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Preface

By definition, a configurable (hence also reconfigurable) system can be
redesigned and remodeled for specific applications for the new (or
changed) environment, and upgraded rather than replaced. With a
reconfigurable system, new products and processes can be introduced with
considerably less expense and ramp-up time. Reconfiguration efficiency
attributed to such systems can be achieved only by means of intelligent
decision-making (i.e., use of system synthesis, analysis, and simulation).
The supply chain for this system must also be configured, aided, and
supported by information systems that enable all supply chain members to
learn about these changes expeditiously and adjust their processes
accordingly.

Supply chain management deals with complex interactions among
supply chain members and decision-making problems. Whether to
establish a supply chain configuration or reconfigure an existing supply
chain is one of the major decisions to be made. The configuration defines
the operating basis of the supply chain. Other managerial decisions are
made using the elaborated configuration as input. Therefore, configuration
decisions are subjected to particularly comprehensive evaluation, which, in
turn, requires utilization of a variety of models and tools. This book aims
to cover these models and tools with particular emphasis on model
integration and combination.

The supply chain configuration problem in this book is perceived as
determining which units (e.g., suppliers, plants) to include in the supply
chain, their size and location, and establishing links among the units. In the
wider sense, the configuration problem may also include designing and
modifying supply chain control structures, information systems, and
organizational structures. Such a focused approach allows for thorough
coverage of problems, issues, and solutions such as configuration under
demand uncertainty, impact of the supply chain power structure, and
hybrid modeling.

Explicit focus on the configuration problem, in-depth coverage of
configuration models, emphasis on model integration, and application of
information modeling techniques in decision-making are distinguishing
characteristics of this book.
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The primary objectives of this book are to

o Establish a focused scope definition of the supply chain configuration
problem

e Develop a supply chain configuration framework supporting
development of configuration models for specific cases

e Discuss models and tools available for solving configuration problems

e Emphasize the value of model integration to obtain comprehensive and
robust configuration decisions

e Propose solutions for supply chain configuration in the presence of
stochastic and dynamic factors

o [llustrate application of the techniques discussed in applied studies

Book Organization
This book is divided into three parts, which are devoted to:

o Defining the supply chain configuration problem and identifying key issues
e Describing solutions to various problems identified
e Discussing applied supply chain configuration problems

The contents of the book are organized in a fifteen chapters format as
follows

Chapter 1. Configuration

This chapter describes general nature of configuration. It talks about
configurable (reconfigurable) systems, their need, focus, motivation,
properties (or characteristics), and general issues and problems faced by
configurable systems. Basically, this chapter is intended as an introduction
to the “nature of configuration” before delving into the more specific
supply chain configuration systems.

Part | Supply Chain Configuration Problem and Issues

Chapter 2. Scope of Supply Chain Configuration Problem

Supply chain configuration is one of the principal supply chain management
decisions. It has profound impact on other subsequent managerial decisions.
This chapter aims to position supply chain configuration decisions as part of
the overall supply chain management decision-making process and to define
the scope of the configuration problem. The positioning is described by ana-
lyzing the typical sequence of decisions made in the supply chain environ-
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ment: definition of strategic objectives * product selection * establishing the
supply chain e strategic supply chain management e tactical supply chain
management ¢ operational supply chain management. The scope definition
describes objectives of supply chain configuration, questions being an-
swered, and parameters and costs involved. Alignment of configuration ob-
jectives with strategic objectives of enterprises involved in a supply chain,
and the supply chain as a whole, is also analyzed.

Chapter 3. Literature Review

The supply chain configuration has been widely studied by both
academicians and practitioners. This chapter aims to review these studies
and to identify common characteristics of the supply chain configuration
problem. The existing research is categorized according to data used in
decision-making and several criteria characterizing the decision-making
problem and its environment. These criteria include the modeling approach
used, application area, problem size, and others. Results of the literature
review are used in defining focus areas of remaining chapters in the book.

Chapter 4. Reconfigurable Supply Chains: An Integrated Framework

The purpose of this chapter is to describe “reconfigurable supply chains,”
their need, and their advantages. Then, we lay out an integrated framework
for their implementation that maps problems and issues with suggested
methods and techniques (either published in the literature or those laid out
in later chapters). Basically, it lays the foundation for methodology in
Chapter 5 and solutions described in Part II of the book.

Chapter 5. Methodology for Supply Chain Configuration

Supply chain configuration is a multiple-step process. This chapter
identifies methodological steps involved in this process and provides
guidelines for accomplishing these steps.

Part Il Solutions

Chapter 6. Knowledge Management as Basis of Crosscutting
Problem Solving Approaches

The importance of this chapter is to highlight that solutions to supply chain
configuration problems must integrate complex modeling and analysis
techniques drawn from a host of disciplines, such as Systems Science,
Management Science, Decision Sciences, Operations Research, Systems
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Engineering, Industrial Engineering, and Information Systems. A proper
knowledge management support to decision-making is required to handle
such a cross-sectional approach. Taxonomical and ontological approaches
to knowledge management are described.

Chapter 7. Information Modeling Approaches

Information modeling is used to gain understating about a decision-making
problem, to formalize the decision-making problem, and to prepare input
data for quantitative modeling. Process modeling is used to gain
understanding of a decision modeling problem by describing entities
involved and their interactions. Data modeling is used to describe decision
variables, parameters, and constraints. Application of the Unified
Modeling Language (UML) and the Supply Chain Operations Reference
(SCOR) model for information modeling purposes is described.

Chapter 8. Mathematical Programming Approaches

Mathematical programming is the most prominent tool used in supply
chain configuration, specifically for establishing the supply chain network,
because of its ability to deal with spatial issues effectively. This chapter
presents the generic mixed integer-programming model used in
configuration. Application of this model, computational issues, and
modifications of the generic model are also discussed. This chapter also
briefly discusses non-linear, dynamic, and stochastic programming
formulations of the configuration problem.

Chapter 9. Simulation Modeling Approaches

Simulation models are used in evaluating supply chain configuration
decisions because of their ability to represent the problem realistically and
to capture a wide range of factors. They can also be applied to select the
most appropriate configuration from a limited set of alternative
configurations. This chapter describes the characteristic features of
simulation models used in supply chain configuration. Issues of validation
of simulation models in the context of supply chain configuration are
raised. An approach for automated model building in the framework of
integrated decision-modeling is discussed.

Chapter 10. Hybrid Approaches

Both mathematical programming models and simulation models have their
advantages and disadvantages. The hybrid modeling that combines optimi-
zation and simulation aims to inherit advantages and to avoid disadvan-
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tages. Application of hybrid modeling in supply chain configuration is de-
scribed. Two important hybrid modeling approaches are described: a) op-
timization and simulation models are used sequentially, where optimiza-
tion is used to establish the configuration and simulation used for
comprehensive evaluation of this configuration; and b) simulation-based
optimization procedures, where the optimization model receives input data
from the simulation model at each iteration. An automated approach to
building hybrid models on the basis of common data models is presented.

Chapter 11. Information Technology Support for Configuration
Problem Solving

Information Technology (IT) has a major impact on supply chain
configuration. IT services are used to find the most appropriate supply
chain configuration (decision support) as well as to ensure operations of
the established configuration (infrastructural support). The decision
support side is implemented on the basis of the supply chain configuration
data model. Use of data warehousing technologies is explored. Alternative
approaches used by major vendors of supply chain configuration tools are
also described. Connections between supply chain configuration tools and
geographical information systems are discussed. Supply chain
management information systems are used to process transactions in the
established supply chain. Different architectures of these systems are
discussed, including architectures based on monolithic Enterprise
Resource Planning (ERP) systems for supply chains, with one dominant
member and truly distributed systems that are integrated using middleware
technologies for supply chains with independent members. Interactions
between configuration decisions and infrastructural support are discussed.

Part 11l Applications

Chapter 12. Review of Applied Studies

This chapter reviews significant applied studies reported in literature.
Issues arising during adoption of configuration decisions in practical
situations are discussed.

Chapter 13. Applications in Automotive Industry

The complexity and importance of supply chain configuration are high in
the automotive industry. Supplier consolidation, manufacturing flexibility,
and modular assembly are major factors influencing configuration deci-



xii  Preface

sions. This chapter discusses the impact of these factors on the configura-
tion decision-making process. Specific cases on information modeling, and
configuration of flexible supply chains under demand uncertainty are ana-
lyzed.

Chapter 14. Application in Retail: Locating a Distribution Center

The retail industry heavily depends upon efficiency of supply chain
management. The magnitude of configuration problems and adoption of
modern technologies are characteristically common to this industry. A case
study of a European retail operation is used as the basis for describing
location decisions in a complex supply chain.

Chapter 15. Future Research Directions in Supply Chain
Configuration Problem

A concluding chapter, which lays out the agenda of future research
directions for the field as seen by the authors, is presented.

Target Audience

The book is targeted to a broad range of professionals involved in supply
chain management. It is modularly structured to appeal to audiences
seeking a discussion of theoretical and qualitative supply chain
configuration problems or a description of more technical quantitative and
computational problems, as well as those interested in applied supply chain
configuration problems.

The main target group is graduate students in industrial engineering,
systems engineering, management science, decision analysis, logistics
management, operations management and applied operations research, and
practitioners and researchers working in fields of supply chain
management and operations management who aim to combine
mathematical aspects of problem solving with the use of modern
information technology solutions.

Professional/technical readers. This category includes research directors,
research associates, and institutions involved in both the design and
implementation of logistics systems in manufacturing and service-related
projects. Examples will include the National Center for Manufacturing
Sciences and the Southwest Research Institute.

Managers, product and process engineers, logistics coordinators, and
production planners within the product design, manufacturing, and logistics
departments of various companies will also find the book a useful resource.
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Academic readers. Professors and research associates within universities
and colleges in industrial engineering, manufacturing engineering,
mechanical engineering, automotive engineering and engineering
management, management science, and production and operations
management, will find the book interesting to read.

This book may be used for teaching in graduate and professional
development courses. It is also a valuable reference material for research
in the area of supply chain management, logistics management, and
operations management. The professional societies interested in these
areas are:

Institute of Industrial Engineers (IIE)

Society of Manufacturing Engineers (SME)

Institute of Electrical and Electronics Engineers (IEEE)
INFORMS and Engineering Management Society

Production and Operation Management Society (POM)
Decision Sciences Institute (DSI)

American Production and Inventory Control Society (APICS)
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Part | Supply Chain Configuration Problem and
Issues



1. Configuration

1.1 What is Configuration?

Modern organizations operate in a continuously changing environment
influenced by economic, political, and technological developments. These
dynamics of change have presented business enterprises with
unprecedented opportunities and challenges in their quest for finding new
ways to compete. Firms are beginning to move from operating on a
regional or national to a global scale. They are increasingly replacing the
traditional hierarchical organizational structure with centralized control to
a flexible, decentralized set-up with varying degrees of autonomy. They
are striving to offer customized products in specialized markets to stay
competitive. The ability to quickly adapt to changes, such as with time-to-
market products, as well as incorporate institutional reforms will be the
key to survival for firms.

In this environment, products are reaching a large consumer population
across different market segments with expectations of high quality, low
cost, and large product variety. This is resulting in increased complexity in
all phases of the product life cycle, as well as rapid turnaround of products.
With shorter life cycles than before, the need for product innovation has
never been greater. One of the primary means employed by firms to
achieve innovation is configuration, defined as follows:

“Configuration is an arrangement of parts or elements that gives the
whole its inherent form.”

This definition points to the fact that configuration is achieved through a
calibrated perturbation of system elements aimed at meeting a revised set
of functional requirements and objective(s) for the product, as the core of
its existence.

! Merriam-Webster Dictionary and Online Thesaurus.
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In this book, we present and explain concepts, solutions, and applica-
tions that are important for the effective configuration of the supply chain.
The supply chain, which is also referred to as the logistics network, repre-
sents an integrated system. It consists of; (a) entities, such as suppliers,
manufacturers, warehouses, distributors, and retailers, and (b) their rela-
tionships as they manage the flow of materials in the form of raw materi-
als, work-in-process, and finished goods inventories. To optimize the per-
formance of this system, it is essential to configure it based on the
changing dynamics of supply and demand in the market. Before we look
into various aspects related to configuration of the supply chain throughout
the book, let us first define a configurable system, such as the supply chain
and why it is needed, and some of the key issues in managing a configur-
able system.

1.2 What is a Configurable System?

In defining configuration, the relationship between the whole-part
components describes a system in its most basic representation. Because
configuration changes the form of the whole, it can be described as a
manifestation of a system at any given state relative to its original state at
the time of conceptualization. Configuration affects a system’s functions,
either marginally or completely altering its form. Usually, the basis of
configuration is the desire to upgrade or improve the functionality of the
system. A system that embodies these dynamic properties is a configurable
system. We propose a configurable system approach that integrates a
system’s components from concept to feasible solution. These are

System and system design concepts — system of systems — sources of
configuration (product-process-resource) — sources of configuration
(public policies) — configuration problems — configuration models
— configuration solutions

We describe these elements next.

1.2.1 System and System Design Concepts

A configurable system, as a class of system, follows a general system’s
main traits but has its own unique features. It is based upon the following
three main principles:
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e Principle 1 — A configurable system is based upon a whole-part
relationship

e Principle 2 — A configurable system encapsulates interdisciplinary
knowledge

e Principle 3 — The General Systems Theory (GST) influences the design
of a configurable system

Whole-Part Relationship.

A general system stands for a set of things (or entities) and the relationship
among these things. Formally, we had S = (7, R), where S,T,R denoted a
system S, a set of things 7 distinguished within a domain S, and relation
(or relations) R defined on 7, respectively. Thing (T) consists of seven
components: T = (I,0,E, 4,F, M, P), which are input, output, environment,
agent, function, mechanism, and process, respectively. These components
of a generic system are described below in Table 1.1 (Nadler 1970):

Table 1.1 System Components

System Component Examples

Input Physical item, information, or service that is necessary to
start processes.
Output Physical item, information, or service that results from

processing of input. The output is related to the total
accomplishment of the function.

Environment Physical or sociological factors within which system
elements operate. It relates to resource requirements, both
physical and human.

Agent Computational or human resources for carrying process.
Function Mission, aim, purpose, or primary concern of the system.
Mechanism Physical or logical facilitators in the generation of an output.
Process Flows, transformations, conversions, or order of steps that

transforms an input into an output.

Formally, the system (whole) may be defined as an assemblage of sub-
systems (parts), and agents and mechanisms (people, technology, and
resources) designed to perform a set of tasks to satisfy specified functional
requirements and constraints. In a configurable system, parts may define
its physical, logical, and virtual systems. For example, these may represent
the manufacturing, logistics, and Internet (or eCommerce) systems (or sub-
systems), respectively. For a configurable system the whole gives it form,
structure, organization, and arrangement, etc.

Relationships are defined among system components and can be both
internal among system elements (identified in Table 1.1) and external with
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the system’s environment. The level of control exerted on the system (i.e.,
at the strategic, tactical, and operational levels) also defines relationships.

Systems give organization a formal structure, a purpose, a goal
(objective), and above all a basis for integration. Such a structure is
beneficial for an organization in managing its complexity, integration of its
functions, and aligning its product-process-resource structure. System also
provides the framework that an organization needs for designing and
implementing models, methodologies, tools, and techniques for aligning its
business (es) and improving productivity.

In the light of the above explanations, it can be construed that a
configurable system is a specialist system, which combines to yield a
system-of-systems that performs the function of an integrated system for
the entire product-life-cycle — i.e., from concept generation to its maturity.

Interdisciplinary Knowledge

Ludwig von Bertalanffy formulated a new discipline, General System
Theory (GST) (Von Bertalanffy 1968, 1975), and defined its subject mat-
ter as “formulation and derivation of those principles which are valid for
systems in general whatever the nature of the component elements and the
relations or forces between them.” GST enunciated the principle of
unification of science, and its essence was inter-disciplinarity. It produced
a new type of scientific knowledge — interdisciplinary knowledge. Accord-
ing to Bertalanffy, there is some element of isomorphism (state of similar-
ity) that allows extension of one scientific discipline to other sciences.
Thus, in complex systems such as the configurable system, we see the de-
sign of knowledge at a high level or generic level, and low level or the
domain level. These are, therefore, labeled as general knowledge and do-
main (specific or expert) knowledge.

Influence of GST on System Design

The biggest influence that GST has had on system design is in its
formalization. For example, a system is designed to recognize its whole-
part relationship instantiated in its environment (both internal and
external).

The concept of isomorphism has facilitated system design by
recognizing similarity (or commonness) across entities, relationships, and
environmental variables. Similarity implicitly recognizes relationships,
thereby improving a system’s representation and eventually impacting its
performance (quality, reliability, etc.).

Another useful feature of GST in system design is separating informa-
tion needs (and associated knowledge) at the domain independent (or
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generic) level from that of domain dependent (or specific/problem) level.
Such an approach ensures that the system captures both breadth and depth
of knowledge. Because the latter is embedded in the former, the captured
knowledge has a larger context, thereby ensuring interactions and thus lar-
ger relevance. It also ensures that the knowledge does not become redun-
dant. In Table 1.2, we provide a brief explanation of various design princi-
ples that play a part in the overall design of a configurable system.

Table 1.2 Key Design Principles for Configurable System Design

Design Principle ~ Explanation

Unity All systems (and their components) are whole (unity)
depending on the context in which they are represented.

Commonality All systems in the universe of systems share common
universal characteristics.

Isomorphism Similarity (and therefore commonality) among system
components and associated relationships.

Reuse Commonality leads to reuse and eventually standardization,
conformity, and reliability.

Abstraction Enables managing complexity by abstracting features of

system’s components. It also allows representation of
relationships, such as whole-part and generalization-
specialization.

Polymorphism Creates classes of systems and reuses them for specialized
functions.

Encapsulation Enables encapsulating knowledge and information-hiding on
objects (and classes) to create uniqueness of objects (and
classes).

Independence Domain independent vs. domain dependent knowledge
creation.

Inheritance Enables the avoiding of information redundancy and
information-hiding by clustering information representation
where they rightfully belong.

1.2.2 Sources of Configuration

As the definition of configuration given in the earlier section suggested, it
affects a system’s characteristics, such as form, structure, organization, and
arrangement. The system’s product, process, and resource dimensions
mainly represent the sources of these characteristics. We discuss these
next.

e Product-related configuration is usually implemented as a result of
implementation of strategies that make
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- Changes in product characteristics, such as adding more variety due
to changes in newer models, colors, additional user-friendly features,
etc.

- Changes in product specifications as a result of either new or
enhanced functional requirements due to customer needs,
performance standards, process changes, and service criteria

- Changes in product structure as a result of changes in product design
for manufacture, assembly, delivery, new processes, and technology
employed for product development

Process-related configuration is implemented as a result of improved or

enhanced process technology that enables the enterprise to achieve

agility and flexibility in their manufacturing operations, as well as
integrate various processes. It enables the achievement of modularity in
product development and the acquisition of specialization.

Resource-related configuration is implemented in response to the

requirement of specialized, knowledge-intensive resources by the

enterprise as it adopts newer advanced technologies to improve its
performance.

Organization-related configuration is implemented to meet the need for

enhancing organization controls as the decision-making process is

carried out in an enterprise. Such a situation arises as decentralized,
semiautonomous, or autonomous decision-making is introduced to
improve the quality and speed of decision-making.

Service-related configuration is implemented with a view to improving

and maintaining both prior- and post- product delivery service in a

customer-centric environment.

Competitive strategie-related configuration is implemented as a result

of strategy adoption, such as off-shoring, outsourcing, mass

customization, time-to-market, and globalization that have the potential
of offering a competitive advantage to an enterprise.

Others

- Change in lead-time. Product development can potentially be highly
integrated and, as such, any change in lead-time for any product
component will involve reconfiguring the system to account for its
impact.

- Change in pricing. This may impact sales contracts and revenue-
sharing contracts among the enterprise partners due to a potential
change in product sales volume or its market share.

- Change in location on either production or delivery for any
component of the product-life-cycle will be cause for re-evaluation,
and hence configuration of the system. It will particularly affect
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production and logistics activities because these involve movement of
goods and associated transportation activities.

- Change in supplier selection either to add or remove a supplier must
be accounted for in the product development process. Such a decision
may have major impact on product quality, product development,
production scheduling, etc.

- Change in product or process cost may occur due to changes in the
cost of procuring raw materials and other technologies required in the
delivery of products.

- Change in contracts. Revenue sharing, cost sharing, technology
sharing, and resource-sharing arrangements are entered into between
enterprise and its business partners.

1.2.3 Impact of Public Policies on Configuration

Many of the social, economic, political, environmental, and technological
developments of our times are driving configuration in systems. Public
policies enunciated by governmental and non-governmental organizations
and industry, which monitor or regulate industrial and business practices,
are one of the primary means of implementing suitable changes or reforms.
Among some of the significant policy issues with major impact on
business practices, and consequently on configuration of systems, are

e FEnergy conservation. Consumption of natural fuel in automobiles, for
industrial production, household appliances, and utilities

e Health care reforms and their impact on total business costs

e Social security entitlements for seniors and their impact on national
economy

o Water and natural resource management, especially due to increasing
consumption by the rising global population

e Biotechnology and its impact on problems in business, engineering, and
medical sciences

e Nanotechnology for unique applications to major problems in
engineering, science, and medicine

Public policies are capable of having major impacts at national, regional,
and local levels and, as such, solutions designed for these problems must
recognize both global and local implications. Accordingly, the factors
considered for evaluation in models designed for problem solving are
chosen carefully and deliberately.
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1.2.4 Configuration Problems

There are two types of problems that are encountered in a configurable
system.

At the macro level, the whole system is considered and decisions
concerning all entities involved are made. Generally, strategic decision-
making problems are addressed at this level. Examples of such problems
include the following:

e How much to invest in new or existing plants and at what locations?
e Which products to include or exclude in the existing product portfolio?

At the micro level, issues concerning implementation of the macro level
decisions are addressed. Examples of such problems are

e How much plant capacity should be allocated to a particular product?
e Which product(s) are to be scheduled for production on a given
machine?

The problem of coordination and synchronization of activities and
resource utilization occurs at all levels of implementation in an enterprise.
A common problem encountered is that of information sharing among
various members/partners in an enterprise. This often leads to either under-
or mis-utilization of resources and impacts scarce resources such as
capacity and inventory.

1.2.5 Configuration models

Similar to configuration problems, configuration models may also be
classified into two types.

Macro model. 1t describes behavior of the whole system with emphasis
on strategic decision-making. Models used are characterized by higher
level of abstraction and generality.

Micro model. At this level, the models are designed to investigate
behavior of individual entities involved in the system. These models are
domain dependent and are designed to solve specific problems.

A third type of model, a coordination model, is usually designed to
coordinate the interactions between macro- and micro-evel models. This is
typically by way of arriving at solutions that meet the objectives of the two
types of models.
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1.2.6 Configuration Solutions

Configuration solutions designed for solving configuration problems are
closely aligned to the configuration models. Examples of some of these
solutions are

e Configuration network optimization that is aimed at maximizing the
revenue flow throughout the network

e Global optimization that attempts to optimize both functional and
interorganizational objectives

o System integration through collaborative planning among various
enterprise partners

e Customer value for service level maximization through statistical
planning and control, and total quality management techniques

o [nformation technology and decision support systems. Implementing
enterprise resource planning decision support systems for collaborative
planning throughout the enterprise.

These and other solution techniques will be discussed throughout this
book.

1.3 Why is a Configurable System Needed?

The motivation for developing configurable systems is the desire to use
advanced systems for complex problem solving that can be designed,
modeled, and configured according to specifications suitable for specific
applications — flexibly and with agility, and upgraded and reconfigured
rather than replaced. With a reconfigurable system, new products and
processes can supposedly be introduced with considerably less expense
and ramp-up time.

The emphasis of configuration is purely on focused changes to the
system, rather than its total redesign. The changes are caused by many of
the sources of configuration and policies described in the previous section.
The notion of focused changes is based on incremental or additive design,
which implies that a design may not be done from scratch. Instead, an
existing design case may be used as the basis with the proviso of
refinement/revision for the final designed product.
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1.4 Examples and Applications of Configuration

The concept of configuration has been widely applied across many fields
and in several different applications. In each case, however, as the defini-
tion of configuration given in Section 1.1 suggests, it symbolizes the no-
tion of arrangement of parts (components or sub-systems) forming a whole
(system). Implicit in this definition is the idea of integration towards a
common purpose or objective. Below, we give examples from various dis-
ciplines where the concept of configuration has been applied successfully
to improve/upgrade systems.

In computer systems, a configuration is deemed as an arrangement of
functional units according to their characteristics. Often, configuration re-
fers to the choice of hardware or software, or combination of both. For in-
stance, a configuration for a personal computer consists of 512 megabytes
main memory, a floppy drive, a hard disk, a modem, a CD-ROM drive, a
LCD monitor, and the operating system, among other components. Many
software products require that the computer have a certain minimum con-
figuration. For example, the software may require a graphics display moni-
tor and a video adapter, a specific microprocessor, and a minimum amount
of main memory. Similarly, when a new device or program is installed, it
sometimes needs to be configured, which means setting up various
switches and jumpers (for hardware) and defining values of parameters
(for software). For example, the device or program may need to know
what type of video adapter is available and what type of printer is con-
nected to the computer.

In the building construction industry, configuration refers to the struc-
ture and form of the building, such as a dome, apartment building, etc.

In many industrial applications, configuration refers to the change in
physical layout. For example,

e Airfield runway layout and configuration refers to the maximum
possible number of aircraft landing and takeoff due to the layout of the
runway

e Refinery plant and facilities. Each petroleum refinery is uniquely
configured to process specific raw material(s) into a desired line of
products

e In mathematics, the concept of configuration space is utilized in
defining the position of a single point in an n-dimensional plane

e In mechanical engineering, it is possible to tailor an engine
configuration for a certain operation or operations

e In chemistry, molecules can be configured according to certain
structural arrangements and properties
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o In atomic physics and quantum chemistry, the electron configuration is
the arrangement of electrons in an atom, molecules or other body

o In logistics systems, which span a supply chain, configuration refers to
the choice of locations for either production or warehousing, or both,
and how to organize raw materials and other goods inventory to support
various echelons in the supply chain. Obviously, this is the primary
topic of this book and a detailed discussion on supply chain
configuration follows in the remainder of the chapters

1.5 Key Issues in Configuration

There are key issues encountered in developing configurable systems, and
their impact is felt across all levels (i.e., strategic, tactical, and operational)
of decision-making in an enterprise.

1.5.1 Coordination and Synchronization

In a configurable system, there is a high level of integration among its
parts (or components). This integration is achieved through common
strategies and policies, and objectives for the whole (system). In order to
achieve it, a high degree of coordination and synchronization of plans and
actions among the parts is required.

1.5.2 Conflicting Objectives

Various parts (components) that together define the whole (system) have
their own objectives. As we configure them together, invariably these
objectives become in conflict or work against each other. For example, the
objective of minimizing costs in one sub-system may be at odds with
maximizing product variety in another sub-system. It becomes quite
important, therefore, to find a compromise between these conflicting
objectives.

1.5.3 Complex Network

The structure and functioning of a configurable system may become highly
complex, especially when the sub-systems (plants or facilities) are co-
located and there is a high-level of interlinking among them (e.g., flow of
materials or inventories occurs within the-plant or facility). Obviously, the
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question arises on the makeup of the structure so it will meet the stated
objectives (of both parts and whole), which in this case may be shortest
lead-time or least cost.

1.5.4 System Variation Over Time

A configurable system is a self adapting, dynamic system. As described
earlier, this could happen due to changes in any of the system’s
components or controls exercised via various strategies or policies
reflecting changes in the environment. For example, if the demand input to
a production system is based on the point-of-sale data captured through
various order entry outlets, the configured system would naturally
integrate inputs and outputs from all related subsystems (i.e., forecasting,
order management, inventory management, production planning, and
shipping and warehousing).

1.5.5 Push-Pull Strategies

One of the ways business enterprises have remained competitive is by
pushing change through turnover of products and their inventories so that
when the consumer demands shifts, the system is nimble and agile enough
to respond to changing circumstances. By adopting an approach to work
on a push-pull strategy, they are able to postpone adoption of emerging
changes to products and associated processes and / or resources in the
product life cycle, as late as possible without adversely affecting the
business. This is achieved by pushing the product in the product-life-cycle
until such phase or time, that it could be easily pulled away, in order to
reflect evolving changes resulting in a new product configuration.

1.5.6 Direct-to-Consumer

With the advent of the Internet and its creative uses in all aspects of the
product-life-cycle, it is quite natural for enterprise systems to be
configured to shorten the time required for a product to reach the ultimate
consumer. This implies the elimination of echelon(s) throughout the
product life cycle. Some noteworthy examples are through application of
eCommerce techniques, the role of traditional middleman (such as a travel
agent in the airlines industry, teller in the banking sector, order taker in
consumer and mail-order catalog industries) is either being eliminated or
becoming irrelevant and, therefore, unnecessary. The end result is that



1.5 Key Issues in Configuration 15

manufacturers or suppliers are reaching the end-consumer directly, thereby
realizing savings in time and cost.

1.5.7 Strategic Alliance

As products are being designed to offer enhanced features, it is becoming
apparent to firms that they do not have the capability to go it alone. They
are, therefore, seeking strategic alliances by partnering with other firms
who add value to the product, and help meet the targeted objectives.
However, the resulting arrangement raises more questions, primarily
related to synchronizing the plans, strategies, and objectives of alliance
partners, as well as sharing the common benefits among them.

1.5.8 Mass Customization

One of the ways firms have attempted to differentiate their products to
consumers is by offering customized products. This has been achieved by
designing products that meet conflicting objectives of low cost, high
quality and customer value, large variety, and shorter lead times. The
challenge lies in how to, (a) configure various systems that support product
life cycle to absorb variations in consumer demands, and (b) the resulting
activities to support their fulfillment without causing a major disruption in
the enterprise system.

1.5.9 Outsourcing and Procurement Strategies

As firms find innovative ways to compete, they have resorted to strategies
that would bring down product costs and/or lead times. Outsourcing of
components, business functions, and services are increasingly being used
as a means to achieving these strategies. Such activities, however, lead to a
major problem in coordination of ordering and receiving so that the
product may be assembled or produced according to schedule.

1.5.10 Information Technology and Decision Support Systems

These have played an important role as enablers of various functions, as
well as decision-making tools in the product life cycle. This is particularly
true in the case of enterprise resource planning systems that firms have
been using successfully to integrate actions and policies across functions
and entities in an enterprise. The problem, however, arises whenever
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newer functions are introduced into the enterprise, especially when various
parts or entities of the system are either not ready or incapable of
integration due to various reasons, primarily lack of technological
capabilities.

1.5.11 Customer Value

This should be measured in tangible or intangible terms. Intangible value
can be measured by customer perception of the product in terms of
usefulness, appeal, etc. Tangible value can be measured by price, after
sales service, warranty, etc.

In the rest of the book, we describe various solution approaches and
techniques to many of the above issues. These utilize models and algo-
rithms drawn from operations research, statistics, simulation, and informa-
tion sciences disciplines among others.

References

Merriam-Webster ~ Online  Dictionary and  Thesarus,  http:/www.m-
w.com/home.htm (October 2006)

Nadler G (1970) Work Design: A System Concept. [rwin, Homewood

Von Bertalanffy L (1968) General System Theory. George Braziller, New York

Von Bertalanffy, L (1975) Perspectives on General System Theory. George Bra-
ziller, New York.



2. Scope of Supply Chain Configuration Problem

2.1 Introduction

As firms position themselves to stay competitive, they face the challenge
of transforming their operations from a static to a dynamic business envi-
ronment. An obvious choice for transformation are supply chain operations
because of their potential impact on almost every aspect of the business
encompassing the extended enterprise. This is a complex undertaking be-
cause supply chain management entails managing the following under the
umbrella of a common framework:

e Entity relationships, such as product, process, resource, organization,
supplier, retailer, customer, etc.

e Flow of goods, services, cash, and information

e Objectives, strategies, and policies

Further, the framework is developed to account for risk and uncertainty
caused by factors internal and external to the enterprise. Obviously, this
requires reconfiguring the supply chain in order to keep pace with the
changing environment.

In this chapter, we focus on studying the nature of the supply chain and
its configuration in a dynamic business environment. We develop an un-
derstanding of the basis for a supply chain configuration problem, its clas-
sifications, and its various dimensions.

2.2 Supply Chain and Supply Chain Management

The management of a supply chain is a complex undertaking. It involves
considering its unique system structure, dynamic design, hierarchical mod-
eling needs, multi objectives, and the need for coordination of interactions
among its entities. We discuss below how these elements can be brought
together to make supply chain management effective.
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2.2.1 A Systems Perspective on Supply Chains

Supply chain is a special class of system. Accordingly, it inherits all the
general properties of a system. In addition, it has its own characteristics
due to the special network structure. Next, we present a system perspective
on supply chain.

Supply chain, and Supply Chain System

A supply chain is a network of suppliers, manufacturers, warehouses, dis-
tributors, and retailers who, through coordinated plans and activities, de-
velop products by converting raw materials to finished goods inventory. In
the process, they share materials, financials, and information flows be-
tween their facilities. In this arrangement, the supply chain network per-
forms as a unit (whole) with various business entities (supplier, manufac-
turer, warehouse, distributor, and retailer) playing the role of its members
(parts). The coordinated plans and activities define the relationships among
these members according to which flows are shared based on a common
objective. This definition leads to the observation that a supply chain is a
system, as also explained in Sections 1.1 and 1.2 of the book.

We also assert that a supply chain is a complex system, as well as a sys-
tem-of-systems, because it embeds other systems representing product,
process, and organizational structures of an enterprise. In this regard, three
system facets applied to the supply chain are depicted in Fig. 2.1, and
elaborated below.

fOpen system

Complex system
K (Organizational syste@/

Fig. 2.1 General system facets applied to a supply chain.

From the system management perspective, a supply chain is viewed as
an organizational system (Kast and Rosenzeig 1972), because a supply
chain has managerial issues that can be classified into three levels — strate-
gic, tactical, and operational (Simchi-Levi et al. 2003). As described in
Table 2.1, long-range supply chain management issues need to be planned
at the strategic level, in order to accommodate the varieties of policies and
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objectives across the supply chain network. At the tactical level, mid-range
supply chain activities need to be planned and synchronized. At the opera-
tional level, day-to-day tasks and operations in the supply chain must be
managed.

Table 2.1 Decision-Making Levels in Supply Chains

Decision- Timeline Type of Decision Made
Making Level
Strategic 3to 10 years Investment on plants and capacities.

Introduction of new products.
Creation of a logistics network.

Tactical 3 months to 2  Inventory policies to use.
years Procurement policies to be implemented.
Transportation strategies to be adopted.
Operational ~ Day-to-Day Scheduling of resources.

Routing of raw materials and finished products.
Solicitation of bids and quotations.

A supply chain can also be characterized as a complex system
(Agostinho and Teixeira 2003), which is defined as an organization of a
large number of simple, mutually interacting parts (such as a supply
chain’s individual members) capable of sharing information among them-
selves, as well as with its environment, and adapting its internal structure
as a consequence of such interactions. From the perspective of interaction
with its environment, a supply chain can be considered an open system. To
survive, a supply chain maintains steady state by continuous inflow and
outflow from and to its environment, like biological organisms. Steady
state implies that its system requirements are fixed for a specific period of
time to make the system manageable.

As firms debate the adoption of the supply chain concept to manage
their business operations in the extended enterprise, an obvious question
arises as to what alternative forms of supply chain to implement — i.e.,
should it be product focused, or should customer focus be important? The
answer lies in the fact that the type of supply chain to be implemented
should be a function of both product characteristics and customer expecta-
tions. This is quite true, because adopting a supply chain that does not con-
form to the needs of the product and its customer is not justified (Fisher,
1997). We describe below two types of supply chains that meet this criteria
(Vonderembse et al. 2006).
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Lean Supply Chain

According to Vonderembse et al. (2006), “a lean supply chain employs
continuous improvement efforts that focus on eliminating waste or non-
value steps along the chain. It is supported by the reduction of setup times
to allow for the economic production of small quantities; thereby achiev-
ing cost reduction, flexibility and internal responsiveness. It does not have
the ability to mass customize and be adaptable easily to future market re-
quirements.” This type of supply chain is essentially based on the lean
principles, which advocate the reengineering of business processes to re-
move all non-value added activity, generally ascribed as the source of
waste in the system. Another significant feature of the lean technique ap-
plied in the lean supply chain is integration across functions of the enter-
prise. The accrued benefits are a high capacity utilization rate, shorter lead
times, and minimization of total supply chain costs.

Agile Supply Chain

According to Vonderembse et al. (2006), “an agile supply chain profits by
responding to rapidly changing, continually fragmenting global markets by
being dynamic and context specific, aggressively changing, and growth
oriented. They are driven by customer designed products and services.”
This type of supply chain is based on the principles of agility, which nur-
tures a production environment where products are adaptable to future
changes in volume, variety, and lead times. In this environment, a high
level of synchronization is desired with the result that members of the ex-
tended enterprise, such as the suppliers, also implement agility principles
in their business operations.

Supply Chain Management

Supply Chain Management (SCM) involves various approaches utilized to
effectively integrate suppliers, manufacturers, and distributors in perform-
ing the functions of procurement of materials, transformation of these ma-
terials into intermediate and finished products, and distribution of these
products to customers in the right quantities, to the right locations, and at
the right time to meet the required service level with minimal cost.

Supply chain management also involves managing a connected series of
activities that is concerned with planning, coordinating, and controlling
movement of materials, parts, and finished goods from the supplier to the
customer. For this to occur, material, financial, and information flows are
managed as decisions are made at strategic, tactical, and operational levels
throughout the supply chain. Supply chain management issues span a large
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spectrum of a firm’s activities at these levels (Simchi-Levi et al. 2003).
Table 2.1 summarizes decisions made at these levels.

2.2.2 The Supply Chain as a Configurable System

A configurable supply chain is a system that efficiently adapts to its envi-
ronment, offered in the form of supply and demand issues for the prod-
uct(s) to be manufactured. A configurable supply chain is needed to man-
age logistics in a configurable system. This is because the adopted policies
for product, process, and resource components of a configurable system
have to be integrated with both inbound and outbound logistics decisions
to realize benefits of flexible strategies. Some of the key triggers for de-
signing and implementing a configurable supply chain are as follows:

Introduction of new product(s), or upgrade for existing product(s)
Introduction of new, or improvement in existing, process(es)
Allocation of new, or re-allocation of existing, resource(s)
Selection of new supplier(s), or deselection of existing ones
Changes in demand patterns for product(s) manufactured

Changes in lead times for product and/or process life cycles
Changes in commitments within or between supply chain members

A configurable supply chain can help in assessing the impacts of one or
more of the following factors / activities in a configurable system:

Flows due to materials, inventory, information, and cash
Throughput due to movement of products

Capacity utilization

Costs at various stages of the product development life cycle
Lead time in product development

Batch and lot sizing

Process redesign

Product development strategies

Procurement and/or allocation of resources

Strategic, tactical, and operational policies for the supply chain

Analysis of these factors / activities involves dealing with a wide range
of managerial problems and spans across all tiers of the supply chain.
Problem-solving approaches need to consider both interactions among fac-
tors and activities, and supply chain members.
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2.2.3 Supply Chain Management Process

Supply chain configuration is one of the principal supply chain manage-
ment decisions. It has profound impact on other subsequent managerial de-
cisions. The decision-making process involved in configuring the supply
chain analyzes the entire spectrum of system capabilities ranging from de-
terministic to stochastic systems. This is primarily due to the hybrid envi-
ronment encountered in a supply chain where key factors in the decision-
making process such as product demand, materials inventory, and avail-
able capacity may undergo rapid variations due to uncertainties caused by
various control mechanisms, such as inventory and procurement policies,
supply and revenue contracts, and so on. We propose supply chain con-
figuration as an integral part of the overall supply chain management proc-
ess.

Supply chain management is carried out as a step-by-step process. This
process moves from a macro to a micro perspective that, in effect, aligns
objectives to problems and their solutions. We briefly describe these steps.

1. Definition of strategic objectives. These high-level objectives are
aimed at steering the supply chain on a specific course. These may
have significant impact on the performance or operations of the
supply chain. These are primarily related to the allocation of
resources, positioning of the product, and implementation of key
strategies. For example, where to locate plants, investment in
manufacturing capacities, decisions on outsourcing or off-shoring of
manufacturing or other activities, introducing the product to newer
and / or emerging markets, and so on.

2. Product selection. A candidate product or products, whose supply
chain is to be managed, are selected. Ideally, this would be an
established (or matured) product whose product and process life
cycles are well established and in which supply chain partners are
already collaborating to offer the product to consumers. One could
also select a new product whose supply chain has been clearly
identified and potential partners are firmly on board. In this case,
however, closer attention is warranted in monitoring implementation
of various strategies and measuring objectives put in place at the time
the supply chain is designed.

3. Establishing the supply chain. This is a process requiring a high level
of collaboration, coordination, and synchronization among various
activities and operations spread over a potentially large and varied
number of supply chain partners. It starts with the selection of
suppliers of raw materials and components. It may be prudent to have
both primary and secondary suppliers. Next, manufacturing and
production operations must be clearly identified. This involves
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decisions regarding (a) identifying the manufacturing processes
(through the process design activity), (b) location of facilities where
these processes will be carried out, (c) allocation of resources to
processes, and (d) production schedules. Following this step,
decisions on product-related logistics must be made, which involves
inbound and outbound logistics, such as procurement of raw
materials, transportation and warehousing of inventory, and
distribution of inventory to retailers. Finally, operations related to
marketing the product to the consumer must be defined. In all of these
activities, various policies related to forecasting demand, managing
inventory, product planning, and so on must be clearly identified.

. Classifying the problems. As described earlier, the supply chain has a
complex structure with entities that have the role of a whole (supply
chain) and its parts (supply chain members). The interaction of these
entities with each other and with the environment creates problems at
both the higher (global or macro) and lower (local or micro) levels.
Accordingly, the nature of these problems in terms of their
complexity and impact on the enterprise performance is different. For
example, macro-level problems may have potential impact on the
enterprise, while micro-level problems are more focused and may
only impact a function or unit of the supply chain. A more detailed
discussion of problem classification appears in Section 2.3. Due to
the complexity of the supply chain structure, it is prudent to
decompose the problem at macro and micro levels to design, model,
and solve these problems efficiently and effectively.

. Strategic, tactical, and operational level supply chain management.
As a complex and integrated business enterprise, the impact of
decision-making on the performance of the supply chain is felt at all
levels, such as strategic, tactical, and operational. Table 2.1
summarizes the types of decisions and the frequency with which
these are made at various levels. The challenge in designing and
modeling the decision-making tools is to incorporate integration of
input in the form of shared information and other variables across
various decision-making levels.

. Classify problem-solving models and solutions. Similar to
classification of problems described above, problem-solving models
and solutions for the supply chain are also classified at the macro and
micro levels. In fact, these models are designed to solve macro- and
micro-level problems, respectively. In addition, an integration model
is designed to essentially integrate solutions provided by macro and
micro models, and in most cases iteratively, thereby ensuring that an
optimal, and more than likely a sub-optimal solution, is obtained. We
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provide extensive coverage on various problem-solving models and
solutions throughout the rest of the book.

2.3 Supply Chain Management Problem Domain

Supply chain management involves dealing with multiple managerial and
technical problems (Cooper et al. 1997; Mentzer et al. 2001). These prob-
lems highlight several common issues that must be addressed for a supply
chain to function effectively and efficiently. We discuss below some of
these issues and how they have been addressed in the published literature.

Distribution Network Configuration

This issue deals with the selection of warehouse locations and capacities,
determining the production level for each product at each plant, and final-
izing transportation flows between plants and warehouses so as to maxi-
mize production, transportation, and inventory costs. This issue relates to
information sharing: (a) inter-firm between marketing, production plan-
ning, inventory planning, and receiving and warehousing functions, and
(b) intra-firm between manufacturer, suppliers, distributors / retailers, and
transporters. It is a complex optimization problem dealing with network
flows and capacity utilizations (Ballou 2001; Beamon and Fernandes 2004;
Bozarth and McDermott 1998; Cakravastia et al. 2002; Cochran and
Marquez 2005; Duray et al. 2000; Ernst and Kamrad 2004; Garavelli 2003;
Salvador et al. 2004; and Schmidt and Wilhelm 2000).

Inventory Management

This issue deals with stocking levels at various echelons in the supply
chain. Demands from echelon-to-echelon are considered in making this
decision. This is a decision problem solution which involves using fore-
casting, inventory management, and simulation and optimization algo-
rithms. Retailers, suppliers, and manufacturers deal with this issue in a
supply chain by sharing information on customer demand, inventory lev-
els, and replenishment schedules (Childerhouse et al. 2002; Sheffi 1985).

Supply Contracts

This issue deals with setting up relationships between suppliers and buyers
in the supply chain through establishment of supply contracts that specify
mutually agreed-to prices, discounts, rebates, delivery lead times, quality
standards, and return policies. This approach differs from traditional ap-
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proaches because its central focus is on minimizing the impact of decisions
made at not just one echelon in the supply chain, but on all its players. A
retailer sets up these contracts with a distributor or directly with a manu-
facturer. To manage this issue, it is incumbent upon various supply chain
players to share information related to product price, cost, profit margins,
warranty, and so on. This is a decision problem solution that could range
from a simple linear programming problem to a complex game theory al-
gorithm (Cachon 2002; Cachon and Lariviere 2000; Fisher et al. 1997).

Distribution Strategies

This issue deals with decisions pertaining to the movement of goods in the
supply chain. Among the strategies available are direct shipments, cross-
docking involving trans-shipments, and load consolidation. The objective
is to minimize warehousing (storage) and transportation costs. A manufac-
turer makes decisions about warehousing or direct shipment to the points
of usage of various products, utilizing information shared among manufac-
turers, suppliers, distributors, and retailers in the supply chain. Solutions to
this problem involve network algorithm utilizing linear, and nonlinear pro-
gramming techniques in deterministic and stochastic environments (Froh-
lich and Westbrook 2001; Lee 2003).

Supply Chain Integration and Strategic Partnering

One of the key issues in managing supply chains is integration (Bramham
and McCarthy 2004). Information sharing and joint (or collaborative) op-
erational planning are basic ingredients for solving this issue. Implementa-
tion of Collaborative Planning, Forecasting and Replenishment (CPFR)
(Aviv 2001; Ng and Vechapikul 2002; Caridi et al. 2005; Fliedner 2003),
as carried out by Wal-Mart retail stores in their supply chain aided by in-
formation sharing through common software platforms such as Enterprise
Resource Planning (ERP) are viable strategies (Akkermans et al. 2003). In
a manufacturing supply chain, it would mean CPFR among the retailer,
supplier, and the manufacturer of products. The main idea of this tech-
nique is to avoid carrying excess inventory through accurate forecasting,
and utilizing commonly agreed to demand data, information about which is
shared among various supply chain partners (Anonymous 2000).

Outsourcing and Procurement Strategies

An important issue to consider is what to manufacture internally and what
to buy from external sources. One of the problems to be dealt within mak-
ing these decisions is identifying risks associated with these decisions and
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minimizing them. Another issue to consider is the impact of the Internet on
procurement strategies and what channels to utilize (public or private por-
tals) when dealing with trading partners. In arriving at the decision of
whether to outsource or buy, various optimization models may be utilized
to balance risk and payoffs. Once this decision has been made, use of ap-
propriate information technology components, such as Internet portals and
procurement software, plays a key role in these decisions. An example of
this issue in a manufacturing supply chain may be the decision to out-
source a component assembly rather than making it in-house. Information
sharing for outsourcing and other procurement issues is accomplished in
the supply chain and its extended enterprise, for intra-firm and inter-firm,
via Intranet, Extranet, and Internet portals (Chen et al. 2004).

Information Technology and Decision Support Systems

One of the major issues in supply chain management is the lack of infor-
mation for decision-making. Information technology plays a vital role in
enabling decision-making via information sharing throughout the supply
chain. Some of the key ingredients of information technology in the supply
chain are use of Internet and Web-based service portals, integrated infor-
mation/knowledge within ERP software, and decision support systems that
utilize proven algorithms for various strategic, tactical, and planning prob-
lems in specific industry domains (Fiala 2005). Significant progress has
been achieved in enabling physical supply chain integration. Lau and Lee
(2000) use the distributed objects approach to elaborate on an infrastruc-
ture of integrated component-based supply chain information systems. Ko-
bayashi et al. (2003) conceptually discuss workflow-based integration of
planning and transaction processing applications, which allows for effec-
tive integrated deployment of heterogeneous systems. Verwijmeren (2004)
develops the architecture of component-based supply chain information
systems. The author identifies key components and their role throughout
the supply network. Themistocleous et al. (2004) describe the application
of enterprise application integration technologies to achieve physical inte-
gration of supply chain information systems. However, approaches and
technologies for logical integration at the decision-modeling level, where
common understanding of managerial problems is required, are developed
insufficiently (Delen and Benjamin 2003).

Customer Value

The supply chain must be measured by its ability to deliver value to the
end customer, or the consumer. This may be in the form of price, quality,
service levels, or perceived value. Solutions based on statistics and opera-
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tions research can be employed to measure the quality of a product, and
the reduction of lead-time to enhance service rates. Input for this purpose
is acquired via information sharing among various supply chain members
(Baiman et al. 2001; Beamon and Chen 2001; Bullinger et al. 2002).

Challenges for Information Sharing in the Supply Chain

In light of various decision-making levels and issues facing effective man-
agement of the supply chain, it becomes imperative to find globally opti-
mal integrated solutions. However, it is difficult to achieve depending on
whether the problem-solving models designed for the purpose achieve lo-
cal (or sequential) or global optimization of the supply chain network. De-
pending on which approach is adopted, the requirement for information
sharing will be starkly different. For example, in the case of sequential
supply chain optimization, the objective of its individual partners is opti-
mized without regard to the overall supply chain network objective. Ac-
cordingly, the need for information sharing is limited and/or closed, some-
times nonexistent and usually offline. For global supply chain
optimization, however, the objective for the overall supply chain takes
precedence over each partner’s objective. For this scenario, information
sharing is extensive, open, and online (Beamon 1998; Fiala 2005; Simchi-
Levi et al. 2003).

Based on the above review of issues, we summarize the key supply chain
problems and their proposed problem-solving approaches in Table 2.2.

2.3.1 Overall Supply Chain Management Problems

From Table 2.2, it can be gleaned that supply chain management issues
pose complex problems. The supply chain problem domain can be ana-
lyzed at various levels of decomposition. At the first level, the overall
problem of supply chain management consists of multiple sub-problems
such as product design, network design, logistics management, customer
service, and others. For purposes of further discussion, we define these
problems as general and specific. Specific problems occur at the vertical
direction of problem decomposition and deal with one particular issue, for
instance, inventory management. General problems cross multiple specific
problems horizontally. Dealing with these problems requires solving mul-
tiple specific problems, for instance, ensuring customer service involves
solving problems from logistics and sales areas. The list of problems pre-
sented below is composed primarily on the basis of the published literature
and experiences of authors.
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The problem of coordination and synchronization of activities and re-
source utilization occurs at all levels of implementation in an enterprise. A
common problem encountered is that of “information sharing” among
various members/partners in an enterprise. This often leads to mis-
allocation of resources and impacts scarce resources such as capacity and
inventory.

Table 2.2 Supply Chain Management Problems and Suggested Problem-Solving

Approaches

Supply Chain Issue and Related Problem Problem-Solving Approach

Distribution Network Configuration Network Flow Optimization

Inventory Control Forecasting and Inventory
Management

Supply Contracts Global Optimization

Distribution Strategies Warehousing and Transportation Costs
Management

Supply Chain Integration and Strategic ~ Collaborative Planning, Forecasting and

Partnering Replenishment (CPFR)

Outsourcing and Procurement Strategies Managing risk, payoff tradeoffs with
Outsourcing vs. Buying
Information Technology and Decision Implementing Enterprise Resource

Support Systems Planning
Decision Support Systems
Customer Value Statistical Process Control, Total
Quality Management, Service Level
Maximization

General Problems

The main general supply chain management problems are:

Competitiveness. The house of supply chain management (Stadtler 2005)
considers solving this problem as the ultimate goal of supply chain man-
agement. To maintain competitiveness, a supply chain must outperform
competing supply chains in at least some aspects such as prices, quality, or
delivery responsiveness.

Customer service. It characterizes the ability of supply chains to meet cus-
tomer requirements. Approaches to addressing this problem are as diverse
as the customer requirements representing such aspects as cost, quality,
and responsiveness.

Coordination. Coordination of decisions by each supply chain member are
made with regard to the impact these decisions will have on the perform-
ance of other supply chain members.
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Collaboration. Joint activities performed by supply chain members to
achieve common goals (Kliger and Reuter 2005) include product design
and planning. In the case of collaborative product design, manufacturers,
suppliers, and potential customers work together to design product that
best suits market requirements and the capabilities of parties involved.

Integration. Addressing the integration problem enables customer service
improvements, coordination, and collaboration. Information sharing is an
important integration sub-problem.

Robustness. Supply chains operate in uncertain environments. Operations
need to be planned and executed with respect to this uncertainty.

Flexibility and agility. Customer requirements and operating environments
are dynamically changing. Addressing flexibility and agility issues implies
the ability of reactive and proactive response to change.

Risk/benefit sharing. Implemented supply chain decisions have different
impacts on supply chain members. Some of the units may assume larger
risks and incur additional costs in the name of overall supply chain benefit.
Risk and benefit sharing is essential for building trust and enforcing com-
mitment among supply chain members.

Globalization. This presents both opportunities and challenges. Cost re-
duction and expansion in new markets have become possible. On the other
hand, increasing competition, local regulations, and cultural adjustments
cause additional difficulties.

Outsourcing. Firms focus on their core competencies to achieve a high
level of competitiveness in specific areas while allocating supporting func-
tions to partners.

Mass customization. Customers demand individualized products with
similar cost and delivery time characteristics as those of standardized
products.

Postponement. This is one of the strategies for delivering market-specific
and customized products. It implies location (in time and space) of the
product finishing close to the point of demand.

Social responsibility. Supply chains are designed and operated with regard
to social, cultural, and environmental issues.

Specific Problems

The main specific supply chain management problems are:
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Demand planning and forecasting. Demand data are required for other
supply chain management activities. Demand planning attempts to influ-
ence demand to make supply chain operations more efficient.

Product design. This is not an explicit supply chain management problem,
although there are significant interactions between design and logistics ac-
tivities and at this stage it is a major input for further supply chain man-
agement activities. From the supply chain management perspective, this
problem concerns collaborative product design, balancing product design
requirements and supply chain capabilities, and providing the bill of mate-
rials for further planning purposes.

Process design. This is a significant supply chain management problem
because of the very large number of processes that can be potentially enu-
merated as the supply chain is functionally decomposed top-down from a
tier — unit — function — process level, and then need to be properly
managed. One of the key problems that arise is how to develop a compos-
ite process design of the supply chain that clusters these processes based
on similarities in features and characteristics, and arranges clusters accord-
ing to an optimal implementation schedule.

Network design. A network of supply chain units meeting product and
process design requirements is established. Problems to be addressed con-
cern location and role of supply chain units, allocation of products, strate-
gic-level capacity planning, and establishing transportation and informa-
tion exchange links.

Marketing and sales. The primary concerns of these managerial prob-
lems are attracting customers and processing their orders.

Logistics. Problems deal with delivering products and services to custom-
ers, including planning of distribution structure, inventory management,
warehousing, and transportation activities.

Purchasing. This deals with procurement of materials and services that
are needed from suppliers to satisfy customer demand. The problem in-
cludes such issues as identification of materials and services needed, sup-
plier relationships (i.e., supplier selection, contract negotiation, supplier
evaluation) and execution of procurement operations.

Manufacturing. These problems address creation of products and services
in response to customer demand. It includes such supply chain manage-
ment concerns as master production planning, capacity allocation, schedul-
ing, maintenance of manufacturing facilities, and manufacturing quality.
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Finance. In the supply chain management framework, this concerns plan-
ning of supply chain costs and controlling supply chain performance.

Personnel management. Workforce requirements are considered while
dealing with the personnel management problem. This includes workforce
planning, hiring, layoffs, promotion, training, and incentives.

2.3.2 Subset of Supply Chain Configuration Problems

As discussed earlier in the chapter, supply chain configuration is a high-
level supply chain management problem, which either completely or par-
tially incorporates some of the specific supply chain management problems.
Problems that are relevant to supply chain configuration are as follows:

Network design. 1t is the core sub problem of the supply chain configura-
tion problem, thus all its aspects are relevant.

Sales and distribution. Individual ordering and marketing activities do not
contribute to identifying supply chain configuration problems. Such as-
pects as grouping customers and representing aggregated marketing costs,
however, are important problem-solving characteristics. For instance, if a
configuration model is used to make decisions when opening distribution
facilities in new markets, then the cost of attracting new customers is an
important parameter.

Logistics design. Deciding on the inventory and distribution approach,
such as vendor-managed inventory, cross docking, third party logistics,
and associated transportation mode, capacity, and main routes to be
adopted.

Purchasing. In the context of configuration problem solving, decisions
concerning which suppliers to use for specific materials and in what quan-
tities are addressed. Other purchasing conditions, such as delivery price
and lead time are determined.

Manufacturing. This involves deciding on the manufacturing approach,
such as pull, push, and master production planning.

Information technology support. It provides the information and process-
ing capabilities needed to support other supply chain management prob-
lems.

It is often difficult to draw a line between relevant and irrelevant prob-
lems because all supply chain management problems are closely interre-
lated. However, forecasting and demand planning interacts with configura-
tion decision making by providing demand data or forecasting algorithms,
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and there are usually no specific forecasting components within configura-
tion decision making models. Therefore, demand planning and forecasting
can be perceived as a problem, which is not necessarily an area of exper-
tise for a supply chain configuration analyst, even though configuration
problem decision making would not be possible without demand data.

The finance problem area is also a particularly important problem in the
context of global supply chains. It accounts for such factors as taxes, du-
ties, and currency rate fluctuations.

2.3.3 Integration

One of the key issues in managing a supply chain process is information
integration among its constituents (Bramham and McCarthy 2004). To fa-
cilitate this integration, supply chain information resources ought to be ef-
fectively organized and shared. Information integration provides channels
that convey information from one supply chain constituent to another. One
form of this problem involves the integration of existing implementations
that have been built in heterogeneous infrastructures, such as different
hardware platforms, operating systems, and database management sys-
tems. Presenting the data on which applications perform in a uniform, con-
sistent way ensures that they share the same view of the supply chain. An-
other form of integration is concerned with working collectively on
common problems by sharing an understanding of the problems’ logic and
applying best practices. This provides a common architecture in informa-
tion sharing so that supply chain members’ collaborative activities provide
performance improvement to each member and to the entire supply chain.

Information sharing and joint (or collaborative) operational planning are
basic ingredients in solving the integration issue in a supply chain. Imple-
mentation of CPFR (Aviv 2001; Ng and Vechapikul 2002; Caridi et al.
2005; Fliedner 2003), as reportedly carried out by Wal-Mart retail stores in
their supply chain, and aided by information sharing through common
software platforms such as Enterprise Resource Planning (ERP) are viable
strategies (Akkermans et al. 2003). A manufacturing supply chain would
require CPFR among the retailer, supplier, and the manufacturer of prod-
ucts. The main idea of this technique is to avoid carrying excess inventory
through accurate forecasting and utilizing one commonly agreed-to de-
mand data, information about which is shared among various supply chain
partners (Anonymous 2000).

The management of a complex organization such as a supply chain can
be accomplished by the integration of its business processes. Process-
oriented management vs. function-oriented management is an important
feature that makes the supply chain a distinct enterprise system class. An-
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other facet of supply chain system complexity is its organizational dynam-
ics and operational specifics. Organizational dynamics assume frequent
changes in organizational structures such as control hierarchy, goal struc-
ture, members’ network, and so on. Operational specifics are mainly re-
lated to the uncertainty in which supply chain organizations operate. Inte-
gration of supply chain processes assumes additional complexity when the
decision-making mode (i.e., centralized vs. decentralized) is considered in
the mix.

2.4 Supply Chain Configuration Dimensions

Supply chain configuration is based on the basic principles of configura-
tion and is enunciated in the mold of a configurable system as described in
detail in Chapter 1. In this configuration, parts are members of the supply
chain (i.e., supplier, manufacturer, distributor, retailer), arranged (or re-
arranged) to form the whole (i.e., the supply chain) in accordance with a
plan executed by implementing various strategies and policies to meet a
common objective(s).

Because the objective in configuring a supply chain is essentially similar
to that of a generic configurable system, it can be construed that a config-
ured supply chain is a special class of the configurable system. The pri-
mary difference between these two types of systems is that, in configuring
a supply chain, the system dimensions considered are attributable to a sup-
ply chain system, and more particularly to the logistics network repre-
sented by it.

To fully appreciate the concept of supply chain configuration, it is im-
portant to understand its various system dimensions. In this section, we
shed light on some of the significant dimensions.

2.4.1 Horizontal Extent

The supply chain is usually divided into tiers (or stages, or echelons). Each
tier consists of units with the same general functionality. The concept of
tier should be treated with care, however, as differentiation between tiers is
often fuzzy and units can belong to multiple tiers. That has become even
more profound as supply chains assume networked structures. Still, tiers
help structure the supply chain configuration problem and facilitate identi-
fication of common features of supply chain units.

The typical supply chain tiers (see Fig. 2.2), which can be further de-
composed, are
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Customer tier — the most downstream tier
Distribution tier

Manufacturing tier

Supply tier — the most upstream tier

Demand for supply chain products or services originate at the customer
tier and it is transmitted upstream along the supply chain. In many cases,
techniques where customers aggregated into customer zones according to
their geographical location (Simchi-Levi et al. 2003), using the zip code as
a grouping criterion for consumer products). Each customer can be repre-
sented as an individual node in studies considering industrial customers.

The distribution tier receives customer requirements and is responsible
for delivering required products or services. It involves such general units
as warehouses, distribution centers, and cross-docking points. These units
are grouped into distribution sub-tiers. Alternatively, supply chain units in
the distribution tier can be classified as wholesalers, retailers, and brokers
Third-party logistics providers present a special case for belonging to the
distribution tier. In some situations, these can be represented by a single
supply chain node.

There are two distinct scenarios to organize the supply chain’s opera-
tions. The first, where manufacturing tier directly creates products or ser-
vices demanded by the supply chain's customers. It receives demand in-
formation from the distribution tier. In return, it provides products to the
distribution tier and orders materials from the supply tier. In the second
scenario, the manufacturing tier can also be divided into several sub-tiers,
such as pre-processing, assembly, final assembly and finishing. Manufac-
turing outsourcing can be represented either in the manufacturing tier or in
the supply tier. The first scenario is more relevant to representing the
manufacturing tier for an engineering company such as Ericsson, which
has outsourced almost all manufacturing operations and retained only
product and process design as their primary competency, or in the case of
capacity sharing agreements. The second scenario is more relevant for rep-
resentation of manufacturing of components (for instance, the Ford and
Visteon case).
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The supply tier provides materials to manufacturing according to orders
received. This tier can be divided into sub-tiers, linking raw materials sup-
pliers, secondary suppliers, and direct suppliers. Representation of the
supply tier depends upon the importance of supplied materials. Suppliers
providing widely available materials do not need to be represented by in-
dividual nodes.

One additional supply chain tier not sufficiently exposed in the literature
is the utility tier. This tier includes providers of basic infrastructural ser-
vices such as electricity, water, and recycling. That could be of particular
concern for global supply chains, because availability, cost, and quality of
such services vary substantially.

Definition of this supply chain configuration dimension includes speci-
fying the number of tiers in the supply chain, defining general types of
units in each tier, and identifying specific constraints for the tier as a whole
(for instance, the number of suppliers required).
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2.4.2 Vertical Extent

As noted earlier, a supply chain consists of several members spread across
many tiers (echelons, or stages). Each of the tiers consists of one or many
business units (entities). Each of these business units is, by itself, an enter-
prise comprising functional areas such as design, marketing and sales, pro-
duction planning and control, inbound and outbound logistics (procure-
ment, receiving, warehousing, shipping), and so on. Each unit may also
pursue its own independent strategies to manage its functions and strive to
achieve specific goals and objectives.

A within unit (local) vertical integration would entail synchronizing and
coordinating strategies and policies, for example, between its sales and
marketing and manufacturing functions to achieve a common objective for
the unit.

A between (global or supply chain level) vertical integration within a
tier (comprising all units) would be to implement common strategies and
policies to achieve a common (global) objective across units in their tier.

Vertical integration could be achieved at strategic, tactical, and opera-
tional levels of decision making within a tier of the supply chain. This is
primarily achieved by means of implementing strategies and policies ap-
propriate at these levels that are aimed at achieving long-term, mid-term,
and short-term goals and objectives.

Definition of this supply chain configuration dimension includes speci-
fying the number of units in each tier in the supply chain and identifying
specific constraints and objectives: (a) within a unit at high level and by
functional areas at low level, and (b) between units at high level and across
functional areas at low level.

2.4.3 Objectives and Criteria

Decision-making objectives are chosen according to general strategic ob-
jectives. Certain quantitative criteria or metrics are associated with each
identified objective.

General managerial concerns related to the supply chain configuration
problem are

What is the current supply chain performance?

“What if” analysis?

How to improve customer service?

How to improve supply chain robustness and delivery reliability?
Could supply chain be made more profitable?

Is supply chain sufficiently flexible?
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How to improve cooperation?

How to comply with local requirements?
Whether to pursue outsourcing?

Which partners to choose?

Where to locate supply chain facilities?

Answering these questions leads to formulation of general supply chain

configuration decision-making objectives. These objectives can be formu-
lated on the basis of performance attributes identified in the Supply Chain
Operations Reference (SCOR) model (Stewart 1997):

Objective 1: To improve supply chain delivery reliability.— the
performance of the supply chain delivering the correct product, to the
correct place, at the correct time, in the correct condition and packaging,
in the correct quantity, with the correct documentation, to the correct
customer.

Objective 2: To increase supply chain responsiveness.— the velocity at
which a supply chain provides products to the customer.

Objective 3: To increase supply chain flexibility. — the agility of a
supply chain in responding to marketplace changes to gain or maintain
competitive advantage.

Objective 4: To optimize supply chain costs. — the costs associated with
operating the supply chain.

Objective 5: To improve supply chain asset management efficiency —
the effectiveness of an organization in managing assets to support
demand satisfaction. This includes the management of all assets — fixed
and working capital.

Objectives can similarly be identified on the basis of discussion pro-

vided by Beamon (1998), such as

Objective 1: To improve customer satisfaction and customer
responsiveness.

Objective 2: To improve flexibility and risk aversion.

Objective 3: To improve information and material flow integration.
Objective 4: To optimize costs (other related performance measures are
total cost, sales value, profit, inventory holding cost, return on
investment, and others).

Objective 5: To optimize suppliers’ performance.

A large number of criteria are used for solving the related supplier selec-

tion problem. Weber et al. (1991) provides a comprehensive survey of
supplier selection criteria used. The survey is based on the list of criteria
compiled by Dickson (1966). The most frequently considered criteria,
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which can be attributed to the suppliers' performance objective although
they contribute to other objectives as well, are

Net price

Delivery

Quality

Production facilities and capacity
Geographic location

Technical capability

Management and organization
Reputation and position in industry

Other important criteria are financial position, performance history, re-
pair service, and attitude.

It is surprising that in the supply chain configuration framework only
the supply tier is being evaluated under such a wide range of criteria, be-
cause location of manufacturing and distribution facilities is evaluated in a
similar fashion in practice. For instance, companies consider incentives of-
fered by local governments as a major decision-making factor.

2.4.4 Decisions

Initially, general supply chain configuration decisions are identified fol-
lowing the supply chain configuration decision-making objectives. These
are subsequently specified using particular decision variables. Five groups
of decisions are defined, characterizing structure, links, quantity, time, and
policies used.

Structural decisions are

Location of supply chain facilities at different tiers
Facility opening

Supplier selection

Product allocation

Definition of facility's capabilities

Decisions characterizing links among supply chain units are:

o Establishing a fixed link among a pair of units—if a link between units
cannot be established on the spot, decisions must involve which units’
link should be established

e Restricting cooperation to specified links—implies that a particular unit
can cooperate only with a limited group of other units (i.e., a customer
zone is served by only one particular distribution center)
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Choice of products or services delivery mode
Choice of information exchange mechanisms

Alternative production location according to ownership, interna-

tional/global, and product state are described by Meixell and Gargeya
(2005).

Decisions characterizing quantity are:

Quantity of purchased materials

Quantity of products produced

Quantity of products processed

Quantity of products delivered

Quantity of products stored in inventory
Shipment quantities along supply chain links
Capacity-related decisions

Decisions characterizing quantity often differ by their interpretation and

level of detail. For instance, manufacturing capacity is specified for each
product separately at a plant or for the entire plant. The main decision
characterizing time is delivery time.

Decisions characterizing policies are

Choices of manufacturing strategies. The most general values of these
decisions are make-to-plan (make-to-stock), make-to-order, and
assemble-to-order. The choice of the manufacturing strategy influences
propagation of demand information along the supply chain and
functions performed by different units

Adoptions of information sharing policies. Information sharing policies
affect manufacturing, inventory, and transportation, as well as several
other decisions and characteristics. They also influence requirements
towards information exchange infrastructure, where possible values of
decisions are deployment of Electronic Data Interchange (EDI), or use
of the Internet. Other IT-related decisions, such as implementation of
ERP and manufacturing execution systems can also be considered
Choice of distribution channels. Values these decisions assume include
Internet-based distribution, third-party logistics, direct sales, quick
response, continuous replenishment, and vendor-managed inventory.
Some of the policies may be represented in relation to the horizontal
extent dimension. For instance, the direct shipment policy implies the
absence of intermediate distribution tiers. Multiple distribution
strategies can be used in a single supply chain

Choices of procurement policies. Some alternatives include volume
consolidation, alliances and partnerships with suppliers, just-in-time
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(JIT), and manufacturing resource planning (MRP). From a technical
perspective, various types of e-procurement can be chosen (for instance,
EDI, Internet-based business-to-business (B2B) approaches, and trading
networks)

e Adoption of outsourcing. Decisions apply to separate supply chain
functions and indicate whether these are outsourced or not. That
influences the way supply chain costs are accounted for. For instance,
outsourcing may reduce fixed costs associated with a facility opening

Each of these policies can be parameterized by a set of particular struc-
tural, linkage, quantitative, and time parameters. For instance, if the deci-
sion is between using EDI or the Internet for information exchange pur-
poses, a parameter characterizing a fixed cost for establishing links among
manufacturing facilities and suppliers is larger for the first. Policies influ-
ence which supply chain management problems need to be addressed dur-
ing decision-making. For instance, evaluation of the built-to-stock manu-
facturing strategy requires consideration of the inventory management
problem.

The decisions listed above do not provide an exhaustive list of all supply
chain configuration decisions. That, especially, applies to policy decisions.
Decisions relevant to a particular decision-making problem, and decision
variables characterizing these decisions, are defined during the supply
chain configuration problem-solving process.

2.4.5 Parameters

Parameters usually are more specific to a particular decision-making prob-
lem compared to other supply chain dimensions discussed earlier. Some
common features, however, can be identified.

Parameters are traditionally classified as internal and external. External
variables for the supply chain configuration problem are customer demand
and requirements in general, taxes, governmental regulations, and others.

The first group of internal variables represents structural characteristics.
That includes representation of the existing supply chain structure, bill of
materials, available capacity, and capacity requirements. This group also
includes parameters describing attributes of alternative transportation
channels (e.g., distance, speed).

Supply chain operations are described by cost- and time-related parame-
ters. These are classified as fixed and variable parameters. Fixed cost pa-
rameters describe costs due to opening (closing) and operating supply
chain facilities, capacity build-up costs and costs associated with establish-
ing and maintenance of links among supply chain units. Inventory replen-
ishment, manufacturing setup, and fixed transportation costs can also be
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considered. Variable costs are incurred per each processed product. Proc-
essing can assume various forms including transportation, assembly, in-
ventory handling, and others. Parameters for representing processing time
can also be used.

Specific parameters may be needed to describe various attributes of the
supply chain management policies considered.

2.5 Aligning Objectives

One of the major tasks of any supply chain configuration effort is to align
the objectives of the enterprise at both macro and micro decision-making
levels. This is primarily due to the fact that objectives at individual busi-
ness unit levels, at the tier (echelon or stage) level, as well as across tiers,
are conflicting in relation to each other. To solve a composite supply chain
problem with conflicting objectives, it is imperative that the objectives be
organized according to some priority (or importance) in the optimization
models. The resultant aligned objectives are the basis for the multi-criteria
decision-making models, which are usually implemented for optimizing
supply chain networks. We describe these concepts below.

Table 2.3 provides an example of performance measures for a business
unit belonging to a supply chain tier whose objectives at a strategic level
are closely aligned with its tactical and operational levels. For instance,
marketing decisions are taken at strategic level, mainly dealing with,
which product to introduce to the market. Row 1 lists objectives in market-
ing a new product, what policies will likely are implemented for it, and the
specific goal to be achieved. Obviously, the objective, policy, and goal
must be aligned, if the strategic marketing decision is to be successfully
implemented. Similarly, a tactical decision related to procurement plan-
ning must have the maximizing inventory turns objective closely aligned
with its just-in-time policy, and an inventory turnover goal of 2.5 to 3. The
objective of minimizing merchandizing costs at the operational decision-
making level must implement a same day shipment policy and achieve a
98 percent shipment fill rate of within 4 hours of order to be successful.

If we analyze column entries in Table 2.3, we can see that the objectives
for marketing, procurement, and warehouse operations are closely aligned
with each other. This is because we cannot meet the marketing objective of
maximizing customer service unless the procurement planning objective of
maximizing inventory turns is achieved and the warehousing operations
objective of minimizing merchandising costs is met. We can also see clear
alignment of policies in Column 3 and goals in Column 4. For example,
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Table 2.3 Alignment of Objectives at Micro Level

Function Objective (s) Policy (ies) Goal (s)
Marketing Maximize customer Implement a procure- Achieve a 98 percent
service to-stock policy order-fill-rate of
within 4 days of order
processing
Procurement =~ Maximize inventory Implement a just-in- Achieve 2.5 to 3 in-
Planning turns time procurement pol-ventory turns
icy
Warehouse Minimize merchan- Implement a same  Achieve a 98 percent
Operations dising costs day shipment shipment-fill-rate of
Policy within 4 hours of or-
der

for a procure-to-stock policy to be successful, a just-in-time procurement
policy is desirable, and a same day shipment policy. We can analyze goals
and observe that in order to achieve a 98 percent order-fill-rate, inventory
turns of 2.5 to 3 must be met and achieving a 98 percent shipment-fill-rate
is important.

Table 2.4 is analogous to Table 2.3, except that it represents decision-
making at the macro level. In this case, the strategic, tactical, and opera-
tional level decision parameters, such as objectives, policies, and goals, are
closely aligned. The objectives, policies, and goals at each of the three lev-
els are also complementary to each other.

Table 2.4 Alignment of Objectives at Macro Level

Function Objective (s) Policy (ies) Goal (s)
Marketing Maximize customer Evaluate and imple- Achieve an industry
service ment a pull policy benchmark of 98 per-

cent order-fill-rate
within 48 hours

Production Maximize produc- Evaluate and imple- Achieve a 90% effec-
Planning tion under-runs ment a just-in-time  tive capacity utiliza-
Maximize scheduling or tion
inventory turns planned production  Achieve inventory
scheduling policy turns of 4 or above
Plant Minimize manufac- Evaluate and imple- Achieve over 85 per-
Operations turing costs ment a just-in-time  cent actual capacity
Maximize yield per manufacturing utilization
production run policy Achieve less than 2%

rejects
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2.6 Summary

In this chapter, we explore supply chain as a systems concept, and its con-
figuration in the face of a dynamic business environment. We discuss vari-
ous aspects of supply chain configuration problems, its classifications, and
its various dimensions. We posit supply chain configuration as a supply
chain management problem and argue that it can be successfully achieved
if properly modeled around the decision-making levels and aligned with
objectives at the macro and micro levels.
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3. Literature Review

3.1 Introduction

Supply chain configuration research has attracted significant attention in
scientific literature. This chapter offers a review of these studies and iden-
tifies common characteristics of supply chain configuration research. This
review is compiled in the form of a table categorizing each paper, consid-
ered according to several criteria along with short description of the paper.
This table can be used as a quick reference for finding papers dealing with
the supply chain configuration problem. The chapter also contains summa-
rized results of the complete review.

As described in the previous chapter, supply chain configuration is
tightly interrelated with many other supply chain management and general
managerial problems. Therefore, some limits in the literature survey are in-
troduced. The survey covers only the core of the supply chain configura-
tion problem without including papers describing general supply chain
management methods and technologies important to configuration.

There are several existing surveys on the supply chain configuration
problem. Vidal and Goetschalckx (1997) review early papers. The review
results are summarized in two tables according to general characteristics
and international characteristics, respectively. General characteristics in-
clude stochastic features, dynamic characteristics, treatment of capacity,
objective function, and the size of problems. Goetschalckx et al. (2002)
expand the listing of the international characteristics. These characteristics
include taxation, cash flow, and trade barriers. The international character-
istics trait is further investigated by Meixell and Gargeya (2005). They
analyze configuration models according to decision variables (facility lo-
cation is included in all models considered), performance measures (after-
tax profit minimization is important for global models), level of supply
chain integration (majority of models consider just two tiers) and global-
ization considerations. The presentation follows the historical development
of supply chain configuration models. Model complexity characteristics
are briefly reviewed by Dasci and Verter (2001). Strategic, tactical, and
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operational level modeling of production-distribution networks is surveyed
by Bilgen and Ozkarahan (2004). Gunasekaran and Ngai (2004) provide a
focused survey of information technology usage in supply chain manage-
ment. The computational perspective of network configuration problems is
highlighted in the survey by Geunes and Pardalos (2003). Terzi and Cava-
lieri (2004) provide a survey on application of simulation in supply chain
modeling.

The following section describes the design of the literature survey, in-
cluding description of categorization criteria. Section 3.3 provides the
complete review tables with regard to configuration dimensions and com-
plexity criteria. Results of the review are analyzed in Section 3.4, and
summary of the chapter is provided in Section 3.5.

3.2 The Design of the Literature Survey

The objectives of this state-of-the-art survey are to provide a comprehen-
sive overview of the supply chain configuration problem, to identify main
scientific and industrial focus areas, and to quantify the importance of dif-
ferent dimensions of the supply chain configuration problem.

The state-of-the-art review focuses on papers dealing directly with the
supply chain configuration. It covers conceptual, model-based, and applied
papers to provide a comprehensive overview of different aspects of supply
chain configuration. However, it maintains an industrial engineering and
computational emphasis.

The main sources of information for the survey are the Scientific Cita-
tion Index and Scopus. The main keywords searched for are combinations
of “supply chain” or “supply network™ with “configuration,” “design,” and
“structure.” Some papers found according to these keywords were omitted
because they cover issues beyond the scope of definition used in this book.
That often occurred often with papers found by using the “design” key-
word. Preconditions for including model-based papers in the review are
consideration of at least two supply chain tiers and evaluation of multiple
alternative supply chain configurations. The second precondition particu-
larly affected inclusion of papers using simulation. Although several pa-
pers deal with issues related to strategic supply chain configuration, con-
figuration is often treated as a fixed input parameter without considering
any alternatives.

Chronologically, this survey covers the time period from 1995 to 2006,
with a few earlier papers that have had a profound impact on supply chain
configuration research (e.g., Bowersox 1972, Geoffrion and Graves 1974,
Cohen and Lee 1989).
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The supply chain configuration problem shares many common features
with problems, such as distribution planning, supplier selection, manufac-
turing systems and facility location. Some references to the most important
papers in these areas are included. Readers are referenced to survey papers
in these areas for more detailed coverage: Owen and Daskin (1998) for fa-
cility location, De Boer et al. (2001) for supplier selection, and Shi and
Gregory (1998) for manufacturing systems. The total number of papers re-
viewed is 91.

The literature is summarized by classifying papers according to the
number of criteria and by evaluating complexity of supply chain configu-
ration problems solved. The following sub-sections describe these criteria.

3.2.1 Classification Criteria

The literature classification criteria are chosen to represent the most impor-
tant dimensions of the supply chain configuration problem, as well as de-
scribe general characteristics of papers. These dimensions have been iden-
tified in previous chapters of the book. Importance and values for each
criterion are defined as follows.

Horizontal Focus

This criterion describes which tiers of the supply chain are considered in a
paper. It allows judging about units assigning the largest value to configu-
ration decisions. Typical values are supply tier, manufacturing tier, distri-
bution tier, and customer tier. In many papers, the whole supply chain is
covered, implying that all tiers are under similar levels of consideration.

Vertical Focus

It represents location of the problem investigated in the hierarchical deci-
sion-making structure comprising strategic, tactical, and operational deci-
sion-making levels. The supply chain configuration typically is a strategic
problem. However, in order to represent its interactions with other areas of
supply chain management, other decision-making levels are also included
in decision-making models. Quantification of this criterion allows assess-
ing of the importance of each decision-making level.

Specific Problem Area

Depending upon supply chain priorities and specific constraints, solving of
the supply chain configuration problems can be more tightly coupled with
some specific problem areas than others. For instance, inventory manage-
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ment can be of primary concern for supply chains delivering expensive
products, while transportation is especially important for global supply
chains delivering bulky products.

General Problem Area

As with specific problems, a particular general problem (e.g., globaliza-
tion, coordination) can be the focus of a supply chain configuration study.

Modeling Technique

The criterion characterizes a modeling technique used to solve the supply
chain configuration problem. Analysis of this criterion reveals the most of-
ten used techniques. Values of the criterion include different methods of
mathematical programming, simulation, statistical analysis, data modeling,
and hybrid techniques. Usually, one method is indicated unless several
methods having similar importance to decision-making are used.

Application Area

This criterion indicates a particular industry.

Type of Paper

This criterion classifies papers as conceptual, model-based, technology,
experimental, applied, and survey. Conceptual papers discuss general is-
sues and methodological aspects of the supply chain configuration prob-
lem. Model-based papers propose some sort of supply chain configuration
models, either quantitative or qualitative. Technology papers develop tools
for supply chain configuration decision making or implementation. Exten-
sive numerical studies are provided by papers categorized as experimental.
Applied papers focus on solving a particular decision-making problem,
and survey papers review existing works on the supply chain configura-
tion.

Not all papers can be classified according to each criterion. For instance,
the application area is not defined in all papers.

3.2.2 Complexity Criteria

The papers presenting quantitative models are also evaluated according to
several criteria characterizing the complexity of considered supply chain
configuration problems. This complexity evaluation is aimed at illustrating
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what types of problems can be solved in practice. The complexity criteria
used in this review are as follows:

Number of units. This substantially influences the complexity of model
building (i.e., data gathering is more complex) and the feasibility of model
solving. This number generally counts as potential units.

Number of tiers. This influences the complexity of links among supply
chain units. Customers are also counted as one supply chain tier.

Persistence. This characterizes whether supply chain configuration is per-
ceived as relatively stable or if models contain some special constructions
to represent quickly changing configurations.

Internationalization. Given the fact that many supply chains are multi-
national, international factors such as tax rates, exchange rates, and duties
might have a major impact on configuration decisions. This criteria shows
whether international features have been included in the model.

Product variety. Product variety influences the complexity of model de-
velopment and the feasibility of model solving. This factor is of particular
importance because of the increasing role of mass customization.

Integrity. Supply chains generally involve units representing relatively in-
dependent units. This criterion indicates whether models treat the supply
chain as homogenous, or heterogeneity related issues are addressed.

3.3 Detailed Review

The detailed review is compiled in Tables 3.1 and 3.2, where papers deal-
ing with supply chain configuration are categorized according to configu-
ration dimensions and complexity criteria, respectively. The following ab-
breviations are used for the classification criteria in Table 3.1: HE —
horizontal extent; VE — vertical extent; SP — specific problem; GP — gen-
eral problem, MT — modeling technique; AA — application area; TP — type
of paper.
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3.4 Focus Areas for Supply Chain Configuration

Results of the detailed review are cross-tabulated to identify focus areas of
supply chain configuration research. Tables 3.3 and 3.4 report the cross-
tabulation results according to horizontal and vertical extent dimensions,
respectively. A majority of papers attempt to cover all supply chain tiers,
while distribution gains the main attention if a separate part of the supply
chain is of particular interest. That can be explained by a relatively higher
level of flexibility in relocating distribution facilities and recent changes in
distribution strategies due to advances in information technology and the
organizational structure of enterprises (e.g., mergers, globalization). Indi-
cation that distribution is the horizontal focus, for instance, does not imply
that only the distribution tier is considered. It shows that the main configu-
ration decisions are made regarding the distribution tier. Although it is ac-
knowledged that configuration decisions can be best evaluated in relation
to other supply chain management decisions, a majority of papers still
concentrate on the operational level.

Table 3.3 Number of Papers According to the Horizontal Extent (HE) Dimension

Value = Whole supply chain Distribution Supply Manufacturing Reverse

Number 45 22 6 15 2
of papers

Table 3.4 Number of Papers According to the Vertical Extent (VE) Dimension

Value Strategic Tactical Operational
Number of papers 77 23 11

The results for the vertical focus dimension relate to the most often con-
sidered specific problems (see Table 3.5). The table reports only those spe-
cific problems that have been addressed in more than one paper. Inventory
management is the most often considered specific problem. Usually it is
addressed in multi-period models, and safety stock requirements are also
included in some models. While transportation flows are present in almost
any configuration model, more detailed representation of the transportation
problem is in 13 papers. That includes non-linear transportation costs, de-
tailed choice of transportation mode, and analysis of transit time. Issues re-
lated to information technology related are generally investigated in papers
exclusively devoted to this problem.
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Table 3.5 Papers Considering Particular Specific Problems (SP)

Specific ~ Paper

Problem
BOM (2) Lamothe et al. (2006), Yan et al. (2003)
C(3) Amiri (2006), Bhutta et al. (2003), Lakhal et al. (2001)

INV (17)  Arntzen et al. (1995), Bhutta et al. (2003), Ding et al. (2006), Dogan
and Goetschalckx (1999), Graves and Willems (2005), Gupta et al.
(2002), Huang et al. (2005b), Lee et al. (2002a), Lee at al. (2002b), Li
and O’Brien (1999), Lieckens and Vandaele (2007), Romeijn et al.
(2006), Sabri and Beamon (2000), Truong and Azadivar (2005), Van
der Zee and Van der Vorst (2005), Van der Vorst et al. (2000), Vila et
al. (2006)

IT (7) Dotoli et al. (2003), Geoffrion and Powers (1995), Gunasekaran and
Ngai (2004), Helo and Szekely (2005, Themistocleous et al. (2004),
Verwijmeren (2004), Van der Vorst et al. (2000)

M 4) Gupta et al. (2002), Lee et al. (2002a), Persson and Hager (2002),
Vila et al. (2006)

PP (3) Lee at al. (2002), Jang et al. (2002), Viswanadham and Gaonkar
(2003)

TR (13) Arntzen et al. (1995), Eskigun et al. (2005), Goetschalckx et al.
(2002), Jansen et al. (2001), Ko et al. (2006), Laval et al. (2005), Lee
et al. (2002a), Ross (2000), Ross et al. (1998), Syam (2002), Shen
(2006), Tsiakis et al. (2001), Viswanadham and Gaonkar (2003)

NOTE: The number of papers for each specific problem is given in parenthesis.
See key from Table 3.1 for abbreviations.

Owing to the multi-national character of supply chains, analysis of
global supply chains is the most often considered general problem (see Ta-
ble 3.6). However, it still represents just 15 percent of all papers surveyed.
Balancing of multiple objectives, supply chain coordination, and integra-
tion are other often investigated general problems. More recently, signifi-
cant interest in concurrent supply chains, process, and product design has
arisen. Such important problems as power structure and the broker's posi-
tion have gained only minor exposition in the literature. That is also appar-
ent in analysis according to the complexity criteria, which reveals that in
quantitative models, supply chains are treated as relatively homogeneous
entities. Heterogeneity is more often addressed in papers dealing with is-
sues related to information technology.

In the context of this book which advocates the importance of recon-
figurable supply chains, there are just five papers that explicitly address
the problem of dynamic supply chain reconfiguration.
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Table 3.6 Papers Considering Particular General Problems (GP)

General Paper

Problem

CE (4) Blackhurst et al. (2005), Fine (2000), Huang et al. (2005b), Lamothe
et al. (2006),

CO @) Ko et al. (2006), Pontrandolfo and Okogbaa (1999), Samaddar et al.
(2006), Stadtler (2005)

CS (3) Hwang (2002), Talluri and Baker (2002), Viswanadham and Gaonkar
(2003)

FL(1) Shen et al. (2006)

ING (8) Stadtler (2005), Gunasekaran and Ngai (2004), Helo and Szekely
(2005, Mourits and Evers (1995), Shapiro (2001), Themistocleous et
al. (2004), Verwijmeren (2004), Li and O’Brien (1999)

INT (14)  Arntzen et al. (1995), Arntzen et al. (1998), Bhutta et al. (2003),
Cohen and Lee (1989), Erengii¢ et al. (1999), Goetschalckx et al.
(2002), Jang et al. (2002), Kouvelis et al. (2004), Lowe et al. (2002),
Meixell and Gargeya (2005), Santoso et al. (2005), Vidal and Goet-
schalckx (1997), Vidal and Goetschalckx (2001), Vila et al. (2006)

MO (8) Altiparmak et al. (2006), Kirkwood et al. (2005), Ding et al. (2006),
Dotoli et al. (2005), Dotoli et al. (2006), Li and O’Brien (1999), Sabri
and Beamon (2000), Van der Vorst et al. (2000),

OUT (2) Kim et al. (2002), Lakhal et al. (2001)

PS (4) Choi and Hong (2002), Demeter et al. (2006), Harland et al. (2001),
Ko and Evans (2007)

PT (1) Graves and Willems (2005)

RC (5) Kim and Rogers (2005), Fine (2000), Harland et al. (2001), Piramuthu
(2005), Zhang et al. (2006)

RL (2) Ko and Evans (2007), Lieckens and Vandaele (2007)

NOTE: The number of papers for each general problem is given in parenthesis..
See key from Table 3.1 for abbreviations.

Mixed-integer programming is the most often used modeling technique.
Simulation is the second most often used technique. However, given that
simulation models have wider scope than mathematical programming
models, it is often difficult to decide on categorization of simulation mod-
els. Application of hybrid models in supply chain configuration is increas-
ing. Genetic algorithms are usually used to solve these models.

Table 3.7 lists papers reporting applications in particular industries. The
electronics industry is most often considered. Configuration of computer
manufacturing supply chains is particularly popular application case.
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Table 3.7 Papers Reporting Application in a Particular Industry

Industry Paper

Automotive (6) Choi and Hong (2002) , Demeter et al. (2006), Ding et al. (2006),
Lamothe et al. (2006), Mills et al. (2004), Senter and Flynn
(1999)

Chemical (3)  Altiparmak et al. (2006), Sery et al. (2001), Tsiakis et al. (2001)

Consumer (3)  Arntzen et al. (1998), Camm et al. (1997), Gupta et al. (2002)

Electronics (16) Arntzen et al. (1995), Bhutta et al. (2003), Blackhurst et al.
(2005), Cohen and Lee (1989), Dotoli et al. (2005), Dotoli et al.
(2006), Fine (2000), Graves and Willems (2005), Huang et al.
(2005b), Kim et al. (2002), Kirkwood et al. (2005), Laval et al.
(2005), Persson and Hager (2002), Viswanadham and Gaonkar
(2003), Wu and O'Grady (2004), Yan et al. (2003)

Food (3) Dogan and Goetschalckx (1999), Jansen et al. (2001), Van der
Vorst et al. (2000)

Packaging (2) Melachrinoudis and Min (2006), Santoso et al. (2005)

NOTE: The number of papers for each industry is given in parenthesis.

Finally, categorization of the papers according to the type of paper (see
Table 3.8) shows that the majority of papers are devoted to quantitative
modeling. There are a fair number of papers addressing conceptual issues
of supply chain configuration. However, that is often done in an informal
manner, which is also confirmed by the small number of model-based
qualitative papers. Although applications are reported in many papers, de-
tailed real-world supply chain configuration results, along with implemen-
tation experiences, are provided with just nine papers.

Table 3.8 The Number of Papers According to Their Type

C QN QL T EXA S
Number of papers 24 55 4 10 8 11 11

NOTE: Types are abbreviated as: A — applied, C — conceptual, EX — experimental,
QL — qualitative, QN — quantitative, S — survey, T — technology.

Analysis of the review results according to the problem complexity cri-
teria shows that solving relatively large and complex problems has become
possible. Thus, Dogan and Goetschalckx (1999) solve multi-period prob-
lems with nearly a thousand potential supply chain units. However, one
notable observation is that larger problems are usually solved in papers ex-
plicitly devoted to developing efficient model-solving algorithms, while
papers oriented toward applications and expanding modeling scope usually
treat problems of smaller sizes.

The majority of papers either do not address the internationalization
problem, or they indicate that they deal with local problems. One of the
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key limitations of existing models is low product variety and the lack of
mechanisms for representing realistic product designs. This issue has re-
cently attracted significant attention in the framework of concurrent engi-
neering. As already noted above, existing models tend to represent supply
chains as relatively homogeneous entities.

3.5 Summary

Ninety-one papers have been identified as dealing directly with the supply
chain configuration problem. These papers are categorized according to
supply chain configuration dimensions and problem complexity criteria.
The list of papers is representative though we cannot claim covering all
possible papers.

The literature review suggests that there are several emerging areas of
supply chain configuration research, such as:

¢ Application of hybrid optimization-simulation models

¢ Concurrent supply chain, process, and product design

e Integration of reverse logistics aspects into overall supply chain
configuration models

o Investigation of dynamic supply chain reconfiguration

At the same time, important issues such as supply chain power structure
have attained limited exposure in current literature. Additionally, models
tend to address only the general or specific problems. For instance, coordi-
nation and integration are usually investigated in relation to the informa-
tion technology problem, while they are investigated together with inven-
tory management to a limited extent.
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4. Reconfigurable Supply Chains: An Integrated
Framework

4.1 Introduction

The importance of supply chain management is increasing because com-
panies face the necessity to improve customer service, which is not possi-
ble by considering just separate organizations. This need has been driven
by increasing customer expectations, growing global competition, and
technological developments, which have jointly contributed to greater un-
certainty and volatility of enterprise management processes. However, as
described in previous chapters, supply chain configuration, which forms
the backbone of supply chain management, remains a long-term decision
limiting the supply chain's ability to react to changing customer demand
and operating environments.

One of the possibilities, to alter supply chain configuration with rela-
tively minor resource requirements, would be a desirable supply chain
characteristic. It depends upon multiple factors, both logical and techno-
logical. However, intelligent decision-making and the ability to adequately
implement decisions forms the basis for resolving problems associated
with other factors. This chapter presents the concept of reconfigurable
supply chains and outlines a general approach to enabling reconfigurabil-
ity. The described approach puts forward the decision-making aspect and
proposes model-integration as a cornerstone of efficient decision making.

Section 4.2 introduces the concept of reconfigurable supply chains. It is
followed by a description of multiple perspectives on supply chain con-
figuration decision making, presented in the form of supply chain configu-
ration problem taxonomy. Finally, an integrated framework supporting
supply chain reconfigurability is presented.
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4.2 The Concept of Reconfigurable Supply Chains

Reconfigurable supply chains is the next step in the evolution of supply
chain structures. Forces driving this evolution and conditions for attaining
reconfigurability are discussed. Reconfigurability also brings certain ad-
vantages and disadvantages to supply chain management, which are also
discussed in the following subsections.

4.2.1 Need

Modern supply chains have enabled enterprises to improve their perform-
ance by coordinating activities among supply chain members. Supply
chain configuration has been the backbone of this cooperation, defining
members involved in the supply chain and the physical and logical links
among them. Establishing supply chain configuration is a long-term deci-
sion with a planning horizon of two to five years. Such a long-term orien-
tation has enabled supply chain partners to implement highly efficient
models of collaboration covering the entire product life cycle, starting with
product design and ending with reverse logistics operations. Effective in-
formation exchange, process integration, materials and product movement,
and collaborative planning mechanisms can be established and fine tuned
during the lasting cooperation. However, this approach has encountered
multiple challenges in the last decade. Customer demand uncertainty is one
of the primary challenges. This uncertainty shows up in multiple ways,
such as increasing customer expectations for price, quality and delivery
performance, demand for customized products, shortened product life cy-
cle, and erratic demand behavior. These factors are supplemented by tradi-
tional uncertainty concerning demand volume.

The customer demand satisfaction challenge is tightly related to increas-
ing global competition and technology development challenges because
these drivers encourage customers to ask for more. Global competition of-
fers an increased number of alternative providers of goods and services.
Additionally, characteristics of these goods and services such as prices and
quality, exhibit high variety. The technology development challenge offers
less time to get acquainted with new technologies. On the other hand,
technology development increases flexibility of manufacturing and service
operations and simplifies the technical aspects of supply chain integration,
which is an important enabler of efficient supply chain collaboration.
However, this also allows companies to leave their current supply chain
partners more easily and pursue involvement in other, more lucrative sup-
ply chains.
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As a result, supply chains can no longer be expected to preserve their
structure over a long horizon because they risk loosing their competitive-
ness or face internal collapse. The supply chain configuration must be able
to respond to changing customer demands and operating environments.
Reinforcement and modification of supply chain configuration is one of
the solutions of meeting these requirements. Therefore, appropriate
mechanisms for supporting reconfigurability should be embedded in sup-
ply chain configuration decisions.

4.2.2 Definition

The reconfigurable supply chain is a network of independent enterprises
possessing the flexibility of altering its structure with relatively minor re-
source requirements and without loosing its operational efficiency in re-
sponse to changing customer demands and operating environment (See
Fig. 4.1).

By definition, a configurable (hence also reconfigurable) system can be
designed, modeled, and configured for specific applications, and upgraded
and reconfigured rather than replaced. With a reconfigurable system, new
products and processes can be introduced with considerably less expense
and ramp-up time.

Static and reconfigurable supply chains can be compared according to
the role of tactical planning in the supply chain management process. At
this supply chain planning level, configuration of the static supply chain is
assumed as fixed (Chopra and Meindl 2004) and it defines constraints
within which planning is performed. Reconfigurability, however, implies
that strategic planning defines supply chain competitiveness and customer
service targets, as well as the structural basis of the supply chain, (i.e., key
units and links) and tactical planning can alter decisions with which part-
ners involved in supply chain operations can achieve the set targets.

A hypothetical example of reconfigurable supply chains can be the tran-
sition from film cameras to digital cameras. The reconfigurability would
imply that existing manufacturers are able to convert their manufacturing
facilities to produce digital cameras. New products are designed in a way
that the optical components require only minor redesign, and the existing
film development network can be used for printing and distributing digital
photos. However, reconfigurability does not imply preserving the status
quo; hence, new component suppliers, such as extension memory manu-
facturers, are involved and new Internet-based distribution channels for
digital photos are established. Some industrial examples of reconfigurable
supply chains include production and distribution of DVDs by Disney's
Buena Vista Home Entertainment unit (Hofman and Cecere 2005) and the
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supply chain of Unilever's Indian subsidiary, which relies on business
process automatization through advanced Information Technology (IT) ca-
pabilities to connect with a large number of suppliers and customers
(Jaiswal and Kaushik 2005). Principles of reconfiguration have also been
adopted in the electronics industry (Kirkwood et al. 2005; Narayanan and
Raman 2004).
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Fig. 4.1 A reconfigurable supply chain.

The problem of reconfigurable supply chains has three main aspects:

e Decision-making. Decisions about supply chain configuration are made,
monitored and updated.

e Physical implementation. Building, opening, and operating
manufacturing and service facilities, establishing and maintaining
product flows, providing information technology infrastructure and
designing and manufacturing reconfigurable products.

e Logical implementation. Business processes related to supply chain
configuration and information systems support requirements are
implemented.

The decision-making aspect determines what activities related to supply
chain configuration are required. The physical infrastructure is built ac-
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cording to the decisions that are made. The logical implementation con-
cerns utilization of physical implementation to achieve supply chain con-
figuration and overall supply chain management objectives. It is also gov-
erned by the supply chain configuration decisions that are made.

The decision-making and logical implementation aspects are mainly af-
flicted by organizational difficulties and lack of knowledge. These defi-
ciencies can be addressed by developing systematic and comprehensive
decision-making and implementation procedures. Physical implementation
is constrained by limited flexibility of available manufacturing technolo-
gies and high time and investment requirements. However, increasing use
of outsourcing and third-party services in many situations eliminates the
need for building an investment-heavy infrastructure. Similar improve-
ments have also been achieved concerning manufacturing technologies.

4.2.3 Advantages and Difficulties

The main advantages of reconfigurable supply chains are

e Robustness. The supply chain is able to withstand external and internal
shocks, such as loss of suppliers, labor disputes, and natural disasters,
because suppliers can be replaced, manufacturing can be switched to
alternative facilities, and transportation routes can be rearranged.

o Flexibility. Changing customer requirements can be accommodated by
finding less expensive parts suppliers, choosing faster transportation
channels, increasing product output volume, and introducing modified
products.

e Agility. New business opportunities can be captured by engaging in
relationships with innovative supply chain partners. Utilization of
various Internet-based distribution options is a prominent example of
supply chain redesign to find new business opportunities.

The main difficulties characteristic of reconfigurable supply chains and
obstacles hampering their development are.

e Organizational difficulties. Time available to get accustomed to new
partners, make decisions, and implement new business processes is
limited. Lack of prior experience complicates decision making and
performance evaluation.

e Technological constraints. Manufacturing facilities may not support the
processing of materials supplied by different suppliers and the
production of different variations of products, or product design may not
allow for easy modification and the relative independence of some of
the parts suppliers.
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e Trust. Partners may not engage in close collaboration and information
sharing, partially because of the possibility that cooperation will be
relatively short.

The reconfigurable supply chain assumes a dual position in regard to the
lean manufacturing paradigm. It contradicts lean policies by maintaining
extra capabilities needed to facilitate quick transitions from one configura-
tion to another. For instance, flexible manufacturing equipment might be
required despite lower efficiency compared to dedicated equipment. Possi-
bility of frequent changes of configuration also hampers the fine-tuning of
supply chain operations. On the other hand, reconfigurability requires
keeping the supply chain simple and transparent, which coincides with re-
quirements to achieve lean operations. For instance, many automotive
companies are not able to restructure their manufacturing networks and in-
crease efficiency of manufacturing operations because of highly en-
trenched labor agreements.

4.2.4 Requirements

Following the definition of the main supply chain configuration problem
areas given above, the main requirements to be met to achieve recon-
figurability are divided into two groups:

e Technological requirements covering the physical implementation
aspect

e Logical requirements covering the decision-making and logical
implementation aspects

The technological requirements concern aspect such as IT infrastructure,
product design, and manufacturing and logistics technologies. The re-
quirements on IT infrastructure imply that supply chain units should be
able to exchange information and integrate processes. The product design
requirements imply that product structure can be flexibly altered following
changes in the supply chain configuration (i.e., replacement of parts sup-
pliers). The manufacturing requirements imply that manufacturing tech-
nologies possess flexibility to change product mix and production volume.
The logistics requirements imply that material and product distribution
channels can be switched and that their capabilities are adjustable.

Significant progress has been made in meeting technological require-
ments for supporting reconfigurability. Requirements concerning IT infra-
structure are discussed in Chapter 11 of this book. Product design and
manufacturing and logistics technologies issues are discussed by Singhal
and Singhal (2002), Koren et al. (1999), and Anosike and Zhang (2006).
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Modular product design allows the replacing of components of products
more easily. Therefore, suppliers can be substituted more easily, even
though components that they supply are not physically identical to those
used previously. Similarly, manufacturing automation systems allow for
quicker adjustment to the new properties of materials used and products
demanded by customers as well as reallocating manufacturing to other fa-
cilities. Finally, utilization of third-party logistics services allows for flexi-
bility in choosing transportation channels, thus enabling cooperation with
partners located across the globe and offering the required degree of deliv-
ery responsiveness.

Satisfaction of business requirements is a challenging problem currently
under active investigation. For purposes of further discussion, the follow-
ing hierarchy of the business requirements is offered:

1. Commitment by entities involved in the supply chain.

2. Data and process integration.

3. Joint decision-making capabilities.

4. Joint decision-implementation and monitoring capabilities.
5. Data and process modification.

6. Modification of decision-making models.

Potential and existing supply chain partners must commit themselves to
joint collaboration. Efficiency of decisions made often depends directly
upon the willingness of supply chain members who need to agree on shar-
ing potential supply chain benefits and losses, as well as sharing informa-
tion and supporting cross-organizational business processes.

Data integration implies that consistent and current information neces-
sary for decision making and decision implementation is available within
an organization, as well as across the supply chain. This requirement does
not imply that all data need to be shared. Process integration implies that
supply chain members are able to execute cross-organizational business
processes. For instance, configuration decisions made by a system oper-
ated by one supply chain partner can be used to generate simulation-based
decision evaluation models run by other supply chain partners or third-
party logistics providers is automatically notified about replacement of a
supplier to reroute shipments. Data and process integration enables joint
decision making, perceived as involvement of all supply chain members in
the decision-making process which involves data gathering, decision mak-
ing, and analysis of results. Supply chain partners are informed about the
judgment behind decisions made, which is important to provide some level
of certainty to supply chain members engaged in a dynamic structure such
as reconfigurable supply chains. There are two additional requirements
concerning decision-making, such as representation of impact of uncer-
tainty and treatment of temporal issues. These requirements imply that a
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reconfigurable supply chain is to be built with respect to stochastic influ-
ences and expected dynamic changes of the structure. Decisions need to be
uniformly implemented across the supply chain. Data and process integra-
tion play important roles in achieving this requirement. Readers are re-
ferred to Linthicum (2003) for more information on data and process inte-
gration.

Finally, methods and tools for relatively inexpensive updating of data,
processes, and models are needed as the supply chain is continuously re-
configured. Otherwise, the supply chain would lag behind planned
changes.

The main attention in this book is devoted to business requirements, es-
pecially to joint decision-making capabilities.

4.3 Configuration Problems and Methods

The requirements defined above must be met for all supply chain man-
agement problems included in the supply chain configuration scope defini-
tion (see Chapter 2). The problem space is reduced by focusing mainly on
the decision-making aspect of supply chain configuration, as defined in
Section 4.2.

The supply chain management problems are classified as general and
specific. General problems mainly deal with aspects of supply chain coor-
dination and integration, and the solving of a general problem includes
solving several specific problems. Specific problems deal with a particular
subject matter and can exist independently outside the supply chain envi-
ronment. Supply chain configuration problems belong to the class of spe-
cific supply chain management problems. It involves multiple general and
specific sub-problems. Furthermore, comprehensive evaluation of configu-
ration decisions is not possible without considering interactions with other
supply chain management problems.

To systemize accumulation and representation of supply chain manage-
ment knowledge, a taxonomy of supply chain management and, particu-
larly, supply chain configuration problems can be constructed. Develop-
ment of a comprehensive, general taxonomy is a challenging task.
However, supply chain members can develop their own taxonomy backed
by industry-wide best practices as they accumulate supply chain manage-
ment knowledge. Such taxonomy represents problems that a supply chain
has dealt with and provides a basis for documenting problem-solving ap-
proaches. A segment of the supply chain configuration problem taxonomy
is shown in Fig. 4.2. It shows only selected specific and general supply
chain configuration problems. For instance, the network design problem
includes aspects such as choice of network structure, selection of nodes,
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and establishing links among the nodes. If more detailed analysis is carried
out, sub problems such as facility location and product-to-facility alloca-
tion are also addressed. All problems and sub problems can be further de-
composed according to the circumstances characterizing these problems.
For instance, the facility location problem has such lower-level specific
problems, such as static or dynamic facility location, or single or multiple
facility location. Similarly, the short-term forecasting problem can be fur-
ther decomposed according to criteria characterizing demand properties.
This decomposition cannot be represented using simple linear classifica-
tion trees. Classification tables categorizing low-level problems according
to multiple criteria are needed.

Supply chain
configuration problem
Specific problems General problems

A A 4
Forecasting Logistics Flexibility Collaboration
design
Facility Long-term Inventory Trans- Volume ollaborative
locations forecasting anagement portation flexibility design
.
n Short-term . Process ollaborative
Allocation . Warehousing o y
forecasting flexibility planning

Fig. 4.2 A sample classification of selected supply chain configuration problems.

Each problem can be addressed from multiple perspectives or views,
such as data, process, space, and time. The data perspective characterizes
the information required to make and implement supply chain configura-
tion decisions. It also describes the structure of the supply chain configura-
tion problem. The process perspective describes supply chain processes in
relation to supply chain configuration. The space perspective addresses is-
sues of locating supply chain units and other physical aspects of supply
chain configuration. The time perspective allows the analyzing of dynamic
properties of supply chain configuration.

Simchi-Levi et al. (2003) show that the supply chain configuration prob-
lem has an explicit multi-dimensional characteristic that requires the appli-
cation of different integrated decision models. Obviously, multiple interac-
tions exist between decision components implementing configuration
decision-making and other parts of the information system. Dotoli et al.
(2003) has analyzed the configuration problem from the information sys-
tems perspective. They describe a decision support system for supply chain
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configuration emphasizing identification of data sources and the need for
using multiple models to evaluate configuration decisions.

Given the variety of problems and their evaluation perspective, no sin-
gle model can cover all aspects of supply chain configuration. These
methods can be represented using the taxonomy of supply chain configura-
tion methods. This taxonomy is part of the overall supply chain manage-
ment taxonomy and includes references to problem-solving methods inter-
acting with configuration problem solving (Chandra and Tumanyan,
2005).

Classification of supply chain models constitutes the upper level of the
taxonomy. Beamon (1998) distinguishes between deterministic analytical
models, stochastic analytical models, economic models, and simulation
models. Similar classification is also given by Dong (2001). It includes a
more detailed division between types of analytical models. Min and Zhou
(2002) add hybrid and IT-driven models. The hybrid models are referred to
as models incorporating features of stochastic and deterministic models.
The IT-driven models include various software applications used in supply
chain management. The importance of IT models is further emphasized by
Kim and Rogers (2005) by adding a category of business process reengi-
neering models. Riddalls et al. (2000) emphasize the usefulness of con-
tinuous differential equations in modeling supply chain dynamics.

Supply chain configuration models can be classified as follows (see
Fig. 4.3):

o Information models. These describe the supply chain configuration
problem from an information processing perspective. This category also
includes IT-driven and business process reengineering models described
in the literature.

o Analytical models. These mainly include mathematical programming
models, which can be either deterministic or stochastic.

o Simulation models. These describe dynamic properties of supply chain
configuration.

e Hybrid models. This combination of other types of supply chain
configuration models are not necessarily confined just to combination of
analytical and simulation models.

e Statistical models. Various statistical approaches are used to gain
understanding about the supply chain configuration problem on the
basis of accumulated historical data. These models so far are mainly
considered as providing supporting functions, such as data
preprocessing.
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Fig. 4.3 Types of models used in supply chain configuration.

Further elaboration of taxonomy leads to identification of particular
modeling methods for each type of models. However, this task is compli-
cated by modeling methods belonging to various classes of models and
methods. The taxonomy of supply chain methods would be a useful tool
for identifying methods suitable for a particular decision-making situation.
Some ideas for mapping between supply chain configuration problems and
methods by using the supply chain taxonomy are presented in Chapter 6.

Several existing classifications of methods are usually confined to a sin-
gle problem domain (e.g., forecasting (Makridakis et al. 1997) or inventory
management (Kobbacy and Liang 1999). Few other classifications have
been developed to cover a wider range of supply chain management prob-
lems. Slats et al. (1995) lists informal mapping between logistics activities
and modeling techniques used to tackle these activities. The logistics ac-
tivities listed include location of warehouses, locating potential suppliers,
and arranging capacity and choice of information systems, which are
highly relevant to the supply chain configuration problem, as well as sev-
eral operational level activities. More detailed classification is provided by
Sarmiento and Nagi (1999). Models dealing with integrated production-
inventory-distribution problems are classified. Following the classification
path, one can identify appropriate modeling methods down to references to
particular models developed in the literature. However, the classification is
limited to transportation features considered in particular models.

4.4 Integrated Frameworks

As highlighted in the previous section, the supply chain configuration
problem possesses a high degree of complexity. Addressing only individ-
ual aspects of the problem is not sufficient to ensure high performance of
the entire supply chain as well as that of individual units. Comprehensive
problem solving for a large set of interrelated sub problems, however, is a
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challenging task. Therefore, an integrated framework enabling decision
making and implementation of decisions is required.

The framework for the supply chain configuration is an instantiation of
a more general supply chain management problem-solving framework, as
both share common principles and requirements. However, the supply
chain configuration framework is more focused, which allows analysts to
lower the complexity of the problem without loosing overall supply chain
perspective. The main differences occur at the framework application
level, where knowledge, models, and tools are specifically designed to ad-
dress supply chain configuration needs.

The integrated framework is developed in a spirit of a recent general
drive for enterprise and extended enterprise integration, where decision
making is advanced as one of the main beneficiaries (Cummins 2002).
This allows companies to achieve competitive advantage over other com-
panies. Delen and Benjamin (2003) and Delen and Pratt (2006) actively
promote a general integrated modeling framework that links enterprise de-
scription models, enterprise analysis models, and enterprise knowledge
base.

4.4.1 Existing Frameworks

The need for integrating models representing various problems from dif-
ferent views is conceptually widely acknowledged. A large number of spe-
cialized integrated models have been developed. However, the integrated
framework should support model integration in general.

Shapiro (2000, 2001) emphasizes that such a framework requires a tight
integration between decision modeling and information technology support
tools. The described supply chain optimization framework has a database
management system as its central component. This system processes input
data from corporate databases and maintains a supply chain decision data-
base. The model generator is used to develop an optimization model using
data provided by the database management system. The advanced opti-
mizer is used to solve the optimization model. Results obtained are stored
in the decision-making database and are made available for further proc-
essing by spreadsheet programs and other analysis tools.

The supply chain configuration framework proposed by Dotoli et al.
(2003) includes data analysis, network design, and solution evaluation
modules. The data analysis module is used to preselect potential supply
chain members by analyzing data accumulated in the company's database.
The network design model is used to optimize supply chain structure. The
solution evaluation module is used to evaluate the supply chain configura-
tion by means of simulation. Evaluation is performed for various scenarios



4.4 Integrated Frameworks 93

and informal feedback between evaluation and optimization is considered.
Additionally, a search for consensus among decision-making parties at
each decision-making stage is emphasized.

Dolk (2000) structures supply chain decision making around data ware-
housing, which provides a means for gathering information from various
sources and presenting this information in a form suitable for conducting
data analysis using Online Analytical Processing (OLAP) tools. The data
warehouse is supplemented by a library of models, which use data from
the warehouse. Organization of models in the library is discussed.

The decision-making and decision-implementation framework devel-
oped by Piramuthu (2005) specifically addresses the supply chain recon-
figuration problem. Each supply chain unit dynamically chooses the avail-
able option for cooperation with supply chain partners. Decisions are based
using the knowledge base in possession of each supply chain unit. Knowl-
edge can be extracted from the knowledge base using various intelligent
decision-making algorithms. The framework assumes that appropriate in-
frastructure is in place to implement any decisions made.

The object-oriented supply chain design modeling framework is devel-
oped by Kim and Rogers (2005). The modeling is driven by supply chain
management goals and vision. The complex supply chain management
problem is split into packages according to Supply Chain Operations Ref-
erence model (SCOR) division of supply chain process domains. Four
views for each domain are developed to represent all aspects of the supply
chain management problem. These views include function, structure
(data), process, and behavior views, which are described using the Unified
Modeling Language(UML) syntax. Business rules for transaction process-
ing in the supply chain are added to the developed model. The obtained
supply chain model can be used for implementation of a supply chain in-
formation system and are aimed to support relatively easy modification of
this system. This framework emphasizes the information systems devel-
opment aspect while the decision-making aspect is elaborated to a lesser
degree.

4.4.2 Proposed Frameworks

The key principle underlying the proposed supply chain configuration
framework (see Fig. 4.4) is model synergy. The model synergy implies
that each model complements others to provide different perspectives of
supply chain configuration decision making, and at the same time devel-
opment and application of models is highly integrated to reduce complex-
ity and to avoid inconsistencies and redundancies.
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The proposed supply chain configuration framework starts with defining
the decision-making capabilities of individual supply chain units. It is built
on the basis of a common repository defining common concepts pertinent
to the supply chain configuration problem. The problem taxonomy and the
methods taxonomy are developed using concepts defined in the repository.

The supply chain configuration problems relevant to a particular deci-
sion-making situation can be mapped to problem-solving methods defined
in the taxonomy of the supply chain configuration methods.

Repository
\
A 4
Problems Methods
Information Decision making
system system
" - > Decision
Information .
making
models
models

Fig. 4.4 The supply chain configuration framework.

A supply chain configuration decision model can be developed by ex-
tracting appropriate decision-making methods from the taxonomy. To ad-
dress the multi-dimensionality of the configuration problem, the decision
modeling systems consist of multiple sub-models, which will be discussed
in the following chapters. At the same time, information models are used
for a descriptive analysis of the decision-making problem for defining the
decision-making process, and data exchange mechanisms between the de-
cision-modeling system and other parts of the enterprise-wide information
system. Similar to the decision-making models, the information models are
also interrelated and form a consistent part of the information system.
They use data extracted from problem and methods taxonomies to deter-
mine the parts of the enterprise-wide information system that are relevant
to a particular decision-making problem and the data that are needed to
solve the problem.
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The decision-making capabilities of individual supply chain members
are brought together to enable joint decision making and technological im-
plementation of decisions (see Fig. 4.5). The supply chain configuration
system brings together individual supply chain units. It is designed accord-
ing to the architecture of the proposed configuration framework (see Fig.
4.4). Each supply chain unit has its own supply chain management system,
which also implements the proposed framework as one of its modules.
Supply chain configuration decisions are made through the collaboration
of the overall supply chain configuration systems and supply chain man-
agement systems of individual units. The supply chain configuration sys-
tem can be a centralized system maintained by one member or a group of
supply chain members. In this case, a central supply chain configuration
model is developed, which may also invoke models maintained by indi-
vidual supply chain members. It can also be a distributed system, although
such an approach appears to be more suitable for configuration monitoring
and maintenance purposes. This approach to defining a supply-chain wide
decision-making body relates to work by Pontrandolfo and Okogbaa
(1999). They describe the supply chain decisions that can be made locally
and those that require centralized coordination. Supply chain configuration
decisions are attributed to decisions requiring centralized decision making.
Local and global planning capabilities are also considered in the SCOR
model.

The common knowledge refers to industry standards and generally ac-
cepted supply chain management concepts. The common knowledge facili-
tates established mappings between concept definitions in repositories
maintained by individual supply chain units, thus leading to easier estab-
lishment of the common repository used by the supply chain configuration
system.

An abstract interface is shown in Fig. 4.5. It provides data and process
integration during both the decision-making process and the implementa-
tion of configuration decisions. Technological solutions for implementing
this interface are discussed in Chapter 11.
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Fig. 4.5 Joint decision-making and decision-implementation approach based on
the integrated supply chain configuration framework.

Application of the proposed framework in the supply chain configura-
tion process is described in the Chapter 5 which presents a supply chain
configuration methodology, while practical implementations of the frame-
work are discussed in Chapters 7, 10, and 11.

4.5 Summary

The proposed framework has brought together existing ideas on supply
chain configuration decision making and decision implementation. It also
emphasizes concepts needed to support reconfigurability. The main fea-
tures of the framework are

e Modeling synergy and maintenance of consistent and up-to-date models

o Support for collaborative decision-making

e Utilization of decision-making capabilities of individual supply chain
units as well as those of the entire supply chain

e Integration between decision modeling and the supply chain
management information system

e Knowledge-driven approach

¢ Emphasis on efficient implementation of decisions

The framework enables reconfigurability by providing a means for effi-
cient and comprehensive decision making, streamlining the implementa-
tion of decisions and incorporating new members into the supply chain.
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This is mainly achieved by maintaining integrated and consistent informa-
tion and decision-making models. Changes in the supply chain can be
quickly represented into decision-making models and supply chain execu-
tion information systems.

Mapping between problems and available methods to a specific prob-
lem-solving model is performed by a decision analyst. Knowledge struc-
turing remains a principal hurdle in the automation of this process.

It has been indicated that product design and manufacturing and logis-
tics technologies play important roles in supporting reconfigurability. Sev-
eral recent works address these issues, although these areas remain insuffi-
ciently integrated. Wang et al. (2004) point out that supply chain design
decisions should be driven by product characteristics and product life cy-
cles. Therefore, a supplier selection model is structured to address these
product life cycle-related issues. Concurrent engineering practices so far
primarily have been applied in relation to manufacturing systems. Their
extension toward including supply chain design is an obvious direction of
further developments. Blackhurst et al. (2005) propose a methodology for
the design of supply chain operations by also considering the product and
process design. Several other studies on coordinated product, process, and
supply chain design are assembled by Rungtusanatham and Forza (2005)
and Forza et al. (2005).
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5. Methodology for Supply Chain Configuration

5.1 Introduction

The previous two chapters have highlighted the magnitude of the supply
chain configuration problem. Before starting with the description of mod-
els and tools available for solving the identified problems, a systematic ap-
proach for dealing with the configuration problem is laid out in this chap-
ter. A systematic approach defined by a methodology would facilitate
binding together different aspects of the configuration problem and pro-
vide problem-solving guidelines.

This chapter describes a general supply chain configuration methodol-
ogy that aims to cover all major aspects of supply chain configuration. The
methodology consists of 11 steps. It starts with conceptual modeling of the
supply chain configuration problems and gradually moves towards quanti-
tative analysis. A description of the methodology includes guidelines and a
set of methods and tools suited for performing specific steps. These meth-
ods and tools are outlined in this chapter and are discussed in more detail
in Part II. Given that solving the configuration problem requires support of
multiple computational tools, architecture of the decision support system
implementing the methodology is also developed.

The supply chain configuration methodology has a similar pattern to
many other modeling methodologies. The main processes comprising the
methodology are identification and definition of the problem, solving the
problem and validation and implementation of results. Completion of
every process is marked by specific deliverables. Providing the resources
required (in this case, data, model-solving approaches, and tools) is an-
other issue to be addressed by almost any methodology.

The rest of this chapter is organized as follows. Section 5.2 lays out the
background for developing a methodology for supply chain configuration.
Section 5.3 discusses the key issues to be addressed by the methodology.
The entire configuration process is discussed in Section 5.4. Steps of the
methodology are elaborated in more detail in Section 5.5, which include
outlining models available for performing each step. Architecture of the
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configuration decision support system is given in Section 5.6. Section 5.7
summarizes the chapter’s contents.

5.2 Background

The methodology described in this chapter also draws upon several supply
chain configuration methodologies proposed in the literature. Supply chain
configuration methodologies typically cover decision-making stages, such
as preparation for supply chain configuration problem solving, establishing
the supply chain configuration, and an evaluation of decisions made.

The Cardiff Methodology for supply chain reengineering developed by
the Logistics Systems Dynamics Group at the University of Wales (Naim
1996) is one of the first comprehensive methodologies for supply chain
analysis at the strategic level. This methodology is primarily oriented to-
ward an analysis of system dynamics using simulation on the basis of a
supply chain business process model. It starts with defining business ob-
jectives followed by system input/output analysis. Construction of the con-
ceptual model is the next step, aided by the library containing generic
modeling components. The conceptual model is used in developing several
quantitative models. Results obtained by means of quantitative modeling
are verified and validated. Special attention is paid to model tuning and
analysis of business scenarios. The methodology includes multiple feed-
back loops.

Ross et al. (1998) develop supply chain reconfiguration methodology,
which focuses on the need for reconfiguration as a result of performance
analysis of existing configurations. Best practices are identified during the
first stage of the methodology. These are incorporated into the reconfig-
ured supply chain. The authors list some of the methods available for per-
forming each step. Consensus-building processes are emphasized.

Talluri and Baker (2002) develop a three-phase supply chain configura-
tion methodology. The first phase identifies and evaluates candidate sup-
ply chain units. The second phase establishes a supply chain configuration.
The third phase deals with tactical planning on the basis of the established
configuration. Mathematical models for each stage are provided. Two dis-
tinct features of this methodology are the presence of a broker representing
the supply chain power structure and detailed discussion on the preselec-
tion of candidate supply chain units.

The supply chain configuration methodology developed by Dotoli et al.
(2003) includes the creation of a decision-making team, data acquisition,
preselection of candidate supply chain members using data envelopment
analysis, and optimization and evaluation of the configuration. All major
steps are followed by a discussion of the results. Piramuthu (2005) pro-
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poses a methodology for automated supply chain reconfiguration. This
methodology is based on exploration of accumulated supply chain man-
agement knowledge.

Establishment of configuration and evaluation stages are considered in
the methodology presented by Truong and Azadivar (2005). It is split into
two parts: 1) determination of qualitative policy variables, and 2) determi-
nation of quantitative variables. These decisions are made in an iterative
manner. Evaluation is performed using simulation modeling, where the
simulation model is automatically generated according to optimization
outcomes.

De Boer et al. (2001) devote their main attention to activities during the
preparation stage. The problem-solving path to be followed is shown to
depend upon initial decision-making circumstances. Particular decision-
making methods in each situation are identified. While this methodology is
aimed at dealing with supplier selection problems, some principles can
also be applied in the wider, supply chain configuration context.

Simchi-Levi et al. (2003) and Shapiro (2001) provide a general discus-
sion of steps to be performed in supply chain modeling. Bowersox et al.
(2002) provide an excellent overall description of issues related to the sup-
ply chain configuration. That also includes a planning methodology con-
sisting of feasibility assessment, project planning, data collection, analysis
(i.e., configuration modeling), development of recommendations, and im-
plementation steps. General aspects and available main methods are also
discussed by Chopra and Meindl (2004), as well as in several other general
supply chain management textbooks. There are a number of other works
structuring the supply chain configuration problem; however these works
have a relatively narrow focus. They will be considered during the discus-
sion of individual steps of the proposed methodology. The Supply Chain
Operations Reference Model (SCOR), along with its application guidelines
(Stephens 2001) provides a widely accepted source of reference to many
supply chain management and decision-making activities. Software devel-
opers such as SAP (www.sap.com) and Manugistics (www.manugistics.
com) also provide the means for systematic approaches to supply chain
configuration from the tool usage perspective.

These existing methodologies cover some aspects of the configuration
problem. A more comprehensive methodology built upon the existing
knowledge is described in the following sections. The main attention is
devoted to identification of choices to be made at each step.
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5.3 Key Issues

The methodology includes multiple steps common to many modeling
methodologies, such as definition of performance measures, data gather-
ing, execution of models, and analysis of results. There are also several is-
sues relatively unique to supply chain environments and supply chain con-
figuration. Many of these issues are defined by the distributed character of
supply chains, which are often formed by relatively loosely coupled or-
ganizations.

The supply chain power structure is one of the major unique factors.
The concept of a broker is adopted here (Ross et al. 1998). The supply
chain configuration problem is formulated substantially differently
depending on relationships between the organizations involved; thereby in-
fluencing parameters included in the model and considered performance
measures.

The completely centralized supply chain owned by a single company is
the most rigid case of the supply chain power structure. The decision-
making process also can be centralized in the case of one dominating sup-
ply chain unit that picks its partners. However, even in this case, the domi-
nant unit should account for the interests of other units to some extent be-
cause the notion of mutual dependence between supply chain members is
widely recognized. In contrast to the centralized supply chain, a supply
chain can be composed of independent units having approximately equal
importance. In this case, the configuration decisions can be coupled with
some compensation mechanisms, whereby some supply chain members
compensate other members who bear additional configuration-related ex-
penses to establish more efficient overall structure.

Although data gathering is the common function for any modeling ef-
fort, the distributed character of supply chains brings in an additional di-
mension to this problem. Data should be gathered not only from multiple
sources in one organization, but also from multiple organizations. That is
made difficult by both technical and trust issues. Depending upon the con-
figuration methods used data requirements vary greatly. However, even
though mathematical programming seemingly requires only a little data,
the data volume needed to estimate parameters accurately might be large.
Data availability issues are softened by the increasing popularity of inte-
grated information systems, such as Enterprise Resource Planning (ERP)
systems.

Comprehensive evaluation of the configuration problem requires using
several alternative models. It is well known that mathematical program-
ming models are well suited to deal with the spatial aspects of a configura-
tion problem while they struggle to deal with temporal aspects (Ballou
2001). Simulation is more appropriate to deal with the latter. The method-
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ology should address the problem of efficient development of multiple
models.

Appraisal of modeling results poses two major difficulties: 1) combina-
tion and interpretation of results given by multiple models; and 2) balanc-
ing quantitative results with assumptions made by a human decision
maker. Multiple models present different views of the problem. It is crucial
to evaluate results with respect to derived confidence bounds. Addition-
ally, long-term strategic decisions involving huge costs and made by top
executives are often adjusted on a judgmental basis. Although these ad-
justments representing factors not captured by models are often valuable,
the balance between trust in quantitative results and judgmental decisions
is to be defined to avoid nullifying the modeling effort.

To summarize this discussion, the main requirements for the methodol-
ogy are outlined below:

e Parties involved and the power structure are clearly defined

e Data are well-structured to enable construction of multiple models

e Means for efficient selection of appropriate models and development of
selected models are provided

e Guidelines for evaluation and approbation of modeling results are
provided

The methodology is also required to provide guidelines for addressing
organizational issues, and to support the development and maintenance of
a modeling repository, which accumulates information about decision-
making processes.

5.4 Configuration Steps

The decision-making process can be initiated by a need to either establish
a new supply chain or reconfigure an existing one. The supply chain con-
figuration initiative is put forward by a broker. It is assumed that the bro-
ker knows the purpose of the supply chain to be established. The broker
can represent a diverse range of organizational structures. Some of these
structures include

e Dominating unit
- specialized
- with different supply chain functions
- consortium
e Supply chain-wide consortium
- consortium of several units
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- equal power units

Given that the supply chain configuration initiative has been initiated,
the supply chain configuration process follows the methodology outlined
below:

Step 1 — Initiation of the configuration initiative.Given that there is a need
for solving the configuration problem, the first step develops a formal jus-
tification for undertaking the configuration initiative. Objectives of the
configuration initiative are defined. Decision-making circumstances are
identified. Feasibility and expected returns are evaluated to decide on ac-
ceptance of the configuration initiative. Identification of the impact of ex-
pected configuration decisions on other supply chain management proc-
esses is important.

Step 2 — Decision-making circumstances and modeling scope.Definition
of the modeling scope is done according to the framework established in
Chapter 2. The main dimensions to be specified are the evaluation criteria,
decision variables, and parameters involved.

Step 3 — Information modeling. On the basis of modeling requirements
defined during the first two steps, information models of the configuration
problem are developed. These include a workflow model demonstrating
the cooperation of decision makers and other parties involved, a process
model showing relationships between configuration problems and other
managerial problems (as well as functionality of the supply chain configu-
ration), and the data model defining data needed for solving the configura-
tion problem and their sources. Integration between these models and the
supply chain-wide information systems is identified in this step.

Step 4 — Reevaluate objectives subject to data availability. Data availabil-
ity can be a major hurdle, especially in the case of a newly designed supply
chain. Decision-making objectives and needs are evaluated subject to data
availability.

Step 5 — Establish a decision-making plan. Situations to be evaluated and
acceptance criteria are defined. The acceptance criteria are particularly im-
portant given that evaluation is performed using multiple models, results
are to be examined by different supply chain members, and quantitative re-
sults are likely to be adjusted by human decision makers.

Step 6 — Preselection. Supply chain configuration is typically established
from a set of candidate units, possibly of different types. This step reduces
the number of candidate units. It is necessary to reduce computational bur-
den at the following selection step and because different selection criteria
are often used at the preselection stage.
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Step 7 — Development and execution of selection models.Qualitative or
quantitative models for final selection of candidate units and establishing
links between these units are developed and executed. There can be more
than one model, and different parameters and configuration performance
evaluation criteria can be used for each model. Additionally, combinations
of models (i.e., hybrid models) are often considered. Verification and vali-
dation of models is also a part of this step.

Step 8 — Analysis of output data. Absolute and relative performance of
evaluated configurations is summarized. Confidence bounds for the results
obtained are established. Sensitivity analysis to identify the most important
parameters is conducted.

Step 9 — Acceptance of results. Two levels of acceptance are distin-
guished. At the first level, the configuration decision-making group finds
its consensus about modeling results and makes any necessary adjust-
ments. At the second level, the top management decides on adoption of
configuration decisions proposed. Adjustments are introduced at this level,
too.

Step 10 — Implement the configuration decisions. Physical location of
supply chain units and the establishing of flows among units is the main
concern of implementation. However, there are many logical aspects, as
well. Adoption of configuration decisions triggers development of models
for tactical and operational decision making. Some of the configuration
models or their parts might be used in a continuous manner.

Step 11 — Evaluate the implemented configuration decisions. After the
configuration decisions are implemented, the performance measures are
monitored to check their correspondence to values expected during the
modeling. Additional performance measures can be formulated to test real-
life performance of the supply chain configuration and decide on further
configuration activities as required.

The modeling methodology is iterative, and feedback loops exist to return
to previous steps (see Fig. 5.1). The most important feedback loops are
those going from either Step 8 or Step 9 to Step 5. These loops deal with
adjusting experimental plans depending on newly identified issues and
data requirements.
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3. Information modeling
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selection models

v

8. Analysis of output data —

v

9. Acceptance of results

v

10. Implement the configuration
decisions

v

11. Evaluate the implemented
configuration decisions

Fig. 5.1 Schematic representation of the configuration methodology.

Overlapping among several steps is possible. The most obvious case is
relationship between Steps 2 and 3. Development of information models
already can be used to formalize the scope definition. Steps 7 and 8 may
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also overlap in several situations. For instance, there are two models with
different execution cycles. One of the models can still be used to establish
the configuration, while sensitivity analysis is already conducted for an-
other model.

5.5 Elaboration of Steps

This section elaborates the steps of the methodology in more detail. Steps
are categorized as management and engineering steps. The level of discus-
sion depends upon the category and more attention is devoted to the engi-
neering steps. The engineering steps are Steps 3, 5, 6, 7 and 8. Steps 2, 4, 9
and 11 are mixed engineering and management steps. Step 10 is also a
mixed engineering and management step, although it includes mainly ac-
tivities classified as external to the configuration decision making. For
each step, major decisions to be made and available decision-making
methods are outlined. The discussion is wrapped up by a summary of rele-
vant issues.

5.5.1 Initialization of Configuration

As discussed in the Chapter 2, on the scope of supply chain configuration
problem, there are multiple drivers behind the configuration effort and or-
ganization have different objectives in undertaking this effort.

Initialization of configuration problem solving is caused by strategic
supply chain decisions. These decisions are based on an assessment of the
current supply chain situation (Bowersox et al. 2002). The situation as-
sessment includes internal review of supply chain structure and perform-
ance, assessment of market and competition, evaluation of the relationship
between supply chain partners, and assessment of technological factors.
This situation assessment is further refined during the initialization step.
Bowersox et al. (2002) provides guidelines for conducting the situation as-
sessment.

Assessment of returns is made with regard to both modeling costs and
costs associated with implementation of configuration results. In many
cases, modeling costs are substantially smaller. Therefore, even if configu-
ration decisions are not expected to yield positive returns, a broker can
proceed with the modeling effort to gain a better understating of the prob-
lem and to obtain more precise estimates. However, modeling costs also
can be high enough to cancel the configuration initiative if returns on im-
plementing configuration results are not positive. In this case, a scaled-
down version of a supply chain configuration initiative is likely to arise.
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Assessment of returns is repeated during later steps of the methodology as
more information becomes available.

As noted before, it is assumed that the need for reconfiguration has been
identified and strategic objectives have been set. It has to be acknowledged
that the literature concerning these issues in the supply chain management
context (and even more so in the supply chain configuration context) is
surprisingly scarce. Korpela et al. (2001) use analytical hierarchical proc-
ess to identify general supply chain design objectives and the properties
associated with these objectives. Vonderembse et al. (2006) categorizes
supply chain design situations according to type of products and the stage
of the product’s lifecycle. This categorization allows for identification of
the type of supply chain design needed: lean, agile, or hybrid. Attributes
characterizing each type are provided. An enterprise can evaluate its cur-
rent situation with regard to this categorization and identify structural
changes needed in its supply chain. Ross et al. (1998) emphasize in their
methodology that the need for modification arises from analysis of accu-
mulated performance data. Harland (1996) positions supply chain configu-
ration in the cycle of strategic priorities formulation, supply network struc-
ture development, and implementing appropriate infrastructure.

Readers are referred to Chandler (1962) for discussion on the manage-
rial approach, and to Bubenko et al. (1998) or Kosanke et al. (1999) for
discussion on the engineering approach to defining strategic objectives.

5.5.2 Decision-Making Circumstances and Modeling Scope

Modeling scope describes configuration objectives, objects, parameters
and costs involved, and relevant constraints. Decision-making circum-
stances are also defined at this step. This information provides the basis for
further formalization of the decision-making problem during the informa-
tion-modeling step.

Decision-Making Circumstances

Table 5.1 lists attributes characterizing decision-making circumstances.
Values of the power structure attribute are similar to those of the broker.
However, the decision-making situation is defined by a combination of
power structure and broker. For instance, the supply chain configuration
initiative is put forward by a broker representing the minority unit in the
supply chain environment with the dominating unit. The specialized domi-
nating unit power structure implies that a dominating unit concentrates just
on its core competencies while the non-specialized dominating unit power
structure implies that a dominating unit assumes various functions and dif-
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ferent supply chain stages. For instance, many automotive Original
Equipment Manufacturers (OEM's) are transforming themselves from a
non specialized dominating unit to a specialized dominating unit by out-
sourcing the manufacturing of many components and abandoning plans to
enter distribution.

Decision-making is greatly influenced by the initial state of the supply
chain. The initial state influences collaborative decision-making processes
because the level of trust among potential partners might vary substan-
tially. This attribute also relates to the information availability attribute. In
the case of a new supply chain, little information is available for appraisal
of parameters characterizing links between supply chain units. For in-
stance, a potential supply chain partner can evaluate its delivery lead time
and quote it for supply chain modeling purposes. However, this quote may
not account for specific time delays caused by interactions between this
particular supplier and a manufacturer.

More efficient supply chain decisions can be made and implemented if
information is shared among supply chain partners. In the case of complete
information sharing, the main problem is establishing physical and logical
channels of information exchange. The complete information sharing ap-
plies only to information needed for supply chain configuration decision
making and implementation of decisions. In the case of limited or no in-
formation sharing, a broker relies on publicly available data, indirect ob-
servations (e.g., historical sales orders), and assumptions. Use of indirect
observations leads to problems such as the bullwhip effect (Lee and
Whang 2000). Limited information sharing is frequently a problem in early
decision-making stages, and one should assess whether information shar-
ing will improve upon engagement in supply chain execution.

Data availability relates to information sharing. However, even if com-
plete information sharing is in place, historical data might not be available.
This problem is especially severe in the case of the design of a completely
new supply chain network. Many statistical analysis methods used in the
preselection stage depend upon data availability, which varies among sup-
ply chain partners. Therefore, accuracy of estimates for individual units
needs to be taken into account during evaluation of the supply chain net-
work.

The number of alternatives characterizes such factors as number of al-
ternative suppliers, number of alternative locations for manufacturing and
distribution facilities, and number of transportation modes. The number of
alternatives substantially influences the selection of decision-making mod-
els. A large number of alternative suppliers usually require preselection of
suppliers. A large number of alternative locations requires initial continu-
ous search for optimal locations. Abundance of alternatives complicates
data gathering and model-solving tasks. The product variety also needs to
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be accounted for. Aggregation of products is usually considered in the case
of high product variety.

Table 5.1 Attributes Characterizing Supply Chain Configuration Decision-Making
Cir