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ABSTRACT

A retailer, a main supplier and backup supplier were examined in this proposed system.
The two suppliers were considered under two separate contracts. Under a quantity
flexibility contract, the main supplier was used, while the backup supplier was used
under a range contract. It was stated that the main supplier was vulnerable to disruption
and, as such, this contract configuration was proposed to minimize the impact of the
stated disruption. A mathematical model was designed to simulate the mentioned
system in this report. Using the statistical model, experiments were conducted using
MATLAB to obtain the optimal order quantities for the retailer from the main supplier
and the backup supplier to get optimal profit for him. A sensitivity analysis was also
carried out to examine the impact on the order quantities of changing range fees,
shortage price and penalty fee. Furthermore, to determine the efficiency of this contract
configuration, a comparison was made between both the centralized and decentralized
systems. The effect of the return quantity ratio is unclear, and it can be concluded that
this contract configuration can coordinate the supply system.
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CHAPTER 1
INTRODUCTION

1.1 Background

The supply chain is the linked network of parties from the raw material suppliers to the
retailers which distributes end products to the customers (Simchi-levi, 2003). It is
critical to deliver good quality products at a considerable price since the demand for
most of the items is based on customer satisfaction. To facilitate the above mission the
supply chain should be effective which means that it should deliver the desired output

efficiently so that the maximum output is achieved by spending the minimum input.

Simchi-levi (2003) further stated that the observations made on the supply chain are too
challenging to propose strategies (i.e., methods of managing the supply chain) for the
whole chain, due to the uncertainties and the risks involved in forecasting the proper
demand. Typically, strategies are applied to single links, i.e., the connections between
two parties in the supply chain. Nevertheless, the strategies can also be applied to
multiple links (Guo et al., 2017). It is important to have a proper strategy, as it would
contribute to a smooth flow and sound coordination in the supply chain (Monczka et

al., 1998).

Supply chain disruptions (i.e., disturbance or problems which interrupt the smooth flow
of the supply chain) mainly occur due to demand uncertainty which is one of the main
risks in production management. Lessard & Donald (2013) states that globalized
companies face uncertainties due to geographic dispersion and organizational
fragmentation. Whereas Wang & Michael (2018) states that uncertainties are occurring
due to poor logistics performance. While Park & Kim (2016) stated that there are two

main categories of disruption which are man-made and natural.

Man-made supply chain disruptions should be addressed in a three-step procedure.
First, it is required to identify the causes of disruption (Mitchell, 1995; Zsidisin, 2003),

followed by the development of the controlling technique to address the causes (Chopra



& Sodhi 2004; Hallikas et al., 2004; Harland et al., 2003; Ritchie & Brindley 2007),
and finally to analyse the consequences of disruption on firm’s performance (Norrman

& Jansson, 2004; Wagner & Bode 2008; Hendricks & Singhal, 2003, 2005a, 2005b).

There are many tools in supply chain management to mitigate disruption, such as
stockpile inventory, diversify the supply base, develop backup suppliers, manage
product demand, and strengthen the core supply chain. Strategies that are implemented
on one or more of these tools could help in mitigating the supply chain disruptions (Lee

etal., 2014).

Simchi-levi (2003) also found that supply chain contracts can contribute to achieving
coordination in the supply chain. According to Simchi-levi (2003) supply chain
contracts are agreements between buyer and supplier on issues like pricing and volume
discounts, minimum and maximum purchase quantities, delivery lead times, product or

material quality, product return policies.

The concept of multi-sourcing was investigated by Tomlin (2006), and the literature on
this article is based on his prior research. The body of the work conducted by Tomlin
heavily focuses on the use of supply chain contracts, where a backup source of supply
is employed. The coordination in the system is also required to attain additional profits
for all members of the supply chain. For the adjustment of numerous actions
implemented by multiple firms, the coordination plays an important role. Specifically,

coordination is necessary to temper the downstream competition (Cachon, 2003).

In almost all the cases, a 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, retailers should have a long-term relationship
with their suppliers. Agreeing with the supplier through a contract can help the buyers
to reserve the capacity ahead to reduce inefficiency costs (Hou et al., 2017). The
flexibility described favours the buyer. However, this may adversely affect the supplier
as they may bear the risk of excess inventory. This can be mitigated by offering limited
flexibility or prices based on the level of flexibility (Barnes-Schuster et al., 2002).

Ultimately contracts are utilized to increase the coordination performance of the supply



chain which means to achieve maximum profit for the whole supply chain as if the

chain were operated under centralized decisions rather than decentralized decisions.

Some researchers examined agreements that have been considered as procurement
contracts in conventional inventory management. Supply contract is a collaboration
process in the supply chain that is structured to help the participants collaborate and
aims to achieve exactly the same efficiency as the centralized structure. In addition, the
procurement contract is used to enhance the efficiency of all members of the supply
chain. An order to maximize the benefit of the participants of the supply chain relative
to the decentralized system, and win-win condition would be core aspects of a contract

(Giri et al., 2016).

1.2 Problem Statement

Review of the issues with regards to supply chains reveals supply chain disruptions as
a critical issue. The unpredictable events cause disruptions in supply chains with a
single supply source. (Barnes-Schuster et al., 2002). These disruptions result in
inefficiencies, such as supply shortage, fluctuations, and delays (Togar et al., 2002). To
avoid these issues, practitioners emphasize more on the use of flexibility as a solution.
Flexibility is accomplished by promoting cooperation between all the different
organizations that are suppliers, manufacturers, distributors, logistics providers, and
retailers, with the goal of constantly enhancing all processes under increasingly
evolving market conditions (Togar et al., 2002). Some analysts prefer to rely on using
contracts to provide a flawless supply chain (Cachon, 2003). Further, dual sourcing is
one such measure which helps to solve the above issue, and it focuses on using an
additional supplier (Hou & Sun, 2016). Having more than one supplier can help

improve reliability and avoid demand disruptions (Yu et al., 2009).

To mitigate the harmful effect of supply disruptions, this study focuses on developing
a mathematical model for a system with one retailer and two suppliers which includes
the main supplier, who might experience supply disruptions, with a quantity flexibility

contract and a backup supplier with a range contract.



Figure 1.1 illustrates the timeline of the supply chain system from the production period
to the end of the selling season. It is noted that the main supplier might have excess
inventory due to the arrangement of the quantity flexibility contract. Excess inventory
might also exist with both the retailer and the backup supplier. At the end of the period,

all excess inventories will be salvaged at the same salvage price.

Figure 1.1
Timeline of the System

Retailer adjusts the
Retailer orders from both Quantity Once the demand End of season
the suppliers is determined
Time
Suppliers offer their ) Produced goods delivered Retaller collects revenue
contracts and:the retailen to the retailer Excess inventory at main supplier/backup

accepts

supplier/retailer are salvaged

1.3 Objective

The objective of this research is to develop a contract model to deal with the supply
disruption problem between a retailer and two suppliers, which comprises of one main
supplier, and one backup supplier. The contract signed between the retailer and the
main supplier is a quantity flexibility contract while the contract used between the
retailer and the backup supplier is a range contract. The main contract parameters, i.e.,
order quantity and maximum return quantity from the retailer to the main supplier and
the range of order quantity to the backup supplier will be the decision variables that
need to be determined to maximize the profit of the retailer. Furthermore, the
effectiveness of the proposed system will be tested by comparing the centralized and

decentralized systems.



1.4 Scope and Limitations

The system examined in the study will be limited to the following characteristics.

e The supply chain will consist of one buyer and two suppliers. i.e., one main supplier
and one backup supplier.

o The research only considers products with a single selling season.

e The main supplier will be subjected to supply chain disruption and may not deliver
any ordered goods when disruption occurred.

e The main supplier will be under a quantity flexibility contract.

e The backup supplier will be under a ranged contract.



CHAPTER 2
LITERATURE REVIEW

The present study analyses the situation of a retailer where the main supplier with a
quantity flexibility contract is under supply disruption. To mitigate the effect of supply
disruption, a backup supplier with a range contract has been used by the retailer. Since
the main objective is to avoid harmful effect of disruption and to achieve coordination,
the literature related to the proposed contracts will be presented in this chapter. To be
specific, the literature on quantity flexibility contracts, range contracts, and systems

under disruption is discussed in the below sections.

Héohn (2010) showed the existence of various types of contracts. He further stated that
the simplest contract is the wholesale contract which simply describes the number of
goods to be sold at specific wholesale prices. Another contract is the quantity discount
contract which urges the buyer to purchase large volumes as the unit's wholesale price
will be decreased as the buyer purchases above certain amounts. Some contracts allow
the buyer to refund unsold goods such as the buyback contract and the quantity
flexibility contract. In the buyback contract, the supplier agrees to buy back any unsold
goods at a buyback price (the price can vary from salvage price and wholesale price).
In the quantity flexibility contract, the buyer can refund unsold goods much like in the
buyback contract. However, not all the unsold goods may be returned, rather only a
previously established maximum quantity of the full order quantity may be returned at

wholesale price.

Contracts such as the revenue sharing contracts are developed in a way that all the
revenue generated by the buyer and the salvage is shared among the buyer and supplier
in exchange for a favourable wholesale price. The sales rebate contract specifies that
the supplier will pay the buyer a fixed amount for each unit sold above a given limit.
Further there exist contracts such as the option contract that aim to provide flexibility
to the buyer by allowing the buyer to adjust the order quantity when the demand is
realized. Moreover, 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. (Bernstein and Federgruen (2005)) analyze the reliability
actions of the decentralized supply chains in the sense of the two supply chains under
demand volatility and the nature of contractual agreements between the parties. (Li et
al. (2010)) to investigate a supply chain of manufacturers and vendors by disruption of
supply and to recommend an appropriate situation for the decentralized system. Recent
analysis has been suggested by (Li et al. (2017)), Research Capability Reconstruction
to resolve disturbance in the decentralized assembly system consisting of a producer,
and two suppliers that produce two components separately during development
undertake that the main supplier may experience a supply disturbance situation, while
another supplier may be completely efficient. They also present the scenario where, as
damage happens, the main supplier will be able to resume the production volume,
whatever the producer or trustworthy supplier is capable of supplying to the main
supplier with a share revenue sharing contract. Eventually, supply delays are not
uncommon, firms must get ahead of them. Thus, we model the contract structure
formed between the manufacturer and the two suppliers under which it is usual and

backup suppliers.

2.1 Quantity Flexibility Contracts

According to Simchi-levi (2003) a quantity flexibility contract is a contract where a
retailer can refund the items as long as it does not exceed an agreed limit, and also it is
different from the buy-back contracts because the buy-back contracts allow a partial
refund amount for the whole quantity. Li et al. (2016) have developed a quantity
flexibility contract between a cosmetic manufacturer and a retailer to help coordinate
the supply chain. By this quantity-flexibility and supply chain coordination
arrangement, the retailer commits an amount of quantity of newly-developed product,
and in return the manufacturer allows the retailer to adjust the order quantities of the
commitment quantities based on the inventory balance status and customer demand. It
is expected that with this arrangement, both parties can attain maximum profit under
the concept of the synergy effect by developing a two-period dynamic model. The
optimal replenishment strategy for the retailer and the optimal pricing scheme for the
manufacturer is obtained by comparing between models with and without the supply

chain coordination or quantity adjustment. Numerical analysis and case application



have been presented to support the theoretical model of Li et al. (2016) which focuses
on attaining global (channel) optimal profit for both the manufacturer and the retailer.
The findings of this study illustrate that there exists an improved supply chain
coordination in the presence of quantity flexibility contract. Lian & Deshmukh (2009)
indicated that such quantity flexibility contracts are common in automobile and contract

manufacturers, as well as in fuel oil and natural gas delivery markets.

Sethi et al. (2003) studied single and multi-period quantity flexible contracts involving
one demand forecast update in each period and a spot market. The optimum order
quantities which used in the contract are obtained from the spot market. The amount
that can be purchased on the contract is bounded by a given flexibility limit. The impact
of the forecast quality and the level of flexibility on the optimal decisions and

managerial insights were discussed behind the results.

Li et al., (2020) stated that the quantity flexibility contract is better than a capacity
reservation contract when the demand and the price of the product are both uncertain,
whereas capacity cost is high and capacity lead time is long . Li et al. (2020) has also
shown how the quantity flexibility contract is more suitable as it can achieve higher
coordination and higher profitability. Kim (2011) stated that the quantity flexibility
contract can be a disadvantage to the buyer due to its mechanism and reduces the
performance of the supply chain, i.e., where there are always unsold goods than the

arranged limit.

2.2 Range Contracts

This type of contract is less explored in literature. According to Hochbaum & Wagner
(2015) range contracts allow the buyer to procure goods from the supplier at a
prescribed price within a specified range. In return, the supplier is compensated upfront
with a range fee. This fee can be viewed as the buyer trading monetary value for reduced
uncertainty. Hochbaum & Wagner (2015) further stated that the range contract is highly
compatible with the quantity flexibility contract. Moreover, range contracts are more

suitable for backup suppliers than for the main suppliers. Additionally, range contracts



generalize existing contracts such as just in time, fixed price, option, and quantity-

flexibility contracts, and can be adjusted to work alongside with other contracts.

2.3 Mitigating Disruption

According to Ambulkar et al. (2015), there are four types of supply chain disruptions
that occur in firms. They are supply disruption, i.e., a late shipment of inbound materials
from the supplier, logistics/delivery disruptions, i.e., truckload transportation provider
did not pick up a load of the product as they said they would, in house/plant disruptions,
i.e., plant shutdown due to major machine breakdown, and natural hazards/regulatory
and political issues, i.e., disruption stemming from a country whose government
cracked down on illegal re-sterilization of products only intended for single-use, after
which those products saw high levels of unanticipated demand. Norrman & Jansson
(2004) stated that it is vital to control the risks in partnership among other partners of
the supply chain due to the supply disruptive effect. Zegordi (2011) stated that strategies
for managing supply chain disruption can be categorized into two main types:
preventive and recovery, and preventive solutions can be categorized as follows:

robustness strategies; resiliency strategies; security-based strategies; agility strategies.

Disruption is a common thing for every system due to the existence of demand
uncertainty. For instance, the fashion industry is an industry where demand is
determined through fashion trends which solely depend on customer satisfaction. In the
study of Zhao et al. (2020) such a system is analysed and a strategy is formulated to
achieve coordination and also increase the quality of production. Riddalls & Bennett
(2002) suggested 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.

Levy (1995) stated that when difficulties occur in a supply chain, people in charge try
to solve them as a one-time event instead of considering that it could be the result of a
lack of a robust supply chain. Zhang et al (2015) studied the difference between the
buyback and revenue sharing contracts and stated that the critical ratio was the deciding

factor. Critical ratio is the difference of wholesale price and production cost divided by



wholesale price. If the critical ratio is high, then the revenue sharing contract would
outperform the buyback contract. However, in a situation where the critical ratio is low
the difference between the contracts become small and unclear as to which would yield

better results.

The study conducted by Ghadge et al. (2017) showed the effect of the supplier and the
retailer has on a supply chain and recommend that the risk can be minimized through
risk-sharing contracts. Ramdas and Spekman (2000) showed that the outcomes of lack
of coordination in a system are due to inaccurate forecasts, waste time, low capacity
utilization, excessive inventory, inventory turns, and expensive inventory and logistic
costs. Moreover, it was found that the impacts of the uncoordinated supply chain system
have more damages to the performance of the whole supply chain (Lee et al., 1997). To
alleviate the effects of overstock and understock in the inventory, the supply chain
members coordinate by improving the efficiency of the supply chain operations and
sharing information, which is one of the coordination methods to improve the

performance of the whole supply chain (Lee et al, 1997).

Craighead & Blackhurst (2007) stated that supply chain disruptions and the associated
operational and financial risks represent the most pressing concern facing firms that
compete in today’s global marketplace. Existing research has not only confirmed the
costly nature of supply chain disruptions but has also contributed relevant insights on
such related issues as supply chain risks, vulnerability, resilience, and continuity. In
this conceptual note, Craighead & Blackhurst (2007) focus on a relatively unexplored
issue, asking and answering the question of how and why one supply chain disruption
would be more severe than another. In doing so, they argue that the supply chain
disruptions are unavoidable and, consequently, that all supply chains are inherently
risky. Employing a multiple-method, multiple-source empirical research design, they
derive novel insights, presented propositions that relate the severity of supply chain
disruptions (i) to the three supply chain design characteristics of density, complexity,
and node criticality and (ii) to the two supply chain mitigation capabilities of recovery
and warning. These findings not only augment existing knowledge related to supply
chain risk, vulnerability, resilience, and business continuity planning but also call into
question the wisdom of pursuing such practices as supply base reduction, global

sourcing, and sourcing from supply clusters.
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The paper presented by Tomlin, (2006) describes a few methods used in the past to
minimize the effects of supply disruption. Firstly, inventory mitigation, which simply
means having extra inventory in case of disruption. It is a simple but not very effective
strategy as it has a high cost of its own. Secondly, sourcing mitigation, which can be
illustrated as sourcing an additional supplier. There are a few considerations that need
to be taken in this case. Having a backup supplier who has unlimited or infinite capacity
would help in improving efficiency. Finally, for mitigation, we have financial
mitigation, which simply is insurance policies against such disruption events that can
cover the losses incurred. Contingency planning can be seen from the examples of
sourcing and demand adjustments in the case of disruption. As for contingent sourcing,
the backup suppliers are called on only when disruption occurs with the main supplier.
This means that these backup suppliers must be able to increase their production rapidly
in response to last-minute orders. For contingency planning, demand management have
been used which refers to the firm experiencing disruption shifting their demand to
other products in their catalogue and away from the product currently affected by the
disruption. Furthermore, Yu et al., (2009) stated that dual sourcing is better than single
sourcing by analysing a system where the disruption risk is captured by a probability,
the non-stationary demand is modelled with an exponential function of the wholesale
price multiplied by the maximum market scale, and the decision is analysed based on
expected profit functions (the probability threshold is dependent on parameters of the
system). Hence, a combination of both contingency planning and backup sourcing has
been identified as best for a risk-averse buyer that wants to cover both mitigation and

contingency planning (Tomlin, 2006).

2.4 Decentralized and Centralized Systems

According to Simchi-levi (2003) centralize system, decisions are taken by a central
location for the entire network, whereas without considering other facilities, each
facility determines the most efficient method in a decentralized system. It is also stated
that centralized systems lead to global optimization and decentralized systems lead to

local optimization.

11



Chiu and Kremer (2014) stated that the efficiency of various supply chain situations
(i.e., centralized and decentralized) is compared and discussed. The findings reveal that
the Decentralized Supply Chain scenario is advantageous for the cost effectiveness of
the Supply Chain Network, whereas the Centralized Supply Chain scenario shows

advantages for cost performance.

The study by Chen, Tian and Yang (2014) focusses on attributes of goods with
extremely little salvage value include a short life span, short stock life, easy to lose,
nearly zero salvage value and even disposal costs where almost all items need to be
marketed in order to reduce inventory costs. Chen, Tian and Yang (2014) examines the
optimum retail prices, and the retailer profit functions in the distributed control system
and the supply chain profit function in the centralized control system. The optimum
order quantity is then obtained. Their analysis indicates that lower wholesale costs can
continue to optimize the advantages of the supply chain by decentralized decision-

making.

12



CHAPTER 3

MATHEMATICAL MODEL DEVELOPMENT

The mathematical model for the taken scenario in a supply chain which consists of 2
suppliers and a retailer where the main supplier is subjected to a quantity flexibility
contract (who’s under disruption) and the backup supplier is subjected to a range
contract is as follows. The analysed time frame is from the beginning of the production

period and until the end of the selling period. Only one selling season is considered in

this case.

Figure 3.1

Timeline of the Model
Production Selling
Period Season
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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 Qm by paying at
whole sale price Ww to the normal supplier. With the backup supplier, the retailer will

decide the order range [@Bu, @BL] by paying the range fee Rr.

At the beginning of the selling season when the demand is realized, the retailer will

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

13



range contract. The probability of disruption at the normal supplier to occur will be
denoted as Pp and the demand is assumed to be a random variable which is uniformly
distributed between [y—n] and [y+n].

The notations for the analysis are as follows.

x= demand

Rp= retailer’s sales price

Qv= initial order placed with the main supplier
Wwn= whole sale price offered by main supplier
Cv= cost to manufacture one unit for main supplier
r= return quantity to main supplier

rmax= maximum allowed return to main supplier
P= penalty per unit for failing to deliver

Rr = Unit Range fees

Qs = Lower Order Quantity for Backup Supplier
Qsu = Higher Order Quantity for Backup Supplier
Ws = Unit Wholesale Price of backup supplier
Cg= cost to manufacture one unit for backup supplier
Pq= probability that disruption occurs

Sc = Unit Shortage Cost

S = Unit Salvage Cost

3.1 Profit Function Without Disruption in the Production Period

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

order range fees from the backup supplier

14



gl(QM' QpusQpL) = ~WnQy — Rp(Qpy — QpL)

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

1_[1?/11(QM' Qpu,QpL) = WnQy — CyQy

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

Hgl(QM' Qpu,QpL) = Rp(Qpy — QpL) — CpQpy

3.2 Profit Function Without Disruption During the Selling Season

T, Period;

Casel; X <Qum - I'max T QL

Case2; Qum - rmax + QL <x <Qm + QBL
Case3; Qm + QL <x<Qm + Qgu

Cased; x> Qm + Qgu
Casel; X <Qwum - 'max + QBL

Figure 3.2

Without Disruption Case 1 — Demand Less than Qum - ¥max + OBL

X i | | |

L )

| | |
Qpg - M + Qg Qg + Qg Qp + Qgy

Retailer returns r =1;,,,, to the main supplier. The retailer has to order QgL from the

backup supplier and salvage the remaining inventory. The main supplier will salvage

the returned quantity to him, and the backup supplier will salvage (Qgsu - QbL).

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

refund from normal supplier + salvage + payment to backup supplier
[15(Qm, @y, QL. 7, %) = Rpx — S(Qu — Tmax + Qpr — X) +
Wy (rmax) — Whg (QBL)
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Profit of the normal supplier = - repaying the retailer + salvage

H&ZZ(QM' Qpu, QpL, T x) = —WyTnax + S(rmax)

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

HE%(QM: Qpu, QgL 7, x) = Wg(QpL) + S(Qpy — QpL)
Case2; QM - rmax + QBL <x <Qm + QBL

Figure 3.3

Without Disruption Case 2 — Demand between Qu - Fmax + Qprand Qu + QOsr

_x|- ,ll | h

| | | j
OM_rmax+uBL ﬂm+QBL Q-M+GBU

The retailer has to order QgL from the backup supplier. The quantity that the retailer

returns to the main supplier is; r = (Qm+QprL-x). The backup supplier salvages

(QBU - QBL)

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

H%(QM: Qpu, QgL 7, x) = Rpx — Wg(Qp1)

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

H1T423(QM' Qpus Qg7 x) = —Wy(Qu —x + Qp) + S(Qu —x + QpL)

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

[155(Qum, Qzu» QL. 7 x) = Wp(Qp) + S(Qpy — Qp1)
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Case3; Qm + QL <x<Qwm + Qsu

Figure 3.4

Without Disruption Case 3 — Demand between Qu + Qs and Qu + Qpu

 J

The retailer orders Qum from the main supplier and orders (x-Qm) from the backup

supplier. No salvage for the Retailer and the main supplier. The backup supplier has a

salvage quantity of (QBU —(x— QM)).

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

ngzl-(QM' Qpu, QgL 7, x) = Rpx — Wg(x — Q)

Profit of the normal supplier = 0

HIT/IZA;(QM' Qpu, QpL,1,x) = 0

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

Hgi(QM: Qpu, QpL, 7, x) = Wp(x — Qu) + S(QBU —(x— QM))
Case4; x> Qm + Qgu

Figure 3.5

Without Disruption Case 3 — Demand is Greater than Qum + Opu

QM'rmax+QEL QM+QE|_ QM+QEU
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The retailer orders Qgu from the backup supplier. No salvage for all three parties.

Shortage quantity at the retailer is (x- Qm - Qgu).

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

shortage cost

H%(QM: Qpu, QgL 7, x) = Rpx — Wg(Qpy) — Sc(x — (Qpy + Qn))

Profit of the normal supplier = 0

15(Qum, Qpy, Qpr, 1, x) = 0

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

Hg%(QM: Qpu, QgL 7, x) = Wg(Qpy)

33 Profit Function with Disruption at the During the Production Period

Tj Period;

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

order range fees from the backup supplier

Hgl(QM'QBU: QL) = —WnQum — Rr(Qpy — QpL)

Profit of the main supplier = revenue from the initial order
1\T41(QM'QBU: QL) = WnQny

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

Hgl(QMfQBU: Qs.) = Rp(Qpu — QpL) — CgQpy

3.4 Profit Functions During Selling Season with Disruption

T, Period;

Casel; x< QBL
Case2; QL <x <Qgu

Case3; x> Qgu
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Case 1 x<QsL

Figure 3.6
With Disruption Case 1 — Demand is Less than Osr.

=

Qg Ogy

Y

Retailer order QL from backup supplier, receive penalty payment from normal supplier
due to failure of delivery and have excess inventory of (QsL—x). The backup supplier

has an excess inventory of(Qgy — QpL)-

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

penalty cost for fail delivery + salvage

[127 (@m, Qsus Q7. X) = Rpx — S(Qp, — X) — Wp(Qp) + P(Qu)
Profit of the normal supplier = — penalty cost for fail delivery

1_[11\)/12 (@um, Qpu, QL 7, X) = — PQy

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

Efl(QM. Qpus Qpr, 7, %) = S(Qpy — QL) + WgQp,

Case2; QL <x < Qsu

Figure 3.7
With Disruption Case 2 — Demand is in Between Qi and Qpu

k4

0 Qg Qpy

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

due to failure of delivery and, no excess inventory.
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Profit of the retailer = sales revenue - cost of order quantity from backup supplier +

penalty cost for fail delivery

222(Qu, Qpy, Qp, 7, x) = Rpx — Wy(Qpy) + P(Qy)

Profit of the normal supplier = — penalty cost for fail delivery

1_[11\)422(QM' Qpu, QL7 x) = — PQy

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

551(Qum, Qgy, Q1 x) = S(Qpy — x) + Wpx

Case3; x> Qgu

Figure 3.8

With Disruption Case 2 — Demand is Greater than Qpu

k4

0 Qpy gy

Retailer order Qu from the backup supplier, receive penalty pay from normal supplier

due to failure of delivery and has an amount of shortage (x—Qsv).

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

penalty cost for fail delivery + shortage cost
[1R3 (Qum, Qpu, Qs %) = RpQpy — Wp(Qpu) — Sc(x — Qpu) + P(Qn)
Profit of the normal supplier = — penalty cost for fail delivery
w3 (Qu, Qpy, Qpry 7, X) = — PQy
Profit of the backup supplier = revenue of order quantity from retailer
[155 (Qum, Qsu, Q1,7 X) = W5 (Qpy)
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3.5 Expected Profits

When calculating the expected profit, the scenarios of with disruption and no disruption
are considered separately. Each of the above situations have two time periods; i.c., the
production period and the selling season. When the profits during the selling season is
considered all the cases which are shown above in the previous sections should be

considered. Here the demand is assumed to be uniformly distributed between [y—n] and

[y+n]

3.5.1 Expected Profits Without Disruption

Expected profit without disruption = [production period] + [selling season]

Retailer’s profit function without disruption
[15(Qum, Qpy, QpL) = profit function before the selling season + expected profit

function during the selling season

HE(QM' QpusQpL) = —WnQu — Rp(Qpy — QpL) +

Qm ~ Q
fy—lvrll e BLH%%(QM' QBU: QBL,T.X) f(x)dx+

[ou +an [1R2(Qu, Qpy)r QpL, 7, x) f(x)dx +

QM —rmax + Qpy,

fQM + o [1%2(Qm, Qpu, QoL 7, x) f(x)dx +

Qm +QBL

I3 0n TTREQu Qa0 Qi %) f () dx +

Main supplier’s profit function without disruption

[1%(Qum, Qpu, QpL) = Profit function before the selling season + expected profit

function during the selling season

H&(QM' Qpu,QpL) = WyQu — CuQum +

Qm - Q
fy—l:ll e P TTHA(Qumy Qsyy QL. 7, %) f(x)dx +

fQM +anL [135(Qum, Qsu» @y 1, x) f(xX)dx +

QM —rmax + Qpy,
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[ * BT (0, Qpy, QT %) F(X)dx +

Qm +QBL

fy+n HLZS(QM: Qpu, Qg1 %) f(x)dx

Qm +QBu

Backup supplier’s profit function without disruption

[1%(Qum, Qpu, QpL) = Profit function before the selling season + expected profit

function during the selling season

[15(Qm, Qpu, Q) = Re(Qpy — Qp) — CpQpy +

ny_n:]— e ee [155(Qum, Qpu, Qo 7, ) f(X)dx +

[ b T153(Qw, Qpu» Qg 7, X) f(xX)dx +

QM —rmax + Qpy,

Q Q
fQ::Q;U Hgézl-(QMi QBUI QBL; T, x) f(x)dx +

2 TI5(Qu, Qus Qaro T, %) f(x)dx

Qm +QBu

3.5.2 Expected Profits with Disruption

Expected profit with disruption = [production period] + [selling season]|

Retailer’s profit function with disruption
[137(Qu, Qsy, Qp) = profit function before the selling season + expected profit

function during the selling season

[127(Qum, Qpu» Q) = —WnQy — Rr(Qpy — QpL) +
fy(_)iL [121 (Qum Qpu, QgL 7, X) f(X)dx + fgg:] [125°(Qum Qpus QgL 7, X) f (x)dx +

fy+n H%Z(QM: Qpu, gL, 7, %) f(x)dx +

QU

Main supplier’s profit function with disruption

[157(Qu, Qgy» QL) = Profit function before the selling season + expected profit

function during the selling season

HII\)/IT(QM: Qpu,QpL) = WnQu — PQy

Backup supplier’s profit function with disruption
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157 (Qu, Qgy» QL) = Profit function before the selling season + expected profit

function during the selling season

HgT(QM: Qpu,QpL) = Rr(Qpy — Qpr) — CpQpy +
fy(_?l:f [137%(Qum, Qpu, Qg1 7, X) f(X)dx + fgszj [157°(Qum, Qpu, Qg1 7, X) f (X)dx +

fy+n [123%(Qum, Qu, Qg 7, ) f(x)dx +

QBU

When combining the above functions into a final profit function the probability that a
disruption is taken into consideration. The probability of disruption occurring is

denoted as Pq.

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]

HR (QMI QBUI QBL) = (HII%T(QM' QBUI QBL) 'Pd ) + (HE(QM' QBUI QBL) . (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]

HM(QMI QBUI QBL) = (HII\)/IT(QM' QBUI QBL) 'Pd ) + (H&(QM' QBUI QBL) . (1 - Pd))

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

disruption]

HB (QM! QBU! QBL) = (HgT(QMI QBU! QBL) 'Pd ) + (HE(QMI QBU! QBL) . (1 - Pd))
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CHAPTER 4
NUMERICAL EXPERIMENTS

This chapter explains the experiments conducted to identify the results (i.e., the profits
of the parties involved and the optimum order quantities of both the suppliers) given by
the system when numerical values are introduced, and the behavior of the key

parameters in the system.

4.1 Numerical Experiments

Numerical experiments were conducted using MATLAB software. The following
parameters were used in the test which was conducted to find the optimum order
quantities which give the maximum profit of the two suppliers and the retailer. The
profit of the whole supply chain is then calculated for the proposed contracts. The
results are then compared with a system that has a similar setup of two suppliers and a
retailer that uses buy-back and range contracts. The following parameters are used for
the base case:

x= demand uniformly distributed between [y—n] and [y+n],

Rp=25,Wnm=10, Cm= 5, Tmax=Qm*0.25, P=12, RFr =2, W =12, Cg=7, Pa=0.05,
Sc=28,S=2,y=800,n=250

The optimal results of the base case are presented in table 4.1.
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Table 4.1

Comparison Between the Proposed System with a Similar System Using a Buyback

Contract.
Variables Optimal result ~ Optimal results of system with buyback
of the contract
proposed Buyback price
system 5 5.2 54 5.6
Qm 150 278 285 292 299
QsL 60 201 201 201 201
Qsu 892 475 468 462 456
Retailer’s profit 7164 5876 5888 5901 5914
Normal supplier’s 902 1076 1086 1095 1103
profit
Backup supplier’s 4997 1150 1134 1117 1100
profit
Supply chain’s profit 13062 8102 8109 8113 8117

In table 4.1, the proposed system is compared with a previous study which dealt with a
system that has a retailer, the main supplier which uses a buyback contract, and a
backup supplier that uses a range contract. When comparing with the previous study,
the order quantity from the main supplier has decreased. The range of the backup
supplier (Qpu-QgL) has increased. The profit of the retailer has increased. The profit of
the backup supplier also increased but the profit of the main supplier has decreased.
Also, the total profit of the supply chain has increased. So, it can be concluded that the
proposed system is better for the retailer, the backup supplier, and the whole supply

chain.

4.2 Sensitivity Analysis

In this part, the behavior of the key input parameters which are the range fee, shortage
cost, penalty cost, and the probability of disruption are examined to identify their impact
on the order quantities and the profits of the parties involved in the proposed supply
chain. Further, the coordination of the supply chain is determined by calculating the

efficiency of the total supply chain profit. In the decentralized system, (i.e., the
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decision-maker in the decentralized system is the retailer) the retailer's profit function
is optimized so that maximum profit is achieved, and in the centralized system, (i.e.,
the decision-maker in the centralized system is an unbiased one) the total profit function

is optimized so that the whole supply chain achieves the maximum profit.

4.2.1 Sensitivity Analysis with Respect To Rr

In this section, the effect of the range fees on the system is taken into consideration.
The analysis is conducted by increasing and decreasing the base value used in the
scenario and observe the changes in the order quantities of the two suppliers, the profits
of the retailer, the two suppliers, and the profit of the whole supply chain. The results
for both the centralized and decentralized systems are shown in table 4.2 and table 4.3

respectively.

Table 4.2
Effect of Changing Range Fees (Rr) in a Decentralized System

RF Qm QL Qsu Retailer’ Normal Backup Supply
s profit supplier’s supplier’s chain’s profit
profit profit
0.8 150 60 892 8162 902 3998 13062
1 150 60 892 7996 902 4165 13062
1.2 150 60 892 7829 902 4331 13062
1.4 150 60 892 7663 902 4497 13062
1.6 150 60 892 7496 902 4664 13062
1.8 150 60 892 7330 902 4830 13062
2 150 60 892 7164 902 4997 13062
22 150 60 892 6997 902 5163 13062
24 150 60 892 6831 902 5329 13062
26 150 60 892 6664 902 5896 13062
2.8 150 60 892 6498 902 5829 13062
3 150 60 892 6332 902 6230 13062
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From the results shown in table 4.2 when the range fee is increased in the decentralized
system, the order quantities of the main supplier and the backup supplier remain the
same and so is the total supply chain profit. However, the profit of the retailer is
decreased, and the profit of the backup supplier is increased. This happens because the

range fee affects only the retailer and the backup supplier in the decentralized system.

Table 4.3
Effect of Changing Range Fees (Rr) in a Centralized System

RF Om QL Qpu Retailer’s Normal Backup Supply

profit supplier’s supplier’s chain’s

profit profit profit

0.8 251 670 773 9693 772 3205 13671
1 251 670 773 9672 772 3226 13671
1.2 251 670 773 9651 772 3247 13671
1.4 251 670 773 9631 772 3267 13671
1.6 251 670 773 9610 772 3288 13671
1.8 251 670 773 9590 772 3308 13671
2 251 670 773 9569 772 3329 13671
22 251 670 773 9548 772 3350 13671
24 251 670 773 9528 772 3370 13671
26 251 670 773 9507 772 3391 13671
2.8 251 670 773 9487 772 3411 13671
3 251 670 773 9466 772 3432 13671

From the results presented in table 4.3, when the range fee is gradually increased in the
centralized system, the order quantities of the main supplier and the backup supplier
remain the same and so does the total supply chain profit. However, the profit of the
retailer has decreased, and the profit of the backup supplier has increased. This is due
to the fact that the range fee affects only the retailer and the backup supplier in the

centralized system.
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Figure 4.1

Order Quantities Over with Respect to Rr in the Decentralized System
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Figure 4.2

Order Quantities Over with Respect to Rr in the Centralized System.
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The trends of the parameter, as shown in Figures 4.1 and 4.2, are similar in both the
systems for the increment in Rr. Therefore, we can conclude that both the centralized
and decentralized systems react in the same way for the changes made for Rr. However,

the values of the order quantities of both the suppliers and their profits have changed.
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The order quantity of the main supplier remains the same in the decentralized system
and the centralized system. In terms of the backup supplier, the lower order quantity
and the upper order quantity is also constant. Hence, the range of the backup supplier
(QBu-QgL) has not changed in the decentralized and centralized systems. The profit of
the retailer has decreased in both the systems where the profit of the backup supplier in
both the systems has increased. The profits of the whole supply chain and the normal

supplier is constant in both systems as well.

4.2.2 Coordination Analysis with Respect to Changes In Rr

In this section, the coordination of the supply chain is examined by calculating the
efficiency (i.e., the percentage ratio of the total profit of the decentralized system over
the total profit of the centralized system) from the total profit of the supply chain in
both the centralized and the decentralized systems according to the changes of the range

fee in the supply chain.

Table 4.4
Comparison Between Supply Chain Profits under Centralized and Decentralized

Systems as Rr Changes

Rr Decentralized centralized % efficiency
0.8 13062 13671 95.55
1 13062 13671 95.55
1.2 13062 13671 95.55
1.4 13062 13671 95.55
1.6 13062 13671 95.55
1.8 13062 13671 95.55
2 13062 13671 95.55
2.2 13062 13671 95.55
2.4 13062 13671 95.55
2.6 13062 13671 95.55
2.8 13062 13671 95.55
3 13062 13671 95.55

From the results revealed in table 4.4, it is clear that the total supply chain profit of the

decentralized system is very near to the total supply chain profit of the centralized
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system. Therefore, the efficiency while Rr is changed is very high and the proposed

system achieves good coordination.

4.2.3 Sensitivity Analysis with Respect to (S¢)

In this section, the impact of the shortage cost is taken into consideration. The base
value is altered in the same manner as the range fees. The results for both the centralized

and decentralized systems are shown in table 4.5 and table 4.6, respectively.

Table 4.5
Effect of Changing Shortage Cost (Sc) in a Decentralized System

Sc QOu QL Qsu Retailer’s Normal Backup Supply
profit supplier’s supplier’s  chain’s profit
profit profit
14 141 63 905 7108 850 5075 13034
16 142 63 903 7119 856 5065 13040
18 144 62 901 7127 868 5048 13043
20 145 62 899 7138 873 5038 13049
22 146 61 897 7138 879 5037 13054
24 148 61 896 7154 890 5008 13052
26 149 60 894 7153 896 5007 13057
28 150 60 892 7164 902 4997 13062
30 152 59 891 7168 914 4977 13059
32 153 58 889 7168 920 4976 13063
34 155 58 887 7185 931 4950 13065
36 156 57 886 7182 937 4946 13064
38 158 57 884 7199 948 4920 13067
40 159 56 882 7197 954 4919 13070

According to the results in table 4.4, when the shortage cost increases in the
decentralized system, the order quantity from the main supplier increases, the lower
order quantity and upper order quantity from the backup supplier decreases. Also, the

range of the backup supplier (Qsu-Qgr) slightly decreases. The backup supplier’s profit
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has decreased, and the profit of the main supplier has increased. It is also observed that
the trend in the retailer’s profit and the profit of the whole supply chain profit is not
very clear because of the fluctuations shown above. The fluctuations occur because
there are local maximums and minimums in the profit functions of the retailer and the
whole supply chain when the value of the shortage cost is changed. Hence, it can be

concluded that the effect of the shortage cost is not significant.

Table 4.6
Effect of Changing Shortage Cost (Sc) in a Centralized System

Sc Om Qsr Qgu Retailer’s Normal Backup Supply chain’s
profit supplier’s supplier’s profit
profit profit
14 400 427 590 10325 1393 2449 14167
16 369 478 629 10186 1253 2611 14050
18 343 522 662 10057 1139 2759 13955
20 320 560 691 9940 1042 2894 13875
22 299 593 715 9835 958 3021 13814
24 282 622 737 9736 889 3131 13756
26 266 647 756 9649 828 3232 13710
28 251 670 773 9569 772 3329 13671
30 238 690 788 9497 725 3414 13636
32 227 709 801 9424 684 3498 13606
34 216 725 814 9364 646 3567 13577
36 206 740 825 9307 611 3635 13554
38 198 754 835 9250 582 3698 13531
40 189 767 844 9200 553 3761 13514

According to the results in table 4.5, the total profit of the supply chain has decreased.
The profits of the normal supplier and also the retailer have decreased where the profit
of the backup supplier increased. The order quantity of the main supplier has reduced
but the upper order quantity and the lower order quantity of the backup supplier have

increased. However, the range (Qru-QgL) of the backup supplier has decreased.
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Figure 4.3
Order Quantities with Respect to Sc in the Decentralized System.
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Figure 4.4
Order Quantities with Respect to Sc in the Centralized System.
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As seen in figures 4.3 and 4.4, there are no fluctuations in the centralized system when
compared with the decentralized system. The order quantity of the main supplier in the

decentralized system increases when the shortage cost increases but the order quantity
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of the main supplier in the centralized system has decreased when the shortage cost
increases. It is also notable that the lower order quantity of the backup supplier
decreases in the decentralized system and increases in the centralized system. Further,
it is also noted that the range of the backup supplier (Qpu-QgL) decreases in both

centralized and decentralized systems.

4.2.4 Coordination Analysis with Respect to Changes In Sc

In this section, the coordination of the supply chain is examined by calculating the
efficiency from the total profits of the supply chain in both the centralized and the

decentralized systems.

Table 4.7
Comparison Between Supply Chain Profits under Centralized and Decentralized

Systems as Sc Changes

Sc Decentralized centralized % efficiency
14 13034 14167 92.00
16 13040 14050 92.81
18 13043 13955 93.46
20 13049 13875 94.05
22 13054 13814 94.50
24 13052 13756 94.88
26 13057 13710 95.24
28 13062 13671 95.55
30 13059 13636 95.77
32 13063 13606 96.01
34 13065 13577 96.23
36 13064 13554 96.38
38 13067 13531 96.57
40 13070 13514 96.71

From the results shown in table 4.7, it is clear that the total supply chain profit of the
decentralized system is very near to the total supply chain profit of the centralized
system and it is also noted that the efficiency increases when the shortage cost increases.
Therefore, it is evident that the efficiency is very high and that the proposed system

achieves good coordination.
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4.2.5 Sensitivity Analysis with Respect to (P)

The impact of the penalty fee is analyzed in this section. The method of analysis is the
same as for the previous parameters. The results for both the centralized and

decentralized systems are shown in table 4.8 and table 4.9, respectively.

Table 4.8
Effect of Changing Penalty Fees (P) in a Decentralized System

P Om QL Qsu Retailer’s Normal Backup Supply
profit supplier’s supplier’s  chain’s profit
profit profit
85 150 60 892 7137 928 4997 13062
9 150 60 892 7141 924 4997 13062
9.5 150 60 892 7145 921 4997 13062
10 150 60 892 7149 917 4997 13062
10.5 150 60 892 7152 913 4997 13062
11 150 60 892 7156 909 4997 13062
11.5 150 60 892 7160 906 4997 13062
12 150 60 892 7164 902 4997 13062
125 150 60 892 7167 898 4997 13062
13 150 60 892 7171 894 4997 13062
13.5 150 60 892 7175 891 4997 13062
14 150 60 892 7179 887 4997 13062
145 150 60 892 7182 883 4997 13062
15 150 60 892 7186 879 4997 13062

From the results in table 4.6, when the penalty fee increases in the decentralized system,
the order quantities of the main and the backup suppliers remain the same and so is the
total supply chain profit. The profit of the backup supplier is also not constant.
However, the profit of the retailer has increased, and the profit of the main supplier has
decreased. This is because the penalty fee affects only the retailer and the main supplier

in the decentralized system.
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Table 4.9
Effect of Changing Penalty Fees (P) in a Centralized System

P  Qm Q. Qsu Retailer’s Normal Backup Supply

profit supplier’s supplier’s chain’s
profit profit profit
85 251 670 773 9481 860 3329 13671
9 251 670 773 9494 848 3329 13671
95 251 670 773 9506 835 3329 13671
10 251 670 773 9519 823 3329 13671
10.5 251 670 773 9531 810 3329 13671
11 251 670 773 9544 798 3329 13671
11.5 251 670 773 9556 785 3329 13671
12 251 670 773 9569 772 3329 13671
12.5 251 670 773 9582 760 3329 13671
13 251 670 773 9594 747 3329 13671
13.5 251 670 773 9607 735 3329 13671
14 251 670 773 9619 722 3329 13671
14.5 251 670 773 9632 710 3329 13671
15 251 670 773 9644 697 3329 13671

As per the results in table 4.7, when the penalty fee increases in the centralized system,
the order quantities of both the suppliers remain the same and so does the total supply
chain profit. The profit of the backup supplier has also not changed. However, the
profit of the retailer has increased, and the profit of the main supplier has decreased.

This is because that the penalty fee affects only the retailer and the main supplier in the

centralized system.
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Figure 4.5
Order Quantities with Respect to P in the Decentralized System.
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Figure 4.6

Order Quantities with Respect to P in the Centralized System.
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As per figures 4.5 and 4.6, all the trends in both the systems are the same except for the
order quantity increase of the main supplier and also the decline in the range of the

backup supplier in the centralized system in comparison with the decentralized system.
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4.2.6 Coordination Analysis with Respect to Changes In P

In this section, the coordination of the supply chain is examined by calculating the
efficiency from the total profit of the supply chain in both the centralized and the

decentralized systems according to the changes of the penalty cost in the supply chain.

Table 4.10
Comparison Between Supply Chain Profits under Centralized and Decentralized
Systems as P Changes
P Decentralized centralized % efficiency
8.5 13062 13671 95.55
9 13062 13671 95.55
9.5 13062 13671 95.55
10 13062 13671 95.55
10.5 13062 13671 95.55
11 13062 13671 95.55
11.5 13062 13671 95.55
12 13062 13671 95.55
12.5 13062 13671 95.55
13 13062 13671 95.55
13.5 13062 13671 95.55
14 13062 13671 95.55
14.5 13062 13671 95.55
15 13062 13671 95.55

From the results shown in table 4.10, it is clear that the total supply chain profit of the
decentralized system is very near to the total supply chain profit of the centralized
system. Therefore, the efficiency is very high and the proposed system achieves good

coordination.

4.2.7 Sensitivity Analysis with Respect to (Pp)

The impact of the probability of disruption is analyzed by using the same method
mentioned before. The results for both the centralized and decentralized systems are

shown in table 4.11 and table 4.12, respectively.
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Table 4.11
Effect of Changing the Probability of Disruption (Pp) in a Decentralized System

Pp Qm Q. Qsu Retailer’ Normal Backup Supply chain’s

s profit  supplier’s  supplier’s profit

profit profit

0.05 150 60 892 7164 902 4997 13062
0.06 139 64 908 6982 827 5115 12924
0.07 127 70 925 6809 747 5224 12780
0.08 114 76 944 6617 663 5339 12619
0.09 100 82 965 6405 576 5458 12439
0.1 84 8 989 6170 630 5586 12234
0.11 65 97 1016 5902 367 5737 12005
0.12 45 106 1046 5611 251 5553 11739
0.13 22 116 1081 5267 122 6031 11419

Results in Table 4.11 illustrates that when the probability of disruption increases, in the
decentralized system, the order quantity of the main supplier decreases. This trend is
reasonable. When considering the order quantity of the backup supplier, both the order
quantities have increased, and the range (Qpu-QsL) has increased. The profits of the

retailer, the main supplier, and the whole supply chain have decreased while the profit

of the backup supplier increased.
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Table 4.12
Effect of Changing the Probability of Disruption (Pp) in a Centralized System

Pp Qm QL Qsu Retailer’s Normal Backup  Supply chain’s

profit supplier’s  supplier’s profit

profit profit

0.05 258 656 769 9648 857 3204 13709
0.06 257 659 770 9631 839 3230 13700
0.07 255 661 771 9618 823 3251 13692
0.08 254 664 771 9602 806 3279 13687
0.09 253 667 772 9585 789 3304 13678
0.1 251 670 773 9569 772 3329 13671
0.11 250 673 773 9554 756 3357 13666
0.12 249 675 774 9542 740 3377 13658
0.13 247 678 775 9526 723 3401 13651

Results in Table 4.12 illustrates that when the probability of disruption increases in the
centralized system, the order quantity of the main supplier decreases. This trend is
reasonable. When considering the order quantity of the backup supplier, both the order
quantities have increased but the range (Qpu-Qgr) has decreased. The profits of the

retailer, the main supplier, and the whole supply chain have decreased while the profit

of the backup supplier increased.

Figure 4.7
Order Quantities over Different Stages of Pp in the Decentralized System.
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Figure 4.8
Order Quantities over Different Stages of Pp in the Centralized System.
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According to figures 4.7 and 4.8, the profit trends of the retailer and the two suppliers
are the same in both the centralized and decentralized systems where using the main
supplier becomes riskier. In terms of order quantities, the range of the backup supplier
(QBu-QgL) increases in the decentralized system but decreases in the centralized system.
Hence, it is evident that it gets riskier to order from the main supplier when the

probability of disruption is increased.

4.2.8 Coordination Analysis with Respect to Changes in Pp

In this section, the coordination of the supply chain is examined by calculating the
efficiency from the total profits of the supply chain in both the centralized and the
decentralized systems according to the changes of the probability of disruption in the

supply chain.
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Table 4.13
Comparison Between Supply Chain Profits under Centralized and Decentralized
Systems as Pp Changes

Pp Total profit in a Total profit in a % efficiency
centralized system decentralized system
0.05 13709 13062 95.23
0.06 13700 12924 94.34
0.07 13692 12780 93.34
0.08 13687 12619 92.20
0.09 13678 12439 90.94
0.1 13671 12234 89.49
0.11 13666 12005 87.85
0.12 13658 11739 85.95
0.13 13651 11419 83.65

According to the results shown in Table 4.13, it is evident 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 not too far from that of the centralized system when the
probability of disruption is low. Therefore, the use of the proposed contracts provides
the capability to coordinate the supply chain efficiently. Further when the probability

of disruption increases, the coordination efficiency of the supply chain decreases.

4.2.9 Sensitivity Analysis with Respect to Return Quantity Ratio (6)

Finally, the impact of the Return Quantity Ratio is analyzed by using the same method

mentioned before. The results for both the centralized and decentralized systems are

shown in table 4.14 and table 4.15, respectively.
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Table 4.14
Effect of Changing the Return Quantity Ratio (8) in a Decentralized System.

0 Om Q. Qsu Retailer’ Normal Backup Supply chain’s

s profit  supplier’s  supplier’s profit
profit profit

0.21 105 82 928 6503 570 5509 12583
0.23 105 84 928 6514 581 5490 12583
025 104 85 928 6505 587 5496 12589
0.27 104 86 928 6505 598 5487 12590
0.29 103 87 929 6493 604 5490 12587
031 103 89 929 6504 615 5471 12590
033 102 90 929 6496 620 5477 12593
035 101 91 929 6487 626 5483 12596
0.37 100 93 930 6488 630 5476 12595
039 99 94 931 6477 635 5479 12592

Results in Table 4.14 illustrates that when the Return Quantity Ratio increases, in the
decentralized system, the order quantity of the main supplier decreases. This trend is
reasonable. When considering the order quantity of the backup supplier, the lower order
quantity increases, the upper order quantity also increases but the range (Qgu-QsL)
decreases. The profits of the retailer, the backup supplier and the whole supply chain

have fluctuations while the profit of the normal supplier increases.
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Table 4.15
Effect of Changing the Return Quantity Ratio (0) in a Centralized System

0 Om Q. Qsu Retailer’ Normal Backup Supply chain’s
s profit  supplier’s  supplier’s profit
profit profit

0.21 100 943 1190 5884 217 7220 13330
0.23 100 943 1190 5905 198 7229 13332
0.25 100 943 1190 5926 179 7229 13334
0.27 100 943 1190 5946 161 7229 13335
0.29 100 943 1190 5967 142 7229 13337
031 100 943 1190 5987 124 7229 13340
0.33 100 943 1189 6020 106 5416 13343
035 100 943 1189 6041 88 5416 13345
0.37 100 943 1189 6061 71 5416 13348
0.39 100 943 1189 6081 53 5416 13350

Results in Table 4.15 illustrates that when the Return Quantity Ratio increases in the
centralized system, the order quantity of the main supplier remains unchanged. When
considering the order quantity of the backup supplier, the lower order quantity does not
change, but the upper order quantity decreases, therefore, the range (Qsu-QsL)
decreases. The profits of the retailer, and the whole supply chain have increased while

the profit of the main supplier deceases and the profit of the backup supplier is

fluctuated.
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Figure 4.9
Order Quantities over Different Stages of (6) in the Decentralized System.
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Figure 4.10
Order Quantities over Different Stages of (6) in the Centralized System.
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According to figures 4.9 and 4.10, the profit trends of the main supplier is the same in
both the centralized and decentralized systems whereas the backup supplier’s profit in
the centralized system is clearer. The profits of the retailer and the total supply chains’

profits the trend in the centralize system is clear whereas they are fluctuated in the
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decentralized system. The main supplier’s quantity increases in the decentralized
system and is unchanged in the centralized system. The backup supplier’s lower order
quantity decreases in the decentralized system and constant in the centralized system.
The upper order quantity stays constant in the decentralized system but decreased in

the centralized system.

4.2.10 Coordination Analysis with Respect to Return Quantity Ratio (0)

In this section, the coordination of the supply chain is examined by calculating the
efficiency from the total profits of the supply chain in both the centralized and the
decentralized systems according to the changes of the Return Quantity in the supply

chain.

Table 4.16
Comparison Between Supply Chain Profits under Centralized and Decentralized

Systems as (8) Changes

0 Total profit in a Total profit in a % efficiency
centralized system decentralized system
0.21 13350 12583 94.25
0.23 13350 12583 94.25
0.25 13350 12589 94.30
0.27 13350 12590 94.31
0.29 13350 12587 94.28
0.31 13350 12590 94.31
0.33 13350 12593 94.33
0.35 13350 12596 94.35
0.37 13350 12595 94.34
0.39 13350 12592 94.32

According to the results shown in Table 4.16, it is evident that at all values of return
quantity ratio, the centralized system has a higher supply chain profit than the

decentralized system. However, the total supply chain profit in the decentralized system
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using the proposed contracts is not too far from that of the centralized system.
Therefore, the use of the proposed contracts provides the capability to coordinate the

supply chain efficiently.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

In this research, a system with a retailer purchasing from two suppliers, i.e., the main
supplier which is vulnerable to disruption, and a backup supplier which has been
incorporated to minimize the harmful effect of disruption, was investigated. The main
supplier was kept under a quantity flexibility contract and the backup supplier under a
range contract. These contracts were chosen based on their demonstrated ability to
coordinate the supply chain in a normal non-disruptive situation, as well as their ability
to provide flexibility to the retailer when disruption occurs. In this research, the order
quantities to be placed by the retailer with both suppliers have been analysed to
maximize his profit. From the numerical analysis, it can be concluded that the proposed
system is better for the retailer, the backup supplier, and the whole supply chain than a
system that has a similar setup of two suppliers and a retailer that uses buy-back and
range contracts. Then from the sensitivity analysis, it is observed that Rr has the effect
only on the backup supplier and the retailer and P has an effect on the main supplier
and the retailer. The decline in the range (QuL-QgL) of the backup supplier is another
major difference. The efficiency at which this configuration of contracts performs was
tested by comparing the centralized and decentralized systems and was shown to be
closed to the maximum efficiency at various levels of supply disruption probability

which certifies that this system can help achieve coordination.

When considering the results for the analysis of the return quantity, the profits of the
total supply chain, the profit of the backup supplier and the retailer have unclear trends
in the decentralized system whereas in the centralized system, except for the backup
suppliers profit the trends for the other profits are clear. The trend for the main supplier
is the same in both systems. The order quantity of the main supplier has decreased in
the decentralized system but constant in the centralized system. The lower order
quantity of the backup supplier has increased where the upper order quantity is constant
in the decentralized system. In the centralized system, the lower order quantity is

constant where the upper order quantity is constant. The range (Quc-QsgL) of the backup
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supplier is decreased in both the system. The impact of the return quantity is unclear

due to the fluctuations.

This system can be implemented to manage supply chains with high demand so that the
use of the quantity flexibility contract is appropriate. This study can be extended by
adding more suppliers to the system and analyzing their usefulness or by investigating

the system for multiple periods.

48



REFERENCE

Ambulkar, S., Blackhurst, J., & Grawe, S. (2015). Firm's resilience to supply chain
disruptions: Scale development and empirical examination. Journal of
operations management, 33, 111-122,

Barnes-Schuster, D., Bassok, Y., & Anupindi, R. (2002). Coordination and flexibility
in supply contracts with options. Manufacturing & Service Operations
Management, 4(3), 171-207.

Beyond. European Journal of Operational Research, 243(3), 956-963.

Héohn, M. 1. (2010). Relational Supply Contracts: Optimal Concessions in
Return Policies

Cachon, G. P. (2003). Supply chain coordination with contracts. Handbooks in
operations research and management science, 11, 227-339.

Chain: The bullwhip effect. Management Science, 43(4), 546-558.

Zhang, Y., Donohue, K., & Cui, T. H. (2015). Contract preferences and
performance For Continuous Quality Improvements. Springer

Craighead, C. W., Blackhurst, J., Rungtusanatham, M. J., & Handfield, R. B. (2007).
The severity of supply chain disruptions: design characteristics and mitigation
capabilities. Decision Sciences, 38(1), 131-156.

Davarzani, H., Zegordi, S. H., & Norrman, A. (2011). Contingent management of
supply chain disruption: Effects of dual or triple sourcing. Scientia
Iranica, 18(6), 1517-1528.

Hendricks, K. B., & Singhal, V. R. (2003). The effect of supply chain glitches on

Ghadge, A., Dani, S., Ojha, R., & Caldwell, N. (2017). Using risk sharing contracts for
supply chain risk mitigation: A buyer-supplier power and dependence
perspective. Computers & Industrial Engineering, 103,262-270.

Guo, S., Shen, B., Choi, T. M., & Jung, S. (2017). A review on supply chain contracts
in reverse logistics: Supply chain structures and channel leaderships. Journal of

Cleaner Production, 144, 387-402.

49



Guo, S., Shen, B., Choi, T. M., & Jung, S. (2017). A review on supply chain contracts
in reverse logistics: Supply chain structures and channel leaderships. Journal of
Cleaner Production, 144, 387-402.

Hou, Y., Wang, X., Wu, Y. J., & He, P. (2018). How does the trust affect the topology
of supply chain network and its resilience? An agent-based
approach. Transportation Research Part E: Logistics and Transportation
Review, 116, 229-241.

Huang, H., Sethi, S. P., & Yan, H. (2005). Purchase contract management with demand
forecast updates. I/E Transactions, 37(8), 775-785.

Riddalls, C. E., & Bennett, S. (2002). The stability of supply chains. International
Journal of Production Research, 40(2), 459-475

Kim, B., & Park, K. S. (2016). Organizational structure of a global supply chain in the
presence of a gray market: Information asymmetry and valuation
difference. International Journal of Production Economics, 175, 71-80.

Kim, W. S. (2011). Order quantity flexibility as a form of customer service in a supply
chain contract model. Flexible services and manufacturing journal, 23(3), 290-
315.

Lee, H. L., Padmanabhan, V., & Whang, S. (1997). Information distortion in a supply

Lessard, D. R. (2013). Uncertainty and risk in global supply chains.

Levy, D. L. (1995). International sourcing and supply chain stability. Journal of
International Business Studies, 26(2), 343-360.

Li, J., Luo, X., Wang, Q., & Zhou, W. (2020). Supply chain coordination through
capacity reservation contract and quantity flexibility contract. Omega, 102195.

Li, X., Lian, Z., Choong, K. K., & Liu, X. (2016). A quantity-flexibility contract with
coordination. International Journal of Production Economics, 179, 273-284.

Lian, Z., & Deshmukh, A. (2009). Analysis of supply contracts with quantity
flexibility. European Journal of Operational Research, 196(2), 526-533.

Norrman, A., & Jansson, U. (2004). Ericsson's proactive supply chain risk management
approach after a serious sub-supplier accident. International journal of physical
distribution & logistics management.

.Hochbaum, D. S., & Wagner, M. R. (2015). Range contracts: Risk sharing and
Presence of supply chain disruption risks. Omega, 37(4), 788-800.

50



Ramdas, K., & Spekman, R. E. (2000). Chain or shackles: understanding what drives
supply-chain performance. Interfaces, 30(4), 3-21. Shareholder wealth. Journal
of operations Management, 21(5), 501-522.

Simchi-levi, David & Kaminsky, Philip & Simchi-Levi, Edith. (2003). Designing and

Managing the Supply Chain: Concepts, Strategies, and Case Studies.
Supply chain disruption risks. Management Science, 52(5), 639-657.

The loss-averse supplier: Buyback vs. revenue sharing. Management Science, 62(6),

Tomlin, B. (2006). On the value of mitigation and contingency strategies for managing

Trent, R. J., & Monczka, R. M. (1998). Purchasing and supply management: trends and
changes throughout the 1990s. International Journal of Purchasing and
Materials Management, 34(3), 2-11.

Wang, M. (2018). Impacts of supply chain uncertainty and risk on the logistics
performance. Asia Pacific Journal of Marketing and Logistics.

Yu, H., Zeng, A. Z., & Zhao, L. (2009). Single or dual sourcing: decision-making in
the presence of supply chain disruption risks. Omega, 37(4), 788-800.

Zhao, T., Xu, X., Chen, Y., Liang, L., Yu, Y., & Wang, K. (2020). Coordination of a
fashion supply chain with demand disruptions. Transportation Research Part

E: Logistics and Transportation Review, 134, 101838.

51



