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ABSTRACT

This paper deals with the Stackelberg game modstda@n the buyback contract predominated by the
supplier, and the equilibrium solutions to the nloalee available when wholesale price and maximum
buyback rate are determined by the supplier andotder quantity is determined by the retailer with
respect to the stochastic market demand. Coordmati different supply chains and risks shared uppsy

& demand parties are analyzed. The supply and dénpanties share different risks because of their
different leading statuses and maximum buyback gntap offered by the supplier to the retailer. Whe
the supplier is in the leading role, he can deteenthe proportion or relation of risks shared bypdy and
demand parties. As a constraint condition, the qrign or relation the risk is of guiding significee for
determination of maximum buyback proportion.
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typical contractual models is involved [4].
Literature [5] offers the newsvendor for co-deaisio

h v chain i | d d . agf suppliers and retailers, and defines the conokpt
The supply chain is a complex and dynamicg) \ pack  Literature [6] studies coordination of

system, and. its management has become a hot is% ply and demand chain in order quantity and
of rgsegr_ch In t_he academic _C|rcles. As all memb_epgta” price of decisions made by the retailerthat

are individuals in supply chain, the non-cooperative, o time, that is, rationally applying the buyback
decision mode is more popular than the cooperati\gqrategy can relieve the effect of double
one.d_ln non-ﬁooperanlve dhec_lsmﬂ moge, how t?)narginalization and improve coordination of supply
coordinate the supply chain has become ap,4" gemand chain in specific  conditions.
important issue in the study on supply chain. thL'teratures 7 and 8 both deal with the suppliers’

pha||n, e\éery node is _thehsu?pher mdnext n%dg, ﬁq terest maximization by determining the buyback
IS also the customer in the front node, so tha t eprice in a leading role. [9] analyzes differeisks
supply and demand relation is built by contrac

. . . %o suppliers and retailers based on three types of
Uncertain market demand will result in dlscordanc%uyback contracts. [10] analyzes coordination of
of supply chain. So, how to improve theq, . chain and risk sharing of node enterpriges i

coordination of supply chain is an important poinyye coordination with the increase of their margina
in this paper. cost

The types qf supply chain contract mainly are: Aiming at fewer studies on game strategies of
wholesale price contracts, buyback contract

hari q v di %upply and demand parties in current buyback
revenue sharing contracts, and quantity 'Scou_%ntracts, this paper discusses the Stackelberg gam
contracts. The coordination of supply-demand i

£ th X : X \v chai redominated by the supplier based on their
one of the most important issues in supply chal uyback contract. The supplier offers wholesale
[1]. For earlier overviews on supply chain

. . . price and maximum buyback rate first, then the
coordmatlon with contacts, see [2]. _The effectiv etailer determines order quantity. The coordimatio
supply chain contracts change traditional Iocallybf supply chain is improved with a buyback offered
optimizing strategy only for individuals into the by the supplier to the retailer. In addition, thaper
globally-optimizing one for the maximization of '

) . . . impl I diff t risks shared b |
overall interest in the supply chain. Studies on > 2hayzes CIIErENt risks shared by Supply

v chai h 4 abroad Und demand parties with both parties’ different
supply chain contracts at home and abroa argading role and maximum buyback proportion
summed up and its classification and models ar

) Stfered by the supplier to the retailer. The sugpli
analyzed [3]. The analysis of contract models Oaﬁan offer proportion or relation of risks shared by

coordination in supply chain based on sever oth parties as their restrict condition. This fs o

1. INTRODUCTION
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guiding significance for evaluation of maximum
buyback proportion. 3. MODEL AND ANALYSIS

3.1 Supply and Demand M odel without Buyback
Contract
In traditional enterprise relation, the members in
. . . supply chain can make their own decisions
The following notation and assumption are di hei I h d
considered to develop the model according to their self-interests. In the random
' demand, the retailer makes the decision of order

batch based on his own forecasts to market

2. FUNDAMENTAL NOTATION AND
ASSUMPTION

Notagc;rt];_l fice per unit item of retailer demands, while the supplier also offers wholesale
P _' P '_ peru '_'_ ! _ price according to his self-interest maximizatiom.
W Selling price per unit item of supplier this decisions made independently respectively, the
C Cost per unit item of supplier supply chain can not be optimized and coordinated
b  buyback price supplier to retailer so that it islless competitivg. .
R buyback proportion, the largest proportion of ~ The retailers profit function is ‘
order quantity to supplier by buyback q =) W +V(Q =X 0=x=Q,
Price@<R<1) " l(p-wQ -g,(x-Q) x>Q.
V  The remaining products value of retailer The supplier’s profit function is
g, shortage cost of retailer n = {(W—C)Q' 0=x<Q,
g, shortage cost of supplier W-0)Q ~g.(x-Q) x>Q.
g=g, + 9, shortage cost of the supply chain The retailer’s expected profit function is

' - Q ‘_ e y — —_ —_ Y
Q' retailer’s order quantity non-buyback contract = =), Iperu@ 1 103+ [ [ pQ -(x-Q) g Jig dx-wQ @
Q retailer's order quantity with buyback contrac  =(p+g, -WQ -gu~(p+g -V, F(x

M. retailer's profit non-buyback contract The supplier's expected profit function is
N . retailer’s profit with buyback contract EM, =(w=0)Q _QSJ.Q (x=Q) T (x)ax (2)
M. supplier's profit non-buyback contract =(W-c+9,)Q — g~ gsf: F(x)dx
[T, supplier's profit with buyback contract The retailer’'s order quantity model is
n supply chain’s profit non-buyback contract maxEM. = (p+g, -w)Q —-g,4- (p+9, —v)j: F (x dx
1 supply chain’s profit with buyback contract Because of
Assumption %= p+g, -w-(p+g, -VF(Q)
(1)Consider a supply chain of a product which Q2 .
i i i i d“En ,
consists of a S|_ngle supplier and single buygr. ~t=—(p+g, -v)f(Q)<0
(2)The demand is assumed to be stochastic, the dQ
density functionf(x) , distribution function So EM, has maximum value.
F(x),x=20,f(x)=0, R#£0, is continuous, - . -
(0, x20.f(x)20, When®El: _o,  thenF (Q) =29~
differentiable, increasing andF(0)=0, Let dQ p+g, -v
HX)=u. The maximum order quantity of profit wished by
(3)Each firm is risk neutral. the retailer can be got.
(4)The retail price of retailer and buyback pride o Q = F—l(w) 3)
supplier are constant. _ P*g -~V
(5)The supplier earns zero per unit buyback product The supplier's wholesale price can be solved by
at the end of season. substituting Expression (3) to Expression (2), and

(6)Supply and demand sides have completéien the profit wished by supply and demand
information, which the two sides’ profit functions parties can be got.
are the common knowledge.

(7Y v<bsw<p,v<c<w<p.
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3.2 Stackelberg Game M odel in Buyback As to the supply chain predominated by the
Contract supplier, its Stackelberg game model in buyback

The order quantity in Expression (3) is notcontract is:
optimal for the retailer, supplier and the supply First floor:
chain. In order to earn more profits, the supplier o o
hopes the retailer can increase order quantity. maXE"'f(W—C*gsD—gsﬂ—gsLF(X)iix—bfo,QRF(X)iX
Success to increase of order quantity means more st. v<bsw<p
profits for the supplier and the supply chain.

However, the retailer is subjected to loss of

inventory backlog. As a result, the retailer magnea

less profit, a_nd h_e doesn’t in_crease_order quantity Second floor
In order to inspire the retailer to increase order o o
quantity, the supplier promises to buy back the res MaXEM. = (=W, R-g.u= P+g [ F (kb _F (ix
part or all products by a certain price and +VJ°*°R,:(X)dX

proportion during product sales to bear parts of ’ t 0<

risks, so that he wants to increase the profithef t st. 0=Q

supply chain. The supplier offers the retailer a 1y sjtuations should be taken into account with
wholesale price and maximum buyback proportionsqytion of the model by the Backwards Induction:
while the retailer determines order quantitygne is that the wholesale price is a decision
However, if the supplier increases wholesale pricGyriaple, and the other one is that the wholesale
to reduce the loss in buyback by his own interestgyice is a constant value. Another decision vaeiabl
then the retailer may earn less profit comparett wity,  ihe supplier is the maximum buyback

non-buyback. For this reason, the retailer  ddesn, onortion, and the retailer's decision variable is
participate in the supply chain. In this situatite o order batch.

supplier can promise to offer the retailer buybarck The wholesale price is a decision variable.

the premise of changeless wholesale price in order \yith respect tow and R given, the retailer’s
to inspire the retailer to participate in the sypplisgie is ’

chain. Because the supplier takes action firsty the o 0

the retailer puts into practice after the suppdier’ MAXEM, = (p-wig, R=0,4= O+ 9)f, F 6pxob,  F e
action. Moreover, both the retailer and supplier +vjf’°RF(x)dx

should take into account not only their own strgteg

but also their opposite party when taking action. The optimizing issue in above expression is
Thus, this is an issue on dynamic Stackelbergolved:

v<c<w<p
0<R<1

deEn
games. _ . —o" = P*9 ~w=(p+g ~b)F(Q)-(b-V)(1-RF(Q-QR)
The retailer’s profit function is aQ
px-wQ +RQb+v(Q-x-RQ) 0<x<Q-QR,
M, =9 px-wQ+(Q-x)b Q-QR=x=Q, )
(P-WQ-g,(x-Q) x>Q. ddEl;I, =—(p+g, -b)f(Q-(b-V)L-R)f (Q-QR)< 0
The supplier’s profit function is Q
(wW=c)Q-RQb 0=x<Q-QR, So, EM, has maximum value.
M, =y(w-c)Q-(Q-x)b Q-QR=x<Q, . . .
(W-0)Q-g,(x-0Q) X>Q. Whend%r -0, i-e. Expression (6) is solved for
The retailer’s expected profit function is unique solution" .
EN, = [*“[pcr ROAQ-x-RQI (3t [7_[px+(Q-3H (3 cx(4) p+g, ~w-(p+g, ~HF(Q -(b-va-RFQ-QR)=0  (6)
+, [PR-(-Qg ] (9ax-wQ Through calculaton and derivation for
=(p-WQ-, (4-Q ~(p+g, ~b)[ F(¥ax-(b-V)[  F(xjex Expression (6), the relation between the retailer's

) ! . optimal order quantit®)’ and the wholesale price
The supplier’'s expected profit function is . -
& buyback proportion satisfies

_ QR Q o
EM, =(w-0)Q- " RQbf (ock— [ (Q=xbf (x)a-g, [ (x-Q) f (x)ck W _ 4 -
= (W-0)Q- g, (- Q) (g, +b)[[ F(9a+b[" " F(x)x w  (p+g -Hf(Q+b-V(I-RFfQ-R)

®) Q_ FRQ-R+DA-RFQ-R)
R (p+g -bf(Q+bO-VI-R’fQ-R)

R
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Finally, the Nash equilibrium solution of supply

) ) . __chain predominated by the supplier @' W,
with the increase of the supplier's wholesale price

. R).
@zo, the supplier bears more risks with increase Proposition2. In the buyback contract, i.e.

oR . e .
of buyback proportion, and the retailer can inceeasR# 0, then, EM 2 EM, . That is to say, the

order quantity. supplier's profit is not lost because he supplies
If the wholesale price is a constant value, th®uyback to the retailer.

solution is similar to above said case, and more Proof. Because the feasible solution of the model

simple. is not greater than optimal solution in any
Propositionl. When the wholesale price is amaximizing planning issues, wher@=0, is the

constant in buyback contract, i.eR#0, then feasible solution ofEM,, so

EN, >EN.

%w, the retailer's order quantity reduces

nmex %0 =0.
Proof. Because%:(b_v)QF(Q_QR),Where HLR#O0=HLR=0

And because
b >v, andF(x) is continuous, derivable and strictly EM.(R=0)= (W—c+g.)0— gt~ J-QF(Q)jX: e,
S S 'S. S 0 S

S0 EN, =z EN, , The proof is completed.

increasing function oR .Additionally, RO[0,1] , The expected profit of the supply chain in
buyback is

increasing, then€EM: -, that is, EM, is an
dR

so R=0 is the minimum point of profit. Thus .
EM.(R#0)>EMN (R=0)=EM’ . The proof is EM = EN,+EN,=(p-)Q- [, (x~Q)gf (x)x+
done. Q-@R
e g . . -x-QR)f (x)d

Proposition 1 also verifies that in the premise of VIO (Q=x=QR)F (x)dx
changeless wholesale price, the profit of the letai I the buyback contract, supply and demand
in the buyback contract is larger than the prafit | parties’ total expected profit is the sum of their
non-buyback contract. profits when they make decisions separately, i.e.

As both parties’ information is symmetrical, the EM"=EM, + EM,. It is known from Propositions

supplier forecasts that the retailer determines th(g) and (2) thaten’ >EN", that is, the expected
order quantity Q) based on Expression (6); thep ofit of the supply chain in buyback contract is
supplier considers the wholesale price andreater than that of non-buyback contract. The
maximum buyback proportion offered by thesupply chain is improved in coordination with a
retailer should be the expected profit maximizatiorbuyback offered by the supplier to the retailer.
Thus, the supplier shouldeal with the following

issues in the game predominated by them:

(8)

3.3 Cooperative Gamesin the Buyback
maxEN, = W-c+g, Q- gs,u—gSJfF (th_bjs,QRF (x xix Condition
The cooperative game emphasizes the reasonable
and optimal decision of an organization. In the
St prg ~w=(p+g ~bF Q)= b-V)I-RIF Q-QR)=0 (7) cooperative game theory, how to establish the

v<bsw<p cooperation for reasonable individuals is omitted,
v<c<ws<p while the result and profit distribution are dissed
O<R<1 directly.

It is seen from the target function in Expression In the cooperation, total expected profit of the
(7) that the bigger the whole pria#is, the more supply chain can be got from Expression 8. S it i
the supplier’'s profit is. As the decision condition got that:

can getwp+g —(p+g -HFQ-b—)1-RFQ-R), EM = EM,+EM,=(p~c)Q~ [~ (x~Q)qf (x)cbc+
and whenR =1, W is taken as maximum value V[T @Q-x-QR) f (x)dx

w=p+g, —(p+g, —b)F(Q). So, it is concluded
that in the buyback contract predominated by the
supplier, the optimal value is taken when the As a whole, the supplier and retailer can make
supplier promises the retailer by a certain buybacitecision from profit maximization in the whole

price to buy back the surplus commodities in 10098upply chain.
order quantity in the end of sales.

1028
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OEM _ o _ Aoy is in a lead role, he can offer proportion or rielas
0Q Prg-c-(proF(Q+vI-RIFQ-CQR)=0 between or borne by both parties. As a restriction
JEM condition by this, it decides the maximum buyback
SR - VQF(Q-QR)=0 proportion (R). In order to indicate the relation
So, the systematical optimal solution is between risk andR, it is supposed thag, =g,,

and f(x) is distributed uniformly afo,n], then,

p+g, — 2bR+bR* -v(1- R) oL
As a whole, order quantity in supply chain is 2n

optimal, but it involves how to distribute the gtof o g, + 2bR-bR’

earned by both the supplier and retailer in ro= QS(E—Q)’fT

cooperation. This will be explored in other papers.

1 P*+g-Cy ..
F
FE 25D

r,:gr(g—Q)+

Proposition3. When the supplier offers the

4 RISK ANALYSIS retailer buyback price and retail price meeting

sz, i.e. the buyback price for surplus products
According to Expression (4), (5) and (8), the

uncertain market demands result in expected rigk not less than one half of the wholesale price,
loss of the supply chain and supply & demandhen, the risks borne by both supply and demand
parties. One part of loss is the stockout risk losgarties are the same, and the maximum buyback
caused by random demands, the other part is the L 2b-p

risk loss caused by buyback. The expected risk lo8§0POrtion is1-
for the supply chain is

r = g(u-Q)+p+9)[; F (x)ax—v[* " F (x)aix
Where, the risk loss borne by the retailer is

Q QR
=0 (- QH(p+g B FO O] TG 0 g R R g g g BR-be

b-v '
Proof. If supply and demand parties are required

to share the same risks, ie.=r, :%r , then,

and the risk loss borne by the supplier is . . . oh— .
Q Q-0R it can easily be verified thqi-R)® =DTP Ifitis
r, = 0. (- Q+@. +b)[ | F(x)ax—b[ " F (x)dx. B-v
In a certain total risk of the supply chain and'Ue: then22=P. . Itis evident that buyback price

stockout loss of the supply and demand parties, the ) Zb_,v ) p )
risk loss borne by supply and demand parties @nd retail price should Sat'SfVEE' while the

determined by the maximum buyback proportionnown condition has been given. That is, if the

offered by t:e supplier to the retailer. supplier wants to share the same risk with the
N _ retailer, he offers the retailer buyback price whie
—L =-(b-Vv)QF(Q-QR)<0 10 '
dR ( JQFQ-QR) (10) not less than a half of sale price. By this wag th
retailer can share a half of risks. It is solved by
dr, = (b-V)QF (Q-QR) 20 above formula that the maximum buyback
drR

proportionr=1- {% offered by the supplier to
-V

11
(11) the retailer. The proof is done.
According to Expression (10) and (11), the risk . . .
borne by the retailer decreases with maximum The proportional relation of risks taken by both

buyback proportion R) borne by the retailer, that Parties is used to decide the maximum buyback
is, the more the maximum buyback proportion isProportion (R ) as a restriction condition.

the less the risk borne by the retailer. The risknb

by the supplier increases with maximum buyback- NUMBERICAL EXAMPLE ANALYSIS

proportion, that is, the more the maximum buyback ) _ )
proportion is, the more the risk borne by the Take the following parameters for simulation on

supplier is. the foregoing circumstances

Because of different maximum buyback c¢=%20 per unityy=$10 per unit,p =$200 per
proporti_on (R) _of‘fered by t_he supplier to the ynjt p=$50 per unit,g, = $20 per unit,g.= $10
retailer in a leading role, the risks shared bypbup .
and demand parties are different. When the suppligrer unit.

R
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The retailer estimates the market demand for ~ en, 30086  2685.6 4187.4
some product complies with the uniform I /5055.04 /4585.65  /5774.19 -
distribution, i.e.
’ 1 En, 92558 10025 9779.8
L x0[0,204 /261.16 /1603.75  /1977.19 —
f(x) =1 200 I,
0 x0[0,209 En 122644 127106 13967 16173.91
/5316.2  /6189.4 /7751.38 /16695.89

Based on above given model, the decision valu
and expected profit & loss are shown in Tabl
comparing non-buyback and buyback Stackelberg CONCLUSION
model and cooperative games. '

It is shown in Table 1 that the retailer’s order

guantity increases when the supplier offers thFhodeIs have been established and the Nash
retailer buyback (vis a decision variable). The

_equilibrium solutions for the models are obtained i

supplier and supply chain’'s expected profit i g )
) paper on the background of two-stage supply
higher than that of the non-buyback model, so thgain "The coordination of supply chain with

Stackelberg model with buyback is favorable to thg,,pack and cooperative models is improved. In
supplier and — supply chain. This improvesye pwhack contract of the supplier as the leading

coordination of supply chain. The decrease of thFoIes, the optimal value can be made when the

retailer’'s profit is because the supplier raises thsupplier promises the retailer by a certain bujtba

wholesale price. In t.he changeles.s wholesale pri?ﬁice to buy back the surplus commodities by 100%
offered by the supplier to the retailer, the expéct o qer quantity. Finally, the relation between risk

profits for the retailer, supplier and supply chaie 554 3nd maximum buyback proportion is discussed
higher than of the non-buyback model. This provesj, 1, The relation can be regarded as a resricti

Proposition 1 and 2. The maximum buybackqqition to determine the maximum buyback
proportion is 1, which is agreed with the optimaly.,nortion. The issue on profit distribution of
value in the 100% buyback proportion of the orde upply and demand parties in the cooperative

quantity for the surplus commodities by a certai ames is not the focus in this paper, and will be
buyback price during sales for the supplier whictyis.ssed in other papers.

we have analyzed previously. In the cooperative
games, the order quantity is biggest, and profit is
most for the supply chain, so that the supply chaihnCKNOWLEDGEMENTS
is well coordinated.
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