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Abstract- This paper proposes a new kind of revenue sharing contract for coordinating a three-tier supply chain comprised of a
manufacturer, a distributor, and a retailer. The contract requires that the retailer should return partial revenues directly to the
distributor and to the manufacturer. A linear model is proposed to determine the parameters of the contract such that channel
coordination and a win-win situation can be achieved. We show that any solution within the derived feasible region can achieve the
maximum supply chain profit and increase each partner’s profit as well. A numerical example is given to demonstrate the
application of the contract.
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I. INTRODUCTION

A supply chain (SC) consists of several actors that usually have different and sometimes conflicting objectives. Many
coordination mechanisms have been proposed to improve SC performance. They provide incentives for SC partners to achieve
optimal global profits while maximizing their own profit; in other words, channel coordination is achieved. Contracts such as
quantity flexibility contracts [1]-[3], buyback or return policies [4]-[7], and revenue sharing contracts [8] have been proven
effective in SC coordination. Among these SC contracts, revenue sharing (RS) contracts have drawn a lot of attention in recent
years. The RS contract is widespread in the video rental industry and has been adopted by companies such as Blockbuster Inc.
and Hollywood Entertainment [9]. In a standard RS contract, the supplier charges the retailer a much lower wholesale price in
exchange for a percentage of the retailer’s revenue.

Most coordination contracts, including RS, consider a two-tier SC. However, the trend of SC management is to enhance the
collaboration and to expand the scope of collaboration in order to achieve higher profits. In this study, we propose a new kind
of contract, called direct revenue sharing (DRS), for coordinating a three-tier SC. Different from [10], the DRS contract
requires that the retailer return partial revenues directly to the distributor and to the manufacturer. The proposed DRS contract
is proven to be capable of channel coordination and win-win situation. Moreover, the applicability of the DRS contract is
higher than the traditional tier-by-tier RS contracts.

Not only DRS contract, but all revenue sharing contracts encounter the same problem: the retailer may cheat with regards
to the sales revenue. This reveals two important factors in supply chain collaboration: trust and information sharing. Like other
SC collaborative activities, a successful DRS contract requires high levels of trust and information sharing. Reference [11]
states that information transparency requires high levels of trust, and such levels of trust and transparency can be attained only
by a great deal of hard work. Once this is accomplished, supply chain partners will find themselves in a virtuous cycle of
steadily improving SC performance, leading to even higher levels of trust and transparency, which in turn improves
performance even further. Many successful applications of SC collaboration, such as collaborative planning, forecasting, and
replenishment (CPFR) as well as vendor managed inventory (VMI) show that more and more companies are realizing the
importance of collaboration; they are willing to trust their SC partners and share information in order to achieve better
collaboration and higher performance. The rapid development of information technology and e-commerce also increases the
information transparency and reduces possible fiddles. Therefore, the DRS contract is very likely to be adopted by SC partners
nowadays. In addition, The DRS contract may have a greater chance to succeed if it is initiated by the manufacturer. If the
manufacturer initiates the DRS contract, it usually has greater bargaining power, information technology, vision of
collaboration benefit, and is willing to trust the distributor and the retailer. The manufacturer can also prevent the retailer from
cheating by providing the DRS information system or requiring point-of-sale (POS) data from the retailer. Since the retailer
has lower risk, it is likely to accept the DRS contract.

The remainder of the paper is organized as follows. Section Il presents a literature analysis, and Section Il describes the
problem. Section 1V derives the model, in which the parameters of the revenue sharing contract can be determined to ensure
channel coordination and a win-win situation. In Section V, a numerical example is provided. Concluding remarks are made in
Section VI.
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Il. LITERATURE REVIEW

Many SC coordination mechanisms have been introduced in the Literatures [12]-[13]. In most studies, RS contracts are
made between a single supplier and a single buyer. Cachon and Lariviere (2005) study RS contracts and compare RS to a
number of other supply chain contracts [8]. They find that RS is equivalent to buybacks in the newsvendor case and to price
discounts in the price-setting newsvendor case. Chauhan and Proth (2005) propose an approach to maximize the combined
profit and sharing the profit among partners proportionally to their risk [14]. Gupta and Weerawat (2006) compare three
different mechanisms that a manufacturer may use to affect its component supplier’s inventory decisions [15]. These
mechanisms specify component inventory level, offering a share of the earned revenues to the supplier and offering a two-part
RS scheme. They show that the two-part RS scheme can lead to supply chain coordination. Qin and Yang (2008) use
Stackelberg game to model the RS contract problem [16]. Their study reveals that the party that keeps more than half the
revenue should serve as the leader of the Stackelberg game. Bellantuono et al. (2009) present a model that includes RS contract
and/or advance booking discount [17]. They analyze the optimal expected channel profit associated with four possible
scenarios wherein each program is offered or not. They illustrate the conditions under which the benefit of the joint adoption of
RS contract and advance booking discount is higher than the sum of the benefits associated with separate adoptions of these
two programs. Hou et al. (2009) consider a two-stage SC, in which the retailer’s profit is sensitive to the supplier’s lead time
and the lead time is influenced by the supplier’s target inventory level. The coordination between the two parties is achieved
through revenue sharing and bargaining [18]. Linh and Hong (2009) study the RS contract in a two-period newsboy problem
[19]. They find that the optimal revenue sharing ratio is linearly increasing in the wholesale prices. Recently, Xiao et al. (2011)
develop a game theoretic model to investigate coordination of a supply chain consisting of one manufacturer and one retailer
via a revenue-sharing contract, where a product quality assurance policy is provided [20]. Sheu (2011) explores the equilibrium
behavior of a basic supplier-retailer distribution channel with and without revenue-sharing contracts under price promotion to
end-customers [21]. Palsule-Desai (2013) proposes a game theoretic model for revenue-dependent revenue sharing contracts
wherein the actual proportion in which the supply chain revenue is shared among the players depends on the quantum of
revenue generated [22].

Some researchers have investigated RS contracts between one supplier and multiple buyers or between one buyer and
multiple suppliers. Gerchak and Wang (2004) study the problem of vendor-managed inventory with revenue sharing [23].
They explore a revenue-plus-surplus-subsidy incentive scheme where, in addition to a share of revenue, the assembler also
provides a subsidy to suppliers for their unsold components. Using this two-parameter contract, they show that the assembler
can achieve channel coordination and increase the profits of all parties involved. Yao et al. (2008) investigate a RS contract for
one manufacturer and two competing retailers [24]. They find that an RS contract can obtain better performance than a
price-only contract. However, the benefits earned under the RS contract by supply chain partners differ due to the impact of
demand variability and price-sensitivity factors. Zhang et al. (2012) study the coordination mechanism of a supply chain with
one manufacturer and two competing retailers, and focus on RS contracts when the demands are disrupted. They found that it
is necessary to adjust the original revenue-sharing contracts to demand disruptions [25]. Recently, Cao et al. (2013) develops a
coordination mechanism with revenue sharing for a supply chain consisting of one manufacturer and several Cournot
competing retailers when the production cost and demands are simultaneously disrupted [26].

All above studies focus on the RS contracts in a two-tier SC. It needs further expansion since the trend of SC management
is to enhance the collaboration and to expand the scope of collaboration. Unfortunately, few papers have discussed RS
contracts in a three-tier SC. Reference [10] proposes a model of RS contracts to coordinate a three-stage SC, consisting of a
manufacturer, a distributor, and a retailer. The model can achieve system efficiency and improve the profits of all SC actors, by
tuning the contract parameters. In this model, the revenue is partially returned tier-by-tier from the retailer to the manufacturer.
In other words, the retailer keeps a quota @ , of its revenue, giving the rest 1-®, to the distributor (denoted as RSy

contract). The distributor keeps a quota @z of its revenue, including the returned revenue from the retailer, giving the rest
1-®y to the manufacturer (denoted as RSy, contract). The model is essentially not just a combination of two independent
RS contracts; cooperation between three actors is still necessary. Partial revenue of the manufacturer comes from the returned
revenue, which is relevant to the revenues of not only the distributor but also the retailer. The RS,,; contract is hence not
independent of the RSz contract. In other words, the RS,y contract cannot be installed if the manufacturer does not
aware of the parameters of RS contract and the retailer’s expected revenue. In addition, due to the tier-by-tier revenue
sharing, the proposed model is nonlinear and not easy to apply. To the best of our knowledge, no practical implementation of
multi-tier RS contracts has been reported.

Since the implementation of multi-tier RS contracts require that all SC actors collaborate with each other and settle the
contracts simultaneously, we propose a single DRS contract for coordinating a three-tier SC. Because all SC actors are
gathered to discuss the contract parameters, the method of information sharing, the potential benefits and other collaboration
issues, the DRS contract is easier to implement rather than the traditional tier-by-tier RS contracts, which are composed of
several mutual dependent contracts. In addition, our model uses a linear system, which is easy to analyze and to practice. We
show that through the DRS contract, channel coordination and a win-win situation can be achieved.
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I11. PROBLEM DESCRIPTION

A three-tier supply chain, consisting of a manufacturer, a distributor, and a retailer, is considered in this paper. The supply
chain provides seasonal or perishable goods to the customers. During a selling season, the supply chain provides a single kind
of product to serve the market demand d, which is uncertain with a normal probability density function f. The supply chain is
decentralized, and each SC actor makes decisions by optimizing its own objective. The retailer sells the products at a fixed
price p, which is determined by the market. The marginal unit costs are c,,, Cp, and cg for the manufacturer, the

distributor, and the retailer, respectively.

Based on the aforementioned settings, the problem faced by the retailer and the distributor is essentially a newsvendor
problem [27]. Let F be the cumulated probability function of f, i.e. F(q) is the probability that demand is not higher than the
order quantity g. The newsvendor model derives the optimal order quantity by finding q that fulfills the following equation:

C

F(g)=— (1)

C, +C,

where ¢, isthe underage cost (i.e., the cost associated with each demand that cannot be met) and c, is the overage cost (i.e.,
the cost associated with each product that is not sold). In other words, c, is defined as the marginal profit, and c, is defined
as the marginal cost.

The rest of this section proceeds as follows. Section A presents the centralized SC, in which the total profit is maximized
and regarded as the goal of channel coordination. Section B discusses a SC without any coordination, providing minimal profit
required for each SC partner. The DRS contract is then introduced in Section C.

A. Centralized Supply Chain Management
In the centralized SC, the manufacturer, the distributor, and the retailer act as the same company. A unique decision-maker

determines the optimal order quantity q* that maximizes the total SC profit. The expected total SC profit z~ can be derived
as

T = pElmil{q*,d)J—(cM +Co+Cr) 2.)

where E[mir{q*,d)J is the expected sales and can be calculated as in the Appendix.

In order to maximize the profits, the newsvendor model is used to determine the optimal order quantity. The key variables
of the newsvendor model are the underage cost c, and the overage cost c,. In this case, c,equals p—-cy —Cp—Cg and

C, equals cy +cp +cCg . Therefore the optimal order quantity q* can be derived such that

Flg")= RS ;CD —Cr 3)

B. Supply Chain without Coordination

Fig. 1 illustrates traditional transactions in the SC without coordination. The manufacturer sells products to the distributor
at price py , and the distributor sells products to the retailer at price pp. Theterms §, and §g are order quantities of the
distributor and the retailer. To maximize its own profits, the retailer adopts the newsvendor model to determine g . Obviously,
the distributor’s order quantity §p is equal to §r, because the distributor tries to fully satisfy the quantity §g and keeps
no extra products in order to maximize its profit in a single selling season. If §p > (g , the distributor will have extra cost of
(pw +¢p Ndp —Gg)- If Gp <Gg, the profit of the distributor will decrease (pp — Py —Cp NGr —Gp ). Therefore, Gp must
equal g . We define q to represent the order quantity for both the retailer and the distributor in the SC without coordination.

The expected profits of three SC actors are shown as follows:

Ty =(pM —Cm )d 4)
ioz(po—pm _CD)a 5)
7 = PE[min(d,d)]- (pp + ¢z )d (6)

where order quantity § can be derived using the newsvendor model (¢, = p— pp —Cg and ¢, = pp +Cg):
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F(a)=Lg‘°R (7)

Pu Po
Manufacturer Distributor Retailer ——— Customers

Cm U Co Jr Cr min(ﬁwd)

\ 4
\ 4

Fig. 1 Traditional transactions in a three-tier SC

C. Direct Revenue Sharing (DRS) Contract

The operation of DRS contract is illustrated in Fig. 2. The manufacturer charges the distributor a wholesale unit price wy, ,
and the distributor charges the retailer a wholesale unit price wp . After the retailer sells the products, he/she will return a ratio
@y of his/her revenue directly to the manufacturer and ¢p of his/her revenue to the distributor. First, the DRS contract must

be negotiated and accepted by all supply chain partners. Then, the distributor and the retailer determine their order quantities
gp and gy before the selling season to maximize their own expected profits.

The expected profits of three SC actors are listed in the following equations:

v =9Pwm pE[min(qR,d)]+(a)M —Cy )b 8)
Tp =¢p pE[min(qud)]+a)DqR _(C')M +CD)qD )
g =1y —¢D)pE[min(QRvd)]_(wD +Cg ) (10.)
P
/ ¢D
/
Wy @p
Manufacturer »  Distributor > Retailer —— Customers
Cy 0o Co o Cq min(qg,d)

Fig. 2 Operation of the DRS contract
In order to maximize their profits, the retailer and the distributor use the newsvendor model to determine their optimal
order quantities. For the retailer, ¢, equals (1—¢M —¢D)p—wD —Cg, and ¢, equals @p +cg . For the distributor, G, is
$pP+wp —my —Cp,and ¢, is @y +Cp. The optimal order quantities gz and oy are then derived such that

(1_¢M _¢D)p_a’D_CR
F = 11.
(qR) (1_¢M —¢D)p (L)
PpP+wp —oy —Cp
F = 12.
(o) = (12)

Once the parameters (@, #p, @y, @p ) OF the DRS contract have been determined, the expected profit of each SC actor
can be calculated. If these profits are all higher than those before the DRS contract, then the DRS contract is desirable.
IV. MODEL FORMULATION OF THE DRS CONTRACT
Although the distributor and the retailer are free to determine qp and g under the DRS contract, the chosen qp and
gg Will correspond to the q* that optimizes the total SC profit, if the proper parameters of the DRS contract are designed

such that F(qR)=F(qD)= F(q*). Hence, we let Eq. (11) equal Eq. (3) and Eq. (12) equal Eq. (3) to obtain the following
equations:

p 2(1_¢M _¢D)(C|v| +CD+CR)_CR (13)
D\ :(WJ@D p+wD)_CD (14

If the DRS contract conforms to (13) and (14), then the maximum SC profit is achieved regardless of the adopted values of
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&y and ¢y . In other words, channel coordination is achieved, and the following equation holds if Egs. (13) and (14) are
fulfilled:

Upb=0r = q (15))

From Eqgs. (13) and (14), we can see that both wholesale prices oy and w,, are linear functions of revenue sharing
ratios ¢, and ¢p . Therefore, we focus on how to determine ¢,, and ¢ inthe DRS contract.

Since the wholesale prices o and ,, are nonnegative, it follows from Egs. (13) and (14) that

C
Py +dp <1-——B—— (16.)
Cuw +Cp +Cgr
(CM+CD+CR)¢M_(D_CM _CD_CR)¢DSCM +CD_L (7.)

The maximum total SC profit can be guaranteed by adopting a proper DRS contract. However, this contract may not be
desirable if one SC partner cannot benefit from the contract. In other words, the contract must ensure that =y > 75, 7p >7p

and =, >, . Thus, from (4)-(6), (8)-(10) and (13)-(15), it follows:

p(E[min(q*,d)]— E[min(d,d)]) (pp +¢g)d Zc

) <{M.D.R}

P 0o < pElmin(q*,d)J Zc (18,

<{M.D.R}
Ci DG
ZC 1_iciM.D.R} ¢ _ pE[min(q*,d)]—q* o _ i<{M.D.R} Zci b0
e{M,D,R}| p p ie{M,D,R}
(19.)
Ci
< 1_iE{M—F')D'R} (cm +cp)a” —(Po — Pw —Cp)d
Ci Ci

pE[mln(q d)]——( Zc] ¢M+q Zc 1- MpDR b >|1- w(c +cp)a +(py —cu )§  (20.)

ic{M DR <{M DR

To conclude, if we adopt revenue sharing ratios ¢, and ¢y that fulfill Egs. (16) through (20) and then calculate
wholesale prices wp and ) using Egs. (13) and (14), then the corresponding DRS contract is acceptable for all SC
partners and guarantees that the maximum SC profit is achieved. Note that Egs. (16) through (20) are all linear inequalities,
determining a linear feasible region for ¢M and ¢ . In addition, if oy and ®,, in Egs. (8) through (10) are replaced
with the values in Egs. (13) and (14), then the expected profits =, ,7p,7g are also linear functions of ¢,, and ¢y asin
Egs. (21) through (23). These linear characteristics make the problem easy to solve.

2.C 2.C
Ty = pE[mm(q d)]——( Zc] ¢M+q Dci|1- MpDR bo — 1_‘6{""—;3} (cw +cp)a” (21

M,D,R MDR

Ci

| Zalt D 4] pEfmina” a o P 2R g + 1SR oy +eo )" (22)

MDR MDR
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TR={0 .G - pE[min(q*,d)] (f +dp )+ pE[min(q*,d)] D (23))
ie{M,D,R} ie{M,D,R}
Since all combination of ¢, and ¢y within the feasible region are acceptable, the determination of ¢, and ¢p

depends on the relative contractual power of the SC actors. Reference [9] developed an agent-based system model, in which
the two agents (i.e. the SC actors) negotiate on the value of the contract parameter that influences the SC profit sharing
between them. In order to maintain a good relationship between SC partners, a fair solution is preferable in a long view of the
supply chain. In this study, a possible fair solution is derived by evenly distributing the total increased profits of the DRS
contract to all SC partners, i.e., 7y —7y =7p —7p =7g —Tg. Thus, we derive the following linear equation system (24)
and (25) to obtain a possible solution. However, we also realize that the solution of linear equation system (24) and (25) is not
easy to be accepted by SC actors, because a powerful actor always tries to gain more in the contract.

>2c ZZCi
pE[min(q*,d)] ZC 1- MDR} b + q ZC 3- MpDR pE[mln(q d)]¢

M D, R M D, R
(24)
DG
=2q" 1—i€{M—F’)D’R} (cm +Cp )+ 7y —7p
Zc . 2
2pE[min(q*,d)] Zc 14 €MODRE g pE[min(q*,d)]—q—( D ] b0
<(M.D.R] p P lic(M DR}
(25)

2.

—q|1- MR e e )- 26|+ PE[mi”(q*'d)]+ﬁM ~7
p ie{M,D,R}

V. NUMERICAL EXAMPLE

To demonstrate the application of the DRS contract in a three-tier supply chain, a numerical test is performed using
Microsoft office Excel. For comparison, we use the same parameters in [10]: ¢y, =4, ¢cp =2, ¢y =1, py =8, pp =20,

p =30. The demand follows normal distribution: N( £, o? )=N(100, 900).

A. Deriving Parameters of the DRS Contract

From Eqgs. (7) and (3), the optimal order quantities before and after the DRS contract, q and q*, amount to 84.27 and
121.84, respectively. According to G, § , and Eq. (A1) in the Appendix, the expected sales E[min(g,d)] and

Elmin(q*,d)J can be derived as 78.56 and 95.91, respectively. Therefore, we can establish the feasible region for ¢, and
¢p using Egs. (16) through (20) as in the following system of linear inequalities:

Thy +7¢p <6 (26.)

494, —1614, <18 (27.)

fw +p <0.71 (28.)
—653.86¢,, +1370.66¢, > 282.23 (29.)
2678.384, +653.864p >897.52 (30.)

The feasible region is illustrated in Fig. 3. Any point within the feasible region is a possible consideration for ¢,, and ¢p ;
it depends on the relative contractual power of the SC actors. After the revenue sharing ratios ¢,, and ¢ are selected, the
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corresponding wholesale prices can be determined from (13) and (14) as follows:

op =—Tdy —T¢p +6

(31)

(32)

oy =%a)o + 7 —2=—1.63p +5.37p, 0.6

Eq.(26)
Eq.(28)

Eq.29)

Eq.(27)

02 0.22 0.24 0.26 028 03 0.32 0.34 0.36
Pu

Fig. 3 Feasible region of revenue sharing ratios ¢, and @p

B. Expected Profits Analysis

From Eqg. (2) and Egs. (4) through (6), the expected profits of the centralized SC and the SC without coordination are
shown in Table I.

TABLE | EXPECTED PROFITS

Centralized SC without coordination
SC
T Ty 7o iR Total
2024.52 337.07 842.68 587.08 1766.83

Table | shows that the expected profit of centralized SC 7"~ is higher than that of SC without coordination. In the DRS
contract, the test result shows that the expected total SC profit is the same as 7, no matter what values of &y and ¢, are
chosen. How to distribute the increased profit, about 257.69, depends on the values of ¢, and ¢p . In Fig. 3, for example,
Point A reflects that all increased profits go to the manufacturer; the expected profits of the distributor and the retailer remain
the same as before the DRS contract. Similarly, Points B and C reflect that all increased profits go to distributor and retailer,
respectively. Any point on the segment AB  reflects that the retailer’s expected profit does not increase in such a DRS
contract. Similarly, any point on the segment AC or BC reflect that the distributor’s or the manufacturer’s expected
profits, respectively, do not increase in such a DRS contract. Point D, derived from (24) and (25), refers to even increased
profits and is suggested for choosing ¢,, and ¢p . Note that any point outside the feasible region will decrease the expected

profits of some SC partners. The expected profits of these different combinations of parameters are listed in Table Il. The
expected profits of other combinations of parameters can be derived using Egs. (21) through (23) as follows:

7y = 2678.38¢,, +653.864, —560.45 (33.)
7o =—653.86¢,, +1370.66¢,, +560.45 (34.)
7Ty = —2024.52¢,, — 2024.524 + 2024.52 (35.)

TABLE Il DRS CONTRACT PARAMETERS AND THE CORRESPONDING EXPECTED PROFITS

Expected Profits

Point ¢M ¢D COM COD Tm Tp TR Total
A 341% 36.9% 0.82 1.03 5948 8427 587.1 20245
B 214% 49.6% 1.71 1.03 3371 11004 587.1 20245
C 255% 328% 0.74 192 3371 8427 8448 20245
D 27.0% 39.7%  1.09 133 4230 9286 673.0 20245

Compared to the traditional RS contract proposed in [10], both contracts can achieve maximum total SC profits.
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Nevertheless, the feasible region of RS ratios in [10] is nonlinear and not easy to implement, due to mutual dependent RS
contracts. Our study proposes a different revenue sharing scheme that is much easier to apply and to analyze. During the
process of contract negotiation, the graph of feasible region, like Fig. 3, and the expected profits equations, like (33) through
(35), can be very useful to SC partners. If the SC partners agree on the objective of even increased profits, then the solution of
oy and ¢y can be easily calculated by solving the linear equation system in (24) and (25).

V1. CONCLUSIONS

The major contribution of this paper is that we propose a new method of revenue sharing and find an easy way to derive the
parameters of the DRS contract that is capable of channel coordination and win-win situation. Unlike traditional tier-by-tier
revenue sharing contract, the DRS contract requires the retailer to return partial revenues directly to other SC partners. This
makes the operation easier and faster, because the distributor does not have to return part of its revenue to the manufacturer.
The applicability of DRS contract is also high. Through the DRS contract, the total SC profit is as high as in a centralized SC.
Meanwhile, each SC partner’s profit can also increase if proper parameters of the contract are chosen. In other words, the
proposed model can achieve channel coordination and a win-win situation. The feasible region for the parameters of the
contract can be easily represented as a system of linear inequalities. The expected profit of each SC partner is also simplified as
a linear equation of revenue sharing ratios ¢, and ¢ . The linear model provides the SC coordinator with simple and
effective decision support.

Although the DRS contract requires high levels of trust and information sharing, it is practical nowadays because of many
other successful SC collaboration experiences as well as the rapid development of information technology and e-commerce.
More and more companies are realizing the benefits of SC collaboration and are willing to trust their SC partners and to share
information through a common platform. These collaborative activities, such as CPFR and VMI, have improved the

performance of many companies. The successful experience of these collaborative activities increases the likelihood that SC
partners are willing to adopt the DRS contract. Even so, continuously improving the trust and sharing is always necessary.

The DRS contract may have a greater chance to succeed if it is initiated by the manufacturer since the retailer is likely to
accept the contract due to its lower risk and higher profit. On the contrary, if the DRS contract is initiated by the retailer, he or
she must have very high bargaining power, or make much effort to be trusted by the distributor and the manufacturer.

Although this paper only discusses the DRS contract between a single manufacturer, a single distributor and a single
retailer, it may provide basic knowledge to expand the DRS contract to multiple SC actors. In addition, if the retailer has the
power of changing its retailer price to influence demand, how to adjust the DRS contract should be investigated.

ACKNOWLEDGMENT

The author would like to thank the National Science Council of Taiwan for the financial support.
APPENDIX
Suppose that f( ) and F ( ) are the probability density function and the cumulated probability function, respectively,

for normal distribution: N(u,oz). Also let fS( ) and FS( ) be the probability density function and the cumulated
probability function, respectively, for standard normal distribution N(0,1). The expected sales E[min(q,d)] can be derived as
follows:

E[min(q,d)]=(ﬂ—q)Fs(q;”}—ofs(q_“}q (A1)

(o2

Proof:

E[min(q,d)]= Eﬂ xf (x)dx + Iqwqf (x)dx

=" xf (x)ax+ gt~ F(a))

=Jlx ! e%l(x%j dx+q(L- F(q))

2ro

B e e ()]

2ro
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—p

Replace with z, then dx = odz . We obtain:

E[min(q,d)]= J.j?#(w + y)\/i_” e%lzzdz + q(l— Fs(q - ujj

gq-u -1, gq-u -1,
e L ¢ e L 7° q-u
= o e2 dz+o| o z e2 dz+ 1—F( D
ﬂL@ N2 27 q[ o

- 1,2
q-u Y, 1 5t q-u
= uF, o z——e? dz+9|1-F
g 5[ c j+6'[°0 V2r H{ S[ c D

2
Replace % with w, then dw=zdz . We obtain:

E[min(q,d)]:(,u—q)FS(q_'uj+aJ‘;£qaﬂj %ewdw+q

=(u—Q)Fs[q_“j %) +q
=(u—q)FS(q_”j—Gfs(q_“j+q

Proof is completed.
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