faster enough (2) when retailers storage capacity W
increasing. It means that the retailer will purchase more quantity. (3) When RW unit stock-holding
cost k is increasing, the retailer will purchase less quantity. (4) When unit selling price increases the
optimal cycle time will decrease the retailer will purchase less quantity. Through sensitive analysis,
we show managerial decision for retailer.
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