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Abstract

The New World Economy presents business organizations with some special challenges
that they have never met before, when they manage their activities in the global supply
chain network. Business managers find that traditional managerial approaches, techniques
and principles are no longer effective in dealing with these challenges. This dissertation is a
study of how to solve new problems emerging in the global supply chain network. Three
main issues identified in the global supply chain network are: production loading problems
- for global manufacturing, logistics problems for global road transport and container loading
problems for global air transport. These problems involve a higher level of uncertainty and
risk. Three types of dual-response strategies have been developed to hedge the uncertainty
and short lead time in the above three problems. These strategies are: a dual-response
production loading strategy for global manufacturing, a dual-response logistics strategy for
global road transport and a dual-response container loading strategy for global air transport.
In order to implement these strategies, the two-stage stochastic recourse programming
models have been formulated. The computational results show that the two-stage stochastic
recourse models have an advantage in comparison to the corresponding deterministic
models for the three issues. However, the two-stage stochastic recourse models lack the
ability of handling risk, which is particularly important in today’s highly-competitive
environment. We thus develop a robust optimization framework for dealing with
uncertainty and risk. The robust optimization framework consists of a robust optimization
model with solution robustness, a robust optimisation model with model robustness and a
robust optimization model with trade-off between solution robustness and model robustness.
Each type of the robust optimization models represents a different measure of performance
in terms of risk and cost. A series of experiments demonstrate that the robust optimization
models can create a global supply chain planning system with more flexibility, reliability,

agility, responsiveness and lower risk.
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CHAPTER 1. INTRODUCTION

Chapter 1

Introduction

This thesis is a study of the problems emerging in the global supply chain networks under
- uncertainty. A brief description of the changing business environment and the cdmpet'itiVe'
performances in the New World Economy explain the motivation of the thesis. After that

we introduce the contribution of the thesis. Finally, we provide an overview of the thesis.

1.1 The changing business environment and competitive

performances in the New World Economy

The world is a very different place than it was only a few years ago. Business organizations
face complex challenges posed by advances in information technology, particularly the
advent and the growing power of the Internet. These (information technology) advances
constitute the very basis for several industries whose operating characteristics are
substantially different from those of more traditional ones, and which, collectively, have
come to be called “The New World Economy” (Hayes et al. 2005). The New World
Economy is also called the New Economy, the Internet Economy, the Web Economy, the
Network Economy, or the Digital Economy (Turban et al. 2006, Reddy and Reddy 2001).
- Many business organizations find that traditional managerial approaches, techniques and

principles are no longer effective in dealing with the challenges in the New World

16



CHAPTER 1. INTRODUCTION

Economy - they demand more innovative strategies, tactics, and operations in order to
compete and survive. Poirier (1999) thinks supply chain management has emerged as one
of the most powerful business tools available today. Harrison (2003) states that supply
chain management has become an important focus of competitive advantage for firms and
organizations over the past ten years. Therefore, management of the supply chain under the
changing business environment has become an important point of focus for business

organizations.

1.1.1 The changing business landscape: driving forces

A supply chain consists of all parties involved, directly or indirectly, in pfoducing products
or delivering services, and is often represented as a network: this involves members at a
variety of stages, including suppliers, manufacturers, distributors, retailers and customers.
Supply chain management is a set of approaches utilized to efficiently coordinate the
activities and components at different stages within the chain so that products or services
are produced or distributed in the right quantities to the right locations at the right time, in
order to minimize operating costs and satisfy customer requirements. Today’s business has
inevitably set in a global environment in which materials and products can be bought,
manufactured and sold anywhere in the world. As a result, supply chain management is
usually labelled as global supply chain management in the global environment (Coyle ef al.
2003). Several forces are currently presenting challenges for business organizations in

managing their supply chains in the New World Economy.

o Globalization: We are in an era when more and more companies are seeking to
achieve a competitive advantage by expanding their operations to a global scale. The

globalization of industry, and hence supply chains, is inevitable (Christopher 2005).

o Advances in information technology: The movement towards globalization has
been mainly facilitated by the advances in information technology. During the past

decade, business organizations have been irrevocably changing the way they design,
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purchase, process, market and support their products and services through the
Internet, computerization, and a wide range of inexpensive information transmission

tools. Advanced information technology has made competition truly global.

e e-Business: Inexpensive use of e-business has lead to companies, wherever or
whatever size they are, being able to participate in business. As a result of e-
business development, many of the core concepts or principles of supply chain have

been implemented and put into practice in a much more efficient way.

e Service-based competition: In today’s global marketplace, competitive advantage is

~driven by service-based strategies, instead of product-based strategies. As customers-

move at the Internet speed, they demand that companies respond at the Internet
speed (Iansiti and MacCormark 1997).

o Time-based competition: Time compressior; has become a more critical
management issue than ever before (Christopher 2005). Business success
increasingly relies on speed instead of quality, which has become a minimum
standard rather than a competitive advantage. Time has become the next
battleground or the next strategic frontier (Tang et al. 2005). Customers are used to
immediate availability from stock for instant gratification, which makes logistics

ever so important and challenged.

o Powerful customers: Customers are empowered by the information they have from
the Internet or other sources (Coyle et al. 2003). As they can globally compare
services and prices, customers tend to have low tolerance and loyalty. They demand

quick response, while expecting continuously declining product costs.

o Short product lifecycle and lead time: Product lifecycle is becoming shorter and
shorter, particularly in industries like personal computers and fashion. The
enlightened customers tend to delay their order commitments until they have

confidence about market trends. These trends leave manufacturing companies an
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ever-shortening time for designing, purchasing, manufacturing, and distributing to

satisfy the customers.

e High degree of product variety: There is a strong trend in industry towards
increased product variety, and easy availability of information on the Internet has

lead to an even higher level of customization.

® Global sourcing: Companies tend to perform those activities in the supply chain
where they are able to provide a differential advantage; they outsource all other
activities to partners like manufacturers and logistics providers in any part of the

- world that offers low cost and high quality products or services. Logistics is now

considered to be one of the main sourcing functions.

e Third party logistics (3PL): Third party logistics services providers are external
suppliers who provide a range of logistics services to their clients, such as
transporting, warehousing, distributing, and so on. There has been a significant
increase in the number of third-party logistics providers and companies that
outsource their logistics activities. Qutsourcing logistics provides many benefits in
the supply chain, such as improving efficiency of the whole supply chain,
heightening competitiveness through the use of expert staff, consolidating of
different goods and bringing in new technologies like online order placing, auto-
tracking and on-line inventory verification, as well as other value-added benefits,

including warehouse management, packaging, labelling, etc.

o Distribution and centralization: Globalization encourages companies to rationalize
production at fewer locations, which leads to a trend towards centralization of
inventories (Christopher 2005). Deliveries are now increasingly being made to one

or several centralized points for further onward distribution.
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1.1.2 Managing the global supply chain: the competitive performances

Earlier attempts of managing the supply chain mostly centered on vertical integration,
which normally implies ownership of upstream suppliers and downstream distribution
channels. The major disadvantage of the vertical integration was a lack of flexibility as
companies had to bear high fixed costs to perform all activities in the entire supply chain.
The globalized environment requires quicker deliveries of products and services through
the entire supply chain and it is beyond what any single party can provide. As a result, the
vertical integration model has lost momentum since specialization has proved more
powerful -than- integration (Lawrence et al. 2003). Increasingly, companies are now
focusing on their core businesses - things that they do really well and where they have some
differential advantages; everything else is outsourced globally (Christopher, 2005). Dornier
et al. (1998) think the key to successful restructuring for many companies has been to focus
on core competencies or strategically important activities and to withdraw from non-core
functions. Magretta (1998) presents the same view: companies should focus on their core
activities and outsource the rest because of the propelling changes being forced by global
competition.

Some of the changes that have occurred in the New World Economy have led to more
efficient methods in managing the supply chain while others have increased uncertainty and
risk. To compete and survive, companies have to develop innovative strategies, tactics and
operations -in order to manage different functions in the global supply chain. Competitive
performances have been changed over the past decade. Several dimensions are currently
used to measure supply chain performances (Nair 2005, Christopher 2005) in the global

supply chain management environment.

Productivity
o Return on assets: The ratio of outputs to inputs.

o Inventory turnover: The ratio of value of goods sold to total value of inventory.
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Flexibility
e Product flexibility: The ability to manufacture products characterized by numerous
features, options, size, colours, etc.
e Delivery flexibility: The ability to manage delivery for different customers in an

effective and efficient manner.

Agility

¢ The ability to move quickly and to meet customer demand in time.

Responsiveness
o The ability to respond to customers’ sophisticated requirements, which is critical in

ever-shortening timeframes.

Reliability

o The ability to meet a delivery promise under uncertain conditions.

1.2 Motivation of the thesis

Information technology enables easy and inexpensive communication, which forces _
companies to provide a high degree of customization in their products and services.
Companies have to meet the sophisticated requirements of the customers and respond to
them at Internet speed while continuously facing the need for lowering costs. Besides, the
product life cycle has become very short. For example, the life cycle of many PC products
is only a couple of months and the life cycle for fashion retail is, in some cases, as low as
only a few weeks. Customers tend to delay their order commitment until they are confident
about future market trends and this leads to an ever shorter lead time. All these factors
make it practically impossible to satisfy customer requirements, which is the ultimate aim

of the supply chain management.
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Hayes et al. (2005) state that, as the New World Economy expanded its reach,
managers discovered that many of the principles, practices, and methodologies that had
been proven successful in traditional industries no longer seemed effective in the new
context. The main reason for this is the basic assumptions that managers and academics
tend to make when thinking about managing operations in traditional industries — they are
now inadequate and ineffective for information-intensive operations. For example, the
traditional approach emphasises vertical integration of the supply chain, which has been
proved to be difficult to maintain in the global supply chain. In addition, many traditional
management approaches and techniques assume that the information that decision-making
needs is available with certainty. However, this is really not the case in the current
infomation-intjcnsivc decision-making environment. Hayne et al. (2005) state that as they
éonfronte the twenty-first century, managers around the world experience mixed emotions:
a sense of real accomplishment accompanied by frustration and uncertainty. Constant
change, propelled by informétion technology, is making the job of managers increasingly
difficult (Reddy and Reddy 2001). The managers are struggling to find new ways to adapt
to the changing business environment to hedge against uncertainty and risk. It is not
surprising that many managers have failed to fully adapt to the changing environment,
resulting in performance shortcomings and lost opportunities.

In this thesis, we will study the new problems emerging in the global supply chain
networks linking Asia, North America, and Europe. Different organizations in the global
supply chains perform different functions aiming at satisfying North American and
European markets. Typically, product sales, customer service, and market demand are
centred in North America and Europe. Production facilities are most likely located in low-
cost countries, such as Mainland China, Indonesia, Mauritius, Mexico, Nigeria, South
Africa, South Korea, Thailand, Vietnam, and so on. Mainland China, however, is one of the
favourite places for manufacturing because of its low production costs and high product
quality, as well as its attractive domestic market and a highly skilled workforce. The type of
the global supply chain network outlined here plays an important role in today’s business
world. Because of China’s booming economy, more and more companies have been setting
up their production bases in China. China has become a world manufacturing centre,

particularly for the textile and clothing industry. It is expected that 50% of clothing of the
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world will be made in China by 2010. Therefore, this study will look at a global supply
chain network providing fashion garments to North American and European markets. Two
organizations — a garment manufacturer and a third-party logistics provider — are involved
in the process of manufacturing and distributing. The garment manufacturer, headquartered
in Hong Kong, distributes its production among its manufacturing factories which are
located in Mainland China, Thailand, Sri Lanka, and other places. The third-party logistics
provider has a global logistics network providing global transportation from manufacturing
sites to demand sites. The products that are made in different manufacturing plants are first
transported to and stored in China’s warehouse before they are shipped to North American
and European markets. The products then need to be transported from the warehouse in
China by truck across the border to Hong Kong, from where the products can enter the
intérﬁatibnal cargo routes. Three main issues, therefore, are identified in the global supply
chain: production loading problems for global manufacturing, logistics problems for global
road transport, and container loading problems for global air transport.

The motivation behind this study is to address a lack of a systematic approach in
managing different activities in the global supply chain in a manner appropriate to deal with
the series of changes that have occurred in the New World Economy, including global
manufacturing, global logistics, import quota, uncertainty, risk, etc. Most traditional supply
chain management methods assume that all information is known with certainty. However,
Reddy and Reddy (2001) state that, in our era, the only constant is change, and all
technology decisions have to factor this into the decision-making process. The changing
business environment makes it difficult to obtain accurate demand information from the
markets. However, global manufacturing processes cannot wait until accurate market
information is available. Consequently, logistics managers are facing a bigger challenge
and more uncertainty than ever before. Global road transportation involves many uncertain
factors and must operate under a tighter time schedule in the delivery of products from one
country to another country. In addition, global air transport faces an even more critical
situation because moving goods by air usually involves huge capital investment and the
time required is even shorter, representing more uncertain factors and higher risk. Therefore,
solving these new problems in the global supply chain management network is critical to.

the success of the whole supply chain.
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1.3  Contribution of the thesis

The contributions of this thesis can be classified into four areas.

Contribution 1: We develop a methodology for formulating a decision-making framework
Jor tactical planning in the global supply chain management environment to deal with

uncertainty and short lead time.

~ Practical management has discovered that the early methods and techniques that ‘attempt‘to'
vertically integrate across the supply chain are inappropriate and difficult to put into
practice in the New World Economy, characterized by the advanced information
technology, especially the Internet. Over the years more and more researchers and
practitioners have realized the importance of global sourcing. Vast quantities of resources
were invested in implementing new strategies in basic functions, including purchasing
materials, marketing products, setting up of plants and distribution centers, and distributing
goods on a global scale. Leading-edge business organizations seek to achieve advantages
by identifying world markets for their products and then developing a manufacturing and
logistics strategy to support the marketing strategy (Christopher 2005). Much of the
research in the field of global supply chain management addresses the issue of how to deal
with the problems at the strategic level, focusing on globally designed supply chain
infrastructure, which is the process of determining the number, location and capacity of the
plants, distribution centres, markets, etc. Unfortunately, the problems at the
tactical/operational level are paid less attention. Simchi-levi ez al. (2003) state that only in
the last few years, companies have recognized the importance of problems at the tactical
level. Christopher (2005) states that to enable the potential of global networks to be fully
realized, a wider supply chain perspective must be adopted. The global corporations’
competitive advantage will increasingly depend on excellence in managing the complex
web of relationships. Nowadays, globalization of the supply chain network is a réality and

many companies, particularly the leading-edge companies, have already globalized their
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manufacturing operations, markets, distribution centres, logistics modes, etc., one example
being the global supply chain system studied in this thesis. However, little research has
covered global supply chain management problems at the tactical/operational level, which
is the process of formulating a series of plans, including production planning, transportation
planning, distribution planning, inventory planning, etc, all of which represent elements
critical to the long term success of any organization. This thesis contributes to development
ofa methodology for decision-making for solving of the tactical planning probiems in the
global supply chain network. This involves multi-organizations hedging against uncertainty

in short manufacturing and distribution time frames.

Contribution 2: We develop three dual-response strategies to hedge against uncertainty
' and short Iead timé.' a dual-response production loading strategy for global manufacturing
problems; a dual-response logistics strategy for global road transport problems,; and a
dual-response container loading strategy for global air transport problems, aiming at

creating a more flexible, reliable, agile, responsive and less risky supply chain.

o The dual-response production loading strategy for global manufacturing
problems: The manufacturing company uses two types of plants: company-owned
and contracted — to hedge against the short lead time and uncertainty involved in
allocating production among different manufacturing plants in different countries.
In the first stage, when accurate market information is not available, the company
first distributes production tasks among company-owned plants with lower
operating costs. In the second stage, when the uncertainty is realized, the company
prepares to respond to different scenarios that have been observed and allocates
production tasks among the contracted plants with higher operating costs because of
the shorter lead time. By utilizing two types of plants in two different stages, the
company is able to achieve a quick response to the changing market scenarios while

minimizing the total cost.

e The dual-response logistics strategy for global road transport problems: The

logistics company has its fleet containing company-owned trucks transporting the
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finished products from a warehouse in one country to a warehouse in another
country. However, when the capacity of the fleet is not enough, the logistics
provider has to hire trucks in both the countries in order to satisfy customer
shipment requirements. Because of the differences between the two countries in
terms of border crossing policies, hiring cost of trucks, inventory costs in the
warehouses, etc., the dual-response logistics strategy is used to hedge against the

uncertain market scenarios and the short shipping notice time.

e The dual-response container loading strategy for global air transport problems: In
order to obtain competitive rents from air carriers, the freight forwarder first needs
to book the quantities and types of containers in advance based on the incomplete

| customer shipment information. As the accurate shipment information can only be
obtained on the shipping day, the forwarder needs to make different responses to
different cargo quantities. By utilizing the dual-response container loading strategy,
the forwarder is able to respond quickly to satisfy customer shipping requirements

while minimizing the operating cost.

Contribution 3: We develop a robust optimization framework by using a quantitative
method to measure trade-off between the cost and risk in dealing with uncertainty. The
robust optimization framework includes a robust linear optimization model with solution
robustness, a robust linear optimization model with model robustness, and a robust linear

optimization model with trade-off between solution robustness and model robustness.

Mulvey et al. (1995) first develop a robust optimization technique. In this thesis, we
provide three types of robust linear optimization models, which can easily be solved by
mathematical programming software available today. The robust linear optimization model
with solution robustness can provide a solution with low variability among different
scenarios. The robust linear optimization model with model robustness permits violation of
some constraints by the least amount. The robust linear optimization model with trade-off
presents a quantitative method to measure trade-off between solution robustness and model

robustness.
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Contribution 4: We identify three main issues in managing the global supply chain,
concerning a high degree of uncertainty: production loading problems for global
manufacturing, logistics problems for global road transport and container loading
problems for global air transport. At the same time, we formulate three types of the robust
optimization models for the three problems. By comparing these with the deterministic
programming and stochastic recourse programming models, we demonstrate that robust
optimization models can create a global supply chain planning system with more flexibility,

reliability, agility, responsiveness and less risk.

~® Production loading problems for global manufacturing: we are the first ones to
identify uncertainties regarding production loading problems arising from import
quota restraints and formulate three types of models for solving the problems: the
linear programming model; the stochastic linear recourse programming model; and

the robust linear optimization models.

o Logistics problems for global road transport: we are the first ones to identify the
logistics problems between two countries and formulate three types of models for
solving the problems: the mixed 0-1 integer programming model; the stochastic
mixed 0-1 integer recourse programming model; and the robust mixed 0-1 integer

optimization models.

e Container loading problems for global air transport: we are the fist ones to
identify the container loading problems, which are involved in the changing costs of
renting a container, which depends on the cargo weight inside and the renting time.
At the same time, we also consider how to load the cargo into containers when
renting containers. We formulate three types of models for the problems: the mixed
0-1 integer programming model; the stochastic mixed 0-1 integer recourse

programming model; and the robust mixed 0-1 integer optimization models.
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In summary, this research contributes to the development of a methodology for solving
uncertain supply chain planning problems. This research also develops the robust
optimization framework and the dual response strategies in the global supply chain network,
with a high degree of uncertainty, and a short lead time. Meanwhile, we identify the three
main issues in the global supply chain and apply the robust optimization framework to find
solutions for the three problems of achieving dual response strategies aiming at building a

competitive advantage in the global supply chain management environment.

1.4  Overview of the thesis

This thesis is organized into seven chapters. We start this thesis with a chapter on an
introduction of the thesis. This chapter emphasizes the changing business environment in
the New World Economy by exploring the forces driving the changing business
environment and the competition performances in the global supply chain management.
environment. After describing the motivation of this thesis, including the brief introduction
of the company and its global supply chain network, we present the contribution of the
thesis. The overview of the thesis is outlined in the final part of chapter 1.

In order to emphasize the importance of the global supply chain structure discussed in
this thesis, chapter 2 first summarizes the current supply chain practice in Mainland China
and Hong Kong. It emphasizes the importance of China’s participation in global trade,
particularly for the textile and clothing industry. By looking at the background of the
companies that are involved in the global supply chain network providing garments for
North American and European markets, we outline the main issues in managing the global
supply chain management under uncertainty: production loading problems for global
manufacturing, logistics problems for global road transport and container loading problems
for global air transport. The literature review related to this study is presented at the end in
terms of production loading, logistics, container loading and global supply chain

management problems.
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Starting with an introduction to the linear programming and stochastic linear recourse
programming, chapter 3 presents the robust optimization framework, including the robust
linear optimization model with solution robustness, the robust linear optimization model
with model robustness, and the robust linear optimization model with trade-off between
solution robustness and model robustness.

Chapter 4 discusses the production loading problems for global manufacturing. After
introducing the production loading process, we identify the main problems and difficulties
when the production managers in the manufacturing companies make decisions. A dual-
response production loading strategy is introduced to hedge against uncertainty and short
production time. After that, a linear programming model for certain production loading
problems with import quota limits is presented. Then, we formulate a stochastic linear
fecbufsé brogramming model to deal with uncertain production loading problems
associated with changing quota price. We finally formulate three types of robust
optimization models to deal with uncertainty and risk. A series of experiments are designed
to test the effectiveness of the proposed robust optimisation models. Compared with the
results of the linear programming and the stochastic linear recourse programming model,
the robust optimization models can provide a more responsive and flexible production
loading plan with less risk for uncertain production loading problems associated with
changing quota price.

Chapter 5 discusses the logistics problems for global road transport. After introducing
the crossing border process, we identify the main problems and difficulties faced when the
managers in the logistics companies make decisions. A dual-response logistics strategy is
presented to hedge against uncertainty and short shipment notice. A mixed 0-1 integer
programming model for certain logistics problems is presented. Then, we formulate a
stochastic mixed 0-1 integer recourse programming model to deal with uncertain logistics
problems for global road transport. We finally formulate three types of robust optimization
models to deal with uncertainty and risk. A series of experiments are designed to test the
effectiveness of the proposed robust optimization models. Compared with the results of the
linear programming and stochastic mixed 0-1 integer recourse programming model, the
robust optimization' models can provide a more responsive and flexible global road

transport plan with less risk.
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Chapter 6 discusses the container loading problems for global air transport. After
introducing the container loading process, we identify the main problems and difficulties
faced by logistics managers in the freight forwarding company when they make decisions.
A dual-response container loading strategy is presented to hedge against uncertainty and
short shipment notice. After that, a mixed 0-1 integer programming model for certain
container loading problems is presented. Then, we formulate a stochastic mixed 0-1 integer
recourse prograrriming model to deal with uncertain container problems. We finally
formulate three tYpes of robust optimization models to measure the trade-off between the
cost and the risk. Compared with the results of the mixed 0-1 integer programming and
stochastic mixed 0-1 integer recourse programming model, the robust mixed 0-1 integer
optimization models can provide a more responsive and flexible container ‘loading plan
* with less risk.. |
Chapter 7 presents the conclusions drawn by this thesis and recommendations for future

research.
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Chapter 2

Problem statement and literature review

2.1 Supply chain practice in China

2.1.1 Mainland China’s economy and logistics

Economic development in Mainland China

China has suffered tremendous political and economic upheavals since the founding of the
People’s Republic of China in 1949. During the 1950s and the 1960s, economic policy wés
based on the philosophy of a planned economy. Economic and business activities were
totally controlled by the Government. A historic change occurred in 1979 as China began
its ‘open door’ economic policy. Economic reform regained its momentum in 1992. The
Chinese Government stressed the need for establishment of a social market economic
system. 11" of December of 2001 makes a key date in the calendar of world trade (Jackson
2003), as on the day, China joined the World Trade Organization (WTQ). China’s economy
registered an average growth rate of 7-8% in the 1990s. This growth is expected to persist
as China’s economy continues to get more and more integrated with the global economy -
GDP grew 9.4% in 2004. China is the 6th largest economy in the world with a GDP of US$
1,929.21 billion (in 2004). It became the 4th largest economy in 2005 with a GDP of
approximately USS$ 2.18 trillion. China is the world’s largest developing economy, and its
continued growth is critical to the overall world economy and to the welfare of its

population of 1.3 billion.
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Logistics in China

With the fast development of its economy, logistics is receiving significant attention in
China. The transportation and logistics sector in China has historically been under the
control of state monopolies. China’s logistics industry has been growing fast since its
accession to the WTO. However, despite the rapid development of the logistics industry in
China, it is still not a well-defined industry in comparison with other developed countries.
At present, there is little integration in logistics services throughout China. The logistics in
China is seen as consisting of a number of sub-sectors for transporting, warehousing,
customer brokerage, etc. Most logistics companies only participate in one or a few of parts,

rather than providing the whole range of logistics services.

e 'Wt.zrehousing and distribution: Because of rapid economic development in China,
changes have occurred within distribution systems. The older inefficient, hierarchical,
vertically organized distribution networks are being replaced by a more market
orientated system; however, the degree of change varies from city to city and from
province to province. Distribution in China is an expensive business activity.
Distribution costs are much higher in China than in North America and Europe. The
main problems include poor infrastructure of the distribution network, slow delivery
service, poor location and transportation links, a lack of computerized facilities,

spoilage caused by poor packaging, etc.

e Transportation systems: Development of transportation systems in China has fallen
behind the pace of the country’s rocketing economic development. Problems include
old transport technologies, limited railway services, and road systems with serious
congestion, especially in fast growing areas (Yam and Tang 1996). It is still difficult
to move goods around China. The country’s underdeveloped transport infrastructure
presents one of the biggest challenges to multinational corporations’ supply chain
distributions. The logistics of transportation face numerous serious problems that

have major implications for the success of supply chain management.
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e Roads: Inadequate road infrastructure and transport facilities remain a barrier to
efficient distribution. Highway density in China is significantly less than Japan, UK,
or US. The Chinese government has been aware of this problem and has planned a
series of road and highway building programs using the services of many foreign
investors. Actually, China has built many highway bridges and highways in recent
years. However, road quality is unsuitable for heavy cargo transportation in many
regions in China, and road upgrading and maintenance works fail to follow the rapid
increase in demand for road transportation. These factors result in traffic jams, which
can seriously impact a company’s logistics and distribution strategies. Chinese
vehicles are often poorly maintained and this, coupled with poor road surfaces and
congestion, means that breakdowns are inevitable. In addition, many of China’s
highways are toll roads and this can add to a company’s transportation costs. All these
problems mean that companies have to tailor their logistics and distribution strategies

carefully.

® Rail: Rail still plays an important role in movement of goods in China. The major
problem is that there is not enough capacity, and many of the rail lines are old. Other
problems in rail transport include excessive loading, spoiled and damaged goods, and
unreliable delivery times. Rail shipments often need to be booked months in advance.
Compared with western countries, the Chinese railway network is spread very thin. In
order to rectify the situation and to cope with the fast expanding economy, China is
taking up a major expansion plan for the country’s rail network and is investing in
rail and related projects, including new rails, rolling stock, and locomotives as well as

technical renovation of the existing rail infrastructure.

o Air: The growth in China’s airport sector has been extraordinary. Air freight has
grown rapidly during the past ten years. China has several airlines of it’s own.
However, air freight accounts for only a small percentage of total freight carried in
China. Transportation of cargo by air in China still suffers from routing problems,
poor ground services, long cargo shipment schedules, poor cargo handling facilities,

and insufficient transport infrastructure linking the airports to nearby industrial areas.
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e Ports: There are still too few deepwater ports in China. Of the country’s 60 major
coastal ports, only 446 of a total 1,322 berths are deepwater ones. This is about the
same number as in New York and less than in Antwerp. The Chinese Government has
built numerous new berths and ports, including container ports and inland ports. Other
ports are undergoing renovation or expansion. The country has a network of inland
waterways including the Yangtze and several other large rivers. Canals link parts of
the country and barges still represent an option for distribution, particularly, if time is
not an issue or cost is a major- consideration. Barges are a good wéy of transporting
goods, as they can be cheap, although using canals or inland waterways can be slow,

and security may be a problem.

The total logistics cost as a percentage of GDP has widely been used as an indicator of
the development level of the logistics industry in many developed countries. The higher the
percentage, the less efficient is the logistics industry. The total logistics cost as a percentage
of GDP in China has gradually declined from 24% in 1991 to 21.3% in 2004. However, this
figure is still more than double the 10% figure in some developed countries, like the US

and Japan, suggesting that there is big scope to improve China’s logistics industry.

2.1.2 Hong Kong’s economy and logistics

Economic development in Hong Kong

Hong Kong’s prosperity started with its light manufacturing industries in the 1950s. By the
1970s, it had become renowned as a manufacturing centre in the world. In the 1980s, Hong
Kong industry faced a series of problems, such as global trade restrictions, rising
protectionism, shortages of labour and increasing land/labour costs. Fortunately, it was at
about the same time that China adopted its open door policy. Hong Kong shifted its labour-
intensive production activities to China to take advantage of cheap labour and land
resources. Hong Kong is characterised by its high degree of internationalization, business-

friendly environment, free trade, substantial foreign exchange reserves, a fully convertible
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and stable currency, a simple-tax system with low tax rates, well-developed financial
networks, and superb transport infrastructure. Hong Kong has presence of almost all the
great international names from Sony, Panasonic, HSBC, Citibank, to Toyota, YKK, and
Heniz. According to the Hong Kong Trade Development Council, over the past two
decades, the Hong Kong economy has more than doubled in size, with GDP growing at an
average annual rate of 4.9 per cent. GDP grew by 8.2% in the third quarter of 2005,
marking its ninth consecutive quarterly growth since mid-2003. The growth of GDP
reached 7.3% for the first three quarters of 2005. Hong Kong is one of the richest regions in
the world.

Loglstlcs in Hong Kong o

Located at the mouth of the Pearl River with a deep natural harbour, Hong Kong is
geographically and strategically important as a gateway for China and trans-shipment port
for intra-Asian and world trade. Hong Kong is the eighth largest trading entity in the world
and the world’s busiest container port. It has also been the major contact point for Mainland
China, especially for Southern China, with the rest of the world for decades, and this
~ intermediate role has been further enhanced in recent years because of China’s booming

economy.

e Road: Road transportation in Hong Kong, unlike in other regions in China, is
currently the major mode of transport for moving goods to and from Southern China.
All road freight traffic travelling between Hong Kong and Mainland China must cross
one of the three border control points, which are in Sha Tau Kok, Lok Ma Chau, and
Man Kan To. Well-constructed transportation networks and expressways are

favourable forms of transportation between Hong Kong and Mainland China.

e Water: Endowed with a deep-water, silt-free natural harbour strategically located
along a major sea route and with the Mainland China providing a huge cargo base,
Hong Kong is a major sea transport hub in Asia. Hong Kong is one of the busiest
container ports in the world. There are 8 container terminals with total 19 berths in

Kwai Chung and Stonecutters Island.
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e Air: Given its excellent geopolitical location, Hong Kong has grown over recent
decades to become a key hub for international aviation - both for passengers and for
air cargo. Almost all prominent airlines have offices in Hong Kong. Hong Kong
airport has an air freight-forwarding centre, providing space for warehousing loading
platforms, truck parking bays and offices. Hong Kong is also a home to a large and
dynamic clustering sector with almost 300 shippers, freight forwarders and other

related companies linked with customs, insurance and finance issues.

- 2.1.3 Economic links between Mainland China and Hong Kong

According to the Hong Kong Trade Development Council, Hong Kong is the largest source
of foreign direct investment in Mainland China accounting for about 51% of the national
total, with a cumulative value of US$ 157.7 billion from 1979 to 1999. Taking the first ten
months of 2005, Hong Kong is the Mainland's third largest trading partner (after Japan and
the US). According to China's Customs Statistics, bilateral trade between the Mainland and
Hong Kong amounted to US$107.1 billion (9.3% of the Mainland China's total external
trade) in Jan-Oct 2005. Exports from Mainland China to Hong Kong grew to US$ 85.6
billion, making Hong Kong the second largest export market after the US. Hong Kong has
been actively participating in the re-export trade with Mainland China, particularly through
outward processing activities. According to the Hong Kong Trade Development Council
Statistics, in 2004, 43.5% of Hong Kong's total exports to Mainland China are related to

outward processing activities.

2.1.4 China’s textile and clothing exports

According to the Hong Kong Trade Council statistics, China’s external trade in 2004
reached US$ 1,155 billion - the third highest in the world, with exports and imports
growing at 35.4% and 36% respectively, up from the fourth place in 2003. In addition,
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export-processing trade continues to be the major part of external trade. In 2004, exports
and imports related to export-processing trade grew 35.7% and 36.1% respectively. Export
processing accounted for 55.3% of China's total exports in 2004. China is gaining an
increasingly competitive position in world textile and clothing markets because of its cheap
labour cost and highly skilled workforce. Today, China is the world’s largest textiles and
clothing exporting country. Textiles and clothing make up approximately one-quarter of
China’s total exports by value; and around one-quarter of China’s total textiles and clothing

exports go to the US and the European Union (Dickson 2005).

2.1.5 Quota limitations

Import quotas are assigned by importing countries. Quotas control the quantity or volume
of certain merchandise that can be imported into North American and European countries.
The importing countries allocate a certain quantity of quota to each exporting country. Any
products that belong to quota restriction categories have to have the corresponding quotas
for the exporting countries. Many developing countries, including China, face restraints on
textile and clothing exports to their trading partners that maintain import quotas, including
the US, Canada and European Union. For example, clothing and textile products are
divided into 147 categories by the US and 143 categories by the European Union. However,
not all the exporting countries face the same quota limitations for products. For example,
China faces the US’s quota limitation in 81 of 147 categories, while for India the figure is
30. At the same time, China faces quota limitation in 61 of 143 categories assigned by the
EU, while for India it is 17 (Dickson 2005). Therefore, global manufacturing companies
have to consider quota limitations when they distribute manufacturing tasks among
different exporting countries. If the quota amount for a certain category product is used up
in a country, companies have to find alternatives in other countries that own quotas for the

product.

37



CHAPTER 2: PROBLEM STATEMENT AND LITERATURE REVIEW

2.2 Company background

This study is concerned with problems that occurred in a global supply chain network
providing garments for Northern America and Europe markets. Manufacturing factories are
located in China and other low-cost countries. Two companies are involved in
manufacturing and distribution: a global manufacturer, LT International Group Ltd., and a
third-party logistics provider, CTSI.

Founded in 1965, LT is one of the leading apparel supply chain providers in the world,
with over 17,000 employees: producing over 50 million pieces of garments annually; The
company operates 12 manufacturing facilities and has 14 offices around the world.
Headquartered in Hong Kong, LT has its manufacturing facilities in Mainland China, the
Philippines, Cambodia, Sri Lanka, Thailand, etc., and the sales and marketing offices are
mainly centred in North America and Europe. Its products include sleepwear, intimate wear,
pants and shorts, sports and active wear, ladies’ fashion and children’s wear. LT is a major
supplier of some of the world’s best-known and top-selling brands including
ABERCROMBIE & FITCH, Dillard’s, DKNY, EXPRESS, FAST RETAILING, GAP,
JCPENNY, JONES NEW YORK, LIZ CLAIBORNE, NAUTICA, POLO RALPH
LAUREN, STRUCTURE, THE LIMITED, TOMMY HILFIGER, UNI QLO, etc.

The vision of LT is to be recognized by their customers as the best apparel supply chain
service partner in the world. The CEO of LT thinks LT is more than a manufacturing
company - a leading “one-stop-shop” apparel supply chain service provider. He also states
that LT does not want to be a vertical player in the whole supply chain as it would make the
company lack flexibility in terms of satisfying customer needs. Additionally, LT has no
intention to build it’s own brands, as doing this would mean competing with its customers.
Therefore, LT positions itself as only an apparel maker being able to provide the whole
supply chain solution for different brands of products to different companies around the
world. For this, LT has built up a design-to-store business model, which emphasizes

customer relationship and develops competitive advantages by developing better products
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with short life cycles, shortening lead time, speeding market delivery, providing end-to-end

apparel supply chain services. LT’s services include:

Design and development: LT partners with its customers at a very early stage of the
supply chain - product design development stage - to provide competitive products.
LT has product design facilities, including a graphics studio, fabric library, print,
washing, embroidery and sample shops, technical, fabric and accessories testing
centres, all of which help customers transform their concepts into a real apparel
piece ready for batch production. At the same time, LT maintains professional

design expertise, transforming customers' sketches into workable series of designs.

- The graphics studio is linked to the sales offices around the world, which allows

quick response to the changing markets.

Materials management: Increasingly closer partnership with materials suppliers is
an important aspect of materials management service at LT. It can help its

customers obtain high quality products, reasonable price and quick delivery.

Manufacturing: The core of the design-to-store business model is manufacturing.
LT continues to expand multi-product, multi-country manufacturing services to
provide customers end-to-end value propositions. The collaborative end-to-end
apparel supply chain services aim at satisfying customer demand at all stages in the
supply = chain, including design and development, sourcing, marketing,

manufacturing, warehousing, transporting and distributing on a global base.

Logistics: In order to focus on its core business of product design, development and
manufacturing, LT outsources its logistics function to CTSI Logistics. Through its
affiliate, CTSI Logistics, LT provides tailored logistics services to its customers in
terms of packing, transporting, tracking, warehousing, cargo forwarding and other

activities related to logistics.
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To further increase the competitiveness, LT partners with other vendors to create a win-
win outsourcing strategy. Currently, LT has two important affiliates: IST, an information
technology company, and CTSI, a third party logistics provider. Established in 1998, IST is
the industry leader in providing collaborative apparel supply chain solutions. Its earliest
products include GO2000, an ERP system for LT company, and an early version of
ASNx/FGA, a scan and pack order fulfilment solution for finished garments. Today, IST’s
vision is to build solutions that enable members of the apparel supply chain to deliver the
garments in the right quantities, to the right stores, at the right time and at the lowest cost.
Established in 1989, CTSI is recognized by its international competitiveness, stability and
an ever-expanding global network. Headquartered in Hong Kong, CTSI provides tailored

logistics services for its customers, including:

o International freight forwarding: By working with the most proven consolidators
and shipping lines, CTSI offers a series of logistics services, including air and sea
freight import and export shipping, inland transporting, tracing shipments, in-house

customs brokerage, etc.

e  Freight management. CTSI has an on-line global tracking and tracing system
designed with a centralized database, linking shippers, consignees, carriers and
other involved parties in the shipment process. Connectivity to a central databank

enables CTSI and its customers to share information.

e  Warehousing and distribution: CTSI can monitor and control warehouse business
processes and day-to-day activities in warehouses, including receiving, packing,

consolidating, shipping, etc.

o Inventory management: CTSI offers its customers convenient access to real-time
information about inventory status of the consignment in warehouses. Through the
Internet, this online inventory system provides customers with fast and accurate
information on inventory locations and space availability, which can be utilized by

CTSI's other trading partners like LT.
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In relating to the business with LT, CTSI performs two major services in the whole
global supply chain, which will be discussed in this study. One is global road transportation,
and the other is global air cargo forwarding. To be a global road transport provider, CTSI is
responsible for transporting all finished goods from the Mainland China warehouse to the
Hong Kong warehouse. The logistics services include warehousing, packing, preparing all
documents needed to cross the border, contacting the air transport division for further
airfreight transport, etc. Meanwhile, to be a global air cargo forwarder, CTSI is engaged in
transporting the shipment from the supply sites to demand sites around the world by air.
The global air transport services include renting air containers from air carriers,

consolidating small shipments into different types of air cargo, and loading them into the
| éir.co-ntainers. Global air cargo forwarding has some special characteristics, which differ
from domestic freight forwarding. The global airfreight forwarder has to be knowledgeable
in all aspects of international shipping in terms of preparing export documentation,
obtaining cargo insurance, arranging cargo shipments with air carriers, packaging markings

for international shipment, loading and tracing cargo, etc.

Why does the company use Hong Kong’s airport to ship overseas?

Currently, moving goods in China is still difficult and expensive. Additionally, China’s
logistics providers have little experience in international shipping in terms of preparing all
documents, obtaining cargo insurance, tracing shipments, paying freight charges, providing
language translation, etc. However, logistics providers based in Hong Kong can tap into a
global network of overseas branches with frequent flights, have an understanding of
international practices, and can offer more customized services such as warehousing,
distributing, trucking, consolidating, etc. Hong Kong is a regional air transportation hub,

and tops the world in terms of international cargo handled.

Why does the company ship products by air?
Fast delivery is a main advantage offered by air transport. Being part of a global air
transport network makes it possible to reduce door-to-door shipping time to 48 hours,

- regardless of the distance involved. The fact that the world’s major cities are linked by
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daily air services also offers frequency and dependability. In addition, air transport offers
lighter and less expensive packing costs, lower insurance premiums, elimination of transit
warehousing and transfer costs, smaller inventories and related inventory costs, and faster
capital turnaround. The efficiency induced by air transport is extremely critical because of
heightened expectations of customers, shortened product lifecycle and fierce competition in
the global environment. Supplying a market ahead of competitors provides remarkable
advantages in terms of the flexibility and responsiveness to changing market demands.
Time saving is particularly important for the fashion industry, which leaves global
manufacturers a longer time margin to allocate production among their global factories to
satisfy uncertain market demand, or to beat seasonal deadlines when sales are at their peak.
Therefore, transporting the final products to North America and Europe by air is another

| paﬁ of the global manufacturer’s strategic plan.

2.3  Problem statement

Hayes et al. (2005) state that as they confront the twenty-first century, managers around the
world experience mixed emotions: a sense of real accomplishment accompanied by
frustration and uncertainty. The garment manufacturing company under this study has its
affiliate IST to provide real time data and communication between all members in the
whole supply chain. However, obtaining and sharing data is one thing, and taking action on
the information, particularly for the real-time information is another. In the uncertain and
dynamic environment; operations managers, such as production managers and logistics
managers, are losing their confidence in traditional supply chain planning approaches as
these approaches are unable to deal with emerging problems in the global supply chain
management environment. Particularly, these approaches suffer inability to handle the
uncertainty and the risk involved, which are particularly important in the global supply

chain management environment.
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2.3.1 Phase I: production loading problems for global manufacturing

In this study, the manufacturing company’s headquarters are in Hong Kong and its own
plants are located in different countries, such as Mainland China, Thailand, the Philippines,
Sri Lanka and Vietnam. When necessary, the company can outsource its production to
other contracted plants. The company’s sales departments, customer services and markets
~are centred in Northern America and Europe. The sales departments collect product
information from local retailers, and send it to the Hong Kong headquarters. Based on this
information, the Hong Kong headquarters need to forecast the market demand for different
types of products that will be on the market in the next selling season. The products under
this study are fashion garments. Like personal computers, they belong to the group of
innovative products, which have a very short life cycle and lead time. The predicted
demand for innovative products involves substantial uncertainty, as markets’ reaction to a
new, innovative product is unclear, and this increases the risk of a shortage or excess
supply. The manufacturing company, however, can not wait until they are able to ascertain
accurate market demand as it is impossible to globally produce and distribute the product to
customers then. The manufacturing company has to determine production loading plans and
start to produce products that will be on the market in the next selling season on the basis of
uncertain information. However, the purpose of the production plan is to satisfy the
customer. Order commitment for products become clear only when the selling season is
coming. Until then, the manufacturer has to respond to the different market information that
has been observed. Therefore, production managers feel challenged while allocating
production because of uncertain market demand and quota prices, short lead times and
other uncertain information while aiming at satisfying market demand and simultaneously
trying to minimize the production costs.

Products produced in other countries are first transported to a warehouse in China,

which leads to the Phase III problems. Normally all products are stored in the Mainland

43



CHAPTER 2: PROBLEM STATEMENT AND LITERATURE REVIEW

China warehouse before they are transported to the Hong Kong warehouse. These products,
however, need to be transported across the border to Hong Kong by truck, which leads to
the logistics problems for global road transport referred in Phase II. After the products
arrive in Hong Kong, they are immediately loaded into air containers for shipment to
different destinations in North America and Europe: this is the container loading problem

for global air transport referred to in Phase I1I.

2.3.2 Phase II: logistics problems for global road transport

~ The logistics provider is responsible for the whole logistics service for the manufacturer in
terms of crossing-border road transport, warehousing in two countries, packing, loading,
unloading, preparing documents, contacting the air forwarders for air transport. The
manufacturing company in this study, however, is only one of the logistics provider’s
customers. The logistics company provides the global road transport service for many
customers, which need to trahsport their goods from Mainland China to Hong Kong.
Because of the very high inventory cost and space limitation of the Hong Kong warehouse,
the products are normally stored in the Mainland China warehouse, and are not moved to
the Hong Kong warehouse until the onward shipment schedule is firmed up. On the
shipping day, the products are transported from the Mainland China warehouse to the Hong
Kong warehouse, from where they are immediately consolidated into air cargo, loaded into
the air containers, and shipped to overseas markets. Therefore, the logistics managers have
to determine a crossing border logistics plan in terms of the fleet composition,
transportation route, inventory level, etc. Unfortunately, the logistics managers can not
obtain accurate shipment information until the shipping day. Because of the capacity
limitation of the fleet and changing demand of crossing-border transportation, the logistics
managers have to determine the quantities and types of the trucks that will be hired from
the two countries in advance for crossing border before the exact shipment information can
be obtained. Therefore, the logistics managers experience the challenges of global road

transport in terms of uncertain shipment information, short shipment notice, preparing for
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responding to different scenarios that might happen on the shipping day, aiming at

satisfying customer requirements and minimizing the logistics cost.

2.3.3 Phase III: container loading problems for global air transport

The second service that the logistics provider offers is to transport their shipment to North
America and Europe by air. Some functions deal with arrangement and shipping, such as
renting air containers from air carriers, consolidating small shipments into different types of
air cargo and loading them into the air containers. However, international air cargo
forwarding has some special characteristics, which differ from domestic freight forwarding.
The international airfreight forwarder has to be knowledgeable in all aspects of
international shipping in terms of preparing export documentation, obtaining cargo
insurance, arranging cargo shipments with air carriers, packaging markings for international
shipment, loading and tracing cargo, etc. Air containers are often used in international
shipping. After initial loading, the cargo is not re-handled until it is unloaded at its final
destination. However, containerization changes commodities handling from a labour-
intensive to a capital-intensive task. Therefore, when the international forwarder makes a
decision about how to pack the cargoes into the air containers for international shipment,
they have to bear in mind both the costs of renting the containers, the costs of warehousing
the cargoes, and the costs of penalizing the unshipped cargoes. Therefore, the forwarder
managers experience the challenge of global air transport in terms of the changing shipment
information and short shipment notice, the cost of booking containers in advance, the
higher penalty cost of requiring additional containers or cancelling the containérs on the
shipping day, and planning responses for different scenarios that might happen on the
shipping day, aiming at satisfying customer shipment requirement while minimizing the
operation cost.

The whole supply chain process can be summarized as follows:
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2.4 Literature review

2.4.1 Literature on production loading problems for global

manufacturing

Analysis of production loading problems has been an active area of research for many years.
See inventory carrying and set-up systems in Wagner and Within (1958); and Dillenberger
et al. (1994); inventory carrying cost and labour cost considerations in Dzielinski and
Gomory (1965), Florian and Klein (1971), and Lason and Terjung (1971); heuristic
approach for multi-level lot-sizing with a bottleneck in Billington ef al. (1986); multi-stage
production and inventory systems in Goyal and Gunasekeran (1990); multi-item lot sizing
systems in Pocket and Wolsey (1991), among others. Shapiro (1993), Thomas and McClain
(1993), Silver et al. (1998) present excellent general references about production loading
problems.

All the above literature present models and techniques for a deterministic environment,
where all information that decision-making needs is accurately known. Sen and Higle
(1999) think it is difficult to precisely estimate certain critical data elements, and it is
necessary to address the impact of uncertainty during the planning process. Alonso-Ayuso
et al. (2003) state that the treatment of the stochasticity has only recently been applied to
production planning. See deterministic approximations to stochastic production systems in
Bitran and Yanasse (1984); stochastic multi-item batch production systems in Zipkin
(1986); a tactical planning model to evaluate capacity loading under varying demand in
Graves (1986); derived demand and c-apacity planning under uncertainty in Modiano (1987);
a scenario approach to capacity planning in Eppen et al. (1989); a scenario approach to
characterize the uncertain demand for production planning in Escudero (1993); and models
and algorithms for distributfon under uncertainty in Cheung and Powell (1996).

To date there exists little research that addresses the import quota issue by modelling

“the production loading problems in global manufacturing, let alone considering the

uncertainty involved. As a result, little research uses stochastic programming, including
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stochastic recourse programming and robust optimization, to model the production loading

problems in the global supply chain management environment under uncertainty.

2.4.2 Literature on logistics problems for global road transport

Analysis of logistics and transportation has been an active area for researchers and
practitioners since it was first carried out during the World War II. However, early work
purely considered logistics problems as transportation problems without considering other
factors in the logistics process such as packing, labelling, warehousing, consolidating, etc.
~ For related work see the bi-criteria transportation problem in Anéjé and .Néir>(l979); fleet
size problem in Etezadi and Beasley (1983); multiple objectives transportation problems in
Current and Min (1986) and Current and Marish (1993); interactive algorithms to solve
multi-objective transportation problems in Ringuest and Rinks (1987) and Climaco et al.,
(1993); a tabu search approach for the fixed charge transportation problem in Sun ef al.
(1998); and insertion-based savings heuristic algorithms for the fleet size and mixed vehicle
routing problem with time windows in Liu and Shen (1999).

Global logistics is defined as exporting and importing products or services beyond the
boundaries of a country. Global logistics present logistics managers with a more difficult
challenge than domestic logistics in terms of packing, labelling, transport modes and cost,
labour cost, warehousing, government policy and regulation, etc. Cohen e al. (1989)
present international supply chain models with considerations related to global trade in
terms of raw materials and production costs, the existence of duties, tariffs, different tax
rates among countries, random fluctuations in currency exéhange rates, and the existence of
constraints not included in single-country models. Fawcett (1992) claims that limited
research has been done on international logistics strategy, and that the existing literature
focuses on descriptions only. Goldsborough (1992) provides an analytical report on global
logistics management in which two different logistics systems — domestic and international
— have been compared. Cohen and Kleindorfer (1993) present a framework for the
operations of a global company to determine plant location and capacity, product categories,

material and cash flow in an international scenario. However, no model formulation or
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experiments are provided in their paper. Vidal and Goetschalckx (1997) think global supply
models are more complex and difficult to solve than domestic models, as the flow of cash
and the flow of information are more important and difficult to coordinate in an
international scenario than they are in a single country environment. Goetschalckx et al.
(2002) give a review of integrated strategic and tactical models and design algorithms for
global logistics systems. They point out that a great deal of research has been conducted in
quantitative techniques for improvement and optimization of supply chains without global
considerations; of which mixed-integer programming models are among the most widely-
used techniques. They also report that most models address the problem in a regional, local,
or single-country environment, where international factors do not have a significant impact
on the supply chain d_és_ign. Geoffrion and Powers (1995) give an evolutionary perspective
1020 'ye‘ars. of sfrategic distribution system design, and think logistics has changed from a
neglected activity to an essential business function. Coyle et al. (2003) think countries are
coming closer and closer because of the success of logistics; They find many global
manufacturers are using a new managerial strategy, called focused production, in which one
or a few plants are desighated as the worldwide supplier(s) of the given product(s). The
plants are typically located in different countries, requiring a global logistics system to
deliver items to the right place, in the right quantity, at the right time.

Road transport is the most important among all transport modes. Muller (1999) notes
that, in the U.S, of the nearly 7.8 million tons of freight and commodities moved in 1996,
an estimated 46% was moved by truck (up almost 78% since 1980), compared with 26% by
rail, 13% by water, and 15% by pipeline. However, road transportation beyond the
boundary of a country caught the attention of researchers and practitioners only a few years
ago when globalization became an important issue in business organizations. Bergan and
Bushman (1998) present the North America Trade Agreement (NAFTA) perspective on
cross-border trucking transportation between the US, Canada, and Mexico, and emphasize
the importance of efficient border-crossing systems. Bochner et al. (2001) examine the
possibility of expediting current port-of-entry processing of commercial vehicles entering
the US from Mexico, provide the basic prototype plan for northbound commercial border
inspection stations with automated processing, and suggest bi-national links to improve

cross-border system’s efficiency.
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Little research has been done to apply stochastic recourse programming and robust
optimization techniques to solve logistics problems for global road transport under

uncertainty.

2.4.3 Literature on container loading problems for global air transport

Packing cargoes into a container is an important materials-handling activity in
manufacturing and distribution industries (Chen et al. 1995). Containers were first used in
1950s. Through the years, the cargo handled via containers has steadily increased.
~ Containers are defined as large boxes that are used to transport goods from one destination
to another (Vis and Koster 2003). The efficient stowage of goods in a means of transport
can often be modelled as a container loading problem (Bortfeldt and Gehring 2001). There
exists a large body of literature related to container loading problems, which is classified as
the three-dimensional (3D) rectangular packing problem in the general cutting and packing
problem. Cutting and packing problems involve different dimensions. Gilmore and Gomory
(1965) were the first to discuss the one-dimensional stock cutting problem as a linear
programming problem. Then they address the 2D and 3D problems with related algorithms.
Dyckhoff (1990) presents a survey and classification of cutting and packing problems.

Bischoff -and Ratcliff (1995) are critical of many publications that cover container
loading, saying their material is based on pure knapsack-type formulations of the problem
structure. They highlight some important shortcomings in the existing theoretical literature
on container loading, and demonstrate the requirement for fundamentally new approaches
to be able to tackle different situations arising in practice. Davis and Bischoff (1999) also
think much of the literature considers the container purely as a storage device relying on a
study of the 3D cutting-packing problems, rather than considering the problem as that of a
transport medium.

In practice, a container can be classified as a road container, a sea container or an air
container. Much of literature treats container loading problems as cutting-packing problems
focusing on the road and sea container with the objective of minimizing the total unused

space in the containers. Cattrysse et al. (1996) present a case study on road container
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transport. Their study discusses the building of a prototype decision-support system for a
road container transport company in the light of constraining factors which affect
scheduling of trucks and vehicle routing problems of various kinds. Vis and Koster (2003)
classify the decision problems arising at sea container terminals and give an overview of
relevant literature. For the sea container, much of the literature studies empty sea container
allocation problems faced by shipping companies in terms of how to distribute empty
containers to the shippers and how to relocate empty containers in preparation for future
demand. Early work using network models for empty container allocation problems can be
found in White (1972). Cheung and Chen (1998) consider the dynamic empty sea container
allocation problem where they need to reposition empty containers and to determine the
number of leased containers to satisfy customer demand over time. In their study, a
 stochastic Quési;gradient method and a stochastic hybrid approximation procedure are
applied to solve the empty sea container allocation problem.

Air containers, however, have some special characteristics, which differ from road or
sea containers. Delivery time is critical. Air containers usually carry low-density and high-
value cargo. Air containers also have limitations on weight and volume of the cargoes
inside. In addition, air transport is a capital intensive industry. It is very important to choose
adequate containers to ship the cargoes at the right time with the lowest cost. For air
container problems, much of work focuses on the weight distribution issue in a container or
an aircraft. Martin-Vega (1995) presents a complete review of manual and computer-
assisted approaches to air container loading problems, in which the centre of gravity is
considered via pyramid loading. A new approach provided by Davis and Bischoff (1999)
considers weight-distribution considerations in container loading, in which an even weight
distribution can be attained whilst simultaneously achieving a high degree of space
utilization. Mongeau and Bés (2003) address the problem of loading as much as freight
while balancing the load in order to minimize fuel consumption and satisfying stability and
safety requirements. A mathematical programming model is formulated to choose which
containers should be loaded on the aircraft and how they should be distributed among
different compartments. Ivancic et al. (1989) and George (1996) discuss the container
packing problem with rental cost functions, but the cost of using each container is a

constant related only to the container. The cost of renting the container has no relationship
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~ to the weight that the container holds. Groenewege (1996) points out the importance of air
transport and reports that airfreight forwarding represents over a third of the total value of
all international trade. For many countries this percentage is considerably higher, and most
nations involved in international trade are seeing a steady increase in the percentage of
goods being moved by air. Coyle et al. (2003) think containerization has gained notable
acceptance in international distribution, and report that some firms containerizing
shipments to foreign markets have reduced the service time and cost by 10 to 20 percent
and have increased the service level they provide to these markets.

There have been few studies in the iiterature dealing with how to choose containers and
load cargoes into them simultaneously, with the considerations of volume and weight of
~ both the containers and cargoes - the cost of renting a container depends on the cargo
| Weighf ldaded and the delivery time. To our best knowledge, there is little work in the past
to model the container loading problems, as well as the consideration of uncertainty and

risk.
2.4.4 Literature on global supply chain management problems

Dornier et al. (1998) state a vast majority o-f manufacturers have some form of global
" presence through exports, strategic alliances, joint ventures, of as part of a committed
strategy to sell in foreign markets or locate production abroad. Rosenfield (1996) notes that
the challenges of global manufacturing present a series of challenging management
problems that are similar, but which are also very different from traditional methods. There
is extensive literature on global supply chain management problems. We divide them into

the following aspects:

* Global supply chain network design: A great deal of research has been carried out in
designing supply chain networks on a global scale. Hodder and Jucker (1985) develop
models for an international plant location problem. Cohen and Lee (1989) point out
how a company should structure its plants around the world to supply a global market
with variations in consumer’s expectations, recourse conditions, and cost structures

from country to country. A survey article, presented by Verter and Dincer (1992),
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presents a review of modelling issues on international plant location, capacity
acquisition, and technology selection. Rosenfield (1996) develops a number of
deterministic and stochastic models to determine the number of plants and production
levels in a global environment for a firm in order to minimize production and
distribution costs for geographically dispersed markets. Taylor (1997) presents a
model to integrate product choices considering global plant capacities with an
assumption of known unit costs and no trade barriers. Ferdow (1997) emphasizes that
a country attributes would determine whether it becomes a manufacturing hub with
exports to other countries or a market for imported goods, or both. Vidal and
Goetschalckx (1997) present an extensive literature review of global supply chain
models, and state that there is a lack of research on mixed integer programming
fnddels for the strategic design of global supply chain systems. Goetschalckx e al.
(2002) present the potential saving generated by the integration of the design of
strategic global supply chain networks with the determination of tactical production-
distribution allocations and transfer prices, which combines strategic planning and
tactical planning in the global supply chain networks. Chakravarty (2005) develops a
model that optimizes plant investment decisions and determines prices of products by
countries. They also analyze labour costs, transportation costs, demand and import

tariff on production quantities, etc.

o Coordination in the global supply chain: Supply chain coordination is increasingly
viewed as a source of strategic advantage for participating members (Kulp et al.
2003). Cohen and Mallik (1997) emphasize that competitive advantages can be
achieved through global supply chain management only if thé management of the
chain’s geographically-dispersed activities is effectively coordinated. Coordination is,
therefore, the key concept in implementing a global supply chain strategy. Kogut
(1985a,1985b) was the first to describe the importance of global coordination and
develop global strategies. In 1993, Dasu and Torre (1993a, 1993b) study a case
covering the affiliates of a U.S. multinational firm in three Latin American countries,
concentrating on the coordination problem. A single-period deterministic game

theoretical model is formulated to determine the price and sale amount for each firm
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and this is used in two scenarios: one scenario is in the competitive environment,
where affiliates compete against each other as well as with other companies; and the
other scenario is in the cooperative environment where the affiliates’ activities are
coordinated. Different factors related with international activities are considered in
- the model: these include exchange rates, inflation rates, and tariff rates. Ahmadi and
Yang (1995) study a parallel-import problem in a global supply chain under the
assumption that a manufacturer could implement price discrimination in different
markets. Thus parallel importers can buy products in low-priced markets and sell

them in high-priced markets.

* Exchange rates: Co-ordination within the global supply chain provides a firm with
| én.opportunity to respond to uncertain events such as exchange rate fluctuations,
changes in government policy, competitors’ decisions or new technologies. A major
issue for global manufacturing is the impact of exchange rates. Lessar and Lightstone
(1986) propose a qualitative study on the effect of exchange rate fluctuation in a
multinational company. An extensive section of the literature (Cohen and Lee 1989,
Tombak 1995, Dasu and Li 1997, Hadjinicola and Kumar 2002) discusses important
factors such as tariffs, taxes, currency exchanges rates, shipping costs, domestic

resources and demands, trade barriers, etc.

e Global purchasing: Some researchers focus on the perspective of global purchasing
and supply functions. As Pyke and Johnson (2003) state, companies outsource an
increasing amount of the value of their products, and sourcing strategies have rapidly
shifted in leading companies all over the world. They also present a framework to
help managers make decisions on sourcing issues in terms of strategic alliances and e-
procurement. Dyer et al. (2001) discover that by 2001, there is an average of 60 major

strategic alliances in each of the top 500 global businesses.
e Stochastic models for global supply chain management problems: As Cohen and

Mallik (1997) state in their analytical review of the literature, the majority of reported

models lack practicality and would be difficult to implement. They also state that few
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of the models incorporate price and demand uncertainties in international markets.
Kougut and Kulatilaka (1994) develop a stochastic dynamic programming model that
explicitly treats supply chain flexibility as the equivalent of purchasing an option
whose value is dependent upon the exchange rate. They consider a two-country,
production switching model and derive optimal cost functions. This model does not
consider detailed operational characteristics (e.g. multiple products or supply chain
stages) and becomes intractable for more than one exchange rate process (such as
when operating in more than two counties). Dasu and Li (1997) provide optimal
strategies for a firm whose plants are located in different countries where there is
exchange rate variability. A stochastic programming model is developed. The
combined capacities of the plants exceed the single product deterministic demand.

' Thhs,» thé ﬁrm can allocate production among the plants, depending on the exchange
rate. Kouvelis and Sinha (1995) formulate a model that allows switching of
production models for a firm in a foreign country. They present a profit-maximizing,
multi-period, stochastic dynamic programming formulation, and conclude that a
strongly depreciated home currency favours an export policy, while a strongly
appreciated home currency favours a joint venture or wholly owned subsidiary. The
choice between a joint venture or a wholly-owned subsidiary depends on transaction
costs (including production, distribution and logistics costs), per unit demand in each
production mode, as well as switching costs from these modes to the export mode.
Axarloglou et al. (1993) address an empirical study to test the analytical results
proposed by Kouvelis and Sinha (1995). Both of the studies focus on exchange rates.
Huchzermeier and Cohen (1996) present a modelling framework that integrates
network flows and option valuation approaches to global supply chain modelling for a
multinational firm in terms of an enumerative currency. They propose a hierarchical
approach to solving the problem with the discussion of the exchange rate risk for
global operations.

¢ Case studies and applications for global supply chain management problems: Many
authors report on the applications of mathematical models to global supply chain
management. There are a number of interesting cases that illustrate how to develop a

global supply chain strategy model. However, problems at the tactical and operational
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planning level are paid little attention. Breitman and Lucas (1987) were probably the
first to report an application study of global supply chain management. They develop
a decision support system to support multinational planning at General Motors for
several years. The system applies mixed integer programming to generate a series of
operational and financial reports. The system can solve multi-period location
problems of significant complexity. Cohen and Lee (1989) develop a normative
model of resource decisions, which is used to analyze Apple Computer’s global
manufacturing and distribution network. The model maximizes global after-tax profit
in terms of currency. The decision include the assignment of vendors to plants and
distribution centres; the assignment of supply links from plants to distribution centres,
and distribution centres to customers; the assignment of products and subassemblies
fo plénté; and production mix at each plant. Since the basic model is single period and
deterministic, the model can be run for multi-period problems under alternative future
scenarios to quantify the value of flexibility of global supply chains. Cohen et al.
(1989) develop a multi-period extension of the above model, which explores the
trade-offs between centralization and localization of global supply chain strategies.
Lee et al. (1993) develop the implementation of a series of global supply chain
management models at Hewlett-Packard. The models focus on a worldwide inventory
network optimizer. The model is basically a network of nodes, in which each node is
assumed to operate like a periodic-review inventory system. The model determines
the optimal inventory in different locations and in different forms, and is used to
model the Vancouver supply chain of HP Deskjet printers. Bartmess (1994) presents
an analytical report from eight experts on how an American bicycle manufacturer
expands its production into Mainland China. Amtzen et al. (1995) consider the global
supply chain model at Digital Equipment Corporation. The model minimizes a
weighted combination of total cost and activity days (i.e. production and
fransportation days) in the company’s global supply chain network. The decision
variables include site locations, capacity decisions, manufacturing technology at each
site, product mix, shipping modes and quantities, and duty drawback locations. The
model is solved using a variety of optimization tools, and.it has been used by Digital

to analyze new product strings and supply strategies for components.
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Chapter 3

Robust optimization framework

3.1 Introduction to stochastic programming

In mathematical programming, one solves the problem of selecting one alternative, which is
optimal with respect to a certain criterion, from a set of feasible solutions. An important
subfield is linear programming, characterized by a linear criterion function and linear
constraints that describe the set of alternatives. A general linear programming model can be

formulated as follows;

minc’ x 3.1
s.t. Ax=b (3.2)
x>0 3.3)

where x is an (nx1) vector of decision variables, and ¢, A4, b, are known data of sizes
(nx1) , (kxn), and (kx1), respectively. If needed, any less-than-or-equal-to constraint
can be transformed into an equality constraint by adding a slack variable, and any greater-
than-or-equal-to constraint can be transformed into an equality constraint by subtracting a
surplus variable.

Linear programming is a fundamental planning tool for quantitative analysis of decision
making problems. Since its introduction by Dantzig (1955), linear programming has proved
to be a powerful tool in modelling and solving practical problems. The problems include
marketing, finance, economics, engineering, manufacturing, transportation, facility location
and layout, supply chain management, etc. However, when modelling the linear
programming problems, it is assumed that the value of each parameter in the linear

programming models can be accurately obtained, which means all the information for
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decision-making is available at the time of planning. Decision making usually involves
uncertainty such as noisy, incomplete or erroneous data. Sen and Higle (1999) think it is
difficult to precisely estimate certain critical data elements, and it is necessary to address -
the impact of uncertainty during the planning process. Explicitly considering uncertainty, in
some situations, is very critical and failure to include uncertainty may lead to very
expensive, even disastrous consequences if the anticipatéd situation is not realized (Bai et
al. 1997). One method to handle this uncertainty is to apply sensitivity analysis, finding
how changes in coefficients will influence the optimal solution. Mulvey et al. (1995) think
sensitivity analysis is only a post-optimality study, which only discovers the impact of data
uncertainties on the model’s recommendations. For some applications a proactive approach
- may be adequate; however, in some situations, when the decisions depend heavily on the
value of inaccurate data, it might be reasonable to take uncertainty into the consideration in
a more fundamental way. Stochastic programming is a branch of mathematical
programming that copes with a class of mathematical models and algorithms in which the
data may be subject to uncertainty. Since its invention in the 1950s by Beale (1955),
Dantzig (1955), and Charnes and Cooper (1959), stochastic programming has made
significant applications in many areas, including electric power generation (Murphy et al.
1982), financial planning (Carifio et al. 1994), telecommunications network planning (Sen
et al. 1994), transportation (Ferguson and Dantzig 1956, Powell 1988), empty container
allocation (Cheung and Chen 1998), supply chain network design (Santoso et al. 2005), and
strategic supply chain planning (Alonso-Ayuso et al. 2003). General references on
stochastic programming are books by Vajda (1972), Kall (1976), Kall and Wallace (1994),
Birge and Louvveaux (1997) and Prékopa (1995). Excellent survey articles related to
stochastic programming applications and algorithms are presented by Birge (1997), Sen and
Higle (1999) and Dupacova (2002).

Consider the following model:

uminuch (34)
st. Ax=b (3.5)
“T(0)x = h(w)” (3.6)

x>0 3.7
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where x is an (nx1) vector of decision variables, and ¢, 4, b, are known data of sizes
(nx1), (kxn), and (kx1), respectively. Constraint (3.5) represents k deterministic
constraints. In constraint (3.6), w €Q , (Q,F,P) is a probability space. T(w) and
h(w) denote a random (/xn) matrix and (/x1) vector, respectively. Constraint (3.6)
represents / stochastic constraints. The above problem, expressed in (3.4)~(3.6), is not well
defined since the meanings of “min” as well as of the constraints are not clear at all, and a
revision of the modelling process is necessary (Kall and Wallace, 1994). In the optimization
literature, there are two main approaches to construct a meaningful optimization model.
One approach is called chance constrained programming, which was pioneered by Charnes
and Copper'(l959) and developed as a means of describing constraints in the form of
- probability levels of attainment (see Kall 1976, Kall and Wallace 1994, Mayer 1992, and
Prékopa 1973, 1995). The other approach is called two-stage recourse programming,
developed by Beale (1955) and Dantzig (1955). Recourse programs are those in which
some decisions or recourse actions can be taken after uncertainty is disclosed (see Kall 1976,
Vajdé 1972, Birge and Louveaux 1997, and Ruszczynski and Shapiro 2003).

3.2 Chance constrained programming

Chance constrained programming is a tool used for modelling risk and risk aversion to
handle uncertain problems. In the chance constrained model, infeasibility is accepted, but
only if it occurs with a low probability. The model is extended by specifying a reliability
coefficient & €[0,1] and replacing (3.6) by

Pr{T(w)x = h(w)} =a (3.8)

The chance constrained model can be formulated as:
minc’ x (3.9)
s.t. Ax=b (3.10)

o) za . @3.11)

x>0 (3.12)
where

O(x) = Pr{T'(w)x = h(w)} (3.13)
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where a is some fixed constant number in [0,1], which is chosen by the decision maker, and
Q(x) is the reliability of decision x. Q(x) is the probability that stochastic constraints
T(w)x = h(w) are satisfied; its complement 1-Q(x) is the ‘risk’ of infeasibility concerning x.
In the chance constrained model, the decision maker accepts possible violation of the
stochastic constraints, but only if the risk is, at the most, 1-a.

Alternately, one may specify a reliability coefficient a; (0<a;<1) for each constraint,
T (w)x = h(w), i=1,2,..., ], and replace (3.6) by:

Pr{T,(w)x = h,(w)} =a,, =1,2,...,. (3.14)

The former model is said to have a joint chance constraint, and the latter separate
chance constraints. Clearly, it is possible to combine joint and separate chance constraints

' in a model.
3.3 A two-stage recourse programming

3.3.1 A two-stage recourse model

Recourse models are the most important class of models in stochastic programming. This
remains one of the more widely studied class of models, and most of the applications are
reported in the literature (see Kall 1976, Wets 1988, Kall and Wallace 1994, Mayer 1992).
This concept leads to extending the model to a so-called two-stage recourse model. At the
first stage, before realization of the corresponding random variables become known, one
chooses the first stage decision variables to optimize the expected value of an objective
function which, in turn, is the optimal solution of the second stage optimization problem. A
two-stage stochastic linear programming model can be written as follows (Ruszczynski and
Shapiro 2003):

min ¢"x+E,(Q(x,£)) (3.15)
st. Ax=b (3.16)
x>0 (3.17)

where Q(x,£)is the optimal solution of the second stage problem
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Ox,86) = myin{q(w))T y:W(w)y =hw)-T(w)x,y =0} - (3.18)

We have a set of decisions to be taken without full information on some random event.
These decisions are called the first stage decisions, which are represented by vector x of
size (nx1). Corresponding to x are the first-stage vectors and matrices ¢, 4 and b of sizes
(nx1), (kxn), and (kx1), respectively. When full information is received on realization

of random vector £, the second stage actions are taken, which are represented by vector y
of size ( mx1 ). Corresponding to y are the second-stage vectors and matrices
q(@),W (@), W(w), T(®) of size (mx1), (Ixm), (Ix1) and (I/xn), respectively. w €Q,
(Q,F,P) is a probability space. & is the vector formed by the components of
- q(0),W (@), h(),T(w). The expectation in the objective function in (3.15) is taken with-
respect to the probability distribution of &, which is known. Matrix T'(w) and W (w)are
referred as technology and recourse matrices, respectively. We assume that W (@) is fixed
(fixed resource). Often, we use the same notation £ to represent a random vector and its

particular realization. Which one of these two meanings will be used in a particular
situation will be clear from the context. If in doubt, we will write & = £(w) to emphasise
that this is a random vector defined on a corresponding probability space (Ruszczynski and
Shapiro 2003). Similarly, we use the same notations g, W, h, and T to represent random

vectors/matrices and their particular realizations.

3.3.2 The value of stochastic solution

When the two-stage recourse model is formulated, its solution is called the stochastic

solution, denoted as x°, and its performance is called the expected objective value of the
stochastic solution, denoted as ESS. Therefore, the two-stage recourse model expressed in

(3.15)~(3.18) can be written as:

ESS =min E,z(x,&) =c x+min{q" y | Wy = h-Tx,y 20} (3.19)
x Y

st. Ax=b J (3.20)

x>0 (3.21)
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For handling the uncertainty, a natural way is to solve a much simpler corresponding
deterministic problem: the one obtained by replacing all random variables by their expected
values, for all random parameters (Birge and Louveaux 1997). This problem is called the

expected value problem, which can be expressed as:

EV =minz(x,&) =c"x+min{qg"y | Wy = h-Tx, y 20} (3.22)
X y ]

s.t. Ax=b (3.23)

x>0 (3.24)

where £ = E(£) denotes the expectation of &,and 7,W ,h,T represent the expectation of g,
W, h, T, respectively. The solution of the expected value problem expressed in (3.22)~(3.24)
is called the expected value solution, denoted byv;(_g)‘. In order to measure the performance
| of the expected value- solution;(_f) , we define EEV as the expected result of the expected
value solution, or the expected result of using the EV solution. EEV measures how ;(2)
performs, allowing the second-stage decisions to be chosen optimally as functions of ;(E)
and & (Birge and Louveaux 1997).
EEV = E; (2(%(2),$) = min 2(¥(¢),§) = ¢"%(8) + min{q"y | Wy = h-Tx(E),y 20} (3.25)
s.t. Ax=b (3.26)
x>0 ' 3.27)
We use VSS to denote the difference between the expected objective value of the

stochastic solution and expected value solution. VSS is referred as the value of the

stochastic solution. We have:

VSS=EEV-ESS (3.28)
Madansky (1960) establishes the following relations between EEV and VSS.
Property 1: VSS > 0 (or EEV > ESS) (3.29)

Proof: Because x' is an optimal solution for the stochastic model expressed in
(3.19)~(3.21), while J_c(E) is just one solution to the stochastic model expressed in

(3.19)~(3.21), we then reach the above conclusion.
Now by using a very simple production planning example shown as below, we could

understand the relationship between EEV and ESS. It is assumed that a company wants to
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make a plan for processing a certain amount of product A. The relevant data related to

product A is given in Table 3.1.

Table 3.1: An illustrative example

Scenario 1 2
Demand 10 20
Probability 40% 60%
Unit cost for underproduction 3 3
Unit cost for overproduction 1 1
Let
x production quantities in the first stage

yi !y,  shortage/surplus quantities for scenario 1 in the second stage

v, /y;  shortage/surplus quantities for scenario 2 in the second stage

A two-stage recourse model is formulated as follows:

minx +0.4(3y; +1y)+0.6(3y; +1y;)
st. x+y; -y =10
x+y, -y, =20

X Y0 ¥05Y5. Y 20

(3.30)
(3.31)
(3.32)
(3.33)

The above model is a linear programming model, and can be easily solved using

mathematical programming software, such as Excel Solver, AIMMS, Lindo, etc. The

optimal stochastic solution is: x*=20,y; =0,y =10,y, =0,y, =0. It means that 20

units of the product will be manufactured before accurate demand is identified. If scenario

1 happens, there will be 10 surplus units. If scenario 2 happens, production quantities will

be exactly equal to the demand. The objective function value of the stochastic solution is 24.

Thus we have: ESS =24.

The corresponding expected value model for the above problem can be formulated in

the following form, in which the stochastic demand is replaced by its expected value.

minx+3y~ +y*
st x+y -y =16
%y, ¥yt 20

where x° = production quantities

y'ly" = shortage/ surplus
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The optimal solution of the expected value model is: ¥ =16, y"=0, y'=0. The objective
value: EV=16. Unfortunately, the actual demand is either 10 or 20. When we produce 16
units according to the result of the expected value model, there will be two scenarios that
may happen in the future. If scenario 1 appears in the future (with the probability of 40%),
there would be 6 units of surplus resulting in a surplus cost (;,T = O,y_l+ = 6); if scenario 2

appears in the future (with the probability of 60%), there would a shortage of 4 units

(E = 4,; = 0). Therefore, the expected result of using the £V solution is:
EEV = min{x+ 043y +y;)+0.6(3y; +y;) =16 +04x6+0.6x3x4=256  (3.37)
where —}?,}—f satisfies equation 16 +;lt - f =10 , and ;Z:,y—2+ satisfies equation

16 +E —;ZT =20. It can be seen that EEV > ESS, which indicates that the perfofménée of
the stochastic solution is better than that of the expected value model for this problem. The
value of the stochastic solution for this problem is: VSS= EEV — ESS=25.6-24=1.6.

3.3.3 A two-stage stochastic linear recourse programming model

In the two-stage stochastic recourse model expressed in (3.15)~(3.1 8), it is assumed that the

random data &(w) has a discrete distribution with a finite number S of possible

realizations &, =(q,,W,,h,,T,), called scenarios, with the corresponding probabilities ps,

S
p,=P{w|é(@)=¢&}),5=12,..5, p, >0,and ) p, =1.
s=1

For example, one random variable for production planning problems could be the future
state of the economy, which could be three different scenarios (or realizations) that might
happen in the future: good, fair, and bad. The actual demand is dependent on the economic
condition: a high demand associated with a good economy at a possibility of 30%, a
medium demand associated with a fair economy at a possibility of 60%, and a low demand
associated with a bad economy at a possibility of 10%.

Therefore, in the case of finite discréte distribution, the two-stage stochastic recourse
programming model can be equivalently reformulated as the following algebraic equivalent

linear programming form:
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s .

minc’x+" p,(q,)" y, (3.38)
s=1

s.t. Ax=b (3.39)

Tx+Wy, =h_,s=1,..,S (3.40)

- x20,y,20,s=1..,8 (3.41)

where y; represents the response for each realization of the random variables, s=1,...,S.

In the above model, x is referred to as a vector of the first stage variables, whose value is
not conditional on realization of the random variable. y,, y»,...,ys is referred as the second
stage variables, which are subject to adjustment, once the random variable is determined.
The constraints, therefore, are also classified as the first stage constraints and the second
~ stage constraints. The constraints that only involve the first stage variables are defined as
the first stage constraints. The first stage constraints have to be satisfied before accurate
information is obtained. The rest of the constraints that consist of the first stage variables
and the second stage variables are referred as the second stage constraints, which have to
be satisfied for all realizations of the stochéstic variables. Equation (3.39) denotes the first
stage constraints, and equation (3.40) denotes the second stage constraints. The first term in
(3.38), denoted by c’x, is called the first stage cost. The second term in (3.38), denoted by
ZS: 2,(q,)" v, , is called the second stage cost. The sum of the first cost and the second

s=1

stage cost in (3.38) is defined as the expected cost of the objective function value of the
two-stage stochastic resource programming model, which is the expected total cost of
making the two-stage decisions.

For example, the first stage decision variables for the production planning problems are
often associated with proactive decisions, such as machine capacity, labour hours, product
quantities in normal production, etc; the second stage decision variables are often
associated with reactive decisions, such as quantities of surplus, quantities for outsourcing,
etc. For the container loading problems, the first stage decisions include the booking
information about the container types and quantities that will be needed in the following
weeks; the second stage decisions are made on the shipping day, including the container
types and quantities that are required or/and returned, as well as how to allocate all cargo

into containers. The first stage constraints for the production planning problems include
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machine capacity and work force level. It means the machine and labour level can not
exceed the maximum capacity available, no matter what the accurate information could be
in the future. The second stage constraints have to be satisfied for each scenario that might
oceur in the future. For the container loading problems, for example, we have to pack all
cargo in containers, which may need to require additional containers in the case of large
cargo quantities or return unused containers in the case of small cargo quantities on the

shipping day.
3.4 Robust optimization
- 3.4.1 A brief introduction to robust optimization

Stochastic recourse programming is an important approach used to handle uncertainties in
the decision making process; and it has a wide range of applications. Sen and Higle (1999)
think stochastic programming optimizes an expected-value criterion, and it often includes
constraints on downside risk. Mulvey et al. (1995) point out that stochastic recourse.
programming optimizes only the first moment of the distribution of the objective function
value, and ignores higher moment of the distribution, and the decision maker’s risk attitude,
which are particularly critical for asymmetric distributions, and for risk averse decision
makers. In addition, the stochastic recourse programming model has no ability to handle
situations in which no feasible solution exists for each scenario. Mulvey et al. (1995) first
propose the robust optimization technique, which integrates goal programming
formulations with a scenario-based description of problem data. They define two concepts:
solution robust and model robust. The optimal solution of the stochastic programming
model will be solution robust if its objective value stays ‘close’ to optimal for all
realizations of the random variables. The solution will be model robust with respect to
feasibility if it remains ‘almost’ feasible for any realization of the random variables.

Robust optimization has a number of applications. Vassiadou-Zeniou and Zenios (1996)
integrate traditional simulation models for bond pricing with robust optimization technique
to develop tools for management of portfolios of callable bonds. They present two models:

a single period model that imposes robustness by penalizing downside tracking error, and a
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multi-stage stochastic program with recourse. Gutiérrez er al. (1996) use the robust
optimization technique to solve incapacitated network design problems under uncertainty.
They present a formal definition of “robustness” for incapacitated network design problems,
and develop algorithms aimed at finding robust network designs. The computational
experiments show that robust solutions are able to handle incapacitated network design
problems and the proposed algorithm performance is satisfactory in terms of cost and
number of robust network designs obtained. Yu (1997) discuss the classical economic order
quantity (EOQ) model under significant uncertainties. A robust optimization approach is
proposed to find an inventory policy that performs well under all realizations of stochastic
parameters. An efficient linear time algorithm is designed to find the robust decisions. By
- comparing the results of the stochastic decisions, the paper demonstrates the advantages of
the robust approach. Laguna (1998) formulate a robust optimization model to solve the
problem regarding capacity expansion at one location in telecommunications, with demand
uncertainty. In their paper, the graphical display of the trade-off between expected shortage
reduction and the total cost has been found to be a particularly appealing analysis tool by
actual network planners. Sen and Higle (1999) give an introductory tutorial on stochastic
linear models, in which the robust optimization approach is discussed. A mean-variance
robust optimization is presented. An example is provided to illustrate the first-stage
decisions, the second stage decisions, expected cost, and variance of the robust model.
Darlington et al. (1999) discuss robust formulation for controlling the constraints of
systems under uncertainty. They present a nonlinear and stochastic model, and a mean-
variance robustness framework is proposed. In their paper, they also discuss the feasibility
via a penalty framework. Yu and Li (2000) propose a robust optimization model for solving
logistics problems. Two examples from a wine company and an airline company are
presented to demonstrate the computational efficiency of the proposed model. List et al.
(2003) formulate a robust optimization model for a fleet planning problem. An example
illustrates the importance of including uncertainty in the fleet sizing problem formulation,
and the nature of the fundamental trade-off between acquiring more vehicles and accepting
the risk of potentially high costs of outsourcing resources. Takriti and Ahmed (2004)
examine the robust optimization approach in the context of two-stage planning systems.

They study the impact of different measures for variability on two-stage planning problems.
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In 2006, the Mathematical Programming journal published a special issue on robust
optimization, which carried 10 articles exploring different topics in this field. For example,
Adida and Perakis (2006) discuss a robust approach to dynamic pricing and inventory
control with no backorders problem. In the introduction part of this issue, Ben-Tal et al.
(2006) state that robust optimization is a relatively recent technique, which has been
successfully applied in a number of areas. They also think robust optimization is a
challenging field with many real-world applications; it also has strong connection with
other fields, such as statistics and control. Chen et al. (2007) use new deviation measures
for random variables, namely, the forward and backward deviations, to construct
uncertainty sets for robust optimization. They also propose a tractable approximation
~approach to solve a class of multistage chance-constrained stochastic optimization:
problems. A project management problem is presented to demonstrate the framework of the

approach.

3.4.2 A brief introduction about different types of risk measurement

Markowitz (1952) is probably the first one to propose a measure of the risk associated with
the return of each investment, where the variance of random returns or losses is used as a
measure of risk. Markowitz (1952) suggestes that investors consider expected return a
desirable objective to maximize, but only while also considering risk an undesirable
element that needs to be minimized. Scegd (2005) states that the Markowitz model goes in
hand with appropriate utility functions, allowing a subjective ordering of preferences of
assets and their combinations. In the case of non-normal, albeit symmetric distributions,
utility functions must be quadratic, which, in practice, restricts the use of this model to
portfolios characterized by normal joint return distribution, i.e. to the case in which returns
of all assets, as well as their dependence structure, is normal.

Value at Risk (VaR) is a popular measure of risk, which is extensively used in analysis
of portfolio optimization. VaR is defined as a threshold value; the probability of a loss
function exceeding this value is limited to a special level (Jorion 1997, Basak and Shapiro,
2001). Although VaR is a very popular measure of risk, it has undesirable mathematical

characteristics such as a lack of subadditivity and convexity (Rockafellar and Ursasev,
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2000). Additionally, VaR is coherent only when it is based on standard deviation of normal
distribution. Furthermore, VaR i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>