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Abstract. This paper considers a supply chain system whictsists of a supplier and a
retailer. The purpose is to investigate the immdatontract complexity on supply chain
coordination under complete information. The sugptirafts contracts, which include
wholesale price contracts and simple quantity dist@ontracts. These contracts are of
different complexity. The retailer chooses one loé tsupplier-designed contracts to
optimize its profit. This study shows that a compbtentract with an infinite number of
price breaks can achieve the coordination of argésapply chain. It can also arbitrarily
distribute supply chain profit under mild conditionTheoretically, this is the optimal
contract. However, it is difficult to implement pmactice. Complex contracts with limited
price breaks can improve the performance of theemteslized supply chain system
compared to simple contracts (i.e. wholesale praracts), but neither can coordinate
the general supply chain. In addition, as the cemwip} of the contract increases, the
performance of the decentralized supply chainsimoes to decline. This means that the
increased in contract complexity does not necdgsarease the efficiency of supply
chain contracts. Our study suggest that a thremmontract (all-unit quantity discount
contract with two price breaks), although theomdljc suboptimal, is sufficient for a
general supply chain and should be preferred iotioea

Keywords: supply chain coordination; contract complexity;-wiit quantity discount
contract; wholesale price contract

1. Introduction
Today's global supply chains are mostly characterizy decentralized systems.
Decentralization has many advantages, such as Ipregluction costs and shortening
time to market [1]. Thus, decentralized supply ohmanagement has become one of the
key factors to successfully address the growing perity of the current business
environment [2]. However, supply chain, as a completwork, is difficult to manage [3].
In addition, the current decentralized supply ctfaoes the following challenge: supply
chain members are primarily focused on optimizimgjrt own goals [4]. However, their
self-interested attitude often leads to poor pentorce.

To achieve the optimal performance of the genarpply chain, a series of precise
actions need to be implemented under the incemtieehanism. Furthermore, there is a
need to be able to effectively manage the complefithe supply chain [5]. This can be
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achieved if the firms coordinate through a setafsfer payment contracts such that the
objective of each firm is achieved and aligned witiat of the supply chain [6].
Compared to the wholesale price contract [7], whikha simple contract because it
requires only a single parameter (the wholesaleejprimany coordination contracts have
proved to be effective for the general supply chailer newsvendor setting. These
include buy-back contracts (e.g., Hou et al. [§]antity flexibility contracts (e.g., Tsay
and Lovejoy [9]), sales-rebate contracts (e.g., d=oing et al. [10]), compensation
contracts (e.g., Chen et al.[11]), quantity dis¢ooantracts (e.g., Zhang [12]) and
revenue-sharing contracts (e.Gachon and Lariviere [13], Zhao et al. [14]). Altigh
these contracts can coordinate supply chain underaonditions and are theoretically
optimal under certain conditions, they can be mattemplex [15, 16]. Thus, their
applicability may be a problem, because in praciicis difficult for decision makers to
response effectively to such complex issues. Adogrtb the statement made by Zadeh
(1973, p. 28) [17], “as the complexity of a systertreases, our ability to make precise
and yet significant statements about its behaviinidshes.” Therefore, in the context of
supply chain coordination, decision makers neecdosider the complexity of the
contract when designing the contract. The compjégitneasured by the number of price
breaks (or price blocks) [18].

Lim and Ho [19] observed that the efficiency of thepply chain in a complete
information setting can be continuously improvedewtlthe number of price breaks in a
guantity discount contract increases to more tlvem Kalkanci et al. [20] examined
contract complexity as a design issue through hursalject experiments in the
supplier-buyer supply chain and showed that quauwii$count contracts with a small
number of price blocks are sufficient for the sypghain. Based on the above
discussions, this paper aims to provide decisiokemsawith some useful suggestions in
the contract design by considering the relationbleipveen the complexity and efficiency
of the coordination contract.

This study uses the method proposed by Kalkanal. §20] to design contracts, in
which contract complexity is considered as a dedigmension of coordinating contract
in a decentralized supply chain, consisting ofrglsi supplier and a single buyer. They
characterized the impact of contract complexitypenformance using simple contracts
(wholesale price contract) and complex contraclisq(antity discount contracts with
two or three price blocks). Their results show ttheg optimization effect of complex
contracts on supplier profit is flawed and requineslepth theoretical research. This
study expands their research by designing anotbenplex contracts (all-quantity
discount contracts with arbitrary price breaks) dapture the impact of contract
complexity on supply chain coordination under cagtglinformation.

This paper examines the coordination of a supplirchwhich consists of one
supplier and one retailer. The supplier designdreots, including the simple contract
without price break and complex contracts withriitéi or a finite number of price breaks.
The retailer selects one of the contracts to maérits profit under the scenario that the
market demand is random. Three key questions wilddressed as follows.

The first question is “what are the complex cortsaehich can coordinate a general
supply chain and achieve a win-win outcome undempiete information?” A contract is
said to be able to coordinate a supply chain ifdpmal action set of the supply chain
reaches its Nash equilibrium, meaning that no filan attain a profitable unilateral by
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deviating from the optimal action set of the supgiain. Therefore, the coordination of
retailer’s optimal order quantity is under consalim in this paper.

The second question is “can the coordination cotigr&fficiency be improved by
increasing the complexity of the contract?” Therdamation contract’s efficiency (i.e. the
efficiency of the supply chain under the coordimaticontract) is the ratio of the
decentralized supply chain’'s profit under the comtlon contract to the centralized
supply chain’'s optimal profit. This paper aims trplere the relationship between
coordination contract's efficiency and complexity the contract under complete
information.

The third question is “which complex contracts referred in practice?” Managing
a complex contract is often costly. Thus, contteigners may actually be more willing
to offer simpler contracts, even if these contrafiisnot optimize the supply chain’s
performance. A simple contract is particularly dasle if the contract’s efficiency is high
and the contract designer can gain a sufficiersttgd share of the supply chain profit.
The goal of this paper is to find a complex contrasable in practice despite being
theoretically suboptimal.

The rest of this study is organized as followsSéttion 2, related results in existing
literature are reviewed. Details of the proposeddehare presented in Section 3. In
Section 4, we conduct the analysis of optimal @r$y;, including the simple contract in
Section 4.1, the complex contract with an infimtember of price breaks in Section 4.2
and the complex contracts with a small number afepbreaks in Section 4.3. Section 5
discusses the value of contract complexity. Sediconcludes this study with discussion
and managerial insights.

2. Literaturereview

We shall review some of the relevant results in litezature on contract complexity and
supply chain coordination contracts. In the literat the theory of all-unit quantity discounts
is mainly due to Munson and Rosenblatt [21] andnfds et al. [22]. See also relevant
references cited therein.

2.1. Literatureon contract complexity
A supply chain is a complex network of businesdtiest that involves upstream and
downstream flows of products and/or services, a$ agerelated financial transactions
and information [23]. Due to the complexity of thapply chain, it is to coordinate these
flows with a simple contract mechanism [3]. Therefdor the accomplishment of supply
chain coordination, it is required to take into sideration of the complexity of the
coordination contract. This is almost a common sens

As described by Melumad et al. [24], contract carpy is defined by the number
of contingent events in the contract, followed hg humber of decisions specified in
each contingency. Buvik and Halsk@b] argued that contractual complexity is referred
to the complexity of established rules and guidsdinfor handling performance
assessments and quality control issues (e.g., Idaginal. [26]), monitoring procedures
(e.g., Rokkan and Buvik [27]), price incentivesudas (e.g., Klein [28]). Kalkanci et al.
[18, 20] studied complexity as a factor in contrdesign, measured by the number of
price blocks and the number of contract parametmistbns. This is similar to the
definition of contract complexity in this study.

Although there are difficulties in dealing with doact complexity, the issue of
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contract complexity has received much attentiomttigéemy and Quélin [29] described
the connection between the three specificities tued complexity of the outsourcing
contract, because specificity is often consideredha most important transaction cost
attribute. More specifically, a method was devetbp® study the relationships between
contract complexity and exchange hazards (i.e. ifiggc and environmental
uncertainty), contractual aspects of outsourcirantfol, incentives, penalties, price and
flexibility clauses) and ex post transaction cestel , respectively. Kalkanci et al. [20]
studied the impact of contract complexity on thefgrenance of members of the supply
chain, where theoretical predictions were compavitd the actual behaviors in human
subject experiments. The conclusion was that théomadhat complex contracts can
optimize the supplier's profit is flawed. Kalkanet al. [18] adopted this approach to
study the contract design issues and expandedrdssarch by taking into account the
interaction between a human supplier and a humgarho regain the impacts of social
preferences. Buvik and Halskau [25] explored thecept of contractual complexity for
small -sized service contractors in an offshoreketarMore specifically, how does the
complexity of the contract and its impact on theperation of small service supplier
alliance affect the perception of contractual diffties in which these small service
suppliers serve contracts?

2.2. Literature on supply chain coordination with contracts
Supply chain coordination requires each firm toetalptimal action and share information
accurately based on a coordinated contractual merhd6].

Cachon [6] reviewed and expanded the supply charaiure on managing incentive
conflicts arising from contracts under uncertaimdad. Under random demand environment
(i.e., the newsvendor environment), Cachon and vieae [13] demonstrated that
revenue-sharing contracts can coordinate supplindrad distribute profits arbitrarily. It is
also found that the revenue-sharing contracts amrdmmate a supply chain under the
influence of retailers competition, e.g., Cournoipetitors or competing newsvendors with
fixed prices. Huang et al. [30] proved that thergitg discount contracts can coordinate the
supply chain and prevent potential incentives &taiters to encourage returns. Partha et al.
[31] developed a combined contract model for comting a two-stage supply chain where
the retailers’ demand is price-sensitive and stependent. It has been shown that the
proposed coordination mechanism can achieve caardimand win-win outcome for both
the members of the supply chain. Chiu et al. [32Jppsed a sophisticated menu of target
sales rebate taking into account minimum order fiyaaind quantity discount contracts. This
menu can not only coordinate supply chain, but gisavide each retailer with a higher
degree of freedom in the selection of order quantBiri and Bardhan [33] studied the
three-layer supply chain coordination and the syiply chain coordination. They also
observed that the coordination at any stage camease the total profit of the chain, and if
coordination occurs at the upstream level, thisasanbment will be even stronger. Lin et al.
[34] examined three madifications to confirm Wareb® Financing (CWF): cash-advance
discount compensation CWF, deposit withholding C\&fd two-way compensation CWF.
They showed that, although all the three modesgoan rise to the set of Pareto solutions,
only the two-way compensation CWF can properly dote supply chain.

In the existing literature, the role of complexity contracts (e.g., Lim and Ho [19],
Kalkanci et al. [20]) has been extensively studiédwever, this paper is the first to study the
influence of contract complexity on supply chaimbnation in operation management.
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3. Modédl details
The setting in this study is similar to that of Kahci et al. [18, 20], where the model
composes of two risk-neutral firms, a single sugplhe) and a single retailer (she). The
retailer procures seasonal products, such as sdasaccine, fresh fish and soft drink,
from the supplier and sells it to end customerspadollars per unit. For the supplier, he
has ample capacity and produces products at ao€ost dollars per unit to meet order
requirements, where>c. The retailer is a newsvendor facing a market dehra,
which is random being uniformly distributed betweem-v and u+v , i.e.,
D~U(u-v,u+\). Here, u(u>0) is the mean demand, and (v>0) defines the range of
demand. Without loss of generality, it is assunied the lowest possible demand is zero,
i.e., u=v. A goodwill penalty for lost sales (i.e., costlo$t sales) is not included in this
model. There is no salvage value for leftover podsluThe supplier determines the
pricing scheme of seasonal products and the retake only one opportunity to place the
order before the start of a single selling seasomaximize her expected profit, with no
replenishment opportunity. The amount the retaiteroses to order depends on the terms
of the contract between supplier and the retaldso, it is assumed that all the
information mentioned above is available to bothphrties.

Different coordination contracts between the sugpiind the retailer are studied.
The supplier offers a menu of contrac{s\z(n)yi,qn)yi_l}_ , where n, which is a

2, pneL2s
positive integer, is the number of wholesale prizeshe contract,w, represents the
wholesale price andQ,,, , represents the price breaks. In the one-price @dnfi=1, i.e.,
wholesale price contract), the supplier sets asingiolesale pricey,,, and the retailer
procures seasonal products for the quantity sheosg® This constitutes a simple
contract because it only requires the specificatidna single parameter, i.e., the
wholesale price. In the two-price contract=(2, quantity discount contract with two
prices and one price break), the supplier quoteswivolesale pricesw,, and w,,
(W1 2 W, ,), and a single price brea ,. If the retailer orders less thaq,),, she pays
W, Per unit. Otherwise, she pays a cheaper unit poice, ,. In the three-price
contract (=3, quantity discount contract with three prices &wd price breaks), the
supplier quotes three wholesale priceg;, W ,, and wg; (W), 2 W ,> Wsy ), and
two price breaks,, and Q,, (Q..<Q.)- If the retailer orders less thag,,, she
pays wg, per unit. If she orders more thap,, but less thanq, ,, she pays a cheaper
unit price of w, ,. If she orders more than, ,, she pays an even cheaper unit price of
W, 5. Similar interpretations are applied to the foric@ contract (=4, quantity

discount contract with four wholesale prices ance¢hprice breaks), the five-price
contract (=5, quantity discount contract with five wholesaldcps and four price
breaks) and so on. The detailed descriptiomgprice contract is given in Section 4.2,
where n is an arbitrary positive integer.

This study also examines a more complex contrattt an infinite number of price
breaks @ - +», infinite-price contract) and compares it with tigeantity discount
contracts with small numbers of price breaks, wherg; (q)is a decreasing function
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with respect toq. In practice, w..,,; (q) is typically a step function, but, for simplicity,

is assumed to be continuous and differentiablelfhaddition, the wholesale prices are
assumed to be equal to the discount ratio under itifimite-price contract,

: _ L m o : : ,
L€, Wy = Ay Wey—1 = =0y W, 1=1---,n, where a,, is the discount ratio between

prices.

The proposed model is focused on exploring thetioglship between contract
complexity and supply chain coordination. Firsthe supplier's and the retailer’s profit
functions are given, under the-price contract, by

7T(n),S(\N(n),i):(\N(n),i - C) 9y 1)
Ty (A )= Pmin( g, . D) - LORE! ()
respectively, wherwwis the wholesale price corresponding to the ordentity q,,

under the n-price contract . The whole supply chain can bevei as a newsvendor.
Thus, the centralized supply chain’s profit funotie

Tsc= pmin(qso D) — CQg (3)
where q.. is the order quantity under the centralized denisnaking setting.

4. Analysis of optimal contracts

In the setting of this model, the supplier offers tontracts with wholesale prices and
price breaks, while the retailer chooses her optpnacurement quantities. We analyze
the equilibrium obtained under the settings ofrapsé contract, a contract without price
breaks, and complex contracts with price breaks.rébults obtained are reported.

4.1. Simple contract
Under the simple contract (i.e., one-price contkgithout price break) setting, supplier
simply charges a single wholesale prieg , to the retailerfor each unit of seasonal

products. The profits of the supplier and retailare 7T(1),s=(W(1),1‘C)% and

Ty r= pmin(q(l), D)—VYI)YI q, respectively. The solution approach to this probfellows

the approach proposed by Cachon [6]. In a decégchbupply chain, this is a dynamic
game under complete information, where the supplieves first and the retailer follows.
Hence, this dynamic game can be solved by usinkwzad induction.

Given the wholesale priee,,, it is necessary to find the retailer's best resgo

oy(W,.)- She will chooseq,(w,,) to maximize 7, .. Clearly, 7, is a concave
function with respect t%(W(l),l)- Hence, under the first-order condition, the optim
qa)("\(l),l)zzu((p‘VYn,l)/@ can be obtained. Next, given the retailer's besgponse
q(l)(vv(l),l)’ the supplier will maximizer, . This is a concave function with respect to
w,,, and w,,=(p+c)/2 can be obtained using the first-order conditiomrttiermore,
the optimal order quantityqzl):u(( p- ¢/ @ can also be obtained. From the equilibrium

solution for this decentralized supply chain, itveg lr(l)vsz(u(p—c)z)/(Zp) and
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n(l)R:(u(p— c)z)/(4p), which are listed in Table 2. We then move on ¢msider a

centralized (integrated) supply chain, where bbthretailer and the supplier are parts of
the same organization and are managed by the satitg @0 be more precise, it is
assumed that there is a single decision maker whmmcerned with maximizing the

entire chain’s profit 77.;.= pmin(gs., D) - cqe. Evidently, 7z, is a concave function of
0. - Hence, wunder the first-order condition, the oplimorder quantity

q;C:ZU(( p-9/ r)is obtained. Therefore, the entire supply chainsinoal profit is:
”csc:(u( p- C)Z)/( p)'

It can be seen that in the centralized schemesales volume is greater than that of
the decentralized scheme, i.e. > q, . In addition, the supplier gets half of the supply

chain profits, while the retailer only gets onertbu This is partly due to the advantage
that the supplier enjoys for being the leader.dsel look reveals that the wholesale price
w,,, has no impact on quantity or supply chain profiwéver, the choice ofw,,,in the

decentralized supply chain is still important, hesmit determines the distribution of the
profit between the supplier and the retailer. TH®lsale pricew,,, can be interpreted

as a form of transfer payment made by the reteléne supplier.

Compared with the centralized supply chain, theedtalized one allows the
supplier and the retailer to maximize their ownfitgpi.e., they each try to secure their
respective marginsp-w,,, and wy,-c. This is known as “double marginalization”.

In Definition 1 given below, the double marginativa loss for n-price contract is
defined; and furthermore, the relationship betwesmple contract (i.e., one-price
contract or wholesale price contract) and suppbirckoordination is characterized.

Definition 1. Under an n-price contract, where=1,2, -, the double marginalization loss
(also referred to as the supply chain system plodit) is defined by
Vi

+ 77
@) =| 1= 708 11009 (4)
ITCSC

When n=1, the double marginalization losg(l) is 25% (see Table 2), implying

that the supply chain cannot be coordinated undee-price contract (i.e., simple
contract).
Note that 1- ¢(1)denotes the supply chain efficiency. Clearly, the's interest is to

reduce or eliminate double marginalization, sucbyaallocating the extra profits in such
a way that both players will benefit. Moreover, whee change the terms (wholesale
prices and price breaks) of the contract, do tdependently managed companies act as
if they are vertical integration. Next, we explomays to eliminate or reduce double
marginalization loss under complex contract sesting

4.2. Complex contracts

Under the setting of complex contracts (i.e., caets with price breaks), the supplier
provides a detailed payment scheme for each qudhtt the retailer may choose when
procuring seasonal products [18]. Specifically, foeus is restricted to a menu of
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contracts{w(n),i,Q( Section 3 provides detailed descriptions rofprice

contract, particularly one-price contract, two-pricontract, and three-price contract.
Suppose that individually, both the supplier and tktailer are individually rational
players. Then, eliminate trivial cases, we assuhackw, <w, < <w, < pand

0<Quy:<Qu.<<Qun.. Under n-price contract. Figure 1 characterizes theprice
contract, which hasn wholesale prices and -1 price breaks.

Q( n) A q,
Q( n‘)‘ n-1

0

I -,
|

¢ Wopn Wopni™ U Wien Wi Wit o W2 Wi P Wy

Figure 1: The mendw,, . Q, .} of n-price contract

If the retailer orders less than, ,, she needs to pay, ., per unit seasonal
product. If she orders more thaq, ., and less thanq,,, the price drops tow,,, . If
she orders more thag,, and less thanQ,, .,, the price further drops tay, ., per
unit seasonal product. In the operation managetfiterature, for a givenn, the menu
{w(n)yi,Q(n),i_l} is called “all-unit quantity discount contract”.ob¢ that the complexity of
the contract is measured by the total number ofahelesale pricesn and price breaks
n-1, meaning that the contract complexity of theprice contract is2n-1.

This section explores the relationship betweenrachtomplexity and supply chain

coordination. The next section studies complexreats with an infinite number of price
breaks.

4.2.1. Complex contracts with an infinite number of price breaks
Under an infinite-price contract (i.e., complex traot with an infinite number of price
breaks, n - +« ), we follow the approach proposed by Cachon in\/¢} assume that the

supplier charges the wholesale pria@m) (a(m)), where W) is a decreasing function
of the retailer’s order quantit)q(m). In practice, W) is typically a step function, but

for simplicity, we assume that it is continuous atitferentiable. In a decentralized
supply chain, the supplier's and retailer's profitgse 7T(+°°)’S:(W(m)—c) .., and

T

supply chain’s profit is 7z.s.= pmin(qs., D) - cqg, Where the supplier and retailer are part
of the same organization and managed by the satitge en

To analyze the possibility for a general supplyichzoordination,one technique
being used is to choose the payment scheduleaattth profit of the retailer is an

reyr= PMIN(Groy. D) = W..,) Gy, FESPectively. Recall that the integrated (ceixedl)
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affine transformation of that of the supply chaie.( 7..,. equals a constant fraction
of 7m.). Thus, the following conditions are to be sagidfi

Ty = PMIN(Gfyy D) = Wy Gy A ( PMIN( G, D)= CGe) AT ¢ (5)
where A0(0,)is the fraction of the supply chain profit for thetailer. To be more
specific, if the supplier sets the wholesale pasew,..,(q..,)=(1-4) p(1- q..,/4U+1 c,
then the retailer will face with the following s@o. If she chooses,.., < g, she will

have paid too much per unit seasonal product, andénher marginal cost is increased. If
she choosesy,...,, > g, then the unit price will decrease but the maignesenue will

decrease more, and hence it is unprofitable forréailer. Thus, the optimal quantity
choice for the retailer is the optimal centralizeghply chain quantityqsczzu(( p-¢)/ p) .

In this case, the supplier’s profit is
”(wo),s:((l_/]) p(l— qSC/ 4“) +tAc- C) CIsc:( 1_/])”30 (6)
On the basis of the analysis above, we shall cltexiae the relationship between
infinite-price contract and supply chain coordinatin the following proposition.

Proposition 1. Consider a complex contract with an infinite numbgprice breaks (i.e.,
infinite-price contract) given by

W<+m)(q(+w))=(1_/]) p(l— °(+oo)/4u)+/] ¢ ()
where A10(0,1) denotes the fraction of supply chain profit for tie&ailer. Then, under the
infinite-price contract, the retailer’s optimal oed quantity isy,., meaning that the
supply chain can be coordinated. Furthermore, when(y4,¥2, the infinite-price

contract can achieve supply chain coordination ar-win outcome.

Under the infinite-price contract, the contract guaeter 1 plays the role of
distributing the supply chain’s profit between tiegailer and the supplier. This mans that
retailer's (and supplier’s) profit is proportionia the centralized supply chain’s profit,
indication that a complex contract with an infinitember of price breaks can eliminate
double marginalization. To implement this optimahtract, an infinite number of price
breaks will have to be specified by the retaildedtly, it is not very practical for the
supplier nor the retailer to enforce such an ablyr complex infinite-price contract. In
this paper, we consider complex contracts, each witow (limited) number of price
breaks.

4.2.2. Complex contractswith a small number of price breaks
Recall that the complexity of a contract is meadurg the number of wholesale price
and price breaks. The focus is restricted to a neémontract§w,, , Q,-.}, and

the wholesale prices are assumed to be of equpbpion. Without loss of generality, it
is assumed thatw,,=p, indicating that the supplier tries his best tdraot the

(O

decentralized supply chain profit. Therefores w,, , <w, ,,<--<w,,= p, where n is a

fixed finite positive integer .
To continue, we characterize the price discountupatew,,. Given an n-price

contract q=2), suppose that the contract designer (the suppfiecompletely rational,
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then the menu of contracts{w, Q... is required to satisfy

l}i:1,--~,n‘n:1,2;~
7y s(Wopi) =71y Ww) 20 . Recaling the supplier's profit  function
7T(n)ys(vv(n)yi)=(vv(n)vi—c) o w,) and the retailer’s order quantity(w,)=2u(1-w,,/p, we
have

(W(”)'i B c)2u(1—w(:’ij - ( vYn),\—l - (3 2\{1_\,\/(”;3_1J >0

(V"<n>.i —c)(p— V‘(n).i)_(v\’n),ifl_ @( p- \’M).i)zo
(W(n).i _W(n),i—l)( p+q) _( Woyi ~ "\’n).ifl) ( Wy * ‘%H) 20
Note that the price discount parameter is such that, <1. Thus, w,; =a, W, < W, ..
It is straightforward to show thafw, +w,,)-( p+d=0. Hence, w, is decreasing
with respect to i , implying that it suffices to only consider the sea of
(w(n),n+w(n),m)—( p+9=0. That is, the supplier should at least receiverdgervation profit.

Specially, we assume that the supplier’s resemgiiofit is normalized to 0. Hence, we
get ap*+ap'=(p+c)/p. On the basis of the analysis above, the follgwiroposition is
obtained.

Proposition 2. Under an n-price contract @=2), the price discount parameter,, is
given by

(n)

ap? (1+a(n)) :% (8)

Specifically, the explicit expressions af, , a,, a,, and a, are in Table 2,
which are sufficient for the contract designer unctamplete information. Next, we shall

consider supplier’s profit and retailer’s profib find the supplier’s profit under the menu
of contracts{w,,,.Q,, , the choice of the contract for the retailer vk

l}i:ly..v n,n=1,2;--

studied first. The retailer must choose one confrac the menu{w,, .. Q-

l}i:1,~-‘n,n:1,2;-~ !
She will prefer the contract than the contraci-1 if and only if her profit is greater
when the contracti is chosen. Based on the retailer's profit function

7y =P~ W) o W)~ ( 940 q w,)= ubi-aij) for n=2 and i=1..n, we can see that
is strictly increasing with respect to because<a, <1. Therefore, the retailer

7T
(n).R
selects the contrao{tw(n),n,qnm}. Next, given the retailer’s optimal choice, supp
optimal contract iS{w(n)vn,q(vv(n)vn)} under complete information. Thus, under anprice
contract (n=z2 ), the supplier's and the retailer's profits arevegi by
s =2u(1-a(3)(ai'p- o) and 7, =up(1-a7y) , respectively.

We shall look at the performance of a complex @mwitwith n-1 price breaks in
the worst-case scenario. The focus is on findifgpand on the optimality gap of the
n-price contract, i.e.,7s.~ 7, Furthermore, we shall also find a bound on the

double marginalization losg(n) for n>2. Based on the analysis given above and

,DSC *
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Definition 1, we obtain the following propositions.

Table 2: The menu of contract§w,, Qu-of _
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Proposition 3. Under an n-price contract, the double marginalization loss is

2

1- a(';f
x100% 9)

1—a”'1) + (1— a'(”nf)

(n)

which is strictly increasing with respectriofor n>2, and satisfieso< ¢(n) <¢(1) =1 4.
Proof: According to formula (8) and noting that the calibed supply chain’s profit is
given by z..=(u(p-¢)/(p), it follows that Moo =up((L-ay?) + (1-ap?)) . Next we

¢(n)= (

consider the optimality gap for the-price contract, i.e., 7z -7, Based on

,bsC *

Toys= 2u(l— aﬁ’l)(a;"lp— c) and rr(n)yR:up(l—an”'l)z, it follows from (8) that
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Tlose ™ Ty osc up((l—a(n) + 1 ag, ) —up( 1—a(n) 3— 21{;)2—51{;)1))
=up((1-agy? )+(1- o)) - uf(1-a) + A +-ag)(Fap?)  (10)
=up(1-ai;)

From (4) and (10), we have:(n):((1—a(”n;2)/((1—a(”n)) (1— ))) Taking the first
order differentiation ofg(n) with respect ta, we get
de(n) _ _2'”("(n))(“("n32((1‘ afy)+(1- "(nniz)) -(2- "("62)(“(31“’(32))
" (f2-at)+ (1-a))
(e -at)

= —2In(a " ) 5
" ((2-at) (-
(11)

Since In( )<o apy’>alyt, we have dg(n)/dn>0, implying that ¢(n) is strictly

increasing with respect ta for n=2. It is straightforward to show thag(n)=0 as
O<ap)'<a(?<1. Next, we need to give an upper bound on the @outdrginalization

loss. Under then-price contract, we have-a('>1-a;* as O<aj'<aj*<1. It is

straightforward to show thafi-a;)+(1-af;?)> 4 1-a7%) . Consequently, we obtain

2 .
((1—a("n;1)+(1—a("nf)) > a(1-apy) as 1-afy>0,1-agy? > 0. This completes the proof.

The decentralized supply chain’s profits, ... under complex contract witth-1
price breaks forn=2 are higher than the supplier chain's profit,. under simple

contract. More importantly, the upper bound for thmuble marginalization loss can
always be increased by adding one more price bHakever, the worst-case is no more
than ¢(1). This result implies that a small number of prlmeaks in an all-quantity

discount contract is sufficient for an-price contract in practice. From Proposition 3, we
have the following observations.

Observation 1. Two-price contract can eliminate the double margization loss,
i.e.,@(2)=0, but it cannot arbitrarily allocate the additiongdrofits such that both the

retailer and the supplier can benefit.

Observation 2. The n-price contracts reduce the double marginalizatioss forn=3,
i.e.,0< @(n) < @(1), and improve the performance of decentralized lyugmain.

In practice, the contract designer (the suppliexy mctually prefer to offer complex
contracts with small number of price breaks evemgh these contracts do not optimize
the supply chain’s performance. In Section 5, walya®e, through numerical simulation,
the supply chain performances of the three-pricatraot, four-price contract, and
five-price contract under different conditions.
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5. Thevalue of contract complexity
Two extreme types of contracts are covered: thelsiroontract that cannot coordinate
the supply chain (Definition 1) and the complex tcacts with an infinite number of
price breaks that can coordinate the supply chaid achieve win-win outcome
(Proposition 1). Observations 1 and 2 have showh ¢bmplex contracts with a small
number of price breaks cannot coordinate the sugmiyn. However, these contracts are
still valuable. In this section, we explore theuelof contract complexity to supplier’s
profit, retailer’'s profit, and supply chain efficiey. In particular, this study investigates
the value of contract complexity to the profits safpplier, retailer, and decentralized
supply chain (the double marginalization) using ti@dels considered in Section 4. The
analysis is carried out through numerical simutatio

To better understand the value of contract compyleri reducing or eliminating
supply chain efficiency loss, we define the normedi supplier's cost ag:=¢ p. Our

study is focused on 3 scenari@s=c/ p=1:2, C:=¢/p=1:3, T:=c¢/p=1:4, where the
supplier’s unit cost isc=10 and the retailer's unit selling price i80{20,30,49. In

addition, we assume that the mean demand4sooo, and the range of the demand
distribution of seasonal products & = 2000. Based on the setting of these parameters,
the following proposition is obtained.

Proposition 4. Under simple contract and complex contract, thepsieps and retailer’s
profits depend only on the contract parametersp, and a;,, .

From the discussions above and Proposition 4, aomabiwith analysis through
numerical simulation (see Table 3), we have thedehg observation.

Observation 3. Forn=2, it holds that
(a) The more complex the contract, the higher tingpber’s expected profit, but
is always worse thang, .

n{n),s

(b) The more complex the contract, the lower thailer's expected profit, butz,, .
is always better than, ..

(c) The more complex the contract, the lower theed&alized supply chain’s total
profits, but 7, ... is always better thanwz, ..

Consider the case wheb:=¢/ p=1:2, Observation 3 (a) (Observation 3 (b))
reveals that contract complexity can increase @#s®) the supplier’'s (retailer’s)
excepted profit. For example, there will be an @ase (a decrease) of 60.94% (39.06%)
when the supplier moves from a two-price contract tfive-price contract. Compared
with the simple contract, as the contract compjekitreases, the supplier's expected
profit increases but always lower tham, ;, and the retailer's expected profit decreases

but always higher thanz, .. More importantly, from Observation 3 (c), theiclathat

complex contracts with a finite humber of price ak® can optimize the decentralized
supply chain’s profit is flawed. The decentralizegpply chain’'s profit decreases by
19.20% when the supplier moves from a two-pricetremt to a five-price contract. A

similar analysis can be carried out for the casenwt:: = ¢/ p=1:3 (or T:=¢/ p=1:4).
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It is interesting to observe the changes in thelyughain efficiency (i.e.,1-¢(n))

relative to the supplier's normalized cost . Under simple contract (one-price contract),
the decentralized supply chain efficiency is a tams i.e., 1-¢(1) =75%, for the cases
when ¢:=¢/ p=1:2, 1-¢(1)=75%; when t:=¢/ p=1:3, and 1-¢(1) =75%; and when
C:=¢/p=1:4 (see Table 3). Similarly, it is easy to see ttmeg tlecentralized supply
chain efficiency is a constant, which is 100%, urtd®-price contract. Under three-price
contract, the decentralized supply chain efficieeghibits an increase of 0.33% when

the supplier’'s normalized cost moves froa=¢/ p=1:4 to ¢:=¢/ p=1:3, and an
increase of 0.59% when the supplier's normalizatiost moves fromc: = ¢/ p=1:3 to
C:=c¢/p=1:2 (see Table 3). The same observations under foce-prontract (or
five-price contract) are also revealed. As a resuthe decentralized supply chain
efficiency is strictly decreasing with referenceth® supplier's normalized cost under
complex contract with a finite number of price tkea(n=3,4,5). Proposition 5

characterizes theelationship between contract complexity and sumtigin efficiency
(see Table 3).

Proposition 5. (a) The supply chain efficiency is independenhefdupplier’s normalized
cost ¢ under simple contract and two-price contract; and
(b) under complex contract with a finite numberpoice breaks (=3,4,5), the

supply chain efficiencyl-g(n) depends on the supplier's normalized casand

increases with respect te.

Next, by comparing simple contract with complex contraatiitional insights into
the effect of the contract complexity on coordioatcontract are clearly observed from
Proposition 4 and Proposition 5. Compared with $ngontract, two-price contract can
achieve supply chain coordination, but it is nasible in practice because the retailer
extracts all profit under coordination. Supposet thee supplier's normalized cost is
T:=¢/ p=1:2. Then, the coordination contract’s efficiency &45% (82.91%, 80.80%)

under three (four, five)-price contract. This ingslithat coordination contract’s efficiency
decreases relative to the increase of contract ket We have the following
observation.

Observation 4. The increase of contract complexity does not irseethe coordination
contract’s efficiency, but will reduce double maugjization.

From Observation 4, both the supplier and thelsgtas a whole, are better off under the
complex contract. However, from Table 3, It is atdiserved that the contract designer
and the supply chain system do not necessarilyfibdfream a more complex contract.
When ¢:=¢/p=1:2 (C:=¢/ p=1:3,C:=¢/p=1:4 ), among the three-price contract,
four-price contract and five-price contract, theetiprice contract is better. It can capture
87.45% (86.88%, 86.53%) of the supply chain pr¥fie have the following observation.

Observation 5. Three-price contract (complex contract with two cgribreaks) is
sufficient for a general supply chain and it is fiereed in practice despite being
theoretically suboptimal.

74



The Optimal Contract Complexity for Coordination dfk@nisms of Supply Chain

Table 3: Optimal contract parameters and supplier, retaled supply chain profits under different contsact

Wi Wz Wins Wena Wes @, [o 30 Q, O, Deay T Tk 1-¢(n)
n=1 15 2500 1250 5%
n=2 20 10 0.5000 1000 0 5000 100%
c=112 n=3 20 16.46 1354 0.8228 354 646 2288 2085 87.45%
n=4 20 17.81 15.87 1413 0.8907 219 413 587 2425 1721 8291%
n=3 20 18.42 16.96 1562 1438 09209 158 304 438 562 2462 1578 80.80%
n=1 20 6667 3333 75%
n=2 30 10 0.3333 1333 0 13333 100%
=13 n=3 30 2275 1725 0.7583 483 850 6163 5418 86.86%
n=4 30 2547 2163 1837 0.8491 302 558 775 6489 4509 82.49%
n=>35 30 26.71 2377 21.16 18.83 0.8902 220 415 589 744 6577 4153 80.47%
n=1 25 11250 5620 75%
n=2 40 10 0.2500 1500 0 22500 100%
c=1:4 ‘n =3 40 2899 21.01 0.7247 550 949 10454 9015 86.53%
n=4 40 33.08 2736 22.63 0.8271 346 632 868 10970 7539 82.26%
n=35 40 34.95 30.54 26.68 2332 0.8737 252 473 666 834 11108 6959 80.30%

6. Conclusions and managerial insights

This study analyzes a two-tier supply chain comgsbf one supplier and one retailer.
The retailer procures seasonal products from tpelsr and sells these products to its
end consumers under Newsvendor environment. Thelisupoffers contracts with
different price breaks and determines the wholgszades and price blocks. Among these
contracts, the retailer chooses one and decidegjuhatity of items to buy from the
supplier. To the best of our knowledge, this stigdthe first to investigate the influence
of contract complexity on general supply chain damation in operation management. It
is clearly important to consider contract comphgss a factor in the coordination of the
contract design. From the study being carried wtiis paper, it was found that the claim
that complex contracts can optimize the supplipréfit in a decentralized supply chain
is flawed. This finding is consistent with the fing of Kalkanci et al. (2011). On the
other hand, although complex contracts do not apérthe decentralized supply chain’s
profit, they are better than simple contracts ia tontext of improving decentralized
supply chain’s performance, such as reducing theéldanarginalization loss.

The finding in this paper reveals the role thatt@mt complexity plays in the
coordination of the contract design, i.e., the gabf the contract complexity in the
general supply chain coordination. The results sliogt complex contracts with an
infinite number of price breaks can coordinate gbaeral supply chain and achieve the
win-win outcome under mild conditions. The findirggconsistent with that obtained by
Cachon (2003). It is also shown that the simpletreah and complex contracts with a
small number of price breaks do not coordinate ghpply chain, but the latter can
improve the performance of a decentralized suphbirc These analyses show that an
increase in contract complexity does not increbseefficiency of coordination contract.
This also analyzes the impact of supplier's nozedlicost on supply chain efficiency,
showing that the supply chain efficiency is indegmmt of the normalized cost of the
supplier under the simple contract and the doubif@epcontract setting. However, it
depends on the normalized cost of the supplierumaiger complex contract with n-price
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breaks fon=3,4,5. Finally, combined with theoretical predictiondaheanalysis being
carried out through numerical simulation, it is riduthat the contract designers and
supply chain systems do not necessarily benefin frelatively more complex contracts.
It also shows that the three-price contract (comglentract with two price breaks) is
sufficient for a general supply chain and it isfereed in practice, although theoretically
suboptimal.

The research in this paper still has some limitetidf the supplier and retailer in
this study are risk-neutral decision makers, it lobe of interest to consider their
behavioral preferences, including risk aversion lasd aversion. Therefore, studying the
impact of contract complexity on supply chain caoation with behavioral preference
will be potentially an important issue. Secondhiststudy does not consider the impact
of information asymmetry on the value of contracmgplexity. Thus, the role of
information asymmetry in contract design will alse a promising research direction.
Thirdly, this paper only studies the coordinationlgem between a single supplier and a
single retailer. In practice, a supplier often workith multiple retailers simultaneously.
Thus, the impact of contract complexity on coortiora of a general supply chain
consisting of one supplier and multiple retailendl e an important topic for future
research.
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