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ABSTRACT 

A typical revenue sharing contract defines priori only wholesale price and revenue sharing 

percentages. The supply chains dealing with rapidly changing short life span products face 

high demand uncertainty. The performance can be increased if downstream members share 

capacity reservation or quantity allocation risk of the upstream member. Typical revenue 

sharing contract fails to motivate the members and requires the inclusion of prior-

commitment from the downstream members and penalties for compliance purposes. The 

analysis about the design, implementation and implications of such revenue sharing 

contracts with prior commitments has not received considerable attention of researchers in 

existing studies.  

In this research, we proposed a revenue-sharing contract with prior-commitments and two-

way penalties in order to facilitate the manufacturer to optimize production capacity 

allocation decisions in a supply chain facing stochastic and price-independent demand. 

Short life span and long manufacturing lead-time of the product requires the manufacturer 

to allocate and produce prior to the selling season. In order to motivate the manufacturer to 

allocate enough capacity, the proposed contract induces the retailers to share capacity 

investment risk of the manufacturer by making prior commitments about expected order 

quantities in upcoming selling season. The inclusion of under-purchase and over-purchase 

penalties ensures that the commitment level of each retailer is not too low or too high. The 

manufacturer has to allocate and produce quantity for each retailer in response to the 

commitment level with flexibility of re-allocation before delivery. Under-supply penalty is 

introduced to ensure product availability during selling season and also to compensate the 

shortage loss of the retailers if the manufacturer fails to supply committed quantity. The 

uncertainty of the demand and invisibility of allocated quantity makes it difficult for the 

retailer to find optimum level of commitment; however, manufacturer’s allocation decision 

can reach optimality in all scenarios. The proposed contract is flexible and allows any 

agreed-upon profit sharing percentages among the members. The study examines quantity 

allocation trend of the manufacturer at various levels of commitments from the retailers 

using numerical analyses. This study also investigates the effect of demand variability, 

commitment level and profit sharing percentages on performance of the supply chain.  

The proposed contract is then extended to examine the effect of demand correlation 

between the retailers via numerical experiments. The quantity allocation trend of the 

manufacturer at various levels of commitments from the retailers and coordination 

performance of the proposed contract is examined at various levels of commitments, 

revenue sharing percentages and demand correlation. The analyses show that the proposed 

contract with inclusion of prior-commitments, two-way penalties and reallocation of pre-

allocated quantities, achieves high coordination efficiency and outperforms the typical 

revenue sharing contract at all levels of demand variability and demand correlation 

between the retailers. 

The proposed revenue sharing contract with prior commitments and two-way penalties can 

be extended for a general supply chain comprising multiple retailers facing uncertain 
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demands and a manufacturer having limited capacity. Furthermore, stochastic and price-

sensitive demand at retailers and the consideration of competitor’s product are other 

interesting extensions. 

Keywords: Supply chain management, revenue sharing contract, two-way penalties, 

commitment-penalty, quantity reallocation, supply chain coordination 
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CHAPTER 1 

1                                                       INTRODUCTION 

1.1 Research Background 

A supply chain is a network comprising multiple interrelated firms intended to fulfill the 

demand of a specific market segment. The individual objectives of the participants of the 

decentralized supply chain are often in conflict with other members as well as with overall 

objectives of the supply chain (Hou et al., 2009). Various coordination mechanisms have 

been proposed to align and synchronize the individual objectives of the stakeholders. The 

purpose of coordinating a supply chain is to motivate the members to share required 

information with other members in order to optimize overall performance of the supply 

chain which ultimately increases individual profits. Depending on the level of cooperation 

and information sharing among the participants, the supply chains are divided into 

centralized and decentralized supply chains. The centralized supply chains are the supply 

channels in which required information is accessible to a centralized decision maker who is 

responsible to optimize the overall profit of the supply chain (Chen and Xiao, 2009). 

Contrary to centralized supply chain, the members of the decentralized supply chain tend 

to achieve individual objectives and do not share private information with other members 

of the supply chain due to lack of trust and conflicting individual objectives (Pezeshki et 

al., 2013a).  

Supply chain management refers to the coordination among the members of the supply 

chain and is said to be achieved when individuals share required information with other 

members of the supply chain. Supply chain management is quite popular and has been 

attentive for many researchers and practitioners in recent years (Chen et al., 2010). The 

growing supply chain management literature has established the fact that the coordination 

among the members of the supply chain eliminates double marginalization as well as 

ensures Pareto optimal solution (Van Der Rhee et al., 2010; He et al., 2009; Feng et al., 

2013). However, the members of a decentralized supply chain are reluctant to cooperate as 

sharing private information without proper agreement can harm individual profit 

maximization. Various types of agreements have been proposed to persuade the members 

to coordinate and share required information with other members of the supply chain by 

assuring Pareto optimal solution for the supply chain. The mechanisms adopted to align 

and synchronize the individual objectives of the members with overall objectives of the 

supply chain are named as coordination mechanisms (Katok and Pavlov, 2013). Supply 

chain coordination using contracts is one among the proposed coordination mechanisms. 

Several types of supply chain contracts have been proposed in existing works based on 

feasibility and desirability of the contract parameters. The popular among the proposed 

supply chain contracts can be categorized into revenue sharing, buyback, quantity 

flexibility, wholesale price, commitment-penalty and sales rebate.  

The supply chain contracts of revenue sharing type in which downstream members 

purchase commodities at a pre-defined wholesale price and share a specific percentage of 

the revenue with upstream members on product sale got considerable attention to 

coordinate various supply chains due to its flexibility, risk sharing, ease of application and 

acceptability (Hou et al., 2009; Palsule-Desai, 2013). The coordination contract based on 

revenue sharing policy is a valuable modification in price only contract with added 

advantages of risk sharing among the members and minimum effect of double 

marginalization. This is due to the fact that under price-only contract arrangement, the 

manufacturer provides goods to the retailer at a specific wholesale price which is at least 
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equal to the marginal cost of the product with no share in profit as well as no risk for the 

quantity being delivered to the retailer. In such a scenario, the manufacturer wants the 

retailer to order more quantity. On the other hand, the retailer would prefer to order less 

than the average demand in order to minimize the risk of unsold inventory which 

ultimately leads to double marginalization. However, under revenue sharing contract 

arrangement, the manufacturer delivers required quantity to the retailer at wholesale price 

lower than the marginal cost of the product and in return receives a pre-defined percentage 

of the revenue from the retailer. In this way, manufacturer shares the risk of unsold 

inventory with the retailer which motivates the retailer to order more quantity to meet final 

demand. 

The implementation of revenue sharing contract has been the focus of many researchers in 

existing supply chain coordination studies. For instance, Yao et al. (2008a) discussed 

revenue sharing contract to coordinate a decentralized supply chain comprising one 

manufacturer and two competing price-setting retailers facing stochastic demand. Zhang et 

al. (2012) proposed revenue sharing contract for a supply chain comprising one 

manufacturer and two retailers facing demand disruptions. Chen et al. (2011) studied the 

coordination of a vertically separated supply chain facing price and shelf-space sensitive 

demand under the arrangement of revenue sharing with consignment contract. Chen et al. 

(2010) proposed risk and profit sharing coordination mechanism for a supply chain of 

fashionable product with retailer facing highly uncertain and price sensitive demand. Linh 

and Hong (2009) studied the coordination of the supply chain using revenue sharing 

contract with single and two-buying opportunity models in two-period newsboy problem. 

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

supply chain of movie industry for two-periods and extended the implications of the 

proposed contract for multiple periods setting. Çanakoğlu and Bilgiç (2007) analyzed a 

profit sharing contract to coordinate a two stage supply chain facing technology dependent 

demand for multiple periods. Feng et al. (2013) studied a revenue sharing with reliability 

and two-round profit allocation contract for a supply chain comprising more than two 

stages.  

The rapid changes in technology and fashion remarkably shortened the selling life spans of 

technological and fashionable products (Linh and Hong, 2009). The supply chains of such 

products face highly uncertain demands (Xu et al., 2013). One main challenge in 

coordinating such supply chains is to optimize advance capacity procurement decision of 

the manufacturer in order to fulfill highly uncertain demand in upcoming selling season as 

long manufacturing lead time of the products requires the manufacturer to procure capacity 

in advance (Erkoc and Wu, 2005; Chen et al., 2010; Reimann, 2011). The lack of proper 

compensation for unutilized capacity may lead the manufacturer to procure less capacity in 

order to minimize the risk of over-investment (Özer and Wei, 2006). Contrary to the 

manufacturer, the retailers want the manufacturer to reserve more capacity in order to 

minimize the risk of unfulfilled demand (Mathur and Shah, 2008). The retailers can 

persuade the manufacturer to invest more in capacity by making prior commitments about 

expected quantity to be purchased in upcoming selling season (Pezeshki et al., 2013b). 

However, the retailers can commit more than the expected demand to minimize the risk of 

shortage. On the other hand, inclusion of under-purchase penalty for the retailers may lead 

to a scenario of under-commitments from the retailers (Tang and Kouvelis, 2014).  

Motivated from the above presented research limitations for rapidly changing short life 

cycle products, this research develops a model for a supply chain consisting of one 

manufacturer and two retailers facing stochastic and price independent demand. In our 
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research, the retailers are motivated to make prior commitments about expected quantities 

to be purchased prior to the quantity allocation decisions of the manufacturer. The actual 

order quantity of each retailer is assumed to be exactly equal to the realized demand so can 

be less or greater than the prior commitment level of the retailer which subjects the retailer 

to penalties of under-purchase and over-purchase, respectively. The introduction of 

penalties restricts the retailer to commit about the expected demand. After receiving 

commitment levels confirmation from the retailers, the manufacturer allocates and 

produces a specific quantity for each retailer. The manufacturer’s allocated quantity for the 

retailer can be less or more than the commitment level of the retailer and manufacturer has 

to pay under-supply penalty if the manufacturer fails to fulfill demand within the 

commitment level of the retailer. As the allocated quantities are invisible to the retailers, 

the manufacturer can re-allocate the pre-allocated quantities after receiving confirmed 

orders from the retailers. The ultimate target of the proposed contract is to induce the 

retailers to share production quantity decision risk of manufacturer.  

1.2 Problem Statement 

The supply chains dealing with products having short life span face highly volatile market 

demands. The long manufacturing lead time of the product requires the manufacturer to 

produce in advance. The motivation of this study is to address the issues related to quantity 

allocation decision of the manufacturer in a supply chain facing highly uncertain demand 

of a short selling life-span product. The risk related to quantity allocation decision of the 

manufacturer is two-way: (1) the risk of over-production with no proper compensation, and 

(2) the risk of profit loss due to unfulfilled demand, i.e., shortage. Without proper 

compensation, the manufacturer may prefer to produce less than the expected demand in 

order to minimize the risk of over-production. The retailers on the other hand would prefer 

the manufacturer to produce more quantity and are willing to make prior commitments 

about expected quantity to be purchased, however, can commit more than the expected 

demand to avoid shortage. These contradictory individual objectives may lead to double 

marginalization effect. The double marginalization can be eliminated through coordination.  

In order to do so, the retailers should be encouraged to commit close to the expected 

demand, i.e., not too low or too high. On the other hand, the manufacturer should also be 

induced to produce sufficient quantity to meet final demand. In details, the retailers should 

be encouraged to commit more but at the same time, over-commitment should be 

discouraged to avoid over-production at the manufacturer. In addition, the incentives 

should be offered to the individual who take risk either in committing more (the retailer) or 

in producing more than the commitment level (the manufacturer), if the risk taken by the 

individual helps to meet final demand. These objectives can be achieved by the inclusion 

of incentives and penalties; however, inclusion of penalty clauses in basic supply chain 

contracts has not received considerable attention in existing studies. Frascatore and 

Mahmoodi (2008) proposed long-term and penalty contract in order to ensure enough 

capacity reservation and showed that the inclusion of penalty increases the profit potential 

of the supply chain. The introduced penalty is one-way which the manufacturer has to pay 

to compensate the shortage loss of the retailers. Gan et al. (2010) studied commitment-

penalty contract to coordinate a drop shipping supply chain in an environment of 

asymmetric demand information. The purpose of the contract is to reveal truthful demand 

information from the retailer and to minimize the risk of under-stock at supplier. Mathur 

and Shah (2008) proposed commitment and two-way penalties contract in a supply chain 

of one supplier and one manufacturer facing highly uncertain demand of short life cycle 

technological product. The supplier needs to build capacity prior to the realization of actual 
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demand. The manufacturer motivates the supplier to build sufficient capacity by including 

under-supply penalty to avoid sales loss due to under-investment in capacity. Pezeshki et 

al. (2013b) investigated revenue sharing contract with penalty in order to coordinate 

capacity building and price decisions of a dyadic supply chain facing stochastic and price-

sensitive demand of a short life span fashionable product. Thien et al. (2015) studied a 

revenue sharing contract with inclusion of prior commitments and two-way penalties for a 

supply chain comprising one manufacturer and a retailer facing stochastic demand. Most of 

the proposed contracts in literature are designed for one retailer; however, usually the 

manufacturer has to deal with multiple retailers facing either independent or correlated 

demands to fulfill the demand of a specific market segment. Furthermore, as 

manufacturer’s allocated quantities are invisible to the retailers, the reallocation of pre-

allocated quantities after receiving confirmed orders is natural and should be considered. 

The above limitations are the motivation for this study in which retailers are allowed to 

order more or less than the prior commitment levels with appropriate penalties to ensure 

that the confirmed order quantities of the retailers are exactly equal to the realized 

demands. On the other hand, the manufacturer is motivated to produce more quantity by 

introducing under-supply penalty and reallocation of pre-allocated quantities to minimize 

the risk of over-production due to the fact that the extra allocated quantity to a retailer can 

be reallocated to other, if required, and vice-versa. 

In this research, we proposed a revenue sharing contract with prior commitments and two-

way penalties in which each retailer makes prior commitment about expected quantity to 

be purchased prior to the quantity allocation decision of the manufacturer. The penalties of 

over-purchase and under-purchase are introduced to induce the retailers to commit not too 

low or too high. The manufacturer then allocates and produces a specific quantity for each 

retailer in response to the prior commitment levels of the retailers. The quantity allocation 

decision of the manufacturer mainly depends on expected demand and commitment level 

of the retailer. The retailers then confirm order quantities with the manufacturer after 

realizing the actual demands. The actual order quantities of the retailers can be less or 

greater than the prior commitment levels which subject the retailers to under-purchase and 

over-purchase penalties, respectively. The supply quantity of the manufacturer can also be 

less than the prior commitment level of the retailer which subjects the manufacturer to 

under-supply penalty. The inclusion of under-supply penalty is to compensate the potential 

loss of the retailer due to shortage if the available quantity allocated from the manufacturer 

is less than the prior commitment level of the retailer. It is important to mention here that 

the available quantity for each retailer is at least equal to the quantity allocated to that 

retailer and through reallocation only extra pre-allocated quantity can be given to other 

retailers, if required, after receiving confirmed orders from all the retailers.  

1.3 Objectives of the research 

The main objective of this research is to develop mathematical model of a revenue sharing 

contract to facilitate the manufacturer in determining optimal allocated quantities for 

retailers in a supply chain comprising one manufacturer and two retailers facing uncertain 

demand of a short life span product. The following specific objectives will be 

accomplished in order to achieve inherent main objective of this study. 

 To develop mathematical model of a revenue sharing contract with prior 

commitments, two-way penalties and reallocation of pre-allocated quantities  

 To determine optimal allocated quantities for the retailers 
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 To examine quantity allocation trend of the manufacturer at various levels of 

commitments from the retailers  

 To investigate the effect of various parameters such as demand variability, revenue 

sharing percentages and commitment level of the retailers on individual profit of 

the manufacturer, individual profits of the retailers, overall profit of the supply 

chain and coordination performance of the proposed contract  

The proposed model is then extended to investigate the effect of demand correlation 

between the retailers. The following specific objectives will be accomplished to examine 

the effect of demand correlation via numerical experiments. 

 To develop mathematical model of the proposed revenue sharing contract using 

joint probability density function of demand 

 To examine the effect of commitment levels of the retailers on quantity allocation 

trend of the manufacturer at various levels of demand correlation between the 

retailers  

 To investigate the effects of various parameters such as commitment levels and 

revenue sharing percentages on individual profit of the manufacturer, individual 

profits of the retailers, overall profit of the supply chain and coordination 

performance of the proposed contract at various levels of demand correlation 

between the retailers 

1.4 Scope of the research 

The focus of this research is to facilitate the manufacturer in determining optimal allocated 

quantities using a specific type of revenue sharing contract. The proposed contract is 

implemented in a two stages supply chain comprising one manufacturer and two retailers. 

The retailers face uncertain demands and are induced to commit about the expected order 

quantity prior to quantity allocation decision of the manufacturer in order to share the 

capacity investment risk of the manufacturer. In response, the manufacturer allocates and 

produces a specific quantity for each retailer prior to the realization of actual demands. The 

manufacturer can reallocate the pre-allocated quantities after receiving confirmed orders 

from the retailers with the constraint that only extra allocated quantity can be transferred to 

the other retailer, if required, and vice-versa. Furthermore, the retailers have only one 

opportunity to order and there is no consideration of competitor product along with 

unlimited capacity of the manufacturer.  

1.5 Organization of the dissertation 

The organization of this dissertation is as follows. The first chapter presents a brief 

background of supply chain management and supply chain contracts with main focus on 

the studies presenting design and implementation of revenue sharing contract. The 

statement of the problem, research objectives and scope of the research are also presented 

in chapter 1. The second chapter is about the review of the literature related to supply chain 

management, supply chain coordination using contracts, revenue sharing contracts and 

potential gaps in literature. Chapter 3 presents mathematical model of the revenue sharing 

contract with commitment and two-way penalties in all possible scenarios for a supply 

chain comprising one manufacturer and two retailers facing stochastic and price-
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independent demands. The examination of the proposed contract via numerical 

experiments is also presented. The study is then extended to analyze the effect of demand 

correlation between the retailers using numerical analysis in chapter 4. In chapter 5, we 

summarize and conclude the findings of our research along with some recommendations 

for future work. 
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CHAPTER 2 

2                                               LITERATURE REVIEW 

Supply chain management refers to the cooperation and coordination among the members 

of the supply chain in order to establish an efficient flow of information, resources and 

material in supply network. In supply chain management, various coordination 

mechanisms have been examined to help coordinate the members. Basic purpose of any 

coordination mechanisms is to ensure Pareto optimal solution for the supply chain by 

motivating the members of a supply chain to cooperate and share required information 

with other members of the supply chain (Van Der Rhee et al., 2010; Katok and Pavlov, 

2013). The coordination of supply chains through supply chain contracts is quite popular 

and has been discussed comprehensively in literature (Chen et al., 2010). A variety of 

supply chain contracts have been designed and implemented as a tool to coordinate 

numerous supply chains. In general, supply chain management literature categorizes 

existing supply chain contracts into price-only, buyback, revenue sharing, quantity 

flexibility, sales rebate, commitment contracts, etc.  

A supply chain in which members of the supply chain share required information with 

other members and follow the decisions of a centralized decision maker is known as 

centralized supply chain (Chen and Xiao, 2009). The centralized decision maker acquires 

required information and is responsible to optimize the overall performance of the supply 

chain. Conversely, the members of a decentralized supply chain neither cooperate nor 

share required information with other members to help maximize overall profit of the 

supply chain, they rather tend to optimize individual objectives which are often conflicting 

(Zou et al., 2008). The conflicting individual objectives of the members might lead to 

double marginalization effect which ultimately leads to an inefficient supply chain. Supply 

chain contracts have been discussed in literature to coordinate decentralized supply chains 

by motivating the members to cooperate and share required information with other 

members of the channel. The implementation of supply chain contracts induces the 

participants to maximize overall performance of the supply chain rather than maximizing 

individual profits. A brief review of literature related to various types of contracts, 

implementation and implications in various supply chain coordination problems is 

presented in next section.  

2.1 Review on supply chain coordination with contracts 

Supply chain contracts are used to ensure coordination among the members of a 

decentralized supply chain in order to maximize supply chain performance in general, 

though the members tend to optimize individual objectives. Coordination among the 

members of a decentralized supply chain helps to improve supply chain performance (Hou 

et al., 2009) and is assumed to be established when individual objectives of the members 

synchronize with overall objectives of the supply chain (Chen and Xiao, 2009). The 

examination of design, implementation and implications of supply chain contracts have 

been the focus of supply chain coordination studies in recent years. The basic purpose of 

coordinating a supply chain is to induce the members to cooperate and share required 

information with other members of the supply chain in order to optimize individual as well 

as overall profit of the supply chain (Van Der Rhee et al., 2010). The coordination 

challenges of the decentralized supply chains vary from one supply chain to another due to 

the difference in structure, demand type and market situation (Bei-lin et al., 2010).  
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Supply chains facing demand uncertainties are unable to achieve optimal solutions under 

traditional contract arrangement due to the fact that the retailer usually order fewer than 

average demand to avoid the risk of over-purchase without considering the impact of her 

decision on manufacturer’s profit. On the other side, the manufacturer also prefers to 

produce less quantity to minimize the risk of over-production. The tendency of minimizing 

individual risks leads to double marginalization which ultimately decreases individual as 

well as overall profit of the supply chain. For example, under traditional price-only 

contract, the manufacturer sets wholesale price of the product and in response retailer 

determines the order quantity prior to the realization of actual demand (Lariviere and 

Porteus, 2001). The retailer would prefer to order less quantity to avoid over-purchase 

which may leads to shortage, i.e., sales loss. 

Coordination among the members of the decentralized supply chain can be achieved by 

designing and implementation of an appropriate contract. Various types of supply chain 

contracts have been discussed to help coordinate the decentralized supply chains by 

building trust among the members to share required information (Giannoccaro and 

Pontrandolfo, 2004). The contracting powers of the members in the supply chain play an 

important role in coordination and need to be considered during design and implementation 

of the contract. The firm with higher market power usually acts as a Stackelberg leader and 

offer contract to other firms. The other firms acts as followers and accept, reject or 

negotiate on terms and conditions of the contract. Finally, the terms and conditions of the 

contract are finalized with the consent of all members before the start of the contracting 

period. Various types of contracts like, buyback, quantity flexibility, revenue sharing, 

whole sale price, commitment penalty, sales rebate have been discussed in literature 

(Eppen and Iyer, 1997; Tsay and Lovejoy, 1999; Lee et al., 2000; Cachon, 2003; 

Giannoccaro and Pontrandolfo, 2004; Wang et al., 2004; Cachon and Lariviere, 2005). A 

brief review of popular contracts is presented in subsequent part of this section. 

Supply chain contract in which supplier let the retailers to sell back unsold inventory at 

predefined price, usually less than the purchase price of the retailers, is known as contract 

with return policy or buyback contract. Buyback contracts are commonly implemented to 

motivate the retailers to order enough quantities in fashion, computers, apparel, toys and 

other highly uncertain demand industries (Sana, 2013). Return or buyback policies are also 

quite popular in supply chains of books, medicines, newspapers and other perishable 

commodities (Pasternack, 1985). Furthermore, Wu (2013) examined the impact of return 

policy on wholesale price, order quantity and retail price in duopoly of two manufacturers 

to one retailer supply chains under competition and concluded that the members can 

achieve higher profits through the implementation of return policy as compare to no-return 

policy. Zhou and Li (2007) discussed return policy for coordinating the order quantity 

decision in a supply chain of one manufacturer and a retailer facing uncertain demand of a 

short life span product. The manufacturer can encourage the retailer to order coordinated 

quantity to achieve optimal solution through adjustment in return price. Chen and Bell 

(2011) investigated buyback contract to coordinate a decentralized supply chain of one 

manufacturer and a retailer facing price dependent demand with customer returns. 

Additionally, retail price and order quantity decisions have to be made by the retailer 

knowing the fact that per unit buyback prices of unsold inventory and returned products are 

different. Babich et al. (2012) studied a buyback contract for a supply chain comprising 

one supplier and a retailer with asymmetric demand distribution information. Devangan et 

al. (2013) studied rational buyback contract for a supply chain facing demand influenced 

by inventory level. Xiao et al. (2010) also investigated manufacturer buyback and 

consumer returns policy to coordinate a supply chain comprising one manufacturer and a 
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retailer facing consumer returns. Furthermore, buyback or return policies have also been 

proposed to help coordinate the decisions of a retailer and backup supplier in a supply 

chain where main supplier face disruptions and unable to fulfill demand requirements (Hou 

et al., 2010).  

Price-only or wholesale price contracts are the one in which supplier decides about the 

wholesale price of the product and in response buyer confirms about order quantity. 

Typical price-only agreements are inefficient in coordinating supply chains as the contract 

allow the members to seek individual optimization which leads to double marginalization 

and hence, an inefficient supply chain (Lariviere and Porteus, 2001; Li et al., 2013). The 

comparisons of wholesale price contract with other contracts have also been discussed 

extensively. For example, the comparison of price-only contract with revenue sharing 

contract in competing supply chains by Zhao and Shi (2011), with revenue sharing contract 

under different channel powers by Pan et al. (2010), with revenue sharing contract in 

assembly systems by Gerchak and Wang (2004) and with buyback contract in two-period 

supply chain by Zou et al. (2008).  

Commitment-penalty contracts induce the supplier to reserve enough capacity in response 

to prior commitment of the buyer who faces an uncertain demand (Frascatore and 

Mahmoodi, 2008); Durango-Cohen and Yano, 2006). Capacity reservation or advance 

purchase with suitable payback contracts are also used to reveal truthful demand forecast 

information in asymmetric demand information scenario (Özer and Wei, 2006).  Similarly, 

commitment-penalty contracts are used in drop-shipping supply chains to induce the 

retailer to reveal truthful demand forecast information as retailer’s over-estimated forecast 

can lead to over-production which ultimately harm the profit of the manufacturer (Gan et 

al., 2010). Sales rebate contract is another type of contract that can help coordinate the 

supply chain. Sales rebate is simply a payment from supplier to the retailer based on sales 

(Taylor, 2002). The sales rebate types include linear rebate, in which rebate is paid for each 

unit sold, and target rebate, in which rebate is paid only for the units sold beyond the target 

level (Chiu et al., 2011). Wong et al. (2009) studied sales rebate contract to coordinate a 

supply chain with VMI. Chan and Lee (2012) coordinated one vendor and multiple buyers 

supply chain by synchronization of production and ordering cycles using price discount 

contract. Leng and Zhu (2009) coordinated a supply chain comprising one manufacturer, 

one dominating retailer and other fringe retailers facing demand disruptions using linear 

quantity discount and wholesale price contract.  

Many other contracts such as bidirectional option contract (Zhao et al., 2013), two-part 

tariffs (Ingene and Parry, 1995), sharing risk and profit (Corbett et al., 2005; Çanakoğlu 

and Bilgiç, 2007; Sheu, 2011; Kunter, 2012) have also been discussed in supply chain 

coordination literature. The modifications in basic contracts are made as per the 

requirements in order to achieve better coordination among the members which leads to 

overall performance optimization instead of individual profit maximization. The summary 

of the literature review on supply chain coordination using contracts is presented in Table 

2.1. 
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Table 2.1 Review on supply chain coordination with contracts 

Authors Research problem 
Type of 

contract 

Supply chain 

Structure 
Highlights/Contributions 

Limitations/Assumpt

ions 

Hou et al. 

(2009) 

To coordinate a supply chain 

of one manufacturer and a 

retailer in which retailer’s 

profit is sensitive to 

manufacturer’s lead time 

Revenue 

sharing 

and 

bargaini

ng 

One 

manufacturer 

and a retailer 

-Studied coordination of a 

supply chain comprising a 

manufacturer who’s inventory 

level effects lead time which 

ultimately effects profit of the 

retailer 

-Implemented revenue sharing 

contract with bargaining 

- Unlimited inventory 

holding capacity of the 

supplier 

Chen and 

Xiao (2009) 

To coordinate a supply chain 

facing demand disruptions 

Linear 

price 

quantity 

discount

, Groves 

wholesal

e price 

One 

manufacturer, 

one dominant 

retailer and 

other fringe 

retailers 

-Discussed linear price 

quantity discount and Groves 

wholesale price contracts 

-When production cost is 

larger, Groves wholesale price 

is better  

-Only one dominant 

retailer is considered 

-Symmetric fringe 

retailers 

Van Der 

Rhee et al. 

(2010) 

To coordinate most 

downstream entity with all 

upstream members of a multi-

echelon supply chain 

Revenue 

sharing 

Multi-echelon 

with single 

entity at each 

level 

-Proposed a new type of 

revenue sharing contract for 

multi-echelon supply chain 

-Comparison and advantages 

over typical revenue sharing 

contract also presented 

-Implementation of 

spanning revenue 

sharing contract for 

other supply chain set 

up can be an 

interesting extension 

-No discussion about 

demand dependency 
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Bei-lin et al. 

(2010) 

A study to analyze supply 

chain coordination using 

revenue sharing contract 

under asymmetric information 

Revenue 

sharing 

One supplier 

and a retailer 

-Cost information of the 

retailer is asymmetric 

-Multiple competing 

retailers 

Lariviere 

and Porteus 

(2001) 

To analyze price only contract 

in a supply chain in which 

retailer faces newsvendor 

problem 

Price 

only 

One 

manufacturer 

and a retailer 

-Relative variability decreases 

retailer’s price sensitivity 

-Suppliers’ 

competition 

-Retailer’s power and 

pricing policies 

Giannoccaro 

and 

Pontrandolf

o (2009) 

To discuss implementation 

issues of revenue sharing 

contract 

Revenue 

sharing 

contract 

One 

distributor 

and a retailer 

-Discussed implementation 

issues of revenue sharing 

contract 

-Modeled negotiation among 

supply chain actors 

-Discussion about a 

specific supply chain 

setting 

Cachon and 

Lariviere 

(2005) 

To study strengths and 

limitations of revenue sharing 

contract in coordinating a 

supply chain 

Revenue 

sharing 

contract 

One supplier 

and a retailer 

-Retailer pays a wholesale 

price for each unit purchased 

plus a percentage of the 

revenue the retailer generates 

-Comparison with other 

contracts such as buyback, 

price-discount etc. 

-Implementation to 

general supply chain 

with horizontal 

competition 

Eppen and 

Iyer (1997) 

To find out the value of 

upstream flexibility in fashion 

buying 

Backup 

agreeme

nt 

Catalog 

company and 

manufacturers 

-Catalog company can buy up 

to backup quantity at given 

price and have to pay penalty 

for the units purchased less 

than the committed quantity 

-Backup contracts increase 

commitment quantity 

-Comparison with 

other contracts 

-Implementation to a 

more general supply 

chain 
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Lee et al. 

(2000) 

To study price protection as 

supply chain coordination 

policy in personal computers 

industry 

Price 

protectio

n 

One 

manufacturers 

and a retailer 

-Two buying opportunities 

-Primary impacts of price 

protection are: (1) shifting 

sales forward in time and (2) 

increasing total sales 

-Price protection under fixed 

wholesale price may benefit 

total chain and the retailer but 

hurt the manufacturer 

-Discuss 

implementation to 

general supply chain 

-Inclusion of 

horizontal competition 

Tsay and 

Lovejoy 

(1999) 

To study behavioral 

consequences of quantity 

flexibility contracts 

Quantity 

flexibilit

y 

One supplier 

and a retailer 

-Discussed implications of 

quantity flexibility contract on 

performance and design of the 

supply chain 

-Comparison with 

other contracts 

Wang et al. 

(2004) 

To analyze channel 

performance under 

consignment contract 

Consign

ment 

contract 

with 

revenue 

sharing 

One supplier 

and a retailer 

-Supplier decides on retail 

price and delivery quantity 

-Demand price elasticity and 

retailer’s share of channel cost 

are key factors for individual 

and overall performance of the 

supply chain 

-Iso-price elastic 

demand 

-Multiple suppliers 

with complementary 

or substitutable 

products 

-Asymmetric 

information 
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Sana (2013) To investigate the issues of 

supply chain coordination 

facing stochastic and 

promotional effort dependent 

demand  

Return 

policy, 

sharing 

contract 

on 

promoti

onal 

effort, 

discount 

on 

wholesal

e price 

One 

manufacturer 

and a retailer 

-Implementation of optimal 

contract for order quantity 

when promotional price is 

shared 

-Risk neutral firms 

-Single item 

Pasternack 

(1985) 

To study optimal pricing and 

return policies for perishable 

commodities 

Buyback One 

manufacturer 

to a retailer 

-Pricing and return policies -Return policy 

implementation to a 

competitive 

environment 

Wu (2013) To examine the impact of 

buyback policy on retail price, 

order quantity and wholesale 

price under competing supply 

chain framework 

Buyback  Two supply 

chains, each 

comprising 

one 

manufacturer 

and a retailer 

-Two channel policies are 

discussed for competing 

supply chains: (1) vertical 

integration and (2) 

manufacturer’s Stackelberg 

-Asymmetric 

information can be 

considered 

Zhou and Li 

(2007) 

To coordinate order quantity 

decision 

Buyback  One 

manufacturer 

and a retailer 

-Short life cycle product 

-Adjustment of unit return 

price 

-Implementation to 

general supply chain 

Chen and 

Bell (2011) 

To coordinate a supply chain 

facing stochastic demand with 

customer returns using 

buyback 

Buyback One 

manufacturer 

and a retailer 

-Price dependent and 

stochastic demand 

-Retailer determine retail price 

and order quantity 

-Different buyback prices for 

unsold and customer return 

-Multiple retailers 
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Babich et al. 

(2012) 

To coordinate asymmetric 

demand information supply 

chain using buyback contract 

Buyback  One supplier 

and a retailer 

-Buyback price is less than 

wholesale price 

-Arbitrary allocation of profit 

to the retailer 

-Implementation to a 

general supply chain 

-Comparison of 

coordination 

efficiency with other 

contracts 

Devangan et 

al. (2013) 

To coordinate a supply chain 

facing shelf 

Lf-space dependent demand 

Buyback One supplier 

and a retailer 

-Shelf-space dependent 

demand 

-Implementation of 

individually rational to 

other supply chain 

-Lead time 

consideration 

Xiao et al. 

(2010) 

To coordinate a supply chain 

comprising of one 

manufacturer and a retailer 

under partial refund policy 

Buyback

/markdo

wn 

money 

One 

manufacturer 

and a retailer 

-Integration of consumer return 

policy and manufacturer’s 

buyback policy 

-If risk is very small, full 

refund policy is better-off; 

otherwise, the preference is no 

return policy.  

-Multi-product with 

dependent demand can 

be an interesting 

extension as returning 

of one product may 

effect 

-Exogenously driven 

retail price 

Hou et al. 

(2010) 

To study coordination 

between a buyer and a backup 

supplier when main supplier 

experiences disruptions 

Buyback  One backup 

supplier and a 

buyer 

-Studied buyback contract 

-Comparative studies and 

numerical experiments to 

explore the differences under 

demand uncertainty and main 

supplier’s recurrent supply 

uncertainty 

-Consideration of 

different delivery lead 

of main and backup 

supplier 

Lariviere 

and Porteus 

(2001) 

To analyze price only contract 

in a supply chain in which 

retailer faces newsvendor 

problem 

Price 

only 

One 

manufacturer 

and a retailer 

-Relative variability decreases 

retailer’s price sensitivity 

-Suppliers’ 

competition 

-Retailer’s power and 

pricing policies 
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Zhao and 

Shi (2011) 

To study competing supply 

chains with multiple upstream 

suppliers of complementary 

components and an assembler 

facing stochastic demand 

Wholesa

le price, 

revenue 

sharing 

with 

consign

ment 

Two 

competing 

supply chains 

with multiple 

complementar

y component 

suppliers and 

an assembler 

-Discussed demand uncertainty 

and market competition 

-The performance of the 

contract depends on degree of 

competition, cost share of the 

buyer and number of suppliers 

-Substitutable 

components suppliers 

-Implementation and 

comparison with other 

contracts under 

various conditions 

Pan et al. 

(2010) 

To compare revenue sharing 

contract with wholesale price 

contract under different 

channel powers 

Revenue 

sharing 

vs 

wholesal

e price 

Two 

manufacturers 

and a retailer, 

one 

manufacturer 

and two 

retailers 

-Compared revenue sharing 

and wholesale price contract 

under different channel powers 

-Concluded optimal contracts 

for the participants under 

specific conditions 

 

-No discussion about 

competition 

-Implementation to 

various supply chains 

Gerchak and 

Wang 

(2004) 

To investigate vendor-

managed inventory with 

revenue sharing and 

wholesale price driven 

contract between an 

assembler/retailer and its 

suppliers 

vendor-

manage

d 

inventor

y with 

revenue 

sharing 

and 

wholesal

e price 

driven 

contract 

Multiple 

suppliers and 

an/a 

assembler/reta

iler 

-In VMI each supplier faces 

uncertainty as to the amounts 

of components, which need to 

be mated with its own, that 

other suppliers will deliver 

-Revenue-plus-surplus-subsidy 

incentives scheme 

-Analyzed wholesale price as 

single lever and combined with 

buyback 

Asymmetric demand 

forecast information 

can be interesting 

extension 
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Frascatore 

and 

Mahmoodi 

(2008) 

To study long term and 

penalty contracts in a supply 

chain facing stochastic 

demand 

Long 

term and 

penalty 

One supplier 

and a 

manufacturer 

-Long term contracts in which 

business terms repeat several 

times 

-Penalty contracts: in which 

supplier is penalized for too 

little capacity 

-Sharing capacity 

investment cost and 

risk 

-Implementation to 

supply chain in which 

manufacturer has to 

order or make 

commitment prior to 

the realization of 

demand 

Gan et al. 

(2010) 

To study drop-shipping 

supply chain under 

asymmetric demand 

information 

Commit

ment-

penalty 

One supplier 

and a retailer 

-Commitment-penalty contract 

is proposed to provide greater 

certainty of supply and 

demand 

-Supplier keeps inventory and 

bears risk 

-Asymmetric demand 

information 

 

-Price insensitive 

demand 

-Implementation to a 

supply chain 

comprising one 

supplier and a retailer 

Taylor 

(2002) 

To study supply chain 

coordination under channel 

rebates with sales effort 

effects 

Channel 

rebates 

One 

manufacturer 

and a retailer 

-Linear rebates and target 

rebates are discussed 

-Retailer’s effort dependent 

demand 

-Multiple retailers 

with competition 

Chiu et al. 

(2011) 

To study supply chain 

coordination with risk 

sensitive retailer under sales 

rebate 

Target 

sales 

rebate 

One supplier 

and a risk 

averse retailer 

-Proposed target sales rebate 

contract 

-Supplier can coordinate 

supply chain with flexible 

target sales rebate 

-Multiple risk averse 

retailers 
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Wong et al. 

(2009) 

To analyze supply chain 

coordination with sales rebate 

and vendor managed 

inventory  

Sales 

rebate 

One supplier 

and multiple 

retailers 

-Vendor managed inventory 

-Independent and competing 

retailers scenarios are 

discussed 

-Price dependent demand 

-Non-stationary 

stochastic demand 

-Dynamic strategies 

for supply chain 

coordination 

Leng and 

Zhu (2009) 

To coordinate a supply chain 

using side-payments 

Side 

payment

s 

Two echelon 

supply chain 

(One supplier-

one retailer, 

one supplier-

two retailers) 

-Presented five steps for the 

development of side-payment 

contract 

-Side-payment for 

substitutable products 

-Implementation for a 

general supply chain 

Zhao et al. 

(2013) 

Coordination of a supply 

chain with bidirectional 

option contracts 

Bidirecti

onal 

option 

One 

manufacturer 

and a retailer 

-Bidirectional option contract 

with put option or call option 

-Simple two echelon 

supply chain 

-Consideration of 

vertical/horizontal 

competition 

Ingene and 

Parry (1995) 

To coordinate one 

manufacturer and two 

competing retailers’ supply 

chain using two part tariffs 

Two 

part 

tariffs 

One 

manufacturer 

and two 

competing 

retailers 

-Two part tariffs contract is 

proposed to coordinate a 

supply chain comprising a 

manufacturer and two 

competing retailers 

-Linear demand 

function 

-Merchandise resale 

between the retailers 

Çanakoğlu 

and Bilgiç 

(2007) 

Analysis of two-stage 

telecommunication supply 

chain with technology 

dependent demand 

Profit 

sharing 

(sharing 

of 

revenue 

and 

operatin

g costs) 

One operator 

and one 

vendor 

-Multiple period 

-Technology dependent 

stochastic demand 

-Decision variables are initial 

technology investment and 

investment for each period 

-Additive demand 

function 
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Corbett et 

al. (2005) 

To motivate members of the 

supply chain for the effort in 

order to reduce the 

consumption of indirect 

materials 

Shared 

saving 

One supplier 

of indirect 

materials and 

a customer 

-Shared savings contract have 

been proposed with efficient 

effort options 

-Trading-off the cost of efforts 

to reduce consumption 

-Formulization using double 

moral hazard framework 

-One manufacturer 

and one retailer supply 

chain is discussed 

-The comparison with 

other strategies can be 

an interesting 

extension 

Kunter 

(2012) 

To investigate a contract of 

royalty payments that is 

sufficient for channel 

coordination 

Cost and 

revenue 

sharing 

One 

manufacturer 

and a retailer 

-Cost and revenue sharing 

mechanism is proposed 

-Elimination of double 

marginalization is not 

necessary for coordination 

-Horizontal 

competition can be 

included 

Sheu (2011) To explore the equilibrium 

behavior of a basic supplier-

retailer distribution channel 

with and without revenue 

sharing contracts under price 

promotions to end-customers 

Price 

promoti

ons with 

and 

without 

revenue 

sharing 

contract 

One supplier-

one retailer 

-Three types of promotional 

demand patterns 

-Equilibrium solutions of the 

dyadic are derived under 

channel coordination using 

revenue sharing contract 

-Consideration of 

other promotional 

demand patterns can 

be an interesting 

extension 
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2.1.1 Review on revenue sharing contracts 

Supply chain coordination literature reveals that supply chain contracts of revenue sharing 

types has been extensively discussed as a tool for coordinating a wide range of decentralized 

supply chains (Zhao et al., 2013). The literature about supply chain coordination provides a 

wide variety of research works examining design, execution and implementation of revenue 

sharing contracts. For instance, Yao et al. (2008a) implemented a revenue sharing contract to 

a classic newsvendor problem in a supply chain of one manufacturer and two retailers facing 

uncertain and price dependent demand. The competing retailers have to determine the price 

and order quantities prior to the selling season on the basis of expected demand and agreed 

upon terms of the contract. Zhang et al. (2015) proposed a revenue sharing and cooperative 

investment contract to coordinate a supply chain comprising one manufacturer and a retailer 

facing stochastic and price-dependent demand. The deterioration rate of the product is 

controllable and stakeholders make cooperative investment in preservation technology to 

control deterioration. 

Short life span technological products face high demand uncertainty due to rapid technology 

up gradation and market competition. The implementation of revenue sharing contract in 

such an environment with single and double order opportunities in two periods newsboy 

problem has been studied by Linh and Hong (2009). Chen et al. (2010) studied a consignment 

revenue sharing contract for a fashionable short life span product in which retailer decides on 

retail price and order quantity in response to the capacity reservation by the supplier with 

constraint that the order quantity should lies within reserved capacity level. Chen et al. (2011) 

also discussed consignment contract with revenue sharing in a supply chain facing price and 

shelf-space dependent demand. Hou et al. (2010) discussed the implementation and 

implications of revenue sharing contract to coordinate a supply chain in which profit of the 

retailer is sensitive to lead time of the product and target inventory level of the supplier. 

Çanakoğlu and Bilgiç (2007) discussed a multi-period contract problem in which vendor 

decides on initial investment in technology and operator decides on capacity level of the 

network in a one-one supply chain facing technology dependent demand. Henry and Wernz 

(2015) proposed a revenue sharing contract for a three-level food-retailer, processor and 

farmer supply chain and derived the optimal contract parameters using multi-scale decision 

theory. Zhang et al. (2012) analyzed the coordination of one manufacturer and two competing 

retailers supply chain facing demand disruptions and recommended that revenue sharing 

contract designed for undisrupted demand is harmful for supply chain facing demand 

disruptions.  

The existing supply chain coordination studies confer the implementation of revenue sharing 

contracts to diverse problems context in various perspectives. For example, Chen et al. (2010) 

discussed the coordination of a supply chain comprising one manufacturer and one retailer 

facing highly uncertain demand of a fashionable short life span product. The proposed risk 

and profit sharing contract permits the retailer to change order level during production lead 

time. Chakraborty et al. (2015) proposed a revenue sharing contract to coordinate a supply 

chain comprising two competing manufacturers and a common retailer facing stochastic and 

price dependent demand. Palsule-Desai (2013) proposed a multiple period revenue sharing 

contract for one supplier and one retailer supply chain in which the percentage of the revenue 

to be shared with supplier depends upon revenue, i.e., revenue dependent revenue sharing 

contract. Zhang et al. (2012) investigated the coordination of a supply chain comprising one 

supplier and two retailers facing demand disruptions by using revenue sharing contract. Pan 

et al. (2010) discussed and compared revenue sharing contract with wholesale price contract 

in coordinating a supply chain of two manufacturers and one retailer under different channel 
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powers. Furthermore, the comparison was also extended to one manufacturer and two 

retailers supply chain under different channel power scenarios. Saha and Sarmah (2015) 

proposed a revenue sharing contract to coordinate a supply chain comprising one 

manufacturer and a retailer facing ramp-type price and effort dependent demand. 

Giannoccaro and Pontrandolfo (2004) proposed revenue sharing contract to coordinate a 

three echelon supply chain and claimed that the proposed mechanism improves individual 

profits as well as overall performance of the supply chain. Pang et al. (2015) developed a 

revenue sharing contract for a three-level supply chain comprising a manufacturer, a 

distributor and a retailer with distributor’s sales efforts-sensitive demand. Feng et al. (2013) 

used revenue sharing contract to coordinate an N stages supply chain with reliability 

considerations. Jiang and Ma (2015) discussed revenue sharing contract considering degree 

of risk-aversion, product-greenness and consumer preferences to coordinate a supply chain 

comprising one manufacturer and a retailer. 

The inclusion of additional clauses as well as modification in basic revenue sharing contract 

has also been discussed in coordination of supply chains using revenue sharing contracts. For 

example, El Ouardighi and Kim (2010) implemented revenue sharing contract to improve 

design quality of the product in a supply chain of one supplier and two manufacturers facing 

price and quality-sensitive demand. Pezeshki et al. (2013a) formulated a rewarding-punishing 

coordination mechanism based on truthfulness of forecasted demand information in a supply 

chain of short life cycle technological product. The summary of the literature review on 

supply chain coordination using revenue sharing contracts is presented in Table 2.2. 
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Table 2.2 Review on revenue sharing contracts 

Authors Research problem 

Supply 

chain 

Structure 

Highlights/Contributions Limitations/Assumptions 

Chakraborty 

et al. (2015) 

-To optimize quantity and 

price decisions in a supply 

chain comprising two 

manufacturer and a common 

retailer who sells two 

competing brands with 

varying degree of 

substitutability 

 

Two-

competing 

manufactu

rers and a 

common 

retailer 

-Presented a newsvendor model to 

determine quantity and the price 

- Studied cooperative games with 

retailer as Stackelberg leader  

- Linear stochastic demand 

- The retailer sells competing brands 

with varying degree of substitutability 

- Basic model is developed using 

wholesale price contract 

- Stochastic and retail price dependent 

demand 

- Linearly price dependent 

demand 

- Competition is discussed 

only at common retailer 

- The research focused on 

maximizing retailer’s profit 

Zhang et al. 

(2015) 

-To determine 

pricing and 

preservation 

technology 

investment strategies 

in a supply chain of 

deteriorating items 

with controllable 

rate of deterioration 

and price-dependent 

demand  

One 

manufactu

rer and 

one 

retailer 

-Developed a revenue sharing and 

cooperative investment model to reduce 

deterioration by motivating the 

manufacturer and retailer to 

cooperatively invest in preservation 

technology in a scenario of controllable 

deterioration rate 

- Designed a contract of cost and 

revenue sharing for coordinating the 

supply chain 

- Manufacturer follows lot-

for-lot policy to deliver 

products to the retailer 

- Manufacturer’s cycle is 

considered to be equal to the 

replenishment cycle of the 

retailer 

- Replenishment lead time is 

zero 

-Manufacturer’s production 

rate is greater than demand 

rate of the retailer 



 

22 

 

Henry and 

Wernz (2015) 

To explore how revenue-

based incentives can be 

used by the downstream 

member to motivate 

cooperative behavior from 

two upstream members with 

conflicting objectives 

Three 

level food 

supply 

chain 

comprisin

g a 

retailer, a 

processor 

and a 

farmer 

-Applied multi-scale decision theory to 

account for uncertainties at all levels of 

the supply chain instead of just at the 

final stage 

-Revenue based incentives for a three 

level supply chain  

- Implementation of multi-

scale decision theory to a 

single period three level 

supply chain 

- No competition at any 

level of the supply chain is 

discussed 

Saha and 

Sarmah 

(2015) 

To coordinate a distribution 

channel facing ramp-type 

price and effort sensitive 

demand 

One 

manufactu

rer and a 

retailer 

-Two modified revenue sharing 

contracts have been proposed: (1) 

revenue sharing with coordinated effort 

of the retailer and (2) revenue and effort 

sharing contract 

-The values of the parameters have been 

selected using bi-level multi-objective 

fuzzy goal programming technique 

-Ramp-type price and effort 

sensitive demand 

-Single period 

Pang et al. 

(2015) 

To develop revenue sharing 

contract model to coordinate 

a three echelon supply chain 

facing sales effort 

dependent demand 

Three 

level 

supply 

chain 

comprisin

g a 

manufactu

rer, a 

distributor 

and a 

retailer 

-Discussed impacts of sales efforts on 

coordination and explained why typical 

revenue sharing contract is unable to 

coordinate 

-Developed an improved revenue 

sharing contract and implemented (1) 

between the retailer and the distributor, 

(2) between the distributor and the 

manufacturer and (3) between retailer 

and distributor and between 

manufacturer and distributor 

-Symmetric demand 

information 

-No competition is 

discussed at any stage of the 

supply chain 

-Price insensitive demand 
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Jiang and Ma 

(2015) 

To study the 

implementation of revenue 

sharing contract to 

coordinate a green supply 

chain under manufacturer’s 

risk aversion 

One 

manufactu

rer and 

one 

retailer 

-Considered degree of risk aversion of 

the manufacturer, product greenness and 

consumer preferences 

-Implementation of revenue sharing 

contract to coordinate green supply 

chain 

-Production capacity of the 

manufacturer is infinite 

Yao et al. 

(2008a) 

To coordinate a supply 

chain comprising one 

manufacturer and two 

competing retailers facing 

stochastic and price 

dependent demand. The 

retailers have to determine 

the quantities to be ordered 

and selling price of the 

product prior to the selling 

season 

One 

manufactu

rer and 

two 

competing 

retailers 

-Investigated revenue sharing contract to 

coordinate the supply chain 

-The proposed revenue sharing contract 

outperformed price-only contract 

-The impact of demand variability is 

analyzed through numerical experiments 

-It is assumed that the 

competing  manufacturers 

are equally powerful and 

have same cost of the 

product 

-No competition between 

the manufacturers is 

considered 

-Independent demand at 

retailers 

Zhao et al. 

(2013) 

Coordination of a supply 

chain with bidirectional 

option contracts 

One 

manufactu

rer and a 

retailer 

-Bidirectional option contract with put 

option or call option 

-Simple two echelon supply 

chain 

-Consideration of 

vertical/horizontal 

competition 

Linh and 

Hong (2009) 

To coordinate a supply 

chain using revenue sharing 

contract with single and two 

buying opportunities 

Two 

period 

newsboy 

One 

wholesale 

-Discussed one and two buying 

opportunities models 

-Discussed how revenue sharing ratio 

and wholesale price to be determined to 

achieve coordination and win-win 

outcome 

-Price independent demand 

is discussed 
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Chen et al. 

(2010) 

To coordinate a fashion 

supply chain facing 

stochastic and price 

sensitive demand  

One 

supplier 

and a 

retailer 

-Fashionable product with short life 

span 

-Supplier reserves capacity in advance 

-The retailer decides about order 

quantity and retail price in second stage 

- No competition or 

consideration of 

competitor’s product 

-Implemented to a simple 

one manufacturer and a 

retailer supply chain 

Chen et al. 

(2011) 

To coordinate a vertically 

separated supply chain 

under a consignment 

contract with revenue 

sharing 

One 

manufactu

rer-one 

retailer 

-Price and shelf-space sensitive demand 

-The retailer decides on revenue sharing 

percentage and slotting fee 

-Multiple retailers with 

competition 

-Information asymmetry can 

be discussed 

Zhang et al. 

(2012) 

To coordinate a supply 

chain facing demand 

disruptions 

One 

manufactu

rer and 

two 

retailers 

-Implemented revenue sharing contract 

to coordinate a supply chain facing 

demand disruptions 

-Analyzed the effect of demand 

disruptions and found that it is harmful 

to keep the original contract without 

demand disruptions when there are 

demand disruptions 

-Multiple competing 

retailers can be considered 

in future extensions of the 

research 

Feng et al. 

(2013) 

To study revenue sharing 

contract with reliability in 

an N stage supply chain 

More than 

two levels, 

and 

certain 

members 

have more 

than one 

upstream 

member 

-Two rounds profit allocation 

mechanism 

-Studied incentives for the members to 

improve their reliability under revenue 

sharing and revenue sharing with 

reliability contracts 

Analysis of sensitive 

demand and/or competition 
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El Ouardighi 

and Kim 

(2010) 

To study supply quality 

management in a supply 

chain of competing 

suppliers and common 

supplier 

One 

supplier 

and two 

competing 

retailers 

-Formulated non-cooperative dynamic 

game for design quality improvement 

-Price and design quality dependent 

demand 

-Outcomes under wholesale price and 

revenue sharing are compared 

-Competition of two supply 

chains can be discussed 

-How other features of the 

product effect demand  

Pezeshki et al. 

(2013a) 

To study rewarding-

punishing coordination 

mechanism based on trust in 

a divergent supply chain 

Divergent 

supply 

chain 

comprisin

g a 

supplier 

and 

several 

retailers 

-Fashionable products with short selling 

life span 

-Price dependent demand function 

-The scenario in which 

retailers make decision 

about reservation quantities 

and prices 
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2.1.2 Inclusion of commitment and/or Penalty in contracts 

The supply chains of short selling life span and long manufacturing lead time products 

usually face high demand uncertainties. Such supply chains require the supplier to build 

capacity prior to the start of selling period. The supplier would prefer to invest less in 

capacity to avoid the risk of unused capacity. Supply chain contracts designed for such 

supply chains often include the clauses of capacity reservation or prior commitments and 

penalties in order to motivate the supplier to allocate enough capacity to avoid shortage. The 

inclusion of prior commitment from the buyer is to motivate the supplier to build enough 

capacity by sharing the risk of the unused capacity caused due to an uncertain demand. 

However, the buyer can make a higher level commitment in order to avoid the risk of 

shortage in upcoming season. The penalties for under-purchase and over-purchase can be 

introduced to induce the buyer to commit not too far from the expected demand. The penalty 

for the supplier may also be introduced to ensure enough capacity investment.  

The inclusion of prior commitment on capacity reservation in basic contracts has been 

discussed in various research works. Serel (2007) studied a contract of capacity reservation 

for multiple period in an environment of uncertain availability of input components in a 

supply chain comprising one manufacturer and a long-term supplier. Tomlin (2003) 

investigated capacity procurement using price-only contract  with linear and piece-wise linear 

wholesale price in a supply chain comprises one key component supplier and a manufacturer 

that both procure capacity prior to the realization of demand. The proposed model is extended 

to one manufacturer and N-suppliers assembly system with piece-wise linear wholesale price. 

Erkoc and Wu (2005) studied a contract in which customer reserves capacity with the 

manufacturer by paying deductible fee in order to motivate the manufacturer to expand 

enough capacity. Cachon and Lariviere (2001) studied contracts that allow the members of 

the supply chain to share credible forecast information under forced as well as voluntarily 

compliance regimes. Özer and Wei (2006) developed non-linear capacity reservation and 

advance-purchase contracts to ensure credible information sharing of demand forecast in a 

supply chain of one manufacturer who posses private demand-forecast information and a 

supplier who acquires required capacity prior to the selling season. The authors concluded 

that choice of contract and efficiency of the supply chain depends upon risk adjusted profit 

margin and degree of information asymmetry.  

The increasing competition and uncertainty due to rapidly changing technology motivated the 

implementation of capacity reservation contracts in various problem scenarios. For instance, 

Araneda-Fuentes et al. (2015) proposed a capacity reservation with penalty contract to 

coordinate capacity decisions of two independent manufacturers in a buyer-supplier 

relationship. Each manufacturer decides about capacity prior to the realization of demand. 

The discounted price for the units purchased from the reserved quantity is less than the 

market price. The under-purchase penalty has also been introduced with opportunity for the 

supplier to sell any leftover in market. Luo et al. (2015) considered a supply chain comprising 

a supplier and a manufacturer having the option to purchase from the supplier or spot market 

with risks of supply and price uncertainty. The authors showed that the implementation of 

option contract in procurement guarantees supply chain coordination which ultimately 

improves profit of the supply chain. Hou and Hu (2015) focused on a supply chain 

comprising one buyer and two autonomous suppliers of the same product, i.e., one main 

supplier and one backup supplier.  Capacity reservation, make-to-order and buyback 

contracts are investigated between buyer and backup supplier to minimize the risk of supply 

uncertainty. Yang et al. (2015) investigated reservation pricing problem for a two-level 
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fashion supply chain comprising a manufacturer who reserves capacity for a critical 

component with the supplier. 

Mathur and Shah (2008) proposed commitment and two-way penalties contract in a supply 

chain of one supplier and one manufacturer facing highly uncertain demand of short life cycle 

technological product. The supplier needs to build capacity prior to the realization of actual 

demand. The manufacturer motivates the supplier to build sufficient capacity by including 

under-supply penalty to avoid sales loss due to under-investment in capacity. Frascatore and 

Mahmoodi (2008) proposed long-term and penalty contract in order to ensure enough 

capacity reservation and showed that the inclusion of penalty increases the profit potential of 

the supply chain. Gan et al. (2010) studied the coordination of a drop shipping supply chain 

using commitment-penalty contract to reveal truthful demand information from the retailer as 

well as to minimize the risk of under-stock by the supplier in an environment of asymmetric 

demand information. Cheong et al. (2015) investigated the impact of information discrepancy 

in a drop-shipper and online retailer supply chain. Lv et al. (2015) investigated the 

implications of capacity reservation contract in a supply chain of an assembler and two 

suppliers of complementary components. Durango-Cohen and Yano (2006) studied a 

forecast-commitment contract in which supplier makes production commitment in response 

to the demand forecast of the retailer with minimum order quantity as a function of forecast 

and commitment level in order to minimize the inherent demand uncertainty in capital 

intensive industries. The summary of the contracts with inclusion of commitment and/or 

penalty is presented in Table 2.3. 
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Table 2.3 Inclusion of commitment and/or Penalty in contracts 

Authors Research problem 

Supply 

chain 

structure 

Highlights/Contributions Limitations/Assumptions 

Serel (2007) To study multi-period capacity 

reservation problem between a 

manufacturer and a long term 

supplier when there is uncertainty 

in spot market 

Long term 

supplier and 

a 

manufacturer 

-Multi-period with uncertainty of 

the quantity of input in spot 

market 

-Manufacturer pay a fixed price 

in each period, and in return 

supplier guarantees capacity 

-Consideration of multiple 

supplier and/or 

manufacturers 

Tomlin 

(2003) 

To investigate price only contracts 

in capacity procurement decisions 

One supplier 

and a 

manufacturer 

-Both supplier and the 

manufacturer invest in capacity 

-Manufacturer prefers piecewise-

linear quantity-premium 

-Extended the model to N 

suppliers supply chain 

-Multiple components 

suppliers with/without 

competition 

Erkoc and 

Wu (2005) 

To study capacity reservation 

between a high tech manufacturer 

and her OEM customer 

High-tech 

manufacturer 

and OEM 

buyer 

-To encourage the supplier 

aggressive capacity expansion, 

the buyer reserve capacity 

upfront by paying a deductible 

fee 

-Design-win agreement 

-Examined the effects of market 

size and demand variability 

-Three stages with main 

decisions on wholesale 

price, capacity reservation 

and demand uncertainty 

Cachon and 

Lariviere 

(2001) 

To study forecast sharing and 

capacity investment under 

voluntary and forced compliance 

One critical 

component 

supplier and 

a 

manufacturer 

-Discussed voluntary and forced 

compliance regimes for capacity 

investment 

-Studied contracts for credible 

information sharing 

- Comparison with other 

contracts 
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Özer and 

Wei (2006) 

To study credible forecast 

information sharing 

One supplier 

and a 

manufacturer 

-Supplier is responsible for 

acquiring capacity before 

receiving order 

-Manufacturer possess private 

forecast information 

-Non-linear capacity reservation 

in which manufacturer pay 

reservation fee 

-Second is advance purchase 

-Coordination is possible even 

with asymmetric demand 

information under advance 

purchase with appropriate 

payback agreement 

-Price sensitive demand 

Mathur and 

Shah (2008) 

To study price compliance regime 

using supply chain contracts under 

capacity investment decisions with 

two-way penalties 

One supplier 

and a 

manufacturer 

-Supplier needs to build capacity 

in advance 

-Inclusion of two-way penalties 

for sufficient capacity 

investment 

-Asymmetric demand 

information 

Frascatore 

and 

Mahmoodi 

(2008) 

To induce the supplier to produce 

enough capacity to ensure that the 

final demand is satisfied 

One supplier 

and a 

manufacturer 

-Long term and penalty contracts 

have been proposed 

-The inclusion of penalty 

motivated the supplier to procure 

more capacity 

-Penalty for the supplier 

only which means the 

supplier has to bear the 

capacity investment risk 
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Gan et al. 

(2010) 

To coordinate a drop-shipping 

supply chain in which supplier 

keeps inventory and retailer 

focuses on marketing and 

customer acquisition 

One supplier- 

one retailer 

(drop 

shipping 

supply chain) 

-Commitment-penalty contract is 

proposed to provide greater 

certainty of supply and demand 

-Supplier keeps inventory and 

bears risk 

-Asymmetric demand 

information 

 

-Price insensitive demand 

-Implementation to a supply 

chain comprising one 

supplier and a retailer 

Durango-

Cohen and 

Yano (2006) 

To study supplier commitment and 

production decisions under a 

forecast commitment contract 

One supplier 

and a 

customer 

-Forecast commitment contract 

in which customer provides a 

forecast and supplier makes 

production commitment 

-Customer’s minimum order 

quantity is a function of forecast 

and committed quantities 

-Multi-periods 

-Multiple customers with 

single product (risk pooling) 

Araneda-

Fuentes et 

al. (2015) 

- To coordinate the capacity 

decisions of two independent 

manufacturers engaged in a buyer-

supplier relationship 

One supplier- 

one buyer  

-Designed capacity reservation 

and penalty contract in which 

buyer reserves capacity at 

supplier 

-The supplier sell at discounted 

price up to the level of reserved 

capacity 

-The buyer pays penalty for the 

units reserved but not purchased 

-Single period contract 

-Independent demand  

-No discussion about 

contract parameters 

selection 
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Luo et al. 

(2015) 

-To optimize manufacturer’s 

mixed procurement strategy that 

integrates the use of real option 

contract and spot market 

-To analyze the effect of price and 

supply risks of the spot market on 

equilibrium  

One supplier 

and one 

manufacturer 

who can also 

buy from 

spot market 

-Developed real option contract 

which guarantees coordination 

of the supply chain 

-Dual sourcing opportunity for 

the manufacturer 

- Price and supply risks of the 

spot market adversely affect the 

profit of the manufacturer; 

however, beneficial for the 

supplier 

- Symmetric demand 

information 

- Infinite production 

capacity of the supplier 

- Manufacturer can buy 

from spot market; however, 

supplier is assumed to sell 

to the manufacturer only 

Lv et al. 

(2015) 

To develop mechanisms to 

facilitate the suppliers in making 

capacity allocation decisions by 

motivating the assembler to share 

private demand information with 

suppliers 

One 

assembler 

and two 

complementa

ry 

components 

suppliers 

-Investigated an assembly 

system comprising an assembler 

possessing private demand 

information and two 

complementary components 

suppliers 

-Designed three capacity 

reservation contracts: price-

quantity, price-only and hybrid 

of price-quantity and price-only 

-Mechanism to ensure 

credible demand 

information sharing should 

be introduced 

-The inclusion of prior 

commitment from the 

retailer and penalties can be 

useful in presented scenario 

Cheong et 

al. (2015) 

To investigate the impact of 

information discrepancy on 

performance of a drop shipping 

supply chain comprising a drop-

shipper and an online retailer 

A drop 

shipper and 

an online 

retailer 

-Analyzed penalties occurred as 

a result of the failure of order 

fulfillment caused due to 

inventory information 

misalignment between the 

contributors 

-Assessed the impact of 

information discrepancy on both 

parties 

-Discussed information 

discrepancy related to 

inventory 

-Various contracts can 

coordinate the members to 

share truthful information 

and implementation of such 

contracts can increase the 

profit across the supply 

chain 
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Hou and Hu 

(2015) 

To mitigate the risks of supply 

uncertainty at minimum price 

when main supplier is prone to 

disruptions and back-up supplier 

supply at higher price 

Two 

independent 

suppliers and 

one buyer 

-Investigated capacity 

reservation, make-to-order and 

buy-back contracts to mitigate 

supply risks 

-Developed models to find out 

the effect of supply risks on 

expected profit and optimal 

decisions of the buyer in each 

contract set-up 

-Conducted sensitivity analyses 

to find out the impact of various 

input parameters 

-Discussed deterministic 

demand faced by the retailer 

-No penalty if supplier fails 

to fulfill order quantity 

Yang et al. 

(2015) 

To address reservation pricing 

problem in a fashion supply chain 

comprising a downstream 

manufacturer having private 

operational cost reserves capacity 

for a critical component with 

upstream supplier 

Two echelon 

fashion 

supply chain 

(one critical 

component 

supplier-one 

manufacturer

) 

-Developed a reservation 

contract to induce the 

manufacturer to share truthful 

operational cost information 

-Unlimited capacity 

assumptions 

-There is no competition for 

the product in market, the 

competing supply chains 

may be an interesting 

extension 
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2.1.3 Inclusion of commitment and Penalty in revenue sharing contract 

Revenue sharing contracts designed for coordinating supply chains of short life span and 

longer lead time products may also include the clauses of prior commitments and/or penalties 

in order to motivate the manufacturer to allocate enough capacity.  Pezeshki et al. (2013) 

investigated revenue sharing contract with penalty in order to coordinate capacity building 

and price decisions of a dyadic supply chain facing stochastic and price-sensitive demand of a 

short life span fashionable product. Thien et al. (2015) studied a revenue sharing contract 

with inclusion of under and over-purchase penalties for the retailer and under-supply penalty 

for the manufacturer in one-one supply chain facing stochastic demand. The purpose of 

under-purchase and over-purchase penalties is to induce the retailer to commit about the 

expected demand and the purpose of under-supply penalty is to ensure compensation from 

the manufacturer to the retailer if the manufacturer fails to fulfill demand within the 

commitment level of the retailer. The summary of the revenue sharing contracts with 

inclusion of commitment and penalty is presented in Table 2.4. 

Table 2.4 Inclusion of commitment and penalty in revenue sharing contract 

Authors 
Research 

problem 
Demand type 

Highlights/Contri

butions 

Limitations/Assum

ptions 

Pezeshki 

et al. 

(2013) 

To study 

rewarding-

punishing 

coordination 

mechanism 

based on trust 

in a divergent 

supply chain 

Divergent 

supply chain 

comprising a 

supplier and 

several 

retailers 

-Fashionable 

products with short 

selling life span 

-Price dependent 

demand function 

-The scenario in 

which retailers make 

decision about 

reservation 

quantities and prices 

Thien et 

al. (2015) 

To study 

revenue 

sharing 

contract with 

two-way 

penalties 

Stochastic -Inclusion of prior 

commitment and 

two-way penalties 

in revenue sharing 

contract 

-One manufacturer 

and one retailer 

supply chain is 

discussed 

- Price independent 

demand 

 

2.2 Review on structures of the supply chains 

The contracts for simple one manufacturer and one retailer supply chains with newsvendor 

type of demand has been discussed extensively in literature for single (Chauhan and Proth, 

2005; Linh and Hong, 2009) as well as for multiple contracting time periods (Çanakoğlu and 

Bilgiç, 2007). Li and Hua (2008) implemented revenue sharing contract with consignment to 

coordinate a supply chain of one manufacturer and a retailer facing price sensitive demand. 

Li et al. (2009) studied the implementation of revenue sharing contract to an online market in 

which retailer decides about revenue sharing percentage and manufacturer decides about 

production quantity and retail price. Palsule-Desai (2013) proposed revenue based revenue 

sharing contract for a two period movie industry supply chain comprising one manufacturer 

and a retailer, and discussed why or why not revenue-dependent sharing is preferred over 

fixed revenue-sharing percentage. Hou et al. (2009) discussed revenue sharing contract to 

reveal supplier’s implicit information in a supply chain comprising one supplier and a 

manufacturer facing an uncertain demand following Poisson distribution. 
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Coordination of supply chains comprising one manufacturer and two competing retailers 

through revenue sharing contracts also got considerable attention of the researchers. For 

example, Yao et al. (2008b) studied revenue sharing contract to coordinate one manufacturer 

and two duopoly competing retailers in a supply chain facing stochastic and price sensitive 

demand. Krishnan and Winter (2011) discussed revenue sharing contract for a supply chain 

of one manufacturer and two competing retailers facing independent demands. The proposed 

mechanism assumes that stock of perishable goods can be carried to subsequent period at the 

cost of some inventory loss. Pan et al. (2010) discussed one manufacturer with two retailers 

and two manufacturer with one retailer supply chains under the domination of the 

manufacturer and then under the domination of the retailer for both types of supply chains, 

successively. Zhang et al. (2012) discussed coordination of a supply chain comprising one 

manufacturer and two retailers facing demand disruptions. Van der Rhee et al. (2010) studied 

spanning revenue sharing contract to coordinate multi-echelon supply chains. Feng et al. 

(2013) also proposed two-period revenue sharing contract with reliability considerations to 

coordinate an N stages supply chain in which profit sharing in second period depends on 

reliability in first period. Giannoccaro and Pontrandolfo (2004) coordinated a three echelon 

supply chain comprising one manufacturer, a distributor and a retailer by using two different 

contracts to coordinate manufacturer with distributor and distributor with retailer, 

respectively. The summary of the literature discussed in this section is presented in Table 2.5. 
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Table 2.5 Review on structures of the supply chains 

Authors Research problem 
Supply chain 

structure 
Highlights/Contributions Limitations/Assumptions 

Chauhan and 

Proth (2005) 

To coordinate a supply chain in 

which stakeholders (a provider 

and a retailer) make individual 

decisions about price and 

inventory 

One provider 

who buy 

semi-finished 

goods and 

sells to a 

retailer 

-Proposed an approach of 

sharing the profit in proportion 

to the risk taken 

-Stochastic and price-sensitive 

demand 

-Comparison with coordinated 

supply chain under some 

contract can be interesting 

Linh and 

Hong (2009) 

To coordinate a supply chain 

using revenue sharing contract 

with single and two buying 

opportunities 

Two period 

newsboy 

One 

wholesale 

-Discussed one and two buying 

opportunities models 

-Discussed how revenue 

sharing ratio and wholesale 

price to be determined to 

achieve coordination and win-

win outcome 

-Price independent demand is 

discussed 

Çanakoğlu 

and Bilgiç 

(2007) 

Analysis of two-stage 

telecommunication supply 

chain with technology 

dependent demand 

One operator 

and one 

vendor 

- Profit sharing (sharing of 

revenue and operating costs)  

-Multiple period setting 

-Technology dependent 

stochastic demand 

-Decision variables are initial 

technology investment and 

investment for each period 

-Additive demand function 

Li and Hua 

(2008) 

To determine channel 

performance under consignment 

contract with revenue sharing 

One 

manufacturer 

and a retailer 

-Consignment contract with 

revenue sharing 

- Risk neutral manufacturer 

and retailer 

-Iso-price elastic or linear 

demand 

-One manufacturer to one 

retailer supply chain without 

competition 
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Li et al. 

(2009) 

To coordinate a supply chain in 

which manufacturer decides 

about retail price and quantity 

to be delivered and retailer 

decides about revenue sharing 

percentage 

One 

manufacturer 

and a retailer 

-Consignment contract with 

revenue sharing 

-Perfect coordination achieved 

-Single period  

-Restricted demand 

distribution 

-Retailer is leader 

Palsule-Desai 

(2013) 

To coordinate a multi-period 

supply chain facing stochastic 

demand using revenue 

dependent revenue sharing 

contract 

One supplier 

(movie 

producer) and 

a retailer 

(multiplex 

theater owner) 

-Revenue dependent revenue 

sharing for a two periods 

movie industry supply chain 

-Proposed revenue dependent 

revenue sharing contract 

outperformed revenue 

independent revenue sharing 

contracts in specific situations 

-No competition for the movie 

-Truthfulness of revenue 

information 

Hou et al. 

(2009) 

To coordinate a supply chain of 

one manufacturer and a retailer 

in which retailer’s profit is 

sensitive to manufacturer’s lead 

time 

Revenue 

sharing and 

bargaining 

One manufacturer and a 

retailer 

-Studied coordination of a 

supply chain comprising a 

manufacturer who’s inventory 

level effects lead time which 

ultimately effects profit of the 

retailer 

-Implemented revenue sharing 

contract with bargaining 

Yao et al. 

(2008b) 

To study the effectiveness of 

revenue sharing contract to 

coordinate the price setting 

newsvendor products’ supply 

chain 

One 

manufacturer 

and one 

retailer 

-Comparison of revenue 

sharing contract with price 

only contract 

-Price dependent demand 

-Asymmetric demand can be 

considered 
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Krishnan and 

Winter (2011) 

To reexamine revenue sharing 

contract in a vertical supply 

chain incorporating downstream 

competition 

One 

manufacturer 

and two 

competing 

retailers 

-Examined revenue sharing 

contract with downstream 

competition 

-Implementation to one 

manufacturer to two retailers 

-No consideration about 

competitor’s product 

Zhang et al. 

(2012) 

To coordinate a supply chain 

facing demand disruptions 

One 

manufacturer 

and two 

retailers 

-Implemented revenue sharing 

contract to coordinate a supply 

chain facing demand 

disruptions 

-Analyzed the effect of 

demand disruptions and found 

that it is harmful to keep the 

original contract without 

demand disruptions when there 

are demand disruptions 

-Multiple competing retailers 

can be considered in future 

extensions of the research 

Van Der Rhee 

et al. (2010) 

To coordinate most downstream 

entity with all upstream 

members of a multi-echelon 

supply chain 

Multi-echelon 

with single 

entity at each 

level 

-Proposed a new type of 

revenue sharing contract for 

multi-echelon supply chain 

-Comparison and advantages 

over typical revenue sharing 

contract also presented 

-Implementation of spanning 

revenue sharing contract for 

other supply chain set up can 

be an interesting extension 

-No discussion about demand 

dependency 

Feng et al. 

(2013) 

To study revenue sharing 

contract with reliability in an N 

stage supply chain 

More than 

two levels, 

and certain 

members have 

more than one 

upstream 

member 

-Two rounds profit allocation 

mechanism 

-Studied incentives for the 

members to improve their 

reliability under revenue 

sharing and revenue sharing 

with reliability contracts 

Analysis of sensitive demand 

and/or competition 
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Giannoccaro 

and 

Pontrandolfo 

(2004) 

To optimize order quantities of 

the distributor and retailer by 

coordinating a three echelon 

supply chain using revenue 

sharing contract  

One 

manufacturer, 

one 

distributor 

and a retailer 

-Implementation of integrated 

contracts 

- Achieve win-win situation by 

fine tuning contract parameters 

-Multiple firms at each level 

of the supply chain 
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2.3 Review on contracting time periods 

Supply chain coordination literature reveals the fact that single period supply chain contracts 

has attracted many researchers (Koulamas, 2006; Linh and Hong, 2009; Zhang and Hua, 

2010; Elahi et al., 2013). However, the design and implementation of supply chain contracts 

for two or multiple periods have also been discussed in various supply chain studies (Palsule-

Desai, 2013; Zou et al., 2008; Linh and Hong, 2009; Zhou and Wang, 2009; Amrani et al., 

2012).  Comprehensive detail of the contracting time period in various studies is shown in 

Table 2.6. 
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Table 2.6 Review on contracting periods 

Authors Research problem 

Contracti

ng 

periods 

Highlights/Contributions Limitations/Assumptions 

Elahi et al. 

(2013) 

To study how performance of 

supply chain contracts can be 

improved 

One 

(laborator

y study) 

-Studied wholesale price, revenue 

sharing and buyback contracts 

between a rational supplier and 

rational retailer 

-Proposed five approaches to improve 

retailer’s decision under revenue 

sharing and buyback contracts 

-Collective feedback and free items 

approach is also discussed  

-Implementation of 

performance improvement 

approach to other contracts 

Koulamas 

(2006) 

To compare expected profit of 

each member of the supply 

chain under revenue sharing 

contract and traditional ordering 

environment 

One  -Revenue sharing contract is always 

beneficial for the retailer 

-Demand distribution dependent 

condition is also derived in which 

under which transition to revenue 

sharing contract is beneficial for the 

manufacturer 

-Single product is discussed 

-Simple supply chain setting 

with one manufacturer and a 

retailer 

Linh and 

Hong (2009) 

To coordinate a supply chain 

using revenue sharing contract 

with single and two buying 

opportunities 

Two 

period 

newsboy 

One 

wholesale 

-Discussed one and two buying 

opportunities models 

-Discussed how revenue sharing ratio 

and wholesale price to be determined 

to achieve coordination and win-win 

outcome 

-Price independent demand 

is discussed 

Zhang and 

Hua (2010) 

To investigate a portfolio 

approach to multi-product 

newsboy problem with budget 

constraints to maximize profit 

One   -A portfolio contract consist of fixed 

price and option contract 

-Procurement strategy is designed as 

portfolio contract 

- Different procurement 

strategies for different 

products can be interesting 
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Zou et al. 

(2008) 

To coordinate various 

components suppliers in an 

assembly system to fulfill final 

demand of the product 

Two -The adjustment of wholesale and 

buyback prices can coordinate supply 

chain 

-A system of two unique components 

suppliers and an assembler 

-The case of non-unique 

components and buying 

option from spot market 

-The case of multiple 

components with 

classification of unique and 

non-unique components 

Linh and 

Hong (2009) 

To coordinate a supply chain 

using revenue sharing contract 

with single and two buying 

opportunities 

Two 

period 

newsboy 

One 

wholesale 

-Discussed one and two buying 

opportunities models 

-Discussed how revenue sharing ratio 

and wholesale price to be determined 

to achieve coordination and win-win 

outcome 

-Price independent demand 

is discussed 

Zhou and 

Wang (2009) 

An extended study to discuss 

backlog in first order and 

sharing of manufacturing set up 

cost for second order 

One  -Two ordering opportunities and 

partial back orders 

-The system performs best if 

manufacturer covers second 

production set up cost 

-Discussed newsvendor type 

of problem 

Amrani et al. 

(2012) 

To analyze the impact of 

flexibility rate and frozen 

horizon on product flow 

management and performance 

of the supply chain 

One  -The impact of supply contracts on 

product flow management is 

investigated 

-Each partner belonging to the supply 

chain of OEM performs own 

production planning 

-Frozen horizon commitment 

- Two echelon OEM supply 

chain 

-Discussion about 

commitment or capacity 

reservation can be an 

interesting extension 
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2.4 Gaps in existing research studies 

The supply chains of short life span and longer manufacturing lead time products faces the 

problem of order fulfillment as the retailers face uncertain demands and the manufacturer is 

required to procure capacity prior to the selling season. The manufacturer would prefer to 

under-invest in capacity in order to minimize the risk of under-utilization. The retailers on the 

other hand want the manufacturer to produce enough capacity to avoid shortage; however, do 

not want to invest in capacity procurement.  

The existing supply chain coordination studies implemented revenue sharing contract in 

various problem contexts, however, the inclusion of prior commitment with penalties to share 

the risk of capacity investment or advance manufacturing in typical revenue sharing contract 

has not got considerable attention. Frascatore and Mahmoodi (2008) proposed a penalty in 

revenue sharing contract if the manufacturer fails to fulfill demand in order to motivate the 

manufacturer to procure enough capacity. Mathur and Shah (2008) discussed how inclusion 

of different penalties affect capacity investment decision of the manufacturer and efficiency 

of the supply chain. Thien et al. (2015) discussed the inclusion of penalties in revenue sharing 

contract for simple one manufacturer and a retailer supply chain.  

In real life, the supply chains are complex and manufacturer sells product to multiple retailers 

and has to procure capacity for all the retailers keeping in mind the fact that the demand can 

be independent (if retailers are in different markets) or correlated (if retailers are in same 

market). Furthermore, the manufacturer should also consider the opportunity of reallocation 

after receiving confirm orders from the retailers. The focus of this research is to deal with the 

issue of capacity procurement decision of the manufacturer in a supply chain comprising one 

manufacturer and two retailers facing stochastic demand of a short life span and long 

manufacturing lead time product using revenue sharing contract with inclusion of prior 

commitments, two-way penalties and reallocation of pre-allocated quantities after realizing 

actual demand. The purpose of the inclusion of prior commitments and two-way penalties is 

to share capacity investment risk of the manufacturer and to ensure compliance with pre-

defined terms of the contract. 
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2.5 Chapter summary 

Supply chain management refers to the cooperation and coordination among the members to 

maximize profit across the supply chain. The literature related to supply chain coordination 

using contracts has been discussed comprehensively. The main focus of this chapter is to 

review the research works related to the design, implementation and implications of revenue 

sharing, commitment-penalty and capacity reservation contracts. From literature it is evident 

that among various types of contract, revenue sharing is quite popular and received a 

considerable attention of researchers and practitioners in recent years. The implementation 

and implications of revenue sharing contract have been discussed for a wide range of 

coordination problem. 

The modification and/or inclusion of commitment and penalty clauses in contracts as per 

coordination requirement of the supply chain have been discussed extensively in literature. 

The contracts with inclusion of commitment and/or penalty have also been reviewed with the 

main focus on revenue sharing contract. The modification in typical revenue sharing contract 

has also been discussed; however, it can be seen from literature review that the inclusion of 

prior commitments, two-way penalties and reallocation of pre-allocated quantities in typical 

revenue sharing contract to induce the downstream members to share capacity investment 

risk with the upstream member has not been studied.  This issue is, therefore, the main focus 

of this dissertation. 
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CHAPTER 3 

3 REVENUE SHARING CONTRACT WITH PRIOR COMMITMENT AND 

TWO WAY PENALTIES 

3.1 Model Formulation 

We consider a two-level vertical channel comprises one manufacturer and two retailers 

facing uncertain demands of a short life span product. Long manufacturing lead time of the 

product requires the manufacturer to produce in advance, i.e., make-to-stock. Due to highly 

volatile market demand, the manufacturer would prefer to produce less quantity to 

minimize the risk of over-production which might result in shortage and ultimately, profit 

deficit. To avoid shortage, the retailers are induced to commit the expected order quantities 

prior to the quantities allocation decisions of the manufacturer. The manufacturer allocates 

and produces a specific quantity after receiving commitments from the retailers. The 

manufacturer’s allocated quantity can be less or greater than the prior commitment level of 

the retailer which might result in shortage or over-production. In case of shortage, the 

manufacturer has to pay under-supply penalty for each unit supplied less than the prior-

commitment level of the retailer. Similarly, the prior commitment levels of the retailers can 

also be less or more than the average demand which subject the retailers to over-purchase 

and under-purchase penalties, respectively. The penalties of under-purchase and over-

purchase are introduced to induce the retailers to commit close to the expected demand. 

Furthermore, the allocated quantities are not visible to the retailers so the provision of 

reallocation of pre-allocated quantities has also been incorporated to minimize the quantity 

allocation risk of the manufacturer. However, it is important to mention here that only 

extra allocated quantity can be reallocated to other retailers upon realization of actual 

demands, if required. Hence, the minimum available quantity for each retailer is equal to 

the pre-allocated quantity to that retailer.  

3.1.1 Notations 

,i j  (1 or 2) Retailer’s index 

iR  Per unit retail price of the product (retailer i )  

i  Revenue sharing percentage of retailer i   

iw  Per unit wholesale price of the product for retailer i  

i

rc  Per unit marginal cost of retailer i   

id  Stochastic demand faced by retailer i   

mc  Per unit manufacturing cost of the product  

vs  Per unit salvage value of the product  

u

ip  Per unit under purchase penalty for retailer i  

o

ip  Per unit over purchase penalty for retailer i   
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i

mp  Per unit under supply penalty that the manufacturer has to pay to retailer i  

iS  Sales quantity of retailer i   

if  Density function of the demand faced by retailer i   

iF  Cumulative distribution function of the demand faced by retailer i   

iQ  Quantity allocated to retailer i  (decision variables) 

iZ  Available quantity for retailer i   

iK  Commitment level of retailer i   

iuq  Under supply quantity (retailer i )  

iuQ  Under purchase quantity (retailer i )  

ioQ  Over purchase quantity (retailer i )  

iT  Expected transfer payment from retailer i  to the manufacturer 

m  Profit function of the manufacturer 

i

r  Profit function of retailer i   

sc  Profit function of the supply chain 

in  Possible scenarios for retailer i  ( in   1, 2, 3…) 

i jn n   Possible scenarios for the manufacturer ( ,i j  1, 2, 3…) 

1
in

T  The expected transfer payment from retailer 1 to the manufacturer in scenario in   

2
jn

T  The expected transfer payment from retailer 2 to the manufacturer in scenario jn  

1

irn  Profit function of retailer 1 in scenario in  

2

jrn  Profit function of retailer 2 in scenario jn  

i jn n

m  Profit function of the manufacturer in scenario i jn n  

3.1.2 Assumptions 

1. The under-purchase penalty for the retailer is assumed to be less than the loss of the 

retailer for one unit purchased more than the actual demand. This is to ensure that 

the retailer does not order more than the actual demand to prevent under-purchase 
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penalty when actual demand faced by the retailer is less than the prior commitment 

level, i.e., (1 )u i

r i i i r vp R w c s     . 

2. The loss of the manufacturer for one unit produced in response to the prior 

commitment of the retailer, but not ordered by the retailer, is assumed to be greater 

than the under-purchase penalty that the manufacturer receives from the retailer, 

i.e., u

r m vp c s  . With this assumption, the manufacturer shares the risk of demand 

uncertainty with the retailer, which ultimately motivates the retailer to commit 

more. In fact this assumption is necessary as if the manufacturer’s per unit loss is 

less than the under-purchase penalty, the manufacturer has no risk to produce up to 

the commitment level, and retailer has to bear the risk of demand uncertainty, 

which may results in a commitment level lower than the expected demand. 

3. The penalty for one over-purchased unit is assumed to be less than the per unit 

profit of the retailer, i.e., 0( )i

i i i r iR w c p    . This ensures that the order quantity 

of the retailer is not less than the actual demand when actual demand is greater than 

the prior commitment level of the retailer. 

4. Per unit under-supply penalty should at least be equal to the per unit profit loss of 

the retailer due to shortage, i.e., i i

m i i i rp R w c    . 

5. Retail price should be greater than the sum of the production cost and the marginal 

cost of the product, i.e., i

i m rR c c   

6. The demand id  faced by retailer i  is a random variable. 

From Figure 3.1, the sequence of activities is as follows, (1) the manufacturer offers 

contract to the retailers with following parameters (for retailer i ) ; revenue sharing 

percentage 
i , wholesale price iw , per unit under-purchase penalty u

ip , per unit over-

purchase penalty o

ip  and per unit under-supply penalty i

mp for the manufacturer, (2) upon 

acceptance of the contract, the retailers determine and confirm commitment levels with the 

manufacturer based on expected demand information and parameters of the contract, (3) 

the manufacturer determines and allocates a specific quantity to each retailer, (4) the 

retailers place confirmed orders after realizing the actual demands, and (5) quantities are 

delivered to both the retailers on the basis of confirmed order quantities and available 

quantities.  

The manufacturer’s allocated quantities are invisible to the retailers. This privilege allows 

the manufacturer to determine optimal quantities rather than solely following the prior-

commitment levels of the retailers. Hence, the allocated quantities of the manufacturer can 

be less or more than the prior commitment levels of the retailers. Furthermore, the 

retailers’ invisibility of the allocated quantities, allows the manufacturer to reallocate the 

pre-allocated quantities after receiving confirmed orders following the reallocation policy. 

According to reallocation policy, the manufacturer can reallocate only the extra pre-

allocated quantity of retailer i to other retailers, if required, and vice-versa. The demand 

function is assumed to follow continuous distribution with probability distribution function 

( )if d  and cumulative distribution function ( )iF d .The contract parameters are designed in 

such a way that the retailers would prefer to order inventory, exactly equal to the realized 

demand. The excess inventory will be salvaged by the manufacturer, if exists.  
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Figure 3.1 Sequence of the events 

Following the confirmed orders from the retailers, the manufacturer will be in a position to 

fulfill the demand of retailer i  if pre-allocated quantity iQ , is greater than id . However, if 

the ordered quantity of retailer i , id  is greater than the pre-allocated quantity iQ , then the 

following two possibilities can occur: 

1. The order quantity of retailer j ,
jd , is also greater than the pre-allocated quantity

jQ

. In this case, the retailer i  will receive only pre-allocated quantity, iQ . 

2. The order quantity of retailer j ,
jd , is less than the pre-allocated quantity

jQ . In this 

case, the available quantity for retailer i  will be the sum of pre-allocated quantity

jQ  and extra quantity from retailer j .  

From above mentioned scenarios, the available quantity for retailer i depends on the 

quantity allocated to retailer i and total quantity produced by the manufacturer. The 

available quantity for retailer i  represented by iZ  is given as i i j jZ Q Q d


     . 

The available quantity for retailer i  can be determined by using Figure 3.2. In Figure 3.2, 

the region between the x-axis and y-axis is divided into four sub-regions , , &A B C D . The 

sub-region D  is further divided into subsections ( )D I  and ( )D II . The subsection ( )D I is 

the portion where
i i j jd Q Q d   whereas ( )D II represents the portion in which

j j i iQ d d Q    . 

 

 

 

 

Retailer i and retailer j  decide and 

confirm commitment levels iK and 

jK with manufacturer, respectively. 

Retailer i and retailer j  confirm order 

quantities id  and
jd with manufacturer 

after realizing actual demand. 

 

time  

Manufacturer allocates and 

produces iQ  and
jQ for 

retailers i and retailer j , 

respectively. 

 

Manufacturer offers contract 

with parameters iw ,
i , u

ip ,

o

ip &
i

mp . 

Manufacturer delivers 

min( , )i id Z and min( , )j jd Z

to retailer i  and retailer j , 

respectively. 
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Figure 3.2 Subsections , , , ( ) & ( )A B C D I D II to calculate available quantities 

From Figure 3.2, it is straight forward to determine the extra allocated quantity to retailer j

. The values of extra allocated quantity to retailer j , i.e., 
j jQ d



    and available quantity 

for retailer i  in sub-regions, , , , ( ) & ( )A B C D I D II  are given in equations (3.1) and (3.2), 

respectively.  
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Q d
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      (3.2) 

The quantity delivered to retailer i  will be the minimum of the confirmed order quantity of 

retailer i and the available quantity iZ . The delivered quantity from the manufacturer to 

retailer i  is equal to the sale quantity of retailer i  which is represented by iS  and is given 

by ( , )i i iS Min Z d . 

From equation (3.2) and expression ( , )i i iS Min Z d , the total expected sales for retailer i  

can be derived and is given in equation (3.3). 

jQ  

iQ  

jd  

id  

i jQ Q  

i jQ Q  

A  

C  

( )D I  

B  

( )D II

D (II) 
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0

0 0 0

0

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) (

i

i j i j

j i j

j i j i j ii

i j i j

i

j

i j

i j j

Q

i i D i D j j i i D i D j j i

Q Q Q

Q Q Q Q Q dQ

i D i D j j i i D i D j j i

Q

Q

i j j D i D j i

Q Q d

E S d f d f d d d d d Q f d f d d d d d

d f d f d d d d d d f d f d d d d d

Q Q d f d f d d d d d

  

  



 

 

 

  

   

   

  )j

 

 
0 0

0

( ) ( ) 1 ( ) ( ) ( )

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

( ) 1 ( ) ( ) ( )

ji

i i j

i j

i j j i

i

j

i j

QQ

i i D i i j D i j j D j j

Q Q

i D i D j i D i j i D i i

Q

Q

i j D i j j D j j

E S d f d d d d F Q Q d f d d d

Q F Q F Q d F Q Q d f d d d

Q Q F Q Q d f d d d



      

              

      

 





  (3.3) 

The proposed contract requires the retailers to determine commitment levels prior to the 

quantities allocation decisions of the manufacturer.  The uncertainty of the demand might 

lead the retailers to face under-purchase or over-purchase penalty due to the fact that the 

commitment level decision has to be made in advance, i.e., prior to the realization of actual 

demand. The under-purchase quantity is the difference between the confirmed order 

quantity and prior commitment level of the retailer if the confirmed order quantity of the 

retailer is less than the prior commitment level subject to the order fulfillment by the 

manufacturer. Whereas, over-purchase quantity is the difference between the supply 

quantity and prior commitment level of the retailer if the confirmed order quantity and the 

supply quantity of the manufacturer are greater than the prior commitment level of the 

retailer. Analogous to the retailers, the manufacturer also has to allocate quantities before 

receiving the confirmed orders from the retailers, which might lead the manufacturer to 

face either under-supply or over-production. The under-supply quantity is the difference 

between the confirmed order quantity of the retailer and supply quantity of the 

manufacturer if supply quantity is less than the confirmed order quantity of the retailer. 

However, if the confirmed order quantity of the retailer is greater than the prior 

commitment level then under-supply penalty will be the difference between the prior 

commitment level of the retailer and supply quantity of the manufacturer, i.e.,  i iK Z


 ,  

where, 
iZ is the available quantity for retailer i .  

Considering the sequence of activities from Figure 3.1, the retailers have to determine 

commitment levels prior to the realization of actual demands which results in a fact that the 

realized demands can be less than or greater than the prior-commitment levels of the 

retailers. Similarly, the manufacturer has to determine allocated quantities before receiving 

the confirmed orders from the retailers. The manufacturer’s allocated quantities can also be 

less or more than the confirmed order quantities of the retailers due to the fact that the 

retailers confirm their order quantities after realizing the actual demands. Taking into 

consideration these facts for retailer i , the six possible scenarios generated from the relative 

positions of demand id , commitment level iK and available quantity iZ are shown in 

Figure 3.3.  
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Figure 3.3 Relative relationship among
id , iK and iQ  

The values of under-purchase, over-purchase and under-supply quantities in six possible 

scenarios can be determined from Figure 3.3 and are presented in Table 3.1. 

iK  iZ  
id  

iK  id  
iZ  

iZ  id  iK  

iZ  iK  
id  

id  iK  
iZ  

id  iZ  
iK  

iuQ  

iuQ  

iuq  

iuq  

iOQ  

Quantity  

Quantity  

Quantity  

Quantity  

Quantity  

Quantity  

Scenario 1 

Scenario 2 

Scenario 3 

Scenario 4 

Scenario 5 

Scenario 6 

iOQ  
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Table 3.1 Under-purchase, over-purchase and under-supply quantities in six possible 

scenarios 

Scenarios Under Purchase (
iuQ ) Over Purchase (

ioQ ) Under Supply (
iuq ) 

1 0  i id K  0  

2 0  i iZ K  0  

3 0  0  i iK Z  

4 0  0  i id Z  

5 i iK d  0  0  

6 i iK d  0  0  

General Formula 
i iK d



    if i id Z  

0                 if i id Z  
( , )i i iMin d Z K



    
( , )i i iMin d K Z



  

 

The expected values of the under-purchase, over-purchase and under-supply quantities can 

be determined by using the values and general formulas presented in Table 3.1. Referring 

back to Figure 3.2 for sub-regions and Figure 3.2 for possible scenarios, the values of the 

under-purchase quantities in sub-regions , , , ( ) & ( )A B C D I D II  can be determined by using 

general formula from Table 1 and are given as follows: 

In sub-region A: 
i id Q &

j jd Q  

We have: 
i iZ Q . So,

i id Z , and hence, ( )
iu i iQ K d    

Sub-region B: 
i id Q &

j jd Q  

We have: 
i iZ Q . So,

i id Z , and hence, 0
iuQ   

Sub-region C: 
i id Q &

j jd Q  

We have: ( )i i j jZ Q Q d   . So,
i id Z , and hence, ( )

iu i iQ K d    

Sub-region D (I): i id Q &
j jd Q  

We have: ( )i i j jZ Q Q d   . So,
i id Z , and hence, ( )

iu i iQ K d    

Sub-region D (II): i id Q &
j jd Q  

We have: ( )i i j jZ Q Q d   . So,
i id Z , and hence, 0

iuQ   
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In summary, 

( )

0

( )

( )

0

i

i i

u i i

i i

K d

Q K d

K d







 




 






     

( )

( )

A

B

C

D I

D II









    (3.4) 

The expected under-purchase quantity of retailer i  can be derived from equation (3.4) and 

is given in equation (3.5). 

0 0 0

0

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

ji i

i i j i j

j

i j i j i

i j

i

QQ Q

u i i D i D j j i i i D i D j j i

Q

Q Q Q Q d

i i D i D j j i

Q

E Q K d f d f d d d d d K d f d f d d d d d

K d f d f d d d d d



 

  



      

 

   

 

 

0

( ) ( ) ( ) ( ) ( ) ( ) ( )

i ji

i i j i

i

Q QQ

u i i i i i i i j i i iD D D

Q

E Q K d f d d d K d F Q Q d f d d d



             (3.5) 

Similarly, the values of over-purchase quantities in sub-regions , , , ( ) & ( )A B C D I D II  can 

be determined and are given in equation (3.6). 

( )

( )

( )

( )

( )

i

i i

i i

o i i

i i

i j j i
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Q K

Q d K

d K

Q Q d K
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    (3.6) 

The expected over-purchase quantity of retailer i  can then be derived as follows: 
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  (3.7) 

The under-supply quantity from the manufacturer to retailer i  can also be computed by 

using the same technique and is given in equation (3.8). 
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   (3.8) 

The expected under-supply quantity from the manufacturer to retailer i  can then be 

derived as follows: 
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  (3.9) 

The inclusion of under-purchase, over-purchase, and under-supply penalties plays an 

important role in commitment levels decisions of the retailers, and quantities allocation 

decisions of the manufacturer. The impact can be explored by examining individuals’ and 

overall profit functions. However, the development of these profit functions requires 

finding out the costs, the revenues, and the transfer payments.  

The expected transfer payment from retailer i , to the manufacturer comprises revenue 

portion of the manufacturer, wholesale price for the expected purchased quantity, the 

expected penalties for under-purchase, and over-purchase as sources of revenue while the 

expected under-supply penalty as a cost or payment to the retailer. The expected transfer 

payment from retailer i  to the manufacturer represented by iT  is given in equation (3.10). 

     1
i i i

u o i

i i i i i i i u i o m uT R E S w E S p E Q p E Q p E q                  (3.10) 

From equation (3.10), it can be seen that the expected transfer payment from retailer i  to 

the manufacturer is directly proportional to the value of expected under-purchase and 

expected over-purchase penalties, i.e., increase in the value of either under-purchase or 

over-purchase penalty results in increasing the value of transfer payment from retailer i  to 

the manufacturer which ultimately, decreases the expected profit of retailer i . Whereas, 

increase in the expected value of under-supply penalty, decreases the expected transfer 

payment from retailer i  to the manufacturer which ultimately, decreases the expected 

profit of the manufacturer. Therefore, it is clear from equation (3.10) that the inclusion of 

under-purchase and over-purchase penalties motivates retailer i  to commit close to the 

expected demand. Furthermore, under-supply penalty is introduced to compensate the 

shortage loss of the retailers which induces the manufacturer to produce enough quantity. 

The expected profit of retailer i then can be determined and is equal to the revenue earned 

from the expected sales minus the expected transfer payment from retailer i  to the 

manufacturer. The expected profit function of retailer i  is given in equation (3.11).  

   i i

r i r i iR c E S T            (3.11) 

Similarly, the expected profit of the manufacturer can be determined which is equal to the 

sum of the transfer payments from the retailers and the salvage value of the expected 

surplus quantity minus the production cost of the product.  

 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.12) 
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The expected profit of the supply chain is the sum of the expected profit of the 

manufacturer and the retailers. The expected profit of the supply chain is given in equation 

(3.13).  

 i j

sc m r r     

   ( )* ( )* ( )* ( )*i j

sc i r i j r j i j i j v i j mR c E S R c E S Q Q E S E S s Q Q c                  

 ( )* ( )* ( )*( )i j

sc i v r i j v r j i j v mR s c E S R s c E S Q Q s c              (3.13) 

From equations (3.10), (3.11) and (3.12), the expected profit functions of the manufacturer 

and the retailers comprise the expected quantities of sales, under-purchase, over-purchase, 

and under-supply. The expected sales quantities of the retailers solely depend on the 

available quantities, i.e., allocated quantities. Whereas, the expected values of under-

purchase, over-purchase and under-supply quantities depend on commitment levels of the 

retailers and quantities allocation decisions of the manufacturer. However, the basic 

purpose of prior commitments of the retailers is to facilitate the manufacturer in 

determining optimal quantities for the retailers. This is due to the fact that individual 

profits of the manufacturer and the retailers, overall profit of the supply chain, and 

performance of the supply chain depends solely on quantities allocation decisions of the 

manufacturer. Hence, we can say that the quantities allocation decisions of the 

manufacturer are of prime importance and need to be discussed in detail. Considering this 

fact, we explore possible quantities allocation decisions of the manufacturer and possible 

scenarios for the manufacturer and retailers, generated from the quantities allocation 

decisions of the manufacturer with reference to the commitment level decisions of the 

retailers, in section 3.2.  

3.2 Possible scenarios 

3.2.1 Possible scenarios for retailer i  

In this section, we discuss possible scenarios for retailer i  generated from the quantities 

allocation decisions of the manufacturer with reference to commitment level of retailer i . 

Due to the provision of reallocation, the scenarios are discussed considering quantity 

allocated to retailer i  as well as total quantity produced by the manufacturer. It is important 

to mention here that the expected sales quantity function remains the same in all scenarios. 

However, the expected values of under-purchase, over-purchase and under-supply 

quantities change from one scenario to other because of the change in relative position of 

the allocated quantity with respect to prior commitment level of the retailer.  In fact, 

retailer i  can face the following three possible scenarios. 

SCENARIO 1: i iK Q   

In this scenario, the allocated quantity of the manufacturer is greater than the commitment 

level of retailer i . The expected values of under-purchase, over-purchase and under-supply 

quantities can be determined and are given in equations (3.14) – (3.16), respectively. 

1

0

( ) ( ) ( )
i

i i

K

u i i i iD
E Q K d f d d d             (3.14) 



 

56 

 

1

0

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

( ) ( ) ( ) ( )

( ) 1 ( ) ( ) ( )

i

i i i j

i

i j

j i

i

j

i j

Q

o i i i i i i i jD D D

K

Q Q

i i i j i i iD D

Q

Q

i j j i i j j j jD D

E Q d K f d d d Q K F Q F Q

d K F Q Q d f d d d

Q Q d K F Q Q d f d d d



               

   

       
 







  (3.15) 

1 0
iuE q              (3.16) 

The expected transfer payment and profit function of retailer i  can then be determined by 

putting the corresponding values of under-purchase, over-purchase and under-supply 

quantities and are given in equations (3.17) and (3.18), respectively. 

     1 1 11
i i

u o

i i i i i i i u i oT R E S w E S p E Q p E Q                          (3.17) 

     1

1

i i

r i r i iR c E S T                       (3.18) 

SCENARIO 2: i i i jQ K Q Q     

In this scenario, the commitment level of retailer i is greater than the quantity allocated to 

retailer i , however, less than the total quantity produced by the manufacturer. The expected 

values of under-purchase, over-purchase and under-supply quantities can be determined 

and are given in equations (3.19) - (3.21), respectively.  
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  (3.20) 
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Derived from the above functions, the expected transfer payment from retailer i  to the 

manufacturer and profit function of retailer i  are given in equation (3.22) and (3.23), 

respectively.  

     2 2 2 21
i i i

u o

i i i i i i i u i o m uT R E S w E S p E Q p E Q p E q                  (3.22) 

     2

2

i i

r i r i iR c E S T            (3.23) 

SCENARIO 3: i i jK Q Q   

In this scenario, the commitment level of retailer i is assumed to be greater than the total 

quantity produced by the manufacturer. The expected values of under-purchase, over-

purchase and under-supply quantities can then be determined and are presented in 

equations (3.24) - (3.25), respectively. 
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3 0
ioE Q              (3.25) 
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  (3.26) 

Derived from the above functions, the expected transfer payment from retailer i  to the 

manufacturer and the profit function of retailer i  are given in equation (3.27) and (3.28), 

respectively.  

     3 3 31
i i

u

i i i i i i i u m uT R E S w E S p E Q p E q               (3.27) 

     3

3

i i

r i r i iR c E S T            (3.28) 

From equations (3.18), (3.23) and (3.28), it is clear that the optimization of the 

commitment level of retailer i  requires knowing the quantities allocated to retailer i  and 

retailer j . However, manufacturer’s allocated quantities are not visible to the retailers. 
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3.2.2 Possible scenarios for the manufacturer 

The manufacturer allocates and produces a specific quantity for each retailer after 

receiving the expected order quantities commitments from the retailers. Actually, the 

possible scenarios generated from the quantities allocation decisions of the manufacturer 

are the combination of the scenarios faced by the retailers. The expected profit function of 

the manufacturer in all possible scenarios can be derived by putting the corresponding 

values of under-purchase, over-purchase and under-supply quantities and are given in 

equations (3.29) – (3.37).  

SCENARIO 1: i iK Q  & j jK Q  

 11 1 1 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.29) 

SCENARIO 2: i iK Q  & j j i jQ K Q Q    

 12 1 2 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.30) 

SCENARIO 3: i iK Q & j i jK Q Q    

 13 1 3 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.31) 

SCENARIO 4: i i i jQ K Q Q    & j jK Q  

 21 2 1 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.32) 

SCENARIO 5: i i i jQ K Q Q    & j j i jQ K Q Q    

 22 2 2 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.33) 

SCENARIO 6: i i i jQ K Q Q    & j i jK Q Q   

 23 2 3 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.34) 

SCENARIO 7: i i jK Q Q  & j jK Q  

 31 3 1 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.35) 

SCENARIO 8: i i jK Q Q  & j j i jQ K Q Q    

 32 3 2 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.36) 

SCENARIO 9: i i jK Q Q  & j i jK Q Q   

 33 3 3 ( ) ( )m i j v i j i j i j mT T s Q Q E S E S Q Q c               (3.37) 
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Based on the above mentioned scenarios, the manufacturer decides about the quantities to 

be allocated to the retailers keeping in mind the expected demands and prior-commitment 

levels of the retailers. 

3.2.3 Formulas for the typical revenue sharing contract 

The formulas for the expected sales quantity, the expected transfer payment from retailer i

to the manufacturer, the expected profit of the manufacturer, the expected profit of the 

retailers and total profit of the supply chain under the typical revenue sharing contract 

management can be derived from the formulas developed for the proposed revenue sharing 

contract with prior commitment and two-way penalties by putting the value of each under-

purchase, over-purchase and under-supply penalty equal to zero, i.e., 0  u o i

i i mp p p .  

The expected sales quantity 

The expected sales quantity of retailer i  is same as given in equation (3.3). 

The expected transfer payment from retailer i  to the manufacturer 

The expected transfer payment from retailer i  to the manufacturer can be derived from 

equation (3.10) by putting the value of under-purchase, over-purchase and under-supply 

penalties equal to zero, i.e., 0  u o i

i i mp p p . The expected transfer payment from retailer 

i  to the manufacturer under the typical revenue sharing contract management is given in 

equation (3.38). 

   (1 )  i i i i iT R w E S         (3.38) 

The expected profit of retailer i   

The expected profit of retailer i  under the typical revenue sharing contract management can 

be determined by putting the value of the expected transfer payment from equation (3.38) 

into equation (3.11) and is given in equation (3.39). 

       i i

r i i i r iR w c E S         (3.39) 

The expected profit of the manufacturer 

Similarly, the expected profit of the manufacturer under the typical revenue sharing 

contract management can be determined and is given in equation (3.40). 

     (1 ) (1 ) ( )( )             m i i i v i j j j v j m v i jR w s E S R w s E S c s Q Q (3.40) 

The expected profit of the supply chain 

The expected profit of the supply chain is equal to the sum of the expected profit of the 

manufacturer and the retailers. The expected profit of the supply chain under the typical 

revenue sharing contract management is given in equation (3.41).  

 ( ) ( ) ( )( )           
i j

sc i v r i j v r j m v i jR s c E S R s c E S c s Q Q    (3.41) 

Due to the complexity of the problem, it is not possible to derive the optimal allocated 

quantities using analytical method. Hence, numerical experiments are conducted in order 
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to get an insight into the practical implementation of the contract, the details of which are 

discussed in section 3.3.  

3.3 Numerical Experiments 

In this part, numerical experiments are conducted to illustrate practical implementation and 

implications of the proposed contract. The analyses based on the presumption that the 

demand follows the truncated normal distribution. The results shown here are just for 

illustration purpose established along the arbitrarily selected values of input parameters. It 

is straight forward that the values of all input parameters affect individual profits, overall 

profit, and coordination performance of the contract, however, this part solely inquires to 

find out the impact of key parameters.  

From equations (3.18), (3.23) and (3.28), it is evident that the values of under-purchase, 

over-purchase and under-supply penalties play an important role in commitment level 

decision of retailer i . However, this research is solely focused on facilitating the 

manufacturer in optimizing quantities allocation decisions due to the fact that the 

individual profits, overall profit and performance of the supply chain primarily depend on 

the quantities allocated and produced for the retailers. Hence, commitment levels of the 

retailers are assumed to be defined exogenously. 

To find the optimal allocated quantities, the manufacturer determines optimal quantities for 

the retailers in all possible scenarios with given commitment levels and agreed-upon terms 

of the contract.  The optimal quantities are derived from the scenario providing maximum 

profit to the manufacturer. Nonetheless, if more than one scenario provides same profit to 

the manufacturer then the scenario with higher overall supply chain profit will be selected 

and allocation of quantities is done following the optimum values of that scenario. 

Furthermore, the manufacturer’s allocated quantities are determined at various levels of 

commitments from the retailers in order to examine quantity allocation trend of the 

manufacturer. The experiments are also performed to examine the effect of commitment 

levels, demand variability, and revenue sharing percentages on individual profits, overall 

profit, and performance of the supply chain. 

3.3.1 Quantity allocation trend and performance of the contract 

The quantities allocation decisions of the manufacturer are critical in maximizing 

individual as well as overall profit of the supply chain. The methodology adopted for 

performing “quantity allocation trend” experiments follows gradual increase in 

commitment level of retailer j  while fixing the commitment level of retailer i . In order to 

ensure consistency of the trend, the experiments are repeated at different levels of 

commitment from retailer i . The values of the input parameters for “quantity allocation 

trend” experiments are presented in Table 3.2. 

Table 3.2 Input parameters for quantity allocation trend experiments 
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The quantity allocation trend of the manufacturer is discovered by determining the values 

of iQ , and
jQ , at given values of iK , and

jK . In addition, individual profit of the 

manufacturer m , individual profits of the retailers i

r & j

r , and total profit of the supply 

chain sc , are also determined at given values of iK , and
jK , to find out the effect of 

commitment levels of the retailers on individual profits, overall profit, and overall 

performance of the supply chain as shown in Table 3.3.  

 

 
Figure 3.4 Quantity allocation trend of the manufacturer ( ik =600) 

From table 3.3, it can be seen that when the commitment level of retailer i  is fixed, the 

increase in the commitment level of retailer j  will lead to the fact that the allocated 

quantity ( iQ ) to retailer i  decreases while the allocated quantity (
jQ ) to retailer j  

increases. The effect of change in commitment level of the retailer on quantity allocation 

trend of the manufacturer is shown in Figure 3.4. 
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Table 3.3 Optimal solutions and efficiency of the contract at various levels of 

commitments 

iK  jK  
*

iQ  
*

jQ  
m  

i

r  
j

r  % m  % i

r  % j

r  
sc    

600 500 901 629 170050 65000 85964 52.97 20.25 26.78 321014 99.90 

600 600 891 639 165050 65000 90964 51.42 20.25 28.34 321014 99.90 

600 700 830 700 160109 64999 95905 49.88 20.25 29.88 321013 99.90 

600 800 731 800 157801 64837 98448 49.15 20.19 30.66 321086 99.92 

600 900 633 900 163953 64399 92908 51.03 20.04 28.92 321260 99.97 

700 500 914 615 167101 67948 85939 52.06 21.17 26.77 320988 99.89 

700 600 912 617 162101 67948 90939 50.50 21.17 28.33 320988 99.89 

700 700 830 700 157161 67948 95905 48.96 21.17 29.88 321014 99.90 

700 800 731 800 154852 67786 98448 48.23 21.11 30.66 321086 99.92 

700 900 475 1075 160754 67662 92909 50.03 21.06 28.91 321325 99.99 

800 500 901 629 173024 62025 85964 53.90 19.32 26.78 321013 99.90 

800 600 893 635 168024 62025 90914 52.35 19.32 28.33 320963 99.88 

800 700 830 700 163084 62025 95905 50.80 19.32 29.88 321014 99.90 

800 800 796 742 160580 62022 98558 50.00 19.31 30.69 321160 99.94 

800 900 495 1056 165921 62444 92941 51.64 19.43 28.93 321306 99.99 

     The expected profit of the centralized supply chain 
c = 321345 

In terms of profit, it is clear from Table 3.3 that by increasing the commitment level of 

retailer j  at fixed commitment level of retailer i , the percentage of the total supply chain 

profit that the retailer j  received first increases and then decreases while the percentage of 

the total supply chain profit that the manufacturer received show an inverse trend, i.e., first 

decreases and then increases. The effect of the change in commitment level on individual 

profit of the manufacturer and the retailers is shown in Figure 3.5. 

 

 
Figure 3.5 The effect of change in commitment level on individual profit of the 

manufacturer and the retailers ( ik =600) 
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Furthermore, it can be observed that the percentage of the total profit that the retailer j  

received is maximized and the percentage of the total profit that the manufacturer received 

is minimized when the commitment level of retailer j is about the average demand. 

However, an inverse trend is observed when commitment level of retailer j moves away 

from the average demand. The effect of change in commitment level of the retailer on the 

percentage of the total supply chain profit that the manufacturer and the retailers received 

is shown in Figure 3.6. 

 
Figure 3.6 Percentages of individual profits of the stakeholders ( ik =600) 

From the manufacturer viewpoint, it is beneficial that the retailer j make commitments far 

away from the average demand. This is due to the fact that when commitment level of 

retailer j (
jK ) moves away from the average demand, the amount of penalty that retailer j  

has to pay to the manufacturer in terms of either under-purchase or over-purchase 

increases, which ultimately decreases profit of retailer j  and increases profit of the 

manufacturer. The penalty cost for retailer j  increases due to the fact that the expected 

demand information is common and manufacturer’s quantity allocation decision primarily 

based on expected demand information instead of commitment level of retailer j . The 

purpose of prior commitments is to induce the retailers to share quantity allocation risk of 

the manufacturer.   

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

400 600 800 1000 

P
er

ce
n
ta

g
e 

Commitment level of retailer j 

%age profit of the 
manufac 

%age profit of retailer i 

%age profit of retailer j 



 

64 

 

 
Figure 3.7 Profit of the decentralized and integrated supply chains ( ik =600) 

The coordination performance of the contract is determined at various levels of 

commitments from the retailers. The coordination performance of the contract usually 

measured in terms of coordination efficiency  and is defined as the ratio of the total profit 

of the decentralized supply chain under contract arrangement to the total profit of the 

centralized supply chain. From Table 3.3, it can be seen that the proposed contract achieve 

high coordination efficiency in all combinations of commitment levels and for some 

specific combinations of commitment levels, the decentralized supply chain is perfectly 

coordinated, i.e., 1  . From efficiency trend in Table 3.3, it can also be observed that the 

overall coordination efficiency of the contract is higher when commitment levels of the 

retailers are more than the average demands. For illustration, the effect of the change in 

commitment level on profit of the supply chain under the proposed contract management, 

profit of the integrated supply chain and coordination efficiency of the contract is shown in 

Figure 3.7. 

3.3.2 The effect of demand variability 

The quantity allocation risk of the manufacturer is directly proportional to the demand 

uncertainty. Under typical supply chain arrangements, increase in demand uncertainty 

would lead the manufacturer to produce less quantity due to the fact that appropriate 

compensation will not be given to the manufacturer to compensate over-production. 

However, under the arrangements of our proposed contract, the retailers are induced to 

share quantities allocation risk of the manufacturer by making prior commitments about 

expected order quantities. Furthermore, inclusion of under-purchase and over-purchase 

penalties motivates the retailers to commit close to the expected demand. The 

manufacturer is also motivated to produce enough quantity for each retailer to avoid under-

supply penalty that has to be paid to compensate the shortage loss of the retailers.  
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Table 3.4 Input parameters to find out the effect of demand variability 

iR  = 400 
i

 = 0.75 iw = 140 
i
r

c = 40 
u

p
i

= 90 
o

p
i

= 50 
i

p
m

= 120 mc = 150 

jR = 400 
j

 = 0.75 jw = 140 j

r
c = 40 

u
j

p = 90 
o

p
j

= 50 
j

p
m

= 120 
v

s = 80 

i
 =  420 , 

j
 =  720 K

i
=  400, K

j
=  700 i = 10, 50, 100       

j
 = 15, 80, 200 

              = average demand,  = standard deviation of the demand 

In this section we examine the effect of demand variability on quantities allocation, 

individual profits and overall performance of the supply chain. The values of the input 

parameters are presented in Table 3.4. The methodology adopted to find out the effect of 

demand uncertainty follows a gradual increase in the demand uncertainty level of retailer 

j  at fixed demand uncertainty level of retailer i . To ensure the consistency, the 

experiments are repeated at various demand uncertainty levels of retailer i . 

Table 3.5 Optimal solutions and efficiency with different levels of demand variability 

i  j  
m  

i

r  
j

r  iQ  jQ  % m  % i

r  % j

r  
sc  

c    

10 15 103324 49261 85165 420 728 43.46 20.72 35.82 237750 237796 99.98 

10 80 101663 48969 81377 400 775 43.82 21.11 35.07 232009 232226 99.91 

10 200 99138 48938 72945 400 826 44.85 22.14 33.00 221021 221584 99.75 

50 15 102316 47002 85304 415 748 43.61 20.03 36.36 234622 234755 99.94 

50 80 102217 46945 81590 400 781 44.30 20.34 35.36 230752 231006 99.89 

50 200 100289 46995 73207 400 829 45.48 21.31 33.20 220491 221059 99.74 

100 15 101264 44009 84859 484 700 44.00 19.12 36.87 230132 230403 99.88 

100 80 102325 43735 81586 429 766 44.95 19.21 35.84 227646 228005 99.84 

100 200 101639 43665 73573 400 836 46.44 19.95 33.61 218877 219506 99.71 

 

In Table 3.5, the manufacturer’s allocated quantities to the retailers iQ and 
jQ , individual 

profit of the manufacturer m , individual profits of the retailers i

r  and j

r , total profit of 

the supply chain sc  and coordination efficiency of the contract   are determined at 

various levels of demand uncertainty  .  
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Figure 3.8 The effect of demand variability on quantity allocation trend (  i =600) 

The quantity allocation trend is very interesting and demonstrates the effect of demand 

uncertainty on quantity allocation decision of the manufacturer. From Table 3.5, increase 

in demand uncertainty level of retailer j  at fixed demand uncertainty level of retailer i , the 

quantity allocated to retailer j  increases whereas quantity allocated to retailer i  decreases. 

This trend is understandable because when demand uncertainty level of retailer j  

increases, the manufacturer allocates more quantity to retailer j in order to minimize the 

risk of unfulfilled demand. The decrease in quantity allocated to retailer i  is to minimize 

the risk of over-production as extra quantity from retailer j  can be utilized to fulfill the 

demand of retailer i . Furthermore, it is interesting to see that though the allocated quantity 

to retailer i  decreases by increasing demand uncertainty level of retailer j , however, total 

quantity produced for both the retailers increases which help minimizing the risk of 

shortage. The quantity allocation trend of the manufacturer for both the retailers at various 

levels of demand uncertainty is shown in Figure 3.8. 

 
Figure 3.9 The effect of demand variability on individual profits ( i =600) 
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Figure 3.10 The effect of demand variability on individual profit percentages and 

efficiency ( i =600) 

 

From Table 3.5, it can also be seen that increase in demand uncertainty level of retailer j  at 

fixed demand uncertainty level of retailer i , decreases the amount and percentage of the 

total supply chain profit received by retailer j , whereas, the percentages of the total supply 

chain profit that the manufacturer and retailer i  received, show an inverse trend, i.e., 

increases by increasing the demand uncertainty level of retailer j . The effect of change in 

demand variability on individual profit of the manufacturer and both the retailers is shown 

in Figure 3.9, while, Figure 3.10 depicts the effect of change in demand variability on the 

percentage of the total supply chain profit received by the manufacturer and both the 

retailers. 

 
Figure 3.11 The effect of demand variability on profit of the supply chain (  i =600) 

In terms of total profit, it should be noted that increase in demand uncertainty level of 
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supply chain
c . However, the decrease in profit of the decentralized supply chain under 

contract arrangement is higher than the decrease in the profit of the centralized supply 

chain. This is due to the fact that under high level of demand uncertainty, the members of 

the decentralized supply chain would prefer to be on safe side while making the decisions 

of commitment levels and quantities allocation, which ultimately leads to the decrease in 

total profit and efficiency of the supply chain. The effect of change in demand variability 

on total profit of the supply chain under contract management, profit of the integrated 

supply chain and coordination efficiency of the contract is shown in Figure 3.11. 

3.3.2.1 Comparison of the proposed contract with the typical RS contract at various 

levels of demand variability 

In this section, additional numerical experiments have been conducted to find out (1) 

individual profit of the manufacturer, (2) total profit of the supply chain and (3) 

coordination efficiencies of the proposed and the typical revenue sharing contracts at 

various levels of demand variability. The results are shown in Table 3.6.  

Table 3.6 Comparison of the proposed contract and the typical RS contract at various 

levels of demand variability 

The proposed contract 
The typical Revenue 

sharing contract 

i  j  
m  

sc  
c    

m  
sc    

10 15 103324 237750 237796 99.98 101463 237515 99.88 

10 80 101663 232009 232226 99.91 97517 231135 99.53 

10 200 99138 221021 221584 99.75 89976 218988 98.83 

50 15 102316 234622 234755 99.94 99309 233960 99.66 

50 80 102217 230752 231006 99.89 96652 229726 99.45 

50 200 100289 220491 221059 99.74 89604 218337 98.77 

100 15 101264 230132 230403 99.88 96225 228904 99.35 

100 80 102325 227646 228005 99.84 94526 226320 99.26 

100 200 101639 218877 219506 99.71 88504 216621 98.69 

 

It is evident from Table 3.6 that the proposed revenue sharing with prior commitment and 

two-way penalties outperformed the typical revenue sharing contract in terms of individual 

profit of the manufacturer, total profit of the supply chain and coordination efficiency at all 

level of demand variability. Furthermore, it can be seen from Figure 3.12 that the 

difference between the individual profit of the manufacturer under the proposed contract 

and the individual profit of the manufacturer under the typical revenue sharing contract is 

increased by increasing the demand variability of retailer j , at fixed demand variability of 

retailer i . The comparison of coordination efficiency show exactly similar trend.  
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Figure 3.12 Comparison of the proposed contract and the typical RS contract at 

various levels of demand variability ( i  = 50) 

3.3.3 The effect of revenue sharing percentage 

The revenue sharing percentages of the stakeholders play an important role in acceptance 

and coordination performance of the contract. This section aims to find out the effect of 

revenue sharing percentages of the stakeholders on quantity allocation trend of the 

manufacturer, individual profits, overall profit, and coordination performance of the 

proposed contract. The values of the input parameters are given in Table 3.7. 

Table 3.7 Input parameters to find out the effect of revenue sharing percentage 
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In Table 3.8, individual profit of the manufacturer m , individual profits of the retailers i

r  

and j

r , total profit of the supply chain sc , and coordination efficiency of the contract  , 

are determined at various levels of revenue sharing percentages ( i , j ). 
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Table 3.8 Optimal solutions and efficiency with different revenue sharing percentages 

i  j  
m  

i

r  
j

r  iQ  jQ  % m  % i

r  % j

r  
sc    

0.5 0.5 280968 7400 7400 756 756 95.00 2.50 2.50 295768 99.89 

0.5 0.6 252308 7234 36302 773 736 85.28 2.45 12.27 295844 99.91 

0.5 0.7 223703 7109 65119 790 715 75.59 2.40 22.00 295931 99.94 

0.5 0.75 209423 7067 79478 799 704 70.76 2.39 26.85 295968 99.95 

0.6 0.5 252308 36302 7234 736 773 85.28 12.27 2.45 295844 99.91 

0.6 0.6 223611 36128 36128 754 754 75.58 12.21 12.21 295867 99.92 

0.6 0.7 194969 35962 65000 773 732 65.88 12.15 21.96 295931 99.94 

0.6 0.75 180673 35902 79411 782 720 61.04 12.13 26.83 295986 99.96 

0.7 0.5 223703 65119 7109 715 790 75.59 22.00 2.40 295931 99.94 

0.7 0.6 194969 65000 35962 732 773 65.88 21.96 12.15 295931 99.94 

0.7 0.7 166282 64834 64834 752 752 56.19 21.91 21.91 295950 99.95 

0.7 0.75 151963 64757 79266 762 740 51.34 21.88 26.78 295986 99.96 

         The expected profit of the centralized supply chain 
c = 296108 

 

From Table 3.8, it is evident that when revenue sharing percentage of retailer i  is fixed, 

the increase in revenue sharing percentage of retailer j  will lead to the fact that the profit 

of retailer j  and total profit of the supply chain increases while the individual profits of the 

manufacturer and retailer i  decreases. The effect of change in revenue sharing percentage 

on individual profit of the manufacturer and the retailers is shown in Figure 3.13. 

 
Figure 3.13 The effect of revenue sharing percentages on individual profits (i =0.6) 

Figure 3.14 depicts comparison between the profit of the supply chain under the proposed 

contract management and profit of the supply chain under centralized decision making. 

The increase in the total profit of the supply chain by increasing the revenue sharing 

percentage of retailer j , at fixed revenue sharing percentage of retailer i  is due to the fact 

that higher revenue sharing percentage motivates the retailer to make a prior commitment 

level not less than the average demand which ultimately minimizes the risk of shortage. 
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Figure 3.14 The effect of revenue sharing percentages on profit of the supply chains (

i =0.6) 

Figure 3.15 depicts that the increase in revenue sharing percentage of retailer j  at fixed 

revenue sharing percentage of retailer i , the percentage of the total supply chain profit 

received by the manufacturer is decreased while the percentage of the total supply chain 

profit received by the retailer j  is increased. The percentage of the total supply chain profit 

received by retailer i  is also decreased; however, the decreasing rate is very low. 

Furthermore, increase in revenue sharing percentage of retailer j at fixed revenue sharing 

percentage of retailer i  leads to increase in coordination efficiency   of the contract.  

 

 
Figure 3.15 The effect of revenue sharing percentages on percentages of the total 

supply chain profits that the individuals received, and coordination efficiency (i

=0.6) 
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allocated to retailer i  increases while the quantity allocated to retailer j  decreases. This 

trend is understandable because the increase in revenue sharing percentage of retailer j , 

will lead to the reduction in profit of the manufacturer and hence, the manufacturer would 

prefer to allocate more to retailer i  to completely fulfill the demand of retailer i which 

helps the manufacturer to increase profit. The effect of change in revenue sharing 

percentage on quantity allocation trend of the manufacturer is shown in Figure 3.16. 

 

 
Figure 3.16 The effect of revenue sharing percentages on quantity allocation trend (

i =0.6) 

Furthermore, it should be noted that though increase in revenue sharing percentage of 

retailer j  decreases the quantity allocated to retailer j , however, total quantity produced by 

the manufacturer remains almost the same. In fact, this shift of quantity allocation from 

retailer j to retailer i is due to (1) manufacturer preference to fulfill the demand of retailer i

on priority, and (2) the reallocation policy that permits to reallocate only extra quantity to 

other retailer. Hence, change in revenue sharing percentage of retailer j , changes the 

quantities allocation priority of manufacturer, however, total production quantity remains 

almost the same.  

3.3.3.1 Comparison of the proposed contract with the typical revenue sharing 

contract at various levels of revenue sharing percentages 

 

In this section, the proposed revenue sharing contract with prior commitment, two-way 

penalties and reallocation of pre-allocated quantities is compared with the typical revenue 

sharing contract in terms of individual profit of the manufacturer, total profit of the supply 

chain and coordination efficiency at various levels of revenue sharing percentages. The 

results are presented in Table 3.9. 
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Table 3.9 Comparison of the proposed contract and the typical revenue sharing 

contract at various levels of revenue sharing percentages 

The proposed contract The typical RS contract 

i   j
 

m  
sc    

m  
sc    

0.5 0.5 280968 295768 99.89 267530 295700 99.86 

0.5 0.6 252308 295844 99.91 239250 295685 99.86 

0.5 0.7 223703 295931 99.94 211121 295588 99.82 

0.5 0.75 209423 295968 99.95 197142 295176 99.69 

0.6 0.5 252308 295844 99.91 239250 295666 99.85 

0.6 0.6 223611 295867 99.92 210450 295786 99.89 

0.6 0.7 194969 295931 99.94 182321 295588 99.82 

0.6 0.75 180673 295986 99.96 168342 295176 99.69 

0.7 0.5 223703 295931 99.94 211121 295588 99.82 

0.7 0.6 194969 295931 99.94 182321 295588 99.82 

0.7 0.7 166282 295950 99.95 153521 295587 99.82 

0.7 0.75 151963 295986 99.96 139542 295176 99.69 

 

It is evident from Table 3.9 that the proposed contract outperforms the typical revenue 

sharing contract in terms of individual profit of the manufacturer, total profit of the supply 

chain and coordination efficiency at all levels of revenue sharing percentages. The 

comparison of coordination efficiency and the profit of the manufacturer under the 

proposed and the typical revenue sharing contracts is illustrated in Figure 3.17. 

 
Figure 3.17 Comparison of the proposed and the typical revenue sharing contract at 

various levels of revenue sharing percentages (i =0.6)
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3.4 Chapter summary 

In this chapter, mathematical model of a revenue sharing contract with prior commitments 

and two-way penalties is derived for a supply chain comprising one manufacturer and two 

retailers facing stochastic demand. The main objective of the developed contract is to 

facilitate the manufacturer in making quantity allocation decision. In order to share 

quantity allocation risk of the manufacturer, the retailers are induced to make prior-

commitment about expected quantity to be purchased. The penalties for under-purchase 

and over-purchase are introduced to motivate the retailers to commit close to the expected 

demand, i.e., not too high or too low. Under-purchase penalty is also introduced to 

compensate the shortage loss of the retailers. The inclusion of under-purchase penalty 

motivates the manufacturer to produce sufficient quantity which ultimately minimizes the 

risk of shortage.  

The proposed revenue sharing contract is designed to facilitate the manufacturer in 

optimizing quantity allocation decisions based on demand information and prior-

commitment levels of the retailers. The purpose of prior commitments from the retailers 

with inclusion of under-purchase and over-purchase penalties is to induce the retailers to 

share production capacity allocation risk of the manufacturer. The reallocation of pre-

allocated quantities further helps minimizing the manufacturer’s risk of quantity allocation.  

Due to complexity of the problem, it is not possible to derive an analytical solution. Hence, 

practical implementation and implications of the contract are illustrated via numerical 

experiments. Furthermore, performance analyses are conducted to examine the effect of 

key input parameters on quantity allocation, individual profit of the manufacturer, 

individual profits of the retailers, and overall performance of the supply chain. It is evident 

from the results that the proposed contract with prior commitment, two-way penalties and 

reallocation of pre-allocated quantities effectively helps to improve the profit and 

efficiency of the supply chain.  

In addition, the proposed revenue sharing contract with prior commitments, two-way 

penalties and reallocation of pre-allocated quantities is compared with the typical revenue 

sharing contract and it is found that the proposed contract outperforms the typical revenue 

sharing contract at all levels of demand uncertainty and revenue sharing percentages.
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CHAPTER 4 

4 REVENUE SHARING CONTRACT CONSIDERING DEMAND 

CORRELATION BETWEEN THE RETAILERS 

4.1 Model Formulation 

In this chapter, the proposed contract in chapter 3 is extended to examine the effect of 

demand correlation.  We consider joint probability density function of demand and later on 

analyses the effect of demand correlation using numerical analysis.  

4.1.1 Notations 

Prior to the further description and details of the mathematical model formulation, the 

variables and parameters of the model are defined as follows:  

,i j  (1 or 2) Retailers’ index 

iR  Per unit retail price of the product at retailer i   

i  Percentage of the revenue retained by retailer i   

iw  Per unit wholesale price of the product for retailer i   

i

rc  Marginal cost of one unit of the product at retailer i   

id  Demand faced by retailer i   

  Demand correlation factor between the retailers  

mc  Manufacturing cost for one unit of the product  

vs  Per unit salvage value of the product  

u

ip  Penalty for one under-purchased unit paid by retailer i  

o

ip  Penalty for one over-purchased unit paid by retailer i   

i

mp  Penalty for one under-supply unit paid by manufacturer to retailer i  

iS  Sales volume of retailer i   

( , )i jf d d  Joint probability density function of demand  

iZ  The quantity available for retailer i  (at least equal to the allocated quantity) 

iK  Commitment level of retailer i   

iuq  Under supply quantity from the manufacturer to retailer i  
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iuQ  Under purchase quantity of retailer i   

ioQ  Over purchase quantity of retailer i   

iQ  The quantity allocated to retailer i (decision variable) 

m  The profit function of the manufacturer 

i

r  The profit function of retailer i   

sc  The profit function of the supply chain 

4.1.2 Sales quantity 

Similar to the derivation in chapter 3, the expected sales quantity of retailer i can be 

calculated and is given in equation (4.1). 
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   (4.1) 

4.1.3 Under-purchase, over-purchase and under-supply quantities 

Similarly, the expected under-purchase, over-purchase and under-supply quantities can be 

derived by following the procedure given in chapter 3 and are presented in equations (4.2), 

(4.3) and (4.4), respectively. 
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   (4.4) 

The next step is to determine the expected profit of the manufacturer, expected profit of the 

retailers and expected profit of the supply chain by using the expected values of sales, 

under-purchase, over-purchase and under-supply quantities. 

4.1.4 Profit function of the manufacturer 

The sources of revenue for the manufacturer include the expected transfer payments from 

retailer i and retailer j . Transfer payment from each retailer includes the wholesale price, 

revenue share for expected sales quantity, and penalties for expected under-purchase and 

over-purchase quantities. The outflows include manufacturing cost of the products and 

payment of penalties to the retailers for expected under-supply quantities. It is also noted 

that the expected unsold inventory is salvaged by the manufacturer which is included as a 

source of revenue in profit function of the manufacturer. The mathematical expression for 

expected profit function of the manufacturer, represented by m , is given in equation (4.5).   



 

78 

 

     

 

 

1

1

( ) ( )

i i i

j j j

u o i

m i i i i i i u i o m u

u o j

j j j j j j u j o m u

v i j i j i j m

R E S w E S p E Q p E Q p E q

R E S w E S p E Q p E Q p E q

s Q Q E S E S Q Q c

                

                      

       

  (4.5) 

4.1.5 Profit function of the retailer 

Similarly, the profit function of retailer i  can then be determined and given in equation 

(4.6).  

    ( ) 1
i i i

i i u o i

r i r i i i i i u i o m uR c R w E S p E Q p E Q p E q                    (4.6) 

4.1.6 Profit function of the supply chain 

From the individual profit functions of the manufacturer and the retailers, the total 

expected profit of the supply chain can be calculated which is equal to the sum of the 

expected profits of the manufacturer m and the retailers &i j

r r   and is given in equation 

(4.7).   

 ( )* ( )* ( )*( )i j

sc i v r i j v r j i j v mR s c E S R s c E S Q Q s c              (4.7) 

4.2 Possible scenarios generated from the commitment levels and allocated 

quantities 

The quantity allocation decision of the manufacturer is very critical and affects individual 

as well as overall profit of the supply chain. The commitment level of the retailer is an 

important input parameter and plays a vital role in quantity allocation decision of the 

manufacturer. The relative positions of the commitment level of the retailer i  and allocated 

quantity by the manufacturer generate various scenarios as the commitment level of the 

retailer i  can be: 

1. Less than the allocated quantity, i.e., i iK Q . 

2. Greater than the allocated quantity to retailer i , however, less than total quantity 

produced by the manufacturer for both the retailers, i.e., i i i jQ K Q Q   . 

3. Greater than total quantity produced by the manufacturer for both the retailers, i.e., 

i i jK Q Q  . 

The mathematical expression for the expected sales quantity of each retailer remains same 

in all above mentioned scenarios due to the fact that the expected value of sales quantity is 

derived from the minimum between the available quantity and the order quantity. 

However, the expected values of under-purchase, over-purchase and under-supply 

quantities depend on the relative position of commitment level, available quantity and 

order quantity, and hence, vary from one scenario to another. The mathematical 

expressions of under-purchase, over-purchase and under-supply quantities for all above 

mentioned scenarios can be derived by using general expressions presented in equations 

(4.2), (4.3) and (4.4), respectively, and are presented as follows: 
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Scenario 1: i iK Q  

The expected values of under-purchase, over-purchase and under-supply quantities when 

the commitment level of the retailer is less than the allocated quantity are presented in 

equations (4.8), (4.9) and (4.10), respectively. 
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1 0
iuE q              (4.10) 

Scenario 2: i i i jQ K Q Q    

The expected values of under-purchase, over-purchase and under-supply quantities when 

commitment level of the retailer is greater than the allocated quantity to retailer i , however, 

less than total quantity produced by the manufacturer are presented in equations (4.11), 

(4.12) and (4.13), respectively. 
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Scenario 3: i i jK Q Q   

The expected values of under-purchase, over-purchase and under-supply quantities when 

commitment level of the retailer is greater than the total quantity produced by the 

manufacturer for both the retailers are presented in equations (4.14), (4.15) and (4.16), 

respectively. 
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3 0
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4.2.1 Possible scenarios for the manufacturer 

The scenarios faced by the manufacturer are combinations of the above mentioned 

scenarios generated from quantity allocation decision of the manufacturer to each retailer. 

Comprehensively, there are nine possible scenarios generated from the relative position of 

commitment levels of the retailers, quantities allocated to the retailers and total quantity 

produced by the manufacturer. 

Scenario 1: i iK Q  & j jK Q  

Scenario 2: i iK Q  & j j i jQ K Q Q    

Scenario 3: i iK Q & j i jK Q Q    

Scenario 4: i i i jQ K Q Q    & j jK Q  

Scenario 5: i i i jQ K Q Q    & j j i jQ K Q Q    

Scenario 6: i i i jQ K Q Q    & j i jK Q Q   

Scenario 7: i i jK Q Q  & j jK Q  
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Scenario 8: i i jK Q Q  & j j i jQ K Q Q    

Scenario 9: i i jK Q Q  & j i jK Q Q   

The mathematical expressions of the profit function of the manufacturer, the profit 

functions of the retailers and the profit of the whole supply chain in each scenario can be 

derived by putting the corresponding expected values of under-purchase, over-purchase 

and under-supply quantities into the general profit function expressions given in equation 

(4.5), equation (4.6) and equation (4.9), respectively.  

Due to the complicated structure of the manufacturer’s profit function, the determination of 

optimal allocated quantities from the manufacturer to the retailers cannot be done 

analytically. In the next section, numerical experiments are conducted to illustrate the 

applicability of the proposed contract and to examine the optimal allocation decision of the 

manufacturer. 

4.3 Numerical Experiments 

In this section, the applicability of the proposed model is illustrated by using numerical 

experiments. The joint demand of both retailers is assumed to follow truncated normal 

distribution. The experiments are conducted to find out the impact of some specific input 

parameters on quantity allocation trend, individual and overall profits and on coordination 

performance of the proposed contract.   

4.3.1 Effect of demand correlation on coordination performance of the contract 

The correlation in demand is important and plays a vital role in quantity allocation decision 

of the manufacturer. Therefore, it is important to examine the impact of demand 

correlation before finding out the effect of other input parameters. In order to do that, the 

experiments are conducted by changing the demand correlation factor   from 0 to 0.9 at 

fixed values of all other input parameters. The values of the input parameters used to 

examine the impact of demand correlation are presented in Table 4.1. 

  

Table 4.1 Input parameters to find out the effect of demand correlation 

iR  =400 
i

 = 0.75 iw =140 
i
r

c =40 
u

p
i

=65 
o

p
i

=50 
i

p
m

=125 
i

 =700 i =50 

jR =400 
j

 =0.75 jw =140 j

r
c =40 

u
j

p =65 
o

p
j

=50 
j

p
m

=125 j
 =600 

j
 =40 

mc =150 
v

s = 80 i
K =  700, K

j
=   600  =   0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 

     = average demand,  = standard deviation of the demand 

In these experiments, the optimal values of allocated quantities iQ & jQ  , individual profit 

of the manufacturer m , individual profits of the retailers i

r  & j

r  and total profit of the 

supply chain sc , are determined along with coordination efficiency of the contract at 

various levels of demand correlation between the retailers. The coordination efficiency 

of the contract is defined as “the ratio between the total profit of the supply chain under the 

contract management and the total profit of the centralized supply chain”. The results of 

the impact of demand correlation are shown in Table 4.2. 
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Table 4.2 Optimal solutions and efficiency with different demand correlation levels 

  *

iQ  
*

jQ  
m  

i

r  
j

r  
sc  

c    

0 700 624 115768 80940 70323 267031 267303 99.8982 

0.1 700 625 115570 80897 70274 266741 267031 99.8914 

0.2 700 626 115380 80855 70227 266462 266772 99.8838 

0.3 700 627 115210 80814 70182 266206 266522 99.8814 

0.4 700 629 115040 80775 70150 265965 266282 99.8810 

0.5 700 630 114880 80742 70110 265732 266050 99.8805 

0.6 700 631 114725 80700 70067 265492 265810 99.8804 

0.7 644 666 112670 80892 70038 263600 263948 99.8682 

0.8 615 613 101410 80935 69480 251825 252180 99.8592 

0.9 615 557 84976 81172 62718 228866 229610 99.6760 

                      
c = The expected profit of the centralized supply chain 

The quantity allocation trend of the manufacturer is very interesting. It can be seen in 

Table 4.2 that up to a certain level of increase in demand correlation ( 0.6  ), the 

quantity allocated to retailer i  remains the same, however, starts decreasing when demand 

correlation   increases further. Similarly, the quantity allocated to retailer j  increases by 

increasing the value of demand correlation up to a certain level ( 0.7  ), however, starts 

decreasing when demand correlation   increases further. In terms of total quantity, it is 

straightforward to see that the total quantity allocated to both the retailers ( )i jQ Q

increases by increasing the demand correlation up to a certain level, i.e., 0.6  , however, 

an inverse trend is observed for further higher values of demand correlation (beyond 

0.6  ), i.e., further increase in demand correlation  between the retailers, will lead to a 

rapid decrease in total quantity allocated to both the retailers ( )i jQ Q . This is due to the 

fact that up to a certain level of increase in demand correlation, i.e., 0.6  , the 

manufacturer allocates more quantity to cope with the effect of demand uncertainty in 

order to avoid shortage, however, beyond 0.6  , the manufacturer prefers to produce 

less quantity in order to minimize the risk of over-production. The effect of change in 

demand correlation between the retailers on quantity allocation trend of the manufacturer is 

shown in Figure 4.1. 
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Figure 4.1 Quantity allocation trend at various levels of demand variability 

 

From table 4.2, it can also be seen that the increase in demand correlation   between the 

retailers will lead to the decrease in individual profit of the manufacturer as well as overall 

profit of the decentralized supply chain
sc . The individual profit of retailer j also 

decreases by increasing the demand correlation, however, the individual profit of retailer i

decreases only up to a certain level of demand correlation ( 0.6  ) and then increases. 

This is due to the fact that beyond 0.6  , the allocated quantity to retailer i starts 

decreasing which increases the amount of penalty to be paid from the manufacturer to 

retailer i and ultimately, the individual profit of retailer i increases and the individual profit 

of the manufacturer decreases. The effect of change in demand correlation between the 

retailers on individual profit of the manufacturer and individual profit of the retailers is 

shown in Figure 4.2. 

 

 
Figure 4.2 Individual profits of the manufacturer and the retailers at various levels of 

demand variability 
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The increase in demand correlation also leads to the decrease in the profit of the 

centralized supply chain
c . However, the impact is more severe in decentralized supply 

chain due to the fact that at high levels of demand correlation, the individuals would prefer 

to be on safe side and optimum decisions of the individual may not be in correspondence 

with overall optimum decisions of the supply chain which ultimately decreases the 

coordination efficiency   of the contract. The effect of change in demand correlation 

between the retailers on profit of the decentralized supply chain under contract 

management, profit of the centralized supply chain and coordination efficiency of the 

proposed contract is shown in Figure 4.3. 

 
Figure 4.3 Profit of the decentralized and integrated supply chains at various levels of 

demand variability 

4.3.1.1 Comparison of the proposed contract with the typical revenue sharing 

contract at various levels of demand correlation between the retailers 

In this section, a comparison is made between the proposed revenue sharing contract with 

prior commitment and two-way penalties and the typical revenue sharing contract in terms 

of individual profit of the members, total profit of the supply chain and coordination 

efficiency. Additional numerical experiments have been conducted to compare the 

performance of the proposed contract with the typical revenue sharing contract. The results 

are presented in Table 4.3. 
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Table 4.3 Comparison of the performance of the proposed contract and the typical revenue sharing contract at various levels of demand 

correlation 

Revenue sharing with two-way penalties Typical Revenue sharing contract 

  
iQ  jQ  

m   i

r
  j

r
 

sc  c
   

iQ  jQ  
m   i

r
  j

r
 

sc    

0 700 624 115768 80940 70323 267031 267303 99.90 655 655 112963 81661 71836 266460 99.68 

0.1 700 625 115570 80897 70274 266741 267031 99.89 654 656 112771 81515 71838 266124 99.66 

0.2 700 626 115380 80855 70227 266462 266772 99.88 647 664 112590 81375 71893 265858 99.66 

0.3 700 627 115210 80814 70182 266206 266522 99.88 656 656 112410 81358 71830 265598 99.65 

0.4 700 629 115040 80775 70150 265965 266282 99.88 656 656 112240 81233 71827 265300 99.63 

0.5 700 630 114880 80742 70110 265732 266050 99.88 669 644 112076 81311 71678 265065 99.63 

0.6 700 631 114725 80700 70067 265492 265810 99.88 647 665 111917 80923 71895 264735 99.60 

0.7 644 666 112670 80892 70038 263600 263948 99.87 648 663 109670 80767 70243 260680 98.76 

0.8 615 613 101410 80935 69480 251825 252180 99.86 600 630 94264 74866 60409 229539 91.02 

0.9 615 557 84976 81172 62718 228866 229610 99.68 596 515 96871 70212 60769 227852 99.23 
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It is evident from Table 4.3 that the proposed contract outperforms the typical revenue 

sharing contract at all levels of demand correlation between the retailers. The illustration of 

the comparison between the proposed and the typical revenue sharing contract in terms of 

the individual profit of the manufacturer is shown in Figure 4.4, which depicts that the 

profit gained by the manufacturer under the proposed contract is greater than the profit of 

the manufacturer under the typical revenue sharing contract at all levels of demand 

correlation between the retailers. 

 
Figure 4.4 Comparison of the manufacturer’s profit under the proposed and the 

typical revenue sharing contracts at various levels of demand correlation 

 

The comparison between the proposed and the typical revenue sharing contract in terms of 

total profit of the supply chain and coordination efficiency show exactly similar trend. 

Furthermore, the difference in coordination efficiency increased by increasing demand 

correlation between the retailers, as shown in Figure 4.5.  

 
Figure 4.5 Comparison of efficiency of the proposed and the typical revenue sharing 

contracts at various levels of demand correlation 
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4.3.2 Effect of commitment level on quantity allocation trend at various levels of 

demand correlation 

The quantity allocation decision of the manufacturer affects individual profits of the 

manufacturer and retailers, the overall profit of the supply chain and coordination 

efficiency of the supply chain. The experiments in this section are performed at various 

levels of demand correlation   by gradually increasing the commitment level of retailer j  

at fixed commitment level of retailer i in order to find out the effect of commitment level 

on quantity allocation decision of the manufacturer. The values of input parameters are 

presented in Table 4.4.  

Table 4.4 Input parameters for quantity allocation trend experiments 

iR  =400 
i

 = 0.75 iw =140 
i
r

c =40 
u

p
i

=65 
o

p
i

=50 
i

p
m

=125 
i

 =580 i =50 

jR =400 
j

 =0.75 jw =140 j

r
c =40 

u
j

p =65 
o

p
j

=50 
j

p
m

=125 j
 =580 

j
 =50 

mc =150 
v

s = 80 i
K =  600, K

j
=   450,500,550,600,650,700,800,900  =   0, 0.25, 0.5, 0.75 

     = average demand,  = standard deviation of the demand 

In this section, the optimal values of allocated quantities iQ & 
jQ , individual profit of the 

manufacturer m , individual profits of the retailers i

r  & j

r , total profit of the supply 

chain sc  and coordination efficiency  of the contract are determined for given values of  

commitment levels of the retailers iK  &
jK at various levels of demand correlation  . The 

methodology adopted follows gradual increase in commitment level of retailer j  at fixed 

commitment level of retailer i . The results of the experiments are presented in Table 4.5. 
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Table 4.5 Optimal solutions with different commitment levels and demand 

correlation 

  
iK  jK  

*

iQ  
*

jQ  
m  

i

r  
j

r  % m  % i

r  % j

r  
sc  

c    

0 600 450 600 565 106763 66348 62921 45.23 28.11 26.66 236032 237308 99.4623 

0 600 500 600 574 105014 66390 65122 44.40 28.07 27.53 236526 237308 99.6705 

0 600 550 600 583 103781 66437 66679 43.81 28.04 28.15 236897 237308 99.8268 

0 600 600 600 600 104203 66534 66534 43.92 28.04 28.04 237271 237308 99.9844 

0 600 650 568 637 105925 66625 64754 44.64 28.08 27.29 237304 237308 99.9983 

0 600 700 513 694 108832 66698 61776 45.86 28.11 26.03 237306 237308 99.9992 

0 600 800 417 790 115304 66702 55300 48.59 28.11 23.30 237306 237308 99.9992 

0 600 900 319 887 121806 66701 48800 51.33 28.11 20.56 237307 237308 99.9996 

0.25 600 450 600 565 105948 66278 62875 45.06 28.19 26.74 235101 236566 99.3807 

0.25 600 500 600 574 104291 66311 65009 44.26 28.14 27.59 235611 236566 99.5963 

0.25 600 550 600 585 103171 66358 66552 43.70 28.11 28.19 236081 236566 99.7950 

0.25 600 600 600 600 103597 66433 66433 43.81 28.09 28.09 236463 236566 99.9565 

0.25 600 650 569 641 105284 66542 64734 44.51 28.13 27.36 236560 236566 99.9975 

0.25 600 700 513 698 108200 66588 61775 45.74 28.15 26.11 236563 236566 99.9987 

0.25 600 800 411 800 114674 66589 55300 48.48 28.15 23.38 236563 236566 99.9987 

0.25 600 900 358 854 121174 66591 48800 51.22 28.15 20.63 236565 236566 99.9996 

0.5 600 450 600 563 105188 66219 62724 44.93 28.28 26.79 234131 235894 99.2526 

0.5 600 500 600 575 103616 66347 64968 44.10 28.24 27.65 234931 235894 99.5918 

0.5 600 550 600 587 102610 66286 66455 43.60 28.16 28.24 235351 235894 99.7698 

0.5 600 600 600 600 103034 66339 66339 43.71 28.14 28.14 235712 235894 99.9228 

0.5 600 650 570 646 104712 66459 64717 44.39 28.17 27.44 235888 235894 99.9975 

0.5 600 700 516 700 107634 66482 61774 45.63 28.18 26.19 235890 235894 99.9983 

0.5 600 800 417 799 114108 66483 55300 48.37 28.18 23.44 235891 235894 99.9987 

0.5 600 900 377 838 120608 66482 48802 51.13 28.18 20.69 235892 235894 99.9992 

0.75 600 450 600 560 104464 66179 62508 44.81 28.38 26.81 233151 235277 99.0964 

0.75 600 500 600 574 102958 66192 64864 44.00 28.29 27.72 234014 235277 99.4632 

0.75 600 550 600 588 102069 66217 66360 43.50 28.22 28.28 234646 235277 99.7318 

0.75 600 600 600 600 102508 66251 66251 43.62 28.19 28.19 235010 235277 99.8865 

0.75 600 650 570 649 104196 66362 64712 44.29 28.21 27.51 235270 235277 99.9970 

0.75 600 700 520 700 107123 66375 61775 45.53 28.21 26.26 235273 235277 99.9983 

0.75 600 800 476 744 113594 66376 55303 48.28 28.21 23.51 235273 235277 99.9983 

0.75 600 900 471 748 120091 66374 48809 51.04 28.21 20.75 235274 235277 99.9987 

c = The expected profit of the centralized supply chain 

From table 4.5, it can be seen that the increase in the commitment level of retailer j  at 

fixed commitment of retailer i will lead to the fact that the allocated quantity 
jQ  to retailer 

j  increases while the quantity allocated iQ  to retailer i  remains the same up to a certain 

commitment level of retailer j  and then starts decreasing. This is due to the fact that when 

commitment level of retailer j  increases, the manufacturer allocates more quantity to 

retailer j , however, in order to ensure that the total allocated quantity to both the retailers 

is not too high, the quantity allocated to retailer i decreases as pre-allocated quantities can 

be reallocated after receiving confirmed orders from the retailers. The effect of change in 
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commitment level on quantity allocation trend of the manufacturer at i =0, i =0.25, i

=0.5 and  i =0.75 is shown in Figure 4.6, Figure 4.7, Figure 4.8 and Figure 4.9, 

respectively. 

 
Figure 4.6 Effect of commitment level on quantity allocation trend at various levels of 

demand variability ( ik =600, i =0) 

 

Figure 4.7 Effect of commitment level on quantity allocation trend at various levels of 

demand variability ( ik =600, i =0.25) 
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Figure 4.8 Effect of commitment level on quantity allocation trend at various levels of 

demand variability ( ik =600, i =0.5) 

 

 
Figure 4.9 Effect of commitment level on quantity allocation trend at various levels of 

demand variability ( ik =600, i =0.75) 

The summary of the effect of change in commitment level on quantity allocation trend of 

the manufacturer at various levels of demand correlation between the retailers is shown in 

Figure 4.10. 
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Figure 4.10 Effect of commitment level on quantity allocation trend at various levels 

of demand variability ( ik =600) 

The results in Table 4.5 also shows that at fixed value of iK , if the value of 
jK increases, 

the amount and percentage of the total supply chain profit received by retailer j  first 

increases and then decreases while the amount and percentage of the total supply chain 

profit received by manufacturer show an inverse trend. The amount and percentage of the 

total supply chain profit for retailer j is maximized when commitment level
jK is about the 

average demand and decreases when it moves far away from average demand faced by 

retailer j . On the other hand, the amount and percentage of the total supply chain profit of 

the manufacturer is minimized when commitment level
jK is about the average demand 

and increases when it moves far away from average demand faced by retailer j . This is due 

to the fact that when the commitment level 
jK of the retailer j  moves away from the 

average demand, the retailer j  has to pay more to the manufacturer in terms of either 

under-purchase or over-purchase penalty which ultimately increases the profit of the 

manufacturer.  

The effect of commitment level on coordination efficiency of the contract at various 

levels of demand correlation   is also examined and results are shown in Table 4.5. From 

the results in Table 4.5, we can see that the increase in commitment level jK  of the retailer

j  at fixed iK  will lead to the increase in the coordination efficiency  of the contract at 

various levels of demand correlation between the retailers. On the other hand, the increase 

in demand correlation  between the retailers will lead to the decrease in the coordination 

efficiency  of the contract. These results are consistent with the findings of quantity 

allocation trend at various levels of demand correlation experiments. 
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4.3.3 Effect of revenue sharing percentage on coordination performance at various 

levels of demand correlation 

The revenue sharing percentage   is another basic and important parameter for the 

members of the supply chain. In this section, the effect of revenue sharing percentage   

has been analyzed by gradually increasing the revenue sharing percentage of retailer j at 

fixed revenue sharing percentage of retailer i and other input parameters. The experiments 

in this section are repeated at various levels of revenue sharing percentage of retailer i . The 

input parameters for the experiments are presented in Table 4.6. 

 

Table 4.6 Input parameters to find out the effect of revenue sharing percentage 
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 = average demand,  = standard deviation of the demand 

In this section, the optimal allocated quantities *

iQ and *

jQ , individual profits of the 

manufacturer m , the retailers i

r  and j

r , total profit of the supply chain sc , and 

coordination efficiency   of the contract are determined at various levels of revenue 

sharing percentages ( i , 
j ). The experiments are then repeated at different levels of 

demand correlation   in order to know whether the effect of revenue sharing percentage 

remains the same or not at different levels of demand correlation  between the retailers 

and results are shown in Table 4.7.  
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Table 4.7 Optimal solutions and efficiency with different revenue sharing percentages 

  
i  j  

*

iQ  
*

jQ  
m  

i

r  
j

r  % m  % i

r  % j

r  
sc  

c    

0 0.5 0.6 745 600 220606 12471 33627 82.72 4.68 12.61 266704 266708 99.9985 

0 0.5 0.7 741 600 196933 12463 57283 73.85 4.67 21.48 266679 266708 99.989127 

0 0.5 0.75 739 600 185104 12461 69095 69.42 4.67 25.91 266660 266708 99.982003 

0 0.6 0.6 700 641 192750 39622 34308 72.28 14.86 12.86 266680 266708 99.989502 

0 0.6 0.7 737 600 169099 40279 57256 63.42 15.11 21.47 266634 266708 99.972254 

0 0.6 0.75 735 600 157282 40265 69056 58.99 15.10 25.90 266603 266708 99.960631 

0 0.7 0.6 700 637 165099 67256 34279 61.92 25.22 12.86 266634 266708 99.972254 

0 0.7 0.7 700 632 141295 67220 58030 53.01 25.22 21.77 266545 266708 99.938884 

0 0.7 0.75 730 600 129494 68001 69006 48.59 25.52 25.89 266501 266708 99.922387 

0.5 0.5 0.6 757 600 219484 12206 33603 82.73 4.60 12.67 265293 265294 99.999623 

0.5 0.5 0.7 752 600 195911 12209 57153 73.85 4.60 21.54 265273 265294 99.992084 

0.5 0.5 0.75 750 600 184135 12210 68912 69.42 4.60 25.98 265257 265294 99.986053 

0.5 0.6 0.6 727 627 191628 39828 33828 72.24 15.01 12.75 265284 265294 99.996231 

0.5 0.6 0.7 747 600 168064 40043 57118 63.37 15.10 21.54 265225 265294 99.973991 

0.5 0.6 0.75 744 600 156303 40028 68853 58.94 15.09 25.96 265184 265294 99.958537 

0.5 0.7 0.6 700 647 164064 67118 34043 61.86 25.31 12.84 265225 265294 99.973991 

0.5 0.7 0.7 700 640 140255 67069 57788 52.90 25.30 21.80 265112 265294 99.931397 

0.5 0.7 0.75 738 600 128512 67762 68796 48.48 25.56 25.95 265070 265294 99.915565 

0.75 0.5 0.6 764 600 219066 12014 33595 82.77 4.54 12.69 264675 264677 99.999244 

0.75 0.5 0.7 758 600 195541 12027 57096 73.88 4.54 21.57 264664 264677 99.995088 

0.75 0.5 0.75 760 596 183791 12029 68833 69.45 4.55 26.01 264653 264677 99.990932 

0.75 0.6 0.6 755 604 191172 39896 33601 72.23 15.07 12.70 264669 264677 99.996977 

0.75 0.6 0.7 753 600 167673 39894 57060 63.36 15.08 21.56 264627 264677 99.981109 

0.75 0.6 0.75 750 600 155938 39886 68770 58.93 15.07 25.99 264594 264677 99.968641 

0.75 0.7 0.6 704 644 163623 67067 33792 61.87 25.36 12.78 264482 264677 99.926325 

0.75 0.7 0.7 743 600 139840 67651 56986 52.87 25.58 21.55 264477 264677 99.924436 

0.75 0.7 0.75 738 600 128125 67589 68655 48.46 25.57 25.97 264369 264677 99.883632 

 

From Table 4.7, it can be seen that at fixed revenue sharing percentage of retailer i , the 

increase in revenue sharing percentage of retailer j will lead to the fact that the individual 

profit of retailer j  increases while the individual profit of the manufacturer and total profit 

of the supply chain decreases. The percentage of the total supply chain profit received by 

retailer j and percentage of the total supply chain profit received by the manufacturer show 

exactly similar trend, i.e., the percentage of the total supply chain profit that the retailer j

received increases while the percentage of the total supply chain profit that the 

manufacturer received decreases. The percentage of the total supply chain profit that 

retailer i received remains almost the same. Furthermore, increase in revenue sharing 

percentage of retailer j at fixed revenue sharing percentage of retailer i  also leads to the 

decrease in coordination efficiency   of the contract and similar trend observed at various 

levels of revenue sharing percentage of retailer i . 

The decrease in coordination efficiency   by increasing revenue sharing percentage of 

retailer j can be understood by analyzing quantity allocation trend of the manufacturer in 

Table 4.7. From Table 4.7, we can see that when revenue sharing percentage of retailer i  is 
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fixed, the increase in revenue sharing percentage of retailer j  will lead to the decrease in 

total quantity allocated and produced for both the retailers. This is due to the fact that at 

lower revenue sharing percentage, the manufacturer would rather prefer to produce less 

quantity in order to minimize the risk of over-production which ultimately reduces the 

coordination efficiency  of the supply chain due to high probability of shortage. From 

Table 4.7, it is straightforward to observe similar trend if we analyze the coordination 

efficiency  of the supply chain at fixed revenue sharing percentage of retailer j and 

increasing revenue sharing percentage of retailer i . Furthermore, the same trend is 

observed at various levels of demand correlation  between the retailers. The effect of 

change in revenue sharing percentage on coordination efficiency of the contract at various 

levels of demand correlation between the retailers is shown in Figure 4.11. 

 

 
Figure 4.11 Efficiency of the proposed contract at various levels of revenue sharing 

percentages (i =0.7)
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4.4 Chapter summary 

In this chapter, mathematical model of a revenue sharing contract with prior commitment, 

two-way penalties and reallocation of pre-allocated quantities is developed to coordinate a 

supply chain comprising one manufacturer and two retailers facing uncertain demand of a 

short life span product. Under contract arrangement, the retailers are persuaded to make 

prior commitments about expected order quantity and in response the manufacturer ensures 

product availability during upcoming selling period. The penalties for under-purchase and 

over-purchase quantities are introduced to induce the retailers to commit close to the 

expected demand. On the other hand, under-supply penalty is introduced to compensate the 

shortage loss of the retailers if the manufacturer fails to fulfill the order quantity within the 

commitment level of the retailer. The inclusion of prior commitments and two-way 

penalties facilitates the manufacturer in optimizing quantity allocation decision prior to the 

realization of actual demand. The reallocation of pre-allocated quantities further facilitates 

the manufacturer to mitigate the risk of demand uncertainty.  

The main contribution of this model is to facilitate the manufacturer in optimizing quantity 

allocation decision in a supply chain facing highly uncertain demand of a short life span 

product. The results of numerical analyses show that the proposed contract can achieve 

high coordination performance at various levels of demand correlation between the 

retailers. The experiments also examine the quantity allocation trend by changing the 

commitment levels of the retailers at various levels of demand correlation between the 

retailers. Furthermore, the effects of change in revenue sharing percentage on individual 

profits, overall profit and coordination efficiency of the supply chain are also examined.  

In addition, the proposed revenue sharing contract with prior commitment, two-way 

penalties and reallocation of pre-allocated quantities designed for a supply chain 

comprising one manufacturer and two retailers facing correlated demand is compared with 

the typical revenue sharing contract. From the results, it is evident that the proposed 

contract achieves high coordination efficiency and outperforms the typical revenue sharing 

contract at all levels of demand correlation between the retailers. 
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CHAPTER 5 

5 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions  

In this research, we analyzed revenue sharing contract with prior commitments and two-

way penalties for a supply chain comprising one manufacturer and two retailers facing 

uncertain demand of a short life span product. The manufacturer works under make-to-

stock policy and produces prior to the start of the selling season. The uncertainty of the 

demand makes it difficult for the manufacturer to decide about the quantity to be produced.  

The proposed contract with prior commitments, two-way penalties and reallocation of pre-

allocated quantities helps the manufacturer in making decision about quantity to be 

produced for each retailer. Under contract arrangement, the retailers are persuaded to make 

prior commitments about expected order quantities and in response manufacturer ensures 

product availability during upcoming selling season. The penalties for under-purchase and 

over-purchase quantities are introduced to induce the retailers to commit close to the 

expected demand. Furthermore, the values of under-purchase and over-purchase penalties 

are defined in such a way that the retailers would prefer to order exactly equal to the 

demand upon realization of market demand. On the other hand, under-supply penalty is 

introduced to compensate the shortage loss of the retailers if manufacturer fails to fulfill 

order quantity within prior commitment level of the retailer. The inclusion of prior 

commitments and two-way penalties facilitates the manufacturer in optimizing quantity 

allocation decisions prior to the realization of actual demand. Moreover, the manufacturer 

can reallocate the pre-allocated quantities after receiving confirmed orders from the 

retailers due to the fact that the pre-allocated quantities are not visible to the retailers. 

However, it should be noted that only extra pre-allocated quantity of a retailer can be 

reallocated to other retailer, if required, and vice-versa. The reallocation of pre-allocated 

quantities further facilitates the manufacturer to mitigate the risk of demand uncertainty.  

The main contribution of this study is to help the manufacturer in optimizing quantity 

allocation decisions in a supply chain facing highly uncertain market demand of short life 

span fashionable or technological products. The inclusion of prior commitments, two-way 

penalties, and reallocation of pre-allocated quantities to mitigate the consequences of high 

demand uncertainty is another contribution of this study.  

In first part of this research, the proposed contract is examined for the retailers facing 

independent demands. Due to complexity of the problem, analytical solution is not 

possible, hence, numerical experiments have been conducted to show practical 

implementation and implications of the proposed contract. The quantity allocation trend 

show that the quantity allocated to the retailer is increased by increasing the commitment 

level of the retailer at fixed commitment level of the other retailer. The increase in 

commitment level of the retailer also increases the amount and percentage of the total 

supply chain profit that the retailer received if commitment level moves towards average 

demand, however, if commitment level of the retailer moves away from the average 

demand, the individual profit of the retailer decreases while individual profit of the 

manufacturer increases. This is due to the fact that the retailer has to pay more penalties in 

terms of either under-purchase or over-purchase. 

The numerical experiments are also conducted to find out the effect of demand uncertainty 

and it is found that the increase in demand uncertainty of a retailer will lead to the fact that 



 

97 

 

the amount and percentage of the total supply chain profit that the retailer receives 

decrease while the amounts and percentages of the total supply chain profit that the 

manufacturer and the other retailer receive increase. Furthermore, the decrease in overall 

supply chain profit due to increase in demand uncertainty in decentralized supply chain 

under contract arrangement is higher than the decrease in profit of the centralized supply 

chain which results in decreased supply chain performance. 

Numerical experiments are further extended to find out the effect of various input 

parameters of the contract on quantity allocation trend, individual profits of the members, 

overall profit, and performance of the supply chain. The results show that the proposed 

contract effectively helps improve the coordination performance of the supply chain in all 

scenarios. Furthermore, the analyses also reveal the fact that the coordination efficiency of 

the contract is affected by revenue sharing percentages of the retailers, and a high enough 

percentage of revenue to each retailer should be considered in order to achieve high 

coordination performance.  

In second part of this research, the proposed contract is extended to examine the effect of 

demand correlation between the retailers. First of all, the effect of demand correlation on 

quantity allocation trend of the manufacturer is examined and it is found that the allocated 

quantity of the manufacturer increases up to a certain level of increase in demand 

correlation and starts decreasing if demand correlation increases further. This is due to the 

fact that the manufacturer will allocate more quantity to cope with the increase in demand 

uncertainty at first, however, when demand uncertainty is too high, the manufacturer 

would prefer to be on safer side by reducing allocated quantity to avoid over-production. 

The results of the numerical analyses show that the proposed contract has ability to achieve 

high coordination performance at various levels of demand correlation between the 

retailers. The experiments are also conducted to examine quantity allocation trend, 

individual profits, overall profit, and efficiency of the supply chain by changing the 

commitment levels at various levels of demand correlation between the retailers and found 

that the quantity allocation trend of the manufacturer remains the same at various levels of 

demand correlation between the retailers, i.e., increase in the commitment level of a 

retailer increases the quantity allocated to the retailer at fixed commitment level of the 

other retailer. This is due to the fact that when commitment level of a retailer increases, the 

manufacturer allocates more quantity to that retailer, however, in order to ensure that the 

total allocated quantity to both the retailers is not too high, the quantity allocated to the 

other retailer decreases as pre-allocated quantities can be reallocated after receiving 

confirmed orders from the retailers. The trend of individual profits, overall profit, and 

coordination efficiency also remains the same, however, amounts and percentages of 

individual profits and efficiency of the contract decrease by increasing the level of demand 

correlation between the retailers. 

Furthermore, the effect of change in revenue sharing percentages on individual profits, 

overall profit and coordination efficiency of the supply chain is also examined at various 

levels of demand correlation and similar trends are observed between with and without 

demand correlation. However, amounts and percentages of individual profits and 

efficiency of the contract decrease by increasing the level of demand correlation between 

the retailers.  

Among the limitations of this research, it should be noted that the symmetric demand 

information system and unlimited capacity of the manufacturer have been assumed.  In 

practical situations, it might happen that the retailers are not willing to share demand 
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information with the manufacturer and the capacity of the supplier is limited.  Also, it has 

been assumed that commitment level decisions of the retailers are defined exogenously.  

These limitations should be considered in future research. 

5.2 Recommendations  

The followings are the possible extensions of the proposed contract analyzed in this current 

research.  

1. The proposed contract is designed for one manufacturer and two non-competing 

retailers. The expansion of the proposed contract to deal with the general supply 

chain with more than two retailers facing stochastic demand is an interesting 

research extension. 

2. The production capacity of the manufacturer is assumed to be unlimited. This 

limited capacity of the manufacturer should be taken into consideration in future 

research works.  

3. The retailers’ commitment levels are assumed to be defined exogenously. The 

research may be extended to examine the optimal commitment levels of the 

retailers and to explore scenarios in which it is beneficial for the manufacturer to 

share quantity allocation information with the retailers.  
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