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Abstract. Based on the two-stage traditional supply chainehaghich is composed of a

manufacturer and a retailer, we introduce the enpirice parameter and online-offline
sales volume proportion parameter, thus formingva-dtage supply chain conclude
online and offline distribution channels under@ckastic demand environment. With the
use of game theory, the interaction between theufaaturers and retailers can be
observed. When contact parameters are satisfiedpm@lination of the two-stage supply
chain with online distribution channels can be igeal through the rebate and penalty
contract. Finally, we verify the availability ofdtcontract by numerical calculating.
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1. Introduction
Supply chain is a chain of interests made up ofedht economic entities. The
coordination of supply chain members is the fouiedadf supply chain stability. But, to
pursuit the maximization of self-interest, the dwobf the members in supply chain may
conflict with the overall benefit of the supply émawhich lead to a certain degree of
damage for the whole profits of supply chain. Idesrto coordinate the profit conflict
between individual and whole in the supply chdie supply chain contract has become
an important means. Since Pasternack [1] earlyfgpwtard the theory of supply chain
contract, it had been developed rapidly in mangdlions. Bresnahan [2] studied the
wholesale price contract from the perspective ahemics in the case of deterministic
demand. Yu etc. [3] proposed a wholesale priceraontvith anti-sudden events. Yang
etc. [4] discussed the origin and development m®ad supply chain contract research,
and established several basic mathematical moélgtpioal supply chain contract. In the
literature [5], researchers studied that, whendixmand was associated with both effort
factors and prices, the supply chain coordinatian be achieved when introducing
rebate and penalty strategy, and they also gaveatitkel optimization method.

Pu, etc. [6] found that the rebate and penaltyraghtcould coordinate the supply
chain effectively, making the upstream suppliersupply on time. Liu, etc.[7] proposed
resource-sharing contract theory based on relvatepanalty strategy service system .
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Xu, etc. [8] designed the difference repurchasdraohbased on the rebate and penalty
strategy, and proved the contract could coordittaesupply chain model that existed
customer returns. The literature [9-10] examined toordination of the rebate and
penalty contract on the closed-loop supply chaiermgrgency. Yang, etc. [11], studied
that, when the market demand was uncertain, thedtwiion of supply chain can be
achieved under the introduction of rebate and perantract in the two-stage return
policy model.

All studies mentioned above mainly studied the dowmtion mechanism of the
traditional two-stage supply chain. However, witte t'Internet +" era, more and more
manufacturers work on both online sales and offiiales. In order to adapt to the change
of the market, it is necessary to increase thenerdales channel in the traditional supply
chain model. Although the researches on the tmawititwo-stage supply chain model are
becoming more mature at present.

Based on the [4], this paper obtains a two-stagglguchain model with online
sales channel, considering the introduction ofdhkne sales proportion parameter and
the online sales price parameter in the two-stagelg chain model. And it proved that
the combination of traditional channel and onliaées channel can enhance the overall
profit of the two-stage traditional supply chairstgm. It demonstrated that using the
contract of rebate and penalty can achieve the miaation of the benefits and the
coordination of supply chain with online sales afelnFinally, a numerical example is
given to show that the reasonable choice of conpratameters can realize the win-win
of the members in supply chain without affecting tiotal profit of the supply chain
system.

2. Model description

Considering one manufacturer and one retailer éntilo-stage supply chain system, the
manufacturer provides a single product to the letarhe retailer's market demand is
random and the retailer has only one chance tor drefl@re the selling season begins.
According to the LF (Leader-Follower Game) gameotkie the manufacturer is the
leader and the retailer is the follower. The maaiufger will provide the retailer with a
set of contract parameters, and the retailer détesrthe optimal product order quantity
according to the contract parameters.

Assuming that the manufacturer is over-producingpeding to the order quantity
provided by the retailer and is selling the exgess online, the manufacturer and the
retailer are not only cooperative relationship, &lgb are certain competitive relationship.
Assuming that the retail price of the unit prodiscp, and the online sales price fg .
The ratio of the excess production produced bynthaufacturer and the order quantity
ordered by the retailer is, and the production cost of per unit product jsand the
wholesale price of the unit product provided by it@nufacturer to the retailer is , and
the order quantity of the productqs. Then we can construct a two-stage supply chain
model with online sales channel. As shown in Fig. 1

Before we build the model, we give the followingstltaassumptions for the two-
stage supply chain model: (i) market demand isaamdii) the members of the supply
chain is completely rational, that is, to maximtheir own interests as the goal; (iii) the
supply chain information is completely symmetricél;)) the members of the supply
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chain are risk-neutral; (v) online sales price whé greater than the wholesale
price(py > w), otherwise the retailer will order through theinalsales channel.
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Figure 1. The two-stage supply chain with online sales chknne

3. Supply chain coordination
3.1. Decentralized decision
When a two-stage supply chain model with an ordles channel is under decentralized
decision, the manufacturer and the retailer traadeugh a wholesale price contract. The
manufacturer provides a wholesale price to theleetand the retailer determines the
order quantity before the start of sales seasonthis time, the members aim at
maximizing their own interests, and they will inklily ignore the overall benefits of the
supply chain system.

Assuming that the order quantity before the sthsates season i3, and the excess

production quantity formulated by the manufactusezQ, and the wholesale price of the
unit product ise, and the online sales price of the unit produgijisand the production
cost of per unit product is. For the manufacturer, the income from the ratafle.Q,
the income from online sales i§aQ, and the production cost to be paictis+ «)Q, SO
the manufacturer's expected profit is

N = ©Q + pgaQ — c + a)Q. (@B

Assuming the retailer's expected sales volums@s, thensQ) = Q - IQ F(x)dx ,
0

where F(x) is the distribution function of the market demandAfter the retailer's sales
season, assuming the expected value of the unsmddigts™ quantity is(Q), and the unit
product’s loss of the retailer from excess ordey, jsand the unit product’s loss of the
retailer from out of stock ig,. After the sales season, the residual value ofuttie
product that is not sold is , and then the retailer's expected profit is
MNr = PSQ) + vI(Q) - ¢l (Q) - ¢,L(Q) - wQ.
So, we can get
M = (p+ce+c, —WSIQ - (w+ ¢ = vIQ - cuu (2)
Since the expected profit of the supply chain sysiethe sum of the expected profits of
the manufacturer and the retailer, the profit ef shpply chain system is
M1 = Mmt Me
= pS(Q) + vI(Q) - c.l(Q) - ¢,L(Q) + pgaQ - cL + 0)Q.

Then, we can get

M1 =(P+ce+cy —vSQ) —[cl+a) +ce —v— pgalQ - cuu 3)
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In particular, when the online-offline sales raticand the online sales prigg are
equal to zero, the model is the traditional chasaoelply chain model under decentralized
decision. Meanwhile, under the traditional charmetel, the profit of the manufacturer
MNmo. the profit of the retailer gy, and the profit of the supply chain system, can be
obtained.

Therefore, under the decentralized decision-making,retailer aims to maximize
their own profit, and determine the order quantifyproduct, we can get the following
proposition 1.

Proposition 1. [4] When the two-stage supply chain with onlineesathannel is under
decentralized decision, the retailer's expecteditprfy, is the concave function of the

order quantityQ, and the optimal order quantity of the retailer is
e PtG o
Q F[p+ce+cu—v} ) (4

where F) is the inverse function of(x).

3.2. Centralized decision
Under centralized decision-making, manufacturer egtdiler would form a strategic
alliance to maximize system profit.

At this time, the income from the supply chain systthrough offline sales igs(Q),
and the income earned through online salegd®. After the sales season, the income
from the remaining products that are not sold {§), and the cost of production that the
supply chain system needs to pay outis+ «)Q. Taking into account the loss caused by
the shortage of products and the loss of the ranwioroducts that were not sold after
the sales season, the expected profit functippn of the supply chain system can be
obtained as follows:

M2 = pSQ) + vI(Q) - ¢l (Q) — q,LQ) + pgaQ - ¢ + a)Q.
Then, we can get
Mo =(p+c+¢, —WSQ) -[cl+a)+c —v— pgalQ - g (5)

Under the centralized decision-making, manufactuaed retailers are equivalent to
a whole. Then, the optimal order quantity of praducan be given by the following
proposition 2.

Proposition 2. When the two-stage supply chain with online salkannel is under
centralized decision, the expected profit, of the supply chain system is the concave

function of Q. Then, the optimal order quantity, of the supply chain system is
Qr, = F—l(p +¢ —[c-(py - C)a]} )

P+ +g —v

Proof: From (5), we can get

ddLQTZ:<p+ce+cu—v><1—F<Q>>—[c<1+a>Q+ce—v— pyal,
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d®Mr2 _
dQ?
Obviously, the expected profif]r, of the supply chain system is the strictly concave
function of the order quantitp. So the optimal order quantity., of the supply chain
system should satisfy

“(p+c+g —-viQ <0

d nTZ = 0.
dQ
So, we can get

_p+tc —lc=(pg - 0al
F(Qra) = pre e - (7)
Therefore, according to (7), under the centralidedision, it can be obtained that the
optimal order quantity of the two-stage supply argistem with online sales channel is
o, = F_l(p +c¢, —lc-(pg - c)od}

p+cCet+cCy—v

Remark 1. Compared with the system profit of the two-stagppdy chain under the
centralized decision in [4], the online sales medded, and the optimal order quantity is
obtained when the system profit is maximized.

Remark 2. In the absence of any incentive measures, thestage supply chain with the
online sales channel cannot achieve the maximéitqro

3.3. Therebate and penalty contract

By comparing (4) and (6), we find that the optiradler quantity of the retailer is less
than the order quantity when the system profitpnaal. In order to achieve the optimal
profit of the system, we need to take measuresntmw@age the retailer to increase
product order quantity. Applying the rebate andatey contract to the two-stage supply
chain system with online sales channel, we asshatethe sales target provided by the
manufacturer to the retailer is. After the sales season, if the number of prodsctd
by the retailer exceeds, for the excess part, the manufacturer will gikie tetailer
rebater according to the unit product. If the number ofdurcts sold by the retailer do
not exceeds , the penalty is alse.

For the manufacturer's profit, applying the relstd penalty contract to the supply
chain system of decentralized decision-making, diditton to its incomesQ from
retailers, and its income,aQ from online sales and the cost of productian+ «)Q, It is
also required to deduct the rewafd(Q) - T] that the retailer has exceeded the sales
target. When the expected sales volusw®@) is greater than the sales target it
indicates that the manufacturer needs to rewardrekaler. When the desired sales
volume s(Q) is less than the sales targetit indicates that the manufacturer will punish
the retailer. Thus, the manufacturer's expectefit prader the contract is

MNm = ©Q + pgaQ - 7SQ) - T] - ¢ + 0)Q. (8)
Similarly, the expected profit of the retailer unttee contract is
Mr = pSIQ) + v(Q) - ol (Q) - ¢, L(Q) + [SQ) - T] - wQ.
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Then, we can get

Mr =(p+ce+c, +7-1SQ - (w+ce —v)Q - cyu. (9)
Since the expected profit of the supply chain systethe sum of the expected profits of
the manufacturer and the retailer, the system tppbthe supply chain under the contract
is

My =MNm+Mr

= pS(Q) + vI(Q) = ¢l (Q) = ¢, L(Q) + pgaQ — ¢ + a)Q.

Then, we can get
M =(p+ce+c, —vSQ —[cl+a)+c, —v— pygalQ - cyu (20)

Proposition 3. In order to maximize the profits of the supply ichaystem and achieve
the coordination of supply chain under the rebatd penalty contract, the contract
parameterds, T} and related parameters need to satisfy the follgwonditions
. s (pg —Qalp +cs +¢, —v)
C+Ca+C —v— pga

C+Cu+Co—V-—pga >0
[t *+Cuu 1

P+Co+C—v <T< T(p+ce+cu—v)[<p+ce+C“_V+T)HT+TCu/1]
Proof: From (9), we can get
ddI'IQR =(p+C+te+tr-1»A-FQ)-(0+c -,
2
d“ Mg :_(p+ce+cu+T—V)f(Q)<0_
dQ?

Obviously, Mk is the strictly concave function for the order qtitgnQ. At this time, the
optimal order quantity of the retailer under thetcact is satisfied

QR:F_l( Pro *r-o ] (11)

p+tC tcy +tr—v
Similarly, from (10), the optimal order quantity of the supply chain system under the
contract is satisfied

_p+cu—[C—(pd—C)a]
F(Qr) = RS —— .
Then, we can get

_ _afp+c —lc-(pg -l
Qr = F ( P — ] (12)
At this time, to maximize the profit of the supmlyain system,Q; should satisfyQ; =
= Qgr- S0, we can get

Y = (c+m—pda)(p+ce+cu—v)+r(c+0a+ce—v—pda)_ (13)
P+Co+Cy -V

Obviously, to achieve the supply chain coordinatitioe wholesale price) should
satisfy» > ¢, and from (13), we can get
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S (pg —Qalp +cg +¢y — v
C+cCa+Co—Vv— pga . (14)
C+Ca+C—V-—pga >0
Taking (14) into the retailer's profit function (3ere are

T

- PrC G oyt 4 cuu - T 15
Mr P+c,+C, — v Mt P+eco +Cy — v ubt = Tl (15)
Then, the manufacturer's profit is
nm = nT_nR'
So, we can get
= - J - J + 1T, 16
Mm p+ce+cu—v|_|T p+Ce+CU—VCUM T ( )

1
(p+ce+cy —v)

From (15), wherr < [(p+ce +cy —v+ o)t +cyud, Mg > 0. From

(16), whent > p+r(|:T+:ﬂ’ M. > 0.Therefore, if the rebate and penalty contract
e u ~V
can be used to achieve the coordination of suppbinc then sales target should
satisfy
M1 +Cun 1

<T < [(p+cCc.+cC, —v+71) +7C, 1] .
S — P+ tc, - P+Ce+Cy —v+ )]y +Cuu

Remark 3. (15) and (16) show that through the rational selacof parameters, you can
achieve the system profit distribution among thgpgichain members.

4. Numerical examples
Through the proposition 3, we can see that theitpoffthe supply chain system is
affected byp,, o, «, and< in different degrees. By changing the parameter , the

profit of supply chain system can be coordinated #re profit of the system can be
distributed between the retailer and manufactuked it can ensure that the profit of
each member in the supply chain under the contsagreater than that without the
contract, to realize the coordination of the whaleply chain.

In order to facilitate the analysis and calculatiassuming that the market demand
x satisfies the uniform distribution on the intervalb], then the probability density

function of the market demand can be expressed &s$x) = rla, the distribution

function F(x) = E,( - a, then the inverse function of the distribution dtian is: F%(x) =

—a

a+b

a+ xb-a), expectationu = , varianceq? , then,a and b can be

_ (b - a)?
1
expressed asi = 4 - V30, b= u++/30.

Assuming that the market demand satisfies the tmiftistribution, in the numerical
example,p =35, c=5,¢, =2,¢, =2, v=3, u =100, ¢ =40, py =30, 0 =10,
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and « = 0.08. From (13), we can get =126. It can be obtained that, through
proposition 3, if the rebate and penalty contreant @chieve the coordination of the
supply chain, the sales targetneeds to satisfg4 2 < T <1195. The Fig. 2 shows
three cases’ profit which include the supply chairtraditional channel, the two-stage
supply chain with the online sales channel of tkeedtralized decision and the chain
with the online sales channel of using rebate amdalty contract of manufacturers,
retailers and supply chain systems change witlsdles target .

profit changes with sales target
4000 T T T
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2500 | HT%
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Figure 2: The impact of changes in sales targets on profits

Through Fig. 2, we can get that, the system profier the contract of the two-stage
supply chain with the online sales channel is abvgyeater than the profit under the
decentralized decision, and greater than the pobfitaditional channel supply chain also.
In the two-stage supply chain with online sales ncleh under the contract, the
manufacturer can determine the sales target acgptdithe market situation, to achieve
the distribution of profits between the retailensldhe manufacturers. We can get that the
manufacturer's profits will increase with the irase of sales target, but the retailer's
profit will decrease when the two-stage supply chaith online sales channel is under
the contract. However, in order to achieve the dimation of the supply chain, it is
required that the profits of the members undercthtract should not be lower than the
profits obtained under the decentralized decisidrerefore, the sales targetneeds to
satisfy xg < T < x,,. At this time, x; satisfies],, = M, andx,, satisfiesfgz = M. In

this case, according to calculation resultcan only be 102 to achieve the coordination
of supply chain.

5. Conclusions

This paper proposed a two-stage supply chain meiklonline sales channel, and the
system profit of the two-stage supply chain withirmsales channel is better than that of
the traditional channel supply chain under the dgalized decision-making. How to
apply the rebate and penalty contract to realieecthordination of supply chain is also
discussed, and proved that the contract paramatemaximize the profit of the supply
chain in a certain range. Meanwhile, we got thattlom basis of satisfying the profit
maximization of the supply chain system, the profithe manufacturer and the retailer
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can be improved at the same time by further re@shgithe contract parameter. In the
future, we can consider the market demand unddutay environment or information is
not completely symmetrical and more complex madeshand situation.
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