PRI P RS R
9 547 2

j:_}‘?%&é\:‘
¥ &

2L
21
=
=11

- -
R
£

OOy

fo
E

few TN
1. 2R F

AERPREA Fa P BEHRUE TLE
EF 27 “i AL “'“m&*a’é’f?iw%

AR

: MOST 103-2221-E-263-001-
2103 # 087 01 px 104=077% 31p
PRIEERMBE A KRB E §E

5 3% F

B4 -JiEmIm AR R
LEA-JEmmAf i
A Hd-fiEmE | o

AR HE AL fwirfb?%ﬁfﬁ 2ET 2R A3

Zr%p JERCFREHE OEIF SR F
3. ”‘fﬁm TR el me iy 1 F

P& R ® 104097 08P

pd

e




LR 3

oo B

v R

EAGHEY  APRFERY - ARG I NERRE
AREER e 5 RPER TR RP R G EG DR
(permissible delay in payments)® s7HE= 8 b &PF > 42
BhHFAEBRNFROMA [ Gt GRBEG o T Y
ﬁ“?ﬁﬁ%’éﬁﬁﬁigﬁ?%i’"& BT €
HEA B B GHEDT (Dick FEF A% - Burl
My R P ETT dF A MEFLFAE FART A
Aot th s gt B s R RGBT AR R~ 1Y
‘ﬂiﬁ%ﬁﬂﬁﬁim*i (D4e% F &7t — Butil
GV REEIE NS E L ’F %‘ FoRMELEEITHEHI GEINA
EEPERTAL T - 25 S E LR

fUho R B MR HA BT - 8

?’ﬁﬁ)’”lf']ﬁﬁﬁ ’ ?%ﬁ—’ﬁ{[ﬂgv]’{hﬁf{%_‘ﬂpi H T
PEREISREC)  EIHFRA A ER IR ¥
:ﬁ%ﬁﬁkgﬁﬁziﬁmﬁiuhﬁmﬁﬂgﬁg#ﬁ
FolRm o R LE et 88 T EERT L~ RS
(R0 N RS S S @&@@ quQQ, 4 4
fler gt d o PEREIFREC) 237

ﬂ#’ﬁidqﬁﬂ°

a3
>

i+

SRR 6 R R - R BT i
U PR e R A R R Y L EE TR B 25T
PERY > Ry ST L?'ﬁ?i,ﬁzﬁ - S S S N
AT 20 PR R R B 2 g ihE E AR M X
BT KRB R OB RGN > DRE - G H 4 e

B EITTHER R a2 AR o

B BRI AR A E s B

In this article, we explore another kind of two-level
trade credit to reflect the real-life situations. The
supplier offers two-level trade credit for the
retailer to settle the account, if the retailer pays
off all accounts at the end of the first credit
period, then he/she can utilize the sales revenue to
earn interest until the inventory cycle time. On the
other hand, if the retailer cannot pay off the unpaid
balance at the end of the first credit period, then
he/she can decide to pay off unpaid balance either
after the end of the first credit or after the second
credit period. Herein, the retailer reduces the
financed loan from constant sales and revenue



creviced gradually and he/she still can utilize the
sales revenue to earn interest when he/she pays off
all accounts. The maximizing profit is used as the
objective to develop the inventory model. Based on
the obtained properties of the optimal solution, two
theorems are developed to determine the optimal
replenishment policy.

Inventory ~ Permissible delay in payments, Finance,
Two-level trade credit, Supply chain management
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Abstract

In this article, we explore another kind of two-level trade credit to reflect the real-life situations.
The supplier offers two-level trade credit for the retailer to settle the account, if the retailer pays off
all accounts at the end of the first credit period, then he/she can utilize the sales revenue to earn
interest until the inventory cycle time. On the other hand, if the retailer cannot pay off the unpaid
balance at the end of the first credit period, then he/she can decide to pay off unpaid balance either
after the end of the first credit or after the second credit period. Herein, the retailer reduces the
financed loan from constant sales and revenue creviced gradually and he/she still can utilize the
sales revenue to earn interest when he/she pays off all accounts. The maximizing profit is used as
the objective to develop the inventory model. Based on the obtained properties of the optimal
solution, two theorems are developed to determine the optimal replenishment policy.

Keywords: Inventory -~ Permissible delay in payments, Finance, Two-level trade credit, Supply
chain management
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1. Introduction

Actually, trade credit is widespread and represents an important proportion of company finance.
Especially small businesses, with limited financing opportunities, may be financed by their
suppliers rather than by financial institutions (Petersen and Rajan, 1997). In addition, the supplier is
usually willing to offer the retailer a certain credit period without interest to promote the market
competition. Goyal (1985) first developed an economic order quantity (EOQ) model when a
supplier offers its retailer a permissible delay in payments. Chang et al. (2010) extended the EOQ
models for deteriorating items when the supplier offers a permissible delay in payments to the
purchaser if the order quantity is greater than a predetermined quantity. Chung and Liao (2009)
considered an inventory system for deteriorating items under the permissible in payment and DCF
approach. More recently, Musa and Sani (2012) explored inventory ordering policies of delayed
deteriorating items under permissible delay in payments. Liao et al. (2012) extended
Goyal’s model to allow for deteriorating items with two warehouses under an order-size-dependent
trade credit. There were several interesting and relevant papers related to the trade credits such as
Liao (2008a), Teng and Lou (2012), Liao and Huang (2010), Liao et al. (2013a, 2013b), Yang et al.
(2013) and their references.

Additionally, Huang (2003), Liao (2008b) and Teng (2009) explored inventory models under
two levels of trade credit policy in which the supplier offers the retailer a permissible delay period
M, and the retailer in turn provides his/her customers a permissible delay period N in order to
stimulate the demand. Ouyang et al. (2013a) developed an EOQ model for deteriorating items
under supplier’s up stream trade credit linked to ordering quantity. Liao et al. (2014) explore an
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EOQ model for deteriorating items with capacity constraints under two-levels of trade credit policy.
Many additional related articles can be found in Teng and Chang (2009), Ouyang et al. (2013b), Yen
et al. (2012) and their references.

All the inventory models mentioned above did not consider the progressive payment scheme.
Goyal et al. (2007) explored the notion of progressive credit period is as follows: If the retailer
settles the outstanding amount by the first period, M,, the supplier does not charge any interest. If
the retailer pays after M, but before the second period, M,, offered by the supplier, then the
supplier charges the retailer on the un-paid balance at the rate 1 . If the retailer settles the account
after m,, then he will have to pay at interest rate I on the un-paid balance (I, >1_). Soni and
Shah (2008) explored the optimal ordering policy for the retailer under a stock-dependent demand
and two progressive credits periods. Teng et al. (2011) extended Soni and Shah (2008) to obtain the
retailer’s optimal ordering policy for stock-dependent demand when the supplier offers a
progressive permissible delay in payments.

In this study, we attempt to extend the existing literature related to inventory model with delay
in payments to a more general case. We will establish an inventory system in which the supplier
offers another kind of two-level of trade credit to settle the retailer’s accounts. Herein, if the retailer
pays off all accounts at the end of the first credit period, then he/she can utilize the sales revenue to
earn interest throughout the inventory cycle. On the other hand, if the retailer cannot pay off the
unpaid balance at the end of the first credit period, then he/she can decide to pay off unpaid balance
either after the end of the first credit or after the second credit period. With this in mind, the retailer
reduces the financed loan from constant sales and revenue creviced gradually and he/she still can
utilize the sales revenue to earn interest when he/she pays off all accounts. The maximization of the
average profit per unit of time is taken as the objective function to study the retailer’s optimal
ordering policy in this paper. Based on the obtained properties of the optimal solution, two
theorems are developed to determine the optimal replenishment policy. Finally, numerical examples
are given to illustrate the theoretical results.

2. Notations and Assumptions
Notation:

D  the demand rate per year

the inventory holding cost rate

excluding interest charges rate.

the selling price per unit

the purchasing cost per unit C<p

the first offered credit period in settling the account without extra charges

the second permissible credit period in settling the account with interest charge of 1, on

Zz Z O ©

un-paid balance and N > M
the interest charged per $ in stocks per year by the supplier when the retailer pays during
[M, N]

[y



I,  the interest charged per $ in stocks per year by the supplier when the retailer pays during
IN, T1 (1,>1,)

| the interest earned per $ per year (1,>1,)
the ordering cost per order

T the inventory cycle time (the decision variable)

#(T) the total relevant profit per year

wo Pwa Pl
c ' 2c

\\/ p pl 2 2
W EN+—=[M*+(N-M
Nt M ( )]

Assumptions:

(1) The demand for the item is constant with time.

(2) Shortages are not allowed.

(3) Replenishment rate is infinite.

(4) When ™ >T, the supplier does not charge the retailer any interest and the retailer earns
interest on sales revenue up to the permissible period M .

(5) When M <T, there are three cases to occur as follows; one case is that if the retailer pays by
M | the supplier does not charge to the retailer and the retailer can continuous utilize the
sales revenue to earn interest throughout the inventory cycle time T, another case is that if
the retailer cannot pay off the balance at time M but before N, then the supplier charges
the retailer an interest rate of 1, on un-paid balance. At the same time, the retailer must
utilize the sales revenue to pay off the remaining amount owed to the supplier. Once the
retailer pays off all accounts, he/she still can utilize the sales revenue to earn interest
throughout the inventory cycle time T and the other case is that if the retailer pays after N,
then the supplier charges the retailer an interest rate of 1, (1, >1,) on un-paid balance.

(6) Time horizon is infinite.

3. Mathematical formulation and the optimal solutions
The elements comprising the annual total relevant profit of the retailer are listed below:

(1) Annual ordering cost :%

(2) Annual stock-holding cost (excluding interest charged) :hTDT

(3) According to assumptions (4) and (5), there are four cases to occur in interest payable and / or
interest earned per year: ()T <M ; (i)M <T<w™; (W™ <T <w ; and (IV) W<T.
Casel: T<M
In this case, the total interest earned per year is



pIDT pl’DT
5 HI(pLD+——)(M =T)]

Case2: M<T<wW’
In this case, the total interest earned is
pl,.DM* N pl.D(T -M)’
2T 2T
p'ZD M*—CDT)(T-M)

|
+—=(pDM +
T (p

Case 3: W' <T<wW
In this case, the interest payable per year is given by

I, MT
2pDT
The total interest earned is
coT - ppm - PLOM-

DM pLD (- 2
2T 2T pD

Case4: W <T
In this case, the interest charged per year in this case is

I,(M,-M,)D {CT M@ |e;v| }

T

1,D pl, ’
ZpT{CT—pN —[M*+(N- M)]}

Similarly, the total interest earned is
pl D M 2
2T
As mentioned earlier, the total annual profit for the retailer can be expressed as follows:
(M) if 0<T<M
oM if M<T<wW (1a)

= Z,T) if W <T<W (1b)

_ (c)
M) if W<T
where
2(T)=(p- C)D—%—h% pIED[%+ LTy M - )
7, (M=~ oo + B2 —comye 1, - My
(3)
+T(T—M) I“'D(T M)’



S hDT pl.DM® | IM. T
=(p-C)D->- 2 ——— | CDT - pDM (1+——
7,(T)=(p-C) Tty 2pDT{ pDM (1+ 5 )} "
2 4
_pLD coT - pom - P1.OM
T (T-M - 2y
2T pD

and

S hDT pl,DM*
=(p-C)D-2-— 4 =
7,(T)=(p-C) T 3 o7

_L(N-M) _ 1M
= [CDT PDM (142 )}

| pID , (5)
ZpDT{CDT PDN ———[M*+ (N - M)]}
We find that 7 (M)=»,(M), z,W")=z,W") and »,W)>~,W).Hence, z(T) is
continuous on (0,) expect at T=W.
From egs. (2)-(5) , we have that
m(T) = {25 D(h+ pl, - pI2M)T? —2pI’DT*} (6)
() =5 {2S+p| DM° - D(h- pl, +2C1,)T*} (7
2 (T) = 12 L Pl DMA(I—I)+pDM (I,~1)+ pDILI M*
2Tc2| [ ®)
+D[%—(h— pl, +2CI)[T*}
7(T) = {2s hDT? = pl.DM* -2 (N — M)pDM(1+—)
o ©
e DZTZ—[pDN+p (M*+ (N = M)}
pD
n](T):—i—S—m D<0 (10)
ﬂ:(T):—é—M<O (11)
T T
yn 25 pDIZM‘(I,-1) pDM*(1,—1)) pDIIM®
e I (12)
<0
and
I 2
LpD| N? +-=(M?+ (N = M)
~ pl.DM? 21 (N-M) 1M, { 2 }
2(T) = T3 S, R DM (1 =) = (13)
Moreover, egs. (6), (7), (8) and (9) yield
' _ 51 ' _ 52
7[1(M)_ 2M2 <7Z2(M)_ 2M2 ’ (15)
LW = 2 ) = = (16)
2 BRG] _Z\N




W) =2, (17)
2w
and
— 5
W) =—= (18)
2w
where
5, =2S-D(h+pl + pl’M)M? (129)
5,=2S+pl’DM* —D(h— pl, +2CI )M* (20)
S, =25+ pl’DM* - D(h- pl_+2CI )W * (21)
5, =25 +M(|l —1.)+ pDM?(I,—1.)+ pDLI.M*
. - (22)
+D[%—(h+2CIE— pLYW
and
5. =2S—pl,.DM? 21 (N -M)pDM (1+ 'eg/')—thVZ (23)

Furthermore, we obtain that 6, <s,, 5,>45,>5, and ¢, >¢,. In addition, let T* denote the
optimal solution of ~(T) on T>0 if T  existsfor i=1 2 3 and 4. The objective is to find the
optimal replenishment time T to maximize the average profit per unit time (T) of the retailer.
Egs. 1(a, b, c, d) imply

(") = maximize { z,(T,), 7,(T,), 7,(T,), 7,(T.)}

where
7, (T))=maximize{ 7, (T):0<T <M}
7,(T,)=maximize {7,(T):M <T <W'}
7,(T,) = maximize { 7,(T):W" <T <W}
7,(T,) = maximize { z,(T):W <T}

From the above arguments, we have the following results:
Theorem 1 : Suppose that s, <g,, the maximizes the annual total profit =(T) is given as follows:
(1) If 5>0, 520, >0, 5,>0,and 5>0,then T is W or T, associated with the

most profit.
(2) If 520, 520, 620, 5>0,and &<0,then T" is T/

1

, W or T, associated with the

most profit.

(3) If 5=0, 5,<0, 620, 5>0,and 5>0,then T" is T, or T, associated with the
most profit.

(4) If 5=0, 5,<0, 620, 5>0,and 5<0,then T" is T', T, or T, associated with the
most profit.

(B) If 5=0, 5,<0, 5<0, 5>0,and 5>0,then T" is T  or T, associated with the
most profit.

6) If 5=0, 5<0, 6<0, 5>0,and 5<0,then T" is T', T, or T, associated with the

8



most profit.

(7) If 5,<0, 8,<0, 6,20, 5,20,and 5 >0,then T is T, .

(8 If 5<0, 5,<0, 620, 5>0,and 5<0,then T" is T  or T, associated with the
most profit.

(9) If 5<0, <0, <0, 5>0,and &§>0,then T" is T, .

(10) If 5, <0, 5,<0, §,<0, 5,20,and & <0,then T" is T  or T, associated with the
most profit.

(11) If 8,<0, 8,<0, 8<0, 5<0,and & <0,then T" is T .

1

Theorem 2 : Suppose that &, > 5., the maximizes the annual total profit ~(T) is given as follows:
(1) If 5,20, 6,20, 5,20, 5,20,and 5>0,then T" is W or T, associated with the most
profit.
(2) If 5,20, 5,20, 520, &§>0,and &§<0,then T" is T/

1

W or T, associated with the
most profit.

(3) If 5,<0, 6,20, 5,20, &2>0,and &§>0,then T" is W .

(4) If 5.<0, 6,20, 5,20, 5,20,and 5<0,then T* is T or w associated with the most
profit.

(5) If 6,<0, 6,<0, 5,20, 6,20,and & >0,then T  is T .

6) If 5,<0, 6,<0, 6,20, 6,>0,and 5, <0,then T is T'or T’

3

associated with the most
profit.

(7) If 6,<0, 6,<0, 6,<0, 6,20,and 5,>0,then T" is T .

(8) If 5,<0, 6,<0, 6,<0, 6,>0,and 5 <0,then T is T'or T,

2

associated with the most
profit.

(9) If 6.,<0, 6,<0, 6,<0, 6,<0,and & >0,then T is T .
4. Conclusions

In this paper, we have considered another kind of two-level trade credit to reflect

the real-life situations in which the supplier offers two levels of trade credit and the

retailer can decide to pay off the unpaid balance either after M but before N or

after N when the retailer cannot pay off the unpaid balance at the end of ™.

Theorems 1 and 2 are proposed to characterize the optimal solution under different

conditions. Finally, numerical examples are given to illustrate the theoretical results.

5. Self-Evaluation
This research corresponds to the original plan and has attained its aim. Hence, the study is of
great academic value and suitable for publication in academic journals.
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