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ABSTRACT

In supply chain management, the supply contract can induce collaboration and coordination among the supply chain
members in order to optimize supply chain performance. Numerous supply contracts have been examined; however,
some difficulties related to the application of these contracts still occur. One of the solutions is to apply the composite
supply contract which can assist in the supply chain coordination. This research examines the composite contract of
the revenue sharing and quantity flexibility contracts in a two-stage supply chain, which comprises a retailer and a
supplier. In this research, a mathematical model of the composite contract is developed; then, the applicability of the
proposed composite contract is examined by investigating its capability in terms of supply chain coordination and
profit allocation. In the numerical experiments, the composite revenue sharing-quantity flexibility contract showed
that it is superior to both component contracts in terms of supply chain coordination and profit allocation among
supply chain members.
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1. INTRODUCTION

Supply chain management (SCM) is employed to
express the need to integrate the key business processes,
from ending customers to original suppliers in the supply
network nowadays. Moreover, the management of all
activities, which are related to sourcing and procurement,
alternation, and logistics management activities, is also
part of SCM. In SCM, coordination and collaboration
among supply chain members are of critical importance
for achievement of optimal supply chain performance in
order to fulfill customers’ satisfaction in the extremely
high competition market. Optimizing supply chain per-
formance requires the collaboration and management of
actions in the supply chain. However, the supply chain
members are sometimes lacking in intention to implement
those actions since they are basically worried about opti-
mizing their own benefits. For this reason, the perfor-

mance of the whole supply chain is frequently insufficient.
Nevertheless, optimal supply chain performance is possi-
ble to be accomplished if the supply contract can coordi-
nate the supply chain with a set of transfer payments.

To optimize the supply chain performance, a variety
of contracts have been proposed for the supply chain
coordination with the main idea of aligning the supply
chain members’ objectives. Although many contracts
have been examined, some difficulties related to the ap-
plication of these contracts still occur. Practically, the
contract parameters are limited to a certain range in reality.
In addition, contracts are sometimes not flexible in terms
of supply chain coordination or might not be practical for
supply chain coordination in reality. For these reasons,
many contracts are in fact no longer coordinating the
supply chain or allocating the profit fairly among the
supply chain members. Many researchers have tried to
adjust the existing supply contracts in order to solve this
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problems. Another way of solution is to combine the con-
tracts. The composite contracts can solve the problem that
an original contract cannot deal with. For instance, Xiong
et al. (2011) introduced a composite buy back and quanti-
ty flexibility contract, and this composite contract is
shown effective in coordinating the supply chain and al-
locates the profit of the supply chain among the supply
chain members. Nevertheless, using both the buyback
contract and the quantity flexibility contract seems to be
an inappropriate combination because both are unilateral-
ly offered from supplier to retailer. Hence, the idea of fair
trade between supplier and retailer is worth considering
through the combined contract of a revenue sharing con-
tract and a quantity flexibility contract which will be dealt
with in this current research. The interesting research
question is whether the composite revenue sharing and
quantity flexibility contract can coordinate the supply
chain and allocate the profit of the supply chain among
the supply chain members or not.

2. LITERATURE REVIEW

This research bases on two supply contracts, which
are revenue sharing contract and quantity flexibility con-
tract. In order to achieve the target of this research, the
literatures related to the traditional wholesale price con-
tract, various supply chain contracts as well as supply
chain coordination are reviewed in this section.

Li and Luo (2008) investigated the wholesale price
contract for the newsvendor model in a two-echelon
supply chain. This research confirmed that supply chain
coordination cannot be conveyed by the wholesale price
contract; however, it can help increase profits of the
whole supply chain and each firm when combined with
price discount contract. The buyback contract can solve
this problem and help achieve the whole supply chain
optimal profit. Zhang et al. (2005) considered a two-
echelon sequential supply chain with a single product,
which examined three types of contract, i.e., buyback
contract, target rebate contract, and incremental buyback
contract. They found that the buyback contract and the
target rebate contract are possible for achieving supply
chain coordination. Moreover, the buyback contract can
also be applied for allocating the supply chain profit
without restraint. In addition, the result of the incremental
buyback contract resembled the result of buyback con-
tract. Xu (2010) examined the management difficulty in a
decentralized supply chain, which comprises a supplier
and a manufacturer, focusing on production and procure-
ment functions. The assumptions of this study are unstea-
dy supplier’s production yield, the immediate wholesale
price and the accurate emergency production yield as well
as the stochastic manufacturing demand. In this research,
the supplier uses option contract for hedging against the

low demand’s risk and cheap instant prices. The optimal
option order quantity of manufacturer and the optimal
production quantity of the supplier are then derived. Go-
mez-Padila and Mishina (2009) analyzed the impact of an
option contract in a two echelon sequential supply chain.
In this research, the retailer has privilege to adjust his
order after ordering a quantity with an option contract. In
the two considered cases, the contract value is calculated
as the performance of an option contract for supply chain
coordination. However, renegotiation possibility and fluc-
tuation rates were ignored in this study. In the first case
that compares an option contract with a wholesale price
contract and a buyback contract, the above research
showed that the benefit of the whole supply chain in-
creases with an option contract. In other words, with op-
tion contract, the benefits of the retailer and the supplier
are highest among the three types of contract. In addition,
the wholesale price contract provides the lowest benefit
for a retailer, and the buyback contract grants the lowest
benefit to a supplier. The second case studied a system
with one retailer and multiple suppliers, which are coope-
rated through a wholesale price contract, a buyback con-
tract, or an option contract. As a result, the benefit of the
whole supply chain and the retailer may increase when an
option contract is offered by at least one supplier. Wang et
al. (2012) also investigated the supply contract’s risk with
call option in a newsvendor model by deriving two im-
portant parameters. The first parameter is a risk indicator
for risk existence in using supply contract with call option,
and the other is a ratio for measuring the probability of
risk occurrence.

Xiong et al. (2011) proposed a composite contract
which is the composition of buyback contract and quanti-
ty flexibility contract in a two-stage supply chain. It has
been found that this composite contract has three main
benefits. First, the contract can coordinate supply chain in
some circumstances that the component contracts cannot.
Second, the contract is more flexible in profit allocation
among supply chain members when compared with a
buyback contract or a quantity flexibility contract. The
last but not least, the proposed composite contract is more
flexible in risk allocation than a buyback contract ora
quantity flexibility contract. Tsay (1999) examined the
quantity flexibility contract for dealing with over order
practice from retailer. In this research, the contract forces
the retailer to order more than or equal to a percentage
below the forecast, and the supplier has to deliver a quan-
tity which reaches the percentage above. With the quantity
flexibility contract, the costs of demand uncertainty are
allocated, and the retailer and the supplier are motivated
to collaborate for increasing the supply chain performance
in order to reach the optimal solution for the supply chain.

Cachon and Lariviere (2001) examined the revenue
sharing contract performance for coordination of a supply
chain. In this study, the revenue sharing contract was
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demonstrated in two cases which involve one retailer—one
supplier and multiple retailers—one supplier. The compari-
son between the revenue sharing contract and other con-
tracts was also conducted. Even though it should be noted
that a supply chain can be coordinated by the revenue
sharing contract when comparing with other contracts, it
is not ubiquitously applied. Hou et al. (2008) presented
their study on dealing with coordination by use of reve-
nue sharing contract and bargaining in a two-stage supply
chain. In this research, both supplier and retailer are sepa-
rate and independent organizations. It is found that the
supplier’ lead time, which depends on the supplier’s in-
ventory level, has a serious effect on the retailer’s profit.
Since the retailer usually opposes to information sharing
in the centralized system and the revenue sharing contract
in the decentralized system cannot help to increase the
profits of both retailer and supplier, the revenue sharing
contract with bargaining as a cooperated vehicle is worth
to be considered. Comparing with an originally decentra-
lized optimization, the supply chain members can reach
highest profit by bargaining with this new range for
achieving a mutually agreement.

How to evaluate the supply contract evaluation is al-
so a significant issue. Cachon (2003) suggested three sig-
nificant questions for evaluating contracts:1) Is the supply
chain coordinated with the contract? The supply chain is
considered to be coordinated when the sum of supplier’s
profit and retailer’s profit can reach the optimal supply
chain profit and no party has a profitable unilateral devia-
tion from the set of supply chain optimal actions. 2) Is the
flexibility of the contract adequate to allow the supply
chain’s profit sharing among supply chain members?
Some contracts can coordinate supply chain only when
one of the parties earns profit, and the other faces non-
profit situation. This situation, if happened, will result in a
situation where the contract cannot be used in reality. 3) Is
the contract worth applying? An efficient contract should
not only coordinate a supply chain, but also provide flex-
ibility in profit allocation among supply chain members.
All these three aspects will be taken into consideration in
the research presented in this paper for the proposed hybr-
id contract.

3. MATHEMATICAL MODEL

In this research, supply chain coordination is ex-
amined in a classical two-stage supply chain which com-
prises one downstream retailer and one upstream supplier.
During the selling season, the retailer is a newsvendor
who faces a stochastic demand D with probability density
function F(x), and cumulative density function F(x) As-
sume that F(x) is a differentiable and strictly increasing
function on its support. Before the selling season, the re-
tailer orders a quantity ¢ from the supplier with a constant

wholesale price w per unit. After that the retailer sells
product to customer with retail price p per unit during the
selling season. Under make-to-order policy, the products
are produced by supplier with the cost of production ¢ per
unit. The salvage value is v per unsold unit of product.
Furthermore, it is assumed that p > ¢ > 0 to avoid trivial
cases. Let us denote that the optimal order quantity for the
coordinated supply chain as ¢° and 7 (¢°) as the ex-
pected optimal supply chain’s profit.

The proposed composite revenue sharing-quantity
flexibility contract is described as follows. In the revenue
sharing contract, the supplier earns a percentage of the
retailer’s revenue which is specified by contract parame-
ters {w,, ¢}, in which ¢ is the revenue’s fraction that the
retailer keeps, 1-¢ is the fraction of supplier, and w, is
the wholesale price with revenue sharing contract. More-
over, there is an additional assumption that all revenues
are shared. At the same time, a quantity flexibility con-
tract specified by contract parameters {w,, o}, is also con-
sidered in which the retailer can return at most dg units of
remaining inventory (L(g)) to the supplier with full refund,
and w, is the wholesale price with quantity flexibility.
The proposed composite contract is, hence, specified by
three contract parameters {w,, ¢ O}, when w, is the
wholesale price with composite contract. This composite
contract presents a fair trade by allowing the retailer to
return dg units of leftover products to the supplier with
full refund, and in return the retailer must share a percen-
tage of his revenue to the supplier. Under the composite
contract, the profit of retailer and supplier are denoted as
(g, we, ¢, 0) and 7z, (g, w., ¢, J), respectively. It is noted
that the supply chain is considered to be coordinated
when [/(q, e, §, 6) = 7(q, Wes $ 6) + 7(q, Wes $ ).
In general, this study focuses on coordination of supply
chain by combination of revenue sharing and quantity
flexibility contracts. In the next section, the mathematical
models of all component contracts and the proposed hybr-
id contract will be derived.

3.1 The Newsvendor Model

The newsvendor model can be used as the basic
model for development of other supply contracts. The
newsvendor model comprises of two firms, a supplier and
a retailer. At the beginning, the retailer orders a fixed
quantity ¢ to the supplier. Then, the supplier produces and
delivers to the retailer. The following notations are used
in the newsvendor model.

D = The demand during the selling season
¢s = The supplier’s production cost per unit
¢ = The retailer’s marginal cost per unit

c = ¢t

p = Theretail price (Assume that p>c)
q = The order quantity
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g = The unit shortage cost of the retailer

g = The unit shortage cost of the supplier

g =&T&

v = Salvage value

T = Transfer payment from the retailer to the

supplier
m(q) = The retailer’s profit function
7(q) = The supplier’s profit function
[1(g)= The supply chain’s profit function

Let S(g) be the expected sales. We have
S(q)= E[min(q, D)]

- j ! of (x)dx +j * gf (x)dx @)
0 q

q
=q-| F
q- [ F(x)dx @)
Let /(g) to be expected leftover inventory, we have
1(q)=El(¢-D)']
=q-5(q)
Let L(g) to be the lost of sales function, we have
L(q)=E[(D-q)'|

=u-S(q)

3)

“

The retailer’s profit function can then be derived as
shown below.

T, (q) = pS(q)+v1(q)—grL(q)—crq—T

(%)

= (p-v+g.)S(a)—(c,—v)g-g.u-T.

Also, the supplier’s profit function can be deter-
mined as shown below.

7 (q)=T-g.L(q)-cyq

6)
=T—cq—gu+gS(q)

The profit function of the whole supply chain is,
hence, equal to the sum of the retailer profit function and
the supplier profit function.

(q)=r.(q)+7(q)

7

= (p-veg)sla)-(ev)a-gu

Let ¢°be the supply chain’s optimal order quantity.

This optimal order quantity exists uniquely when the

supply chain profit function is concave. In fact, the con-

cavity of the supply chain profit function can be con-
firmed because of

dzzc(zq”) =—(p—v+g)f(q°)£0.

Hence, the supply chain’s optimal order quantity can

be derived as:
o _p! p—c¢c+8 . 8
1 L}—v+g ®)

3.2 The Wholesale—Price Contract

In the wholesale-price contract, the supplier charges
the retailer w per unit, in which p > w > c. The transfer
payment in the wholesale-price contract is

T(q, w) =wq
The retailer’s profit function can be derived as
7 (q.w)=pS(q)+vI(q)-gL(q)-c:a-T(q.w)

9
“(p-vrg)S()-(wvreog-gu) O
The supplier’s profit function can be derived as
”s(q’ W):T(q3 W)_gsL(q)_qu
(10)

=g,S(q)+(w—c,)g—guu.

The supply chain profit function can then be deter-
mined as

H(q, w):ﬂr(q, w)+7rs(q, w)

11
=(p-v+2)S(q)+(v—c)g—gugu. (1

We have

d’r (q w)
— 2 - (p-v+ <0.
i (p-v+g)f(q)

Therefore, the optimal order quantity of the retailer
in this contract can be determined as

* — + - - -

From (12), it should be noted that in order to reach
supply chain’s optimal order quantity expressed in (8) for
coordinating, the supplier’s profit will be negative, so the
wholesale-price contract is not possible to coordinate a
supply chain.

3.3 The Revenue-Sharing Contract

With this contract, the retailer is charged w, per unit,
in which w, < w, and the retailer shares a percentage of his
revenue to the supplier. Denote ¢ to be the retailer’s
portion, and (1-¢) is the portion of retailer’s revenue the
supplier gains, we should have ¢e(0,1) in order to
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avoid trivial case.
The transfer payment with revenue-sharing contract is:

(g, w,, #)=w.q+(1-¢)pS(q).

The retailer’s profit function can be derived as:
7.(q. W, ¢)
=pS(q)+vi(q)-gL(a)-c.a-T.(q, w,. ¢)  (13)
=(¢p-v+g,)S(q)-(w, +c,—v)a—g,u.

The supplier’s profit function can be derived as:

7,(q, w,» 9)
=T.(q, w,. ¢)-g,L(q)-cq (14)
=((1-¢)p+2)S(q)~(c,=w, )q—g.u.

It is noted thatm (g, w,, ¢)is concave in g due to

d2 > ro
W:_(@—wgr)f(q)ﬁo

Therefore, ¢, the optimal order quantity of the re-
tailer, can be determined from

dn,(q, w,. §)
dgq

=0
(15)
o g= F{w}
¢p_V+gr

The revenue-sharing contract is considered to coor-

gp-w,—c,+g, _p-ctg

dinate the supply chain when
pp-v+g, p-v+g

3.4 The Quantity Flexibility Contract

In this contract, the supplier charges w, per unit,
which normally equal to the wholesale price of the whole-
sale price contract, purchased by retailer and the supplier
offers a credit equal to (w, +c, —v) min(/(q), dq) to the
retailer for his unsold units. & [0, 1]is a contract parame-
ter and is a constant.

Expected return is E[min (/(¢), ¢)], which can be
determined as follows:

E[min] (/(¢), 5¢)]

(1*5)45_ p q N\
—jo qf(X)x+.[7§q(q—X)f(X)x 6

q
= I F(x)dx.
(1-6)q

The transfer payment with quantity-flexibility contract

can be derived as
7, (4. w,. 9)
:wqq—(wq +cr—v)E[min(](q), §q)} a7

wg (w4, ) [

(1-6)q

F(x)dx

The retailer’s profit function can be derived as

7.(q, Wy, )
=pS(@)+vI(q)-g.L(q)—c, —T,(q, w;, O)
=(p-v+g)8(g)-(w, —v+c,)q (18)

q
+(w, —v+cr)J. F(x)dx—pug,.
(1-0)q

The supplier’s profit function can be derived as

7, (g, w,, O)
=T,(q, w,, 6)-g,L(g)—c,q
=g.8(q)— (¢, —w,)g—(w, +c, V) (19)

q
J. F(x)dx—pug,.
(1-0)q

It is noted that =.(¢, w,, ) concave in g, due to

d*n(q, w,, &)
qu

:_(p_wq —C +gr)f(q)

(W, —v+¢,)1=8) f((1-8)q) <0

So the optimal order quantity of the retailer, ¢, can
be determined from

dn.(q,, w,, 0)
dq
(p—w,—c,+g)1=F(g,)—(w, —v+c,)(1-5)
F((1-6)4,)=0

=0
(20)

There does not exist the explicit expression for ¢,
from Eq. (20). However, the above equation has a unique
solution, and ¢, can be determined by use of bisection
method.

3.5 The Proposed Composite Revenue Sharing-
Quantity Flexibility Contract

In this composite contract, the supplier sells a quantity
at w, per unit, in which w, <w (in wholesale price con-
tract), and the supplier offer a credit equal to (w, +c¢, —v)
min(/(g), dq) to the retailer for his unsold units. On the
other hand, the retailer shares a percentage of his revenue
to the supplier, in which ¢ is the retailer’s portion, and
(1-¢) is the portion of retailer’s revenue the supplier
receives.

The transfer payment with revenue sharing-quantity
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flexibility contract is

144> We, 4, )
=w.q+1-4)pS(q)—(w, +c, —v)E[min(I, 59)]

q @D
=g+ (1=9)pS(a)~Cn, e, )|

F(x)dx.
1-6)q

The retailer’s profit function can be derived as

7.(q, We> §, 9)
=pS(q)+vI(q)—-g,L(q)—c,q =T, (g, w., D, 5)
= (¢p_v+gl)S(q)_(Wc _V+cr)q (2’2)

q
+(wc—v+c,,)-[ F(x)dx—g,.pu.
(1=-6)q

The supplier’s profit function can be derived as

7 (g, W, . 0)
:Eq(qi W(," ¢5 6)_gsL(q)_qu
=[(1-¢)p+g15(@) — (¢, —w.)q (23)

_(WC +c, —V) F(x)dx_gx,u'

(1-6)q

To determine the optimal retailer’s order quantity,
q,, 7.(q, w., ¢, 5) has to be concave in g, which means

d*7,(q, W, 4, 5)

<0
dq2

Since the fraction of revenue the retailer keeps is ¢ ,
the retailer will also set his retail price such that ¢p >
w, +¢, toavoid nonprofit status. Hence, —(¢p —w, —c, + g,)

F@) =, —v+c)1-6) f(1-5)g) <0

Therefore, q: can be determined from

dﬂr(qv Wc’ ¢! 5)
dq

It is noted that

5.6 % 8 0 _ (5p—,—c, +g, X1~ F)g)
dq (24)
—-(w,—v+c,)1-6F((1-5)q)

From Eq. (24), there does not exist the explicit ex-
pression for ¢,. However, the above equation has a unique
solution, and the quantity ¢. can be determined uniquely.

The basic functions of component contracts and the
proposed composite contract such as the retailer’s profit
function, supplier’s profit function, and the retailer optim-
al order quantity have been derived as presented in the
above sections. In the next section, each contract will be

examined for its coordination ability.

4. SUPPLY CHAIN COORDINATION AND
PROFIT ALLOCATION

In this section, numerical experiments are conducted
in order to examine the coordination and profit allocation
ability of the proposed composite revenue sharing and
quantity flexibility contract.

4.1 Supply Chain Coordination

In this section, the coordination ability of the pro-
posed composite contract will be analyzed through the
comparison with the wholesale price contract as the base
case, and also with the component contracts in terms of
the retailer’s profit, supplier’s profit and the whole supply
chain’s profit.

Considering stochastic demand D during the selling
season which follows normal distribution with mean 100
and variance 100. Assume that the supplier produces at a
cost $25/unit, and sells at a wholesale price $65/unit. The
retailer has marginal cost of $35/unit and sells product at
$200/unit. The salvage value is $30/unit. In addition, the
penalty cost of retailer is $100/unit, and the penalty cost
of supplier is $60/unit. With the above values of parame-
ters, the following results are obtained:

* The optimal order quantity of the whole supply chain,
which provides the maximum supply chain profit of
$13,460.1, is g° = 113 units.

* For the wholesale price contract, the optimal order
quantity of retailer is 106 units. As the result, the retail-
er will gain a profit of $9,125.50, and the supplier will
gain $4,164.35. In addition, the whole supply chain
profit will be $13,289.85.

» For the revenue sharing contract, the optimal supply
chain profit cannot be reached because there exists no
value of ¢ < (0, 1) that makes q: to become ¢°.

» For the quantity flexibility contract, the supply chain
can be coordinated only when &=0.1616. With the
optimal order quantity of 113 units, the retailer and the
supplier earn $9,776.35 and $3,683.75, respectively. It
should be noted that the supplier’s profit is reduced in
comparison with the wholesale price contract, and
hence, the supplier will not prefer to use the quantity
flexibility contract.

* For the proposed composite revenue sharing and quan-
tity flexibility contract, the interval of parameters § e
[0.16395, 0.16331], and [0.96704, 0.97565] ¢ e pro-
vides more profit for both the supplier and the retailer,
and the maximum supply chain profit as well, when
compared with the wholesale contract as presented in
the Table 1 and Figure 1.



Lumsakul and Luong: Industrial Engineering & Management Systems

Vol 12, No 3, September 2013, pp.224-233, ©2013 KIIE 230
ar e rs == == msc Table 1. Results of the proposed composite contract
16,000 No. P S z, T, 7
i‘z‘zgz oo -===== 1 051 02033 9511 133650  13460.1
Eg 10’000 Seea,, . 2 0.52 0.2022 292.80 13,1673 13,460.1
;- 8:000 Teee., - / 3 0.53 0.2012 490.60  12,969.5 13,460.1
2 6000 vl 4 054 02001 68824 127719  13460.1
= om0 / 5 055 01991 88600 12,5741  13,460.1
2,000 6 0.56 0.1981 1,083.72 12,3764  13,460.1
0 / 7 0.57 0.1971  1,281.43 12,1787  13,460.1
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 8 0.58 0.1961 1,479.11 11,981.0 13,460.1
Number of ¢ and 3 9 0.59  0.1951 1,676.77 11,7833  13,460.1
Figure 1. The proﬁts’ of retailer, supplier, and the whole- 10 060 01942 187455 11,5856 13.460.1
supply chain in the proposed. 11 061 01932 207216 113879 13.460.1
12 0.62  0.1923 226990 11,1902  13,460.1
The comparisons between the proposed composite 13 0.63  0.1913 246747 10992.6 13,460.1
contract and other contracts are summarized in Table 2. It 14 0.64 0.1904 2,665.17 10,7949 13,460.1
can be seen from Table 2 that the proposed revenue shar- 15 0.65 0.1895 2,862.85 10,5973 13,460.1
ing-quantity flexibility contract can coordinate the supply 16 0.66 0.1886 3,060.51 10399.6 13,460.1
chain since there always exist the values of parameters 17 067 0.1876 325797 10202.1 13.460.1
such that the supply chain proﬁt will reach the global 18 0.68 0.1868 3,45576 10’0043 13,4601
optimal profit in the centralized system. Interestingly, it 19 069 01859 365335 980674 13460.1
can be seen that the §upply chain can ‘t'>e coordinated by 20 070 01850 385093 9.609.17 13460.1
the proposed composite contract when it cannot be coor- 21 071 01842 404866 941144 13460.1
dinated by all component contracts.
22 0.72  0.1833 4,246.19 921391 13,460.1
4.2 Profit Allocation 23 0.73  0.1824 4443.70 9,016.40 13,460.1
24 0.74 0.1816 4,641.37 8818.72 13,460.1
The proposed composite contract provides more flex- 25 0.75  0.1808 4,839.03 8,621.07 13,460.1
ibility in terms of profit allocation in such a way that the 26 076 0.1799 503648 8423.62 13,460.1
profit of both parties will be higher than their own profits in 27 077  0.1791 523410 8,226.00 13,460.1
the wholesale price contract. In the numerical example pre- 28 0.78  0.1783 5431.70 8,028.40  13,460.1
sented above, the range of parameters at which the proposed 29 0.79  0.1775 5,629.28 7,830.82  13,460.1
composited contract is better than the whole sale price con- 30 080 0.1767 582684 7,633.25 13,460.1
tract in term of profit allocation for both supplier and retailer 31 0.81  0.1759 6,024.39 743571 13,460.1
are & e [0.16395, 0.16331], and ¢ < [0.96704, 0.97565]. 32 0.82  0.1751 6,221.92 723818 13,460.1
The details are showed in Figure 2. 33 0.83 0.1743 6,41943 7,040.67 13,460.1
34 0.834 01735 6,61692 6,843.18 13,460.1
4.3 Sensitivity Analysis 35 085 01727 681439 664571  13,460.1
In addition, sensitivity analysis was conducted in or- gg 823 833 ;:;)(l);izgl 2:;‘;‘22? Eﬁggi
der to examine the effect of parameter changing on the 38 088  0.1704 740690 605319 13460.1
proposed composite contract. Therefore, another 4 sets of 39 089 01697 7.60452 585557 13.460.1
D T S i
For the proposed composite revenue sharing and ’ ’ o o T
quantity flexibility contract, the intervals of parameters & fé 82? 81222 2’;32?2 2’52?52 3’3281
and ¢ that provide more profit for both the supplier and ’ ' T e e
the retailer, and also help to reach the maximum supply 44 094 0.1659 859169 486840  13,460.1
chain profit when compared with the wholesale contract 4 095 0.1652 878922 467088 13,460.1
in all cases are presented in Table 3 and Figures 3 and 4. 46 096 01645 8,986.72  4473.37  13,460.1
For the revenue sharing contract, in order to reach 47 097 01638 9,184.21 4,275.88  13,460.1
the optimal supply chain profit the value of ¢ should be 48 098  0.1630 9,381.45 4,078.65  13,460.1
49 0.99 01623 9,57891 3,881.19 13,460.1

set at 3.350, 3.204, 3.042, and 2.950 when supplier’s cost
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Table 2. Comparison of the profit functions with difference contracts
Supply chain with difference type of contracts q: T, T Ty
Wholesale-price contract 106.46 9,125.50 4,164.35 13,289.85
Revenue-sharing contract 113.35 58,740.23 -45,280.13 13,460.10
Quantity-flexibility contract 113.35 9,776.35 3,683.75 13,460.10
Composite contract 113.35 Calculated in Table 1 13,460.10
Centralized system ¢, 113.35 - - 13,460.10
Table 3. Sensitivity analysis results of the proposed composite contract
zr Vs
Supplier cost ¢ o z o 72 7
Lower Upper Lower Upper Lower Upper Lower Upper
$25/unit 0.96704 097565 0.16331 0.16395 9,125.62 9,295.56 4,164.53 4,334.48 13,460.097 13,289.86
Increase 5%  0.96900  0.97500  0.15895  0.15938 9,144.82 9,263.17 4,04191 4,160.26 13,305.083 13,156.79
Increase 10% 0.96890  0.97600  0.15450  0.15503 9,157.46 9,297.56 3,905.53 4,045.63 13,203.091 13,023.71
Increase 15% 0.96900 0.97600 0.14940  0.14995 9,12945 9,267.30 3,740.83 3,878.68 13,008.126 12,864.03
Increase 20% 0.96930  0.97620  0.14604  0.14660 9,12645 9,262.22 3,633.34 3,769.12 12,895.565 12,757.57
*Wholesale price contrast.
= Retailer's profit m Supplier's profit Supply chain's profit
13,289.85 13,460.10 13,460.10 13,460.10 13,460.10 13,460.10 13,460.10 13,460.10
9,125.50 912562 || 9,134.66 9,144.60 | 9,164.35 9,184.21 9.282.81 9.295.56
.?3 I
g 15.5
&
8=0.16395 8=0.16395 5=0.16389 5=0.16382 5=0.16375 §=0.16339 §=0.16331

Figure 2. Comparing the profit functions of the wholesale price contract and the composite contract with different pairs of

6 and ¢ .

9,350.00

9,300.00

9,250.00

9,200.00

9,150.00

9,100.00 -

9,050.00 -

9,000.00 -

Example Increase 5%

Increase 10%

Increase 15%

Increase 10%

Composite contract
(lower limit)

Composite contract
(upper limit)

‘Wholesale price contract

Figure 3. Comparing the retailer’s profit of the composite contract, the wholesale price contract and the quantity flexibility
contract with different supplier’s costs.
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Table 4. Comparison of the retailer’s profit with different contracts

Supplier cost Composite contract Wholesale price contract  Quantity flexibility contract Revenue-sharing contract
$25/unit [9,125.62 , 9,295.56] 9,125.50 9,776.35 58,740.23
Increase 5% [9,144.82 , 9,263.17] 9,125.50 9,756.08 55,643.39
Increase 10% [9,157.46 , 9,297.56] 9,125.50 9,771.18 52,902.03
Increase 15% [9,129.45 , 9,267.30] 9,125.50 9,740.04 49,721.44
Increase 20% [9,126.45 , 9,262.22] 9,125.50 9,730.73 47,791.13

4,600.00

4,400.00

4,200.00

4,000.00 -+

® Composite contract
(lower limit)

Composite contract
(upper limit)

3,800.00 -

3,600.00 -

3,400.00 -

3,200.00 +

3,000.00 -

Example Increase 5% Increase 10%

B Wholesale price contract

® Quantity flexibility contract

Increase 15% Increase 10%

Figure 4. Comparing the supplier’s profit of the composite contract, the wholesale price contract, and the quantity

flexibility contract with different supplier’s costs.

Table 5. Comparison of the supplier’s profit with different contracts

Supplier cost Composite contract Wholesale price contract ~ Quantity flexibility contract Revenue-sharing contract
$25/unit [4,164.53 , 4,334.48] 4,164.35 3,683.75 -45,280.13
Increase 5% [4,041.91 , 4,160.26] 4,031.28 3,549.00 -42,338.30
Increase 10% [3,905.53 , 4,045.63] 3,898.21 3,431.91 -39,698.94
Increase 15% [3,740.83 , 3,878.68] 3,738.53 3,268.08 -36,713.32
Increase 20% [3,633.34 , 3,769.12] 3,632.07 3,164.84 -34,895.56

increases 5%, 10%, 15%, and 20%, respectively. The
above values of ¢ is infeasible. In conclusion, the optimal
supply chain profit cannot be reached by the revenue shar-
ing contract because there exists no value of ¢<(0, 1) that
makes q: to become ¢° in all cases.

For the quantity flexibility contract, when supplier’s
cost increases 5%, 10%, 15%, and 20%, the supply chain
can be coordinated only when & =0.1571, 0.1527, 0.1476,
and 0.1442, respectively. However, it should be noted that
the supplier’s profit is reduced in comparison with the
wholesale price contract. Hence, the supplier will not
prefer to use the quantity flexibility contract in all cases
as shown in Tables 4 and 5.

From the above results, we can conclude that the
supply chain can be coordinated by the proposed revenue
sharing-quantity flexibility contract when it cannot be

coordinated by all component contracts.

5. CONCLUSIONS

In this research, a composite revenue sharing-quantity
flexibility contract was developed to help achieve coordi-
nation for a two stage supply chain and to allocate profit
among supply chain members better than the traditional
wholesale price contract and its component contract, i.e.,
the revenue sharing contract and the quantity flexibility
contract.

Our research results led us to conclude that the com-
bination of revenue sharing contract and quantity flexibil-
ity contract can coordinate the supply chain better than
the component contracts. Specifically, there exists the
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case where the proposed composite contract can coordi-
nate the supply chain when the revenue sharing contract
cannot. In addition, even though the quantity flexibility
contract can coordinate the supply chain in theory, the
possibility for application is weak because one of the par-
ties might not be satisfied with her benefit when com-
pared with the benefit from the traditional wholesale price
contract. This is not a problem with the proposed compo-
site contract because the contract parameters, i.e., 5 and
¢ , can be selected such that the proposed composite con-
tract provides better profit allocation for both parties than
the traditional wholesale price contract. Also, the pro-
posed composite contract provides more flexibility in
terms of profit allocation among supply chain members.
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