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Abstract. The main purpose of this paper is to investigagerétiailer’'s optimal cycle time
and optimal payment time under the supplier's cdisicount and trade credit policy
within the economic production quantity (EPQ) framek. In this paper, we assume that
the retailer will provide a full trade credit toskier good credit customers and request
his/her bad credit customers pay for the itemsams @as receiving them. Under this
assumption, mathematical models have been deriveddétermining the retailer's
optimal inventory cycle time so that the annuadltprofit is maximized.
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1. Introduction

The traditional economic order quantity (EOQ) moaletumes that the retailer must pay
for the purchased items as soon as items are sgteiis is not always true in the actual
business world. In fact, the supplier usually pésntine retailer a delay of a fixed time
period to settle the total amount owed to him. Bgisuch period, the retailer can sell the
goods, accumulate revenue and earn interest. Gags,ya number of researches have
been published which dealt with the inventory modetler trade credit. Goyal [1]
suggested a mathematical model for obtaining then@wmic order quantity under
permissible delay in payments. Aggarwal and Jagpcénsidered the inventory model
with an exponential deterioration rate under thedition of permissible delay in
payments. Jamal et al. [3] extended this issue alittwable shortage. Chung and Huang
[4] extended Goyal's model by considering the uaits replenished at a finite rate. Teng
[5] amended Goyal's model by considering the difere between unit price and unit
cost, and found that the economic replenishmemirniat and order quantity decrease
under the permissible delay in payments in ceases. Chung and Huang [6] extended
Goyal's model by considering allowable shortage prabented a theorem to determine
the optimal order quantity.
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However, in most business transactions, the gmppbt only allows a certain
fixed period for settling the account but may adéfer a cash discount to encourage the
retailer to pay for his purchases quickly. Theiketaan obtain the cash discount when
the payment is paid within cash discount periocreffl by the supplier. Otherwise, the
retailer will pay full payment within the trade dieperiod. In general, the cash discount
period is shorter than the trade credit period. &@mple, the supplier agrees to a 2%
discount off the retailer’'s purchasing price if pagnt is made within 10 days. Otherwise,
full payment is required within 30 days after thedivery. Huang and Chung [8] extended
Goyal's [1] model with cash discount and determirlee optimal cycle time and the
optimal payment policy in the EOQ model under cdisttount and trade credit so that
the annual total relevant cost is minimized. Huf8jgextended Huang and Chung's [8]
model by considering the difference between uniteprand unit cost. Huang [10]
extended Huang and Chung’s [8] model by considetfiegreplenishment rate is finite.
Ouyang et al. [11] established an EOQ model withitéd storage capacity, in which the
supplier provides cash discount and permissiblaydiel payments for the retailer. Ho et
al. [12] formulated an integrated supplier—buyereimory model with the assumptions
that the market demand is sensitive to the retaibpmnd the supplier offers two payment
options: trade credit and early-payments with distgrice to the buyer.

All of the above models assumed that the supplieuld offer the retailer a
permissible delay of payments. That is one levetade credit. Huang [13] pointed out
that the retailer may also adopt the trade crediicy to stimulate his/her customer
demand in most business transactions. Huang [If#fjedkthis situation as two levels of
trade credit policy, and incorporated both Chung #&tuang [4] and Huang [13] to
investigate the optimal retailer's replenishmentisiens with two levels of trade credit
policy in the EPQ framework. Teng and Chang [15roeme a shortcoming in Huang's
[14] model and proposed the generalized formulatmihe problem. Huang and Hsu
[16] extended Huang's [13] model by considering ribiler just offers the partial trade
credit to his/her customer. Teng [17] establishadireventory lot-sizing model for a
retailer who receives a full trade credit fromstgoplier, and offers either a partial trade
credit to its bad credit customers or a full tradedit to its good credit customers.

Therefore, in this study, for advancing practigsé in a real world, we propose
an inventory model with defective products undeshcaiscount and two-level trade
credit policy under the replenishment rate is &nWe model the retailer's inventory
system as a profit maximization problem to detesriine retailer's optimal inventory
cycle time and optimal payment time under cashadist and two-level trade credit
within the EPQ framework.

2. Notation and assumption

The following notation is used throughout this pape
D annual demand rate

P annual replenishment rate, P > D

Q order size

C purchasing cost per unit

K fixed ordering cost per order

S selling price per unit

h stock holding cost per unit per year
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F freight cost per delivery

d unit screening cost

Cs unit disposal cost of scrap items

X annual screening rate

n number of shipments from supplier to retailer
p percentage of defective items in Q

q percentage of scrap items in defective items
v the unit price of imperfect items, v<c

lq interest earned per $ per year

le interest charged per $ per year

M, retailer’s fixed period of cash discount

M, retailer’s fixed period of permissible delay iritbeg accounts , with M> M;
o) cash discount rate, 0&< 1

a the fraction of the customers who pay for the g@mmediately upon receiving
them, O<a < 1.

1-a the portion of the customers who receive a peibiesselay of payment

T inventory cycle length of each cycle

T Optimal replenishment cycle time

Q Optimal order quantity

In addition, the following assumptions are madthia model.

1. There is a single supplier and single retailerafsingle product in this model.

2. The demand rate is known, constant and continuadstle replenishment rate is
known and constant.

3. The lead time is zero.

4. Shortages are not allowed.

5. Each order is subjected to a 100% inspection psogea rate of X units per unit time,

Q

the screening rate x is sufficiently large such tra—~ < M,
X

6. To speed up cash in flow and reduce the risk oh dlsv shortage, the supplier
offers a discound(0 < & < 1), off the retailer's unit purchasing price tlile retailer
settles the account at time Mtherwise, the full price of the purchase is gedr

7. During the credit period ((ie) Mor M), the retailer sells the items and uses the sales
revenue to earn interest at a rate,0fAt the end of this period, the retailer pays off
all purchasing cost to the supplier and startsrmgayor the interest charges for the
items in stock with rate..l

8. s=¢, k=Ilgand c(1 Q)¢ = sk

9. Each production lot Q has defective rate of p. Ew® defective items in each cycle
comprise (1 — q)pQ imperfect (or reworkable items)l q pQ scrap (or unworkable)
items. The scrap items must be removed from invgrabthe end of the screening
process at a disposal costgér unit. Re-workable items are sold in a singlieh at
a discount price v per unit at the end of the cycle

3. Model formulation
In this section, we formulate an inventory modetlemcash discount and two levels of
trade credit policy. The total relevant cost caissig the following elements.
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Ordering cost per cycle: The ordering cost per cycle 1?—

Holding cost per cycle: With the stock holding cost per unit per year e t
holding cost per cycle is

DT

P

2 P
Purchasing cost per cycle:

Case 1l . Payment is paid at.NThe cost of purchasing units is c(3)Q.
Case 2 . Payment is paid at.Mhe cost of purchasing units is cQ.

D
wherepo= 44—
P P

. : . : d
Screening cost: According to assumption (5), the screening cos_rt—?s.

: , T
Freight cost: The freight cost per unit time 11&

Disposal cost per cycle: The disposal cost per cycle gﬁ—pQ

According to the assumption (7), as well aswhlees of N and Mor M,. There
are two cases that occur in interest charged aatest earned per cycle.

Case 1l: Payment is paid at M
Case 1.1: If N < My, there are four sub-cases in terms of interestgelshand interest
earned per cycle.

PM
Case1.1A: M; < Dl <T

In this case, the retailer can earn interest @meaye realized credit sales revenue

for the time period [0, M from the portion of immediate payment and eaterigst on
average realized credit sales revenue for the pgr@d [N, M] from the portion of
delayed payment. At Mthe accounts are settled, and the retailer mastqr all items
sold after M for the proportion of immediate payment and &lvis sold after ¥— N for
the portion of delayed payment with raje |

Consequently, the interest charged is

c(1- 8)I{o{DT2p _(P-D)M; ]+(1—a)(DTZP _(P-D)M - Nf H and the
2 2 2 2

2 N2
interest earned isl {u D';/I +(1-a) D(M12 N) }

PM,
Cael1B: M:sT< D

Same discussion as above case 1.1.A.
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aD(T - M,)? N (1-a)D(T + N-M,Y
2

The interest charged i5(1- 6)Ic[ 5

}, and the

2 N\ 2
interest earned isl, {u D';/Il +(1-a) D(M 12 N) }

Cael11C: T<M;<T+N

In this case, the retailer can earn interest omaaecrealized credit sales revenue for the
time period [0, T] and full sales revenue for theet period [T, M] from the portion of
immediate payment and earn interest on averageedairedit sales revenue for the time
period [N, M] from the portion of delayed payment. At Mhe accounts are settled, and
the retailer must pay for all items sold aftey MN for the portion of delayed

payment  with rate .l Consequently, the interest charged is

- + -
c(l—S)IC(:L a’)D(TZ N-M) and the interest earned is

sDI,

[aTz +20T(M, - T)+(1-a)(M, - N)z].

Cael1D: T+N<sM;
In this case, the permissible payment time expomsor after the credit sales are
completely realized. Consequently, there is noré@stepayable, and the interest earned is

Sly DT[T + (M, - T) + 2(1-£)(M, - T- N)].

Case 1.2: If My < N there are three sub-cases in terms of intetemiged and interest
earned per cycle.

PM
Case1.2A: M, < Dl <T

In this case, the retailer can earn interest omaaecrealized credit sales revenue for the
time period [0, M] from the proportion of immediate payment. At,Mhe accounts are
settled and the retailer must pay all items sotdrafl;, for the proportion of immediate
payment and the entire amount of the delayed paymith rate |. Consequently, the
interest charged is

2 _ 2 2
c(1-9)I, | a DT _(P-D)M; +(1-a) m+ DT(N - M,) || and the interest
c 2 2 1

2

, DM?
earned isusl, —=+.

PM
Case1l2B: M,;<T< Dl

Same discussion as above case 1.2A.
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DT%

DA MY, 1 PT2 oTen- Moﬂ anc

The interest charged i5(1-9)I

. . DM?
the interest earned issl, —*.

PM
Casel2C: T<M; < Dl

In this case, the retailer can earn interest omagecrealized credit sales revenue for the
time period [0, T] and full sales, revenue for time period [T, M] from the portion of
immediate payment. At M the accounts are settled and the retailer mugtfgrathe
entire amount of the delayed payment with rate&€bnsequently, the interest charged is

c(1-8)I (1- (x)( DT

+DT(N - Ml)] and the interest earned is

2
asl, ( DZT +DT(M, - T)j.

Case 2: Payment is paid at M

PM
Case2.1A: M, < D2 <T

In this case, the retailer can earn interest omaaecrealized credit sales revenue for the
time period [0, M] from the portion of immediate payment, an eamer@st on average
realized credit sales revenue for the time perfddNl,] from the proportion of delayed
payment. At M, the accounts are settled, and the retailer naystqr all items sold after
M, — N for the portion of delayed payment with rate Consequently, the interest
charged is

cl, {a[ DT _(P- D)ng+(1— a)[DTZp - (P-D)M - NY ﬂ and the interest
2 2 2 2

M* +(1—a)—D(M22_ N)Z}.

earned issl, [a

Case2.1B: M,<T < P'\SZ

Same discussion as above case 2.1.A.

aD(T - Mz)2 + (1-a)D(T + N - M, )2
2 2

2 Y
earned issl, [u Dl;/lz +(1-0) M}

The interest charged islc[ } and the interest

Case21C: T<M,<T+N
In this case, the retailer can earn interest omag@ecrealized credit sales revenue for the
time period [0, T] and full sales revenue for theet period [T, M] from the portion of
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immediate payment and earn interest on averageedairedit sales revenue for the time
period [N, M)] from the portion of delayed payment. At lthe accounts are settled, and
the retailer must pay all items sold aftes MN for the portion of delayed payment with

(1-0)D(T + N - M, )?
2

eamed is%[aTz + 20T(M, =T) + (1- )M, ~N)? .

rate |. Consequently, the interest chargeais and the interest

Case21D: T+N<sM,
In this case, the permissible payment time expomsor after the credit sales are
completely realized. Consequently, there is norésiepayable and the interest earned is

SDIdTI:T + ZOL(MZ -T) +2(1- 0L)(Mz -T _N):"

Case 2.2 If M, < N, there are three sub-cases in terms of intetemtged and interest
earned per cycle.

PM
Case2.2A: M, < D2 <T

In this case, the retailer can earn interest omaaecrealized credit sales revenue for the
time period [0, M] from the proportion of immediate payment. Ab,Mhe accounts are
settled, and the retailer must pay all items sdter a1, for the proportion of immediate
payment and the entire amount of the delayed paymith rate |. Consequently, the

2 2 2
interest charged isl_ {o{ D-; p_(P-DM, j +(1-o) (sz -DT(N-M,) H and

2

2
the interest earned issl, > 2,

PM
Case2.2B: M,<T < 5 2

Same discussion as above case 2.1.A.

- 2 2 -
The interest charged iSI{M +(1- u)(DT p+ DT(N Mz)ﬂ and the

2

: . DM}
interest earned iasl >

PM
Case2.2C: T<M,< D2

In this case, the retailer can earn interest omagecrealized credit sales revenue for the
time period [0, T] and full sales revenue for theet period [T, M] from the portion of
immediate payment. At M the accounts are settled and the retailer mugtfgrathe
entire amount of the delayed payment with rate&€bnsequently, the interest charged is
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DT2p

cl.(1- (x)( + DT(N - Mz)] and the interest earned is

2
asl{D;- + DT(MZ—T)]

The annual total cost for that retailer is thaltatlevant cost (which includes
ordering cost, holding cost, purchasing cost, stingecost, freight cost, disposal cost and
interest charged) minus interest earned.

From the above arguments, we show that the arnotslcost for that retailer is

given by,
Tem = TC,(T), if the retailer settles the acedat M,
| TC,(T), if the retailer settles the acerat M,

Case 1: If the retailer settles the account at M

Case1.1: M;2N

In this case, the retailer’s fixed period of cagtdunt M is equal to or larger than the
customer’s fixed period of permissible delay in payts N. From the above discussion,
the annual total cost for the retailer consisttheffollowing four cases

(1) My < Pgll ST@MsTs P['\)/Il (B)T<M;<T+Nand (4) T+ N M,

PM,
D

IN

<T

TC,,(T), if M,
PM,

IN

ie. TC(T) = {TC,(T), if M, < T<
TC,(M),if T < M,

TC,(T),if T+N <
K . DT’hp

D
T+N

<
Ml

where TGy(T) = T + +c(1-0)Q+ d__? _,_LT: CsserQ )
C(1-5)|{a[DT2p (- D)ij+ (la)(Dsz _(P-D)M - Nfﬂ
2 2 2 2
- sld[a DM, +(1—a)—D(M1_N)2}.
2 2

:HK - ‘:(1_—25)'6[(1@— D)MZ + (1-a)(P- D)(M, — N)? |

-%[aDMf +(1-@)D(M, -N)*| + dD +F + qul:}
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T{th + 0(1_62)'°Dp} +¢(1-3)D

2

()

2
+DT hp
2

TClz(T):$ +c(l-3)Q+ dTQ +?F L0PQ

T
oD(T - M,)? + (1-)D(T + N - M,)?
2 2

s, { 2 +(1_G)D<MI_—N>2}

c(1-I)I {

2

TCiAT) = %{K + (:(1_—25)IC[OLD(Mf +(1-a)D(M, ~N)?]

-%[aDMf +(1-@)D(M, -N)?] + dD+F + G qp[}+ {th + 0(1‘5)'CD}

2 2

+¢(1-8)D - c(1—z‘>)|cD-%[oav|l +(1-a)M, =N) |

. (2

K DT?h
TClB(T)z? + TP

+¢(1-3)Q + dTQ +l-|-: +@ )
2
D(T = M) S';D[W +2aT(M, =T) + (L -a)(M, =N)° |

c(1-9)! (1-01)

= %{K +—C(1_25)Ic (1-@)D(M, ~N)? —S—;"(l—a)D(Ml ~N)2+dD +F +qup[%

+T[D2p N C(1—5)|c2(1—0)D + O‘S'ZdD}, c(1 -8)D - asDI,M,

—¢(1-8)l D(L-a)(M, ~N)
@)
+c(1=8)Q + dTQ +lT: +_C51PQ 4

. SI;D[T + 24(M, =) +2(1 -0)(M, -T-N) |

K DT?h
TCi«(T) = ? + 2 P
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:5 (th sDI, j+ (1-6)D LdQ F_
T 2 2 T T
C.qgPD

~sDI,M, +(1 - a)sDI,N

- (4)
Cael2 M. <N
In this case, the retailer’'s fixed period of cagécdunt M is equal to or less than the

customer’s fixed period of permissible delay inpayts N. The annual total cost for the
retailer consists of the following three cases

(1) M, = PDMl <T@ MsT< M (3 7op,< T
TC,(T), if M= < 7

ie. TG(T) = {TC,o(T), if < P['\)"l
TCL(T),if T <M, < "M

where TGs(T) = 5 + DTth +C(I-a)Q + aQ +LT: +—CS(_1|_PQ +
c(1-5), { (DT p_(P- D)M j 1 )(i-DT(N-lxxll)ﬂ-asld D'\Z"l.
_ oc(1-8)I(P-D)M _asI, DM} F G P
_T 2 2 )
T[Dgp + C(l_z)'ch]+ c(1 -8) D+c(1-8)l (1-a)D(N - M,)
- (5)
e = E{K L 0C(1-8) DM sl DM o c QP%
T 2 2
Dhp _ c(1 -8)I.D
LIS LI
+¢(1-8)D-c(1-8)I.D[aM, ~(1-a)(N-M,)| ...(6)
TCT) = 5+T( DThp , c(1-9)I (1-a)Dp , asl, j
T 2 2 2
+dT—Q+TF+ CS?_PQ‘*'C(l -3) D—asDI,M, + ¢(1 -8)I D(1 - a)(N - M,). .(7)
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Case 2: If the retailer settles the account at M

Case2.1: M,2N

In this case, the retailer’s fixed period of pemitite delay in payments Ms equal to or
larger than the customer’s fixed period of pernhigsdelay in payments N.

From the above discussion, the annual total coshforetailer consists of the following
four cases

(1) Mz < Pll:\)/lz ST@)MsTs PM, (3) T<M,<T+Nand (4) T+ N M,

PM,
D
p

TC,,(T), if M, <

IN

T

ie. TG(T) = {TC,,(T), if M,

1o
TC,(T),if T < M,
TC, (T), if T+N <

<
M,

2
where TQl(T)=$ + %hp +CQ+ d_TQ _,_f +quPQ )

T T
c|{u(Dsz (P- D)ng @ )(Dsz _(P-D)M, - N)Zﬂ
2 2 2
_Sld[a DM?2 +(1_a)D(M2—-N)2}_
2 2

= %{K - %[Q(P— D)M; + (1~a)(P~ D)(M, ~ N)’* | +dD + F + G gpL

-%[aDMg +(1-a)D(M, - N)Z]}T[D—hp +_°'c§p} +cD

2
.(8)
TCZZ(T)_5+ DT2hp e dTQ F CSqPQ+
cl, aD(T Mz) (l-a)D(T + N-M,)?
2
DM: D(M,-N)?
-S|d|: 22+(1 ) ( 22 ) :|

1(, cl
T{K+7[ D(M2 +(1-a)D(M, —N)] > =4[ aDM3+(1~a)D(M ,~N)*|+dD

49



W.Ritha and I.Antonitte Vinoline

+F+(;qp[}+ D—hp %} +cD-cl [EaM2+(1—a)(M2—N)]

2
-(9)

DT’hp dQ qPQ cl (1 w)D(T + N -M,) |

—_ K _|_ S
TCall) =+ = e +? T 2
Sk ZDT[ aT? +20(M,T)+ (1 - )M, ~N)?]
TCoH(T)== { e (1- DM, -N)y2 -k X(1-0)D(M,~N)*+0D + F + G, qpl%

+ T[th 4+ Cle-oD “S[Z)'d} +¢D -asDI,M, —cl D(L-a)(M,—N)

2 2
. (10)
2
TCy4(T) :$ + %hp + CQ+d—TQ +I?: +C5?I]_PQ_ S[_)FLQ
sI,DT
] d2 [T+20(M,-T)+2(1 -0)(M, =T =N) |

254_ T th+SD|d N
T 2 2

Case22: M,<N

In this case, the retailer’s fixed period of pemitite delay in payments Ms equal to or
less than the customer’s fixed period of permissitiélay in payments N. The annual
total cost for the retailer consists of the follagithree cases

d__?.,. l;.,.CSLTpQ+cD -sD| M, + (1 o)sDI,N (11)

(1) M. < Pglz ST@MsTs M2 @) TeM, < 02
TC,.(T), if M, < PL\)"Z < T
Le. TG(T) = {TC,(T), if M, < T< Pg‘z
TC,(M).if T < M, < PI';"Z
where TGK(T) = %{K . “C'C(P; DM, _ osl EMZ? +dD+F+Q qp[}
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+T{D7hp+°'°—§p} +cD+cl (Fa)D(N-M,) ...(12)
TCo(T)=
1 ocl. DM?3  asl ,DM? Dhp . cl.D
IK+—— 247 24 dD+F+ +T—+—|a+(1-
T{ > 5 qut} { PR A a)p]}
+cD+clD{aM,~(1-a)(N-M,)] ... (13)
TCuT) = K, T{th+clc(1 —a)D,o_'_(xSDld} ,9Q, F,CapQ, o
2 2 2 T T T
-asDI,M,+cI DA -a)(N-M,) ... (14)

4. Modd analysis and solution
Now, we shall determine the optimal replenishmegutectime that minimizes the annual
total cost.

4.1. Decision rulesfor the optimal replenishment cycletime T~ when M, > N.
Let TG'(T) =0fori=1, 2, 3, 4 we can obtain

TC.(T) = 2(K+dD + F + G gpD) -fc (18)I P + sl,D][aM3+(1 - a)(M :N)?
e Dhp + Dc(1 -8)I_p

... (15)
if 2(K +dD + F + G qpD) -pc (1 &) P + sI,D]aM?+(1 - a)(M ;N)? = 0.

PM
Equation (15) gives the optimal value of T for tese M < Dl < T, sothat M <

PM PM .
DlsTsothatMs Dl <T,

2(K +dD + F + G gpD) - [c(1 8)I - Sl J[aDM?+(1 - o) D(M ;N)?
Dhp + Dc(1 -5)l,

Tsz (M= \/

... (16)
if 2(K +dD + F + C qpD) - [c(1 8)I_ + sl J[aDM>+ (1 - o) D(M ;N)2 > 0.

PM .
Equation (16) gives the optimal value of T for tese M < T < Dl’ so thatT,, <

PM,

D

TC.(T) = 2(K+dD +F+GqpD) +(1 & )D(M - N) (c(13)l,-sl,)
2 Dhp + (1 -a)c|, D(1 -5) + asDlI,

if 2K+dD+F+CqgpD)+ (1a )D(M -N) (c(18)l_-sl, = 0.

... (17
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Similarly Eq.(17) gives the optimal value of T fothe case when

T<M,< PM; T +Nso thatT,, <M, < PM, <T,, +N.
D D

. 2(K+dD +F + D
TC,m = |2 9P
Dhp + asDl,
Similarly Eq.(18) gives the optimal value of T ftire case whel <M, —Nso that
T, <M,-N.

... (18)

4.2. Decision rules of the optimal replenishment cycletime T~ when M; < N.
Let TG'(T) =0 (i =5, 6, 7). We can obtain that

2 2
TCL(T) = \/Z(K +dD + F + G gpD) ec(l -8)I (P - D)M? - asl DM?

... (19)
Dhp + Dc(1 -9)I 0

if 2(K +dD + F + C qpD) ec(1 -8)I (P- D)M2-as| DM? > 0.

Eq.(19) gives the optimal value of T for the casewT = PE)/Il so thatT,, > PE)/Il :

. 2(K +dD + F + G gpD) #c(l -5)I DM? - asl DM?
TC,(T) = .
Dhp + Dc(1 -9)l [a + p(1-a)]
if 2(K+dD +F + C gpD) “c(l-3)| DM2- asIDM3 = 0.

... (20)

Similarly Eq.(20) gives the optimal value of T filve case wheM, <T < P::\)/Il so that

. _PM
M, <T, < Dl'
. 2(K+dD + F + D
TC,(T) = ( & apD) ... (20)
Dhp + ¢(1 -9)I.(1-a)Dp+asDlI,

Similarly Eq.(21) gives the optimal value of T féhe case whenl <M, so that
T, <M,.

4.3. Decision rulesfor the optimal replenishment cycletime T* when M, = N.

Let TG'(T) =0 (i = 1,2,3,4). We can obtain that

TC(T) = 2(K+dD +F+CqpD) -fc | P+l DIM%+ (1 -a)(M ,- N)?]
ars e Dhp + Dcl_p

... (22)
if 2(K +dD + F + C qpD) -dcl P + sl,DJeM% + (1 -a)(M ,- N)?] = O.
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Eq.(22) gives the optimal value of T for the cashew M, < PI\D/IZ <T so that

PM,

M,<—2<T, .

2(K+dD +F +CagpD) +[c) - g/ [§DM5 + (1 -a)D(M ,- N)’]
Dhp + Dcl

.

... (23)
if 2(K+dD + F + C gpD) +[¢] - §) 1dDM? + (L -0)D(M ,- N)?] > 0.

Similarly Eq.(23) gives the optimal value of T five case wheM, <T < P:;/IZ so that

PM
M,<T,, < DZ
- 2 -
TC,,(T) = 2(K+dD+F+CqpD)+ (1e)D(M, - N)(cl .- sl,) e
Dhp + (1 -a)cDlI, + asDl,

if 2(K+dD +F + G gpD) + (1e)D(M, - N)*(cl - sl,) = 0.
Similarly Eq.(24) gives the optimal value of T fothe case when

PM, <T,, +N.

T<M,< P:\DAZST+NsothatT23*SM2s

. 2(K+dD + F + C gpD
TC,(T) = S
Dhp + sDlI,
Similarly Eq.(25) gives the optimal value of T fttre case whel <M, —N so that
T, <M,-N.

... (25)

4.4. Decision rulesfor the optimal replenishment cycletime T* when M, < N.
Let TG (T) =0 (i =5, 6, 7). We can obtain that

X +dD+F+ - - 2
TCL(T) = 2(K + dD + F + C gpD) ecl (P - D)M - asl PM?2, e
Dhp + Dcl_p
if 2(K + dD + F + C qpD)acl (P - D)M? - asl DM2 = 0.
Eq.(26) gives the optimal value of T for the casewT > PI\D/IZ so thatT,, > PM, :
. +dD +F + 2. 2
TCL(T) = 2(K + dD + F + C gpD) “cl DM ] asl DM? e
Dhp + Dcl_[a + p(1 -o)]

if 2(K+dD + F + C gpD) +cl DM? - asl DM? > 0.
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Similarly Eq.(27) gives the optimal value of T five case wheM , <T < sz so that

« _PM
M, <T, < D2
. 2(K+dD + F + D
Te,m = |2 G apD) .. (28)
Dhp + cl,(1-a)Dp + asDlI,

Similarly Eq.(28) gives the optimal value of T fthhe case whenl <M,so that
T, <M,.

5. Conclusion
In this paper, we develop a inventory model ofrrstailer to allow items with imperfect
quality under cash discount and trade credit bysicamning the following situations
simultaneously: (1) the retailer's unit sellinggariand the purchasing price per unit are
not necessarily equal, (2) due to reduce defaaKsrithe retailer only provide a full trade
credit to his/her good credit customers, (3) tauoedthe risk of cash flow shortage and
bad debt, the supplier offer the credit terms ngxash discount and trade credit to the
retailer, (4) the replenishment rate is finite, §&andom defective rate is assumed. Based
on our analysis, it is found that the retailer ndayermine the optimal payment time by
trading off the benefits of permissible delay agaioash discount in view of several
seasons such as the retailer’s cash discount péniedetailer's permissible delay period,
the customer’s permissible delay period, the céstodnt rate, and so on. A future study
will further incorporate the proposed model intormeealistic assumptions, such as the
demand that depends on selling price, the perniésdidday in payments that depends on
order quantity.
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