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ABSTRACT 

 
In this research, we study a mechanism to deal with supply disruption in a supply chain 
with one supplier and two retailers by use of two different types of supply contract (i.e., 
buy-back contract and range contract).  In the examined supply chain, the buy-back 
contract is signed with a normal supplier who is subjected to disruption, and the range 
contract is signed with a backup supplier who is reliable but offers the product at higher 
price.  The incorporation of the backup supplier in the system is to help deal with supply 
chain disruption so as to maximize the profit of the retailer. Mathematical models are 
developed for the proposed contracts, and then, sensitivity analyses are conducted to 
examine the effects of input parameters on decision variables. Comparisons between 
centralized and decentralized systems are also conducted to examine the coordination 
efficiency of the proposed contracts.       
 
Keywords: Supply contracts, supply coordination, buy-back contract, range contract, 
supply disruption. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

A system involving many individuals up and downstream in a interconnected network can 

be referred to as a supply chain. All adding value to the product or service before it is 

delivered to the end user.  

In other words, a supply chain consists of multiple firms, both suppliers and distributors 

and consumers.  Supply chain management is the process of planning, accomplishing and 

controlling the reliance of procedures carried out by various supply chain members to 

create and add value to the customer (Lambert et al., 1998).  It is responsible for 

coordinating the entire process from getting raw materials to finished product and also 

requires coordinating with suppliers across multiple stages of the supply chain.  It is a 

concept where the main objective is to combine and maintain sourcing, flow, and 

management of resources using a holistic view of the system (Monczka et al., 1998).  

According to Jones & Riley (1985), supply chain management deals with the mass stream 

of goods from manufacturers to consumers.  Nowadays, supply chain management has 

becomes more and more difficult to handle relating with the severity of uncertainty risk.  

Global supply chain management is represented by increased uncertainty in supply and 

demand, delays, shortages, globalization, longer work flows and increasing use of 

outsourcing which make the supply chain more accessible to serious disturbance arising 

due to ever increasing supply chain risks and draws considerable attention from both 

academia and industry about issues related to supply disruption and disruption 

mitigation.  Supply chain risk is a risk that stems from event or activity that has potential 

for unwanted consequences with adverse effects on goals of the whole supply chain 

process that contributes to the disturbance of flow or operations within supply network.  

This situation has an impact on cost, time, capacity, inventory and quality.  According to 

Park and Kim (2016), there are two types of supply chain risks which are random events 

caused by rapid fluctuations in demand, cost, time, capacity and quality a short time frame 

and hazardous events by natural disasters (e.g., earthquakes, flood, hurricane and more); 

and man-made disasters like economic crisis (currency devaluation or strikes). These risks 

do not only affect the supply chain process but also interfere with the operation of the other 

partners. Since, it is vital to consider the whole supply chain for managing risks it is more 

critical for firms to find a way to manage risks successfully in today’s business 

environment. 

Risk can be represented as “the intensity where uncertainty is likely symbolic or 

disappointing outcomes of results” (Sitkin and Pablo, 1992). Research on supply chain risk 

and disruptions has centered around diverse subdivisions of this experience, such as how to 

recognize (Mitchell 1995; Zsidisin 2003), how to handle (Chopra and Sodhi 2004; Hallikas 

et al. 2004; Harland, Brenchley, and Walker 2003; Ritchie and Brindley 2007), and how it 

affects performance of the organization (Hendricks and Singhal (2003, 2005, 2005)); 

(Norrman and Jansson (2004)); Wagner and Bode 2008). One subgroup of the supply chain 

risk research is the study of how strong the firms can develop to protect against the hazard 

and circumstance disruption in supply chain (Christopher and Peck (2004); Sheffi (2005); 

Sheffi and Rice (2005); Tang (2006)). An example of supply chain risk is an earthquake in 

Taiwan in September 1999 that sent shock waves over the worldwide semiconductor 

market (Papadakis and Ziemba 2001).  The September 11, 2001, terrorist attack at the 

World Trade Center and the Northeastern U.S blackout on August 14, 2003 are also events 
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that may lead to the possibility for major supply chain disruptions. The fires at Toyota’s 

suppliers facility crippled the automotive giant and caused a complete shutdown of 18 

factories for nearly two weeks in February 1997, the costs of this single incident were 

astronomical totaling over 520 million dollars, a small but significant fraction of Japan's 

GDP (Converium, 2006). Phillips, a giant in the semiconductor industry, was also a tragic 

victim to unexplained fires causing its then customer Ericson to lose 400 million dollars. 

Hendricks and Singhal (2003, 2005) figured out the delays in shipping of this event.  More 

cases of supply disruption were investigated by the Wall Street Journal in 1990s.  All the 

above cases are proving that disruption can cause significant damage to the value of the 

companies as well as their profit margins. The problem that needs to be solved in supply 

chain risk management is that of when potential sources of disruption rear their heads, and 

how can we prevent or shield against them.  There are a variety of approaches concerned 

with supply disruption to prevent expensive or even crippling disruptions.  The most 

straightforward solutions are – increasing inventory (inventory holding), building up the 

maximum capacity of various locations that are spread out (contingency) and having more 

than one supplier (multiple sourcing), and finally improving upon chain efficiency (Chopra 

and Sodhi, 2014). Additionally, there are research papers pointing out about using the 

backup source of supply which is considered to be an effective one (e.g., Tomlin, 2004).  

Even though a backup source of supply is employed, the coordination in the system is also 

required in order to attain the additional profits for all members in the supply chain.  For 

the adjustment of multiple actions implemented by multiple firms, coordination plays an 

important role, contrary to the price and effort models with multiple actions carried out by 

a single firm (i.e., the retailer).  Specifically, coordination is necessary to temper the 

downstream competition (Cachon, 2003). It is also true to say that in almost all cases the 

centralized system will outperform the decentralized system in terms of supply chain profit 

(Chen et al. (2014)). Therefore, to deal with the supply disruption through a contract 

agreement, it is better that retailers have long-term relationship with their suppliers. 

Making the agreement with the supplier through a contract can help the buyers to reserve 

the capacity ahead in order to reduce inefficiency cost (Hou et al., 2017). The use of supply 

contracts incentivises behaviour from the involved members towards that of the centralized 

system, resulting in increased profits for all involved. In order to gain more profit for the 

member of the supply chain, it is necessary to mitigate the risks within the supply chain 

through the use of supply contracts. The reason contracts are used is to allow the 

decentralized system to function as if it was a centralized system. In other words, the 

supply contract will incentivize each member to make decisions that will increase profits 

of the supply chain towards the optimum, thereby, creating a mutually beneficial situation 

that both parties are willing to agree on (Giri et al., 2016). 

To conclude, many procedures used in supply chain nowadays aimed to reduce the 

negative impact on supply chain performance resulting from supply disruption. The focus 

is to help all members of the supply chain to gain benefits from coordination of the supply 

chain system in the presence of supply disruption risk. 
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1.2 Problem Statement 

Reviewing the problems that have emerged in recent years related to supply chain, it seems 

that supply disruption is among the most critical problems.  Supply disruption can result in 

numerous inefficiencies such as supply shortage, fluctuations and delays. Correspondingly, 

many scholars and practitioners working in the supply chain field are giving more and 

more attention to finding a way to use flexibility as a tool to avoid these situations in a 

supply chain system.  Nevertheless, the key to obtain flexibility is to facilitate coordination 

among all individual firms that are suppliers, manufacturers, distributors, logistics 

provider, and retailers in order to continuously improve all processes in rapidly changing 

market conditions (Togar et al., 2002).  Most researchers tend to focus on having a perfect 

supply chain using contracts (Cachon, 2003). Yet, the industries still face unpredictable 

occurrences which contribute to supply disruption as we have observed.  The research is 

aiming to find the best combination of parameters within the range and buy back contract 

in order to mitigate the effects of supply disruption. 

In this research, we will consider a system with one retailer who is facing stochastic 

demand, a normal supplier who offers a cheaper price for goods but is subject to 

disruption, and a second supplier known as the backup supplier who is much more 

expensive however is also very reliable. The examined problem is one dealing with a 

product that can only be sold once and doesn’t have value beyond its original release date. 

Meaning that it can only be sold while in fashion and therefore the retailer only has one 

chance to place their orders prior to the selling season. Regarding of supply contracts, a 

buy-back contract is applied to the normal supplier and the range contract is applied to the 

backup supplier, as illustrated in Figure 1.1.  

 

 

 

 

 

 

 

 

 

Figure 1.1: Contracts Arrangement between retailer-suppliers 

Regarding the mechanism of the range contract, a range contract is a contract in which the 

retailer may order in a range by paying the supplier a range fee at the time the contract is 

signed. When the selling period comes, the retailer orders the quantity within the range 

according to the realized demand. It can be seen that this contract provides flexibility to the 

retailer for making order decision in the face of supply disruption. The detailed mechanism 

of the relationship between a retailer and two suppliers are shown in figure 1.2. 
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  Figure 1.2: Sequence of events within supplier-retailer relation  
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1.3 Objective of the study 

This research aims to derive and develop a model describing a system with one retailer and 

two suppliers. One main supplier under the buyback contract that is subject to supply 

disruption and one backup supplier under the range contract that is more expensive but 

provides goods reliably. Further this research will test the effectiveness of the proposed 

configuration by comparing the centralized and decentralized systems.  

 

1.4 Scope and Limitations 

 The supply chain system contains a single retailer sourcing from two supplier, one 

normal supplier and one backup supplier 
 The research only considers products with a single selling season. 
 Supply disruption is subjected only to the normal supplier and the backup supplier 

is always reliable. 
 The retailer will sign a buy-back contract with the normal supplier but will also 

sign a range contract with the backup supplier.  
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CHAPTER 2 

LITERATURE REVIEW 

This paper will be mathematical modelling a system that is subject to supply disruption, 

and in order to deal with this disruption, supply contracts will be used.  By implementing 

flexibility through contracts, the supply chain can be made to withstand disruptive 

conditions. Thus, this chapter will concentrate on literature related to the field of supply 

disruption and the use of contracts to deal with disruptive events in a supply chain.  

2.1 Review of existing literature about supply disruption   

It seems that due to the lack of overseeing it is difficult to integrate and coordinate the 

complex network of relationships amongst supply chain members (Lambert and Cooper, 

2000) In the complex and active environment of the supply chains, it is required to 

understand the effect of disruptions on the system.  Changes or disruptions that happen 

inside the supply chain as well as  their impacts to the system need to be noticed and 

solved immediately.  Systems under disruption must be understood so that efforts can be 

made to reduce the effect of disruption, as well as increase profitability for all members of 

the supply chain.  Only in between 5% and 25% of 500 companies are able to handle 

difficulty or disruptions (Mitroff and Alpasan, 2003).  Riddalls and Bennett (2002) prove 

that due to disruptions the systems become costly with a variety of possible problems such 

as longer lead-times, stock-outs, not able to meet customer demand and increasing costs. 

Thus, it is interesting to spot that Levy found out that when difficulty happens in a supply 

chain, people in charge tries to solve them as one-time event instead of considering that it 

could be the results from lack of a robust supply chain (Levy 1995).  The cost will be 

significant to a company when there is a disruption in the supply chain.  It is clear that 

disruption in the supply chain causes a great deal of loss for a whole supply chain system.   

Moreover, in supply chain networks, the relationship between suppliers and buyers has 

been recognized as an important part linked to success.  Furthermore, integrated supply 

chain networks foster good relationship among firms and can bring abundant benefits 

relating with efficiency and productivity in the supply chain.  In a case highlighting the 

impact of shortage, the flu vaccine shortage in the fall of 2004 took place in US where 46 

million doses were produced by Chiron and one out of the two suppliers were found to be 

contaminated with bacterial contamination (Pearson H. US lacks back-up for flu vaccine 

shortfall).  This shortage led to conserving in most of the states as well as price increased 

significantly in many places. Such destructive incidents make clear the existence of the risk 

to the world of industry linking with supply chain and that the effective risk management 

must be considered as a top priority of each management team.  In order to have successful 

disruption mitigation, effective sourcing strategy such as dual sourcing, multiple sourcing, 

and having last minute contingent backup suppliers to counter uncertain supply and 

stochastic demand is needed.  Moreover, supply disruption can be divided into two groups; 

first one is the situation where the supplier is incapable to deliver any orders to the buyers 

or manufactures and the second one is when the supply of the components encounter 

disruption during the delivery from the supplier to the buyers or manufactures (Rongfang 

et al., 2016). Our approach of the study is more relevant to the first group of supply 

disruption, when supply disruption affect the normal supplier and unable to provide any 

products to the retailer, the supplier should pay the fine to the retailer depending on 

circumstances. A significant amount of research papers are readily available dealing with 

disruption in the supply chain using different approaches. In this paper, we are discussing 

coordination with different methods in supply chain related to supply chain disruption. 
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2.2 Coordination of supply chain  

To maximize the possibility of transforming competitive advantage into real world profits, 

the firm needs to develop a strong bond with the system within and beyond its boundaries 

(Dyer and Singh, 1998).  The key to getting the flexibility which is necessary to enable 

firms to progressively improve the processes along with frequently changing market 

conditions is coordinating among individual firms.  Poor coordination between each 

member can lead to a dysfunctional system. Lee et al., (1997) points out the impact of 

having unorganized configuration in a system that can cause more losses due to lack of 

inventory, it is time consuming, and transportation is expensive, the damage status would 

be significant and client service would be poor. Changes that takes place among any of the 

chain members are most likely to have an impact on others performance, and coordination 

are useful to control interdependent logistic activities to decrease the effects of volatile 

demand and excess inventory. One method of channel coordination is the improved 

efficiency of the operations and information sharing to enhance the whole supply chain 

performance (Lee et al., 1997).  It is mutually beneficial for all parties involved to try and 

coordinate the supply chain (McClellan, 2003). The performance of the supply chain can 

be improved by managing and utilizing the coordination mechanisms which also bring 

reliance between chain members. Variety of coordination tools are there to apply in the 

system for examples, use of supply contracts, interconnected technology, shared 

information and making decision as a whole.     

2.3 Contracts Agreement 

In industry, contracting practices have become the topic for research interest as the 

contracts determine a way to share risk among clients and vendors (Lacity and Hirschheim, 

1993).  The supply chain members can practice better management with a supplier-buyer 

relationship and risk management by coordinating with the use of contracts.  Contracts that 

can conquer the coordination channel in the basic vendor model do not automatically 

guarantee the coordination in every setting.  The key point of contracts is that it can 

collaborate the buyer’s order action distorting with pricing action.  The contracts can 

establish important specifications for supply chain members like order quantity, price, lead 

time, and quality of the products within where buyers place orders and supplier fulfill the 

orders.  The aim of the supply contracts is to maximize the whole supply chain profits, to 

mitigate over or under stock costs and to share the risks between the chain members (Tsay, 

1999).  The contracts counteract the effects of members working individually by lessening 

the costs of total supply chain members and whole system cost.  For example, Konsue and 

Luong (2018) researched a way to determine the order quantity a retailer should place with 

both suppliers, when they are under two different kinds of contracts in order to improve 

supply chain profit when subject to disruption. 

There are large numbers of research papers related to the use of supply contracts with 

regards to dealing with supply chain disruption, using various types of contracts such as – 

fixed-price, revenue sharing, JIT, buy-back, quantity discount, cost sharing, wholesale 

price discount, quantity flexibility, etc.  Lee et al. (1997) defined these contracts 

corresponding with certain inefficiencies in the supply chain.  By achieving the 

coordination via the use of contracts, all supply chain members will gain benefit with 

increase profits and service level. In this particular study they have looked at it from the 

manufacturer's point of view however it functions identically to a retailer buying from a 

supplier. In the buyback contract, the manufacturer can return leftover raw material at an 

agreed upon price to the supplier. This can also be applied to the retailer as he can return to 
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the manufacture if the relevant costs are low enough (Padmanabhan and Png, 1997). In 

addition, Emmons and Gilbert (1998) discovered how the profits of both parties are 

affected by the buyback contract under decentralized system with demand that fluctuates 

with price. There exist extended versions of the buyback contract that include a two period 

model (Zou et al., 2008) as well as flexibility policies to fully coordinate a three level 

supply chain (Ding and Chen, 2008). In the revenue-sharing contracts also known as 

production sharing contracts, the supplier gives the buyers a bargained wholesale price if 

the retailer splits a part of his revenue with supplier, which assists in the selection of 

amount of quantities to order that is optimal for the whole supply chain (Giannoccaro and 

Pontrandolfo, 2004; Cachon and Lariviere, 2005). In cases of quantity flexibility contracts, 

both buyer and supplier share part of the holding cost and the cost of unfulfilled the 

demand. Only then will the supplier allow the buyer to adjust his order once the demand is 

realized. In addition to this the buyer agrees to a minimum amount he will buy (Tsay, 

1999). 

In contracts regarding revenue-sharing, there is a certain condition that only when the 

retailer shares some of his sales income with the supplier, will the supplier gives the buyers 

a discounted price. This condition helps the retailer move towards the optimal order 

quantity for the system (Giannoccaro and Pontrandolfo, 2004; Cachon and Lariviere, 

2005). As for contracts regarding quantity flexibility, both the buyer and the supplier take a 

part of the stocked goods and shortage cost. When demand for a product is registered, the 

buyer allows change in the order amount. The supplier compromises with the buyer to give 

largest possible coverage when the buyer pledges to buy a agreed upon amount (Tsay, 

1999). For option contracts, although it’s widely used in industries for procuring products 

like short life cycles type and there are few studies consider for integrating price and 

ordering decisions in options contracts.  An option contract can make both the supplier and 

the buyer work under the voluntary agreement which mean the buyer’s reserved order 

amount is optimal together with the supplier production quantity improving the robustness 

in developed option contracts (Zhao Y et al., 2010). In fixed-price contracts, it presents 

trade-off to the retailer, allowing the retailer to get benefit from the information that a 

vendor holds relating with capabilities, operating costs that provide information to the 

retailer (Bajari and Tadelis, 2001; Banerjee and Duflo, 2000).   

Additionally, many causes of uncertainty in a supply chain are associated with demand and 

pricing such as – exchange rate, supply and demand uncertainty, political chaos, and 

influences from the environment and consumers taste shifting (Fotopoulos et al., 

2008).  Particularly, demand and pricing uncertainties resulting in a scenario where both 

firms encounter with the risk of delay, scarcity as well as financial losses.  Moreover, Fang 

and Shou (2015) studied how the extent of competitive strength as well as uncertainty in 

supply can have an impact on equilibrium resolutions on quantity of order and contract 

sharing.  Buzacott & Peng (2012) stated that significant benefits for supply chain network 

can be made by risk sharing partnerships between firms.  As the difficulties of demand 

forecasting increases along with products price fluctuation in industry, risk sharing 

contracts are more and more likely to provide balanced solution for these uncertainties in 

demand and pricing problems.  Cachon and Lariviere (2001) studies about sharing the 

important piece of information of demand forecast within supply chain among the supplier 

and the vendors through a contract to build capacity for some specialized parts.  There is a 

possibility that when the result of the demand forecast is reassuring, the capacity limit of 

the supplier may bring numerous sales lost and damage both parties.  To avoid such 

incident, in industry, distributors normally have better information on demand than 

manufactures as they are closer to the consumers and manufacturers also prefer accurate 
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information to manage their inventory better.  Recently, (Hochbaum and Wagner (2015) 

introduced a new classification of supply chain contract that enable the buyer facing with 

unspecified demand while supplier with variety form of production to split the risk 

variation of demand in unique way with the idea of flexible production which has explicit 

impact on maximizing profit range across integrated supply chain with the focus of 

measuring the risk mitigation properties.  Additionally, range contracts generalize existing 

contracts like – JIT, fixed price, option, and quantity-flexibility contracts and also can be 

adjusted to work alongside other contracts.  Within this contract by reducing expected 

profit slightly, it is possible to largely reduce the standard deviation of profit which means 

a larger possibility of risk is adjusted. There is also a paper that develops contracts 

pertaining to risk-sharing in the supply chain by combining risk of demand with price 

volatility providing a long-term supply chain contract with the purpose of reducing both 

known and unknown risks (Ghadge, A et al., 2017).   

Given the wide utilization of contracts in supply chains, the problems relating to the 

analysis of contracts and design are tremendously vital for supply chain management and 

extensive studies has been led to resolve the applicable issues in past few years.  Even with 

abundant literature there is a need for modern research to be completed in response to 

modern problems evolving with the changes in the industrial atmosphere.  New research is 

necessary in response to new topics arising together with new moving industrial 

environments, for example; short life cycle products and growing globalization of supply 

chain. From reviewing the research paper, Hochbaum and Wagner (2015) found range 

contracts that not only gave production flexibility and maximized profits but also reduce 

risk by adjusting profits unit.  Konsue and Luong (2018) studied a system with a retailer 

and two suppliers (normal and backup) coordination was obtained with the use of both a 

buy-back and options contracts for order quantities where adjusted to mitigate supply 

disruption which the normal supplier was subject to.  However, as we can see from 

Hochbaum and Wagner (2015) the newly introduced range contract holds the ability to 

reduce risk compared against the option contract proposed by Konsue and Luong (2018). 

Therefore, the analysis of using the range contract for the backup supplier is still a vacant 

gap to study where no one has investigated before.  In this paper, we are using a different 

approach compared to the research of Konsue and Luong (2018) by applying range 

contract alongside the buy-back contract as a new strategy to combat supply disruption 

while benefiting both the retailer and suppliers. 
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CHAPTER 3 

MATHEMATICAL MODEL DEVELOPMENT 

In this segment, we will derive a suitable mathematical model for a supply chain where 

there are one retailer and two suppliers.  The main or normal supplier is less reliable but 

offers low wholesale price will be considered under a buy-back contract and the backup 

supplier, who is fully reliable but with higher wholesale price, will be put under a range 

contract. The time zone for this model will consider two periods, i.e., the manufacturing 

period and the selling period.   

 

 

 

 

 

 

Figure 3.1 Timeline of the model 

The disruption will happen only to the normal supplier and as a result the model will study 

based on both scenarios of disruption and without disruption. Both cases will have the 

same initial period where the retailer will place orders to both suppliers at the beginning of 

the period (before selling season). The retailer will order 𝑄1 by paying at whole sale price 

𝑤𝑏  to the normal supplier. With the backup supplier, the retailer will decide the order range 

[𝑄𝑅𝑈 , 𝑄𝑅𝐿] by paying the range fee 𝑅𝐹.     

At the beginning of the selling season according to the realized demand, the retailer will 

place order within the agreed-upon range to the backup supplier working under the range 

contract. 

The probability of disruption at the normal supplier to occur will be denoted as 𝑃𝐷 and the 

demand is assumed to be a random variable which is uniformly distributed between 

[𝛾 − 𝑛] and [𝛾 + 𝑛]. 
 

The notations bellow will be used throughout this research 

𝑥 = Demand 

𝑇1 = Production Period 

𝑇2 = Selling Period 

Q = Order Quantity  

𝑄1 = Order Quantity for Normal Supplier 

𝑄𝑅𝐿  = Lower Order Quantity for Backup Supplier 

𝑄𝑅𝑈  = Higher Order Quantity for Backup Supplier 

𝑤𝑏  = Unit Wholesale Price of normal supplier 

Time 

Production 

Time 

 

Selling 

Season 

𝑇1 𝑇2 
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𝑤𝑚𝑏  = Unit Production cost of normal supplier 

𝑅𝐹 = Unit Range fees 

𝑤𝑅  = Unit Wholesale Price of backup supplier 

𝑤𝑚𝑅  = Unit Production cost of backup supplier 

𝑏  = Buyback Price 

𝑟 = Unit price retailer earn by selling 

𝑠𝑐 = Unit Shortage Cost 

𝑠  = Unit Salvage Cost 

𝑝 = Unit Penalty cost from normal supplier  

 

3.1 Profit function without disruption at the beginning of selling season 

𝑻𝟏 Period; 

 Profit of the Retailer = - cost of the initial order from the normal supplier - cost of the 

order range fees from the backup supplier  

 

Retailer  −𝑤𝑏 𝑄1 − 𝑅𝐹 (𝑄𝑅𝑈 − 𝑄𝑅𝐿)   =   𝜏𝑅
𝑤𝑇1 

 

 Profit of the main supplier = revenue from the initial order - cost of production  

 

            Normal supplier    Buyback contract  +𝑤𝑏 𝑄1 − 𝑤𝑚𝑏 𝑄1  =  𝜏𝑁
𝑤𝑇1 

 

 Profit of the backup supplier = revenue for making order range fees - cost of 

production  

 

       Backup supplier    Range contract   +𝑅𝐹 (𝑄𝑅𝑈 − 𝑄𝑅𝐿) - 𝑤𝑚𝑅𝑄𝑅𝑈  =  𝜏𝐵
𝑤𝑇1 

3.2 Profit functions during the selling season without disruption 

𝑻𝟐 Period; 

Case 1 (𝑥 < 𝑄𝑅𝐿) 

 

 

 

Figure 3.2 Without disruption case 1 - demand is less than 𝑸𝑹𝑳 

Retailer orders 𝑄𝑅𝐿  from backup supplier, return 𝑄1 to normal supplier, and have excess 

inventory of (𝑄𝑅𝐿 − 𝑥). 

𝑥 

0 𝑄𝑅𝐿 𝑄1 + 𝑄𝑅𝐿 𝑄1 + 𝑄𝑅𝑈 
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 Profit of the retailer = sales revenue – cost of order quantity from backup supplier + 

repayment from normal supplier + salvage 

 

  𝜏𝑅1

𝑤𝑇2 = + 𝑟𝑥 − 𝑤𝑅𝑄𝑅𝐿 + 𝑏𝑄1 + 𝑆(𝑄𝑅𝐿 − 𝑥)   

 

 Profit of the normal supplier = - repaying the retailer + salvage 

 

  𝜏𝑁1

𝑤𝑇2 =  −𝑏𝑄1 +  𝑆𝑄1    

 

 Profit of the backup supplier = revenue of the order quantity from retailer – Salvage 

 

       𝜏𝐵1

𝑤𝑇2  = +𝑤𝑅𝑄𝑅𝐿 + 𝑆(𝑄𝑅𝑈 − 𝑄𝑅𝐿) 

Case 2 (𝑄𝑅𝐿  ≤ 𝑥 ≤  𝑄1 +  𝑄𝑅𝐿) 

 

 

 

Figure 3.3 Without disruption case 2 - demand is between 𝑸𝑹𝑳 and 𝑸𝟏 + 𝑸𝑹𝑳 

Retailer order 𝑄𝑅𝐿  from backup supplier, return (𝑄1 + 𝑄𝑅𝐿 − 𝑥) to normal supplier, no 

excess inventory. 

 Profit of the retailer = sale revenue - cost of order quantity from backup supplier + 

repayment from normal supplier  

        𝜏𝑅2

𝑤𝑇2 = + 𝑟𝑥 − 𝑤𝑅𝑄𝑅𝐿 + 𝑏(𝑄1 + 𝑄𝑅𝐿 − 𝑥)  

 Profit of the normal supplier = repaying the retailer + salvage 

       𝜏𝑁2

𝑤𝑇2 =  −𝑏(𝑄1 + 𝑄𝑅𝐿 − 𝑥) + 𝑆(𝑄1 + 𝑄𝑅𝐿 − 𝑥) 

 Profit of the backup supplier = revenue of order quantity from retailer + salvage 

        𝜏𝐵2

𝑤𝑇2 = +𝑤𝑅𝑄𝑅𝐿 + 𝑆(𝑄𝑅𝑈 − 𝑄𝑅𝐿)  

Case 3 ( 𝑄1 +  𝑄𝑅𝐿  ≤ 𝑥 <  𝑄1 + 𝑄𝑅𝑈) 

 

 

 

Figure 3.4 Without disruption case 3 - demand is between 𝑸𝟏 + 𝑸𝑹𝑳 and 𝑸𝟏 + 𝑸𝑹𝑼 

Retailer order (𝑥 − 𝑄1)  from backup supplier, not return any to normal supplier, no excess 

inventory. 

 Profit of the retailer  = sales revenue + cost of order quantity from backup supplier 

𝑥 

𝑥 

0 𝑄𝑅𝐿 𝑄1 + 𝑄𝑅𝐿 𝑄1 + 𝑄𝑅𝑈 

0 𝑄𝑅𝐿 𝑄1 + 𝑄𝑅𝐿 𝑄1 + 𝑄𝑅𝑈 
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𝜏𝑅3

𝑤𝑇2 = +𝑟𝑥 − 𝑤𝑅(𝑥 − 𝑄1)  

 

 Profit of the normal supplier = 0 

      𝜏𝑁3

𝑤𝑇2  = 0 

 

 Profit of the backup supplier = revenue of order quantity from retailer + salvage 

       𝜏𝐵3

𝑤𝑇2  = +𝑤𝑅(𝑥 − 𝑄1) + 𝑆(𝑄𝑅𝑈 − (𝑥 − 𝑄1))  

Case 4 (𝑄1 +  𝑄𝑅𝑈 < 𝑥)  

 

 

 

Figure 3.5 Without disruption case 4 - demand is greater than 𝑸𝟏 + 𝑸𝑹𝑼 

Retailer order 𝑄𝑅𝑈 from backup supplier, not return any to normal supplier, shortage 

amount (𝑥 − 𝑄1 − 𝑄𝑅𝑈). 

 Profit of the retailer = sales revenue - cost of order quantity from backup supplier + 

salvage 

 

       𝜏𝑅4

𝑤𝑇2 = +𝑟(𝑄1 + 𝑄𝑅𝑈) − 𝑤𝑅𝑄𝑅𝑈 − 𝑆𝑐  (𝑥 − 𝑄1 − 𝑄𝑅𝑈) 

 Profit of the normal supplier = 0 

 

      𝜏𝑁4

𝑤𝑇2 = 0 

 Profit of the backup supplier = revenue of order quantity from retailer 

 

     𝜏𝐵4

𝑤𝑇2 = +𝑤𝑅𝑄𝑅𝑈   

3.3 Profit function with disruption at the beginning of selling season 

𝑻𝟏 Period; 

 Profit of the Retailer = - cost of the initial order from the normal supplier - cost of the 

order range fees from the backup supplier + penalty payment from normal supplier 

due to fail delivery  

 

Retailer  −𝑤𝑏 𝑄1 − 𝑅𝐹 (𝑄𝑅𝑈 − 𝑄𝑅𝐿) + 𝑝𝑄1 =  𝜏𝑅
𝑤𝑇1 

 

 Profit of the main supplier = revenue from the initial order – penalty cost for fail 

delivery 

 

            Normal supplier    Buyback contract  +𝑤𝑏 𝑄1 − 𝑝𝑄1  =  𝜏𝑁
𝑤𝑇1 

0 𝑄𝑅𝐿 𝑄1 + 𝑄𝑅𝐿 𝑄1 + 𝑄𝑅𝑈 

𝑥 
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 Profit of the backup supplier = revenue for making order range fees - cost of 

production  

 

       Backup supplier    Range contract   +𝑅𝐹 (𝑄𝑅𝑈 − 𝑄𝑅𝐿) - 𝑤𝑚𝑅𝑄𝑅𝑈  =  𝜏𝐵
𝑤𝑇1 

 

3.4 Profit functions during selling season with disruption  

𝑻𝟐 Period; 

Case 1 (𝑥 ≤ 𝑄𝑅𝐿) 

 

 

 

Figure 3.6 With disruption case 1 - demand is less than 𝑸𝑹𝑳 

Retailer order 𝑄𝑅𝐿  from backup supplier, receive penalty payment from normal supplier 

due to lack of delivery and have excess inventory of (𝑄𝑅𝐿 − 𝑥). 

 Profit of the retailer = sales revenue - cost of order quantity from backup supplier + 

penalty cost for fail delivery + salvage 

 

       𝜏𝑅1

𝐷𝑇2  = +𝑟𝑥 − 𝑤𝑅𝑄𝑅𝐿 + 𝑝𝑄1 + 𝑆(𝑄𝑅𝐿 − 𝑥)   

 Profit of the normal supplier = 0 

 

      𝜏𝑁1

𝐷𝑇2 =  0 

 Profit of the backup supplier = revenue of order quantity from retailer + salvage 

 

      𝜏𝐵1

𝐷𝑇1 = +𝑤𝑅𝑄𝑅𝐿 + 𝑆(𝑄𝑅𝑈 − 𝑄𝑅𝐿)  

Case 2(𝑄𝑅𝐿 ≤ 𝑥 < 𝑄𝑅𝑈) 

 

 

 

Figure 3.7 With disruption case 2 - demand is between 𝑸𝑹𝑳 and 𝑸𝑹𝑼 

Retailer order 𝑥 from backup supplier, receive penalty payment from normal supplier due 

to lack of delivery and, no excess inventory. 

 Profit of the retailer = sales revenue - cost of order quantity from backup supplier + 

penalty cost for fail delivery  

 

       𝜏𝑅2

𝐷𝑇2  = +𝑟𝑥 − 𝑤𝑅𝑥 + 𝑝𝑄1  

 Profit of the normal supplier = 0  

𝑥 

𝑥 

 

𝑄𝑅𝐿 𝑄𝑅𝑈 0 

𝑄𝑅𝐿 𝑄𝑅𝑈 0 
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      𝜏𝑁2

𝐷𝑇2  =  0 

 Profit of the backup supplier = revenue of order quantity from retailer + salvage 

 

      𝜏𝐵2

𝐷𝑇2   = +𝑤𝑅𝑥 + 𝑆(𝑄𝑅𝑈 − 𝑥)  

Case3 (𝑥 > 𝑄𝑅𝑈) 

 

 

 

Figure 3.8 With disruption case 3 - demand is greater than 𝑸𝑹𝑼 

 

Retailer order from 𝑄𝑅𝑈 backup supplier, receive penalty pay from normal supplier due to 

lack of delivery and, amount of shortage (𝑥 − 𝑄𝑅𝑈). 

 Profit of the retailer = sales revenue - cost of order quantity from backup supplier + 

penalty cost for fail delivery + salvage 

 

       𝜏𝑅3

𝐷𝑇2  =  +𝑟𝑄𝑅𝑈 − 𝑤𝑅𝑄𝑅𝑈 + 𝑝𝑄1 − 𝑆𝑐(𝑥 − 𝑄𝑅𝑈)  

 Profit of the normal supplier = 0 

 

       𝜏𝑁3

𝐷𝑇2  = 0 

 Profit of the backup supplier = revenue of order quantity from retailer 

 

       𝜏𝑁3

𝐷𝑇2 = +𝑤𝑅𝑄𝑅𝑈   

 

3.5 Expected profits 

3.5.1 Expected Profits without disruption 

The expected profits for each member can be categorized into their profits before and 

during the selling season. When considering the profits during the selling season we must 

consider all possible demand scenarios. For this, demand is assumed to be uniformly 

distributed between [𝛾 − 𝑛] and [𝛾 + 𝑛] 

Expected Profit without Disruption = [Production Time] + [Selling Time] 

Retailer Expected Profit without Disruption (𝜏𝑅
𝑤𝑇) =   

 [𝜏𝑅
𝑤𝑇1 ] +   [ ∫ (𝜏𝑅1

𝑤𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝑄𝑅𝐿

𝛾−𝑛
+∫ (𝜏𝑅2

𝑤𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝑄1+𝑄𝑅𝐿

𝑄𝑅𝐿
+ ∫ (𝜏𝑅3

𝑤𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝑄1+𝑄𝑅𝑈

𝑄1+𝑄𝑅𝐿
 

+∫ (𝜏𝑅4

𝑤𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝛾+𝑛

𝑄1+𝑄𝑅𝑈
  

Normal Supplier Expected Profit without Disruption (𝜏𝑁
𝑤𝑇) =  

𝑄𝑅𝐿 𝑄𝑅𝑈 0 

𝑥 
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[𝜏𝑁
𝑤𝑇1] + [ ∫ (𝜏𝑁1

𝑤𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝑄𝑅𝐿

𝛾−𝑛
 +∫ (𝜏𝑁2

𝑤𝑇2 ) 𝑓(𝑥) 𝑑𝑥
𝑄1+𝑄𝑅𝐿

𝑄𝑅𝐿
 +∫ (𝜏𝑁3

𝑤𝑇2 ) 𝑓(𝑥) 𝑑𝑥
𝑄1+𝑄𝑅𝑈

𝑄1+𝑄𝑅𝐿
 

+∫ (𝜏𝑁4

𝑤𝑇2 ) 𝑓(𝑥) 𝑑𝑥
𝛾+𝑛

𝑄1+𝑄𝑅𝑈
] 

Backup Supplier Expected Profit without Disruption (𝜏𝐵
𝑤𝑇) =  

[𝜏𝑁
𝑤𝑇1] + [∫ (𝜏𝐵1

𝑤𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝑄𝑅𝐿

𝛾−𝑛
 + ∫ (𝜏𝐵2

𝑤𝑇2 ) 𝑓(𝑥) 𝑑𝑥
𝑄1+𝑄𝑅𝐿

𝑄𝑅𝐿
 + ∫ (𝜏𝐵3

𝑤𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝑄1+𝑄𝑅𝑈

𝑄1+𝑄𝑅𝐿
 

+∫ (𝜏𝐵4

𝑤𝑇2 ) 𝑓(𝑥) 𝑑𝑥
𝛾+𝑛

𝑄1+𝑄𝑅𝑈
] 

 

3.5.2 Expected Profit with Disruption   

Expected Profit with Disruption = [Production Time] + [Selling Time] 

Retailer Expected Profit with Disruption (𝜏𝑅
𝐷𝑇) =  

[𝜏𝑅
𝐷𝑇1] + [∫ (𝜏𝑅1

𝐷𝑇2 ) 𝑓(𝑥) 𝑑𝑥
𝑄𝑅𝐿

𝛾−𝑛
 + ∫ (𝜏𝑅2

𝐷𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝑄𝑅𝑈

𝑄𝑅𝐿
 +∫ (𝜏𝑅3

𝐷𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝛾+𝑛

𝑄𝑅𝑈
] 

Normal Supplier Expected Profit with Disruption (𝜏𝑁
𝐷𝑇)  

= [𝜏𝑁
𝐷𝑇1]+ [∫ (𝜏𝑅1

𝐷𝑇2 ) 𝑓(𝑥) 𝑑𝑥
𝑄𝑅𝐿

𝛾−𝑛
 + ∫ (𝜏𝑅2

𝐷𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝑄𝑅𝑈

𝑄𝑅𝐿
 +∫ (𝜏𝑅3

𝐷𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝛾+𝑛

𝑄𝑅𝑈
] 

= +𝑤𝑏 𝑄1 − 𝑝𝑄1 

Backup Supplier Expected Profit with Disruption (𝜏𝐵
𝐷𝑇) = 

[𝜏𝐵
𝐷𝑇1]+[∫ (𝜏𝑅1

𝐷𝑇2  ) 𝑓(𝑥) 𝑑𝑥
𝑄𝑅𝐿

𝛾−𝑛
 + ∫ (𝜏𝑅2

𝐷𝑇2 ) 𝑓(𝑥) 𝑑𝑥
𝑄𝑅𝑈

𝑄𝑅𝐿
 +∫ (𝜏𝑅3

𝐷𝑇2 ) 𝑓(𝑥) 𝑑𝑥
𝛾+𝑛

𝑄𝑅𝑈
] 

By combining the expression for both scenarios, i.e., with and without disruption, using the 

probability of disruption, 𝑃𝑑 , the total expected profits of the three members can be 

derived as follows. 

Final Expected Profit = [Expected Profit with Disruption * Probability of disruption] + 

[Expected Profit without Disruption * Probability of no disruption]  

Retailer Final Expected Profit = [Retailer Expected Profit with Disruption * Probability of 

disruption] + [Retailer Expected Profit without Disruption * Probability of no disruption] 

Retailer Final Expected Profit = (𝜏𝑅
𝐷𝑇)*(𝑃𝐷) + (𝜏𝑅

𝑤𝑇)*(1 − 𝑃𝐷) 

Normal Supplier Final Expected Profit = [Normal Supplier Expected Profit with 

Disruption * Probability of disruption] + [Normal Supplier Expected Profit without 

Disruption * Probability of no disruption]  

Normal Supplier Final Expected Profit = (𝜏𝑁
𝐷𝑇)*( 𝑃𝐷) + (𝜏𝑁

𝑤𝑇)*(1 − 𝑃𝐷) 

Backup Supplier Final Expected Profit = [Backup Supplier Expected Profit with 

Disruption] + [Backup Supplier Expected Profit without Disruption * Probability of no 

disruption]  

Backup Supplier Final Expected Profit = (𝜏𝐵
𝐷𝑇)*( 𝑃𝐷) + (𝜏𝐵

𝑤𝑇)*(1 − 𝑃𝐷) 
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CHAPTER 4 

NUMERICAL EXPERIMENTS 
 

4.1 Numerical experiments 

Numerical experiments in this research will be analyzed using the MATLAB software. The 

experiments are examined in order to find the synchronization of the proposed contracts 

(buy-back and range contracts) under the situation where normal supplier is subject to 

supply disruption. The experiments will confirm why using backup supplier will be 

beneficial for the retailer by showing the difference in retailer profits with and without the 

backup supplier in the system. Some assumptions need to be put in place in order to make 

the system realistic. 

The following parameters were used when conducting the numerical experiments. 

  

𝑟𝑝 = 25 

𝑤𝑏 = 10 

b = 5 

𝑤𝑏 = 10 

𝑤𝑚𝑏 = 5 

𝑤𝑅 = 12 

𝑤𝑚𝑅 = 7 

𝑅𝐹 = 2 

𝑝 = 10 

𝑠 = 2 

𝑠𝑐= 3 

𝑃𝑑 = 0.1 

r = 500 

n = 300 

The first experiment will show the comparison of the retailer profits between with and 

without a backup supplier. The purpose of this test is to see if it is a good idea to have a 

backup supplier within the system. The results of the test which were obtained by using the 

input values presented above will be shown below in Table 4.1. 
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Table 4.1 Comparing systems with and without backup supplier 

 

According to the table, it is clear that retailer profit rises from 5543 to 5876 when backup 

supplier is present in the system. Moreover, the total supply chain’s profit is also increased 

from 8061 to 8102 when the backup supplier is present. Thus, it is reasonable to make a 

conclusion that having the backup supplier in a scenario where the main supplier is likely 

subjected to supply disruption will help boost the profit of the retailer as well as the whole 

supply chain. 

 

4.2 Sensitivity analysis 

In this segment, few key input parameters in the experiments will be varied to see how 

they impact order quantities as well as retailer’s profits, main supplier, backup supplier and 

the whole supply chain. 

 

4.2.1 Sensitivity analysis with respect to 𝑹𝑭 

Table 4.2 Effect of changing range fees (𝑹𝑭) 

𝑹𝑭 𝑸𝑹𝑳 𝑸𝑹𝑼 𝑸𝟏 Retailer's 
profit 

Normal 
supplier's 

profit 

Backup 
supplier's 

profit 

Supply 
chain's 
profit 

2 201 475 278 5876 1076 1150 8204 

2.2 201 455 292 5824 1121 1179 8124 

2.4 201 435 306 5775 1165 1202 8142 

2.6 201 414 320 5730 1208 1220 8158 
2.8 201 394 334 5690 1250 1230 8170 

3 201 374 348 5653 1292 1234 8179 

 

Optimal results No Backup 
supplier 

With 
Backup 
supplier 

Centralized  

𝑄𝑅𝐿 0 201 201 

𝑄𝑅𝑈 0 475 269 

𝑄1 670 278 462 

Retailer’s profit 5543 5876 5637 

Normal supplier’s profit 2518 1076 1597 

Backup supplier’s profit 0 1150 970 

Supply chain’s profit 8061 8102 8204 
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Figure 4.1 Order quantities over differs stages of 𝑹𝑭 

From the results in Table 4.2, we can observe that with the increase in range fees, there is 

an increase in the order amount from the main supplier whereas a decrease in the order 

amount from the backup. This trend is understandable because when the range fee 

increases, the retailer will increase the order amount from the normal supplier compared to 

the back-up supplier, therefore increasing the profits of the normal supplier. The backup 

supplier’s profit also increases as retailer still needs to order from the back-up supplier 

according to range contract. However, the retailer’s profit has declined, and it is interesting 

to notice that there exists a value of the range fee at which the total profit of the whole 

supply chain will be minimized.    

 

4.2.2 Sensitivity analysis with respect to 𝒃 

Table 4.3 Effect of changing buy-back price (𝒃) 

𝒃 𝑸𝑹𝑳 𝑸𝑹𝑼 𝑸𝟏 Retailer's 
profit 

Normal 
supplier's 

profit 

Backup 
supplier's 

profit 

Supply 
chain's 
profit 

5 201 475 278 5876 1076 1150 8204 

5.2 201 468 285 5888 1086 1134 8109 

5.4 201 462 292 5901 1095 1117 8113 

5.6 201 456 299 5914 1103 1100 8117 
5.8 201 449 307 5928 1111 1082 8121 

6 201 441 315 5943 1118 1067 8128 
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Figure 4.2 Order quantities over differs stages of 𝒃 

 

According to Table 4.3, we can see that when the buyback price increases, there is an 

increase in the order quantity from normal supplier, resulting in the increase in the profit of 

the normal supplier. This happens because the increase in buy-back price makes the retailer 

more profitable when ordering more from the normal supplier because he can send the left-

over inventory back to the normal supplier at higher price. Also, retailer decreases their 

order amount from the back-up supplier which leads to the decrease in the profit of the 

backup.  It is also noted that there exists a value of buy-back price at which the total profit 

of the whole supply chain is minimized. 

 

4.2.3 Sensitivity analysis with respect to 𝒔𝒄 

Table 4.4 Effect of changing unit shortage cost (𝒔𝒄) 

𝒔𝒄 𝑸𝑹𝑳 𝑸𝑹𝑼 𝑸𝟏 Retailer's 
profit 

Normal 
supplier's 

profit 

Backup 
supplier's 

profit 

Supply 
chain's 
profit 

3 201 475 278 5876 1076 1150 8204 

3.2 201 476 278 5874 1076 1148 8099 

3.4    201    478 277 5872 1073 1149 8094 

3.6 201 479 276 5870 1069 1151 8091 
3.8 201 480    276 5868 1069 1150 8087 

4 201    482 275 5866 1066 1150 8083 
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Figure 4.3 Order quantities over differs stages of 𝒔𝒄 

From the results in Table 4.4, we can see that with an increase in shortage cost, the order 

quantity from normal supplier decreases, resulting in the decreased profit of the normal 

supplier. Also increase in the shortage cost also have an effect on the retailer profit as well 

as on the whole supply chain system profit as it is the money retailer could not earn due to 

lack of lots in the inventory. However, the backup supplier’s profit was shown to fluctuate 

back and forth and not follow a trend but the variation is so slight that we can deem it 

insignificant.  

 

4.2.4 Sensitivity analysis with respect to 𝒑 

Table 4.5 Effect of changing penalty fee (𝒑) 

𝒑 𝑸𝑹𝑳 𝑸𝑹𝑼 𝑸𝟏 Retailer's 
profit 

Normal 
supplier's 

profit 

Backup 
supplier's 

profit 

Supply 
chain's 
profit 

10 201 475 278 5876 1076 1150 8204 

10.2 201 473 280 5882 1077 1146 8104 

10.4 201 472 281 5888 1074 1143 8105 

10.6 201 470 283 5893 1075 1139 8107 
10.8 201 469 284 5899 1073 1136 8108 

11 201 468 286 5905 1073 1130 8108 
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Figure 4.4 Order quantities over differs stages of 𝒑 

From the results in Table 4.5, it is noticeable that when the penalty fee increases, the 

amount of order the retailer places with the normal supplier will increase as he will get a 

higher penalty from the normal supplier if this supplier fails to deliver the committed 

amount due to disruption. However, the increase in penalty fee results in decreased profit 

of the whole supply chain. 

 

4.2.5 Sensitivity analysis with respect to pd 

Table 4.6 Effect of probability of disruption (pd) in Decentralized System 

𝒑𝒅 𝑸𝑹𝑳 𝑸𝑹𝑼 𝑸𝟏 Retailer's 
profit 

Normal 
supplier's 

profit 

Backup 
supplier's 

profit 

Supply 
chain's 
profit 

0.05 201 433    307 5958 1233 1049 8240 

0.06 201 442    301 5941 1200 1067 8208 

0.07 201 451    295 5924 1168 1087 8178 

0.08 201 459 289 5907 1136 1109 8152 

0.09 201 467 284 5892 1107 1127 8126 

0.1 201 475 278 5876 1076 1150 8102 

 

0

50

100

150

200

250

300

350

400

450

500

10 10.2 10.4 10.6 10.8 11

O
rd

er
 Q

u
an

ti
ty

Penalty fee

Order quantities with various penalty fee

Q_RL

Q_RU

Q_1



23 
 

 

Figure 4.5 Order quantities over differs stages of 𝒑𝒅 in Decentralized system 

 

4.2.6 Sensitivity analysis with respect to 𝒑𝒅 in Centralized system 

Table 4.7 Effect of probability of disruption (𝒑𝒅) in Centralized System 

𝒑𝒅 𝑸𝑹𝑳 𝑸𝑹𝑼 𝑸𝟏 Retailer's 
profit 

Normal 
supplier's 

profit 

Backup 
supplier's 

profit 

Supply 
chain's 
profit 

0.05 201    202 529 5648 1846 1004 8497 

0.06 201    202 529 5606 1826 1004 8436 

0.07 201 202 529 5565 1807 1004 8376 

0.08 201 202 529 5524 1787 1004 8315 

0.09 201    218 513 5533 1733 989 8255 

0.1 201 269 462 5637 1597 970 8204 
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Figure 4.6 Order quantities over differs stages of 𝒑𝒅 in Centralized system 

 

According to the results for centralized and decentralized systems presented in Table 4.5 

and Table 4.6, we can see that the probability of disruption has a profound effect on both 

systems. As the probability of disruption increases, the retailer profit decreases in both 

decentralized and centralized systems. As for the normal supplier profit, the profit 

decreases in both system as the probability of disruption rises. This is a reasonable trend as 

the retailer will stay away from a riskier supplier, i.e., reducing the order quantity placed to 

the main supplier and relying more heavily on the backup supplier.  It is also noted that the 

total supply chain profits in both system decrease with the increase in probability of 

disruption. 

 

4.2.7 Coordination of supply chain analysis with respect to changes in 𝒑𝒅 
 

Table 4.8 Comparison between supply chain profits under centralized and 

decentralized systems as 𝒑𝒅 changes 

𝒑𝒅 Supply chain's profit 
(Centralized system) 

Supply chain's profit 
(Decentralized system) 

% efficiency 

0.05 8497 8240 96.98 

0.06 8436 8208 97.29 

0.07 8376 8178 97.64 

0.08 8315 8152 98.04 

0.09 8255 8126 98.44 

0.1 8204 8102 98.76 

 

In Table 4.7 we can see that at all values of disruption probability, the centralized system 

has a higher supply chain profit than the decentralized system.  However, the total supply 

chain profit in the decentralized system using the proposed contracts is very close to that of 

the centralized system with the average coordination efficiency of 97.86%. Therefore, we 
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can say confidently that the use of the proposed contracts is capable of coordinating the 

supply chain.  

CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

In this study a system with one retailer and two suppliers were studied. The two suppliers 

were considered under two different contracts. The main supplier was used under a buy-

back contract while the backup supplier was used under a range contract. The main 

supplier was assumed to be subjected to disruption and as such this configuration of 

contracts was proposed to mitigate the effect of said disruption. In this research a 

mathematical model was built to simulate the system described. Using that mathematical 

model, experiments were run using MATLAB to find the optimum ordering scheme for the 

retailer in order for him to get maximum profits.  Sensitivity analyses were also run in 

order to investigate the consequences of varying the range fees, buyback price, shortage 

price and penalty fee on the order quantities. Finally a comparison was made between both 

the centralized and decentralized systems in order to evaluate the performance of this 

configuration of contracts. It was shown that the efficiency of the system was within 4% of 

the centralized system and as such it can be said that this configuration of contracts is 

capable of coordinating the supply system. 

 

For further research, the model proposed can be expanded to deal with cases where the 

retailer signs different types of contract with the suppliers under the existence of supply 

disruption. Moreover, if we can extend the mathematical model to deal with an inventory 

system that could carry over unsold goods to the next period.   
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