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Abstract 

In this paper, a novel mixed revenue-sharing option contract is introduced to coordinate a retailer-

manufacturer supply chain. A European call option mechanism and a revenue-sharing mechanism are 

combined to cover drawbacks of the classic contracts. The option can increase the profit of the chain 

and the revenue-sharing can reduce double marginalization effects. In addition, an instantaneous 

purchase and a shortage penalty mechanism are introduced. The proposed mixed contract is modeled 

through a game theoretic approach to examine several possible situations in order to obtain the order 

quantity of the retailer and the production quantity of the manufacturer in the Nash equilibrium. Also, 

both the retailer and the manufacturer are considered as the leader of the chain to recommend an 

appropriate contract conditions for various types of industries and markets. Finally, the best 

conditions for achieving the supply chain coordination are provided in different situations. Results 

also demonstrate that the mixed contract dominates a wholesale and a basic option contract. The 

proposed coordination mechanism is applied in a real fashion apparel supply chain in Iran and a 

comprehensive sensitivity analysis is implemented on some parameters of the contract to provide 

some managerial insights for the supply chain members.  

Keywords: Option contract; revenue-sharing contract; mixed revenue-sharing option contract; game 

theory; supply chain coordination; double marginalization.  

1. Introduction
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Supply management plays a remarkable role in a supply chain (SC) because it influences profit of 

members of the SC. Today’s fluctuating economies require considering uncertainties and risks 

associated with several parameters. Several types of risks have been identified threatening SCs from 

several resources while an appropriate risk hedging strategy mitigates the effects of them through 

following two stages: recognition of source of uncertainty in the network and individualization of the 

most correct way for reducing such level of uncertainty (Cucchiella & Gastaldi 2006). Risks in SCs 

have been classified from different points of view. Supply network design, supplier relationship, 

supplier selection process, supplier order allocation and supply contract are the most critical areas 

which risk hedging policies could be applied (Tang 2006). The current study focuses on the supply 

contract as a critical area in a SC since it can improve the profit of the whole SC.  

The supply contracts indicate the parameters (such as quantity, price, time and quality) for a supplier 

to satisfy the demand of a buyer (Gan et al. 2009). In other words, a supply contract is a coordination 

mechanism that provides incentives to all the parties so that the decentralized chain behaves as nearly 

or exactly the same as the integrated one (Tsay 1999). In traditional supply contracts, partners across 

the SC make decisions, independently, or make their decisions so that maximize their own profit. 

Both of these strategies can lead to local optimum solutions which may provide lower total profit for 

the SC (Bresnahan & Reiss 1985; Lee et al. 1997; Li et al. 2013; Corbett et al. 2004). Other issue 

which is created by local optimum decisions is double marginalization. It occurs if both parties charge 

a markup which will result a higher final retail price and a lower total demand in comparison with 

vertically integrated contracts. In contrast, SC coordination improves the profit of the SC. To achieve 

a perfect coordination, participants must work as a unified system. SC coordination could be achieved 

via several approaches including SC contracts, information technology, information sharing and joint 

decision making (Kanda & Deshmukh 2008). In this paper, the SC is coordinated via a supply 

contract.  

Several types of coordination contracts have been introduced in the literature. The basic contracts 

include buyback, revenue-sharing, and quantity flexibility on which other types of contracts are based 

(Chopra & Meindl 2007). In a revenue-sharing contract, the supplier sells products to the buyer at a 

low wholesale price and gets a fraction of revenue of the buyer instead. The concept of the revenue-

sharing mechanism is incorporated in the proposed contract in this paper. 

In addition to the common contracts listed above, option contract as another coordination mechanism 

has been recently introduced (Huang 2009; Zhao, Yang, et al. 2013; Gomez_Padilla & Mishina 2009; 

Burnetas & Ritchken 2005; Nomikos et al. 2013). The option contract is based on a financial 

derivative called an option. Large amount of uncertainties of prices in the financial markets has made 

the financial risk hedging tools the most powerful ones. Therefore, the option mechanism, as the most 

well-known financial derivative, is used as a supply contract in operations management. Two types of 

the option contracts are put and call options. A call option gives the holder of the option the right to 

buy an asset by a certain date at a certain price (Hull 2012). The important parameters of the option 
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contract are an expiration date (maturity) of the contract, an option price as a fee that the buyer pays 

for each purchased contract, and exercise price as the final price of the underlying commodities which 

the buyer will pay at the time of exercising. In a European option, the buyer could exercise the option 

only at the maturity of the contract. Unlike the financial options, which use the price feasibility as the 

condition of an option exercising, the real options use both the existence of demand and the price 

feasibility as the sufficient conditions of an option exercising. To mitigate the double marginalization 

effects, which could not be avoided by the option mechanism, a revenue-sharing mechanism is 

incorporated into the option mechanism. Moreover, two novel mechanisms are added to the basic 

definition of the contracts. The first one allows the retailer to purchase the extra products of the 

manufacturer in a higher price during the selling season. The second one fines the manufacturer if he 

cannot meet his commitments to the retailer.  

In this paper, a mixed mechanism is introduced which aims at coordination of a retailer-manufacturer 

SC. In the proposed framework, the demand and the price of the underlying commodity are assumed 

to be stochastic. In the proposed contract, the manufacturer charges a low exercise price and gets a 

fraction of the revenue of the retailer at the end instead. The coordination mechanism is modeled as a 

Stackelberg game in which the order quantity of the retailer and the production quantity of the 

manufacturer are strategies of the members. The Nash equilibrium of this game provides optimal 

strategies of the parties. Moreover, as the optimal strategies of the parties strongly depend on the 

leader of the chain, both the retailer-led and the manufacturer-led situations are modeled. The mixed 

coordination mechanism is applied in real-world case study. A fashion apparel SC is considered in 

which a company produces clothing (i.e., the manufacturer) and another company sells the products in 

the final market (i.e., the retailer). A hypothetical centralized SC is also investigated to show the 

perfect coordination situation. Moreover, a wholesale contract is applied to the SC to obtain a nadir 

solution for the coordination problem. The final results are compared with the centralized SC and the 

wholesale contract to evaluate the performance of the novel mixed contract. A number of sensitivity 

analysis are also implemented to validates the performance of the model and provide some managerial 

insight for decision makers.  

Remaining of the paper is organized as follows. In Section 2, a review of the literature in several types 

of contracts is presented. In section 3, the game theoretic model is presented in cases of the retailer-

led, the manufacturer-led, and the centralized SC. The mixed contract is analyzed in a real-world case 

study in fashion apparel sector in Section 5. A comprehensive sensitivity analysis is also implemented 

in this section and some concluding remarks and directions for future extensions are presented in the 

last section.   

2. Literature Review
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The critical role of the supply contracts in economic relations causes a new research stream in the SC 

management. Although several types of contracts are introduced in the body of literature in economic 

studies, few previous studies investigate the supply contracts within the SC settings. Review papers in 

supply contracts have categorized them from several points of view. Tsay et al. (1998) addresses a 

qualitative overview of several types of the contracts under the deterministic or stochastic demand. 

Also, Lariviere (1998) provides a quantitative analysis of various types of contracts when the demand 

is random. SC coordination conditions and the role of supply contracts to achieve coordination are 

addressed in Cachon (2003). Although all the basic contracts create some advantages for the parties, 

there are some shortcomings which may stimulate the parties to use wholesale contracts without any 

coordination mechanism. Therefore, hybrid contracts are proposed to remove the shortcomings of the 

pure basic contracts. In this regard, the literature review is divided to three following parts: option 

contracts, revenue-sharing contracts and hybrid contracts.  

2.1. The option mechanism 

Option mechanism as the most well-known financial derivative, has been recently utilized as a risk-

hedging contract in SCs. A growing number of studies have investigated it under different 

assumptions while in the most of them the SC is assumed to involve two echelons. Wang & Tsao 

(2006) introduce a single-period bidirectional option contract within which the retailer can increase or 

decrease the order quantity after the demand realization. They analyze the problem from the buyer’s 

perspective and show that their proposed contract can increase the profit of the buyer. A retailer-led 

option contract is modeled by Wang & Liu (2007) in which the retailer aims to indicate the upstream 

production quantity via the proposed contract. Their results show that the proposed contract improves 

profit of both parties of the SC. Jiao et al. (2007) model several types of uncertainties in a production 

environment of a flexible manufacturing system through an option contract. They model the uncertain 

demand as a stochastic process which is known as Geometric Brownian Motion. Another two-echelon 

SC is proposed by Gomez_Padilla & Mishina (2009) in which an option contract is used to coordinate 

the SC in two following cases: single supplier-single retailer and multiple suppliers-single retailer. 

Their results demonstrate improvement in profit of the chain as well as that of both parties. A 

cooperative game theory approach to the option mechanism is addressed in Zhao et al., (2010) within 

which the retailer and the manufacturer adopt the order and the production quantity, simultaneously. 

They utilize a wholesale mechanism as a benchmark for the proposed contract to select the best 

parameters in order to coordinate the chain by a negotiation mechanism. They find out that a higher 

negotiation power and less risk-aversion resulted more profit for the corresponding party. Wang & 

Chen (2013) propose a Stackelberg game framework to model an option contract in cases of 

centralized and decentralized SCs. They demonstrate that the model has a unique solution and the SC 

could not be coordinated through the option contract. In another study, Zhao, Ma, et al. (2013) 

introduce a bidirectional option contract as a risk hedging mechanism versus demand random 
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fluctuations. They attain a closed-form solution for the initial order and order exercising quantities. 

Another recent study on option contract is performed by Chen et al. (2014), which considered the risk 

preferences of parties within the SC. They investigate the effects of risk preferences on the optimal 

order and production decisions. Supplier disruption is another type of uncertainty threatening the SC. 

Xu & Nozick (2009) address a stochastic programming model for supplier selection coordinated with 

an option contract. They express that the option contract is appropriate for a fluctuating environment 

while it may cause extra costs, otherwise. Another application of the option contracts is introduced by 

Liang et al. (2012) who model a relief material SC by means of a special type of option contract. In 

their proposed framework, the option exercising condition is disaster occurrence whether it is 

profitable or not. They perform the option pricing through a binomial tree method. In a similar study, 

Wang et al. (2015) demonstrate that an option contract dominates both the pre-purchasing with 

buyback and instant purchasing with return policy in a humanitarian SC. 

2.2. The revenue-sharing mechanism 

Another basic contract considered in this paper as a complementary mechanism is revenue-sharing. A 

comprehensive study is accomplished by Cachon & Lariviere (2005), within which the benefits and 

shortcomings of a revenue-sharing contract are enumerated. They investigated the performance of a 

combination of a revenue-sharing mechanism with other basic contracts. Yao et al. (2008) model a 

two-echelon SC with one supplier and two competing retailers which are coordinated through a 

revenue-sharing contract. They utilize Bayesian Nash game to attain the equilibrium according to the 

demand variability and price-sensitivity factor. The results confirm the performance improvement by 

using the revenue-sharing contract in a competitive environment. Another study, which investigates 

the revenue-sharing mechanism to coordinate SCs, is performed by Linh & Hong (2009), where the 

revenue-sharing ratio and wholesale price are determined through a two-period newsboy problem. 

They find out that the wholesale prices are set to be lower than the retail prices and the optimal 

revenue-sharing ratio is increasing in the wholesale prices. A game theory approach is used by 

Palsule-Desai (2013) to model a novel revenue-dependent revenue-sharing contract to coordinate a 

SC wherein the actual revenue-sharing ratio depended on the quantum of revenue generated. They 

prove that the revenue-dependent contract is preferred to a revenue-independent one because of 

surplus gain could be achieved from revenue-dependency. A recent study on a two-way revenue-

sharing contract in a dual channel SC is performed by Xu et al. (2014) where all the members are 

assumed to be risk-averse. They demonstrate how risk preferences could change the parameters of the 

proposed coordination contract. The reader can find other studies in the revenue-sharing contract in 

Giannoccaro & Pontrandolfo (2004), Gerchak & Wang (2004), Wang et al. (2004), and Chakraborty 

et al. (2015). 

2.3. The combined contracts 
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Due to the drawbacks of the basic contracts, hybrid contracts have attracted attention of academicians 

and practitioners. Also, the coordination contracts could be combined with other contracts to increase 

the flexibility of the business relations. Here, we focus on the hybrid contracts which include option 

and revenue-sharing contracts. It is worth mentioning that a number of these studies have investigated 

a contract selection between different types of contracts. A wholesale-option contract is proposed by 

Xu (2010) while both of the supplier’s yield and market demand are assumed to be random. Also a 

similar study is performed by Buzacott et al. (2011) with supply and demand-side uncertainty while a 

mean-variance approach is considered instead of an expected value one. Xia et al. (2011) compare an 

option contract with a wholesale one. They find the disruption risk reduction as the most important 

strength of the option versus the wholesale contract. They demonstrate that the supplier with a higher 

disruption risk level provides more profit while profit of a reliable supplier depends on the contract 

type. A similar wholesale-option contract is addressed by Chen & Shen (2012) in which the order 

quantity of the retailer and the production quantity of the manufacturer are decided so that satisfy a 

service requirement. They mention that the expected profit of the retailer is non-increasing in the 

service requirement whereas the supplier’s expected profit is non-decreasing in it. Another mixed 

wholesale-option contract is proposed by Jörnsten et al. (2013) with similar assumptions and under 

random discrete demand condition. They demonstrate that the mixed contract is preferred to a pure 

option contract when the manufacturer had a bound on how much variance he/she is willing to accept 

and is risk-averse. The reader can find more studies considered the option and the wholesale contracts 

in Cheng et al. (2003) and Burnetas & Ritchken (2005). 

Unlike the previous studies, which considered option and wholesale contracts as components of the 

combined contract, following studies utilize other contracts for the combination. A vulnerable option 

contract is introduced by Babich (2006) in which both parties could postpone their decisions where 

the price is assumed uncertain and the demand is deterministic. They consider two competing 

suppliers while both of them may be disrupted. They, finally, investigate effects of suppliers’ default 

risk and competition on the key decisions of both parties. Alongside the option, forward is another 

financial derivative which might be combined with an option contract in SC management. Li et al. 

(2009) introduce a combination of a forward and an option mechanism in order to coordinate the SC 

under the demand and the price uncertainties. They assume an asymmetric information environment 

because of the closeness of the retailer to the market. A comparison between option contract and an 

advance price discount contract is performed in Liu et al. (2014). They investigate risk hedging and 

channel coordination through both of them while the manufacturer is loss-averse. Another mixed 

contract is proposed by Sarathi et al. (2014) who tries to coordinate the SC via a combined revenue-

sharing-quantity discount contract. They also assume that the demand is price sensitive and stock 

dependent. The reader is referred to Gerchak & Wang, (2004), Xiong, Chen, & Xie, (2011), Y. Xu & 

Bisi (2012), Zhang (2013) and Liu et al. (2013) to find other mixed contracts. 
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According to the presented comprehensive literature review, following drawbacks are extracted. In 

studies considered option contract, double marginalization issue has been neglected while the option 

contract cannot mitigate this effect. In addition, a game theory approach is not commonly used in 

previous studies. This point shows that a main side of the contract is neglected while it is not at all a 

realistic assumption. Although different situations are conceivable in the real SCs including retailer-

led, manufacturer-led, previous studies just considered one of them commonly, the retailer-led. Also, 

most of previous studies considered the price of the product as a deterministic parameter which is an 

unrealistic assumption. To cope with mentioned drawbacks, this paper proposes a mixed revenue-

sharing option contract.  

Remarkable novelties of this study could be summarized as follows. Firstly, a novel mixed contract is 

proposed for the first time consists of a revenue-sharing mechanism and a European call option 

mechanism. The option mechanism is used to coordinate the SC through increasing profit of the 

whole SC and the revenue-sharing is mainly used to mitigate the double marginalization effect. 

Therefore, the proposed mixed contract can dominate other option contracts. Secondly, a Stackelberg 

game framework is used to model the real-world situation in which the contract could be applied. 

Unlike the most of the previous studies, the production strategy of the manufacturer is adopted 

through the game. Thirdly, both possible situations including a retailer-led and a manufacturer-led SC 

are taken into consideration. The best strategy according to the preferences of the leader is indicated 

in each situation, which makes the application of the model wider. Fourthly, a novel instantaneous 

purchase and shortage penalty mechanisms are proposed to improve the performance of the contract. 

Instantaneous purchase occurs when the production quantity is greater than the order quantity and the 

instantaneous purchase is feasible for the retailer. Shortage penalty mechanism is used when the 

production quantity is less than the order quantity and the demand is greater than the production 

quantity. In this situation, the manufacturer should pay a penalty to the retailer. The shortage penalty 

forces the manufacturer to produce enough products to satisfy the market demand as much as 

possible. Finally, a real-world case study of a fashion apparel SC in Iran is considered to show the 

applicability of the mechanism.  

3. Decentralized supply chain

Considering conditions of the real world contracts, there are sequential positions for decision makers 

to indicate the production and the order quantities within the contract. Also, most of commercial 

organizations try to maximize their benefit regarding other participants in the contract. In other words, 

they indicate the production and order quantities taking other participants’ decisions into account. 

Therefore, a dynamic game theory approach has been used in order to model the proposed revenue-

sharing option contract, namely a Stackelberg game.  
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A two-echelon single product SC has been considered including a retailer and a manufacturer 

coordinated via a revenue-sharing option contract. The proposed SC tries to satisfy the random 

demand,  , with a cumulative distribution function     . Demand information is assumed to be 

symmetric. Notations that are used in the proposed mathematical model are introduced as follows: 

Parameters: 

  Unit market price of the underlying product which is a random variable with     and      

as the cumulative distribution function and the density function, respectively.  ̅ is expected 

value of the market price.  

w Unit price of the product in the instantaneous purchase mechanism 

b Unit shortage cost 

  Penalty of the manufacturer due to the lack of adherence to commitments 

r Fraction of revenue-sharing 

 Market demand of the underlying product which is a random variable with      and      as 

the cumulative distribution function and the density function, respectively 

e Unit exercise price of the option contract 

o Unit option price 

c Unit production cost 

 Unit salvage value of the product at the end of the contract 

  Wholesale price in the wholesale mechanism 

Variables: 

MQ Production quantity of the manufacturer 

Q  Order quantity of the retailer 

SQ Production quantity of the centralized SC 

There are some constraints which should be guaranteed to avoid trivial and unreasonable cases in the 

proposed contract. 1)       which prevents the manufacturer to arbitrage with the option, 2) 

      ̅        which avoids unreasonable situation in which the retailer prefers returning 

products and encountering with shortage rather than satisfying the market demand, 3)   ̅      

     which ensures that the participating in the contract is profitable for the manufacturer, 4) 

     ̅  which ensures that the retailer prefers to use option contract rather than the wholesale 

mechanism, 5)       avoids unreasonable cases in which the manufacturer prefers to sell the 

products in salvage value rather than satisfy the options purchased by the retailer, 6)       that 

prevents the retailer to use mainly the instantaneous purchase mechanism instead of option 

mechanism, 7) The probability density function of market demand is assumed to be downward 
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sloping (       ), 8) The probability of instantaneous purchase is assumed to be less than 0.5 which 

means      , and  9) All the cost coefficients are assumed greater than zero.  

The considered two-echelon SC might be a retailer-led or a manufacturer-led one. If the manufacturer 

has a unique product or technology, he will enjoy a monopolistic market. In this case, the 

manufacturer-led SC is used. On the other hand, as the markets become more customer-oriented, the 

power of the retailers becomes more. Therefore, nowadays, most of SCs are retailer-led and that is the 

reason why this case is modeled in this paper. The retailer-led SC and the manufacturer-led SC are 

taken into consideration in Sections 3.1 and 3.2, respectively. 

3.1. Retailer-led supply chain 

In this section, the market is assumed to be customer-oriented. Therefore, the retailer is considered to 

be the leader of the chain because of being closer to the market. The retailer adopts his order strategy, 

and then the manufacturer adopts his production strategy according to the retailer’s. Sequence of 

events in the proposed mechanism is as follows: firstly, the retailer, as the leader of the chain, decides 

the order quantity of options,  , and pays the option price, o, to the manufacturer. Secondly, the 

manufacturer decides the production quantity,   , according to the contract parameters and the order 

quantity of the retailer. Thirdly, after demand realization, the retailer exercises the purchased options 

at exercise price, e, according to the realized demand   and initially purchased options. Fourthly, in 

case of     , the retailer can purchase the extra products of the manufacturer, instantaneously, 

according to the realized demand quantity in price  . To do so, the retailer compares the possible 

losses from instantaneous purchase with lost sale. If instantaneous purchase is beneficial, the retailer 

will purchase the extra products of the manufacturer. Otherwise, the retailer will reject the extra 

orders of customers. In case of     , the retailer will exercise the options up to    and if     , 

the manufacturer should pay a penalty     for shortage. Fifthly, the manufacturer can sell the extra 

products to the market in salvage value  . In terms of revenue-sharing mechanism, the manufacturer 

sells the product at a lower exercise price in comparison with the classic option contract and the 

retailer pays a fraction of his revenue,  , to the manufacturer. It is worth mentioning that in financial 

markets, there are standard couples of the option price and the exercise price. Therefore, they are 

considered input parameters in this problem. It is also worth mentioning that two cases of     

and      are the initial assumption and the retailer or the manufacturer does not decide which case 

is used in decision making. According to the illustrated mechanism and dynamic game theory 

concepts, the utility function of the retailer is expressed in Eq. (1).  

       
    

    

   

  

  

        

      
        
 

*

*

((1 ) )min min , , min max ,0 ,max ,0

( ) ((1 ) )min max ,0 ,max ( ) ,0

max ( ),0 ( ) max min , ,0

R M M M

M

M M

r e Q Q oQ Q Q Q

Pr w b r w Q Q Q Q

b Q Q Pr w b b Q Q

(1) 



10 

The first term is the profit of selling the products to the market. Second term is initial price of the 

purchased options. The third one shows penalty of the manufacturer in case of shortage and     , 

which should be paid to the retailer. The fourth term is a summation of the profit of the retailer from 

instantaneous purchase and hid shortage when the instantaneous purchase is beneficial. The fifth term 

show shortage cost of the retailer in case of infeasibility of the instantaneous purchase. In addition, 

profit of the manufacturer is modeled as follows: 

       
      

   

   

    

  

       

         
     

 

( )min ,min , min max ,0 ,max ,0

( ) ( )min max ,0 ,max ,0 max ,0

( ) max min ,min , ,0

M M M M M

M M

M M

r e Q Q oQ cQ Q Q Q

Pr w b r w Q Q Q Q

Pr w b Q Q Q

(2) 

where the first term is a summation of the revenue of the manufacturer from option exercising and the 

fraction of retailer’s revenue which is shared with the manufacturer. The second term is the initial 

price of the purchased options. The third term is the production costs of products. The fourth term is 

the penalty of shortage in case of     . The fifth term is a summation of revenue from 

instantaneous purchase and salvage of extra products when the instantaneous purchase is beneficial 

and the last term illustrates the salvage value of extra products when the instantaneous purchase is not 

beneficial.  

As seen in Eq. (1) and Eq. (2), there are complicated terms such as    {    } which raise 

computational complexity of the model, significantly. Therefore, two cases are considered; 1) the 

manufacturer produces more than the order quantity of the retailer and 2) vice versa. Computational 

complexity of the problem could be decreased by this assumption and it divides the problem to two 

sub problems.  

In the retailer-led supply chain, firstly, the retailer decides the order quantity. Then, the manufacturer 

decides the production quantity so that satisfies the constraint      or      in each case. Also, 

in the manufacturer-led supply chain, the manufacturer decides the production quantity, firstly. Then 

the retailer decides the order quantity so that satisfies the constraints      or      in each case.  

3.1.1. Case 1:      

In the first case, the production quantity of the manufacturer is assumed greater than the order 

quantity of the retailer. According to the proposed coordination mechanism, the retailer can exercise 

whatever is necessary according to the realized demand up to initial purchased options. Sequence of 

events in the retailer-led supply chain in case of      is as follows: firstly, the retailer decides the 

order quantity of options. Secondly, the manufacturer decides the production quantity subject to the 

constraint     . Thirdly, after demand realization, the retailer exercises the purchased options. 

Fourthly, the retailer can purchase the extra products of the manufacturer, instantaneously, according 
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to the realized demand quantity. To do so, the retailer compares the possible losses from instantaneous 

purchase with lost sale. If instantaneous purchase is beneficial, the retailer will purchase the extra 

products of the manufacturer. Otherwise, the retailer will reject the extra orders of customers. Fifthly, 

the manufacturer sells the extra products to the market in a salvage value. In terms of revenue-sharing 

mechanism, the manufacturer sells the product at a lower exercise price in comparison with the classic 

option contract and the retailer pays a fraction of his revenue,  , to the manufacturer. According to the 

proposed coordination mechanism illustrated before, profit of the retailer as the leader is calculated in 

Eq. (3): 

   
      

   

*

* *

min , ( ) (1 ) min , ( )

min max ,0 ,max ( ) ,0 max ( ),0

( ) (1 ) min , max ,0

R M

M M

e Q oQ Pr w b r Q Q

w Q Q Q Q b Q Q

Pr w b r Q b Q

   

 

   

        


    


       
 

 (3) 

where the first and the second terms are exercising and initial ordering cost of options. Revenue of the 

retailer from selling the products to the market is expressed in the third and the sixth terms of the 

equation in two different events. In the case of profitability of instantaneous purchase with 

probability           , the retailer purchases extra products of the manufacturer according to 

the realized demand level at price w which its cost is mentioned in the fourth term. In the case of 

infeasibility of instantaneous purchase with probability            , the retailer does not use 

instantaneous purchase. The fifth and the seventh terms of the equation are shortage cost of the 

retailer in the two illustrated events, respectively.  

Additionally, profit of the manufacturer as the follower is expressed in Eq. (4): 

   
      

    

( ) min , ( ) (min , )

min max ,0 ,max ,0 max ,0

( ) ( min , ) max min , ,0

M M M M

M M

M

Q e Q oQ cQ Pr w b r Q

w Q Q Q Q

Pr w b r Q Q Q

   

  

    

       


    

     

 

(4) 

where the first and the second terms are the revenue from exercising the purchased options and initial 

price of them, respectively. The third term is the production cost. The fourth and the seventh terms of 

the equation are fractions of retailer’s revenue which are shared with the manufacturer according to 

the used revenue-sharing mechanism in two illustrated events for the retailer. The fifth term is the 

revenue from instantaneous purchase in the case of profitability, and finally, the sixth and the eighth 

terms are salvage value of extra products for the manufacturer in the two above mentioned events, 

respectively. Nash equilibrium is obtained from proposition 1. 

Proposition 1. In a revenue-sharing option contract with given        ,     , and 
  

   
 

  ̅  

 

while the retailer is leader of the chain, and let             : 
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I. Optimal order quantity of the retailer,   , is found from the solution of the following 

equation: 

*

*

( )
( (1 ) ((1 ) ))(1 ( )) (1 )((1 ) ) ( ) ( ) 0

M
MQ Q

e w r b F Q r w b Q Q dF o     


             

(5) 

where,   
     denotes optimal production strategy of the manufacturer which is a function of   and 

  
      

   
 

  
.   

  is resulted from Eq. (7). 

II. Let    
  be obtained from solving following equation: 

(1 )( )[1 ( )] ( ) [ ] ( ) (1 ) ( )
M M M M M M

r w F Q F Q Q Q f Q Q f Q c                (6) 

Optimal production quantity of the manufacturer is obtained from the following equation: 

  
  {

  
       

 

        
 (7) 

Proof. See Appendix A., 

Eqs. (5) and (6) in proposition 1 are the first-order optimality condition of the members’ profit 

function. These equations cannot be solved analytically. Therefore, achieving the Nash equilibrium of 

the game depends on solving these equations according to the real parameters and probability 

functions. To show applicability of this proposition, an exact solution of the problem addressed in the 

proposition 1 is presented here in which the market demand follows a uniform 

distribution         . The exact solution of Eqs. (5) and (6) according to this assumption is as 

follows:  

* (1 )( ) ( ) ( )

(1 )( ) 2M

r w d a Q c d a
Q

r w

   

  

      


   
 (8)

2 2 2

*

2 2

. .[2 ( )] ( )
X

d Z b a c d a o d a
YQ

X
Z

Y

   

 

     





 (9)

where  ,  , and   are defined as follows. This terms are used to simplify the Eq. (9). 

(1 )((1 ) ))X r w b       (10) 

2[ (1 )( ) 2 ]Y r w       (11) 
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(1 ) ((1 ) )Z e w r b         (12) 

According to this complicated results from the uniform distribution, which is the simplest distribution, 

more complex distributions need numerical analysis to solve the Eqs. (5) and (6).  

3.1.2. Case 2:      

This case illustrates default risk which may be caused by the upstream firm (e.g. the manufacturers or 

suppliers). Like the first case, revenue and cost terms of the profit of participants are expressed. But as 

the production quantity of the manufacturer is assumed to be less than order quantity of the retailer, 

instantaneous purchase is impossible in this case. Sequence of events in the retailer-led supply chain 

in case of      is as follows: firstly, the retailer decides the order quantity of options. Secondly, 

the manufacturer decides the production quantity subject to the constraint     . Thirdly, after 

demand realization, the retailer exercises the purchased options. Fourthly, the retailer will exercise the 

options up to    and if     , the manufacturer should pay a penalty     for shortage. Fifthly, the 

manufacturer sells the extra products to the market in salvage value. In terms of revenue-sharing 

mechanism, the manufacturer sells the product at a lower exercise price in comparison with the classic 

option contract and the retailer pays a fraction of his revenue,  , to the manufacturer. Therefore, profit 

equations are simpler than those of the first case. In addition, if the retailer exercises the purchased 

option more than   , the manufacturer will be penalized for the lack of adherence to the 

commitments. Eq. (13) shows the retailer’s profit: 

     
    

* *(1 ) min ( ), min ( ), max ,0

min max ,0 ,max

R M M M

M M

r Q Q e Q Q oQ b Q

Q Q Q

   

 

      

  
(13) 

where the first term is the revenue from the sold products. The second and the third terms are the 

exercise and the option price, respectively, and the last term is the shortage cost of the retailer due to 

the unsatisfied demand. Eq. (14) illustrates the manufacturer’s profit: 

     
    

min , min , max ,0

min max ,0 ,max

M M M M M

M M

r Q e Q oQ cQ Q

Q Q Q

    

 

      

  
(14) 

where the first term is the fraction of the retailer’s profit, which is paid to the manufacturer. The 

second and the third terms are revenue from option exercising and initial ordering, respectively. The 

fourth term is the production costs and the fifth one is the salvage value which is gained from selling 

the extra products. The last term is the shortage penalty for the manufacturer due to the lack of 

adherence to the commitments. Nash equilibrium of the dynamic game in this case is provided in 

proposition 2. 
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Proposition 2. In a revenue-sharing option contract with given        ,     , while the retailer is 

leader of the chain: 

I. Optimal order quantity of the retailer,   , is found from the following equation: 

* 1 o
Q F





  
  

 
(15) 

II. Let   
  be the solution of following equation: 

1

M

r e c
Q F

r e

 

  

    
   

   
 (16) 

Optimal production quantity of the manufacturer is calculated as follows: 

  
  {

  
       

 

        
 (17) 

Proof. See Appendix A., 

3.2. Manufacturer-led supply chain 

Unlike the previous section, the manufacturer could be the leader of the chain in many cases. In 

monopolistic markets where a company has a unique technology or product, manufacturer plays role 

of the leader. In addition, unlike the most of customer-oriented markets around the world, there are 

several cases without this strategy. Thus, current section investigates a manufacturer-led case of the 

proposed mixed contract via a Stackelberg game in which the manufacturer decides the production 

strategy, firstly, and the retailer decides the order strategy according to the production strategy of the 

manufacturer and the market situation.  

A general formulation of the profit of both parties has been presented in Eqs. (1) and (2). As 

mentioned before, because of computational complexity of these functions, the problem is divided 

into two cases including      and     . It is worth mentioning that the formulations of the two 

extracted cases are the same as those of the retailer-led SC.  

3.2.1.  Case 1:      

Profit functions for the manufacturer and the retailer are presented in Eqs. (3) and (4) when the 

production quantity of the manufacturer is greater than the order quantity of the retailer. Sequence of 

events in the manufacturer-led supply chain in case of      is similar to the sequence of the 

problem in the retailer-led supply chain except for the first two steps. In other words, the 

manufacturer firstly decides the production quantity. Then the retailer decides the order quantity 

subject to the constraint     . According to the dynamic game theory concepts, first, the retailer 
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problem is solved regardless of the strategy of the manufacturer, and then the manufacturer problem is 

solved according to the optimal strategy of the retailer. Nash equilibrium of the corresponding game is 

resulted proposition 3. 

Proposition 3. In a revenue-sharing option contract with given        ,     , and 
  

   
 

  ̅  

 
, 

where the manufacturer is leader of the chain, then: 

I. The optimal production strategy of the manufacturer    
  is obtained by solving the following 

equation: 

(1 )( )[1 ( )] ( ) [ ] ( ) (1 ) ( )
M M M M M M

r w F Q F Q Q Q f Q Q f Q c               (18) 

II. Let    be the solution of the following equation: 

 
1 1

(1 ) (1 )

o
Q F

e w r b  


 
   
      
 

 (19) 

The optimal order quantity of the retailer in Nash equilibrium is obtained from the following equation: 

   {
        

 

  
       

 (20) 

Proof. See Appendix B., 

Because Eq. (18) does not have a closed-form solution, to show the applicability of this model, a 

special case of this proposition is presented here. Like the case presented after proposition 1, the 

market demand is assumed to follow a uniform distribution         . According to this assumption, 

the exact solution of Eqs. (18) and (19) is as follows:  

*
* (1 )( ) ( ) ( )

(1 )( ) 2M

r w d a Q c d a
Q

r w

   

  

      


   
(21) 

 
1 ( )

(1 ) (1 )

o
Q d a a

e w r b  

 
     

      
 

 (22) 

Since Eq. (5), (6), and (18) do not represent an explicit solution for the strategies of the members, 

some more explanations are presented here. Because the profit functions for the propositions 1 and 3 

are the same, so the only factor that can make their solution different is the sequence of decision 

making. Eq. (5) could be restate as follows:  
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   

*

*

( )1
(1 )((1 ) ) ( ) ( )

1
(1 ) (1 ) (1 ) (1 )

M
MQ Q

r w b Q Q dFo
Q F

e w r b e w r b

  

     





    
 

    
            

 



 (23) 

A comparison between Eq. (23) and Eq. (19) shows the difference between the strategy of the retailer 

in two cases of the manufacturer-led and the retailer-led supply chain. The term 

             ̅     ∫   
   

  
      

                  ̅   
 in Eq. (23) is the difference between these two equations. This term is 

demonstrated to be positive in the proof of proposition 1. Therefore, because        is increasing the 

resulting order strategy will be greater in Eq. (23). This shows that the retailer orders more in the 

retailer-led supply chain. Table 2 is also shown the numerical evidence for this difference.  

Also, to explain the Eqs. (6) and (18) (which are similar), the role of each term is explained here. The 

first term shows the revenue coefficient of the manufacturer when the instantaneous purchase is used 

to provide the more products than the order quantity. The second, third and fourth terms are related to 

the salvage value of the extra products. In fact, these terms as a whole show the salvage value 

coefficient of the manufacturer. It is worth mentioning that the third term is positive which shows that 

in case of not using instantaneous purchase (coefficient     shows not using instantaneous purchase) 

the revenue from salvage value increases. On the other hand, the fourth term shows that the salvage 

decreases in the case of using instantaneous purchase (coefficient       shows using instantaneous 

purchase). The other side of the equation is the cost coefficient of each product. Therefore, Eqs. (6) 

and (18) express that the maximum profit of the manufacturer will result if two sides of these 

equations are equal. It is interesting that the regular sale of the products to the retailer does not have 

any effect to the decision making.  

3.2.2. Case 2:      

In this case, another situation is investigated in which the manufacturer produces less than the order 

quantity of the retailer. It seems to rarely happen because of the penalty that the manufacturer should 

pay for the lack of adherence to the commitment. On the other hand, according to the value of the 

parameters of the game, it may be feasible for the manufacturer to produce less than the order of the 

retailer. Sequence of events in the manufacturer-led supply chain in case of      is similar to the 

sequence of the problem in the retailer-led supply chain except for the first two steps. In other words, 

the manufacturer firstly decides the production quantity. Then the retailer decides the order quantity 

subject to the constrain     . 

Eqs. (13) and (14) show the profit functions of the retailer and the manufacturer in this situation, 

respectively. Similarly, in the manufacturer-led SC, firstly, optimal order quantity of the retailer is 
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indicated, and then optimal production strategy of the manufacturer will be calculated according to the 

retailer’s strategy.  Proposition 4 summarizes results of the game in this situation.  

Proposition 4. In a revenue-sharing option contract with given         and     , while the 

manufacturer is leader of the chain: 

I. Optimal production strategy of the manufacturer (  
 ) as the leader is obtained from 

following equation: 

* 1

M

r e c
Q F

r e

 

  

    
  

   
 (24) 

II. Let    be the solution of following equation: 

1 o
Q F





  
   

 
(25) 

Optimal order quantity of the retailer in Nash equilibrium is obtained from the following equation: 

   {
        

 

  
       

 (26) 

Proof. See Appendix B., 

The interesting point is independency of members’ strategies in this situation. It means that when 

production quantity of the manufacturer is less than order quantity of the retailer, optimal strategies 

are independent.  

3.3. Centralized supply chain 

The best coordination situation occurs when two parties of the SC behave like a centralized firm. In 

this regard, the corresponding payoff function is presented in Eq. (27). 

   ( ) min , max ,0
SC SC SC SC SC

Q Q cQ b Q       (27) 

The first term is the revenue from selling products to the market. The second term is the production 

costs and the last term is the shortage cost. Proposition 5 shows the optimal order and production 

quantity of the centralized SC.  

Proposition 5. In the proposed revenue-sharing option contracts with given        , under the 

assumption of a hypothetical centralized firm, the optimal strategy of the hypothetical centralized firm 

is calculated in the following equation: 

* 1

SC

b c
Q F

b





   
  

 
(28) 
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Proof. See Appendix C. 

3.4. Evaluation criteria 

Two evaluation criteria are presented here to show the beneficial performance of the revenue-sharing 

option contract. A wholesale contract and a basic option contract are the evaluation criteria whose 

descriptions are presented in this section.  

To evaluate the performance of the proposed revenue-sharing option contract, a wholesale mechanism 

is presented as a benchmark. In a wholesale mechanism, both parties decide their strategies, 

independently. In addition, the retailer buys products from the manufacturer in a wholesale price θ 

while is not given and is assumed to be a random variable with      and      as the cumulative 

distribution and the probability density functions, respectively. Payoff functions of the retailer and the 

manufacturer are presented in Eqs. (29) and (30). 

           min , max ,0
WR WR WR WR

Q Q Q (29) 

          min , max ,0
WM WM WM WM

Q cQ Q (30) 

In Eq. (29), the first term is the revenue from selling products to the market. The second term 

illustrates the wholesale price of the products paid to the manufacturer. The third and the fourth terms 

describe shortage cost and the salvage value of the extra products, respectively. In Eq. (30), the first 

term is the revenue from selling products to the retailer and the second term is the production costs. 

Also, the third and the fourth terms are the same as those in Eq. (29). Since the wholesale mechanism 

is thoroughly investigated in the literature, the optimal order and production quantities are    
  

   (
 ̅  

 ̅  
) and    

     (
   

   
), respectively (Zhao et al. 2010). See Appendix C for proof.

In addition to the wholesale contract, a simple option mechanism is also presented to evaluate the 

improvement resulted from the structural amendments in the proposed contract, it should be compared 

with the basic option mechanism. In the basic option contract, firstly, the retailer orders some 

products. In other words, the retailer purchases some call options and pays an option price. Then, the 

manufacturer produces exactly the order quantity of the retailer. In the selling season, the retailer 

exercises the purchased options according to the real market demand and pays an exercise price. 

Therefore, the production policy of the manufacturer is make-to-order, so the manufacturer never 

experience shortage during the horizon. Also, the retailer never has extra products because amount of 

option exercising is exactly equal to the real market demand. Since the order and the production 

quantity are equal in the basic option contract, only the order quantity of the retailer is decision 

variable. Considering all of these assumptions, the members’ profit functions are expressed as 

follows:  
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     Π .min , . .min , .max ,0R p Q x o Q Q x x Q      (31) 

   Π .min , . . .max ,0M Q x o Q c Q Q x       (32) 

In Eq. (31), the first term shows the income from selling the products in the final market. The second 

and the third terms are option and exercise price, which is paid to the manufacturer, and the last term 

is the shortage cost. In Eq. (32), the first and the second term are the exercise and option price. The 

third term is production cost and the last term is salvage value of the unexercised options. The optimal 

order quantity of the retailer in this problem is         
       

     
 , which has been calculated in 

previous studies (see Zhao et al., (2010) for proof). 

4. Case study

To demonstrate applicability of the proposed mixed contract, a fashion apparel SC in Iran is taken into 

consideration. In this industry, a manufacturer produces clothing. Type of clothing differs according 

to the season. Therefore, the selling season for each type is limited to a couple of months. In addition, 

a retailer is considered which sells the clothing to the final customers. For example, the retailer orders 

a number of warm clothing before the beginning of winter. The manufacturer adopts his production 

quantity and then produce before beginning of the winter. During the winter, the retailer exercises a 

number of them according to the realized market demand. Moreover, if the market demand exceeds 

the number of purchased options, the retailer can use the instantaneous purchasing. On the other hand, 

the manufacturer will be fined according to the shortage penalty mechanism if he produces less than 

the market demand. Table 1 shows the parameters of the mixed contract according to the real values 

in an apparel fashion industry in Iran for a particular type of clothing.  

Table 1. Value of parameters of the contract (prices and costs are in ten thousand Rials) 

Parameter Value Parameter Value 

Option price 2 Salvage value 5 

Exercise price 10 Penalty 5 

Exercise price (basic option contract) 14 Price of instantaneous purchase 20 

Market demand Uniform(10,20) Production cost 8 

Market price Uniform(16,26) Production cost (Wholesale) 10 

Market price (basic option and wholesale) Uniform(17,27) Revenue-sharing fraction 0.15 

Wholesale price 18 

The optimal order and the production quantity in the Nash equilibrium and corresponding profits of 

the retailer and the manufacturer are calculated. Table 2 shows Nash equilibrium of the Stackelberg 

game model for two cases of the retailer-led and the manufacturer-led SC. Without using the proposed 
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mixed contract, a wholesale mechanism can be an alternative. In addition, a basic option contract is 

presented to show that the modification applied on the option contract can improve the performance 

of the option mechanism. Optimal quantities for the hypothetical centralized SC, the wholesale 

mechanism, and the basic option contract are presented in Table 3.  

It is worth mentioning that the exercise price in the basic option contract is higher than that of the 

mixed contract because the basic option contract does not use revenue-sharing mechanism. 

Consequently, the market price of the basic option contract is higher than that of the mixed contract. 

This shows that the mixed contract decreases the double marginalization effect and increases the 

market demand in a long-term horizon. Also, production cost is higher in the wholesale mechanism in 

comparison with the option mechanism. This is a direct result of fast production in the wholesale 

mechanism because of lack of coordination.  

Table 2. Results of Stackelberg game 

Stackelberg (Retailer-led) Stackelberg (Manufacturer-led) 

                    

R M SC R M SC R M SC R M SC 

Profit 86.5 102.9 189.4 58.67 99.73 158.4 53.3 126.2 179.5 67.6 101.7 169.3 

Optimal 

Quantity 
18.6 18.6 - 16 16 - 10.63 10.63 - 17.71 17.71 - 

Table 3. Results of wholesale mechanism and centralized SC 

Option Only Wholesale Centralized SC 

Partners Total Partners Total Total 

R M SC R M SC SC 

Profit 81.48 85.61 167.09 56.69 77.15 133.84 301.09 

Optimal Quantity 18.57 18.57 - 12.5 17 - 16.52 

A comparison between results of the wholesale contract and several cases for the proposed mixed 

contract implies following findings:  

 In the case of the retailer-led SC, the retailer should adopt a lower order quantity in

comparison with the production quantity of the manufacturer to gain more profit (

    ). This strategy results in a remarkable improvement in the profit of the chain in 

comparison with the wholesale contract. Compared to the case of     , the profit of the 

manufacturer is improved remarkably, while the profit of the retailer is improved slightly. As 

the retailer take only his profit into account however much the profit of the manufacturer 

changes, he adopts the case of     , 
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 In the case of the manufacturer-led SC, the manufacturer should adopt a production quantity

which is greater than the order quantity of the manufacturer. The results in the table prove this

result in that the profit of the chain is increased in the case of  
 

  . Although, the 

manufacturer will choose the case of   
 

   if he aims at the SC coordination, he may 

choose the case of   
 

   because it improves his profit. Moreover, the case of   
 

   

improves the profit of all members and that of the chain in comparison with the wholesale

contract,

 The optimal order and the optimal production quantities are equal in the equilibrium of the

proposed mixed contract in most cases (see Table 2). This strongly depends on the value of

several parameters of the contract. Some of these parameters are investigated in the next

sections,

 A hypothetical centralized SC in table 3 shows the best coordination situation. All the

coordination mechanisms try to achieve the profit of the centralized SC as the positive ideal

solution. Therefore, a comparison between the profit of the centralized SC shows the real

performance of the coordination mechanism,

 All the cases in the mixed contract increases the profit of the whole SC in comparison with

the wholesale contract. This shows that the mixed contract can coordinate the SC,

 The basic option contract dominates the wholesale contract. This is a reliable reason for using

option mechanism in the mixed contract to coordinate the SC,

 The best situations occur in the retailer-led and the manufacturer-led supply chains

when     . Both of these cases dominates the basic option contract. This shows that use

of revenue-sharing, instant purchase, and penalty can improve the performance of the option

mechanism.

The option price    , the exercise price    , the revenue-sharing fraction    , the instantaneous 

purchase price     and the penalty of shortage ( ) are the most effective parameters of the mixed 

contract. Several experiments on these parameters are implemented to show the optimal behavior of 

the SC members under the different values of them. According to the results of the five situations 

illustrated in this paper, all of them could improve the profit of the SC in comparison with the 

wholesale mechanism.  

4.1. Option and exercise price 

An option price is an initial premium which the retailer pays to the manufacturer. Therefore, it can 

change the profit of both members and the whole SC. In addition, an exercise price is a final price of 

products at the exercise time of the contract. Also, summation of the option and the exercise price 

forms the final price of the product for the retailer. So, couple of option and exercise price could 

generate several option contracts with the same profit of the whole SC. This section aims to find the 
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couples of       which make a same profit. The experiment is designed on the best situations in each 

of which  
 

  . Figures (1) and (2) shows the results of the experiment. 

On the resulted surfaces, areas with the same color provide the same profit. Decision makers could 

select the best couple of       according to their preferences. In addition, a negotiation procedure 

could be effective to indicate the option and exercise price according to the negotiation power and the 

risk preferences. According to the surfaces presented in this section, option and exercise price are 

negatively correlated. Therefore, an increase in the option price and a decrease in the exercise price 

could provide a same profit for the SC.  

Figure 1. Profit of SC under different couples of      for a retailer-led chain and     . 

Figure 2. Profit of SC under different couples of      for a Manufacturer-led chain and      
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4.2. Exercise Price and revenue-sharing fraction 

The basic concept of a revenue-sharing contract is a reduction in the wholesale price by the 

manufacturer and sharing a fraction of the retailer’s revenue with the manufacturer. In an option 

contract, wholesale price is more than sum of the exercise price and the option price. The exercise 

price is characterized as the wholesale price in this paper. The main aim of this section is obtaining 

couples of the exercise price and the revenue-sharing fraction to provide the same profit for the SC. A 

surface of the profit of the SC for different values of       is plotted in figures (3) and (4) for two 

cases of     . 

Similarly, parts of the surfaces with the same color show couples of       which provide a same 

profit for the SC. According to the figures, the revenue-sharing fraction is negatively correlated with 

the exercise price. In other words, an increase in the revenue-sharing fraction along with a decrease in 

the exercise price could make a same profit for the SC. Therefore, decision makers in both parties 

could choose couples of       according to their risk preferences and negotiation power.  

Figure 3. Profit of SC under different couples of       for a retailer-led chain and      
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Figure 4. Profit of SC under different couples of      for a Manufacturer-led chain and 

     

Since the revenue-sharing mechanism decreases the wholesale price of the product for the retailer, it 

increases the profit of the retailer, directly. However, the retailer should pay a fraction of his revenue 

to the manufacturer to compensate the loss of the lower wholesale price. Moreover, the retailer could 

decrease the final price of the product for the customer. Therefore, according to the market 

mechanism which shows a negative correlation between the market price and the demand, the market 

demand rises by means of the revenue-sharing mechanism in a long-term horizon. In this paper, a 

short-term planning in a single period contract is performed while demand and price are assumed to 

be independent in short-term. This is a convincing reason for the both parties to use a revenue-sharing 

mechanism.  

Feasibility of using the revenue-sharing mechanism is obvious from the Figures 3 and 4. To show this 

fact, the surface should be projected on the plane with revenue-sharing fraction and profit of supply 

chain as its axes. In Figure 3, the supply chain profit have a peak, which does not occur in zero. It 

means that there is a value of revenue-sharing fraction that increases the supply chain profit in all the 

values of the wholesale price. Therefore, use of revenue-sharing is profitable. In Figure 4, A similar 

projection results in an incresing supply chain profit curve. In other words, a higher revenue-sharing 

fraction increases the supply chain profit. Therefore, the revenue-sharing mechanism is profitable to 

use.  

4.3. Instantaneous purchase price     

One of the main novelties of the proposed mixed contract is the instantaneous purchase during the 

selling season. An instantaneous purchase occurs when the market demand is greater than the order 

quantity of the retailer. But the necessary condition for the instantaneous purchase is      and price 

feasibility. Due to the effectiveness of the retailer-led SC under the condition     , a sensitivity 
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analysis is implemented on instantaneous purchase price in this case. Figure (9) shows the optimal 

strategy of the retailer and the manufacturer in the Nash equilibrium in different values of    . 

Figures (5) and (6) show the results of the experiment.  

Figure 5. Effects of instantaneous purchase price on the optimal strategy of SC members 

Figure 6. Effects of instantaneous purchase price on the profit of SC members and whole SC 

According to the diagrams, the optimal order quantity of the retailer will increase by an increase in   . 

Also, the production quantity of the retailer will decrease subject to constraint     . Unlike the 

previous illustrated situations, the optimal order and the production quantity in the Nash equilibrium 

are not equal in small values of  . It demonstrates a significant effect of   on the optimal strategies 

of the members. In fact, instantaneous purchase is a motivation for the manufacturer to produce more. 

On the other hand, if the instantaneous purchase price be small, the retailer will prefer to order less 

and use instantaneous purchase. Otherwise, the retailer will order more and according to the 

constraint     , both quantities will become equal. Also, profit of the whole SC will increase by an 

increase in   . In addition, the manufacturer prefers the retailer to order less and use the instantaneous 
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purchase while the retailer orders less in a lower  . Therefore, the manufacturer produces less in a 

higher  , but constraint      enforces the manufacturer to produce more. Accordingly, the 

manufacturer loses and the retailer profits off more in high values of  .  

4.4. Shortage Penalty     

Unlike the instantaneous purchase mechanism under condition     , a shortage penalty mechanism 

is considered under condition      with rate   . This mechanism will be used when the 

manufacturer produces less than the order quantity of the retailer. However, the manufacturer will be 

fined only if the market demand is higher than the production quantity. As illustrated before, the 

manufacturer-led SC could improve the profit of the chain in case of     . A sensitivity analysis is 

implemented on the penalty rate of this mechanism,  . It is obvious that the shortage of the retailer is 

different. Figures (7) and (8) illustrate this analysis for the optimal strategies and the profits.  

Figure 7. Effects of Shortage rate on the optimal strategy of SC members 

Figure 8. Effects of shortage rate price on the profit of SC members and whole SC 

As is clear in Figure (7), the optimal order and the production quantities are equal. It shows that the 

manufacturer as the follower tries to produce more than the order quantity of the retailer and 
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constraint      causes equality between two optimal strategies. In addition, the more the shortage 

rate, the greater the order quantity and the production quantity are resulted. The more order quantity 

causes greater shortage for the manufacturer which increases the profit of the retailer. Therefore, the 

increasing behavior is rational. Also, profit of the retailer, manufacturer, and whole SC are increasing 

in penalty rate, respectively as illustrated in Figure (8). Therefore, profit of the whole SC could be 

increased by an increase in   . Thus, this mechanism can coordinate the chain more efficiently by a 

greater value of   .  

5. Conclusion

SC coordination could be achieved with several mechanisms. One of the most well-known 

mechanisms is a coordination contract. Previous studies used revenue-sharing, quantity flexibility, 

buyback, and the option contract to coordinate SCs. All of them have several advantages and 

disadvantages. A mixed contract compensates drawbacks of the mentioned pure contracts. An option 

contract can coordinate the SC while it cannot mitigate the double marginalization effect. Therefore, 

in this paper, a mixed revenue-sharing option contract was introduced to reduce the double 

marginalization effects, which is created by the option mechanism, through the revenue-sharing 

mechanism in a retailer-manufacturer SC. In other words, the manufacturer sold products to the 

retailer at a lower exercise price and instead got a share of the revenue of the retailer. Apart from the 

conventional option mechanism, an instantaneous purchase and a shortage penalty mechanism were 

proposed to realize the contract more. Instantaneous purchase occurs when the manufacturer produces 

more than order quantity of the retailer. Under this assumption, a sufficient condition for using the 

instantaneous purchase is the price feasibility. A shortage penalty occurs when the production 

quantity of the manufacturer is less than the order quantity of the retailer and the manufacturer pays a 

penalty to the retailer for the lack of adherence to the commitments. The proposed mixed contract was 

modeled in both the retailer-led and the manufacturer-led SC settings. Stackelberg game was used to 

obtain the optimal order and the optimal production quantities in the Nash equilibrium in both of these 

cases.  

From the perspective of application, a case study of a fashion apparel SC in Iran was presented to 

show the real-world application of the proposed mixed contract. Finally, the best conditions for the 

SC coordination were identified in comparison with the centralized SC and the wholesale mechanism 

as a benchmark. Results showed that, in the case of the retailer-led SC, the retailer should order less 

than the production quantity of the manufacturer. On the other hand, in case of the manufacturer-led 

SC, the manufacturer should produces more than the order quantity of the manufacturer to raise the 

profit of the whole chain. In the latter case, the manufacture may choose to produce less than the order 

quantity to gain a higher profit. In addition, a comparison between the mixed contract and some 

solution criteria showed that the mixed contract dominates a wholesale and a basic option contract. 
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This demonstrated that the modifications applied on the option mechanism improved performance of 

the contract. A comprehensive sensitivity analysis on the option price, the exercise price, the revenue-

sharing fraction, the instantaneous purchase price and the shortage penalty rate was implemented for 

the best selected contracts. Couples of       and       were provided which made a same SC profit 

to choose the best couple according to the risk preferences and the negotiation power of the decision 

makers.  

Several research gaps are existed to be developed in the future studies. Firstly, a bargaining model 

could be developed to obtain the best parameters of the contract including the option price, the 

exercise price and the revenue-sharing fraction. Secondly, the social optimum points for the strategic 

games could be developed to maximize the total profit of the SC. Thirdly, unlike the previous studies 

and this paper, a multi-period selling season could be considered which needs using an American 

option mechanism. Finally, because the addressed problem contains a high level of complexity, 

developing some numerical methods including a heuristic, a metaheuristic or a hybrid one is a 

remarkable gap in this area.  

Appendix A: 

Firstly, we should provide the expected value of the retailer’s and the manufacturer’s profit in two 

cases of       and     . With some algebra, we obtain the expected values as: 
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Proof of proposition 1. We consider       and      as constraints in the problem. To obtain the 

Nash equilibrium of the Stackelberg game in the retailer-led SC, firstly, the optimal production 

quantity of the manufacturer is obtained. Secondly, the optimal production quantity is substituted in 

the retailer’s profit function, and thirdly, optimal order quantity of the retailer is calculated from the 

first order optimality condition. In this regard, firstly the constraints are ignored and then feasibility of 

the obtained solutions will be checked. To do so, the first order optimality condition provides the 

optimal production strategy of the manufacturer in the Nash equilibrium regardless of the order 

quantity. So, we have the first order derivative w. r. t.   : 
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In addition, the sufficient condition which is the second order optimality condition is as follows: 
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Since an explicit solution for the optimal production quantity of the manufacturer is not achievable, 

we have to present some reasonable inequalities to prove negativity of Eq. (A.6).   shows probability 

of not using the instantaneous purchase mechanism. It is reasonable to say that the instantaneous 

purchase mechanism occurs at less than half of the time (     ). In addition, the density function of 

the market demand is assumed to be downward-sloping (       ). With some algebra, the second 

term of Eq. (A.6) is strictly negative. Also, with some algebra, the condition 
  

   
 

  ̅  

 
 should be 

satisfied to achieve negativity of the whole expression. Since   is greater than 0.5, therefore, the 

recent condition transform to   ̅      . Under the presented conditions, Eq. (A.6) is strictly 

negative and solution of Eq. (A.5) is optimal value of the manufacturer’s profit function. 
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In terms of the retailer’s optimal order quantity, we have: 
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where   
      

   
 

  
. It is worth mentioning that existence of   

   in the profit function of the retailer 

shows interdependence of the optimal strategy of both parties. In order to approve that the obtained 

solution from Eq. (A.7) is the maximum profit, the second order optimality condition is provided here 

w. r. t.  : 
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Since       and       ̅       ,  (            (      ̅     ))      is 

negative. Also, as       is assumed negative, ∫   
     

  
           

    
      

   is negative and if we 

prove that its coefficient is positive, Eq. (A.8) will negative under the mentioned assumptions. In this 

regard, we should prove that       ̅      .       is probability of using instantaneous 

purchase mechanism by the retailer in the case of shortage. As the second term of Eq. (A.8) is 

multiplied by      ,  instantaneous purchase price has the price feasibility condition for the retailer 

which means that       ̅       (right hand side is profit from using instantaneous purchase 

and the left hand side is profit of facing shortage) and       ̅     , consequently.  In brief, we 

proved that both terms of the Eq. (A.8) are negative under the assumptions of the model. Therefore, 

Eq. (A.8) is strictly negative and solution of Eq. (A.7) is the optimal order quantity of the retailer.  

As is seen from Eq. (A.5) and Eq. (A.7), explicit general solutions for   
  and    could not be 

obtained. However, for a special distribution function for the demand, explicit solutions are found in 

section 5. Since the retailer, as the leader of the chain, decides his order quantity before the 

manufacturer, the manufacturer should produce more than the order quantity of the retailer according 

to     . In this regard, let   
  be the solution of Eq. (A.5) and    be the solution of Eq. (A.7). 

Therefore, the optimal production quantity of the manufacturer is obtained from Eq. (7).  

Proof of proposition 2. In the second case in which      and the retailer plays the role of the 

leader, firstly, the optimal production strategy of the manufacturer is obtained regardless of the order 

quantity of the retailer. In this regard, the first order derivative of the manufacturer’s profit (Eq. (A.3)) 

w. r. t.    is presented in the following equation: 
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In addition, the second order optimality condition is as follows to prove that the manufacturer’s profit 

function is concave: 
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It is assumed that      . Therefore,    . So,   ̅        and     ̅         (  )   

and the manufacturer’s profit function is strictly concave. 

In terms of the retailer’s optimal order quantity, the first and the second order derivatives of the 

retailer’s profit function (Eq. (A.4)) w. r. t.   are as follows:  
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Because    , the retailer's profit function is strictly concave, obviously. Therefore, the provided 

quantity of   in Eq. (A.11) is the optimal order quantity (        
   

 
 ). In addition, result of the 

first order optimality condition in Eq. (A.9) is the optimal production quantity which is   
  

    
  ̅      

  ̅      
 . However, the feasibility of   

  should be checked according to the constraint   
 

  . 

Because the retailer is the leader of the chain, obtained    is the optimal order quantity, but the 

optimal production quantity of the manufacturer could be found from Eq. (17). 

Appendix B: 

Proof of proposition 3. This proposition is related to the manufacturer-led SC. In this regard, to 

provide the optimal quantities in the Nash equilibrium of the Stackelberg game, firstly, the optimal 

order quantity of the retailer is obtained. Secondly, it is substituted in the manufacturer’s profit 

function. Thirdly, the optimal production quantity of the manufacturer is obtained. It is worth 

mentioning that the problem will be solved regardless of the constraint       and then the 

feasibility of the obtained solutions will be checked.  

In order to provide the optimal order quantity of the retailer, the first and the second order derivatives 

of the retailer’s profit function (Eq. (A.2)) w. r. t.   are as followings: 
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Since       and      ,             . In addition, as it is assumed that       ̅  

      and      . So,         ̅       . Therefore, the second order derivative of the 

retailer’s profit function is negative and it is strictly concave. Consequently, the solution of Eq. (B.1) 

(         
 

                  ̅   
 ) is the optimal order quantity of the retailer after checking the 

feasibility. 

To obtain the manufacturer strategy, the first and the second order optimality conditions are checked 

w. r. t.    as followings: 
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Proof of the negativity of Eq. (B.4) is similar to the proof of negativity of Eq. (A.6) in proposition 1. 

Therefore, Eq. (B.4) is strictly concave and solution of Eq. (B.3) is the optimal production quantity of 

the manufacturer in the Nash equilibrium. In order to check feasibility of the provided optimal 

quantities, constraint       should be guaranteed. To do so, the optimal production quantity of the 

retailer is provided through solving Eq. (B.3) while there is not any explicit form for   
 , obviously. 

As the manufacturer is the leader, the optimal order quantity of the retailer should be compared with 

the optimal production quantity of the manufacturer. Therefore,    is provided from Eq. (20).  

Proof of proposition 4. As seen in Eq. (15) and Eq. (16), the optimal strategies of the manufacturer 

and the retailer in the Nash equilibrium are independent. Therefore, proof of the optimality conditions 

for proposition 4 is as the same as proposition 2. On the other hand, as the manufacturer is the leader 

of the chain in this situation, the manufacturer decides his strategy before the retailer. In this regard, 

optimality condition       should be checked to provide the optimal order quantity of the retailer. 

To do so,    is obtained from Eq. (26).  

Appendix C: 
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Proof of optimal order and production strategy of wholesale mechanism. In this mechanism, the 

retailer’s and the manufacturer’s strategies are independent. Therefore, the optimal strategy for each 

of them should be provided and optimality conditions should be checked. 

Firstly, the expected values of Eq. (29) and Eq. (30) are obtained in the following equations: 
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where     and     are the retailer’s order and the manufacturer’s production quantities, 

respectively. To obtain the optimal value of the order quantity of the retailer, the first and the second 

order derivatives w. r. t.     are provided in the following equations:  
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 (C.4) 

It is obvious that   ̅   . Therefore,    ̅      . Accordingly, the second order derivative of the 

retailer’s profit function is strictly concave. Therefore, the solution of the Eq. (C.3) is the optimal 

retailer’s order quantity which has been obtained as    
      

 ̅  ̅

 ̅  
 . 

To obtain the optimal production quantity of the manufacturer, the first and the second order 

derivatives w. r. t.     are expressed in the following equations: 
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Since   ̅   , therefore,    ̅      . Therefore, the second order derivative of the manufacturer’s 

profit function is negative and Eq. (C.2) is strictly concave. So, solution of Eq. (C.5) as     
  

    
 ̅  

 ̅  
  is the proven optimal production quantity of the manufacturer. 
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Proof of proposition 5. Firstly, the expected value of profit function of the hypothetical centralized 

SC has been presented in the following equation: 

0
( ( )) ( ) ( ) ( ) ( )

SC

SC SC

Q

SC SC SC SC SCQ Q
E Q dF Q dF cQ b Q dF     

  
      

 
    (C.7) 

In terms of the hypothetical centralized SC, to obtain the optimal quantity, the first and the second 

order derivatives of Eq. (C.7) are presented in the following equations: 

( ) ( ) 0SC
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b c b F Q
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 (C.9) 

Since  ̅    and    ,    ̅            . Accordingly, the second order derivative of the profit 

function of the hypothetical centralized SC is negative and Eq. (C.7) is strictly concave while it is 

sufficient optimality condition. Finally, the solution of Eq. (C.8) (   
      

 ̅    

 ̅  
 ) is the proven 

optimal quantity. It is worth mentioning that the profit of the whole SC, which is used within the text, 

is summation of the retailer’s and the manufacturer’s profit functions. As both of them have been 

proven that are concave in all cases and summation of two concave functions are concave, therefore, 

the SC profit function in all cases is a concave function.  

References 

Babich, V., 2006. Vulnerable Options in Supply Chains : Effects of Supplier Competition. Naval Research Logistics (NRL), 
53(7), pp.656–673. 

Bresnahan, T.F. & Reiss, P.C., 1985. Dealer and manufacturer margins. Rand Journal of Economics, 16, pp.253–268. 

Burnetas, A. & Ritchken, P., 2005. Option Pricing with Downward-Sloping Curves : The Case of Supply Chain Demand 
Options. Management Science, 51(4), pp.566–580. 

Buzacott, J., Yan, H. & Zhang, H., 2011. Risk analysis of commitment–option contracts with forecast updates. IIE 

Transactions, 43(6), pp.415–431. Available at: http://www.tandfonline.com/doi/abs/10.1080/0740817X.2010.532851 
[Accessed July 21, 2013]. 

Cachon, G.P., 2003. Supply Chain Coordination with Contracts. In Handbooks in Operations Research and Management 

Science: Supply Chain Management. North-Holland, pp. 1–126. 

Cachon, G.P. & Lariviere, M.A., 2005. Supply Chain Coordination with Revenue-Sharing Contracts: Strengths and 

Limitations. Management science, 51(1), pp.30–44. 

Chakraborty, T., Chauhan, S.S. & Vidyarthi, N., 2015. Coordination and competition in a common retailer channel: 

Wholesale price versus revenue-sharing mechanisms. International Journal of Production Economics, 166, pp.103–
118. Available at: http://www.sciencedirect.com/science/article/pii/S0925527315001255. 

Chen, X., Hao, G. & Li, L., 2014. Channel coordination with a loss-averse retailer and option contracts. International 

Journal of Production Economics, 150, pp.52–57. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0925527313005549 [Accessed March 16, 2014]. 

Chen, X. & Shen, Z.-J. (Max), 2012. An analysis of a supply chain with options contracts and service requirements. IIE 

Transactions, 44(10), pp.805–819. Available at: 
http://www.tandfonline.com/doi/abs/10.1080/0740817X.2011.649383 [Accessed May 3, 2013]. 

Cheng, F. et al., 2003. Flexible Supply Contracts via Options. New York: IBM TJ Watson Research Center, Working Pa. 



35 

Chopra, S. & Meindl, P., 2007. Supply Chain Management: Strategy, Planning, and Operations Third., Upper Saddle River, 
New Jersey: PEARSON-Prentice Hall. 

Corbett, C.J., Zhou, D. & Tang, C.S., 2004. Designing Supply Contracts: Contract Type and Information Asymmetry. 

Management Science, 50(4), pp.550–559. Available at: 

http://mansci.journal.informs.org/cgi/doi/10.1287/mnsc.1030.0173 [Accessed May 26, 2013]. 

Cucchiella, F. & Gastaldi, M., 2006. Risk management in supply chain: a real option approach. Journal of Manufacturing 

Technology Management, 17(6), pp.700–720. Available at: 
http://www.emeraldinsight.com/10.1108/17410380610678756 [Accessed April 7, 2014]. 

Gan, X., Sethi, S.P. & Yan, H., 2009. Channel Coordination with a Risk-Neutral Supplier and a Downside-Risk-Averse 

Retailer. Production and Operations Management, 14(1), pp.80–89. Available at: 
http://doi.wiley.com/10.1111/j.1937-5956.2005.tb00011.x. 

Gerchak, Y. & Wang, Y., 2004. Revenue-Sharing vs. Wholesale-Price Contracts in Assembly Systems with Random 

Demand. Production and Operations Management, 13(1), pp.23–33. 

Giannoccaro, I. & Pontrandolfo, P., 2004. Supply chain coordination by revenue sharing contracts. International Journal of 

Production Economics, 89(2), pp.131–139. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0925527303000471 [Accessed March 24, 2014]. 

Gomez_Padilla, A. & Mishina, T., 2009. Supply contract with options. International Journal of Production Economics, 

122(1), pp.312–318. Available at: http://dx.doi.org/10.1016/j.ijpe.2009.06.006 [Accessed May 3, 2013]. 

Huang, M.-G., 2009. Real options approach-based demand forecasting method for a range of products with highly volatile 

and correlated demand. European Journal of Operational Research, 198(3), pp.867–877. Available at: 

http://linkinghub.elsevier.com/retrieve/pii/S0377221708008254 [Accessed October 20, 2013]. 

Hull, J.C., 2012. Options , Futures and other derivatives 8th ed., PEARSON EDUCATION INTERNATIONAL. 

Jiao, Y.-Y., Du, J. & Jiao, J.R., 2007. A financial model of flexible manufacturing systems planning under uncertainty: 

identification, valuation and applications of real options. International Journal of Production Research, 45(6), 

pp.1389–1404. Available at: http://www.tandfonline.com/doi/abs/10.1080/10298430600677479 [Accessed April 20, 
2013]. 

Jörnsten, K. et al., 2013. Mixed contracts for the newsvendor problem with real options and discrete demand. Omega, 41(5), 

pp.809–819. Available at: http://linkinghub.elsevier.com/retrieve/pii/S030504831200206X [Accessed August 20, 
2013]. 

Kanda, A. & Deshmukh, S.G., 2008. Supply chain coordination: Perspectives, empirical studies and research directions. 

International Journal of Production Economics, 115(2), pp.316–335. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0925527308001904 [Accessed March 19, 2014]. 

Lariviere, M., 1998. Supply chain contracting and co-ordination with stochastic demand. In Quantitative Models for Supply 
Chain Management. Dordrecht: Kluwer Publisher. 

Lee, H.L., Padmanabhan, V. & Whang, S., 1997. Information distortion in a supply chain: The bullwhip effect. Management 
Science, 43, pp.546–548. 

Li, H., Ritchken, P. & Wang, Y., 2009. Option and forward contracting with asymmetric information: Valuation issues in 

supply chains. European Journal of Operational Research, 197(1), pp.134–148. Available at: 

http://dx.doi.org/10.1016/j.ejor.2008.06.021 [Accessed May 3, 2013]. 

Li, X., Li, Y. & Cai, X., 2013. Double marginalization and coordination in the supply chain with uncertain supply. European 

Journal of Operational Research, 226(2), pp.228–236. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0377221712008120 [Accessed August 1, 2013]. 

Liang, L., Wang, X. & Gao, J., 2012. An option contract pricing model of relief material supply chain. Omega, 40(5), 
pp.594–600. Available at: http://dx.doi.org/10.1016/j.omega.2011.11.004 [Accessed August 20, 2013]. 

Linh, C.T. & Hong, Y., 2009. Channel coordination through a revenue sharing contract in a two-period newsboy problem. 

European Journal of Operational Research, 198(3), pp.822–829. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0377221708009569 [Accessed April 10, 2014]. 

Liu, C. et al., 2013. Solutions for flexible container leasing contracts with options under capacity and order constraints. 

International Journal of Production Economics, 141(1), pp.403–413. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S092552731200401X [Accessed July 22, 2013]. 

Liu, Z. et al., 2014. Risk hedging in a supply chain: Option vs. price discount. International Journal of Production 

Economics, 151, pp.112–120. Available at: http://linkinghub.elsevier.com/retrieve/pii/S0925527314000334 [Accessed 
March 29, 2014]. 

Nomikos, N.K. et al., 2013. Freight options : Price modelling and empirical analysis. Transportation Research Part E, 51, 
pp.82–94. Available at: http://dx.doi.org/10.1016/j.tre.2012.12.001. 

Palsule-Desai, O.D., 2013. Supply chain coordination using revenue-dependent revenue sharing contracts. Omega, 41(4), 

pp.780–796. Available at: http://linkinghub.elsevier.com/retrieve/pii/S0305048312001880 [Accessed March 20, 



36 

2014]. 

Partha Sarathi, G., Sarmah, S.P. & Jenamani, M., 2014. An integrated revenue sharing and quantity discounts contract for 

coordinating a supply chain dealing with short life-cycle products. Applied Mathematical Modelling. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0307904X1400050X [Accessed April 11, 2014]. 

Tang, C.S., 2006. Perspectives in supply chain risk management. International Journal of Production Economics, 103(2), 

pp.451–488. Available at: http://linkinghub.elsevier.com/retrieve/pii/S0925527306000405 [Accessed March 24, 
2014]. 

Tsay, A.A., 1999. The Quantity Flexibility Contract and Supplier-Customer Incentives. Management Science, 45(10), 
pp.1339–1358. 

Tsay, A.A., Nahmias, S. & Agrawal, N., 1998. Modeling supply chain contracts: A review. In Quantitative Models for 
Supply Chain Management. Dordrecht: Kluwer Publisher. 

Wang, C. & Chen, X., 2013. Option contracts in fresh produce supply chain with circulation loss Abstract : Purpose : The 

purpose of this paper is to investigate management decisions via option. Journal of Industrial Engineering and 
Manageme, 6(1), pp.104–112. 

Wang, Q. & Tsao, D., 2006. Supply contract with bidirectional options: The buyer’s perspective. International Journal of 

Production Economics, 101(1), pp.30–52. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0925527305001313 [Accessed August 20, 2013]. 

Wang, X. et al., 2015. Pre-purchasing with option contract and coordination in a relief supply chain. International Journal of 
Production Economics. Available at: http://www.sciencedirect.com/science/article/pii/S0925527315001838. 

Wang, X. & Liu, L., 2007. Coordination in a retailer-led supply chain through option contract. International Journal of 

Production Economics, 110(1-2), pp.115–127. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0925527307000850 [Accessed October 20, 2013]. 

Wang, Y., Jiang, L. & Shen, Z.-J., 2004. Channel Performance Under Consignment Contract with Revenue Sharing. 

Management Science, 50(1), pp.34–47. Available at: http://pubsonline.informs.org/doi/abs/10.1287/mnsc.1030.0168 
[Accessed March 20, 2014]. 

Xia, Y., Ramachandran, K. & Gurnani, H., 2011. Sharing demand and supply risk in a supply chain. IIE Transactions, 
43(August 2013), pp.451–469. 

Xiong, H., Chen, B. & Xie, J., 2011. A composite contract based on buy back and quantity flexibility contracts. European 

Journal of Operational Research, 210(3), pp.559–567. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S037722171000651X [Accessed March 24, 2014]. 

Xu, G. et al., 2014. Coordinating a dual-channel supply chain with risk-averse under a two-way revenue sharing contract. 

International Journal of Production Economics, 147, pp.171–179. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0925527313004179 [Accessed October 1, 2014]. 

Xu, H., 2010. Managing production and procurement through option contracts in supply chains with random yield. 

International Journal of Production Economics, 126(2), pp.306–313. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S0925527310001283 [Accessed August 20, 2013]. 

Xu, N. & Nozick, L., 2009. Modeling supplier selection and the use of option contracts for global supply chain design. 

Computers & Operations Research, 36(10), pp.2786–2800. Available at: 

http://linkinghub.elsevier.com/retrieve/pii/S0305054808002657 [Accessed April 2, 2013]. 

Xu, Y. & Bisi, A., 2012. Wholesale-price contracts with postponed and fixed retail prices. Operations Research Letters, 

40(4), pp.250–257. Available at: http://linkinghub.elsevier.com/retrieve/pii/S016763771200048X [Accessed March 
29, 2014]. 

Yao, Z., Leung, S.C.H. & Lai, K.K., 2008. Manufacturer’s revenue-sharing contract and retail competition. European 

Journal of Operational Research, 186(2), pp.637–651. Available at: 
http://linkinghub.elsevier.com/retrieve/pii/S037722170700224X [Accessed April 10, 2014]. 

Zhang, Y., 2013. Characterization of a risk sharing contract with one-sided commitment. Journal of Economic Dynamics 

and Control, 37(4), pp.794–809. Available at: http://linkinghub.elsevier.com/retrieve/pii/S0165188912002266 

[Accessed February 28, 2014]. 

Zhao, Y., Yang, L., et al., 2013. A value-based approach to option pricing: The case of supply chain options. International 

Journal of Production Economics, 143(1), pp.171–177. Available at: http://dx.doi.org/10.1016/j.ijpe.2013.01.004 
[Accessed May 3, 2013]. 

Zhao, Y. et al., 2010. Coordination of supply chains by option contracts: A cooperative game theory approach. European 

Journal of Operational Research, 207(2), pp.668–675. Available at: http://dx.doi.org/10.1016/j.ejor.2010.05.017 

[Accessed February 28, 2013]. 

Zhao, Y., Ma, L., et al., 2013. Coordination of supply chains with bidirectional option contracts. European Journal of 

Operational Research, 229(2), pp.375–381. Available at: http://dx.doi.org/10.1016/j.ejor.2013.03.020 [Accessed May 
3, 2013]. 




