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Abstract

The purpose of this inventory model is to investigate the retailer’s optimal replenishment policy
under permissible delay in payments. In this paper, we assume that the supplier would offer the
retailer partially permissible delay in payments when the order quantity is smaller than a prede-
termined quantity (W). The most inventory systems are usually formed without considering the
effect of deterioration of items which deteriorate continuously like fresh fruits, vegetables etc.
Here we consider the loss due to deterioration. In real world situation, the demand of some items
varies with change of seasons and occasions. So it is more significant if the loss of deterioration is
time dependent. Considering all these facts, this inventory model has been developed to make
more realistic and flexible marketing policy to the retailer, also establish the result by ANOVA
analysis by treating different model parameters as factors.
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1. Introduction

The general, economic order quantity (EOQ) model assumes that the retailer must be paid for the items as soon
as the items are received. However, in practical situation, the supplier offers to the retailer many incentives such
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as a cash discount to motivate faster payment and stimulate sales, or a permissible delay in payments to attract
new customers and increase sales. Before the end of the permissible delay period, the retailer can sell the goods
and accumulate revenue and earn interest. On the other hand, a higher interest is charged if the payment is not
settled by the end of the trade credit period. Therefore, it makes economic sense for the retailer to delay the set-
tlement of the replenishment account up to the last moment of the permissible period allowed by the supplier.

Moreover, the most inventory systems are usually formed without considering the effect of deterioration. In
real-life situations there are products such as volatile, liquids, some medicines, food materials, etc., in which the
rate of deterioration is very large with time. Therefore, the loss due to deterioration should not be neglected. So
in this model, we are considering the items such as fresh fruits and vegetables which have the exponential dis-
tribution for the time to deterioration.

Several authors discussing this topic have appeared in the literatures that investigate inventory problems un-
der varying conditions. Some of the papers are discussed below. Goyal [1] developed an EOQ model under the
conditions of permissible delay in payments. Aggarwal and Jaggi [2] extended Goyal’s [1] model to consider the
deteriorating items. Chang, Ouyang and Teng [3] then established an EOQ model for deteriorating items under
supplier’s trade credits linked to order quantity. Chung and Liao [4] studied a similar lot-sizing problem under
supplier’s trade credits depending on the retailer’s order quantity.

However, most of the papers dealing with EOQ in the presence of permissible delay in payments assume that
the supplier only offers the retailer fully permissible delay in payments if the retailer orders a sufficient quantity.
Otherwise, permissible delay in payments would not be permitted. We know that this policy of the supplier to
stimulate the demands from the retailer is very practical. But this is just an extreme case. That is, the retailer
would obtain 100% permissible delay in payments if the retailer ordered a large enough quantity. Otherwise, 0%
permissible delay in payments would happen.

Huang [5] established an EOQ model in which the supplier offers a partially permissible delay in payments
when the order quantity is smaller than the prefixed quantity W. In the above paper, a partially permissible delay
in payments means the retailer must make a partial payment to the supplier when the order is received to enjoy
some portion of the trade credit. Then, the retailer must pay off the remaining balances at the end of the per-
missible delay period. For example, the supplier provides 100% delay payment permitted if the retailer orderes a
predetermined quantity, otherwise only 1% (0 < 4 < 100) delay payment permitted. From the viewpoint of sup-
plier’s marketing policy, the supplier can use the fraction of the permissible delay in payments to attract and
stimulate the demands from the retailer. Ouyang [6] studied the similar EOQ model with constant deterioration
of the quantity. Das et al. [7] presented an EPQ model for deteriorating items under permissible delay in pay-
ment. Teng et al. [8] developed an EOQ model for stock dependent demand to supplier’s trade credit with a
progressive payment scheme. Min et al. [9] developed an EPQ model with inventory-level dependent demand
and permissible delay in payment. Recently, Ouyang and Chang [10] proposed an optimal production lot with
imperfect production process under permission delay in payment and complete backlogging.

The present EOQ model based on the fact that the suppliers would offer a partially permissible delay in pay-
ment if the retailer ordered more than or equal to a predetermined quantity W. If the ordering quantity is less
than W, then the retailer has to pay off a certain amount (which is decided by the supplier) at the ordering time.
In the real-world situation, we generalize the inventory model by relaxing some facts as 1) the retailer’s selling
price per unit is higher than its purchase unit cost; 2) the interest rate charged by the bank is not necessarily
higher than the retailer’s investment return rate; 3) many items like as fresh fruits and vegetables deteriorate ex-
ponentially with time.

In this regard, we model a retailer’s inventory system as a cost minimization problem to determine the retail-
er’s optimal inventory cycle time and optimal order quantity. Several theorems are established to describe the
optimal replenishment policy for the retailer under the more general framework and use an approach to solve
this complex inventory problem. Finally, numerical example has been given to illustrate all these theorems and
sensitivity analysis has been done. Also we have established the result by ANOVA analysis by treating different
model parameters as factors.

2. Mathematical Notations and Assumptions

In this section, the present study develops a retailer’s inventory model under conditionally permissible delay in
payments. The following notation and assumptions are used throughout the paper.
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2.1. Notation

D: the annual demand

A: the ordering cost per order

W: the quantity at which the fully delay payment permitted per order

P: the purchasing cost per unit

H: the unit holding cost per year excluding interest charge

S: the selling price per unit

le: the interest earned per dollar per year

l,: the interest charged per dollar in stock per year

M: the period of permissible delay in settling accounts

A: the fraction of delay payment permitted by the supplier per order, 0 <A <1
Z(t) = ap”*: is two parameter Weibull distribution function representing time to deterioration, where « = scale
parameter, (0 < o < 1), f = shape parameter (8 > 1)

T: the replenishment cycle time in years

Q: the order quantity

TCR(T): the annual total relevant cost, which is a function of T

T": the optimal replenishment cycle time of TCR(T)

Q": the optimal order quantity = DT"

2.2. Assumptions

1) Replenishments are instantaneous.

2) Demand rate, D, is known and constant.

3) Shortages are not allowed.

4) Inventory system involves only one type of inventory.
5) Time horizon is infinite.

3. Mathematical Formulation

The inventory level decreases due to demand as well as deterioration. Thus, the change of inventory level can be
represented by the following differential equation:

dld—(tt)+z(t)l(t):—D, O<t<T @

where Z (t)=aft’, with boundary condition I(t) = 0. The solution of (1) with e’ =1+at’ (asa < 1)is

I (t)=De {(T—t)+(ilj(Tﬂ“—t“)} 0<t<T )

£+

Hence, the order quantity for each cycle is

Q=1(0)= D{T +(ﬁ}ﬂ“} 3)

From (3), we can obtain the time interval T, that W units are depleted to zero due to both demand and deteri-
oration. We put Q = W in (3) and get T,, from (3)

W = D{TW +[ﬁjm’“} @)

IfO>w(.e., T>T,), the fully delayed payment is permitted, otherwise, partial delayed payment is permitted
if Q<W (i.e.,, T<T,), the retailer must have to pay supplier, the partial payment of (1 — 1)pQ at time 0. From
the constant sales revenue sD, the retailer will be able to pay off the loan (1 — 2)pQ at time
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e A Py )

At time Ty, the pay of time G of the partial payment is shorter or equal to the trade credit period M. i.e., G <

M.
Therefore we get T, from the following relation

(04
1-1 )| T, +| — [T/
e ){ ° (ﬂ+1j ° }
It is obvious that always M < Ty and if T < T, then G < M and vice-versa.

Based on the values of M, T,,, Ty, we have three possible cases:
1) T,£M<T,,2) M<T,<T,,3) M<T,<T,

M

a) Annual ordering cost = TA
b) Annual stock holding cost excluding interest charge
a

H=h/T i I (t)dt="h/T E De {(T —t)+[mj<Tﬁ” —t/”l)}dt

Simplifying with e’ =1-at’ (asa < 1)

H=pnT| Ly T —azTZWi
2 (B+1)(B+2) 2(B+1)

B
H = DhT £+L (Neglecting o term, since o < 1)
2 (B+1)(B+2)

. . 1 o4
¢) Annual deteriorating cost =— - pDT]=Dp| — |T”#
) g T[DQ pDT] p( /3+1]

3.1.Case1: T, sM< T,
There are three sub-cases in terms of annual opportunity cost of the capital which are depicted in Figure 1.

3.1.1.Sub-Case 1.1: M<T
The retailer starts paying the interest for the items in stock after time M with rate 1, and during time 0 to M, from

the sale revenue the retailer earns the interest with rate I, therefore in this sub-case, the annual opportunity cost
of capital is

Inventory level [I(t)] Inventory level [I(t)] Inventory level [I(t)]
| o Q

Q

J‘ time  —— L ptime — L = Ll »time
0O G TMTT O G T, TMT, O G TT.,MT,
Sub-case 1LIM<T Sub-case 1.2 T, <T <M Sub-case 1.2 0<T <T,

Figure 1. Graphical representation of three different situations of case 1.
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2 2 2
—pIkD[L+M——TM B (T<ﬂ*2)—|\/|<ﬂ*2>)+ Z (M -T#)T™ _S!.DM

T |2 2 () (p+2) (B+1) 2T

3.1.2.Sub-Case 1.2: T, <T<M
In this case, there is no interest paid for financing inventory, therefore in this sub-case, the annual opportunity

cost of capital is —sIeD[M —%}

3.1.3.Sub-Case 1.3: 0<T< Ty
If T < T,, then the retailer must have to pay the partial payment (1 — A)pQ at time 0 to the supplier, and retailer
pays off the loan to the bank from sales revenue at time

6 -(a-2)(pi9)| T+ 7

Consequently, the interest is charged on the partial payment from time 0 to G. Hence the annual interest pay-
able is

!r_kjf (1) Pt} = %{(1_1)2 ( pz/s)(T +ﬁT(M)j2} (5)

Similarly, the interest earned starts from time G to M, and the annual earned interest is

ot p0jate (7 -(1-4) o]

2 (6)
SDle a (B+1) SDle o (B+1)
=—=|T—-(1-2 T+—T —(M-T)|T-(1-2 T+——T
- [ ( )<p/s>[ o ﬂ +2e( >[ ( ><p/s>[ o
Therefore in this sub-case, the annual opportunity cost of capital is
2 2
IkD 2 2 [24 (B+1) SDIe [24 (8+1)
——(1-2 T+—T ——=|T-(1-4 T+—T

_sDI,

2 (1) (1 £)(p15) 57|

Therefore in case 1, the annual relevant cost can be expressed as

TRC,(T), M<T
TRC(T)=4TRC,(T), T,<T<M @®)
TRC,(T), 0<T<T,

where,

_JA 1, apr” @ s PLD|TE M*
TRCl(T)_{T+DhT{2+(ﬂ+l)(,6’+2):|+Dp[ JT + {2 + ™

)
__af (1) ) a s _sI,.DM?
T M ™M T )TM} T }
_A 1. ot @ Vs { _1}
TRCZ(T)—T+DhTL+(ﬁ+1)(ﬁ+2)}+Dp(mJT s1,D| M - (10)
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TRC, (T) = {T§+ DhT E+ (ﬁ+0;§(T;+2)}r Dp(ﬂileﬂ

N % [(1_ A (%ZJ{T +ﬁﬂﬂ+nj2]
) 5|2eTD {T _(1_1)(9& +ﬁT(Mﬂ2
ol

3.2.Case 2: M < T\, < Ty (cf. Figure 2)

(11)

Similar to case 1, three different sub-cases are as follows:

3.2.1.Sub-Case 2.1: T, < T
This case is similar to the sub-case 1.1 (where M <T). Since M < T,, < T, therefore the total relevant cost is same
as TRCy(T).

3.2.2.Sub-Case 2.2: M<T< T,
Since T < T,, the retailer must have to pay the partial payment (1 — 2)pQ at time 0 to the supplier, and retailer
pays off the loan to the bank from sales revenue at time G. The annual interest payable from 0 to time G is given

by
IT—kff [(1-7) pQ—sDt]dt - %[(1—1)2 [%ZJ[T +ﬁwﬂ>ﬂ

Again since M < T, the retailer has to pay interest from time M to time T. Therefore, the annual payable inter-
estis

T |2 2 (B+1)(B+2) (B+1)

Similarly, the interest earned starts from time G to M, and thus the annual interest earned is

_Ir_EJGM [sDt—(l—ﬂ) pQ]dt _ sIZETD[M _(1_,1)(§j(T + (ﬂil)wﬂﬂz

In this sub-case, the annual relevant cost is

2 2
p_lk T |(t)dt= pl, D T_+M__-|-M +L(T(ﬁ+2)_M(/}+2))+ a (M”—T”)TM}
T M

Inventory level [I(t)] Inventory level [I(t)] Inventory level [I(t)]

I 1 N

Q
l . i L . I
time - L ptime = > time
0O GM T,TT O GM  TuTTo 0 GM T,TT,
Sub-case 2.1 Ty < T Sub-case 2.2 M <T <T, Sub-case 1.2 T <M

Figure 2. Graphical representation of three different situations of Case 2.

2680



S.Beraetal

_A 1 affT’ a _; LDl p_2 a  —pa ?
TRC, ( +D t{z 7o) ﬂ+2)}+ Dp(ﬂ+1)T = {(1 ) ( S ](T +—(ﬂ+1)T J ]
T_ _2_ af B2 np B2 B _TH
{2 + ™ + —(ﬂ+l)(ﬂ+2)(T M )+(ﬂ+1)(lv| T )TM} (12)

= {M —(1-1)[;'0](T +(’%‘J‘rl)Tﬁ+lﬂz

3.2.3.Sub-Case 2.3: T<M
This sub-case is similar to the Sub-Case 1.3 (where T < T,, < M). Since T <M < T,, the annual total relevant cost
is same as TCR3(T).

Therefore in Case 2 the annual relevant cost can be expressed as

TRC,(T), T, <T
TRC(T)=4TRC,(T), M<T<T, (13)
TRC,(T), T<M

3.3.Case 3: M < Ty < Ty (cf. Figure 3)

There are four sub-cases as following:

3.3.1.Sub-Case 3.1 T, <T

This case is similar to the Sub-Case 1.1 (where M < T). Since M < T, < T,, < T, therefore the total relevant cost is

TRCy(T).

3.3.2.Sub-Case 3.2 TosT< Ty
IfTo<T,then M<G,ie. M <(1—ﬂ)(£) T+ % 7o
S p+1

Inventory level [I(t)] Inventory level [I(t)]
| Q
T L1 1 l

—I—btime

» time
OMG To TuT O MG Ty TTw
Sub-case 3.1 T, <T Sub-case 3.2 To <T < Ty
Inventory level [I(t)] Inventory level [I(t)]
Q Q
time l . " I » +i
OMG TTo Tu O T MG T T > time
Sub-case 3.3 M <T <T, Sub-case 3.4 T<M

Figure 3. Graphical representation of four different situations of Case 3.
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In this sub-case, at the beginning i.e. at time 0, the retailer must take a loan to pay the supplier the partial
payment of (1 — A)pQ.
Since M < G, the retailer have to take another loan to pay the rest of ApQ at time M.

Again since the first loan will be paid from the sale revenue until t= (1—/1)(BJ{T 2T ’”1}.

S p+1
Hence, the retailer gets the second loan at time M but can start paying off from the sales revenue after time t =
G (>M). As a result, there is no interest earned, but have to pay the interest. The 1% payable interest is

1 [ [(1-2) pQ-sDt et = %[(1—/1)2 (%ZJ(T +ﬁwﬂﬂ.

For the 2" loan ApQ, retailer has to pay interest at I, rate per year from M to G. Therefore, the 2™ payable in-
terest is

[, 2pQdt = 'MPD{T +%TM](G—M)= IkApD{(l—z)(gj(T +ﬁT"MJ—M}

Again, since the retailer has started to pay off the loan ApQ from the sales revenue after time G the loan will
ApQ

be completely paid off at time 5
s

2pQ 2
Therefore, the 3" payable interestis 1, [ < (1pQ—sDt)dt = QI o [P g @ ppm
0 2 s B+1

Therefore the annual total payable interest is
2 2
LT VAR N R AR R S (1-/1)(3) T+ 210 |_M
2T s B+1 T s B+1
2
+£ PRI & SR Vo
2T s B+1

3.3.3.Sub-Case 3.3 M=<T=<T,
This case is similar to the Sub-Case 2.2 (where M < T < T,). Since M < T < T, < T,, the annual total relevant
cost is TRC4(T).

(14)

3.3.4.Sub-Case3.4T<M

This case is similar to the Sub-Case 1.3 (where 0 < T < T,).

Since T <M < Ty < T,, therefore the annual total relevant cost is TRC3(T).
In Case 3, the annual relevant cost can be expressed as

TRC,(T), T, <
TRC,(T), T, <T<T,
TRC(T) = s(T) 0 (15)
TRC,(T), M<T<T,
TRC,(T), T<

where,

TRCy(T)=Avont| 2y T | pp @ s, WD (1—2/1+2/12)(p—2j(T+LTﬁ”J
T ) 1ot s p+1 )

2 (B+1)(B+2 L+

+ 'k’_lrpQ {(1—1)(?)@ +ﬁT“j—M}
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4. Theoretical Results

Now we try to determine the optimal replenishment cycle time (T) that minimizes the annual relevant cost.

41.Case1 T,sM<T,

To minimize TRCy(T) in (9) for M < T we get dTRdC'F (T) -0

2 B+2

= Dh T—+ﬂ +Dp P T/
2 p+2 B+1
T2-M?  of , af ,  af .

+plD + T/ M MT )

X { 2 (8+2) (B+1)(B+2) (5+1)

2

L slbm? o

Now there exists a value T in [M, o) at which we get minimum value of TRC,(T). Let

dTRC, (T
A= dTl( !

2 B+2
= A, =Dh M_+aﬁM +Dp
2 p+2

apM’* sI,DM?

p+1 2 A (18)

T=M

Then we have the following lemma.

Lemma 1:

a) If A; <0, then the annual total relevant cost TRC,(T) has the unique minimum value at the point T = T,
where T; € [M, ) and satisfies (17).

b) If A; > 0, the annual total relevant cost TRCy(T) has a minimum value at the boundary point T = M.

Proof: Let

Fl(T):[Dh[1T2+MTMj+ pp&B)psa, plkD[%(T2 —M2)+MT’”2

2 ﬁ+2 ﬂ+1 ﬁ+2
(A1)
._alp) Mw_wwm}zyewz_;\
(B+1)(B+2) (B+1) 2
T e[M, )
Taking the derivative of F(T) with respect to T € (M, o), we get
dFl T +1 +
d# ):Dh[T+a(ﬁ)Tﬂ ]+Dp(a(B)T#)+ pl,D[T +a(B) T -a(B)MT” ] .

=Dh[T+a(B)T"*]+Dp(a(B)T”)+ pl,D[T +a(B)T*(T-M)]>0
Therefore, F1(T) is strictly increasing function of T in [M, o). From (A1), we get

F.(M)=A,<0, and TlilwgoFl(T):+m

Therefore, if F(M)=A, <0, then by applying the Darboux’s theoremt, 3 aunique T, € [M, ) such that
F.(T,) = 0. Again taking the second order derivative of TRC,(T) with respect to T at T,, we have

d’TRC,(T) d {Fl(T)}’ { dTRC, (T) Fl(T)}:—ZFl(T)+idFl(T)

T? - TS T2 4T

dT2 T dT T2

Hence,
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d’TRC, (T 1 .
dT—;()T_T == [ Dh{T,+a(B)T"}+ Dpar ()T, + p,D{T,+a(B)T/ (T-M)} | >0 (A%)
Therefore T, € [M, ») is the unique minimum solution to TRC,(T).

On the other hand, if F(M)=A, >0, wehave F(T)>0, VT €[M,o). Consequently, we know that

dTRC, (T ) F(T)
dT

>0, VT e( ,oo).

That is, TRCy(T) is a strictly increasing function of T in [M, o). Therefore, TRCy(T) has a minimum value at
the boundary point T = M. This completes the proof.

Darboux’s Theorem:

If a function f is derivable on a closed in terval [a, b] and f'(a), f'(b) are of opposite signs then there exist at
least one point ¢ e [a, b] such that f'(c) = 0.

dTRC, (T
Again for T,, < T <M, TRCy(T) in (10) is minimum when d—'lf() =0
ph| 1+ 15| pp| L |ypa DA _
2 p+2 p+1 2 T
(19)
ph| L %P _gr2 | pp| HB_ |y Dz sy
2 ,B +2 p+1 2
To prove that there exist a value of T in the interval [T, M] at which minimizes TRC,(T), we let
_dTRC,(T)
,=—2
dT B
T=Tw (20)
A, =Dh| ey 9B o |, pp| HP_|ppa D2y
2 ﬁ +2 p+1 2
It is obvious that A; > A, if M > T, then we have the following lemma:

Lemma 2:

a) If A, < 0 < Ay, then the annual total relevant cost TRC,(T) has the unique minimum value at the point T =T,
where T, € [Ty, M] and (19) is satisfied by T».

b) If A, > 0, the annual total relevant cost TRC,(T) has a minimum value at the lower boundary point T = T,,.

¢) If A; < 0, the annual total relevant cost TRC,(T) has a minimum value at the upper boundary point T = M.

Proof: The proof is similar to that in Lemma 1 so we omit it.

dTRC, (T)

Similarly, for 0 < T <T,, TRC3(T) in (11) is minimum when =0. Thatis,

Dh{z b T””} DpﬁTﬂh%Tz(1—1)2('0—2]{“205(#) .((1+2ﬁ) }

B+2 B+1 s B+1)
+%T2Hl—(l—z)[gj(uﬁﬁj}{1+(1—/1)(?pj[1+a(;;+21ﬂ)ﬂj} (21)
+2(M =T)(L- ,1)( jﬂ“ﬁlT“} A=0

Again there exist a value of T in the interval (0, T,,) which minimizes TRC5(T), we let

2684
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or
Dh( T2+ TMJ pp-28_1pn 1Py (1—,1)2('0—2) 1+ 20 (T )+ —(1+2ﬂ) T2
2" g2 B+1 2 s (5 +1) -

+%T\,§ {1_(1%)(8[“%“ H{lﬂl—ﬁ)@j{ﬁ%m H

2(M =T, )(1- /1)( J;ﬂlTﬂl} A}zO

Then we have the following lemma:

Lemma 3:

a) If Az > 0, then the annual total relevant cost TRC3(T) has the unique minimum value at the point T = Tj,
where T3 € (0, T,) and satisfies (21).

b) If Az <0, then the value of T € (0, T,) which minimizes TRC3(T) does not exist.

Proof:
Let
Fo(T)= Dh{ + TM} pﬁTﬂ*ﬂﬁTz(l—z)z[p—zJ 1+2a(T*)+ M
2 p+2 p+1 2 S (ﬂ+1)
ﬂTzHl—(l-/1)[£J[1+LTﬂjHu(l—A)(BJ[HMTﬂJ} (B1)
2 S p+1 S p+1
af -1 _
2(M-T)(1- 1)( jﬁ+lT/’ } A=0
Differentiating F3(T) with respectto T < (0, T,), we have
dF3 T +1 2
dg )z[Dh[TmﬂTﬁ |+ Dpa(B)T” +DT (1, —1,)(1-2)" (p*/s)
o (1+25) (B2)
y NT# + T28 _ A
{1+a(ﬁ+ )T/ + 5o }+SDI8T{1+aﬂ(1 A)(p/s)MT }]
Since

h+aphT” + pa ()T +(1, - Ie)(l—/?.)z(pz/s){1+a(ﬂ+2)Tﬂ +%Tzﬂ}

+sl, {1+ apB(1-2)(p/s)MT”H = h+(1, =1,)(1-2)"(p°/s) +sl,
=h+(1-2)°(p?/s) 1 +{s-(1-2)*(p?/s)}1, >0

['.'5—(1—/1) (p*/s)>0 for s> p and Osﬂle

dF, (T . . . . . .
Therefore we have % >0= F,(T) isastrictly increasing function of T in (0, T,). Now from (B1), we
have

liir?)F3(T):—A<O and lim F(T)=A4,. (B3)

T->Tw
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Therefore, if lim F,(T)=A, >0, then applying Darboux’s theorem, 3 a unique T3 € (0, Ty) such that

T->Tw

F3(T3) = 0. Again, taking the second order derivative of TRC3(T) with respect to T at T3, we have

d*TRC, (T 1 - “(p?
?() =0 ah(A)T + pa (AT + (1 -1) (12 (5°/5)
N 2 (B4)
x{1+a(ﬂ+2)Tf+%Tf}+s'e{1+a(ﬁ)(1—ﬂ)(P/S)MTsﬂl} >0

Therefore, T3 e (0, Ty) is the unique minimum solution to TRC4(T). Again if lim F,(T)=A, <0, then
T->Tw
F(T)<0 vT €(0,T,, ) . We have

dFﬁT) = F3T(2T) <0 vTe(0T,).

Therefore, TRC3(T) is a strictly decreasing function of T in (0, Ty), but we cannot find the value of T in the
open interval (0, Ty) which minimizes TRC;(T). This completes the proof.

For 0 <4 <1, it can be written that A, < Az. Again T,, <M, we that A, < A;. Now combining Lemmas 1 - 3
and including the fact that TRC,(M) = TRC,(M), for Case-1 we can obtain a theoretical result to determine the
optimal cycle time T as:

Theorem 1: .
For T,< M < T,, the optimal replenishment cycle time T, that minimizes the annual total relevant cost is
given as:
Condition TRC(T") T
A1 <0and A3 <0 TRCy(Ty) T
A1<0and A;>0 Min {TRCy(T1), TRC3(Ts)} T.orTs
A1>0,A3>0and A, <0 Min {TRC(T2), TRCs(T2)} T,orTs
A2>0 Min {TRCx(T.), TRC3(T4)} Twor Ts
A1>0and A3 <0 TRC(T2) Tz

4.2.Case2M<Tw<To

For T,, < T, similar approach used in Case 1, the 1st order condition for TRCy(T) of (9) is the same as (17), so
there exist a unique value of T in [T, o) at which TRC,(T) is minimized.

dTRC, (T)
d

Let A, = , then

T=Ty

p+2 " [+1 p+2 "

aﬂ Mﬂ+2_ aﬂ MTﬂ+l:|+SIeDM2—A}

A, E{DhBTWZ T/ Tfm}r pp-2£_ T/ 4 plkDB(TW2 —M2)+—“ﬂ T2
(23)

"Br)(pr2) D) 2

We have the following lemma:

Lemma 4:

a) If A4 <0, then the annual total relevant cost TRC,(T) has the unique minimum value at the point T = T,
where T; € [Ty, ) and satisfies (17).

b) If A, > 0, the annual total relevant cost TRC4(T) has a minimum value at the boundary point T = T,,.
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Proof: The proof is similar to that in Lemma 1 so we omit it.
Again for M <T < T, the total relevant cost TRC,(T) in (13) is minimum when

dTRC,(T)
ar
:{DhFTZ+ﬂT”*2}rDpﬁTﬂ*ul|kDT2(1—1)2(p—zj{uza(ﬂ%—“ (1+22ﬂ)T2/’J
2 p+2 p+1 2 S (/;+1)
(24)
N pl D T2 M242- 9B qraio OB s @B ppsa
2 [+2 (B+1)(B+2) L+1

+%SIGD{M —(1—1)(2}(T +ﬁT’“ﬂ{M +(1—l)(£j(T +%T’MH—A} -0

To prove that there exist a unique value of T in [M, T,) at where TRC4(T) is minimum, we let

AS EM ,then
av |,
AS E{Dh|:lM2+£M /3+2:|+DpﬂM/;’+l
2 p+2 p+1
v w)
2 s (B+1)
+1s|eD|v|2{1—(1—1)(3](“&Mf’mu(l—z)(ﬂj(uwlw/*H—A}
2 S p+1 S p+1
and let A, EdTL“(T) , then
, E{Dh[lm e N ) [p—zj[uw(w%—“ (“Zf’mﬁ]
2 p+2 p+1 2 S (ﬁ+1)
L pl,D| T} —M2+2£T\f*2+2—aﬁ Mﬂﬂ-gﬁwwﬂu (26)
2 [+2 (B+1)(B+2) p+1

+%SI8D{M —(1—,1)@)(“ +ﬁT\f”ﬂ{M +(1—/1)(?p]{TW +%Tﬁﬂ—A}

Then we have the following lemma:

Lemma 5:

a) If As < 0 < A, then the annual total relevant cost TRC4(T) has the unique minimum value at the point T = T,
where T, € [M, T,,) and (24) is satisfied by T,.

b) If A5 > 0, the annual total relevant cost TRC4(T) has a minimum value at the lower boundary point T = M.

c) If Ag< 0, then T e [M, T,) which minimizes TRC4(T) does not exist.

Proof: The proof of (a) and (b) is similar to that in Lemma 1 and that of (c) is similar to that in Lemma 3 b.

dTRC, (T)

Again in (0, M], the total relevant cost TRC3(T) in (11) is minimum when =0, which is same as

in (21), since at T = M, then A3 = As, now we have the following lemma:

Lemma 6:
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a) If As > 0, then the annual total relevant cost TRC3(T) has the unique minimum value at the point T = Tj,
where T3 € (0, M] and satisfies (21).

b) If A5 < 0, the annual total relevant cost TRC5(T) has a minimum value at the boundary point T = M.

Proof: The proof is similar to that in Lemma 1 so we omit it.

From (23) and (26), we get Ag > A4 for 0 <1 < 1. Again since M < T, we get Ag > As. Now combining Lem-
mas 4-6 and the fact that TRC,(M) = TRC,(M), we can obtain a theoretical result to determine the optimal cycle
time T~ for Case 2.

Theorem 2:

For M < T, < T, the optimal replenishment cycle time T", that minimizes the annual total relevant cost is
given as follows:

Situation Condition TRC(T") T
As<0 As<0, As<0 Min{TRCy(T1), TRCs(M)} T.orM
As<0,As<0 Min{TRC4(T1), TRC4(T2)} TiorT,
Ay<0,As>0 Min{TRC1(T1), TRC5(T3)} Ti0rTs
fo=0 As>0,As <0 Min{TRCy(Ty), TRCa(T2)} TworTs
Ay>0,As>0 Min{TRC;(Tw), TRC3(T3)} TworTs

4.3.Case3M<To<Tw

For [Ty, o), the annual total relevant cost is similar as in (9) i.e. TRCy(T). From Lemma 4 of the Case 2, if A4 <
0, TRCy(T) has the unique minimum value at T = T;, where T; € [Ty, ©) and satisfies (17) and if A, > 0, then
TRC4(T) has minimum value at the boundary point T =T,

dTRC, (T
Again in [Ty, T,), the annual total relevant cost TRCs(T) in (16) is minimum when —dTS( ) =0.
2 2 142
= {Dh 1T2+ﬂ1—ﬂ+z +DpﬁTﬂ*l+llkDTz(1—2/1+,12) P 1+2a(Tﬂ)+a (1+ ;B)Tzﬁ
(27)
(142
+ﬂ,p|kD (1_/1)(£J T2+2a(Tﬁ'+2)+a ( + zﬂ)Tz(ﬂﬂ) _ aﬂ MT#1 [—al—o

S (B+1) B+1
dTRC, (T
To prove that there exist a value of T in [Ty, T,,) at which minimizes TRCs(T), we let A, =— d'I?( )

T=Ty
A7 =<{Dh 1T02+ﬁ 0ﬂ+2 +Dp aﬂ T0ﬂ+1
2 p+2 p+1
’ (142
T o L @9
i : (B+1)
2(1+2
+Apl, D (1_1)(£j -|—02+2a(-|—0ﬂ+2)+0! ( + Zﬂ)-l-oz(/zﬂ) _ af MTO(ﬂ+1) _A
S (B+1) p+1
and
dTRC, (T
As = 5( )
dT T=Ty
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{Dh[ T2 + ap Tﬁ“} Dp-2£. L Ve

B+2 L+1
+%IKD(1—2/1+AZ)[%2J[TV§+2a(T\A§”2) —(;1+12)ﬂ )1 W"“] (29)
+4p1,D (1_1)(£j 12+ 20(1)7)e 02Dyt |__aB o |_ s
S (ﬂ+1) p+1

Consequently, we have the following lemma:

Lemma 7:

a) If A; < 0 < Ag, then the annual total relevant cost TRCs(T) has the unique minimum value at the point T = Ts,
where Ts € [Ty, Ty) and (27) is satisfied by Ts.

b) If A; > 0, the annual total relevant cost TRCs(T) has a minimum value at the lower boundary point T = T,,.

c) If Ag< 0, then T e [Ty, Ty) which minimizes TRCs(T) does not exist.

Proof: The proof of a) and b) is similar to that in Lemma 1 and that of (c) is similar to that in Lemma 3 b.

Again in [M, To], the annual relevant cost is similar to TRC4(T) in (13). TRC4(T) is minimum when

(ﬂ%{_‘(n =0, which issame asin (24).
To prove that there exists a unique value of T in [M, To] at which minimizes TRC4(T), we let
_dTRC,(T)
g =——
dT T=Ty
2
Dh TOZ ap Bl P Dp—aﬁ Toﬁ*1+£IkDT02 (1-2)* Pl 2a(T] )+ —(1+2ﬂ) T2
2° B+2 B+1 2 s (B+1)’
_| D T ~M?%+ 20!(,3) -|-0(ﬁ+2) + 20!(,3) M (£+2) _ Za(ﬂ) MT0ﬂ+l:| (30)
2 (B+2) (B+1)(B+2) (B+1)

+%sD|{M —(1—1)(8(% (ﬁil)T"MH{M +(1—/1)(£)[T0 %T{”H— A}

Then we have the following lemma:

Lemma 8:

a) If As < 0 < Ag, then the annual total relevant cost TRC4(T) has the unique minimum value at the point T = T,
where T,e [M, To] and (24) is satisfied by T,.

b) If A5 > 0, the annual total relevant cost TRC4(T) has a minimum value at the lower boundary point T = M.

c) If Ag < 0, the annual total relevant cost TRC4(T) has a minimum value at the upper boundary point T = Tj,.

Proof: The proof is similar to that in Lemma 1 so we omit it.

Again in (0, M], the annual total relevant cost is similar to TRC5(T) in (15). We know that at T = M, Az = As,
so from Lemma 6, if As > 0, TRC3(T) has unique minimum value at T = T where T3 € (0, M) and satisfies (21).
On the other hand if As < 0, then TRC3(T) has a minimum value at boundary point T = M.

Since M < Ty < T,, from (28) and (30) we can get A; < Ag. Again we know that A5 < Agand As < A; < Ag for 0
< 1 < 1. Consequently, combining Lemmas 4, 6, 7 and 8, and the fact that TRC3(M) = TRC4(M), we can obtain
the theoretical result to get the optimal cycle time T" for Case 3 as:

Theorem 3:

For M < T, < T, the optimal replenishment cycle time T", that minimizes the annual total relevant cost is
given as follows:
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Situation Condition Sub-condition TRC(T") T
Mln{TRCl(Tl), TRC4(T0)} TiorTo
Min{TRC1(T+), TRC(T. T,orT
Ag < 0' Ag <0 { l( l) 4( 4)} 1 4
Ag<0,A0>0 Mln{TRCl(Tl), TRCs(Ts), TRC4(T0)} TyorTsor T
As<0 Ag>0,As<0
Ag>0,As>0 MIn{TRCl(Tl), TRC5(T5), TRC4(T4)} TiorTsor Ty
.......... MIn{TRCl(Tl), TRC5(T0), TRC4(T4)} TiorToor Ty
MIn{TRCl(Tl), TRC5(T0), TRC;;(T;;)} TiorToorTs
Min{TRC1(Tw), TRC4(To)} Twor Ty
Min{TRC1(Tw), TRC4(T. TworT,
A <0, A< 0 {TRCy(Tw) +(Ta)} wor Ty
Ag<0,Ag>0 Mln{TRCl(TW), TRCs(Ts), TRC4(T0)} TworTsor Tg
Ay>0 Ag>0,Ag<0
Ag>0,As>0 MIn{TRCl(TW), TRC5(T5), TRC4(T4)} Twor Tsor Ty
.......... MIn{TRCl(TW), TRC5(T0), TRC4(T4)} TW or To or T4
MIn{TRCl(TW), TRC5(T0), TRCg(Tg)} TW or To or T3

5. Solution Procedures

Here we develop the following algorithm to solve this complex inventory problem by using the characteristics of
Theorems 1-3 above.
Algorithm:

Compare the values of To, M and Ty, if T, <M < Ty, then go to step 2.
If M < T, <T,, then go to Step 3. Otherwise, if M <T, < T, then go to Step 4.

Calculate A, A and Az which are shown as in Equation (18), (20) and (22), respectively.

1) IfA;<0and A3 <0, then TRC(T") = TRCy(T;) and T" = Ty. Go to Step 5.

2) If Ay<0and Az >0, then TRC(T") = min {TRCy(T1), TRC3(Tz)} and T" = T, or Ts. Go to Step 5.

3) IfA;>0, A, <0 and Az >0, then TRC(T") = min{TRCx(T>), TRC3(T3)} and T" = T, or Ts. Go to Step 5.

4) If A, >0, then TRC(T") = min{TRCy(T,), TRC3(T3)} and T"=T,,or Ts. Go to Step 5.

5) If Ay>0and A3 <0, then TRC(T") = TRC,(T2) and T" = T,. Go to Step 5.

Calculate A4, As and As Which are shown as in Equations (23), (25) and (26), respectively.

1) If As <0, then TRC(T") = min {TRC(T4), TRC3(M)} and T* = T; or M. Go to Step 5.

2) IfA4<0, As <0 and Ag > 0, then TRC(T") = min {TRCy(T1), TRC4(T4)} and T* = T, or T,. Go to Step 5.

3) IfA;<0and As >0, then TRC(T") = min{TRC4(T;), TRC5(T3)} and T = T, or Ts. Go to Step 5.

4) If As>0and As <0, then TRC(T") = min{TRCy(T.), TRC4(T4)} and T" = T, 0r T,. Go to Step 5.

5) If As>0and As >0, then TRC(T") = min{TRCy(T), TRC3(T3)} and T" = T,,0r Ts. Go to Step 5.

Calculate A4, As, A7, Ag and Ag Which are shown as in Equation (23), (25), (28), (29) and (30) respectively.

If A4< 0, then go to Step 4.1. Otherwise, go to Step 4.2.

1) If Ag<0and Ag <0, then TRC(T") = min{TRCy(T1), TRC4(To)} and T" = T, or T,. Go to Step 5.

2) If Ag<0and Ag >0, then TRC(T") = min{TRC4(T;), TRC4(T4)} and T" = T, or T,. Go to Step 5.

3) If Ag>0and Ag <0, then TRC(T") = min{TRCy(T4), TRC4(Ty), TRCs(Ts)} and T" = T; or Toor Ts. Go to Step 5.
4) IfA;<0, Ag>0 and Ag >0, then TRC(T") = min{TRC,(T;), TRC4(T4), TRCs(T5)} and T" = Ty or Ts0r Ts. Go to Step 5.
5) If As < 0and A; >0, then TRC(T") = min{TRC4(T;), TRC4(T4), TRCs(To)} and T" = Ty or T, 0r To. Go to Step 5.
6) If As>0, then TRC(T") = min{TRCy(Ty), TRC3(T3), TRCs(To)} and T" = Ty0r Ts0r To. Go to Step 5.

7) If Ag<0and Ag <0, then TRC(T") = min{TRC4(Ty), TRC4(To)} and T" = T or T,. Go to Step 5.

8) If Ag<0and Ag >0, then TRC(T") = min{TRC4(T;), TRC4(T4)} and T" = T, or T,. Go to Step 5.

9) If Ag>0and Ag <0, then TRC(T") = min{TRCy(T4), TRC4(To), TRCs(Ts)} and T" = Ty or Toor Ts. Go to Step 5.
10) IfA; < 0, Ag >0 and Ag >0, then TRC(T") = min{TRCy(T1), TRC4(T4), TRCs(Ts)} and T" = Ty or T,or Ts. Go to Step 5.
11) If As < 0 and A; > 0, then TRC(T") = min{TRCy(T1), TRC4(T,), TRC5(To)} and T" = T, or T,0r T,. Go to Step 5.
12) If As >0, then TRC(T") = min{TRCy(T1), TRC3(T3), TRCs(To)} and T~ = Ty or Tzor T,. Go to Step 5.

1) If Ag<0and Ag <0, then TRC(T") = min{TRCy(Ty), TRC4(To)} and T" = T,,0r To. Go to Step 5.

2) If Ag<0and Ag >0, then TRC(T") = min{TRCy(Ty), TRC4(T4)} and T = T, or T,4. Go to Step 5.

3) If Ag>0and Ag <0, then TRC(T") = min{TRCy(T.,), TRC4(To), TRC5(Ts)} and T" = T, or Toor Ts. Go to Step 5.
4) If A; <0, Ag>0 and Ag > 0, then TRC(T") = min{TRC;(T4), TRC4(T4), TRCs(T5)} and T" = T, or T4or Ts. Go to Step 5.
5) If As<0and A; >0, then TRC(T") = min {TRC(T,), TRC4(T4), TRC5(To)} and T = Ty, or T4 or To. Go to Step 5.
6) If As>0, then TRC(T") = min {TRCy(T4), TRC3(Ts), TRCs(To)} and T" = Ty,0r Tsor To. Go to Step 5.

Step 5 Stop

Step 1

Step 2

Step 3

Step 4

Step 4.1

Step 4.2
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6. Numerical Example

In this section, the present study provides the following numerical example as shown in Huang [5] to illustrate
all the theoretical results. The values of the parameters are taken randomly.

We assume that selling price per unit s = $50, ordering cost A = $50/order, demand D = 1000 units/year, pur-
chasing cost p = $20, holding cost h = $5/unit/year, period of permissible delay M = 0.12 year, interest earned I,
= $0.07/$/ year, interest charged I, = $0.1/$/ year, scale parameter o = 0.02, shape parameter = 1.5.

We obtain the optimal cycle time and optimal order quantity for different parameters of the fraction of the de-
lay payment 4 = {0.2, 0.5, 0.8} and the prefix quantity W = {50, 150, 250} as shown in Table 1.

7. Sensitivity Analysis

The purpose of the sensitivity analysis is to identify parameters to the changes of which the solution of the mod-
el is sensitive. The following inferences can be made based on above solution table.

Table 1. Optimal solutions of deterministic model under different parametric values.

A w p T Q TRC(T)
10 T,=0.1079 107.9771 504.8680

50 20 T,=0.1074 107.4866 507.6956

30 T,=0.1069 107.0048 510.5040

10 Tw=0.1499 150.0000 548.0174

0.2 150 20 Tw=0.1499 150.0000 555.6495
30 Tw=0.1499 150.0000 563.2817

10 T5=0.1077 107.7332 574.1584

250 20 T3 =0.1065 106.5423 650.3540

30 T5=0.1049 104.9506 730.4759

10 T,=0.1079 107.9771 504.8680

50 20 T,=0.1074 107.4866 507.6956

30 T, =10.1069 107.0048 510.5040

10 T5=0.1078 107.8809 547.6896

0.5 150 20 Tw=0.1499 150.00 555.6495
30 Tw=0.1499 150.00 563.2817

10 T5=0.1078 107.8809 547.6896

250 20 T3 =0.1070 107.1132 594.9391

30 T5=0.1061 106.1860 643.7362

10 T,=0.1079 107.9771 504.8680

50 20 T,=0.1074 107.4866 507.6956

30 T,=0.1069 107.0048 510.5040

10 T5=0.1079 107.9612 521.8023

0.8 150 20 T3 =0.1073 107.4256 541.8210
30 T5=0.1068 106.8711 562.0734

10 T5=0.1079 107.9612 521.8023

250 20 T3 =0.1073 107.4256 541.8210

30 T5=10.1068 106.8711 562.0734
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1) For fixed W and p, increasing the value of 4 will result in a significant increase in the value of the optimal
order quantity and a significant decrease in the value of the annual total relevant costs as the retailer’s order
quantity is smaller and only the partially delayed payment is permitted.

For example when W = 250, p = 30 and A increases from 0.2 to 0.5, the optimal order quantity will increase
1.179%((106.1860 — 104.9506)/104.9506) and the annual total relevant costs will decrease 11.87%((730.4759 —
643.7362)/730.4759). However, if the fully delayed payment is permitted, the optimal order quantity and the
annual total relevant cost are independent of the value of 4. It implies that the retailer will order a larger quantity
since the retailer can enjoy greater benefits when the fraction of the delay payments permitted is increasing. So
the supplier can use the policy of increasing 4 to stimulate the demands from the retailer. Consequently, the sup-
plier’s marketing policy under partially permissible delay in payments will be more attractive than fully per-
missible delay in payments.

2) For fixed 4 and p, increasing the value of W will result in a significant decrease in the value of the optimal
order quantity and a significant increase in the value of the annual total relevant costs.

For example, when 2 = 0.2, p = 30 and W increases from 150 to 250, the optimal order quantity will decrease
30.03%((150.00 — 104.9506)/150.00) and the annual total relevant costs will increase 29.68%((730.4759 —
563.2817)/563.2817). It implies that the retailer will not order a quantity as large as the minimum order quantity
as required to obtain fully permissible delay in payments. Hence, the effect of stimulating the demands from the
retailer turns negative when the supplier adopts a policy to increase the value of W.

3) Last, for fixed A and W, increasing the value of p will result in a significant decrease in the value of the op-
timal order quantity and a significant increase in the value of the annual total relevant cost. However, for the
case with 4 = 0.2 and W = 150 in the numerical example, the optimal replenishment cycle and optimal order
quantity are fixed and are not affected by the increase of the unit purchase price. The reason is that in this situa-
tion, the retailer trades off the benefits of full delay in payment against the partial delay in payment and enjoys
the full delay in payment.

8. ANOVA Analysis

If the values of A and W are taken randomly (Table 2), the Two-way ANOVA analysis on Total Relevant Cost
(TRC) shown in Table 3:

8.1. Does W Value Affect the Result?

Since from Table 3, the calculated values are F., = 8.17, df, = 2, dfy =4, a = 0.05, Fiapie = 6.9443 and Fey > Fiaple,
we conclude that effect of prefixed quantity (W value) on the result (Total relevant cost) is considered extremely
significant.

Table 2. Cost table: (when p = 10).

W =50 W- =150 W =250

A=0.2 504.8680 548.0174 574.1584

L=05 504.8680 547.6896 547.6896

A=0.8 504.8680 521.8023 521.8023

Table 3. Two way ANOVA table.
Source of Variation df  Sum-of-squares Mean square Calculated Fcy value Tabular Fpe value
W value 2 3103 1551 8.170 6.9443
Fraction of permissible delay 2 1064 531.8 2.800 6.9443
Residual (error) 4 759.6 189.9
Total 8 4926
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8.2. Does Fraction of Permissible Delay Affect the Result?

From the calculated values of Table 4, F.; = 2.80, df,, = 2, dfy = 4, a = 0.05, Fipie = 6.9443 and since Fey < Frapie,
we can conclude that effect of fraction of permissible delay (A value) on the result (Total relevant cost) is consi-
dered not quite significant.

From the above analysis we can conclude that the fraction of permissible delay has no effect overall i.e., the
effect is considered not significant.

8.3. Does W Value Affect the Result?

Since from Table 5 the calculated values of F¢, = 6.611, df, = 2, dfy =4, a = 0.05, Fape = 6.9443 and Fey < Fiapies
we conclude that effect of prefixed quantity (W value) on the result (Total relevant cost) is considered not quite
significant.

8.4. Does Fraction of Permissible Delay Affect the Result?

From the calculated values of Table 6, F., = 1.424, df, = 2, dfy = 4, a = 0.05, Fype = 6.9443 and Fey < Faple, WE
can conclude that effect of fraction of permissible delay (A value) on the result (Total relevant cost) is considered
not quite significant.

From the above analysis we can conclude that after increasing the price rate the effect of W value and the
fraction of permissible delay on the result is considered not significant overall i.e., the effect is considered not
significant.

8.5. Does W Value Affect the Result?

From the values of Table 7, Fey = 5.913, df, = 2, df; = 4, a = 0.05, Fipe = 6.9443 and Fgy < Fiapie, We can con-
clude that effect of prefixed quantity (W value) on the result (Total relevant cost) is considered not quite signif-
icant.

Table 4. Cost table: (when p = 20).

W =50 W- =150 W =250
1=0.2 507.6956 555.6495 650.3540
A=05 507.6956 555.6495 594.9391
4=08 507.6956 541.8210 541.8210
Table 5. Two way ANOVA table.
Source of Variation df  Sum-of-squares Mean square Calculated Fcy value Tabular Fepe value
W value 2 11620 5810 6.611 6.9443
Fraction of permissible delay 2 2503 1251 1.424 6.9443
Residual (error) 4 3515 878.8
Total 8 17640
Table 6. Cost table: (when p = 30).
W =50 W- = 150 W =250
A=0.2 510.5040 563.2817 730.4759
A=05 510.5040 563.2817 643.7362
A=08 510.5040 562.0734 562.0734
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Table 7. Two way ANOVA table.

Source of Variation df  Sum-of-squares Mean square Calculated Fgy value Tabular Fpie value
W value 2 27760 13880 5.913 6.9443
Fraction of permissible delay 2 4795 2398 1.021 6.9443
Residual (error) 4 9390 2347
Total 8 41950

8.6. Does Fraction of Permissible Delay Affect the Result?

Since Fgy = 1.021, df, = 2, dfy; = 4, a = 0.05 and Fpe = 6.9443 and Fey < Fipe, We also conclude that effect of
fraction of permissible delay (A value) on the result (Total relevant cost) is considered not quite significant.

From the above analysis we can conclude that after increasing the price rate the effect of W value and the
fraction of permissible delay on the result is considered not significant overall i.e., the effect is considered not
significant.

Data 1

800+

600+

4004

200+

800+

6004

400
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9, Conclusion

In this paper, we develop a deterministic inventory model under the conditions of permissible delay in payments
by considering the following situations simultaneously: 1) the retailer’s selling price per unit is higher than the
purchase price; 2) the interest charged by a bank is not necessarily higher than the retailer’s investment return
rate; 3) many selling items deteriorate continuously such as fresh fruits and vegetables and 4) the supplier may
offer a partial permissible delay in payments even if the order quantity is less than W. Considering all these facts,
this inventory model has been developed to make more realistic and flexible marketing policy to the retailer.
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