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Preface

The aim of this book is to provide a collection of chapters which show the latest
developments in decision-making for supply chain integration. The chapters
together highlight the key problems in managing and integrating supply chains.
The authors then present concepts, tools and methodologies to help to solve these
problems and to improve supply chain integration, decision making and
performance.

In recent years, integrated supply chain problems have been linked quite closely
to the artificial intelligence (AI) community. This is mainly because of the com-
plexity and uncertainty present in supply chains. These techniques can help to
lower the operating costs by allocating the resources within a supply chain wisely.
Among many AI techniques, genetic algorithms (GAs) and multi-agent systems
(MASs) are by far the most common approaches used. This book presents two
pieces of contemporary research in these two areas.

Yeung and Lee in Chap. 1 apply a genetic algorithm in a warehouse cross-
docking operation, which was made famous by Wal-Mart. This is a highly
uncertain operation as the success of this operation relies on the ability of con-
solidating different less-than-truck (LTL) orders in a just-in-time manner. Arrival
of these orders cannot always be accurate due to unforeseen delays. In other words,
poor scheduling of these deliveries would result in higher operating costs. Yeung
and Lee define the GA operations (mutation, crossover and so on) for the cross-
docking problem and illustrate the proposed method through a numerical study.
Soft time window penalty, multiple products and multiple cross-dock doors are all
considered in the model. Results indicate that the GA-based approach can solve
the problem in a reasonable computational time.

MAS is a collection of autonomous agents working in a system independently
towards the system goal. Operations of an MAS is analogous to business dynamics
and hence MAS is a tool to model supply chain systems. Tounsi, Boissiere, Habchi
and Cung, in Chap. 2, propose an agent-based metamodel to address an unan-
swered issue—how to reuse knowledge generated particularly in MASs. Their
study clearly presents the definitions and interactions of agents, and the agentifi-
cation process for real-life applications. Their approach essentially breaks down
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the complexity of a supply chain to a number of manageable sub-problems. This is
a good reference particularly for small and medium enterprises.

Although the ultimate objectives of an integrated supply chain are to reduce
overall supply chain cost and to improve customer service level, pricing strategy
plays a role during the decision-making process. Two chapters in this book are
related to this area, but they adopt different approaches to tackle the problem.

Firstly, Huang and Huang’s Chap. 3 proposes an integrated approach to analyse
the pricing decision for optimal supplier selection in a three-echelon supply chain
with multiple suppliers and multiple retailers. The focal manufacturer can order
different but replaceable components from the suppliers in order to satisfy the
demand, which is a linear decreasing function of retailer price, from the retailers.
Mixed-integer programming of the problem is formulated and a cooperative game
theoretical approach is employed to find the optimal solution through simulation.
They also illustrate the proposed approach using a numerical example. Results
indicate that when the component cost increases, the corresponding retail market
for this product will become less important to the overall supply chain. This is
because the rise in component cost will increase the cost of the product, and hence
decrease the market demand and inventory consumption rate. Eventually, that will
lead to longer setup time interval for the manufacturer. An increase of the market
scale of a retailer has the opposite effect, that means the optimal retail price and
demand for the product has no impact on the other markets. This is because the
supply chain can be better off because of the higher price and larger demand from
that market.

Secondly, Wang in Chap. 4 studies how a new technology, like RFID, can help
tracking within a perishable food supply chain and thus how dynamic pricing
strategies can be employed to increase the overall profit. For the food supply chain,
expired products will be changed to zero value immediately and hence they need
to be sold before the ‘‘best before’’ date. In other words, this is a trade off between
price and dynamic quality deterioration. However, this is a complex problem on
how much the retail price should be reduced, and of course, when to do so. Wang
has used kinetic theory to study the dynamics of such pricing strategies with the
main objective to maximise profit. Different pricing options including single price
markdown and multiple price markdown are suggested to help the decision-makers
tackle such problems. Again, the relationship of price and demand is similar to the
one used by Huang and Huang. A numerical example and sensitive analysis are
employed to demonstrate the application of the proposed model. Although a cost is
incurred whenever a markdown happens in the model, multiple price markdown
still seems to be the best choice. In addition, the extra profit would be even more
significant if the quality of the products deteriorates faster.

Radio Frequency Identification (RFID) technology has received increased
attention from researchers and practitioners alike as it offers the possibility to
identify and track objects automatically as they progress through the supply chain
to the end customers. This can be particularly important for industries where safety
and quality are paramount. Two chapters in this book consider the adoption and
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use of RFID technologies in two different contexts: the fresh meat supply chain
and the healthcare sector.

Butcher and Grant’s Chap. 5 considers the importance of food quality and
safety. They explore how to use radio frequency identification (RFID) technology
combined with distributed decision making (DDM) to add value in food retailing.
Butcher and Grant interview actors within a fresh meat supply chain to map the
current state process and to identify areas that could be improved. The current state
was then used to identify where RFID and DDM could be used in a future state of
the supply chain. They show that by employing these technologies, many benefits
can potentially be achieved, including food traceability, reduced human inter-
vention, improved process effectiveness, improved collaboration between retailer
and suppliers, as well as other cost saving and effectiveness outcomes. They argue
that it is the synergy of RFID and DDM that can achieve the most benefits in the
supply chain, rather than implementing them separately.

Chong and Chan use and extend the Technology Acceptance Model (TAM) in
their Chap. 6. They use this to help to understand the factors that affect the
adoption of RFID in the healthcare sector. There are many examples of the benefits
of the RFID technologies, such as to better track medicines and their expiry dates,
to monitor when equipment was last maintained and sterilized and to track patient
information in real time. Nonetheless, the healthcare industry has remained rela-
tively reluctant to adopt it. Chong and Chan’s study of 183 healthcare organisa-
tions finds that perceived usefulness and perceived ease of use are important in the
intention to adopt RFID technologies. This means that the potential users need to
see the technology as relevant to their job, will perform tasks well and will give
tangible results. In addition, the user needs confidence that they can use RFID and
should not be fearful or anxious of the technology. However, surprisingly, security
and privacy concerns, such as unauthorised access to the data, are not a major
concern and will not hinder the adoption of RFID.

Disruptions and disturbances within the supply chain can have consequences
that affect business continuity and competitiveness. Two chapters within this book
consider how more transparent approaches to understanding the risks and costs of
disruptions and disturbances can be anticipated to enable decision makers to
identify suitable alternatives and better manage the uncertainties inherent in
logistics systems and supply chains.

Breuer, Siestrup and Haasis’ Chap. 7 considers how organisations can rapidly
recover and maintain business continuity when faced with a disruption to their
supply chains. They use the case study examples of two German freight villages,
which are sensitive logistics nodes, to illustrate the concepts. In these systems, a
damaging event can affect multiple supply chains. Although increased integration
brings great benefits, it also carries more risk. In this chapter, a model is presented
which enables risks to be assessed and integrated. This approach enables action
plans to be developed to respond to attacks or disasters and also for alternative
decision paths to be visualised for the identified risks.

Rogers, Pawar and Braziotis’s Chap. 8 considers how to assess the cost of
supply chain disturbances, that is risks and uncertainties, to enable firms to make

Preface vii

http://dx.doi.org/10.1007/978-1-4471-4033-7_5
http://dx.doi.org/10.1007/978-1-4471-4033-7_6
http://dx.doi.org/10.1007/978-1-4471-4033-7_7
http://dx.doi.org/10.1007/978-1-4471-4033-7_8


more informed outsourcing decisions. Based on 5 case study companies that
outsource part or all of their manufacturing to low cost locations, the authors
identify from the cases that demand and supply-related disturbance costs include
customer facing costs, supplier facing costs, communication/information flow
costs, delivery related costs and alignment and integration costs. These costs are
often underestimated and the reasons for supply chain disturbances are often
difficult to predict and beyond the firm’s control. The disturbances are categorised
into supply, demand, process, control, societal/political and environmental.
Assigning costs to these elements and using this to anticipate and manage risks and
uncertainties will help to promote more holistic and transparent outsourcing
decisions.

The next two chapters in this book show how modelling two key processes can
improve supply chain integration. The first chapter considers product flow as the
heart of the logistical system and the second chapter considers the order fulfilment
process as central to connect firms to their customers. Both model the end-to-end
processes to identify improvements and how to better manage the activities within
the value chains.

In Chap. 9, Engelseth uses the case study of milk distribution from farm to retail
to model a supply network as decision-making events. In this chapter, the product
flow is seen as the heart of the logistical system. Building on Alderson’s (1965)
transvection approach, where product transformations are directed by intermittent
decision-making events through a marketing channel to the end-user. The case
study is based on 25 interviews with different actors in the milk product supply
chain, depicting how a relatively simple product transformation is supported by a
far more complex information transformation and which illustrates the complex
network of multiple actors managing the information and product flows to attain
value realization. Improved supply chain integration may therefore be achieved by
better managing the information, product and people flows within the value chain.

Chapter 10 by Amer and Luong argues that the order fulfilment process is the
‘‘heartbeat of the supply chain’’, connecting firms to their customers. Its successful
management has a strong impact on overall supply chain performance and inte-
gration, which in turn lead to improved business outcomes. The authors develop an
order fulfilment model based on a Design for Six Sigma (DFSS) methodology
combined with a fuzzy logic theoretical transfer function for predicting the per-
formance of the perfect order. Adopting this model should enable managers to
continuously improve the order fulfilment process and achieve improved supply
chain integration.

Although manufacturers offer services, they often do not consider them as a
basis for their competitive strategy. By adopting current and new technologies,
more efficient and effective product-centric services can be developed and deliv-
ered for increased competitive advantage. Likewise, by developing a new software
platform, a more integrated and collaborative logistics system can be organised to
deliver improved logistics service and reduced costs and environmental pollution.
The last two chapters in this book consider how strategies need to change and
technologies can be harnessed to provide better overall systems.
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Lightfoot, Baines and Smart’s Chap. 11 explores how, in the face of increased
competition, some manufacturers have started to consider integrated products and
services as a key part of a value added offering to their customers. This serviti-
zation of manufacturing requires an investment in technologies that can monitor
and manage products in use by customers. It also requires a shift in focus from the
more traditional measures of cost, quality and delivery to performance, avail-
ability, and reliability. In addition, the integration of technology with supporting
management processes is needed to ensure the cost effective delivery of product-
centric services. The concepts in this chapter are supported with case study
examples from the aerospace, railway and road transport sectors.

Stumm and Kidd’s Chap. 12 describes a large research project which aims to
study the issues around the delivery of goods, fuel consumption and pollution in
Paris, France. The chapter describes a project which has been conceived to opti-
mise Parisian urban logistics and minimise operational pollution. Some of the
problems include that vehicle trips are made with empty cargo areas, warehouses
have unused storage capacity, rail and waterways are underutilized at night and
intermodal transport is weak. The project aims to develop a software platform to
enable the pooling of data, to optimise collaboration in real time across the
logistics system and to simulate scenarios and plan alternatives. This platform will
help the different actors in the system to pool resources and consolidate flows,
achieving better optimisation of resources, better service guarantees and reduced
costs and pollution.

The chapter topics are shown in Fig. 1.
We would like to take this opportunity to thank Professor Rajkumar Roy, Editor
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grateful to all of the reviewers for their valuable time and effort throughout the
review process. Their timely feedback further improved the quality of the chapters
published in this book. Finally, we would like to thank all of the authors for their
excellent chapter contributions.

We hope you enjoy reading this book as much as we have enjoyed editing it!

January 2012 Hing Kai Chan
Fiona Lettice

Olatunde Durowoju
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Chapter 1
Adoption of Genetic Algorithm
for Cross-Docking Scheduling
with Time Window

Lixing Yeung and CKM Lee

Abstract Cross-docking is widely adopted as an alternative to traditional
warehousing in many industries. It consolidates different deliveries from suppliers
into specified shipments catered for respective customers, thus reducing trans-
portation and inventory holding costs. This book chapter addresses the scheduling
problem of delivery where the products are expected to ship from suppliers to
cross-docking faculties to customers within time window. For generating online
delivery scheduling for the distribution network, the problem, which is formulated
with the objective of minimising the inventory, transportation and penalty cost, is
solved by genetic algorithm. Experiments were conducted to study the robustness
of the model and the performance of the important parameters. From the results, it
was also found that as the number of deliveries, pickups, cross-docks, time horizon
and product type increase, the number of variables involved increases which in
turn increase the complexity of the model. With higher number of variables, the
computational time elapsed increase tremendously and total cost increases with the
number of product types.

Keywords Cross-docking � Genetic algorithm � Warehousing logistics �
Product delivery � Inventory costs
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1.1 Introduction

Cross-docking revolutionised the logistic strategies that enable business entities to
achieve the optimal service level instead of traditional storage method.
Cross-docking is also known as ‘Just-In-Time’ logistic. Cross-docking operator
receives supplies from different suppliers and consolidates the goods according to
their final destinations. After consolidation, the product will be delivered to the
customers. Goods from suppliers are received at inbound docks and sorted goods
shipped at outbound docks. The whole consolidation process inside the cross-dock
usually takes less than 24 h, thus achieving minimum inventory holding. Popular
applications of cross-docking include perishable and limited shelve-life products
such as dairy products and groceries. In practice, a typical order by a customer
from a supplier might not add up to a full truck capacity, or Truck-Load (TL), thus
shipment tends to be Less-than-Truck Load (LTL). Fulfilling such orders via long
haul transportation with LTL capacities result in high and uneconomic transpor-
tation cost. On the other hand, cross-docking encourages cost savings in trans-
portation by implementing TL shipment of short haul transportations. This is
possible because cross-docking operator consolidates LTL orders from various
suppliers and sorts them into designated destinations before shipping the consol-
idated goods via TL trailers accordingly. The sorting process within the cross-dock
is similar to transshipment as goods are transferred from inbound docks to the
sorting area and subsequently to the outbound docks.

Ideally, in cross-dock, goods from incoming trailers are transferred to the
respective outgoing trailers without or little delay. In fact, Napolitano suggested
that goods are supposed to be transferred without touching the ground in cross-dock
(Napolitano 2000). However, this ideal practice is not realistic because there are
always uncertainties in arrival of trucks and other unforeseen delays. Thus,
goods can be placed in temporary holding areas awaiting their allocated outgoing
trucks to arrive.

In contrast to cross-docking, traditional logistic system such as warehousing has
been practiced by many logistics companies in the past and now as well. Ware-
housing logistic keeps inventories to meet demand of customers and also to respond
quickly to the sudden demand changes in the market. Thus, warehouses have to keep
safety stocks to combat against demand uncertainties, supplier lead time uncer-
tainties and other unforeseen circumstances. Although warehousing offers a safe
practice in meeting both stable and volatile demands, this is attained at the expense of
high inventory cost, transportation costs and other possible opportunity costs.

The main objectives of this study are:

• To formulate the cross-docking scheduling problem and to propose GA as
optimisation methodology to ensure the shipments arrive on time

• To validate the proposed model with numerical analysis
• To enhance and acquire the knowledge on cross-docking as an new alternative

storage method.
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The outline of this chapter is shown as followings. Section 1.1 presents the
definition of cross-docking and discusses the main motivations and key concepts
behind this alternative option for tradition logistic systems. The introduction
chapter provides the background information of cross-docking and states the
research objectives subsequently. Literature review studies and distinguishes dif-
ferent types of cross-docking models developed by researchers and how the
optimisation methodologies applied in cross-docking problems. Section 1.3 serves
to illustrate the proposed cross-docking problem that the author will investigate on.
Section 1.4 discusses on the methodology adopted to solve the model and the steps
involved. Section 1.5 describes how experiments are designed to study the influ-
ence of the important parameters of the model based on the obtained results. The
conclusion summarises the highlights of this study and reiterates the important
results drawn from the findings.

1.2 Literature Review

In general, cross-docking problems are grouped according to 3 levels which are
operational level, tactical level and strategy level.

The operational decision level addresses short term planning such as daily or
weekly decisions. These operational decisions involve scheduling of incoming and
outgoing trucks in docks, transshipment of vehicles in cross-docks (Lim et al.
2005; Miao et al. 2008) routing of vehicles (Lee et al. 2006; Wen et al. 2009),
allocations of products (Li et al. 2008, 2009), and assignment of dock door (Tsui
and Chang 1992). These are important active roles that keep the cross-docking
operations running in efficient and effective manner (Agustina et al. 2010).

The tactical decision level formulates mid-term planning such as the design of
the best layout and shape of the cross-dock (Bartholdi and Gue 2000). The
planning in this level provides the basis of facilitating in cross-docking short term
operations. The third party logistics service providers need a proper tactical plan to
overcome the difficulties of fast order cycle time and inventory turnover with
advance logistics techniques.

The strategic decision level examines long term decisions such as the number
and location of cross-dock, and the number of vehicles in the system. Sung and
Song (2003) proposed an integer programming model to determine the location of
cross-docking and vehicles allocation for the associated direct services in the
context of service network.

Scheduling of incoming trailers and outgoing trailers is essential to achieve the
aim of JIT logistics model. The effectiveness of schedule affects how products
perform in terms of the efficiency of the level in throughput (product flow), pro-
cessing time efficiency (makespan), cost-efficiency (inventory, transportation and
late penalties) and space utilisation (overheads from staging areas). These factors
were found to be commonly adopted in the objective function for cross-docking
models. In 2007, Larbi et al. researched on the operation within cross-docking and
drew similarities by comparing with typical transshipment operations. They

1 Adoption of Genetic Algorithm for Cross-Docking Scheduling 3


