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A Game Theoretical Analysis of the Quantity
Discount Problem for Ameliorating Items
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Abstract=The number of retailers who directly deal with items under circumstances where the poultry farmer deals in
poultry farmers recently increases in Japan. It therefore be- the broiler. The ameliorating items include the fast growing
comes necessary for the poultry farmers to deliver products animals such as the broiler in the poultry farm[7], [8], [9].

to the retailers frequently in accordance with the retailers’ Th ltry f h hicks f I led
demand. The poultry farmer’s inventory level increases due € pouitry Tarmer purchases Chicks irom an upper-ievele

to the increase in the weight of the fowls, but at the same time, Supplier and then feeds them until they grow up to be fowls.
it decreases due to loss of the commercial value of the fowls by In this study, we consider the "amelioration” as the increase
the reasons of iliness or others. The retailer purchases items jn the weight of the fowls, and "deterioration” of the poultry
as fresh chicken meat from the poultry farmer, the inventory 5 mers inventory as the loss of their commercial value due
level of the retailer is therefore depleted due to the combined - . .
effects of its demand and deterioration. The poultry farmer “? !Ilnes_s or othejrs. The poultry ffirm_ers '”VentOF_y cycle is
attempts to increase her profit by controlling the retailers divided into two intervals. In the first interval, the inventory
ordering schedule through a quantity discount strategy. We level increases with time since the rate of amelioration is
formulate the above problem as a Stackelberg game between the greater than the rate of deterioration. In the second interval,
poultry farmer and the retailer to analyze the existence of the o /his inventory level decreases with time due to reduction
poultry farmer’s optimal quantity discount pricing policy which . . . S .
maximizes her total profit per unit of time. The same problem N the rate of amelioration. The re_tallers mventory level is,
is also formulated as a cooperative game. Numerical examplesin contrast, depleted due to combined effects of its demand

are presented to illustrate the theoretical underpinnings of the and deterioration since the retailer purchases the products

proposed formulation. which are processed into the fresh chicken meat. The poultry
Index Terms—quantity discounts, ameliorating items, total farmer is interested in increasing her/his profit by controlling
profit, Stackelberg game, cooperative game. the retailer's order quantity through the quantity discount
strategy. The retailer attempts to maximize her/his profit
I. INTRODUCTION considering the poultry farmer’s proposal.

. . . We formulate the above problem as a Stackelberg game be-
Uantity dlspount schedule have _been widely u?‘ﬂ/een the poultry farmer and retailer to analyze the existence
by seII.ers n .order to. reducg their total .transactl_ogf the poultry farmer's optimal quantity discount pricing
cosls associated with ordering, shlpment, and mventoryl%licy which maximizes her/his total profit per unit of time.
Monahan[1] formulated the transaction between the seIL? e same problem is also formulated as a cooperative game.
and the bl_Jy_er (see al_so [2], [3].)’ and proppsed a me_th merical examples are presented to illustrate the theoretical
for determining an optimal all-unit quantity discount pollcyunderpinnings of the proposed formulation.
with a fixed demand. Lee and Rosenblatt[4] generalized
Monahan’s model to obtain the "exact” discount rate offered II. NOTATION AND ASSUMPTIONS

by the seller, and to relax the implicit assumption of a lot-for- The poultry farmer uses a quantity discount strategy in

lot policy ad_opted by the seller. I_Darlar and Wang[5] propos%gider to improve her/his profit. The poultry farmer proposes,
a moqlel using a game theoretical approach t_o analyze f the retailer, an order quantity per lot along with the
quantity discount problem as a perfect information game. F8<5r esponding discounted price, which induces the retailer
more work, see also Sarmah et al.[6], These modeI; assUmEQiter herhis replenishment policy. We consider the two
that both the seller's and the buyer’s inventory policies ¢ tions throughout the present study as follows:

be described by classical economic order quantity (EO Option V;: The retailer does not adopt the quantity

models. The classical EOQ model is a cost-minimizatiojseqnt proposed by the poultry farmer. When the retailer
inventory model with a constant demand rate.

) ‘ It is one %ooses this option, she/he purchases the products from

the most successful models in all the inventory theories dH‘?e poultry farmer at an initial price in the absence of the

to its S'm?“c':]y and easmefss. i ho directl Lwi discount, and she/he determines her/himself an optimal order
Recently, the number of retailers who directly deal wit uantity which maximizes her/his own total profit per unit

poultry farmers increases in Japan. It therefore beco time

necessary for the poultry farmers to deliver the productsoptic')n Va: The retailer accepts the quantity discount
to the retailers frequently in accordance with the retailerﬁ’roposed by the poultry farmer.

demand. The main notations used in this paper are listed below:

In this study, we discuss the quanuty discount problg .. theretailer's order quantity per lot under Optigi{i =
between the poultry farmer and the retailer for amelioratin 1,2)
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hs:  the poultry farmer’s inventory holding cost per itemA. Under OptionV;

and unit of time (including the cost of amelioration). it the retailer chooses Optioki,, her/his order quantity per

hy: the retailer's inventory holding cost per item and unify; ang her/his unit acquisition cost are respectively given by
of time. . _ Q1 = Q(T1) and p,, wherep; is the unit initial price in

as, ap: the poultry farmer's and the retailer's ordering Costg e ahsence of the discount. In this case, she/he determines
per lot, respectively. L . her/himself the optimal order quantit§); = Q7 which

Cs' the poultry farmer’s unit acquisition (_:ost (unit p“rChaSr'naximizes her/his total profit per unit of time.
ing cost from the upper-leveled supplier). Since the inventory is depleted due to the combined effects

Ds: th.e poultry farmer’s .|n|t|al umt_ selling price, i.e., theof its demand and deterioration, the inventory levilt),
retailer's unit acquisition cost in the absence of thg timet during [0, 7};) can be expressed by the following

discount. _ _ differential equation:
y:  the discount rate for the discounted price proposed by
the poultry farmer, i.e., the poultry farmer offers a unit dIp(t)/dt = —0pIp(t) — p. (©)]

discounted price ofl — y)ps (0 <y < 1). ) ) . . .
py:  the retailer's unit selling price, i.e., unit purchasindy S°lving the differential equation in Eq. (3) with a bound-
price for her/his customers ary condition,(T7) = 0, the retailer’s inventory level at

6., 0, : the deterioration rates of the poultry farmer's in{iMe ¢ IS given by

ventory and of the retailer’s inventory, respectively. I(f) = 0u(T1—t) _ q 4
. the constant demand rate of the product. o(t) = p [e } ’ “)
I(t), In(t): the poultry farmer's and the retailer's invenyherep = 1. /6,.

tory levels at timef, respectively. o Therefore, the initial inventory levell,(0) (= Q1 = Q
a, §: the parameters of the Weibull distribution whoser,) in the order cycle becomes

probability density function is given by

Q(Ty) = p (™™ —1). (5)

F) = apt® et (1)
. L ) On the other hand, the cumulative inventas(T; ), held
The assumptions in this study are as follows: during [0, 71) is expressed by

1) The poultry farmer’s inventory increases due to growth
during the prescribed time period, T,..x]. Her/his Ty (e®Tr —1)
inventory level simultaneously decreases due to loss Ah) = /0 L(t)dt = p e, -1
of the commercial value of the fowls by the reasons of
illness or others. Hence,the retailer's total profit per unit of time under
2) The retailer’s inventory level is continuously deplete@ption V; is given by
due to the combined effects of its demand and deteri-

(6)

oration. ™ (Tl) _ Pb fOTl Mdt - psQ(Tl) - th(Tl) — Qp
3) The rate of replenishment is infinite and the delivery Ty
is instantaneous. (ps + %) Q) + ay
4) Backlogging and shortage are not allowed. = p(pBy + hp) — . . (1)
5) The quantity of the item can be treated as continuous I
for simplicity. In the following, the results of analysis are briefly sum-
6) Both the poultry farmer and the retailer are rationanarized:
and use only pure strategies. There exists a unique finitd; = T (> 0) which

7) The number of days that chicks grow up to be fowlgaximizes; (71) in Eqg. (7). The optimal order quantity
is a known constant, and therefore, this feeding peridgl therefore given by
can analytically be regarded as zero. . -

8) The length of the poultry farmer’s order cycle is given Qr=r (e = 1) : ®)
by N;T; under OptionV; (i = 1,2), where N; is a
positive integer. This is because the poultry farmer c
possibly improve her/his total profit by increasing the " hy 0p T
length of her/his order cycle frorf; to N, 7. m(Iy) =»p {(pbab +he) =0 (ps . 9b> ¢ } -

9) The instantaneous rate of amelioration of the on-hand
inventory at timet is denoted by-(¢) which obeys the g jnder OptionV;

Weibull distribution[7], [8], [9], i.e., . . )
If the retailer chooses OptioV,, the order quantity
r(t) = _f® = aft’ ' (a >0, #>0),(2) and unit discounted price are respectively given@y =
1—F(t) Qs(Tz) = p(e”™> —1) and (1 — y)p,. The retailer’s total
where F(t) is the distribution function of Weibull profit per unit of time can therefore be expressed by
distribution.

E;rnhe total profit per unit of time becomes

ma(To,y) = p(puly + hy)
Ill. RETAILER’S TOTAL PROFIT [(1 —yps + 22| Qa(T) +

This section formulates the retailer’s total profit per unit - T . (10)
of time for the Optionl; and V; available to the retailer.
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Lo On the other hand, the poultry farmer’s cumulative inven-

AT - 2(T) tory, B;(T1), held duringjth shipping cycle is expressed by
Q-{ K_IJ—_ ,
! ), Qi Isa) T
Ko | Y (’122(T/) 4 B;(T) = /] Igj)(t)dt

% 1o G-1T
L #(T) = 2z;(Ty)e (20T’ =i0:T]
1) ity
3 o , x / el (15)

0 T, t© 2T, 3T, 4T, (G-DT

The poultry farmer’'s cumulative inventory, held during

Fig. 1. Transition of Inventory Level{; = 4) [O N T ) becomes
»4V141
lel
IV. POULTRY FARMER’S TOTAL PROFIT B(Ny,Ty) = Z B;(Ty)
This section formulates the poultry farmer’s total profit j=1

per unit of time, which depends on the retailer’s decision. Nl

Figure 1 shows the poultry farmer’s transitions of inventory =Q(T) Y e~ [aUT) =i0.T:]
level in the case ofN; = 4. In this case, the length of Jj=1

the poultry farmer’s order cycle is four times as that of « /jT1 (at?=0.t) g4

the retailer's one. The rate of amelioration is greater than 0 € )
that of deterioration in the region of < 7, but in the

region oft > 7, the rate of amelioration is less than that Hence, for a giveriVy, the poultry farmer’s total profit per
of deterioration. unit of time under Optionl; is given by

(16)

. . Py (N, 1Y)
A. Total Profit under Optiorl; PsN1Q(T) — esS(Ny, T7) — hy B(Ny, T5) — a,
If the retailer chooses Optiol;, her/his order quantity - Ny Ty
per lot and unit acquisition cost are given B and ps, psQ(TF) — ag /Ny
respectively. The length of the poultry farmer’s order cycle = T
can be divided intaN; shipping cycles (N = 1,2,3,--) ! Ni1
as described in assumption 8), wheé¥e is also a decision Q1Y) {C Py o aGT)?—j0.77]
variable for the poultry farmer. NTy |

Under assumption 1), the poultry farmer’s inventory level,
I,(t), at timet can be expressed by the following differential
equation:

dL,(t)/dt = [r(t) — O)L,(t) (0 <t < Thmax). (1)

Jj=1

Sk

3Ty 8
¢s + hy / elat?=6:t) gy } (17)
0

X

B. Total Profit under Optiori;

By solving the differential equation in Eq. (11) with a
boundary condition/,(j71) = z;(11), the poultry farmer’s

When the retailer chooses Optidry, she/he purchases

inventory level, I,(t) = I\ (¢), at time¢ in jth shipment @2 = Q(T2) units of the product at the unit discounted price

cycle is given by

(1 — y)ps. In this case, the poultry farmer’s order guantity

per lot under Optionl; is expressed as; = S(Na, Tv),

19(t) = 2;(Ty)e {olGT) ="1=0.GTi=0}  (19)

L nder OptionV;
wherez;(T7) denotes the remaining inventory at the end oL% P 2

the jth shipping cycle.

It can easily be confirmed that the inventory level at the
end of the (N; — 1)th shipping cycle become§), i.e.
zn,—1(T1) = @1, as also shown in Fig. 1. By induction,
we have

2 (Ty) = Q(T})elaiT1)"=30.13]
Ni—1

% Z ef[a(le)BkaSTl].

k=j

(13)

The poultry farmer's order quantitys; = S(N:1,71) (=
z0(T1)) per lot is then given by

accordingly the poultry farmer’s total profit per unit of time

is given by
PQ(N27T2ay)
1

—CSS(N27T2) — hsB(N27 Tg) — as]
(1 = y)psQ(T2) — as /N>

T
No—1
Q(TZ){ ~[a(iT2)? —jo.T:
_ o+ o~ [ T2)" 40, 5]
OIS
J_
X

3T2
o+ hy / e(atg_est)dt]}, (18)
0

Ni—1 where
S(Ny,Ty) = Q(T o—laGT)?=jo. 1] (q4
( 1 1) Q( 1) jzz:o ( ) Q(TQ) _ p(eesz 1) (19)
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A More precisely, we should use "sup” instead of "max” in
Eqg. (23).
W(TZ)\ For a given N,, we show below the existence of the
Q, poultry farmer’s optimal quantity discount pricing policy
0 Q, (Ta,y) = (T5,y*) which attains Eq. (23). It can easily be
T L proven thatP (N2, T,y) in Eq. (18) is strictly decreasing
in y, and consequently the poultry farmer can attBifiN)
Fig. 2. Characterization of retailer's optimal responses in Eq. (23) by lettingy — ¢ (1) + 0. By lettingy = (15)
in Eq. (18), the total profit per unit of time op = (15)
becomes
V. RETAILER'S OPTIMAL RESPONSE
. . . S, . Py (NQv TQ)
This section discusses the retailer's optimal response. The h Q(Ty)
retailer prefers OptioV; over OptionVs if 77 > mo (T2, y), = pb (ps + b) T _ X\22)
but whenn} < m(T3,y), shelhe preferds to V;. The o O NoT
retailer is indifferent between the two options 4ff = " 22 o~ [aliT2) —j6.12]
m2(T%,y), which is equivalent to
j=1
4 To) — 00 Toe? i) + 3T p
Y- (ps gb) [Q( 2) POy L2€ ] ap (20) " Cs_|_hs/ 2e(at1705t)dt }
psQ(T2) 0
Let us denote, by (T3), the right-hand-side of Eq. (20). It ~ (he/0y + 5 /N2) Q(13) + (ap + as/N2) (24)
can easily be shown from Eg. (20) th&tT:) is increasing T '
in Ty (= T7). By differentiating P»(N>, T3) in Eq. (24) with respect to
T,, we have
VI. POULTRY FARMER'S OPTIMAL POLICY
UNDER THE NON-COOPERATIVE GAME 87T2P2(N27T2)
The poultry farmer’'s optimal values fdf, and y can N
be obtained by maximizing her/his total profit per unit of [P0 Toe™™> — Q(T2)] {(N2ef +CS)
time considering the retailer's optimal response which was +ZN2—1 o [a(iT2)" =0, T3]
discussed in Section V. Henceforth, I8t (i = 1,2) be J=1 ‘ ;
defined by X {cs + hy f(fTQ elat 9st)dt}}
31 == }E;Q;y; : y S ZE;}%;{, +Q(T2)T2{hs N?(I\;Z—l)
2 = 2,Y Y2 2 . 1. .
_ _ _ + 302 [eB(IT) T - 6,]
Figure 2 depicts the region 61; (i = 1,2) on the(T3,y) o~ [(iT2)’ =0Ty
plane. o ;
X {cs +hs f]° elot 705t)dt} }
A. Under OptionV; —(Naap, + as) (25)
If (Ta,y) € 1\ Qs in Fig. 2, the retailer will naturally N NoT3 '

select OptionVy. In this case, the poultry farmer can max- | ot 1,(7;,) express the terms enclosed in outermost braces
imize her/his total profit per unit of time independently of{ } in the right-hand-side of Eq. (25).

T; andy on the f:ondmon of(T,y) € i\ Q2. Hence, * \ye here summarize the results of analysis in relation to
the poultry farmer’s locally maximum total profit per unit ofy,o optimal quantity discount policy which attainfs(%)

time in £\ 2, becomes in Eq. (23) whenN, is fixed to a suitable value.
P; = max Pi(Ny,Ty), (21) 1) Nx=1
NieN In this subcase, there exists a unique firlite (>
where N signifies the set of positive integers. Ty ) which maximizesP, (N3, T3) in Eq. (24), and
therefore(7%, y*) is given by
B. Under OptionV; (T3,y") — (T2, p(T2)), (26)
On the other hand, i{T»,y) € Qs \ 4, the retailer’s Where
optimal response is to choose Optibh. Then the poultry
farmer’s locally maximum total profit per unit of time in Ty = { To,  To < Tiax/N2, 27)
QQ \ Ql is given by Tmax/N27 To > 7111(13‘)(/]\[2
N - The poultry farmer’s total profit then becomes
Py = ]{}12(\[132(1\72)7 (22) ? Y P )
h 2 Pa(N) = 08s[(ps + I /05) T
where (et /By — ) "] (28)
Py(Ny) = Py(Ny, T, ). 23
2( 2) (T27£1€a§}2{2\91 2( 25 2,y) (23) 2) Ny > 2:
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TABLE |

Letus definel; = T (> T7) as the unique solution SENSITIVITY ANALYSIS WITH RESPECT TOCs
(if it exists) to (a) Under OptionV;
_ cs | N Ty Q7 ¢ St Py
L(Tz) = (aNz + a). (29) 35| 1 1298 7164 100 71.64 28175
In this case, the optimal quantity discount pricing 40 | 2 12.98 7164 100 71.81 26252
policy is given by Eq. (26). 45| 2 1298 7164 100 71.81 248.69
50 | 2 1298 71.64 100 71.81 234.86
C. Under OptionV; and Vs 55| 2 1298 71.64 100 71.81 221.03
In the case of T3, y) € 21 Ny, the retailer is indifferent (b) Under OptionVa
between OptionV; and V5. For this reason, this study Cs s I3 Q3 P3 53 by
confines itself to a situation where the poultry farmer does 35| 1 2154 12712 9543 127.12 310.24
not use a quantity discount polid{ls,y) € Q1 N Q. 40| 1 2108 12395 9581 12395 280.79
45| 1 2065 121.00 96.17 121.00 251.43
VIl. POULTRY FARMER'S OPTIMAL POLICY 50 2 1498 8397 9963 8407  237.07
UNDER THE COOPERATIVE GAME 55| 2 1487 8331 99.67 83.40 223.04
This section discusses a cooperative game between the TABLE I
poultry farmer and the retailer. We focus on the case where SENSITIVITY ANALYSIS WITH RESPECT TO0,
the poultry farmer and the retailer maximize their joint profit. (a) Under Optionl;
We here introduce some more additional notatiofs 75 bs | Ny T3 Q3 p; 53 Py
and @3, which correspond taV,, 7, and @, respectively, 0005 2 15000 84.108 99.627 84.192 238.902
under OptionV; in the previous section. 0.010| 2 14979 83975 99.635 84.066 237.066
Let J(Ns, Ts,y) express the joint profit function per unit ~ 0-015| 2 14.893 83.437 99.663 83.538 235.191
of time for the poultry farmer and the retailer, i.e., let 0020 2 14805 82.888 99.692 82999 233.278
J(N3,T3,y) = Po(N3, Ts,y) + m2(T3, y), we have 0.025| 2 14715 82.327 99.720 82.450 231.326
J(N3,T3,y) ST jumpup whene, increases fron35 to 40 (more precisely,
Q(T3) at the moment when, increases fron35.761 to 35.762). In
= p(ppby + hy) — x ' i
N3T3 the case ofV; = 2, the poultry farmer ships the items to the
Ns—1 o retailer twice in the farmer’s single order cycle. The fowls
><{ > e~ [20Ts)?~50:Ts] in the second shipment are raised by the poultry farmer for
j=1 relatively long time. Under this option, when increases,

X increasing the length of her/his order cycle, i.e., increasing

(at?—0.1) ] } the poultry farmer should make up for the loss by means of
Ut dt

Ts
&
the period of feeding.
(T3) + (ay + as/N3) (30)  Table I(b) indicates that, under Optidi, Q3 is greater
T3 ' than @} (compare with Table I(a)). Under OptioW, the

It can easily be proven from Eq. (30) thdtNs, T3, y) retailer accepts the quantity discount proposed by the poul-
is independent ofy and we haveJ(Ns, Ts,y) = Po( 1ty farmer. The poultry farmer’s lot size can therefore be
N, Ts,1(T3)) + 7F. This signifies that the optimal quan-increased by stimulating the retailer to alter her/his order
tity discount policy (Ts,y) = (T%,y*) which maximizes quantity per lot through the quantity discount strategy. We
J(Ns,Ts,y) in Eq. (30) is given by(Ty,y*) as shown can also notice in Table | that we hay& < P;. This indi-
in Section VI. This is simply because, in this study, théates that using the quantity discount strategy can increase
inventory holding cost is assumed to be independent of tHe poultry farmer’s total profit per unit of time.

y
S hS
cs + /0
_ (/6 +¢s/N3) Q

value of the item. Table 1l shows the values of bothy and ()5 decreases
with increasingd;. The number of fowls whose commercial
VIIl. NUMERICAL EXAMPLES value becomes zero obviously increases with which

indicates that the poultry farmer should ship the fowls to

Table | reveals the results of sensitively analysis '{he retailer as soon as possible whrtakes larger values
reference tavy, 77, Q7, p1 (= ps), S7 (= S(N{, 1Y), P, P : 9 :

N3, T3, Q5 (= Q(T3)), p5 (F(1=y")ps), S5 (= S(N3, 13)),

Pz* for (Cs7ps7pb7as,ab,hs,hb,a,ﬁ70,s,9b7M7Tmax) = IX. CONCLUSION

(50, 100, 200, 1000, 1200, 20, 1, 0.8,0.3,0.010,0.015, 5, 30) In this study, we have discussed a quantity discount prob-
when ¢, = 35, 40, 45, 50, 55. Table 1l shows the results of lem between a poultry farmer and a retailer for ameliorating
that whend; changes fron®.005 to 0.025. items under the circumstances where the poultry farmer

In Table I(a), we can observe thél; takes a constant deals in the broilers. The ameliorating items include the fast
value Q7 = 71.64). Under OptionV, the retailer does not growing animals such as the broiler in the poultry farm.
adopt the quantity discount offered by the poultry farmefhe poultry farmer purchases chicks from an upper-leveled
The poultry farmer cannot therefore control the retailer'supplier and then feeds them until they grow up to be the
ordering schedule, which signifies théX; is independent fowls. The poultry farmer’s stock increases due to increase
of ¢,. Table I(a) also shows that the values of bdtfi and in the weight of the fowls, at the same time, it decreases due
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to the loss of the commercial values by the reasons of illness
or others. The retailer purchases items which are processed
into the fresh chicken meat, so that the inventory level of
the retailer is depleted due to the combined effects of its
demand and deterioration. The poultry farmer is interested
in increasing her/his profit by controlling the retailer’s order
quantity through the quantity discount strategy. The retailer
attempts to maximize her/his profit considering the poultry
farmer’s proposal. We have formulated the above problem
as a Stackelberg game between the poultry farmer and the
retailer to show the existence of the poultry farmer’s optimal
quantity discount policy that maximizes her/his total profit
per unit of time. In this study, we have also formulated
the same problem as a cooperative game. The result of our
analysis reveals that the poultry farmer is indifferent between
the cooperative and non-cooperative options. It should be
pointed out that our results are obtained under the situation
where the inventory holding cost is independent of the
value of the item. The relaxation of such a restriction is an
interesting extension.

REFERENCES

[1] J. P. Monahan, “A quantity discount pricing model to increase vendor’s
profit,” Management Sgivol. 30, no. 6, pp. 720-726, 1984.

[2] M. Data and K. N. Srikanth, “A generalized quantity discount pricing
model to increase vendor’s profit¥Management Scivol. 33, no. 10,
pp. 1247-1252, 1987.

[3] M. J. Rosenblatt and H. L. Lee, “Improving pricing profitability with
guantity discounts under fixed demand Transactionsvol. 17, no. 4,
pp. 338-395, 1985.

[4] H.L.Lee and M. J. Rosenblatt, “A generalized quantity discount pricing
model to increase vendor’s profifylanagement Sci., vol. 32, no. 9, pp.
1177-1185, 1986.

[5] M. Parlar and Q. Wang, “A game theoretical analysis of the quantity
discount problem with perfect and incomplete information about the
buyer’s cost structure RAIRO/Operations Researchol. 29, no. 4, pp.
415-439, 1995.

[6] S.P.Sarmah, D. Acharya, and S. K. Goyal, “Buyer vendor coordination
models in supply chain managemeriiropean Journal of Operational
Research, vol. 175, no. 1, pp. 1-15, 2006.

[7] H. S. Hwang, “A study on an inventory model for items with weibull
ameliorating,”Computers & industrial engineeringrol. 33, pp. 701-
704, 1997.

[8] B. Mondal and A. K. Bhunia, “An inventory system of ameliorating
items for price dependent demand rat@@mputers & industrial engi-
neering, vol. 45, pp. 443-456, 2003.

[9] S. Y. Chou and W. T. Chouhuang, “An analytic solution approach for
the economic order quantity model with weibull ameliorating items,”
Mathematical and computer modelingol. 48, pp. 1868-1874, 2008.

ISBN: 978-988-19251-3-8 WCE 2012
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)





