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CHAPTER 1. INTRODUCTION 

This thesis is concerned with dealing with complexity in the supply chain. It uses ideas 

from systems thinking and supply chain management to study supply chain complexity 

management. Ultimately, it provides a conceptual framework and an implementation 

methodology for supply chain complexity management. 

This chapter presents the need for a holistic approach to deal with complexity in the 

supply chain, and states the research objectives of the study (Sections 1.1 and 1.2). This 

is followed by an outline of the methods used for achieving the research objectives 

(Section 1.3). Section 1.4 summarizes the major contributions of the thesis. Finally, 

Section 1.5 describes the structure of the thesis. 

1.1 Context of the study 

The idea of supply chain can be traced all way back to ancient times to when people 

began trading. The need to manage the supply chain, however, has become apparent in 

the last decades, more than ever, due to the competitive pressures such as globalization, 

outsourcing, and flexibility. Supply chain is a complex system, characterized by a high 

number and variety of entities –firms, departments, processes, and people – and a high 

degree of interaction between these entities, which leads to unpredictable behavior of the 

system in time. Managing such systems can be deemed as managing their complexity, 

which constitutes the focus of this study.  

At the time when this study commenced in 2003, the literature on supply chain 

complexity was limited to a very small number of studies. Since then there has been an 

increase in the number of studies regarding supply chain complexity, indicating the 

growing interest towards this topic as a field of study. However the fact that the number 

of studies is still small and that their publication dates are fairly recent implies that this 

field of study is still in the emergence stage (Kuhn 1962; Sterman 1982). Within the 

emergence stage, research efforts primarily focus on concept and theory development. 

Accordingly, recent studies on supply chain complexity focus on capturing and defining 

the concepts as well as developing frameworks and models (see Towill 1999; Vachon & 

Klassen 2002; Childerhouse & Towill 2003; Meier & Hanenkamp 2004; Sivadasan et al. 
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2004; Perona & Miragliotta 2004; Seuring et al. 2004; Blecker et al. 2005; Soydan et al. 

2007; Koudal & Engel 2007; Martinez-Olvera 2008, among others). The intention of this 

study, as well, is to participate in the ongoing efforts focused on developing the theory of 

supply chain complexity. 

Given this intention, this study draws on two main research fields: supply chain 

management research and systems thinking.  

The development of supply chain thought over time has been clearly reflected in Bechtel 

and Jayaram’s (1997) paper. They distinguish the following five supply chain schools of 

thought: chain awareness school, linkage/logistics school, information school, 

integration/process school, and the future (see Figure 1.1). Current literature on supply 

chain management expands mainly on the integration/process school (see Chen & Paulraj 

2004; Power 2005; Burgess et al. 2006; among others), which examines value creation 

throughout an integrated supply network with an emphasis on processes and relationships 

between the supply chain members. The underpinning philosophy in the 

integration/process school is systems thinking which moves away from local 

optimization in the supply chain to a holistic view of the entire supply chain (Bechtel & 

Jayaram 1997). Systems thinking is well suited also for studying the supply chain as a 

complex system and managing its complexity, since it focuses on the interconnections 

and interactions between the elements of the system. Furthermore, it acknowledges 

humans (e.g. decision-makers) as a part of the system. Systems thinking enables us to see 

how decisions made at a particular point in the chain affect other points in the supply 

chain (Davis 1993). In other words, adapting a systems thinking approach means 

whenever a decision is made in a supply chain, the interaction and reflections of this 

decision on the other parties (e.g., actors, processes, functions) will be considered. This 

holistic view of the supply chain has a positive influence on the efficiency and 

effectiveness of supply chain management activities (Moon & Kim 2005), as well as 

complexity management efforts. 
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1.2 Purpose of the study 

The main purpose of this study is to develop a conceptual framework and an 

implementation methodology for supply chain complexity management with an emphasis 

on supporting the decision-making process. To accomplish this purpose the following 

objectives are established:  

1. to define supply chain complexity and to review generic approaches to deal with 

this complexity, 

2. to provide a picture of how current supply chain management initiatives that 

companies undertake are related to supply chain complexity management efforts,  

3. to develop a framework which provides context and guidance to decision-makers 

in dealing with supply chain complexity, 

4. to develop an implementation methodology which will facilitate decision-making 

when dealing with problems related to complexity in the supply chain. 

In order to achieve these objectives, this study is guided by four main research questions, 

all of which involve embedded questions: 

1. What is supply chain complexity? What is complexity from a systems thinking 

perspective? What are the characteristics of complex systems? How can we deal 

with complexity from a systems thinking perspective? What are the 

characteristics of supply chain as a complex system? What are the drivers of 

supply chain complexity? How can we deal with supply chain complexity? What 

is the focus of the current literature on supply chain complexity? 

2. How do supply chain management initiatives support supply chain 

complexity management efforts? How do supply chain management activities 

(e.g., integration, coordination, visibility) support supply chain complexity 

management? How do supply chain management tools, techniques, and methods 

contribute to dealing with complexity? How do supply chain enabling 

technologies support supply chain complexity management? What are the current 

experiences of companies with regard to management and complexity of their 

supply chain? What are the obstacles the companies are facing in their effort to 

manage complexity in the supply chain? How do they overcome these obstacles? 

3. What are the elements that are important for the success of supply chain 

complexity management? How are they related? Which partners and links in the 
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supply chain are more important? Which flows and interactions add to complexity 

in the supply chain? What kind of uncertainties and conflicts exist when making a 

supply chain related decision? 

4. What is an efficient and effective way of implementing the framework? What 

kind of complexity related problems are being faced? How is it possible to 

improve the efficiency of the decision-making process when dealing with supply 

chain complexity related problems? Which tools and techniques can be 

employed? 

1.3 Methodology of the study 

The research methodology is primarily determined by the purpose of the study and the 

research questions (Strauss &Corbin 1998, p. 39). Since this study intends to develop a 

deeper understanding of supply chain complexity management and since the focus of 

research questions is on “what” and “how” questions, qualitative research methods are 

preferred (Janesick 1998; Flick et al. 2004).  

The methodology used in this study involves a variety of qualitative interpretive 

approaches. The idea behind adopting interpretive approaches is that, they are most 

appropriate for understanding practical worlds, with which this study is dealing. Table 

1.1 shows the methods employed to achieve the purpose of the study.  

Table 1.1. Methodology of the study 

Objectives Methods 
Defining supply chain complexity and 
generic approaches to deal with it 

Review and categorization of the supply chain 
complexity literature 

Exploring how current supply chain 
management initiatives are related to 
supply chain complexity management 
efforts 

Literature review, review and categorization of supply 
chain management softwares, survey of companies 
about their supply chain management efforts in 
relation to supply chain complexity 

Building a framework which provides 
context and guidance to decision-makers 
in dealing with supply chain complexity  

Review and interpretation of the literature, elicitation 
and analysis of expert opinions, meta analysis of 
success stories on supply chain complexity 
management 

Developing a methodology to 
implement the framework 

Review and interpretation of the literature, meta 
analysis of success stories on supply chain complexity 
management, elicitation and analysis of expert 
opinions 
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1.4 Significance of the study 

The significance of this study comes through its contributions to the theory and the body 

of knowledge on supply chain complexity management. The major contributions take the 

form of: 

• Definitions of various aspects of supply chain complexity such as static, dynamic, 

and decision-making complexity. 

• The insight that supply chain management initiatives (such as integration, 

coordination, visibility, supply chain management tools, technologies) have a 

positive effect on the success of supply chain complexity management efforts. 

• The development of a conceptual framework defining the elements of complexity 

management in the supply chain. 

• The development of a useful and transferable methodology for the practical 

implementation of the framework.  

In brief, this study intends to advance the theory of supply chain complexity management 

that will be utilized in both research and practice. 

1.5 Organization of the study 

In any research, a particular framework of ideas are used in a methodology to investigate 

an area of concern and as a result, the chosen methodology yields significant learning 

about the area of concern as well as the adequacy of the framework and the methodology 

itself (Checkland & Holwell 1998b). In this research, the framework of ideas covers 

ideas from systems thinking and supply chain management research and practice. The 

methodology involves a spectrum of qualitative interpretive methods used for conducting 

the research and ensuring its quality. And the area of concern is “how to deal with 

complexity in the supply chain” with a special emphasis on supporting the decision-

making process.  

The design of this study has followed an iterative process that evolved over time, moving 

back and forth between the area of concern, framework of ideas, and methodology; rather 

than following a pre-established plan for carrying out the study. This iterative process of 

collecting, categorizing, analyzing, interpreting, and documenting information has 

yielded considerable insight into dealing with supply chain complexity.  
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The chapters of this thesis are arranged in a logical sequence that shall lead the reader 

through the author’s thought processes (see Figure 1.2). The contents of the remaining 

chapters are summarized below: 

Chapter 2 introduces the definitions of complexity and characteristics of complex 

systems. In addition, it reviews the measures of complexity and general approaches to 

dealing with complexity.  

Chapter 3 introduces the supply chain as a complex system and reviews the generic 

approaches to deal with complexity. Additionally, it reviews and categorizes the 

literature on supply chain complexity. 

Chapter 4 investigates the supply chain management initiatives and discusses their 

contributions to management of complexity in the supply chain. In addition, it presents 

the results of a survey that has been conducted to explore the experiences of companies 

related to the supply chain management initiatives and supply chain complexity 

management efforts.  

Chapter 5 presents the supply chain complexity management framework and defines its 

elements. Moreover, it suggests a methodology based on Theory of Constraints’ 

Thinking Process Tools to facilitate decision-making when dealing with problems related 

to complexity in the supply chain and provides a sample application of the methodology. 

Chapter 6 reports and discusses the process and results of the case analysis and the expert 

workshop that have been conducted to improve the trustworthiness of the framework and 

the methodology introduced in Chapter 5. Furthermore, it discusses how the criteria of 

trustworthiness have been addressed throughout the research process. 

Chapter 7 is the conclusion. It summarizes the contributions of the study and suggests 

future research directions. 
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CHAPTER 2. DEALING WITH COMPLEXITY 

Complexity is a part of life, nature, and business. It is an important research topic in 

diverse scientific fields including physics, biology, economics, and organizational 

science, among many others. Many studies have dealt with complex systems and the 

question “what is complexity?” has been discussed repeatedly.  

In this chapter, the definitions of complexity and characteristics of complex systems are 

introduced. Since the intention of this thesis is not to develop or extend the theory of 

complexity, this chapter provides a concise overview of the literature without offering 

new insights. The chapter presents the definitions and characteristics of complex systems 

and a review of complexity measures, followed by an introduction of general approaches 

to deal with complexity.  

2.1 Definition of complexity 

Complexity is an interdisciplinary term, widely used in different areas and therefore has 

various definitions. The English word complex is derived from a Latin origin, which is 

“cum-plexus” and can be interpreted as “braided together” (cum: “with, together”, plecto 

(verb form of plexus): “braid, interweave”). According to Webster's Third International 

Dictionary complexity refers to “the quality or state of being complex”, or “having many 

varied interrelated parts, patterns, or elements and consequently is hard to understand 

fully or being marked by an involvement of many parts, aspects, details, notions, and 

necessitating earnest study or examination to understand or cope with” (Webster's Third 

International Dictionary, cited in Klir 1985a). 

From the number of complexity definitions in the literature one can deduce that no single 

definition of complexity would satisfy all the situations in which complexity exists. This 

can be attributed to inherent subjectivity of the complexity concept. Ashby (1973) states 

the complexity of a system can be measured relative to a given observer*, and he adds; 

“complexity is in the eye of the beholder”. Or as Luhmann (1997, p.144) points out 

                                                 
* The term observer used in complexity studies has a broader meaning than in “a representative sent to 
observe but not participate officially in an activity” (Merriam-Webster’s 11th Collegiate Dictionary). From 
a complexity point of view, the observer interacts with the observed system, as stressed by Ashby (1973), 
Casti (1979), and Klir (1985b), among others. 
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“Ohne Beobachter gibt es keine Komplexität” (Eng. without an observer there is no 

complexity). Casti (1979, 1992) puts in his different writings that “what is complex 

depends on how you look at it”. Similarly, Klir (1985a, p.325) emphasizes the 

subjectivity of complexity by mentioning that complexity is related to the ability to 

understand or cope with the thing under consideration. Gell-Mann (1994, p.33) concludes 

in his well-known book The Quark and the Jaguar that any definition of complexity is 

necessarily context-dependent, even subjective in that complexity depends on the 

system’s description made by a human observer. Thus, various definitions of complexity 

have been and will be made depending on the context. The main point of this section is 

not to give an overview of all complexity (or complex system) definitions in the 

literature, but rather to focus on the definitions from the perspective of systems thinking. 

Below some of these definitions are given in a chronological order. 

Weaver (1948) identifies three ranges of complexity; organized simplicity, disorganized 

complexity and organized complexity. Problems of organized simplicity consist of a 

small number of significant variables (two or three variables) and a large number of 

negligible variables. According to Weaver, such systems can best be treated with 

analytical methods. Disorganized complexity is observed where the number of variables 

is very large, and each of the many variables has a behavior, which is individually erratic, 

or perhaps totally unknown. He asserts that statistical methods hold the key to the 

problems of disorganized complexity in that they enable us to describe the average 

behavior of variables. However, dealing with organized complexity involves dealing 

simultaneously with a sizable number of factors, which are interrelated into an organic 

whole. Therefore, Weaver asserts, problems of organized complexity cannot be handled 

with either analytical or statistical methods. Weaver (1948) suggests using computers and 

mixed team approach to deal with problems of organized complexity.  

Ashby (1957, p.61) associates complexity with very large systems, where largeness refers 

to “the number of distinctions made”. He emphasizes that largeness can be defined with 

respect to the relation between the system and the observer who is trying to study or 

control it. “[The observer] says the system ‘very large’, if in some way it beats him by its 

richness and complexity” (Ashby 1957, p.62). Thus, Ashby’s definition of complexity 

involves the individuals’ perceptions.  



Chapter 2. Dealing with complexity 11 

 

Simon (1962), being primarily concerned with organized complexity as defined by 

Weaver (1948), states that a complex system is made up of a large number of parts that 

interact in a non-simple way. He comments that in complex systems the whole is more 

than the sum of the parts.  

In his editorial, Yates (1978) defines five characteristics of complex systems. He posits 

that complexity usually arises whenever one or more of the following five attributes are 

found: (a) significant interactions, (b) high number of parts, degrees of freedom, or 

interactions, (c) non-linearity, (d) broken symmetry and (e) non-holonomic constraints. 

Casti (1979, p.41) defines a complex system as the one whose static structure or dynamic 

behavior is unpredictable, counterintuitive, complicated, or the like. With this definition, 

he distinguishes between two aspects of complexity (a) the static or structural complexity 

involving the connectivity and structure of the subsystems and (b) the dynamical 

complexity surrounding the time behavior of the system.  

Klir (1985a, 1985b) emphasizes the subjectivity of complexity and states that complexity 

is expressed by the interaction between the investigator and the system. In this sense, 

complexity depends on the investigator’s interests and capabilities. Putting this in 

Ashby’s (1973, p.1) words “To the neurophysiologist the brain, as a feltwork of fibers 

and a soup of enzymes, is certainly complex… To a butcher the brain is simple, for he 

has to distinguish it from only about thirty other meats…” 

In his quest for developing a coherent definition of complexity, Flood (1987) relates 

complexity to both systems and people. He states, “In general, we seem to associate 

complexity with anything we find difficult to understand”, emphasizing the subjectivity 

and the perception of the individual. Following the ideas of Weaver (1948), Ashby 

(1973), Klir (1985a, 1985b) and Yates (1978), he disassembles complexity into two 

branches (see Figure 2.1). The systems branch contains number of parts and number of 

relations, as well as nonlinearity, broken symmetry and non-holonomic constraints. The 

people branch, on the other hand, contains interests, capabilities, notions and perceptions, 

and values and beliefs. Finally, he connects the two branches by the entities 

‘communication and control’ and ‘hierarchy and emergence’, which together, he asserts, 

contribute significantly to complexity. 
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Figure 2.1. Disassembly of complexity (Flood 1987, p.185) 

Scuricini (1988) defines a complex system as a system that is built up of a plurality and a 

variety of interacting elements in such a way that in the holistic result no evidence can be 

traced of the characteristics of the single elements. This definition is accompanied by the 

concepts of open system, non-linearity, and evolution. 

Senge (1990, pp.71-72) distinguishes between detail and dynamic complexity in his well-

known book on the learning organization, The Fifth Discipline. According to Senge, 

detail complexity is observed when the number of variables in the system is high and 

dynamic complexity is observed when cause and effect are subtle, and the effects over 

time of interventions are not obvious. He adds that conventional forecasting, planning 

and analysis methods deal with detail complexity. However, the key to leveraging most 

management situations, he advocates, lies in understanding the dynamic complexity. 

Griffeath (1992) defines a complex system as an evolution generated by simple 

mathematical rules or physical principles that exhibits complicated, unpredictable 

behavior. 

Waldrop (1992, p.12) associates complexity with the edge of chaos. It is a shifting zone 

between stagnation and order on one side, and anarchy and chaos on the other.  

Gell-Mann (1994, p.50) introduces the effective complexity, which is the “length of a 

concise description of the regularities of a system” made by its observer. He asserts 

effective complexity can only be large for something that lies in between the total order 
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and complete disorder, for something that has many different regularities (Gell-Mann 

(1994, p.59). 

According to Schragenheim (1999, p.3), the term complex means that it is difficult to 

predict the outcomes of a given action across the system. The causes and effects are not 

easily identified simply because of the overwhelming number of interactions among the 

elements of the system.  

In Theory of Constraints (TOC), variations and interdependency between the components 

of the system characterize a system’s complexity (Dettmer 1998), rather than 

numerousness. The complexity of a system is associated with its degrees of freedom, 

which is the minimum number of components those, when changed, would affect the 

whole system (Goldratt 2004). As the complexity of the system increases in terms of 

interactions, the minimum number of entities that would be enough to affect the whole 

system (its degrees of freedom) decreases, i.e., the level of complexity of a system and its 

degrees of freedom are inversely related. Goldratt calls this attribute “inherent 

simplicity”. This leads to the assertion that “the more interdependencies existing between 

the various components of the system the less degrees of freedom the system has … and 

the more profound is its inherent simplicity” (Goldratt 2004). In other words, the more 

complex a system is, the easier it can be managed. 

McCarthy and Gillies (2003, p.72) emphasize that complexity is a perceived systems 

attribute that increases as the number and variety of elements and relationships within the 

system becomes greater, and increases as the level of predictability and understanding of 

the system as a whole decreases. 

In their editorial, Allen and Torrens (2005) define a complex system as one that can 

respond in more than one way to its environment. 

This listing of definitions could go on for pages and pages due to the subjectivity of the 

word complexity. Perhaps that is the reason why there is no universal definition of 

complexity (see, among others, Casti 1979; Gell-Mann 1994; Lloyd 1988; Corning 

1998). Rather, it is used in a variety of ways depending on the area of interest. In most 

general terms, following Flood (1987), “we seem to associate complexity with anything 

we find difficult to understand”. Although there is not an agreement on a precise and 

complete definition of complexity, there is a general agreement on the characteristics of 
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complex systems. Therefore, instead of going into further detail on the definitions of 

complexity, it would be more useful to identify the characteristics that are commonly 

possessed by complex systems.  

2.2 Characteristics of complex systems 

Drawn from the definitions in the preceding subsection, the emerging characteristics of 

complex systems are the high number and variety of parts, and the number of interactions 

between these parts, as well as incomprehensibility and/or unpredictability of the system 

by its observer, given that it evolves. In this subsection, a review of the literature 

pertaining to the characteristics of complex systems is presented.  

Ashby (1957, p.5) articulates complex systems as being highly dynamic and 

interconnected, where a variation in one factor leads to variations in others, perhaps in a 

great many others. Such systems cannot be treated as an interlaced set of more or less 

independent feedback circuits, but only as a whole. Ashby asserts that variety in a 

system’s outcome can be regulated, regardless of the variety in the disturbances from the 

environment, by generating sufficient variety in its boundaries. He calls this the law of 

requisite variety (Ashby 1957, pp. 206-213).  

Simon (1962) discusses four aspects of complexity. The first is the hierarchy, referring to 

a complex system composed of interrelated subsystems, each of which is hierarchic in 

structure. Second is the evolution, where he argues that complex systems emerge through 

evolutionary processes, and the evolution of a hierarchic system is faster than that of a 

non-hierarchic one. Third is near-decomposability, which is a property of hierarchic 

systems. That is, in hierarchic systems intra-component linkages are generally stronger 

than inter-component linkages. This aspect helps us to comprehend the complexity, and 

leads us to the fourth aspect, which is the description of a complex system. Simon 

concludes that complexity of a system depends on the way we describe it. Since most 

complex systems are enormously redundant, i.e., at least one aspect of the system’s 

structure can be inferred from any other, we can use this redundancy to simplify their 

description.  

Yates (1978) lists five attributes of complex systems: (a) significant interactions, (b) high 

number of parts, degrees of freedom, or interactions, (c) non-linearity, (d) broken 
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symmetry, and (e) non-holonomic constraints. He adds that it is not necessary for a 

system to have all five attributes to be complex.  

Casti (1979, pp. 98-106) discusses that different types of system complexity can be 

observed depending upon the problem, the analyst, and the questions being investigated. 

In order to provide measures of complexity, Casti first differs between static and dynamic 

complexity. In the domain of static complexity, he introduces the aspects of variety of 

components (following Ashby 1957), hierarchical structure (following Simon 1962), 

connective pattern, and strength of interactions. Connectivity indicates the way in which 

the components are connected to form the system, which can be examined from 

geometric or algebraic viewpoints. Interaction levels refer to the strength of linkages 

between components as defined in nearly decomposability by Simon. In a system where 

the linkages are weak, but not negligible (i.e., a nearly decomposable system), the short 

run behavior of each component is approximately independent of the others; but the long 

run behavior of any component depends in only an aggregate way on the behavior of the 

other components (Simon 1962). Dynamic complexity is about the difficulty in 

predicting the system behavior and involves the aspects of time, randomness, and 

uncertainty.  

Scuricini (1988) articulates that a complex system is open, its components interact in a 

nonlinear way, and it shows capabilities of self-evolution and knowledge formation. He 

suggests evaluating complexity in large technological systems by the help of four 

attributes that are numerousness, variety, type of components, and organization. 

Waldrop (1992, p.11) characterizes a complex system as the one in which great many 

independent agents are interacting with each other in great many ways. The richness of 

these interactions allows the system to self-organize. These self-organizing complex 

systems are also adaptive and possess dynamism.  

Gell-Mann (1994, p. 17) describes a complex adaptive system as the one that “acquires 

information about its environment, and its own interaction with that environment, 

identifying regularities in that information, condensing those regularities into a kind of 

schema or model, and acting in the real world on the basis of that schema.” Briefly, a 

complex adaptive system is a complex system that evolves and learns (Gell-Mann 1990). 
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Corning (1998) suggests that complexity often implies the following attributes: (a) a 

complex phenomenon consists of many parts (or items, or units, or individuals); (b) there 

are many relationships/interactions among the parts; and (c) the parts produce combined 

effects (synergies) that are not easily predicted and may often be novel, unexpected, even 

surprising.  

Bar-Yam (1997, p.5) lists some of the characteristics of complex systems as elements and 

their number, interactions and their strength, formation/operation and their time scales, 

diversity/variability, environment and its demands, and activities and their objectives.  

Similar to Gell-Mann, who distinguishes between complex and complex adaptive 

systems, Cilliers (1998, p.3) distinguishes between complicated and complex systems. 

When a system can be given a complete description in terms of its individual 

constituents, even if it consists of a large number of elements, it is complicated. That is 

things such as jumbo jets or computers are complicated. A system is complex, when the 

interaction among its elements and the interaction between the system and its 

environment portray such characteristics that the system as a whole cannot be understood 

by simply analyzing its elements. These relationships, Cilliers adds, shift and change 

often as a result of self-organization, which leads to emergent properties. The brain, 

natural language, and social systems are examples of complex systems. Additionally 

Cilliers (1998, pp.3-4) specifies ten characteristics of complex systems in his book, 

Complexity and Postmodernism: Complex systems consist of a large number of elements 

that interact dynamically and the level of interaction is rich (connectedness). The 

interactions are nonlinear, distant elements interact through other elements (mediator) 

and there are feedback loops in the interactions. Furthermore, complex systems are open 

systems operating under conditions far from equilibrium and they have a history. Since 

elements of the system cannot access to all the information in the system, they can only 

act on available (local) information. Thus, the complexity emerges as a result of the 

patterns of interaction between the elements. Together with these characteristics, Cilliers 

discusses two capabilities of complex systems: representing information and self-

organization. 

Andriani (2003) characterizes a complex system as being composed of many 

interconnected parts interacting in a non-linear fashion, and able to exhibit the properties 

of self-organization and emergence. He extends the aforementioned list of Cilliers’ by 
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adding the characteristics of co-evolution and self-catalytic reactions. Finally, the list 

reads as follows: large number of elements, interactions, connectedness, non-linearity, 

feedback loops, dissipative/open systems, have a history, locality, self-organisation, co-

evolution, emergence, and self-catalytic reactions. 

In order to facilitate the comprehension of the behavior of complex social systems 

Mitleton-Kelly (2003) introduces the generic characteristics of complex adaptive 

systems. These are self-organization, emergence, connectivity and interdependence, 

feedback, far from equilibrium, exploration of the space of possibilities, co-evolution, 

historicity, path dependence, and the creation of new order. She discusses each 

characteristic and describes how each may be appropriate to a human system. Finally, she 

concludes that all human systems (organizations) are complex social systems and treating 

them as such will help them to co-evolve with a constantly changing economic and 

market environment. 

Erdi (2008, pp.7-20; 357-359) in his book Complexity Explained lists the characteristics 

of complex systems as circular causality, feedback loops, logical paradoxes, strange 

loops, recursion, small changes in the cause imply dramatic effects (i.e., nonlinearity), 

chaos, emergence and unpredictability, and self organization.  

Despite being introduced from different viewpoints, the characteristics of complex 

systems discussed in different studies converge. Figure 2.2 gives an overview of the main 

characteristics of complex systems, which are grouped under structural (static) and 

behavioral (dynamic) aspects. The structural aspect of complexity refers to number of 

parts, variety of parts, strength of interactions, connective structure, and hierarchical 

structure (see Table 2.1). The behavioral aspect involves the characteristics of dynamism, 

nonlinearity, far from equilibrium, historicity, adaptivity, self-organization, emergent 

structures, and evolution (see Table 2.1). We can evaluate complex systems considering 

these characteristics.  
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Table 2.1. Defining the characteristics of complex systems 

Numerousness Numerousness refers to the number of components those make up 
the system and to the number of relationships and interactions 
between these components.  

Variety Variety refers to the number of different types of components in a 
system  

Strength of 
interactions 

The strength (significance) of interactions between the 
components of a system. 

Connective structure The pattern of connectivity (interdependence) of the components 
in a system. 

ST
R

U
C

T
U

R
A

L
 

Hierarchical structure A system that has a hierarchical structure is composed of 
interrelated subsystems, each of which is hierarchic (has their 
own subsystems) as well (Simon 1962). In other words, in a 
hierarchical structure the components in a lower level are 
subsystems those are interconnected and they emerge into a 
higher level forming another subsystem.  

Dynamism Dynamism of a system refers to change and growth of the system 
in time.  

Nonlinearity Nonlinearity means a small change may cause a large effect, a 
proportional effect, or no effect at all. However, in linear systems, 
effect is always directly proportional to cause. 
Nonlinearity involves indeterminism (the behavior of a system 
cannot be predicted), multi-stability (the state of the system 
alternates between two or more exclusive states), aperiodicity (the 
system does not repeat the same behavior after some period), and 
irrationality (the behavior of the system lacks normal cause effect 
relationship) 

Far from equilibrium Far from equilibrium means that the system is constantly 
changing and not returning to some prefixed state. This is a 
behavior of open systems those are continuously driven from the 
external environment. 

History This characteristic is related to the memory of the system, thus, 
prior states may have an influence on present and future states. 

Adaptive The ability of complex systems to adjust themselves to their 
environment, mainly as a result of their ability to learn (from the 
history) and change. 

Emergent structures In complex systems the properties of the ‘wholes’ can not be 
reduced to the properties of the ‘parts’. Such irreducible 
properties are called emergent. Thus, complex systems may 
exhibit behaviors that are unexpected (emergent) which arises out 
of a multiplicity of relatively simple interactions of their parts.  

Self-organization The spontaneous emergence of organization (consistency) due to 
the (local) interactions in the system. (see Ashby 1962) 

B
E
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A

V
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A
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Evolution The process of continuous change from a lower to a higher, or 
from a simpler to a more complex, or from a worse to a better 
state. Evolution is an opportunistic process; it is not consciously 
guided by a particular plan or goal. 
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Figure 2.2. Characteristics of complex systems 

2.3 Measuring complexity  

As the old saying goes, “you cannot manage what you cannot measure”. This holds true 

to some extent for complex systems as well. In order to deal with complexity, we need to 

understand the complexity and define how to measure it. In search of dealing with 

complexity, different measures were introduced depending on the context (for a detailed 

overview of the complexity measures, the reader may refer to Edmonds 1999, pp. 136-

163). In this section, measures of complexity that are primarily associated with the 

structural aspect (see Figure 2.2) are examined.  

The first measure that comes to mind is the number of elements in a system, since 

complexity is associated by having high number of elements. Scuricini (1988) calls this 

attribute numerosity and suggests measuring it with the number of elementary 

components of a system. The number of elements is a necessary, but not a sufficient 

measure of complexity on its own (Weaver 1948; Ashby 1957; Simon 1962; Casti 1979; 

Flood 1987; Edmonds 1999). It should be accompanied at least by the number of 

interactions or variety (Flood, 1987).  
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In An Introduction to Cybernetics, Ashby (1957, p. 126) suggests measuring complexity 

by variety, which is the number of distinct elements or states that describe the system. To 

measure the quantity of variety he prefers to use the entropy, devised by Shannon (1948) 

to measure information. Here, entropy is measured in logarithmic form and when 

logarithm is taken to the base-two the unit of entropy is bit (Ashby 1957, p.126). Beer 

(1970) advocates Ashby’s idea of measuring complexity by variety; he specifically 

suggests measuring it by the possible number of states of a system. Another follower of 

Ashby’s law of requisite variety is Casti (1979), who names the ability of a system to 

control the output response as “control complexity”, and suggests measuring this by the 

quantity of control variety. In line with these suggestions, Klir (1985a, p.334) introduces 

the first of the two general principles of systems complexity, as “the complexity of a 

system should be proportional to the amount of information required to describe the 

system”. He suggests measuring this descriptive complexity by the number of entities 

(states, variables) involved in the system and by the variety of interdependence among 

the entities. Variety is also one of the attributes recommended by Scuricini (1988) to 

measure complexity, specifically by the number of different kind of components. Thus, 

variety can be measured by simple counting of distinct variables, types or states, which 

are related to information and entropic measures (Edmonds 1999, p.163). 

Information measures have been used when dealing with complex systems, while they 

are utilized to measure the amount of information needed to describe the system (Gell-

Mann & Lloyd 1996). In his 1973 article, Ashby suggests measuring complexity by the 

quantity of information required to describe a system. He emphasizes that this is the only 

workable method in that it determines the system’s complexity relative to a given 

observer. Klir’s (1985a, p.335) second general principle relates systems complexity to the 

amount of information needed to resolve any uncertainty – the opposite of information – 

associated with the system, for which he suggests using fuzzy measures that are superior 

when using natural language. Scuricini’s (1988) unity of language (type) attribute is also 

related to the level of description of the system, which can be measured in various ways 

depending on the case, such as number, information, degrees of freedom. Measuring 

complexity by the amount of information is refined by Gell-Mann (1994) as effective 

complexity, which is the amount of information needed to describe the regularities of a 

system.  
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Another measure is the number of hierarchical levels in a system, which is related to 

hierarchical structure of the system (Casti 1979, p.99). Hierarchical structure is closely 

connected with the decomposition of the system as suggested by Simon (1962). 

Decomposability is widely studied in the complex systems literature (see Edmonds 1999, 

p.142). 

Connective pattern of a system is a good indicator of its complexity (Casti 1979, pp.99-

100). It determines the relationships within a structure as well as the influence of one 

element upon another. Casti studies connectivity from geometric or algebraic viewpoints. 

To measure the geometric aspect, he suggests a complexity measure involving the q-

chains of the system – based on q-analysis and q-connectivity introduced by Ronald 

Atkin (see Casti 1979, p.94). He states that the algebraic aspect can be evaluated by the 

structure of the connectivity pattern of the system. The number of interactions can also be 

used as a measure of connectivity. A further investigation of connectivity leads to 

considering the strength of interactions as well. However as stated by Stacey (1995, 

p.489) “it is the number of random ties rather than their individual strength or weakness 

that determines the variety in the behavior of a system”. Measures related to connectivity 

are also mentioned by Scuricini (1988) within the organization attribute.  

Eventually, complexity is context dependent and there is no universal complex system 

(Casti 1979, p102; Gell-Mann 1994), yet there are different aspects of complexity. A 

system can be complex according to one or more aspects, but simple according to others. 

Thus, different measurements can be used to evaluate complexity from different aspects. 

Notwithstanding, all the abovementioned measurements have two features in common: 

all are derived from the description of the system and their computation is mainly a 

combinatorial problem based on simple counting.  

2.4 Ways to deal with complexity 

As with complexity, ways of dealing with complexity are context-dependent in nature. 

However, there are approaches that have a broader currency; they are applicable to most 

cases where complexity exists. One such approach is suggested by Weaver (1948), who 

encourages using computers and mixed team approach to deal with organized 

complexity. Since the publication of Weaver’s article, computer technology has been 

introduced to every area of research and life, simplifying people’s tasks such as 
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computations, information-processing, communication, and many others. Weaver’s 

suggestion of mixed team approach for research on complex systems has proved to be 

very effective, when for example, the collaborative studies done in Santa Fe Institute or 

the efforts of European Complex Systems Society to bring various disciplines together 

are considered. These developments are broadly in line with Yates’ (1978) call for an 

integrative program for physical biology – a synthesis of experimental biology and 

theoretical physics – to study complexity. 

In his essay “On Meddling”, which appeared in his column Notes of a Biology Watcher, 

Thomas (1976) states “You cannot meddle with one part of a complex system from the 

outside without the almost certain risk of setting off disastrous events that you hadn’t 

counted on in other, remote parts. If you want to fix something you are first obliged to 

understand, in detail the whole system.” The solution to understanding the whole system 

lies in systems thinking (see, among others, Simon 1962; Klir 1985b; Flood 1987; Senge 

1990; Leonard & Beer 1994; Sterman 2001). Studies in systems science are primarily 

interested in developing methods by which complex systems can be simplified to a 

controllable level of complexity (Klir 1985b). For instance, Ashby (1957) advocates 

adding a regulating variety to the system to control its complex behavior. In line with 

Ashby, Scuricini (1988) states the increase in the complexity of large plants may be 

mastered only by an increase in the understanding of the inner rules and laws of the 

system.  

An important issue closely related to understanding and controlling the system is the 

level of detail used in the description of the system. Physicists call ignoring the final 

details as coarse graining (Gell-Mann 1994, p.29). Klir’s (1985b) first simplification 

strategy is in line with this idea, which suggests excluding some variables from the 

system or partitioning states of some of its variables into equivalent classes. This leads to 

a better understanding of the system and serves as a complexity reduction strategy. Much 

earlier, a similar idea was proposed by Simon (1962), who states in studying a system we 

do not need to consider all the interactions, we can ignore some of them depending on the 

level of detail of our study. Accordingly, the system can be approximated as a nearly 

decomposable system (Simon 1962). This leads us to the second simplification strategy 

Klir (1985b) formulates, which is to break the complex system into appropriate 

subsystems. The decomposition of wholes into parts and the composition of parts into 

wholes are studied within the context of reconstructability analysis, which could be used 
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to study the structure and the interactions of the system (Klir 1985a). Reducing 

complexity through system building was discussed by the social systems theorist 

Luhmann (1984) as an approach of humans attempting to deal with the complexity of the 

world. According to Luhmann (1983; 1984), social systems have the ability of reducing 

complexity because of their difference in relation to the environment, and this 

differentiation occurs through selective processes (i.e., selective relation of elements). 

Simon (1962) suggests making use of the underlying structure of the system to analyze it 

by relatively simple means. This also aids reduction of a complex problem to a 

previously solved one by drawing analogies among their structures. Thus, we can alter 

the solution of the former to develop a new solution to the latter. 

As a further way of dealing with complex systems, Klir (1985b) proposes to allow 

imprecision – in the sense of fuzzy set theory – in describing aggregated data. In this 

respect, he suggests using – besides systems science – the fuzzy theory, which provides 

us with a variety of new formal frameworks for dealing with complex systems (Klir 

1985b).  

The common objective of the above-mentioned efforts, and many others, is to provide 

general principles or laws that apply to complex systems, in order to increase our 

understanding of the system and improve our control over the system. In the continuing 

quest of dealing with complex systems, various approaches have been undertaken, 

particularly dealing with complex human systems. One such approach is the Viable 

System Model (VSM); see Figure 2.3, developed by Beer (1972; 1979; 1981; 1984; 

1985). Beer published his model and its developments mainly in his books: Brain of the 

Firm (1972), The Heart of Enterprise (1979), Brain of the Firm second edition (1981), 

and Diagnosing the System for Organizations (1985). In brief, VSM aims to reveal the 

underlying structures necessary for an organization to remain viable, which Beer claims 

to be the common purpose of all complex systems, by maintaining a balance between 

managerial, operational, and environmental varieties. Any viable system consists of five 

subsystems (management functions): operations (System One), co-ordination (System 

Two), control (System Three), intelligence (System Four), and policy (System Five). The 

five systems are interconnected by information and control loops to maintain the whole 

system in balance. Beer and his followers (see Espejo & Harnden 1989) have applied 
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VSM successfully to social organizations, where management of complexity is an 

inevitable activity.  

 
Figure 2.3. The viable system model, adapted from Beer (1984) 
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At this point, it is pertinent to mention Checkland’s Soft Systems Methodology (SSM) 

(1981; 1983; 1985), which emerged as a way to deal with the complexities of human 

affairs, including management situations, in other words to deal with soft systems. The 

research on SSM is consolidated mainly in four books: Systems Thinking, Systems 

Practice (Checkland 1981), Systems: Concepts, Methodologies and Applications (Wilson 

1984), Soft Systems Methodology in Action (Checkland & Scholes 1990), and 

Information, Systems and Information Systems (Checkland & Holwell 1998b).  

Since its first publication in 1972 (Checkland 1972), the SSM has developed over the 

years into its present form that is less structured and broader, see Figure 2.4 (Checkland 

2000). The contemporary form of the methodology is based on four main activities that 

are elements of a learning cycle. The four activities are (Checkland 2000):  

1. Finding out about a problem situation;  

2. Formulating some relevant purposeful activity models;  

3. Debating the situation using the models, then seeking the desirable and feasible 

changes which would improve the situation, along with the accommodations 

between conflicting interests which will enable action-to-improve to be taken; 

4. Taking action in the situation that will lead to improvement.  

The process of SSM is supported by tools such as Rich Pictures, Analyses One, Two and 

Three, Root Definitions, CATWOE (mnemonic stands for Customers, Actors, 

Transformation processes, Worldview, Owners, Environmental constraints), PQR (P-

What to do, Q-How to do it, R-Why do it) and Three Es (three performance measures: 

Efficacy, Efficiency, Effectiveness) (see Checkland 2000). Briefly, SSM regards the real 

world situations as complex, yet it facilitates our coping with them to be organized as a 

continuous process of inquiring, learning, and understanding (Checkland 2000).  
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a. The seven stage model (Checkland 1981, p.163) 

 
b. The four main activities model (Checkland 2000, p. S16) 

Figure 2.4.The soft systems methodology (Checkland 1981; Checkland 2000) 
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Another such approach is Goldratt’s Theory of Constraints (TOC). TOC provides a set of 

holistic processes and rules that simplifies the complexity of improving and managing 

complex organizations through focusing on the few constraining points and establishing 

the necessary and sufficient conditions to achieve continuous improvement in the 

performance of the system as a whole. According to TOC, a complex system 

(characterized by a high number of relationships) has only a few significant elements that 

can affect the whole system, Goldratt (2004) calls this “inherent simplicity”. Thus, we 

can use this property to manage the system effectively, which can yet be a challenging 

task. Thinking Processes (TP), which is first presented in his book It’s not Luck (1994), 

provide a rigorous and practical means for achieving this task. TP is a suite of tools that 

enable people to develop unique solutions to complex problems in order to achieve 

continuous improvement, see Figure 2.5.  
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Figure 2.5. The constraint management methodology and the TP tools, adapted from 

Dettmer (2003, p.49) 
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The way of practicing TP is published in a series of books: Goldratt’s Theory of 

Constraints (Dettmer 1997), Breaking the Constraints to World-Class Performance 

(Dettmer 1998), Introduction to the Theory of Constraints Management System 

(McMullen 1998), Management Dilemmas (Schragenheim 1998), and Thinking for a 

Change (Scheinkopf 1999), The Logical Thinking Process (Dettmer 2007). TP comprises 

six distinct logic trees (Current Reality Tree, Evaporating Clouds, Future Reality Tree, 

Negative Branch Reservation, Prerequisite Tree, and Transition Tree) and the logic rules 

that govern the construction and the review of the trees (Categories of Legitimate 

Reservation). TP has much in common with SSM in dealing with complex situations and 

it additionally provides a more rigorous inquiry using Categories of Legitimate 

Reservation (Mabin & Balderstone 2000, p.3).  

The above described approaches, and many others, address problem situations that are 

messy, ill structured and that cannot be independent of the people involved. Such systems 

involve stakeholders with shared interests, yet with different worldviews and with 

possibly conflicting perceptions about the problem. In this kind of problem situations, it 

may be meaningless to talk about optimization. The context of such problems requires 

interpretive approaches (Jackson 2000) where the approach facilitates structuring the 

problem and provides a thinking framework that helps people to share a common 

language and understanding of the situation/system. This, in turn, enables people to 

manage the complexity they face more effectively.  

2.5 Summary and conclusions of Chapter 2 

This chapter gives an overview of the complexity topic from a systems thinking 

perspective. Although there is no universal definition of complexity, the researchers in 

systems thinking agree on the universality of characteristics of complex systems. In 

essence, a complex system is not simply a high number of various entities put together, 

but rather what results from their interaction and interdependence. It is necessary to 

recognize that the perception of the complexity of a system is subjective in nature and 

depends on the observer’s interests and capabilities (Klir 1985a; 1985b).  

In the literature, one can find numerous complexity measures developed to be used in 

various contexts. Although high in number, most of them have two features in common. 
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That is, they are derived from the description of the system and their computation is 

mainly a combinatorial problem based on simple counting. 

When dealing with complex systems the description and understanding of the system is 

the most important issue, followed by the degree of our control over the system. The 

ability to understand the whole system can be gained through systems thinking, which is 

primarily interested in dealing with complexity (Flood & Carson 1988). Complex human 

systems, which are messy by nature, require some structuring to provide a common 

understanding of the situation/system. Problem structuring methods, mainly those of the 

interpretive paradigm (see Jackson 2000), contribute to dealing with complex situations, 

in that they involve participation as a key component and are capable of handling 

differing, if not conflicting, perspectives between stakeholders, which in turn facilitates 

decision-making and improves our control over the system. Figure 2.6 illustrates the level 

of ability to deal with the complexity of a system according to two dimensions: the level 

of complexity of the system and the observer’s (e.g., problem owner, decision maker) 

degree of control over the system – high: within the span of control/influence, low: out of 

the span of control/influence. Figure 2.6 implies that our success in dealing with 

complexity of a system is not only determined by the level of complexity of the system, 

but also by the degree of our control and influence over the system. 
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Figure 2.6. Level of ability to deal with complexity of a system 



 

CHAPTER 3. SUPPLY CHAIN COMPLEXITY 

A supply chain is a complex network of business entities (e.g., suppliers, manufacturers, 

distributors, service providers, warehouses, customers) involved in the upstream and 

downstream flows of products/services, finances and information (Beamon 1998; 

Lambert et al. 1998; Mentzer et al. 2001). Thus, there are three main flows in a supply 

chain: product/service, information, and financial. Figure 3.1 illustrates a supply chain 

and the main supply chain flows. 

 

 
Figure 3.1. Supply chain and three main supply chain flows 

“Supply Chain Management (SCM) encompasses the planning and management of all 

activities involved in sourcing and procurement, conversion, and all logistics 

management activities. Importantly, it also includes coordination and collaboration with 

channel partners, which can be suppliers, intermediaries, third party service providers, 

and customers. In essence, SCM integrates supply and demand management within and 

across companies”* (Gibson et al. 2005). 

For the purposes of this study SCM is defined as the systemic and strategic integration of 

supply chain flows and processes within and across companies in the supply chain with 

the aims of reducing costs, improving customer satisfaction and gaining competitive 

advantage for both independent companies and the supply chain as a whole (Cooper & 

                                                 
* The official definition of supply chain management adopted by Council of Supply Chain Management 
Professionals (CSCMP, http://cscmp.org) 
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Ellram 1993; Cooper et al. 1997; Mentzer et al. 2001). Thus, the key management areas 

in a supply chain are management of supply chain flows, management of supply chain 

relationships, and management of the overall performance of the supply chain (Lambert 

2008).  

It is clear that the supply chain is a complex system; and it is almost common sense to 

say that SCM involves managing the complexity inherent in the supply chain. The words 

of a director of manufacturing strategy and supply chain projects reflects this fact better: 

“With three times as many products, twice as many manufacturing sites, and far greater 

sourcing complexity, the real supply chain challenge for us is just managing the 

unbelievable complexity of the business” (cited in Cohen & Roussel 2005, p.2).  

Although there are certain difficulties in dealing with complexity in the supply chain, 

when managed correctly it leads to achieving better supply chain performances, which is 

supported by numerous studies (see, among others, van der Vorst & Beulens 2002; 

Vachon & Klassen 2002; Perona & Miragliotta 2004, A.T. Kearney 2004; 

PricewaterhouseCoopers 2006; Kersten et al., 2006, Koudal & Engel 2007). Thus, 

integrating complexity management into SCM is a necessary action. Before reviewing 

the approaches to manage complexity in the supply chain, it is crucial to characterize the 

supply chain complexity and discuss its drivers.  

3.1 Characteristics of supply chain as a complex system 

Supply chain is a complex system characterized by high number and variety of entities - 

that can be firms, departments, processes and/or people - and a high degree of interaction 

between these entities, which leads to unpredictable behavior of the system in time (see 

Figure 3.2). Adapting Yates’(1978) definition, we can say that supply chain is a complex 

system since we can observe one or more of the following features in it: (a) there are 

various companies; (b) there are high number and variety of relations, processes and 

interactions between and within companies (c) these processes and interactions are 

dynamic; (d) many levels of the system are involved in each process; and (e) the amount 

of information needed to control the system is large. Following repeated calls for a 

multidisciplinary approach to deal with complexity (see, among others, Weaver 1948; 

Yates 1978; Scuricini 1988), researchers studying the supply chain have also focused on 

complexity in the supply chain. 
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Figure 3.2. Main characteristics of supply chain as a complex system 

Borrowing from Casti (1979), we can distinguish between two types of supply chain 

complexity: static and dynamic. While static (structural) complexity describes the 

structure of the supply chain, the variety of its components and strengths of interactions, 

dynamic (operational) complexity represents the uncertainty in the supply chain and 

involves the aspects of time and randomness. This distinction has been primarily used to 

study complexity in manufacturing systems (see, among others, Deshmukh et al. 1992; 

1998; Frizelle & Woodcock 1995; Calinescu et al. 1998). In the same vein, studies 

dealing with supply chain complexity distinguishes between structural (static) and 

operational (dynamic) complexity (Sivadasan et al. 1999, Sivadasan et al. 2002a).  

Structural (static) complexity refers to the complexity of the structure of a product and 

the structure of the processes to supply, produce, and market that product. It can be 

measured by the number and variety of processes and products involved and the 

interactions between them (Frizelle & Woodcock 1995; Calinescu et al. 1998; Calinescu 

et al. 2000).  

Operational (dynamic) complexity in the supply chain is associated with the uncertainty 

of information and material flows within and across organizations and the nonlinearity of 

relationships which are mainly generated by internal sources (e.g., how well the 

processes are working) and by external sources (e.g., the effects of customers, suppliers, 

and markets) (Frizelle & Woodcock 1995; Calinescu et al. 1998; Calinescu et al. 2000).  

When dealing with supply chain complexity, a third type should be considered, namely 

the decision-making complexity. Decision making complexity involves both static and 
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dynamic aspects of complexity (see Calinescu et al. 2001a; 2001b; Efstathiou et al. 

2002). From the static aspect, the supply chain system is made up of high the number of 

elements, variety and interactions, and considering them all when making a decision goes 

beyond the capacity of the human decision maker (Miller 1956; Simon 1974; Warfield 

1988). From the dynamic aspect, the fact that the system is dynamic, non-predictable, 

and non-linear adds another layer of complexity to decision making in the supply chain. 

As a result, complexity of decision making in the supply chain is associated with the 

volume and nature of the information that should be considered when making a supply 

chain related decision. One should note that the three complexities (i.e., static, dynamic, 

and decision-making) are interrelated, as depicted in Figure 3.3, and they should not be 

considered in isolation.  

Static
complexity

Dynamic
complexity

Decision making
complexity

 

Figure 3.3. Types of supply chain complexity 

Other classifications of supply chain complexity can be found in the relevant literature; 

such as technological, organizational, environmental and output complexity (Zhou 2002), 

technical and flow complexity (Kaynak 2005), internal and external complexity (Blecker 

et al. 2005; Größler et al. 2006; Kersten et al. 2006). However, the static-dynamic 

complexity classification covers all possible classifications of complexity in the supply 

chain and therefore it is adopted with an extension to include the decision-making 

complexity in this study. Complexity in the supply chain can be observed within a firm, 

between the firms and in their interactions with the environment (Sivadasan et al. 2004; 

Blecker et al. 2005).  
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One of the first studies dealing with supply chain complexity is the study of Wilding 

(1998). He suggests that generation of uncertainty in the supply chain can be expressed 

by the supply chain complexity triangle, which consists of three elements: deterministic 

chaos, parallel interactions, and demand amplification. Wilding’s study provides an 

explanation of the complex behavior of supply chains from a perspective focused on 

uncertainty in the supply chain.  

Another study focused on uncertainty in the supply chain is by Sivadasan et al. (2002a). 

They propose a six-phase methodology for measuring and analyzing operational 

complexity transfer between partners within a supply chain. The methodology uses an 

entropy-based operational complexity measure to investigate the internal and the external 

transfer of operational complexity (Sivadasan et al. 2002a).  

An important contribution to the uncertainty dimension of the complexity in the supply 

chain comes from van der Vorst and Beulens (2002), who focus on identification and 

management of the complexity of the supply chain decision-making process, which they 

claim to be the major source of supply chain uncertainty.  

Focused on material flows in the supply chain, Towill (1999) lists 24 symptoms of 

supply chain complexity that are observed via four attributes: dynamic behavior, physical 

situations, organizational characteristics, and process uncertainties. Based upon works of 

Forrester (1961) and Burbidge (1962), Towill develops twelve rules to simplify material 

(and information) flows in a supply chain (see Towill 1999). The rules are further 

validated in Childerhouse and Towill (2003) via the statistical analysis of 32 industrial 

case studies. 

In their study, Perona and Miragliotta (2004) deal with the structural complexity arising 

from the variety within the supply chain. They classify structural complexity dimensions 

from the perspective of manufacturing firms as new product development, inbound 

outbound logistics, production engineering, production process, and sales process. They 

suggest a model where controlling complexity leads to improved supply chain 

performance.  

An attempt to conceptualize complexity in supply chains with a focus on both structural 

and operational complexity is made by Vachon and Klassen (2002). They offer a two-by-

two conceptual framework using technology and information processing dimensions, 
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where the technology dimension involves product/process and management systems, 

whereas the information-processing dimension involves levels of complicatedness and 

uncertainty. They discuss each of the four conceptual cells in the supply chain 

complexity framework and investigate their impact on delivery performance (Vachon & 

Klassen 2002). 

The complex nature of supply chains has led researchers to consider the supply chains 

through the lens of complexity theory, in particular complex adaptive systems theory. 

The first significant study is by Choi et al. (2001) who argue that supply chain systems 

possess the characteristics of complex adaptive systems. They examine supply chains 

under the aspects of internal mechanisms (agents, emergence, self-organization, 

connectivity, dimensionality), environment (dynamism, rugged landscapes), and co-

evolution (quasi-equilibrium, nonlinearity, non-randomness). Built on Choi et al.’s study, 

Pathak and Dilts (2002) model the relationship between environmental factors, suppliers’ 

and manufacturers’ behavior, and resulting network structures that emerge over time due 

to interactions among these. A succeeding study that treats supply chains as complex 

adaptive systems is by Surana et al. (2005), who discuss how concepts, tools, and 

techniques used in the study of complex adaptive systems can be utilized to model and 

analyze supply chains. Their definition of the supply chain as a complex adaptive system 

is (Surana et al. 2005, p. 4239): “Supply-chain networks contain an emergent 

phenomenon. From the view of each individual entity, the supply chain is self-

organizing. Although the totality may be unknown, individual entities partake in the 

grand establishment of the network by engaging in their localized decision-making, i.e., 

in doing their best to select capable suppliers and ensure on-time delivery of products to 

their buyers. The network is characterized by nonlinear interactions and strong 

interdependencies between the entities. In most circumstances, order and control in the 

network are emergent, as opposed to predetermined. Control is generated through 

nonlinear though simple behavioral rules that operate based on local information.”  

In the light of the above-mentioned studies, complexity in the supply chain can be 

characterized by numerousness, variety, and connectivity from the static aspect, and by 

uncertainty, non-linearity, and dynamism in the supply chain and its environment from 

the dynamic aspect (see Figure 3.2). Decision making complexity is a combination of 

these aspects that affect human decision making performance. The largeness of the 

system from the static aspect surpasses the limits of our understanding, creating a 
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complex decision making situation, and the dynamic aspect adds uncertainty and 

dynamism to this situation, making the system more difficult to understand and control 

for the decision maker. In essence, supply chain complexity, we are dealing with, arises 

from variety of and interactions/interdependencies between business processes, functions, 

people and organizations in the supply chain, which in turn lead to unpredictable 

outcomes. Thus, the decision maker in the supply chain is in the verge of being beaten by 

the richness and complexity of the supply chain and he/she needs to be supported.  

3.2 Drivers of complexity in the supply chain  

Complexity in a supply chain grows, as customer requirements, competitive environment 

and industry standards change, and as the companies in the supply chain form strategic 

alliances, engage in mergers and acquisitions, outsource functions to third parties, adopt 

new technologies, launch new products/services, and extend their operations to new 

geographies, time zones and markets (Deloitte Touche Tohmatsu 2003; A.T. Kearney 

2004; PricewaterhouseCoopers 2006). The growth of supply chain complexity seems to 

accelerate with trends such as globalization, customization, outsourcing, innovation, and 

flexibility (Deloitte Touche Tohmatsu 2003; BCG 2006).  

Supply chains are faced with various complexity drivers that can be classified according 

to the way they are generated: via physical situation (e.g., number of products), 

operational characteristics (e.g., process uncertainties), dynamic behavior (e.g., demand 

amplification), and organizational characteristics (e.g., decision making process, IT 

systems) (Towill 1999; Childerhouse & Towill 2004). This classification corresponds to 

the above-mentioned types of supply chain complexity. Another classification is 

according to their origin: internal, supply/demand interface, and external/environmental 

drivers (Mason-Jones & Towill 1998; Wildemann 2000, p.3; Childerhouse & Towill 

2004; Blecker et al. 2005). The classification of supply chain complexity drivers 

according to their origin is illustrated in Figure 3.4.  
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Figure 3.4. Classification of supply chain complexity drivers according to their origin 

Analyzing and understanding complexity drivers enable us to implement right strategies 

when dealing with complexity. Without an idea of the drivers, it will be very difficult to 

develop a clear strategy to deal with complexity. In the next subsection, the ways to deal 

with complexity, which are suggested in the literature, are studied.  
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3.3 Dealing with complexity in the supply chain 

Research findings support that reducing and managing complexity in the supply chain 

results in: 

• improved performance (van der Vorst & Beulens 2002; Vachon & Klassen 2002; 

Perona & Miragliotta 2004; A.T. Kearney 2004; Koudal & Engel 2007),  

• reduced costs (Perona & Miragliotta 2004; A.T. Kearney 2004; Hoole 2005; 

Kersten et al. 2006; PricewaterhouseCoopers 2006; Koudal & Engel 2007; Wu et 

al. 2007), 

• increased supply chain integration (Childerhouse & Towill 2003; Sivadasan et al. 

2002a).  

Dealing with complexity in the supply chain becomes a domain of interest for academics, 

practitioners, and consultants, as it becomes more and more evident that supply chain 

complexity hinders improvement of the supply chain performance. Studies emphasize a 

number of strategies when dealing with complexity. First, it is important to differentiate 

between necessary complexity that the customer/market is willing to pay for and 

unnecessary complexity that brings no additional benefits to the company/supply chain, 

but involves additional costs (Frizelle & Efstathiou 2002; Apostolatos et al. 2004; A.T. 

Kearney 2004). Only after understanding the nature of complexity being faced, it is 

meaningful to develop and implement strategies to deal with it.  

In the relevant literature, approaches to dealing with complexity are discussed mainly 

under two topics: complexity reduction and complexity management. When dealing with 

complexity*, the common approach would be to eliminate or reduce the unnecessary 

complexity and manage the necessary complexity. As a long-term strategy in dealing 

with complexity, a third item can be added to the list, which is complexity prevention (see 

Wildemann 2000; Sivadasan et al. 2002b; 2004; Kaluza et al. 2006; among others). 

                                                 

* Although “dealing with complexity” is more generic and covers complexity reduction, management and 

prevention, the terms “dealing with complexity” and “complexity management” are used interchangeably 

in the thesis when referring to approaches to deal with complexity. 
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The twelve simplicity rules of Towill (1999) provide the means to simplify the material 

flows in a supply chain. Table 3.1 gives a categorization of the twelve rules according to 

the approaches to dealing with complexity: complexity reduction, complexity 

management, and complexity prevention. The rules highlight the needs for streamlining 

material flows, synchronization, elimination of uncertainties, visibility, use of robust 

decision support systems, and supply chain integration (Childerhouse & Towill 2003).  

Table 3.1. Categorization of twelve rules for simplifying material flows, adapted from 
Childerhouse and Towill (2003, p.20) 

Rule Description 
[R]eduction/ 
[M]anagement/ 
[P]revention 

1 Make products that can be quickly dispatched to customers (Pull operations) R 
2 Minimize work-in-progress stock levels (Match products to marketplace) R 
3 Streamline material flow and minimize throughput time M/P 
4 Use the shortest planning period R 
5 Take deliveries from suppliers in small batches (JIT delivery) R 
6 Synchronize time buckets throughout the supply chain M/P 
7 Form natural clusters of products M 
8 Eliminate all uncertainties in all processes. R/P 
9 Understand, document, simplify and only then optimize M/P 

10 Make all information flows visible throughout the chain M/P 
11 Use robust decision support systems M 
12 Achieve seamless supply chain (supply chain integration) M/P 
 

According to Wildemann (2000), complexity reduction must precede complexity 

management, which should be followed by complexity prevention. Complexity reduction 

is a short-term strategy, which aims to minimize the existing variety, through product and 

process elimination, standardization, and modularization. Complexity management, the 

mid to long-term strategy, aims at managing the necessary complexity and involves 

determining methods and metrics for supply chain complexity. Complexity prevention, 

the long-term strategy, involves all long-term activities to avoid unnecessary complexity, 

e.g., redesigning organizational structure, and/or redesigning supply chain configuration 

(Wildemann 2000).  

Similarly, Sivadasan et al. (2002b; 2004) suggest four policy categories for operational 

complexity management: to export complexity to other organizations, to charge for 
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imported complexity, to invest in resources to absorb complexity, and to take precautions 

to avoid complexity generation. Exporting complexity means transferring the complexity 

from within the company to its suppliers and customers. It is not an effective response 

when dealing with supply chain complexity, since it does not meet the holistic view of 

SCM. Charging for imported complexity is a precautionary approach. Charges for 

imported complexity from customers can be regulated through premium rates, and that 

from suppliers can take the form of penalty charges. While these two categories 

(exporting and charging for) have an external focus, the last two categories (to absorb 

and to avoid) have an internal focus. Sivadasan et al. (2002b; 2004) state that an 

organization’s ability to absorb and avoid (manage and prevent) complexity is 

determined by its resources such as stock, capacity, time, IT systems, and decision-

making systems.  

In the same vein, Perona and Miragliotta (2004) distinguish between two actions to deal 

with complexity: complexity reduction and complexity management. They discuss that 

complexity reduction is reducing the structural complexity, and complexity management 

is reducing the impact of structural complexity on system’s performance. The study 

concludes that managing and reducing complexity have an impact on both efficiency (in 

terms of cost) and effectiveness (in terms of service). Perona and Miragliotta (2004) 

present a normative complexity model where the system under study (a company/supply 

chain) possesses a basic complexity. Given this basic complexity, the system adopts 

complexity reduction levers and reduces its basic complexity to a level, which is called 

actual complexity. Next, it adopts complexity management levers that do not reduce 

actual complexity, but reduce its impact on the system’s performance. This new level of 

complexity is defined as perceived complexity and leads to observed performances of the 

system. This model of Perona and Miragliotta (2004) enables us to understand the logical 

connections among complexity, complexity reduction, complexity management, and 

performance in a supply chain. 

Wu et al. (2007) apply the operational complexity index of Frizelle and Woodcock 

(1995) to address the relationship between operational complexity and operational costs. 

The findings support that reduction in operational complexity would lead to reduction in 

costs in a make to stock environment, but not in make to order. The case study shows that 

sharing information in a timely manner results in reduced complexity, reduced costs and 

improved performance.  
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The positive impact of complexity management on supply chain performances is 

supported by PRTM studies (Hoole 2004; 2005; 2006). The results show that the success 

of industry leaders stems from their ability to deal with complexity. The most important 

abilities are to use metrics to reveal and track complexity, to limit and prioritize the 

number of product offerings, and to design products to simplify planning, supply, 

manufacturing, and distribution (Hoole 2006). Besides these transferable abilities, Hoole 

(2004; 2005) provides a complexity reduction matrix, given in Table 3.2, whose 

dimensions are the four of the SCOR process elements (i.e., plan, source, make, deliver) 

and the supply chain performance levers (i.e., configuration, management practices, 

relationships, organization, and information systems). The cells involve complexity 

reduction activities such as supplier reduction, outsourcing, collaboration, and 

implementing SCM tools and technologies.  

Table 3.2. Complexity reduction techniques (Hoole 2004; 2005) 

  Supply chain process elements 
  Plan Source Make Deliver 

Supply chain 
configuration 

Product/ Package/ 
Configuration 
rationalization 

Part  /Supplier 
rationalization 

Plant 
rationalization 

Reduce 
distribution 
layers 

Supply chain 
management 
practices 

Postponement Design for 
sourcing 

Lean 
manufacturing 

Reduce self 
induced 
volatility 

Supply chain 
relationships 

Customer and 
market 
segmentation 

Supplier 
collaboration 
(e.g. VMI) 

Outsourcing Customer 
collaboration 

Supply chain 
organization 

Sales and 
operations 
planning 

Demand 
management 
Outsource 
procurement 

VMI Outsource 
(3PL, 4PL) 

Pe
rf

or
m

an
ce

 le
ve

rs
 

Supply chain 
information 
systems 

CPFR 
VMI 

e-Procurement 
tools 

Lean 
manufacturing 

e-Commerce 
portals 

 

In line with PRTM’s results, six characteristics that will help managers to deal with 

complexity are listed in the A.T. Kearney Report (2004). These are to understand 

customers requirements, make trade-offs based on cost effects, eliminate over-

specification and complexity in design, align goals and objectives, provide visibility into 

processes, and develop and leverage capabilities to deal with complexity. Finally, the 

report suggests five reactionary actions to deal with complexity (A.T. Kearney 2004):  
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• Standardization (complexity reduction),  

• Supplier/ customer reduction (complexity reduction),  

• Eliminating non-value adding processes and activities (complexity reduction),  

• Sharing information (complexity management), 

• Providing flexibility (complexity management).  

A complexity management approach can be broadly outlined as a series of actions. First 

step is identification of the current drivers and level of complexity in the supply chain. 

Next step is determining strategies for complexity reduction/management and evaluating 

these strategies based on the opportunities for improvement as well as defining the 

desired level of complexity. Once actions based on the selected strategies are executed, 

the results should be assessed and fed back to the cycle to evaluate the overall success of 

the complexity management program (see Figure 3.5).  

 

 

Figure 3.5. A generalized outline of supply chain complexity management approach 

3.4 Complexity measurement in the supply chain 

In order to determine and evaluate the level of complexity depicted in Figure 3.5, the 

need for complexity measurement arises. Since supply chain complexity is characterized 

and driven by diverse dimensions, defining a single complexity measure would be 

incomplete. Hence, various measures are developed mainly with a focus on 

numerousness, variety, and uncertainty. Two major groups of complexity measurement 

studies can be distinguished in the literature: studies using supply chain metrics and 

studies using information theoretic measures.  
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The first group contains approaches that employ supply chain metrics to address 

complexity (Beamon 1999; Lambert & Pohlen 2001; Vachon & Klassen 2002; Kaluza et 

al. 2006). Measures in this category address issues contributing to the complexity in the 

supply chain, rather than using a complexity index. The number of suppliers, number of 

products, size of the supply chain, integration level, collaboration index, product variety 

index, number of low value customers, investment in technology, process capability, 

sales forecast accuracy, and delivery reliability are just a few metrics that can be used to 

address relevant complexity drivers and changes in these.  

The second group of studies* uses an information theoretic approach to measure 

complexity (Frizelle & Woodcock 1995; Calinescu et al. 1998; Deshmukh et al. 1998; 

Sivadasan et al. 1999; Calinescu et al. 2000; Calinescu et al. 2001a; 2001b; Frizelle & 

Suhov 2001; Wu et al. 2002; Efstathiou et al. 2002; Sivadasan et al. 2002a; Frizelle 

2004; Sivadasan et al. 2004; Sivadasan et al. 2006; Wu et al. 2007; Martinez-Olvera 

2008). In information theoretic approaches, the entropy (H) is used as measures of 

information, choice, and uncertainty (Shannon 1948). It is defined as the amount of 

information necessary to describe the state of a system with n states, where pi is the 

probability of the system being in state i. Shannon (1948) calls H = - Σ pi log2 pi as the 

entropy of the set of probabilities (pi) across n states. In the above-mentioned studies, 

entropy has been used to measure product variety, flexibility, decision-making 

complexity, and transfer of operational complexity between supply chain partners. 

Measures of supply chain complexity are chosen depending on the focused strategy, type 

of supply chain, company and many other factors, which makes the measures context 

dependent. 

3.5 A categorization of supply chain complexity research 

An overview of studies on complexity in the supply chain is presented chronologically in 

Table 3.3. The list of studies is representative, yet it does not claim to cover all possible 

                                                 
* Most of the research on the information theoretic approach to measure SCC is published by the 
Complexity in the Supply Chain Group (see http://www-mmd.eng.cam.ac.uk/complexity/index.htm) as a 
product of the collaborative project with the same name undertaken between the Universities of Oxford and 
Cambridge. 
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papers. In the light of the arguments presented earlier in this chapter, the reviewed studies 

can be categorized on the basis of (see Figure 3.6): 

• Type of complexity (see Section 3.1),  

• Origin of complexity (see Section 3.2),  

• Type of approach to deal with complexity (see Section 3.3),  

• Type of complexity measure (see Section 3.4).  
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Figure 3.6. A scheme for categorization of complexity in the supply chain research 

Consequently, Table 3.4 gives a categorization of the studies dealing with complexity in 

the supply chain. As can be seen in the table, there is no particular category that 

dominates the others.  
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Table 3.3. An overview of studies dealing with complexity in the supply chain 

Author(s) Contribution of the study 

Frizelle and 
Woodcock 1995 

Suggests managing complexity through increased control, outside 
intervention and simplification 

Wilding 1998 Provides an explanation of the complex behavior of supply chains expressed 
by the supply chain complexity triangle 

Sivadasan et al. 
1999 

Introduces a generic framework to measure the complexity transfer between 
supply chain partners. Suggests reducing system complexity through 
simplification and increased predictability. 

Towill 1999 Develops twelve rules to simplify material (and information) flows in a 
supply chain. 

Calinescu et al. 
2000 

Introduces a methodology for measuring the complexity of manufacturing 
systems and their supply chains. 

Wildemann 2000 Introduces three strategies to manage supply chain complexity: complexity 
reduction, complexity management, complexity prevention. 

Calinescu et al. 
2001b 

Proposes an information-theoretic framework for measuring and assessing 
decision-making complexity. 

Efstathiou et al. 
2002 

Introduces an expert system that estimates the organization’s complexity and 
suggests some recommendations to reduce it, based on decision-making 
complexity calculations and operating characteristics of the organization.  

Meijer 2002 Suggests using organ structure heuristics to reduce process management 
complexity 

Min and Zhou 
2002 

Suggests using Theory of Constraints’ thinking processes to reduce 
complexity 

Sivadasan et al. 
2002a 

Introduces a six-phase methodology for measuring the operational 
complexity of supplier customer systems.  

Sivadasan et al. 
2002b, 2004 

Suggests four policies for managing operational complexity in the supply 
chain: export complexity, charge for imported complexity, absorb 
complexity, and take precautions against generating complexity. 

Vachon and 
Klassen 2002 

Develops a conceptual framework of supply chain complexity using 
technology and information processing dimensions and presents that supply 
chain complexity has an impact on delivery performance. 

van der Vorst and 
Beulens 2002 

Suggests supply chain redesign strategies to manage the sources of 
uncertainty (i.e., inherent characteristics, supply chain configuration, supply 
chain control structure, information system, supply chain organizational 
structure) in supply chain decision making. 

Zhou 2002 Investigates the role of postponement on reducing supply chain complexity 

Childerhouse and 
Towill 2003 

Uses simplicity rules of Towill (1999) for complex material flows to enable 
a seamless supply chain and presents a three-level framework to facilitate 
applications by practitioners. 

Kovacs and 
Paganelli 2003 

Provides web based solutions to capture the inherent complexity of the 
supply network and to manage the three barriers to supply chain 
performance improvement: visibility, velocity, and variability.  

Blecker et al. 
2004 

Suggests implementing mass customization strategy to reduce complexity 
derived from order taking process , inventory and product complexity 
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Table 3.3. An overview of studies dealing with complexity in the supply chain 
(continued) 

Author(s) Contribution of the study 

Childerhouse and 
Towill 2004 

Lists six practices to focus on to reduce uncertainty: simplified material flows, 
supply chain relationships, inventory policy, IT systems, demand stability, and 
variant mix.  

Hoole 2004, 
2005, 2006 

Presents five ways to reduce complexity in the supply chain, through 
configuration, management practices, relationships, organizations, and IT 
systems. 

Meier and 
Hanenkamp 2004

Suggests supply chain complexity management model with four phases: 
identify complexity drivers, build a complexity model, define and execute 
actions to reduce complexity, take preventive action to avoid future 
complexity.  

Perona and 
Miragliotta 2004 

Defines complexity control levers (management & reduction) and provides a 
conceptual model to reduce and manage the structural complexity. 

Seuring et al. 
2004 

Discusses the effects of and ways to deal with complexity in the supply chain 
with regard to each phase of SCM (i.e., configuration of product and network, 
product design, formation of production, process optimization). 

Blecker et al. 
2005 

Proposes a complexity model for supply chain operations to analyze the 
internal and external drivers and effects of complexity, and suggests areas for 
improvement.  

Klaus 2005 
Recommends strategies to deal with complexity: customer segmentation, 
balance complexity between supply chain partners, and simplify activities 
related to product, process and organizational complexity. 

Surana et al. 
2005 

Proposes to exploit concepts, tools, and techniques used in the study of 
complex adaptive systems to model and analyze supply chains. 

Größler et al. 
2006 

Investigates adaptation process of manufacturing firms in low and high 
complexity environments and presents different possibilities to adapt to 
external complexity.  

Kaluza et al. 
2006 

Introduces supply chain complexity strategy matrix with four strategies: accept 
complexity, control complexity, reduce complexity, and avoid complexity. 

Sivadasan et al. 
2006 

Models the operational complexity of supplier customer systems from an 
information theoretic perspective, which provides a hierarchical analysis. 

Soydan et al. 
2007 

Presents a complexity framework with four dimensions (i.e., number of agents, 
number of relationships, content of relationships, uncertainty) and investigates 
the effect of each on the decision making process in a supply chain. 

Koudal and 
Engel 2007 

Surveys over 300 supply chain companies and classifies them in four groups 
with regard to their degree of global value chain complexity and level of value 
chain capabilities. They refer to the group with high network complexity and 
high capabilities as the “complexity masters”. 

Wu et al. 2007 Addresses the relationship between operational complexity and operational 
costs. 

Martinez-Olvera 
2008 

Compares the performance of different supply chain information sharing 
approaches based on information theoretic complexity measurement. 

Bozarth et al. 
2009 

Presents a conceptual model of supply chain complexity and shows that high 
levels of internal manufacturing complexity, upstream and downstream 
complexity have a negative impact on manufacturing plant performance. 



 

Table 3.4. Categorization of studies dealing with complexity in the supply chain  

 Origin Type Approach Measurement 
Authors Internal Interf. Extern. Static Dyna. DM Reduce Manage Prevent Metrics Inf.theo 

Frizelle & Woodcock 1995 ■   ■ ■  ■    ■ 
Wilding 1998  ■   ■       
Sivadasan et al. 1999     ■      ■ 
Towill 1999    ■ ■ ■ ■ ■ ■   
Calinescu et al. 2000    ■ ■      ■ 
Wildemann 2000 ■ ■ ■    ■ ■ ■   
Calinescu et al. 2001b      ■     ■ 
Efstathiou et al. 2002    ■ ■ ■     ■ 
Meijer 2002      ■ ■    ■ 
Sivadasan et al. 2002a ■ ■  ■ ■  ■ ■ ■  ■ 
Sivadasan et al. 2002b, 2004 ■ ■ ■ ■ ■  ■ ■ ■  ■ 
Vachon & Klassen 2002 ■ ■  ■ ■     ■  
van der Vorst & Beulens 2002 ■ ■    ■ ■ ■    
Zhou 2002    ■ ■  ■     
Childerhouse & Towill 2003 ■ ■   ■  ■   ■  
Kovacs & Paganelli 2003  ■      ■    



 Origin Type Approach Measurement 
Authors Internal Interf. Extern. Static Dyna. DM Reduce Manage Prevent Metrics Inf.theo 

Blecker et al. 2004 ■      ■     
Childerhouse & Towill 2004 ■ ■   ■  ■   ■  
Hoole 2004, 2005 ■ ■  ■   ■   ■  
Meier & Hanenkamp 2004       ■ ■ ■   
Perona & Miragliotta 2004 ■ ■  ■   ■ ■  ■  
Seuring et al. 2004 ■ ■  ■   ■ ■  ■  
Blecker et al. 2005 ■ ■ ■ ■ ■  ■ ■ ■   
Klaus 2005  ■  ■ ■  ■ ■ ■   
Größler et al. 2006   ■       ■  
Kaluza et al. 2006       ■ ■ ■ ■  
Sivadasan et al. 2006 ■ ■   ■      ■ 
Soydan et al. 2007     ■ ■     ■ 
Koudal and Engel 2007    ■ ■     ■  
Wu et al. 2007      ■      ■ 
Martinez-Olvera 2008 ■ ■         ■ 
Bozarth et al. 2009 ■ ■  ■ ■     ■  

Table 3.4. Categorization of studies dealing with complexity in the supply chain (continued) 
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Within the origin of complexity category the number of studies dealing with the external 

complexity drivers appears to be smaller in number. This is mainly due to the fact that 

the external drivers are outside the system boundary of the supply chain, in other words 

they are out of the span of control. Yet they can be monitored, analyzed, and acted upon 

with robust decisions to adapt and change. Größler et al. (2006)’s study discusses this 

issue from the manufacturing company’s perspective. Their framework could be 

extended throughout the supply chain, since a greater understanding of the behavior of 

the system can be gained by examining how it interacts with its environment.  

Within the type of complexity category, dynamic complexity gains somewhat more 

attention, while decision making complexity seem to receive relatively little interest. It 

should be noted that decision making complexity is a combination of dynamic and static 

complexities perceived by the decision maker during the decision making process. 

Accordingly, a majority of the reviewed papers involve issues related to complexity of 

the supply chain decision making, however their particular focus is not primarily on 

decision making complexity.  

The approaches to deal with complexity in the supply chain follow the order discussed in 

Section 3.3. The initial approach is to eliminate or reduce the unnecessary complexity in 

the system, and then to manage the necessary complexity and prevent additional 

(unnecessary) complexity when possible. The types of approaches presented in the 

literature form a Guttman-type scale (see Green 1956). That is, the reviewed studies 

(with an exception of Kovacs & Paganelli 2003) deal either with reduction, or with 

reduction and management, or with reduction, management and prevention.  

Measurement of the complexity level or the success of complexity management efforts is 

a topic of interest in majority of the studies. Measures in the reviewed studies were 

preferred depending on their particular focus. 

3.6 Summary and conclusions of Chapter 3 

This chapter introduces the supply chain as a complex system and reviews the types (i.e., 

static, dynamic, and decision-making) and drivers (e.g., according to origin, according to 

the way they are generated) of supply chain complexity. Being aware of the complexity 

drivers is an important prerequisite for success when dealing with complexity. Table 3.5 

lists various drivers of supply chain complexity classified according to their type and 
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origin. Different approaches may be adopted to cope with the complexity drivers listed in 

each cell of this matrix (e.g., for the internal-static cell approaches may be: product 

modularization, reducing the product variety, mass customization, business process 

reengineering). One should note that the borders between the classes are somewhat fuzzy 

and an action targeting one driver would affect others as well.  

Table 3.5. Drivers of supply chain complexity 

  ACCORDING TO ORIGIN 
  Internal Supply/demand 

interface External 

Static 

• Number/variety of 
products 

• Number /variety of 
processes 

• Type of product 
• Number/variety of 

suppliers 
• Number/variety of 

customers 
• Process interactions 
• Conflicting policies 

• Changing needs of 
customers 

• Changing resource 
requirements 

• New technologies 

Dynamic 

• Process uncertainties 
• Employee related 

uncertainties 
• Unhealthy forecasts / 

plans 

• Lack of process 
synchronization 

• Demand amplification 
• Parallel interactions 

• Changes in the 
geopolitical 
environment  

• Trends in the market 
• Developments in the 

future 

A
C

C
O

R
D

IN
G

 T
O

 T
Y

PE
 

Decision-
making 

• Organizational 
structure 

• Decision making 
process 

• IT systems 

• Differing/conflicting 
decisions and actions 

• Non-synchronized 
decision making,  

• Information gaps 
• Incompatible IT 

systems 

• Changes in the 
environment  

• Factors that are out of 
span of control  

• Uncertainty of the 
unknown / 
uncontrollable factors

 

In the literature, three generic approaches emerge when dealing with complexity in the 

supply chain: complexity reduction, complexity management, and complexity 

prevention. The common approach would be to reduce/eliminate the unnecessary 

complexity, then to manage the necessary complexity in the system, and finally to 

prevent any additional unnecessary complexity (Figure 3.7). In the long run, when 

dealing with a complex system, all types of approaches should be considered to maintain 

the balance and the entirety of the system.  
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Figure 3.7. A matrix of the approaches to dealing with supply chain complexity 

In concluding this chapter, we assert that supply chain is a complex system and 

integrating complexity management into SCM is a necessary action. Understanding the 

inherent complexity of the supply chain and taking necessary actions to reduce-manage-

prevent it would lead to higher quality, lower costs, increased responsiveness, which 

means better performances and higher customer satisfaction. In the next chapter, efforts 

in the supply chain directed towards this aim – complexity management along the supply 

chain – are studied. 



 

CHAPTER 4. STATE OF THE ART APPROACHES TO 

COMPLEXITY IN THE SUPPLY CHAIN 

The importance of SCM as a competitive strategy has long been recognized by the 

companies. Thus, companies/supply chains undertake SCM initiatives to maintain and 

improve their competitive position. However, there is little discussion on how these 

initiatives assist companies in dealing with complexity in the supply chain. In order to 

reduce or manage supply chain complexity, various studies (see Section 3.3) emphasize 

the importance of SCM activities: namely, supply chain integration, coordination, 

synchronization, visibility, standardization, automation, elimination of non value added 

processes, and use of robust decision systems. Additionally, dealing with complexity in 

supply chains becomes relatively easy with the use of advanced SCM tools, techniques 

and methods (e.g., SCOR, CPFR, VMI, Lean-Agile). Along with these, recent 

developments in information and communication technologies improved the abilities of 

the companies to cope with complexity in supply chains.  

Supply Chain 
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SCM Tools Supply Chain 
Enabling Technologies
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Figure 4.1. Supply chain management initiatives  



Chapter 4. State of the art approaches to complexity in the supply chain 53 

In this respect, SCM initiatives can be categorized into three major areas (Figure 4.1): 

key SCM activities, SCM tools, techniques, and methods (from now on referred to as 

“SCM tools”) and supply chain enabling technologies (SCeT). This chapter discusses 

how each category contributes to dealing with complexity in the supply chain and 

consequently, it reports the current experiences of supply chain members with respect to 

these areas, which is revealed through a survey research. The chapter is concluded with a 

discussion of the survey findings and implications for research and practice.  

4.1 A review of key supply chain management activities 

SCM research emphasizes the importance of integration, coordination, information 

sharing, visibility, sharing risks and awards, and long-term relationships (Ganeshan et al. 

1999; Mentzer et al. 2001; Min & Mentzer 2004). These activities strongly support 

managing dependencies within a supply chain, thus managing complexity of the supply 

chains. In addition, the studies on complexity in the supply chain (see Section 3.3) 

highlight the importance of following activities to manage and reduce complexity: 

• Supply chain integration,  

• Increased coordination,  

• Information visibility,  

• Synchronization through the supply chain, 

• Standardization,  

• Process automation,  

• Elimination of non value added processes, 

• Use of robust decision systems.  

As Maloni and Benton (1997) put, SCM efforts are directed to increase the financial and 

operational performance of each supply chain member through sharing information, 

technology and planning efforts, thus reducing costs and inventories. Today many 

companies are trying to break down both intra and inter company barriers with the aim of 

enhancing integration and reducing the complexity of their supply chains.  

Integration is the key to SCM, as emphasized in the first article with the phrase “supply 

chain management” by Oliver and Webber (1982, p.66). Supply chain integration 

embraces all activities necessary to achieve a seamless supply chain (Towill 1997), 
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where all functions and processes within and between companies constituting the supply 

chain are managed as a single entity. Supply chain integration leads to sustainable 

competitive advantage for the whole supply chain over competing supply chains 

(Lummus & Vokurka 1999; Bowersox et al. 2000; Stank et al. 2001). Fawcett and 

Magnan (2002) state that true integration means alignment of objectives, open 

communication, pooling of resources, and sharing of risks and awards between supply 

chain partners. In line with Harrigan’s (1985) vertical integration dimensions, three 

dimensions characterizing supply chain integration can be identified: direction, scope, 

and level. The direction of integration can be downstream with suppliers and upstream 

with customers (Frohlich & Westbrook 2001; Fawcett & Magnan 2002). The proportion 

of functions involved in supply chain integration efforts determines the scope of 

integration (van Donk & van der Vaart 2005). The level of integration presents the extent 

of integration from a supply chain made of functional silos (i.e., narrow arc of 

integration) to one that is fully integrated (i.e., broad arc of integration) (Stevens 1989; 

Frohlich & Westbrook 2001). In other words, the stages integrated in supply chain 

activities determine the level of integration. Supply chain integration leads to sustainable 

competitive advantage for the whole supply chain over competing supply chains 

(Lummus & Vokurka 1999; Bowersox et al. 2000; Stank et al. 2001) and it is required to 

achieve better manageability of the complexity. 

A critical prerequisite to effective supply chain integration is coordination (Fawcett & 

Magnan 2002). Since a supply chain is made up of many interconnected organizations 

and activities; managing the supply chain entails managing the interdependencies among 

these activities to achieve the ultimate goal of a supply chain, which can be to satisfy 

customers, increase throughput, and lower costs. The act of managing the 

interdependencies between activities is called coordination (Malone & Crowston 1990; 

1994). According to Lee and Billington (1993), the concept of supply chain is about 

managing coordinated information and material flows, operations, and logistics. In the 

supply chain literature a distinction is made between cooperation, coordination and 

collaboration, each reflecting progressive levels of trust, commitment, and sharing of 

information, resources, as well as goals (see Spekman et al. 1998; Wang & Archer 2004). 

However, in this section these three terms are subsumed under the umbrella term 

coordination. In order to achieve supply chain coordination all parties in the supply chain 

should cooperate, coordinate their efforts and resources, and share information. As with 
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integration, coordination is necessary for the management of complexity in the supply 

chain.  

Coordination and integration across the supply chain can be attained through 

synchronization of processes and data (Chandra & Kumar 2001). Effective 

synchronization enables the parties in the supply chain to interact in real time. To ensure 

synchronization, the effect of a change occurring in a process, plan or data should be 

transferred throughout the supply chain in real time. To achieve this, automation along 

with standardization of data and processes is required.  

For effective interaction of supply chain processes automated data capture, storage, 

retrieval, generation and distribution are necessary. Automating the supply chain 

processes enables the parties in the supply chain to communicate faster and free from 

error with each other. Automation contributes to complexity reduction. In order to 

automate processes, information systems must follow pre-agreed business data exchange 

mechanisms within an enterprise and among multiple supply chain partners. These data 

exchange mechanisms are usually prescribed in business process definitions.  

This leads us to another crucial aspect of electronic integration: data and process 

standardization. In support of data standardization initiatives, supply chain partners must 

agree upon the data exchange protocol, the format, the structure, and the semantics of the 

business data they communicate, so that their computer systems can understand and 

process the data precisely. Data exchange is facilitated by standardizing processes, which 

involves pre-specification of processes and their coordination. Consortiums of 

manufacturers, distributors, and system integrators are working to define and standardize 

e-business processes. For example, RosettaNet (www.rosettanet.org) is a globally 

supported standards organization working to develop universal e-business standards for 

the global supply chain that allow companies in a supply chain to exchange process data. 

In addition, standardization – of materials, parts, interfaces, packaging, processes, tools, 

rules, and the like – is considered as a common complexity reduction approach (Child et 

al. 1991; Wildemann 2000).  

Visibility is another key element of constructing the electronic supply chain. It is through 

visibility – the ability to monitor processes and activities across a supply chain in real 

time – that the parties in the supply chain are notified of significant deviations from plans 

and provided with estimates that are more realistic. Thus, the parties can take action to 
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reduce the effects of uncertainty across the supply chain. Visibility to orders, inventory, 

and shipments across the supply chain drive sustainable improvements in lead times, 

delivery reliability, and inventory reductions (Enslow 2006). Visibility reduces 

complexity – mainly in terms of uncertainty – and enables a better management of the 

complex network of supply chain. In order to achieve better visibility, the supply chain 

partners need to invest in the technology required to achieve it. Enslow (2006) classifies 

these technologies into three categories: internally developed systems, systems provided 

by logistics service providers (LSPs), and systems from technology and software 

vendors.  

At this point, it is necessary to mention the contribution of information sharing to supply 

chain activities. Studies show that sharing information and using information 

technologies have a positive effect on both information and material flows (Cachon & 

Fisher 2000; Sahin & Robinson 2002; Zhou & Benton 2007). That is, information 

sharing facilitates integration, coordination, visibility and other key supply chain 

activities and in turn facilitates managing complexity in the supply chain. Information 

sharing between parties in a supply chain becomes less demanding on account of 

advances in information technologies (Paulraj et al. 2006).  
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Figure 4.2. Relating integration, coordination, synchronization, standardization, 

automation, and visibility from a supply chain management aspect 
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The relationship between SCM activities is depicted in Figure 4.2. On the road to a fully 

integrated supply chain, where complexity becomes manageable, effective coordination 

of physical and information flows between supply chain members is necessary. For a 

coordinated supply chain, it is essential to standardize, automate and synchronize the 

business functions and processes, and achieve end-to-end visibility. Elimination of non-

value added processes and use of robust decision systems are prerequisite actions for the 

success of any complexity management initiative. 

4.2 A review of supply chain management tools  

The more complex the system becomes, the greater is the need for a model to manage its 

complexity. Therefore, to improve the flows in a supply chain, advanced tools are 

developed and widely adopted in the practice such as the Supply Chain Operations 

Reference model (SCOR), Collaborative Planning, Forecasting and Replenishment 

(CPFR), Quick Response (QR), Efficient Consumer Response (ECR), Vendor Managed 

Inventory (VMI), as well as Lean-Agile initiatives.  

Since its introduction in 1996 (Cohen 1996; Stewart 1997), the SCOR model has been 

improved on a regular basis by the Supply-Chain Council (1996; 2001; 2006; 2008) 

(www.supply-chain.org) and is widely adopted by industry (Cohen & Roussel 2005, p. 

xii). The model is based on five core SCM processes: plan, source, make, deliver, and 

return; and its scope spans three levels of supply chain process detail: process, process 

type, and process element (Stewart 1997; Supply-Chain Council 2008). The SCOR 

model provides a common framework to capture supply chain processes and helps 

companies to communicate supply chain practices, measure performance objectively, 

identify supply chain performance gaps and develop improvement objectives (Supply-

Chain Council 2008). In turn, it enhances the ability of the companies to understand and 

cope with the dynamic and complex behavior of supply chains.  

QR, ECR, and VMI are time based competition methods (Mentzer 1999; Zacharia & 

Mentzer 2004) that focus on reducing the level of inventory in the supply chain and 

improving the replenishment accuracy and frequency based on actual product usage and 

stock level information provided by the buyer (Daugherty et al. 1999). QR – initiated in 

1986 by VICS (Voluntary Interindustry Commerce Solutions Association) 

(www.vics.org) – is the first cross-industry standard development initiative to simplify 
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the flow of product and information in the retail industry (particularly apparel industry) 

for retailers and suppliers. QR initiative encourages the traditional buyer supplier 

relationship to turn into a partnership. In 1992, ECR was presented as a tool for grocery 

industry, which requires the supply chain parties to work collaboratively in order to 

satisfy customer needs with the lowest possible cost (Kotzab 1999; Reyes & Bhutta 

2005). ECR ensures customer orientation by focusing on four areas: efficient store 

assortment, efficient promotion, efficient replenishment, and efficient new product 

introduction (Kotzab 1999). The success of QR and ECR depends on the collaborative 

management of information flows and information technologies (Daugherty et al. 1999; 

Angulo et al. 2004). Another tool depending on information sharing is VMI, where the 

customer/distributor provides certain information to a vendor/supplier, and the 

vendor/supplier takes full responsibility for maintaining an agreed inventory of the 

material (Waller et al. 1999). These automatic replenishment tools contribute to 

complexity management efforts in that they reduce the number of decision levels and 

conflicts.  

An advanced automatic replenishment initiative is the CPFR, which provides a 

formalized guideline for creating collaborative relationships between parties through co-

managed processes and shared information with the aim of increasing the overall 

efficiency in the supply chain (VICS 2004). Different from other automatic 

replenishment tools (e.g., ECR, VMI) CPFR unites demand planning and supply 

planning under a coordinated business plan (Tosh 1998), thus it promotes end-to-end 

visibility, collaborative planning, and collaborative decision-making (Barratt & Oliveira 

2001). In doing so, CPFR reduces uncertainty in the supply chain processes and creates 

an opportunity for reducing complexity.  

The main idea behind these tools is the need to be responsive, where agility seems to be 

the answer (Lee 2004; Christopher 2000). In order to achieve a responsive supply chain, 

agility and leanness cannot be thought in isolation. Thus, Naylor et al. (1999) introduced 

leagility, which positions the decoupling point according to the characteristics of the lean 

and agile paradigms. The decoupling point separates the part of the supply chain oriented 

towards customer orders/demand from the part of the supply chain based on forecasts 

(Naylor et al. 1999). Its position is determined by how far real demand is visible 

upstream in a supply chain (Christopher 2000). In leagile paradigm, up to the decoupling 

point the processes are designed to be lean (level scheduled) and beyond the decoupling 
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point the processes are designed to be agile (responsive) (Naylor et al. 1999; Mason-

Jones et al. 2000; Towill & Christopher 2002). Lean and agile or leagile paradigms 

support the integrated supply chain where the information and material flows are 

simplified, streamlined and optimized, and lead times and waste are reduced (Naylor et 

al. 1999; Mason-Jones et al. 2000; Towill & Christopher 2002). Moreover, the leagile 

paradigm contributes to complexity management by enabling lean thinking, which 

promotes eliminating muda (wasteful and unproductive activity).  

Besides their above-mentioned contributions to complexity management, these tools – 

that are widely adopted by the industry as a way to adapt to the changes in environment, 

market, demand, supply, customer expectations, and the like – facilitate supply chain 

integration. Along with SCM tools, the advance of information technologies made it 

possible to achieve an integrated supply chain, where complexity becomes manageable.  

4.3 A review of supply chain enabling technologies 

Supply chain enabling technologies (SCeT) cover a wide range of technologies and 

applications that enable the smooth flow of products, services and information as well as 

the integration of business processes across the supply chain. SCeT should be regarded as 

a facilitator to deal with supply chain problems, and as an enabler of SCM activities 

(Bechtel & Jayaram 1997; Kumar 2001; Sanders & Premus 2002; Singh 2003; 

Gunasekaran & Ngai 2004; Gunasekaran et al. 2006; Singh et al. 2007). However, it 

should be noted that the success of technology adoption depends on diverse variables 

(Patterson et al. 2003) and should be undertaken after process improvement efforts 

(Poirier & Quinn 2003).  

SCeT fall broadly in two categories: information technologies and information systems 

(see, among others, Gunasekaran et al. 2006; Sassi 2006). In this section, these are 

regarded as technologies and application softwares (in particular, enterprise softwares), 

respectively. The purpose of this section is twofold. First, it attempts to give an overview 

of technologies and application softwares that support SCM activities as well as 

complexity management in supply chains. Second, it reports the results of a secondary 

research conducted by Serdar-Asan and Tanyas (2005) which investigates the offerings 

of the next generation application software vendors with a focus on SCM activities 
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studied in Section 4.1. The results are summarized in the final paragraphs of this section 

and in Appendix A. 

By technologies, we refer to communication, data capture, and transmission technologies 

such as telephone, facsimile, EDI (Electronic Data Interchange), e-mail, internet, wireless 

communication systems, GPS (Global Positioning System), PoS (Point of Sale), barcode, 

and RFID (Radio-Frequency IDentification). All these technologies provide a means for 

efficient communication between supply chain partners, which enables data 

synchronization and information sharing across the supply chain, as well as providing a 

platform for data standardization. Evidence presenting the benefits of adoption and use of 

these technologies can be found in the literature (see among others, Chao et al. 2007; 

Klein 2006; Power & Simon 2004; Singh et al. 2007). Considering the dependency of 

supply chain activities on information, the recent focus is on the speed, accuracy and 

particularly the security of data/information transfer provided by these technologies.  

The development of application softwares for production planning is accelerated by the 

advance of computer technology. The first use of computer for planning emerged in 

1960s with Bill of Materials (BOM) processors and shifted into MRP (Material 

Requirements Planning) in 1970s (see Mabert 2007). As the computers are developed 

with higher speed and capacity, the next step evolved as MRPII (Manufacturing 

Resource Planning) by adding further functionalities to meet the increasing business 

requirements. With changes in dynamic businesses environments, this progress continued 

with the development of ERP (Enterprise Resource Planning) parallel to the need to 

integrate all the functions within an enterprise (Ptak & Schragenheim 2000, pp.3-13). 

This first generation of ERP packages includes functions such as materials planning, 

order entry, distribution, general ledger, accounting, and shop floor control (see Jacobs & 

Weston 2007). Soon, the organizations realized that in order to succeed in the emerging 

business environment, internal efficiency is not enough until it is accompanied by 

increased efficiency throughout the enterprise. Therefore, they started extending their 

ERP applications by integrated solutions on scheduling, forecasting, capacity planning, e-

commerce, warehousing (warehouse management systems – WMS), and logistics 

(transportation management systems – TMS). ERP-II is the next step in extended ERP. It 

is strengthened by capabilities such as project management, knowledge management, 

workflow management, supplier relationship management (SRM), customer relationship 

management (CRM), human resource management, portal capability, and integrated 
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financials (Kumar & van Hillegersberg, 2000). Although the advance of ERP 

applications presents a shift from being totally enterprise centered to enabling external 

collaboration, the focus of ERP systems remains at the individual enterprise level. 

Consequently, they have some shortcomings – such as lack of functionality, flexibility 

and autonomy – in managing supply chains, where the unit of analysis is a network of 

organizations (Akkermans et al. 2003, Verwijmeren 2004).  

Early efforts to support supply chain processes produced decision support and 

optimization applications called Advanced Planning Systems (APS) (Kumar & van 

Hillegersberg 2000). APS use inventory demand forecasting for the management of 

demand uncertainty, and optimization techniques for the reduction of inventory, 

transportation costs and cycle times. Use of these techniques resulted in remarkable 

improvements in supply chain efficiency and productivity. Yet a typical APS works best 

in a static supply chain with stable partners, which does not correspond to today’s 

dynamic and demand driven environment, where the coordination of supply chain 

partners and the speed of execution usually become more important than the optimization 

of the supply chain (Kumar 2001). Therefore, the need for the next generation softwares 

arises. Both ERP vendors and SCM oriented software (Best of Breed – BoB) providers 

undertake efforts to fulfill this need. An important step in this direction is the Supply 

Chain Event Management (SCEM), which enables the monitoring of the supply chain 

and coordination with suppliers and customers to resolve unpredicted events, in that 

SCEM helps to stabilize the system despite disturbances and to resynchronize it when a 

deviation occurs (Otto 2003). The next generation softwares should primarily enable 

coordination, visibility and synchronization across the supply chain. At the same time, 

they should be easy to configure (Jacobs & Weston 2007). Figure 4.3 summarizes the 

evolution of application softwares from simple to complex and the shift in their focus 

from the materials planning process to the entire supply chain.  
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Figure 4.3. The evolution of application softwares 

To provide an insight into the current situation, the next generation application softwares 

were investigated (see Serdar-Asan & Tanyas 2005), with a focus on both ERP and BoB 

solutions, since the difference between them vanishes as ERP vendors add more SCM 

functionality to their products and BoB vendors expand their functionality on the areas 

handled already by the ERP vendors. Kumar and van Hillegersberg (2000) conclude that 

as we approach a more global economy, ERP and BoB will need to converge. 

Investigating all solution providers in the market became overwhelming due to the high 

number of products falling into the subject of SCM. Therefore, the focus of the 

investigation was intentionally limited to examine and report only the leading ERP (SAP, 

Oracle-PeopleSoft) and BoB (i2, JDA) solutions (see Appendix A). The selection of 

these solution packages is illustrative, not exhaustive. A secondary research was 

conducted on the selected solution packages using the company web pages, brochures 

and white papers as research source (for details, see Serdar-Asan & Tanyas 2005 and 

Appendix A). Based on the SCM activities the solution packages are reviewed and 

cataloged (see Appendix A). The main conclusion drawn from the investigation is that all 

examined solution providers offer various solutions regarding SCM activities, where the 

main emphasis is on visibility and synchronization. The study shows that there is only 

modest attention focused directly to complexity management in the supply chain. This 

can be attributed to the subjective and abstract nature of the complexity concept. In order 

to indicate the improvements to the system in terms of complexity management, next 
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generation software providers can add functionalities to their software to measure and 

monitor supply chain complexity.  

SCeT facilitate more accurate forecasting and planning, as well as effective 

communication throughout the supply chain. However, SCeT may add a degree of 

complexity to decision-making (Disney et al. 2004), mainly due to the limited ability of 

humans to cope with vast amounts of information (Miller 1956). Still, SCeT can be 

utilized to reduce the complexity in the supply chain. Successful adoption of SCeT can 

eliminate some of the complexity drivers originating from within the company (i.e., 

organizational structure) and/or from interactions with suppliers and customers (i.e., 

information flows), which may be generated via operational characteristics (i.e., 

variations and uncertainties), and organizational characteristics (i.e., decision-making 

process, information and communication systems).  

In addition to an overview of benefits of SCeT, it is also important to reveal the 

experiences of users. Hence, a section of the complexity management in the supply chain 

survey is dedicated to investigate the utilization of SCeT regarding complexity 

management and the impact of these on supply chain complexity management efforts. 

4.4 Complexity management in the supply chain survey 

Supply chain complexity becomes a domain of interest for academics, practitioners and 

consultants, as it becomes more and more evident that it hinders improvement of the 

supply chain performance. There is a lack of research addressing the current efforts of 

supply chain partners on dealing with complexity in the supply chain. Therefore, a survey 

research was conducted which explores the current state of the SCM efforts in relation to 

supply chain complexity by means of a questionnaire administered to companies located 

in Turkey. Findings of the survey provide valuable insights into the current efforts of the 

companies and opportunities regarding supply chain complexity management. 

4.4.1 Research method 

The goal pursued in designing and conducting the survey is to reveal the experiences of 

the companies with regard to complexity in their supply chains. With this in mind, a 

survey instrument is developed to analyze supply chain integration and complexity 

management efforts (see Appendix B). 
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Questionnaire design and features 

The survey instrument was a self-administered e-mail questionnaire. The survey 

questions were designed based on inputs from literature on complexity in the supply 

chain and SCM initiatives, which were reviewed in Sections 3.3, 4.1, 4.2 and 4.3. The 

aim was to collect descriptive data which gives us more insight into the current efforts of 

companies regarding SCM and complexity management. A draft questionnaire was 

initially pre-tested with academics and practitioners to check its content validity and 

terminology, and modified accordingly. The modified questionnaire, given in Appendix 

B, was then administered to the target population. The areas covered by the questions 

included SCM efforts in general, supply chain integration efforts, visibility of the supply 

chain, use of SCeT, and complexity related problems and efforts made to overcome 

these. Table 4.1 gives details about each section of the survey such as the topic and 

number and type of the questions.  

Table 4.1. Details of the survey questions 

Section Topic Categorical 
questions 

Rating 
questions 

Rank 
ordering 
questions 

Open-
ended 

questions 

1 Position of the company in the supply
chain and SCM efforts in general 2 2 4 2 

2 Complexity related problems and
efforts made to overcome these - 7 1 1 

3 Supply chain integration efforts 3 3 - - 

4 Visibility of the supply chain 1 7 1 - 

5 SCeT use - 5 1 2 

 

Type of data, measures and scales 

The survey instrument involves different question structures. Besides open ended 

questions there are forced-choice questions, in which respondents are asked to choose a 

category, or rank the order of a given list, or to rate each definition according to how well 

it depicted their perception of SCM related issues using a seven-point scale from 

1=completely disagree to 7=completely agree. To ensure the answers are mutually 

exclusive the respondents were told to skip the questions they prefer not to answer or do 

not know. 
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The sampling frame and the target companies  

The target companies were not limited to a single industry, but open to all companies 

working in various industries because the theory of SCM should be applicable to many 

industries and organizations. The principal assumption of this survey was that the target 

companies apply SCM principles. Therefore, the convenient sampling technique (non-

probability sampling) was used, where questionnaires were distributed to companies that 

are known to be practicing SCM. The questionnaire was addressed to the employees who 

were responsible for activities included in SCM, assuming that they would understand 

the concepts of SCM and the inherent complexity, and were well exposed to the issues of 

dealing with these concepts in practice.  

Notification and incentive strategy 

The survey was conducted during July-August 2006. The first survey e-mails, which 

included a cover letter asking for participation in the study, were sent out together with a 

copy of the self-administered questionnaire to the target respondents. To improve the 

overall response rate two additional waves of reminders were sent to those who did not 

respond during the targeted response period. Additionally, to encourage completion, the 

respondents were promised and received a summary of the research findings.  

4.4.2 Survey findings 

The results of the survey according to descriptive statistics gathered through the 

questionnaire are introduced in this subsection.  

Response quality and profile of respondent organizations 

Thirty-two returns were received; all except two returns were usable for analysis. 73% of 

the returning companies were large companies which employ more than 250 persons and 

have an annual turnover exceeding EUR 50 million, and the rest were SMEs (according 

to the European Commission’s SME (Small and Medium-sized Enterprise) definition 

from 2003, see http://ec.europa.eu/enterprise/enterprise_policy/sme_definition). 57% of 

the companies were with foreign partnership and 43% were local companies with 100% 

domestic capital (see Table 4.2). The questionnaires were filled by participants from 

various functional backgrounds, ranging from general manager, supply chain director to 

logistics, planning, and quality assurance supervisors. 
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Table 4.2. Number of companies according to staff headcount and partnership structure 

 SMEs Large Companies 
Local Companies 4 9 
Companies with foreign partnership 4 13 

 

Issues related to supply chain management efforts in general 

The respondent companies were from different positions in a supply chain and 37% of 

the returning companies participate in multiple supply chains. Table 4.3 gives the details 

about the positions of the companies. All participant companies were practicing SCM; 

four were practicing it for less than a year, four for one to two years, six for two to four 

years and 16 for more than five years. Thus, all the surveyed companies were familiar 

with the SCM concept and the principal assumption of this survey was fulfilled.  

Table 4.3. Positions of companies and the number of supply chains they are a part of 

 The company is a part of 
 one supply chain multiple supply chains 
Supplier 5 7 
Manufacturer 13 7 
Distributor / Wholesaler 8 5 
Retailer 2 1 
Logistics service provider 3 4 
Note that the total sum of the companies is greater than 30, since a company can have multiple positions in a supply chain (e.g., a 
company can be a manufacturer and a distributor at the same time). 

 

It is often stated in literature that the success of a program of improvement and change 

depends on the involvement of top management, which is critical for any successful SCM 

initiative. According to the survey results, top management was “mostly agreed” to be 

involved in SCM and improvement efforts, as well as LSPs. This can be taken as a 

positive indicator for a successful SCM implementation. The respondents, however, 

“somewhat disagreed” that the customers’ customers and suppliers’ suppliers were 

involved in SCM and improvement efforts.  

Another issue in SCM is the power to launch new initiatives to facilitate supply chain 

integration (Maloni & Benton 2000). The respondents were asked if they have the power 

to launch new supply chain initiatives and the overall response was positive regardless of 

their position in the chain. This can be interpreted as an indicator of the willingness of the 
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surveyed companies to practice SCM. When they were asked to rank the position of 

companies in their chain that has the power to launch new supply chain initiatives, then 

the tendency was to rank suppliers and manufacturers at top.  

Performance metrics is also an important issue in SCM (Lambert & Pohlen 2001). When 

the companies were asked about the dimensions of performance metrics regarding SCM 

activities, almost all indicated cost and time dimensions and about half of these indicated 

customer satisfaction and quality dimensions as well. 69% of the companies were 

reported to be considering supply chain performance measurements when setting 

company strategies, indicating that they align their company strategies with the supply 

chain strategy. To identify the process improvement gaps the companies prefer using 

self-assessment/internal audits and customer complaints. 

During the survey, the tools and technologies that the companies are practicing to 

improve the flows in a supply chain were also questioned. Most of the surveyed 

companies reported that they use ERP, SCM and advanced planning softwares, as well as 

CPFR to support SCM activities along with Just-in-time and Lean philosophies. When 

the companies were asked about the information sources they use to support and improve 

supply chain activities, they ranked as first the consulting firms followed by employee 

suggestions, LSPs, and benchmarking studies. Training companies, internet, universities 

and associations were found to be less popular sources of information. The consulting 

and LSPs’ intense interest in SCM can be attributed, in particular, to their approach to 

SCM like a product they can market and sell. 

The companies have reported facing several obstacles during SCM activities, including 

internal/external communication problems, lack of knowledge and expertise, not clearly 

defined authority and responsibility, lack of a common understanding of definitions, lack 

of employee support, not enough benchmark cases and poor technology. When they were 

asked how they overcome these obstacles, the emerging answers were: establish/maintain 

communication within and between companies, invest on new technologies and IT based 

solutions to improve synchronization and integration, facilitate continuous improvement, 

provide their employees continuous training, solicit employee suggestions, systematic 

control of supply chain processes, establish a common understanding of definitions, and 

benchmarking. Although the solutions seem to cover most of the obstacles (see Table 
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4.4), there are still issues the companies have to work on collaboratively to manage the 

supply chain efficiently. 

Table 4.4. The main obstacles the companies face during supply chain management 
efforts and their solutions to overcome these 

Obstacle Solution 

Internal/external communication 
problems 

Establish/maintain communication within and between 
companies,  
Systematic control of supply chain processes 

Lack of knowledge and expertise 
Provide their employees continuous training,  
Receive support from consultants 

Lack of employee support 
Solicit employee suggestions,  
Provide their employees continuous training 

Not clearly defined authority and 
responsibility - 

Lack of a common understanding of 
definitions Establish a common understanding of definitions 

Not enough benchmark cases Facilitate continuous improvement, benchmarking 

Poor technology Invest on new technologies and IT based solutions to 
improve synchronization and integration 

 

Issues related to supply chain integration efforts 

To assess the supply chain integration efforts a series of questions concerning the level of 

integration were directed to the companies. The questions were about processes, 

functional areas, and supply chain partners that are integrated in SCM or cooperated 

with.  

Table 4.5. The parties integrated and/or cooperated in the supply chain 

that are integrated or cooperate with their… Number of 
companies Suppliers’ 

Suppliers Suppliers LSPs Customers 
Customers’ 
Customers 

5      
2 –     
1     – 

16 –    – 
2 – –   – 
1 –   – – 
2 –  –  – 
1 – – – – – 
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The companies reported that they are engaged either in integration or in cooperation 

activities with the parties in their supply chain. The data in Table 4.5 indicate that almost 

all of the surveyed companies are integrated or cooperate with their LSPs, first-tier 

suppliers, and first-tier customers. However, complete forward and backward integration 

(i.e., integration from the suppliers’ suppliers to the customers’ customers) was observed 

very rare.  

Next, the companies were asked to indicate the integrative activities with their supply 

chain partners (see Figure 4.4). About half of the respondents reported backward 

integration (i.e., suppliers) in forecasting, planning, scheduling, logistics, distribution and 

warehousing, and packaging. Forward integration (i.e., customers) activities carried out 

are forecasting, planning, and scheduling. Logistics, distribution, and warehousing are 

the activities that companies cooperate with LSPs. However, complete integration of the 

supply chain was not yet to be achieved by most of the responding companies. While 

logistics, purchasing, and sales are definitely a part of SCM, product design/engineering 

and customer services remain as less integrated functional areas.  
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Figure 4.4. The scope and level of integration areas 



Chapter 4. State of the art approaches to complexity in the supply chain 70 

The responses to the questions about the integration of supply chain processes, given in 

Table 4.6, also support the above findings. The respondents were asked to indicate the 

extent to which they agree or disagree with their companies’ level of process integration. 

The overall data denotes that the surveyed companies have advanced beyond the initial 

stages of integration (see Stevens 1989). Most of the surveyed companies are placed at 

the third – partner collaboration – level in the supply chain maturity framework (Poirier 

& Quinn 2003), where cooperation between intra-company functions, LSP, suppliers, and 

customers evolve. 

Table 4.6. Status of process integration efforts 

 Level of process 
integration 

Processes are 
defined 

Process owners are 
defined 

Companies’ processes Mean % 5-7 Mean % 5-7 Mean % 5-7 
Internal  6,1 89% 6,2 97% 6,1 93% 
…with Customers 5,9 86% 5,8 93% 5,6 83% 
…with Suppliers 6,1 97% 6,1 97% 6,1 97% 
…with LSPs 6,0 97% 5,9 93% 6,0 97% 
…with Suppliers' Suppliers  3,5 36% 3,4 38% 3,6 40% 
…with Customers' Customers 4,2 48% 3,7 41% 3,8 42% 
All supply chain processes 4,9 59% 4,9 70% 4,9 67% 
Question: indicate the degree of cooperation/integration of the processes in  your company (1=completely disagree, 7=completely 
agree) 
%5-7 indicates the percentage of positive responses 

 

Issues related to visibility of the supply chain  

With end-to-end visibility, supply chain partners can monitor and manage flows across 

the entire supply chain. To reveal the efforts of the companies regarding supply chain 

visibility we first asked the respondents if they have mapped their supply chains (Fawcett 

& Magnan 2002). More than a half of the companies responded positively, which 

indicates that these companies have an idea of how materials and information from 

suppliers to the final customers flow, and who the key members in their supply chain are. 

Thus, they can manage those connections efficiently to increase profitability and develop 

a sustainable competitive advantage (Lambert & Pohlen 2001, Fawcett & Magnan 2002).  

Information and process visibility is essential to improve integration of the supply chain. 

Therefore, the parties must be ready to share information. 72% of the surveyed 

companies declared that they are ready to share information within the supply chain. The 
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data in Table 4.7 and Table 4.8 expose once again, the range of SCM efforts of the 

surveyed companies cover first tier parties. When the companies were asked the extent to 

which they have information about the processes of the other parties in their supply 

chain, the responses were relatively low. On average, only one third of the companies 

achieve end-to-end visibility in their supply chain.  

Table 4.7. Supply chain process visibility at the company level 

 Visible and monitored 
Companies’ processes Mean % 5-7 
… internal 5,7 87% 
… with Customers 5,6 86% 
… with Suppliers 5,8 87% 
… with Logistics Service Providers 5,6 83% 
… with Suppliers' Suppliers  3,2 36% 
… with Customers' Customers 3,2 28% 
… with the whole supply chain 4,3 50% 
Question: indicate your opinion about the processes of your company visible to supply chain (1=completely disagree,  
7= completely agree) 
%5-7 indicates the percentage of positive responses 

 

Table 4.8. Supply chain process visibility at the supply chain level 

 Visible to the company 
Supply chain processes Mean % 5-7 
Intra-company… 5,8 87% 
Customers’… 5,1 64% 
Suppliers’… 5,2 66% 
Logistics Service Providers’… 5,3 72% 
Suppliers’ Suppliers’… 3,1 25% 
Customers’ Customers’… 3,5 33% 
Supply chain wide… 4,4 50% 
Question: indicate your opinion about the visibility of the processes of your partners (1=completely disagree, 7=completely agree) 
%5-7 indicates the percentage of positive responses 

 

Issues related to SCeT use 

To manage the complexity in the supply chain and to achieve integration SCeT are 

indispensable. The companies were asked to rank the means of communication they use 

to communicate with their partners: e-mail, phone and fax were ranked top.  
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The technology and software use was mainly limited to barcode technology and ERP 

software. The reason behind the relatively low satisfaction (mean values) with the SCeT 

use presented in Table 4.9 can be attributed to low rate of overall software and 

technology use. Despite this, most of the companies report positively (% 5-7) that SCeT 

help them to manage complexity and improve performances.  

Table 4.9. Supply chain related SCeT use and satisfaction 

 Mean % 5-7 
We utilize the SCM softwares fully and effectively 5,0 69% 
We utilize the SCM technologies fully and effectively 4,6 59% 
Use of SCM software and technologies helps us to solve problems 
caused by supply chain complexity 4,9 71% 
Use of SCM software and technologies simplified our SCM efforts 5,2 76% 
Use of SCM software and technologies improved our supply chain 
performances 5,3 83% 
Note: indicate your opinion (1=completely disagree, 7=completely agree) 
%5-7 indicates the percentage of positive responses 

 

Issues related to complexity management 

The increasingly complex and dynamic nature of current business systems has created the 

need to manage complexity. About three quarters of the companies we have surveyed 

responded that their companies’ supply chains were complex, and noted that the primary 

drivers of increased complexity include changing customer needs and expectations, 

higher number of companies in the supply chain, national/international laws and 

regulations, and industry-specific regulations and standards (see Table 4.10). 69% agreed 

that the complex structure of their supply chain causes problems such as lower 

performance, higher costs, and lower profits. 84% of the companies indicated that they 

take action to manage or reduce the complexity. 

We can summarize the current situation of companies regarding complexity in the supply 

chain as follows (see Figure 4.5). High number of companies in the supply chain and 

changes in customer needs and expectations, national/international laws and regulations, 

and industry-specific regulations and standards increase the complexity of the supply 

chain and supply chain operations. Adding the lack of integration, coordination, 

information sharing, and synchronization it becomes much more difficult to manage the 

complexity in the supply chain. On the other hand, the complex nature of the supply 
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chain makes it harder to coordinate, synchronize and share information, pushing the 

companies into a doom loop. All these lead to higher costs, lower profits, lower 

performance, and lower quality. In order to break out of the doom loop the companies 

need to develop and utilize some capabilities necessary for complexity management.  

Table 4.10. Drivers of supply chain complexity 

 Mean % 5-7 
Changing customer needs and expectations 5,48 76% 
Increased number of companies in the supply chain 5,33 76% 
Industry-specific regulations and standards 4,70 65% 
National and international laws and regulations 4,82 64% 
Actions of competitors 4,39 52% 
Launching new products/services  4,33 52% 
Extending operations to new territories 4,38 48% 
Outsourcing functions to third parties 4,45 45% 
Changing employee expectations 3,47 37% 
Engaging in mergers and acquisitions 3,80 30% 
New strategic alliances 3,17 22% 
Differences in culture and language 2,56 13% 
Question: indicate the causes of complexity in your supply chain (1=completely disagree, 7=completely agree) 
%5-7 indicates the percentage of positive responses 
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Figure 4.5. Problems caused by complexity in the supply chain 



Chapter 4. State of the art approaches to complexity in the supply chain 74 

In a recent survey conducted by PricewaterhouseCoopers (2006) seven capabilities for 

managing complexity were highlighted: highly capable people, effective 

communications, ability to identify activities that are creating value, ability to identify 

activities that are destroying value, alignment of IT with business processes, ability to 

measure complexity, and a framework for managing complexity. When we asked the 

companies to what extent they possess these capabilities, five main gaps become evident: 

ability to measure complexity, ability to identify value adding activities, a framework for 

managing complexity, effective communications, and alignment of IT with business 

processes (Figure 4.6). Since the companies are already taking actions regarding the last 

two (communication and alignment of IT), which we can induce from the previous 

section (see Table 4.4), there is still a need to build a framework for managing and 

measuring complexity as well as a need to identify value creating activities. 

 
0 % 10% 2 0% 30 % 40 % 50 % 60% 70% 8 0% 9 0% 100 %

Highly capable people

Effective communications

Alignment of IT with business processes

Ability to measure complexity

A framework for managing complexity

Ability to identify value creating activities

 Gap PossessedGapGap PossessedPossessed

Figure 4.6. Capabilities important to managing complexity  
(level of importance – actual level = gap) 

4.4.3 Discussion of the survey findings 

Supply chains are complex systems where the integration and coordination of supply 

chain partners, as well as visibility and synchronization are of superior importance. 

Although our sample of companies is neither random nor representative of supply chains, 

the survey findings give an insight into how companies deal with complexity in the 

supply chain. All of the surveyed companies were actively engaged in SCM and as the 

survey findings indicate, they perceive it as a positive endeavor and are willing to launch 

new SCM initiatives that would contribute to dealing with complexity in the supply 

chain.  
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While ideal SCM involves integration from suppliers’ suppliers to customers’ customers, 

survey findings show that actual practice has not reached so far yet. Some companies 

reported utilizing CPFR and lean approaches to improve flows; yet use of advanced 

methods for SCM is not widespread. Companies should use mixed approaches to 

improve their ability to understand and cope with the dynamic and complex behavior of 

supply chains.  

There are certain obstacles the companies are facing in their effort to manage complexity 

in the supply chain, such as communication problems, lack of knowledge and expertise 

as well as unclear definitions and lack of standards (see Figure 4.5). In addition, the 

survey reveals main gaps in the companies’ ability to deal with complexity: complexity 

measurement, identification of value adding activities, effective communications, and 

alignment of information with business requirements. Although some efforts are 

undertaken to overcome the obstacles and close the gaps, there is a lack of a common 

framework to guide companies in dealing with complexity in the supply chain. 

Information sharing is an important concept in the success of complexity management 

efforts. The surveyed companies were ready to share information with their supply chain 

partners. However, the end-to-end visibility, which is the advanced level of information 

sharing, has not yet been achieved. In order to progress to an advanced level of visibility, 

the companies need to utilize the technologies they have more efficiently and/or invest 

more on technology.  

In today’s dynamic environment the successful companies will be the ones who 

recognize the nature of the complexity in their supply chain and attempt to manage it. 

The surveyed companies were aware of the complexity and indicated that they take 

action to manage or reduce the complexity. However, there is a long way to go for the 

companies to achieve a fully integrated supply chain, where complexity becomes 

manageable.  

4.5 Summary and conclusions of Chapter 4 

Theoretical and practical studies in the literature support that dealing with complexity 

results in improved supply chain performance. Most companies consider the impact of 

complexity on supply chain performances and undertake initiatives to overcome the 

negative effects associated with supply chain complexity, either consciously or 
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unconsciously. In this chapter, we have discussed the contribution of SCM initiatives to 

management of complexity in supply chains with respect to three areas: key SCM 

activities, SCM tools, and SCeT. Concluding this chapter, we review their contributions 

to management of complexity in the supply chain and discuss gaps and opportunities for 

improvement. 

This chapter shows that SCM initiatives enable companies to reduce or manage 

complexity in the supply chain. SCM activities support management of complexity in the 

supply chain by information sharing, visibility and standardization. In the same vein, 

SCM tools provide a model to manage flows in a supply chain, thus simplifying the 

decision making process and eliminating some levels of decision. Additionally, SCM 

tools promote using a common language; in turn they reduce complexity to some degree. 

SCeT reduces uncertainties by facilitating accurate forecasting and planning through 

using advanced techniques and visibility. It also enables effective communication 

throughout the supply chain and eliminates most of the complexity drivers originating 

from interactions with suppliers and customers. The interactions between SCM initiatives 

and supply chain complexity management efforts are not straightforward, but rather 

complex and subjective, which is difficult to precisely define and evaluate. This chapter 

suggests all three initiatives support the supply chain complexity management efforts in a 

positive manner (see Figure 4.7). 
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Figure 4.7. Effects of supply chain management initiatives on the efforts to manage 

supply chain complexity 
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The practical implication of this chapter is that, in order to manage complexity the 

companies need to develop capabilities to measure complexity, to create a common 

language for effective communication, to identify and eliminate non-value adding 

activities, to understand inner rules of the system, and to balance the internal, interface 

and environmental varieties. These capabilities would enable the companies to deal with 

complexity in the supply chain emerging from variety (e.g., by eliminating non-value 

adding activities, maintaining the balance of varieties), interactions (e.g., through 

communication, sharing a common language, understanding cause effect relationships), 

uncertainty (e.g., by measuring complexity, understanding rules and regularities), and 

dynamism (e.g., via a framework to understand cause effect relationships) in the supply 

chain. 

The gaps in the capabilities of companies for managing complexity in the supply chain 

that are revealed in the survey (see Figure 4.6) can be used to guide future work in the 

area of supply chain complexity management. First of all, there is the need to distinguish 

between value adding and non-value adding complexity. This should be accompanied 

with the ability to develop a common understanding of terms and rules of the supply 

chain in order to communicate effectively, which in turn would minimize conflicts. A 

common framework to measure and manage the complexity would maintain the balance 

between the internal, interface, and environmental varieties; and assist companies in 

dealing with complexity in the supply chain. 



CHAPTER 5. MANAGING COMPLEXITY IN THE 

SUPPLY CHAIN 

It is common knowledge that management of the supply chain is critical to the overall 

success of the supply chain as well as to that of individual companies. A successful 

implementation of SCM requires an agreement on the SCM vision and the key processes; 

an understanding of the degree of change that is necessary; executive support and 

commitment to change; and the necessary commitment of resources and empowerment to 

achieve the stated goals (Croxton et al. 2001). However, this list of requirements does not 

provide a prescription of how decision-makers should act to ensure the success of the 

supply chain. Guidance of this kind can be provided by a framework, since a framework 

can provide clarity of understanding the subject matter, allow for improving and 

integrating methodologies and tools, and establish credibility and trust (Zachman 1987).  

The process-oriented SCM framework of Cooper et al. (1997) (see Figure 5.1), which is 

adopted in this study, suggests that SCM is a combination of the structure of the supply 

chain, the supply chain business processes and the SCM components (Cooper et al. 1997; 

Lambert et al. 1998). This is in line with the SCM definition used in this study*. There 

are several other process-oriented SCM frameworks described in the literature (see 

Supply Chain Council 1996; 2001; 2008; Bowersox et al. 1999; Mentzer et al. 2001; 

Srivastava et al. 1999; among others). Among these frameworks, the SCOR model 

(Supply Chain Council 2008), which has been widely adopted in the industry, has a 

detailed description of processes accompanied by application guidelines. While the 

SCOR model addresses the management of processes at the tactical level, the SCM 

framework of Cooper, Lambert, and Pagh (1997) includes management of processes at 

the strategic level and focuses on relationships (Lambert et al. 2005). The adoption of the 

                                                 

* See Chapter 3, p. 30. SCM is defined as the systemic and strategic integration of supply chain flows and 

processes within and across companies in the supply chain with the aims of reducing costs, improving 

customer satisfaction, and gaining competitive advantage for both independent companies and the supply 

chain as a whole (Cooper & Ellram 1993; Cooper et al. 1997; Mentzer et al. 2001).  
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SCM framework of Cooper et al. (1997) has been decided based on its relevance to the 

theme of this study, its comprehensiveness, and the relationship focus. 

 
Figure 5.1. The supply chain management framework (Cooper et al. 1997; Lambert et al. 

1998) 

The first element of the SCM framework, the supply chain network structure (Figure 

5.2), involves the members of the supply chain, the structural dimension of the network 

(i.e., horizontal structure, vertical structure, and company’s horizontal position within the 

supply chain), and the type of process links (i.e., managed, monitored, not managed, non-

member) between members (Lambert et al. 1998).  
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Figure 5.2. A generic supply chain network structure, adapted from Lambert et al. (1998) 
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The supply chain business processes are the activities that produce a specific output of 

value to the customer. The eight key business processes that make up the core of SCM 

have been identified by the Global Supply Chain Forum and later presented in literature 

(Cooper et al. 1997; Croxton et al. 2001). These are customer relationship management, 

customer service management, demand management, order fulfillment, manufacturing 

flow management, supplier relationship management, product development and 

commercialization, and returns management (see Figure 5.3). Croxton et al. (2001) 

describes the sub-processes and activities that make up each of the eight processes as 

well as the relationships between processes, functions, and key members of the supply 

chain. While customer relation management and supplier relationship management 

constitute the main relationships within the supply chain, the other processes are 

coordinated through them (Lambert et al. 2005).  
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Figure 5.3. Supply chain business processes (Lambert et al. 1998; Croxton et al. 2001) 

The supply chain management components support the management and integration of 

business processes across the supply chain. They can be divided into two groups: 

physical-technical and managerial-behavioral (see Figure 5.4). The physical-technical 

group includes planning and control, work structure, organization structure, information 

flow, and product flow facility structure; whereas the managerial-behavioral group 
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involves management methods, power and leadership structure, risk and reward structure, 

as well as culture and attitude (Lambert et al. 1998). 
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Figure 5.4. Supply chain management components (Cooper et al. 1997; Lambert et al. 

1998) 

Briefly, the SCM framework deals with the complex network of companies, functions, 

and processes of which the supply chain is made up and reflects how challenging the 

management of this network can be. The implementation of the framework involves 

identification of the key supply chain members with whom to link the processes; the 

processes that are to be linked with each of these supply chain members; and the level of 

integration as well as the type of management components to be applied to each process 

link (Lambert et al. 1998). From the complexity management point of view, the 

framework covers all three types of supply chain complexity (i.e., static, dynamic, and 

decision-making) and provides a common understanding of the supply chain system. 

Identifying the key members in the supply chain and being fully aware of the 

relationships between the processes make it easier to manage the complexity and, thus, 

lead to a higher level of performance within a relatively shorter time.  
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5.1 Supply chain complexity management framework 

The supply chain complexity arises from the variety and interactions among business 

processes, functions, people, and companies within the supply chain, which lead to 

unpredictable behavior of the system in time and create a complex decision-making 

situation. Considering the uncertainty and dynamism of the supply chain and its 

environment, it becomes more difficult for the decision-maker to understand and control 

the system. In order to provide support to decision-making, the SCM framework (Cooper 

et al. 1997) has been tailored to capture the essence of supply chain complexity 

management. It encompasses three elements of the supply chain complexity: structure of 

the supply chain (static complexity), supply chain flows (dynamic complexity), and 

supply chain decision-making (decision-making complexity). The framework proposes 

that the management of supply chain complexity requires revealing the complex structure 

of the supply chain – whereby the members, links, flows and processes in the supply 

chain that are most important to the business are determined –, monitoring and managing 

the interactions between these entities that contribute to complexity, and taking actions 

leading to feasible and desirable changes and addressing any uncertainty and/or conflict 

that already exists or may arise. 
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Figure 5.5. Framework of supply chain complexity management 
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5.1.1 Supply chain structure 

From the complexity point of view, supply chain structure is related to the number and 

variety of products, processes, and partners in the supply chain and the variety and 

strength of interactions between these processes and partners, which generates the 

structural supply chain complexity. In this respect, it is initially important to know the 

connective structure of the supply chain in order to determine the important links and 

partners that deserve more attention from the perspective of each individual company. 

Therefore, it is also necessary to map the supply chain, which would allow us to see the 

whole supply chain that may be too large or too complex to be seen directly (Gardner & 

Cooper 2003).  

The supply chain map shows the flows, companies, and relationships/links comprising 

the supply chain (Gardner & Cooper 2003). Once the supply chain is mapped, the next 

step is to identify the type and strength of links and to determine the key members. The 

focus should be on the links that are critical to the success of the company and the supply 

chain and that create sustainable competitive advantage. Considering all links and all 

members of the supply chain may cause the network become too complex; and managing 

all these would be counterproductive, if not impossible (Lambert & Cooper 2000). In 

order to determine the key members and links a selective process is required. This 

selective process can be interpreted as ignoring the insignificant details (can be members, 

links or processes) and describe the supply chain at a level of detail that involves only the 

most important elements in the business.  

Lambert and Cooper (2000) distinguish between primary and supporting members. The 

former being “all those autonomous companies or strategic business units who carry out 

value-adding activities in the business processes designed to produce a specific output for 

a particular customer or market” and the latter being “companies that simply provide 

resources, knowledge, utilities, or assets for the primary members of the supply chain” 

(Lambert & Cooper 2000). Although not absolute, this distinction provides a valuable 

criterion to determine the key members of the supply chain. 

The links in a supply chain can be internal (e.g., across departments, business units) or 

external (e.g., suppliers, customers, service providers). By and large, the 

intraorganizational links are integrated and visible (see Section 4.4.2), however the issue 

is far more complicated with the interorganizational links. At this point, the type of 



Chapter 5. Managing complexity in the supply chain 84 

supply chain, which can be determined by a number of factors such as the structure and 

characteristics of the industry and the market, or the nature of products and services, 

gains importance. A coarse, yet accurate, classification of supply chains by the type of 

products was introduced by Fisher (1997) as “physically efficient” (i.e., functional 

products with low demand uncertainty and long life cycle) and “market responsive” (i.e., 

innovative products with high demand uncertainty and short life cycle). Companies adopt 

different relationship strategies based on the type of their supply chain, the nature of the 

competitive environment, or the number and characteristics of suppliers and customers 

(see Lambert et al. 2004; Hines 2004; Mentzer 2000; Lambert et al. 1999; Lambert et al. 

1996, among others).  

 
Figure 5.6. Types of supply chain relationships 

The relationships between organizations can range from arm’s length relationships to full 

integration of the two organizations (Lambert et al. 1996), as presented in Figure 5.6. The 

level of integration between organizations is the main factor that determines the type of 
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and collaboration (see Spekman et al. 1998; Muckstadt et al. 2001; Wang & Archer 
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relationship depends greatly on the circumstances. Normally an organization’s 
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in Figure 5.6. 
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relationship works in practice (trust, commitment, openness, etc.) (see Moberg & Speh 

2003). This behavioral aspect is further discussed under supply chain decision-making. 

From the perspective of the whole supply chain, the perceived network structure of an 

individual company is arbitrary, since each individual company would observe a different 

network and membership structure from its own perspective (Lambert et al. 1998). 

However, to start working towards a common goal, it is vital to understand each other’s 

varying perspectives and interrelated roles within the supply chain. This element of the 

framework seeks to determine the vital members, the links that are more important and at 

the same time causing more complexity, and the processes to focus our efforts on in order 

to smooth and ease the operation of the supply chain. 

5.1.2 Supply chain flows 

The term supply chain flows points out the movement of materials, information, and 

finances throughout the supply chain. The material flow includes the movement of 

materials, goods, and services from a supplier to a customer, as well as their returns. The 

information flow involves the data flows moving up and down the supply chain 

associated with the material flows. The financial flow consists of payments, credits, 

investments, and the like that are aligned with the material flows. Supply chain flows 

represent the operation of the supply chain. 

The uncertainty of supply chain flows and the non-linearity of interactions between the 

supply chain entities (e.g., members, processes) are often related to the dynamic 

complexity in the supply chain (see, among others, Frizelle & Woodcock 1995; 

Calinescu et al. 1998; Calinescu et al. 2000). According to Wilding (1998a) the dynamic 

behavior of supply chains is caused by deterministic chaos, parallel interactions, and 

demand amplification (a typical situation observed in serial interactions). Deterministic 

chaos refers to random behavior governed by fixed rules, thus in theory the system is 

predictable; however in practice the application of the rules may vary – mainly due to 

nonlinear feedbacks within the supply chain – which in turn leads to unpredictability 

(Wilding 1998a). This chaotic behavior is commonly a result of human decision-making 

or inappropriately automated decision-making rules (Wilding 1998b). Other main 

generators of the uncertainty in the supply chain are serial and parallel interactions. Serial 

(horizontal) interactions in supply chains occur between each echelon in the supply 
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chain, parallel (vertical) interactions occur between different channels of the same level 

tiers in a supply network (Wilding 1998a).  

From the complexity point of view expressed in this study, the supply chain flows reflect 

the dynamic nature of the supply chain and are associated with the interactions between 

supply chain entities. The interactions between the supply chain entities are a result of the 

operation of supply chain business processes, which can be classified as physical 

interactions. Moreover, they entail the human side of the supply chain, namely the 

interactions between people that involve conflicts, diversity, unpredictability etc., and 

these are generally implicit. This human side of interactions is further dealt with under 

the supply chain decision-making topic. Briefly, it is essential to determine the 

interactions between supply chain entities and to focus on the ones that cause uncertainty 

and conflicts and, thus, add complexity to the activities related to SCM; and finally to 

adjust them to simplify the management efforts.  

This study, adopts the definition of a process given by Davenport and Short (1990) as “a 

set of logically related tasks performed to achieve a defined business outcome”. In the 

same way, a supply chain business process is a specific ordering of activities across time 

and place with a focus on supply chain flows. Supply chain business processes can be 

viewed as an extension of the internal business processes to the supply chain. Hence, 

SCM requires a shift of focus from managing individual business processes within one 

organization to integrating activities among organizations into key supply chain 

processes. Figure 5.3 illustrates the key supply chain business processes in a simplified 

supply chain of a manufacturer with two tiers of suppliers and two tiers of customers. 

However, it should be noted that a real supply chain is much more complex than the one 

depicted in this figure. A detailed description of the key supply chain business processes 

identified by the Global Supply Chain Forum is provided by Croxton et al. (2001), 

Lambert (2004), and Lambert (2008). 

Examining the interactions resulting from key business processes (see Croxton et al. 

2001) would help identify the ones that involve and create conflicts and contribute to the 

complexity in the supply chain. The major issues in dealing with these interactions, in 

particular the decision-making complexity associated with material and information 

flows in a supply chain, are discussed next. 
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5.1.3 Supply chain decision-making 

All supply chain related activities involve decision-making in one way or another. 

Typically, decisions related to SCM can be classified as strategic, tactical, and 

operational. At the tactical and operational levels the decisions usually deal with 

forecasting, procurement, production and inventory planning and control, warehousing 

and distribution, and logistics management activities; whereas the strategic level 

decisions such as partner selection, coordination and integration with supply chain 

partners, as well as the design of the supply chain are linked mainly with the 

competitiveness of the supply chain. Decision-making in the supply chain is not only 

concerned with strategic planning, operational activities, and performance management 

but it also deals with human behavior: relationships, conflicts, unpredictability, and 

diversity.  

Decision-making in the supply chain is complex not only because the supply chain 

involves high number of various entities interacting in a nonlinear way, but also because 

the decision-making structures need to cover a range of elements that exhibit conflicts 

and uncertainties; that is, the decision-making structures in the supply chain are complex 

per se. Decision-makers are challenged with complexity of the supply chain decision 

network including feedbacks and emergent behavior (Stacey 1995). The complexity of 

decision-making in the supply chain is related to the volume and nature of the 

information that should be considered when making a supply chain related decision. In 

particular, it is proportional to the amount of information needed to resolve any 

uncertainty and/or conflict associated with the SCM activities.  

Uncertainty implies the lack of information that is required to describe or predict a 

system, its behavior, or characteristics (Zimmermann 2000); it is associated with the 

features of the system as well as with the expectations or needs of the observer. 

Accordingly, uncertainty in the supply chain characterizes decision-making situations in 

which the decision-maker (see van der Vorst & Beulens 2002; Zimmermann 2000):  

• lacks information about the supply chain or its environment. S/he does not have any 

information about which of the future states of the system will occur (quantitative 

lack of information) or knows only the probabilities for the occurrence of various 

states (qualitative lack of information). The availability of information (through 
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information sharing) and visibility of the supply chain undoubtedly reduce this kind 

of uncertainty. 

• is indistinct about the objectives, and the performance indicators to manage the 

supply chain effectively. This may be because of the ambiguity or misinterpretation of 

the objectives and/or measures. In so far, this kind of uncertainty could also be 

classified under lack of information. Hence, having more information on the subject 

matter means a shift from uncertainty to certainty. 

• lacks information processing capacities to process information on the supply chain 

and its environment. This type of uncertainty is mainly due to the limited ability of 

human beings to perceive and process large amounts of data simultaneously. In this 

case, rather than adding more information to the system, the ability to provide 

appropriate and accurate information and to exploit the information to enhance 

decision-making gains importance. In some cases putting the information on a coarser 

grid or removing some of the information might reduce the uncertainty as well (e.g., 

coarse graining, see Gell-Mann 1994, p. 29). 

• is unable to predict the impact of possible actions on the behavior of the supply 

chain. This is due to unclear and nonlinear cause-effect relationships existing in all 

human systems. It is a product of the behavioral/human aspect of the supply chain 

relationships, i.e., how a relationship works in practice. Mapping the supply chain and 

its processes may reduce some of the uncertainty of this type by enhancing our ability 

to understand the structure of and the relationships in the supply chain. However not 

all uncertainties can be cleared through hierarchies, detailed descriptions or contracts 

(Edelenbos & Klijn 2007). We can further facilitate the predictability of others’ 

actions through open communication and trust. This type of uncertainty highlights the 

importance of trust, openness, cooperation, and close relationships in the supply 

chain. 

• lacks effective means of control. The means of control (i.e., business rules*) give 

guidance in cases that are too complex to be handled purely by intuition (Ashby 1957, 

p.213). In the supply chain the means of control, such as business rules, procedures, 

regulations, common certifications, and conformance to common standards, 

                                                 
* A business rule is a directive that is intended to influence or guide business behavior, in order to support a 

business policy that has been formulated in response to an opportunity, threat, strength, or weakness 

(Business Rules Group 2000). 
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institutional and budgetary restrictions regulate the effect of variety (Choi et al. 2001) 

and reduce uncertainty. Without the guidance of the right rules, the decision-makers 

may behave in a way that leads to deterministic chaos, confusion, contradiction, and 

operational inefficiency. Hence, the rules must be managed to ensure their validity 

and reliability (Ross 2003, p. 8). When the rules lead to conflicts between partners, 

they should be eliminated and/or replaced with new rules that govern the interactions 

causing no or less conflicts. Accordingly, a systematic approach – such as the 

Business Rule Approach* – to discover, document, validate, and refine business rules 

is required to manage the rules (Ross 2003). 

When dealing with the decision-making situations mentioned above, trust and visibility 

along with ICT support can induce a shift from uncertainty to certainty. Luhmann (1979, 

pp. 24-32) discusses the role of trust as “a reduction of complexity”. Trust facilitates 

cooperative and collaborative action in a relationship where the possibilities for 

unwanted developments or opportunistic actions of the parties are disclosed. Kwon and 

Suh (2004) report that decision-making uncertainty is inversely related with the level of 

trust in a supply chain partner. In the same sense, visibility drives away the possibility of 

facing unexpected developments by enabling real time monitoring of the processes and 

activities regarding the supply chain (see Chapter 4). Along with trust and visibility, 

decision support tools aided by ICT enable communication, information sharing, and 

exploiting information, which could be regarded as a response to the uncertainty of the 

decision-making process. Additionally setting and managing the right rules that govern 

interactions in the supply chain would enhance the ability of the decision-makers to react 

to uncertainty and complexity in the supply chain. Considering these actions to deal with 

uncertainty may well lead to significant improvements in the overall performance of the 

supply chain. 

                                                 
* The Business Rule Approach is a combination of existing and new techniques and technologies in order 

to identify the knowledge required to run a business, to document this knowledge, to reason about it, to 

make it operational in a consistent way, to systematically adapt it to ever changing market forces and to 

automate this knowledge as far as possible. The Business Rule Approach is based on the Zachman 

Framework (Zachman 1987; Sowa & Zachman 1992) to ensure a holistic enterprise view. (Business Rules 

Group 2000; Ross 2003). 
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Another source of decision-making complexity might be conflicting objectives and/or 

conflicting evidences. Basically all decisions taken in the supply chain may encounter 

some sort of conflict due to the inherent interdependencies between parties. It is common 

that although the overall performance of a supply chain depends on the joint performance 

of all its members, a typical supply chain involves various autonomous parties that may 

have different and/or conflicting objectives. Here, the causes of the conflicts are mainly 

the different perspectives of the decision-makers, which reflect their companies’ or 

departments’ individual perspective. However, what seems to be different does not 

necessarily have to be conflicting. If the decision-makers are able to see the situation 

from the other parties’ point of view as well as understanding the system wholly, it would 

be easier to define a shared objective that satisfies all parties. Exposing the needs of all 

parties and linking these logically to a shared objective would be the best way of 

resolving a conflicting objective.  

The case of conflicting evidence may be due to wrong, non-relevant, misleading, or 

misinterpreted information (Zimmerman 2000). In this case rather than looking for more 

information, scrutinizing the information at hand with respect to the correctness, 

relevancy and interpretation would help resolve the conflict. The cases in which the 

information leading to a conflict is a factual error (such as mistyped/wrong data) are 

rather rare, since this type of error could be relatively easily detected and corrected – 

either automatically by the processing software or manually – before causing any 

problem. However, the situation is more critical when there is a logical fallacy leading to 

a conflict, given that it requires more effort to understand and resolve the conflict. 

Critical thinking skills prove useful when exposing logical fallacies as well as 

communicating other viewpoints, and cooperating with the other parties to resolve 

conflicts. In order to increase control over the decision-making process so that the 

uncertainties and conflicts can be prevented from becoming a hindrance to effective 

decision-making, structuring methods are needed. Problem structuring methods are well 

suited to address human involved problem situations that are characterized by 

complexity, uncertainty, and conflict (see Jackson 2000; Rosenhead & Mingers 2001). 

In summary, when dealing with decision-making complexity in the supply chain open 

communication, information sharing, trust, visibility, and the use of ICT are necessary 

conditions to create a collaborative environment, where the application of problem 
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structuring methods would aid decision-makers in understanding, alleviating and 

resolving the problems caused by complexity in the supply chain.  

5.1.4 Putting it all together 

The framework in Figure 5.5 enables us to conceptualize the supply chain complexity 

management. It proposes that the management of supply chain complexity requires 

considering the structure of the supply chain along with the way it operates, and the way 

to make the decisions regarding its structure and operation. Thus, the framework consists 

of three interrelated elements: supply chain structure, supply chain flows, and supply 

chain decision-making.  

The supply chain structure involves the structural complexity of the supply chain, which 

is characterized by the number and variety of partners and processes involved in the 

supply chain and the interactions between them. Supply chain flows correspond to the 

dynamism, uncertainty, nonlinearity, and non-predictability of interactions between 

entities in the supply chain, which are generated by operation of supply chain processes 

and by human actions. Supply chain decision-making entails both structural and 

operational aspects. From the structural aspect, considering all the elements, variety, and 

interactions in the supply chain when making a decision is simply beyond the capacity of 

the human decision-maker (Miller 1956; Ashby 1957, p.62; Simon 1974; Warfield 1988). 

From the operational aspect, uncertainty, non-predictability, and non-linearity of the 

interactions add to the complexity of decision-making in the supply chain. In other 

words, decision-making complexity in the supply chain is associated with the volume and 

nature of the information that should be considered when making a supply chain related 

decision.  

The framework incorporates all three types of supply chain complexity (i.e., static, 

dynamic, decision-making) in a generic way. The definitions of the elements mainly 

reflect the decision-maker’s viewpoint, specifically with a focus on uncertainty of the 

interactions and the related decision-making activities. In this manner, the framework is 

intended to be generic, and is applicable to diverse problem situations.  

A successful management of supply chain complexity requires revealing the complexities 

being faced; determining the important partners and links in the supply chain to focus on; 

analyzing the interactions that contribute to complexity; resolving any uncertainty and/or 
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conflict associated with supply chain activities and taking the necessary actions leading 

to desirable and feasible changes (see Figure 5.7).  
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Figure 5.7. Supply chain complexity management framework: elements and key 
questions 

5.2 A methodology based on Theory of Constraints’ Thinking 

Processes 

The suggested supply chain complexity management framework provides the conceptual 

basis for implementing supply chain complexity management. In this section, a 

methodology is suggested as a guide to the process of implementing the framework and 

to reduce the effort for the implementation. The methodology primarily targets the 

dynamic and decision-making related complexity drivers that lie within the problem 

owner’s sphere of influence. In other words, the methodology aims at dealing with the 

four left lower cells of Table 5.1 highlighted in grey: internal – dynamic, supply-demand 

interface – dynamic, internal – decision-making, supply-demand interface – decision-

making. This does not mean that the methodology is inadequate to deal with static 

complexity. On the contrary, it can effectively be used to deal with static complexity. 

Nevertheless, it will not be covered in depth here since reduction and management of 

static complexity in the supply chain has been studied extensively elsewhere (see Frizelle 

& Woodcock 1995; Towill 1999; Sivadasan et al. 2002a; Sivadasan et al. 2002b; 2004; 

Hoole 2004; 2005; Perona & Miragliotta 2004, Seuring et al. 2004; Blecker et al. 2005; 

Klaus 2005; among others). 
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Table 5.1. Supply chain complexity drivers: focus of the methodology 

  According to Origin 
  Internal Supply/demand 

interface External 

Static 

• Number/variety of 
products 

• Number /variety of 
processes 

• Type of product 
• Number/variety of 

suppliers 
• Number/variety of 

customers 

• Variety of customer 
needs 

• Variety of resource 
requirements 

• New technologies 

Dynamic 

• Process uncertainties
• Unhealthy forecasts/ 

plans 
• Human related 

uncertainties 

• Lack of process 
synchronization 

• Demand amplification 
• Parallel interactions 
• Process conflicts 

• Changes in the 
environment  

• Trends in the market 
• Uncertainty of 

future developments 

A
cc

or
di

ng
 to

 T
yp

e 

Decision-
making 

• Decision-making 
process 

• Lack of information 
• IT systems 
• Organizational 

structure 
• Human related 

uncertainties 

• Conflicting decisions 
and actions 

• Non-synchronized 
decision-making,  

• Lack of information 
• Incompatible IT 

systems 

• Changes in the 
environment  

• Factors that are out of 
span of control  

• Uncertainty of the 
unknown/ 
uncontrollable factors

 

 

Table 5.2 shows the stages of the methodology and how they are linked to the key 

questions of the framework presented in the previous section (see Figure 5.7).  

Table 5.2. Key questions of the supply chain complexity management framework and the 
stages of the methodology 

Key questions Stages of the methodology 
 1. Expressing the problem situation 
Which partners and links in the 
supply chain deserve more 
attention? 

2. Describing the system and its relevant elements (e.g., 
supply chain network structure, members, environment, 
products, processes etc.) 

3. Describing the current situation Which interactions contribute to 
complexity in the supply chain? 4a. Determining the uncertainties/conflicts 

4b. Resolving the uncertainties/conflicts 
5. Defining desirable and feasible changes 

How to resolve any uncertainty 
and/or conflict associated with 
supply chain activities? 6. Planning and taking action 
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The methodology of the framework, presented in Figure 5.8, consists of six stages and 

follows the typical pattern of problem structuring methods such as the seven stage model 

by Checkland (1981, p. 163) or the constraint management model by Dettmer (2003, p. 

46). The first stage involves expressing the problem situation and gives a rough overview 

of the system/situation. The next stage describes the situation and its relevant elements in 

detail (e.g., system purpose, environment, actors, and activities). Using the data gathered 

in the previous stages, Stage 3 aims to scrutinize the current situation. The close 

examination of the current situation enables us to connect the undesirabilities observed in 

the current system to their root causes and eventually to determine the complexity drivers 

that actually account for them. Once the root cause(s) of the observed undesirabilities is 

identified, improvement opportunities can be formulated. Stage 4 tries to reveal and 

resolve uncertainties and conflicts related with the problem situation and/or the 

improvement opportunities; and in turn helps us determine possible changes. Stage 5 

defines desirable and feasible changes to improve the problem situation and provides a 

robust solution. The final stage involves planning and taking action to implement the 

solution. Each stage is described in further detail in the next sections. 

In Figure 5.8 the methodology is presented in a reactive mode (i.e., check-act-plan-do), 

however depending on the nature of the problem and the aim of the problem owner the 

stages of the methodology can be performed in another order (e.g., proactive mode: plan-

do-check-act) or independently.  
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Figure 5.8. The stages of the methodology and the PDCA cycle 

5.2.1 Stage 1: Expressing the problem situation 

This first stage is about how the situation at hand is perceived. It requires expressing the 

complex problem situation freely from the perspective(s) of the decision-maker/problem 

owner(s). It provides a holistic view of the situation and contributes to our understanding 

of different features of the situation. Expressing the problem situation also allows us to 

draw boundaries to the system we are dealing with, that would narrow our area of focus. 

This way, Stage 1 acts as a boundary setting mechanism for the other stages and helps us 

to formulate the questions to which we are seeking the answers – generally on how we 

can improve the system. 
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The problem situation can be any situation in which the decision-maker/owner faces 

complexities about the supply chain and which s/he wants to improve, such as launching 

a new product, selecting suppliers, outsourcing an operation, engaging in mergers and 

acquisitions, process improvement efforts, changing policies, and the like. It is important 

to collect as many perceptions of the situation as possible from people with different 

perspectives so that we can build the richest possible picture (Checkland 1981, pp. 165-

166) which enables the selection of the perspective that will be used to define the system 

we are dealing with.  

At this stage any representation tool or technique is useful, which could reflect the 

variety and dynamism of the situation while providing a general overview of the key 

features of the system context: human (role and perspective of the decision-

maker/problem owner), system (system purpose, actors, resources, complexity, 

transformation, relationships, etc.), and environment (external relationships, change and 

influence). It is possible to express the situation by using different forms of 

representation such as narrative analysis (Riessman 1993; Boje 2001), storytelling 

(Gabriel 2000), conceptual maps/cognitive maps/mind maps (Trochim, 1989; Eden et al. 

1983, Kosko 1993, Buzan & Buzan 2006), and rich pictures (Checkland 1981).  

5.2.2 Stage 2: Describing the system and its relevant elements 

This stage clearly and comprehensively articulates the context of the supply chain system 

that is the subject of the situation expressed in Stage 1. A clear definition of the system 

context is fundamental to understanding complex systems and has to be addressed before 

undertaking improvement efforts. The system context includes system purpose, system 

components (i.e., subsystems, actors, and resources), relationships between the 

components, activities of the system, the relevant environment (i.e., external 

relationships, change, and influence), and the role and the perspective of the decision-

maker/problem owner.  

To begin with, describing relevant features of the supply chain we are dealing with (e.g., 

the supply chain type, products/product line, processes, suppliers, customers, service 

providers, and technologies) will be useful for the further stages. At this point, a highly 

recommendable activity is mapping the supply chain. A well-constructed supply chain 

map provides information about the supply chain flows, key supply chain members, and 

the links between them, along with capturing the complexity of the supply chain 
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environment (see Gardner & Cooper 2003). Since the situation/system we are dealing 

with does not necessarily involve all members and links of the supply chain, the amount 

of detail of the map can vary depending on the problem as well as the selected 

perspective.  

Systems exist to fulfill a purpose and this purpose is usually defined through the 

objective/goal of the system. The objective statement answers questions such as why the 

system exists, what the system is intended to do, what the system should achieve. The 

objective statement should be accompanied by critical success factors and the necessary 

conditions. Objective statement is the outcome of the activity that the system intended to 

perform (e.g., being a flexible, high-speed, efficient supply chain). Critical success 

factors are the drivers that would lead us to this outcome when fulfilled (e.g., sharing best 

practices among business units, adding velocity to supply chain processes, providing 

visibility into supply chain). Necessary conditions are the factors that must be satisfied to 

achieve the critical success factors and/or the objective (e.g., accurate demand 

forecasting, responsive production planning, compatible IT systems). The gap between 

reality and expectations about the system (i.e., objective and critical success factors) 

leads to dissatisfaction with the current situation, which in turn leads to the need for 

change/improvement. Negatives and undesirable effects represent the 

drawbacks/symptoms in the current reality. Thus, before undertaking any improvement 

efforts, it is necessary to determine the objectives, critical success factors, necessary 

conditions, the negatives, and undesirable effects characterizing the situation, so that it 

will be possible to identify the right actions that would close the gap between what is and 

what should be. 

In BOX 5.1 a problem situation faced by an apparel company is expressed, and the 

problem context and the relevant elements (e.g., company is in apparel supply chain, the 

problem is related to the production planning process) are defined.  
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BOX 5.1. VF Corporation – Problem situation expressed and defined 

 
VF’s production facilities and suppliers, Source: VF Global Compliance Report 2005, available 
at http://www.vfc.com 

VF Corporation (www.vfc.com) is the world’s largest apparel company with an incredibly 

diverse, international portfolio of products and brands (Lee, Wrangler, Majestic, North Face, 

Eastpak, Nautica, Kipling are just some of the VF’s brands). VF operates in a highly complex 

apparel supply chain: A network with a vast variety and number of products, stock keeping units 

(SKUs), suppliers, production facilities, retail locations, and distribution centers covering the 

major geographic markets around the world.  

In 2004 VF launched the Growth Plan which is updated on a regular basis to reflect its progress 

in becoming a global lifestyle apparel company. They define three elements as the keys to VF’s 

growth and success now and in the future: the Growth Drivers, a unique organizational structure 

based on activity sharing, and an increasing emphasis on lifestyle businesses. The Plan highlights 

VF's commitment to best-in-class global brand building, with a complete focus on achieving the 

highest level of innovation in VF’s products and marketing, executed consistently across all 

brands. It also integrates VF's supply chain functions, with a commitment to building the most 

flexible, high-speed and efficient supply chain in the industry.  

Prior to the launch of the Growth Plan, VF recognized that the company and its supply chain 

needs to be restructured. Thereby, the process of re-engineering the company’s supply chain and 

installing common business practices throughout the organization has begun. Soon after, they 

noticed that VF’s business units were running incompatible legacy systems, which do not allow 
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BOX 5.1. VF Corporation – Problem situation expressed and defined 
sharing information and business practices between business units that are scattered all over the 

world and which do not meet VF’s planning needs.  

The negative experiences that VF was facing were: 

• They cannot share best practices and applications among business units 
• Disparate planning systems makes it difficult to forecast demand accurately 
• Current legacy systems cannot look at capacity and material constraints simultaneously. 
• Manual production planning process is inadequate; human planners cannot consider all the 

variables and constraints (e.g., material availability, capacity, alternate routings, inventory 
levels, demand dates, lead times, demand, etc.) simultaneously. 
• Current production planning process is too slow and does not adjust to immediate changes in 

demand, material availability, capacity, and inventory levels. 

VF’s operations and structure require a planning system that meets the following specifications: 

Material planning based on bills of material (BOMs) and individual SKUs – SKU-level planning 

is an essential capability for apparel makers –; production planning based on multiple constraints 

and manufacturing lead times; multiple routings based on demand-date and BOM requirements; 

and planning against outside inventories for raw materials.  

Resources: 

• VF Corporation, www.vfc.com 
• i2 Customer Success Story: VF Corporation, 2007. Available at www.i2.com 
• Complexity Masters: Planning and Forecasting, Global Logistics & Supply Chain Strategies, 

February 2005. Available at www.supplychainbrain.com 

 

Within this stage it is possible to employ various problem definition tools or techniques, 

which help delineate the dimensions and facts of the situation as well as comprehend and 

interpret the system context, such as: Assumption Surfacing (Mitroff et al. 1979), 

CATWOE (Checkland 1981), PQR (Checkland & Scholes 1990), Five Ws and an H (The 

Kipling method), Dimensional Analysis (Jensen 1978), Intermediate objectives map (IO 

Map) (Dettmer 2003, p.70 ; 2007, pp. 67-88). BOX 5.2 shows an IO Map example for the 

VF Corporation. 

 

 

 

 

http://www.vfc.com/
http://www.i2.com/
http://www.supplychainbrain.com/
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BOX 5.2. VF Corporation – Intermediate Objectives Map 

 
Intermediate objectives map for VF Corporation 

 

Eventually, the Stages 1 and 2 should be able to provide the answers to the questions:  

• What needs to be improved? (i.e., problem statement and description of the 

problem setting) 

• Who are the actors involved in addressing the problem? 

• What are the related activities and resources? 

• What should be the system doing? Towards what are the efforts directed? (i.e., the 

purpose of the system, objectives and critical success factors) 

• What are the necessary conditions that must be satisfied to achieve the objective?  
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• What are the symptoms observed in the system? (i.e., negative and undesirable 

effects)  

5.2.3 Stage 3: Describing the current situation 

The intent of this stage is to represent the current situation in a structured way, to 

describe the complex relationships governing the system, to link the negative and 

undesirable effects expressed in Stage 2 – which are the symptoms experienced due to 

poor management of complexity – through a logical cause-effect chain to root causes, 

and finally to identify the critical root causes (and associated complexity drivers) that 

produce most of the undesirable effects. These objectives strongly overlap with the 

purpose of the Current Reality Tree (CRT) (see Dettmer 2007, pp. 93-94), which justifies 

the use of CRT as a tool.  

 

ASSUMPTIONS 
•  Cause and effect is not the same as correlation. 
•  Interdependencies affect system components. A change in one component will produce 

collateral changes in one or more other components. 
•  All processes within a system, and the overall system itself, are subject to variation. 
•  The operation of a system produces both intended (desirable) and unintended (desirable 

or undesirable) effects. 
•  Undesirable effects (UDEs) are undesirable only with respect to the previously defined 

goal, critical success factors, or necessary conditions of the system. 
•  UDEs in a system do not exist in isolation from one another. 
•  All effects within a system (desirable or undesirable) are the products of root causes that 

may be several steps removed from these effects. 
•  Cause and effect is governed by the CLR and is verifiable through the CLR. (see Figure 

5.10) 
•  Unstated assumptions about reality underlie all cause-and-effect relationships.  
•  Events related by verifiable cause and effect will be replicable. Another iteration of the 

chain should give the same effects, if no changes to circumstances or to the system are 
made. 

Figure 5.9. Assumptions of the current reality tree (Dettmer 2007, p. 94) 
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•  Are there any intermediate steps missing? 
 
2. ENTITY EXISTENCE (complete, properly structured, valid statements of cause or 
effect) 
•  Does it exist in my (or someone’s) reality? Does it really exist? 
•  Can it be documented with evidence? Does it make sense? 
•  Is it a complete sentence?  
•  Is it free of embedded “if-then” statements? ( “... because ...” and “... in order to ...”)  
•  Does it convey only one idea? (not a compound entity) 

 
3. CAUSALITY EXISTENCE (logical connection between cause and effect) 
•  Does an “if-then” connection really exist? 
•  Does the proposed cause, in fact, result in the stated effect? 
•  Does it make sense when read aloud exactly as written? 
•  Is the cause intangible? (If so, look for a confirming additional predicted effect) 

 
4. CAUSE INSUFFICIENCY (a non-trivial dependent element missing) 
•  Can the cause, as stated, result in the effect on its own? 
•  Are any significant causal factors missing? 
•  Is/are the written cause(s) sufficient to justify all parts of the effect(s)? 
•  Is an ellipse (i.e., and) required? 
•  Are any causes that are not really dependent included? 

 
5. ADDITIONAL CAUSE (a separate, independent cause producing the same effect) 
•  Is there anything else that might cause the same effect on its own? 
•  If the stated cause is eliminated, will the effect be (almost completely) eliminated? 

 
6. CAUSE-EFFECT REVERSAL (Effect misstated as the cause; arrow pointing in the 
wrong direction.) 
•  Is the stated effect really the cause, and the stated effect really the effect? 
•  Is the stated cause really a reason why, or just how we know the effect exists? 

 
7. PREDICTED EFFECT EXISTENCE (additional corroborating effect resulting from 
the cause) 
•  Is the cause intangible? 
•  Do other unavoidable outcomes of the proposed cause exist besides the stated effect? 

 
8. TAUTOLOGY (circular logic) 
•  Is the cause intangible? 
•  Is the effect offered as the rationale for the existence of the cause? Is it circular logic? 
• Are other unavoidable outcomes identifiable besides the proposed effect? 

•  Is the connection between cause and effect convincing “at face value”? 

•  Is the meaning/context of words unambiguous? 
•  Would I add any verbal explanation if reading the tree to someone else? 

1. CLARITY (seeking to understand) 

Figure 5.10. Categories of legitimate reservation (Dettmer 2007, p.65) 
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The CRT (Goldratt 1994) is a logic-based causal mapping technique for pinpointing the 

root causes that account for the undesirable effects within a system. It seeks cause-effect 

connections between visible symptoms of a system’s condition and the root causes that 

produce them (Scheinkopf 1999, p. 144; Dettmer 2007, p. 92). The CRT simply reflects 

the problem owner’s perception (of the reality) of the situation and thereby allows a 

better organization, formulation, structuring, and understanding the complex cause-effect 

relationships behind the situation (Dettmer 1998, p. 101). The assumptions underlying 

the CRT are given in Figure 5.9. Definitely not in all situations there is a need to employ 

the CRT in order to identify the root causes. Some situations are simple, such that the 

complexity drivers stand out just by looking at the situation. However, most supply chain 

situations are highly complex and the effects we observe/experience are a result of 

interaction of many variables. In such cases, a logical representation of the situation 

makes it easier to understand the interdependencies in the system and to identify the 

complexity drivers.  

Assuming that we have adequate knowledge about the situation and have gathered the 

necessary practical data, the process of constructing the CRT* begins with listing the 

negatives and undesirable effects expressed in Stage 2. Each negative and undesirable 

effect statement should be subjected to entity existence and clarity reservations (see 

Figure 5.10). As a result, each of them becomes a clear and concise statement, which is 

written as a grammatically correct, complete sentence. Next, the entities that are 

undesirable – deviations of reality from expectations about the system – are designated 

with respect to system goal, critical success factors or necessary conditions as Undesired 

Effects (UDEs). If there are too many UDEs, it is advisable to select a manageable 

number (3-5) of the most important UDEs to start with, then, to create clusters of related 

entities and to connect the entities of a cluster with each other. Next, the logic of clusters 

should be improved by scrutinizing the entities and connections using CLR† (in 

particular, clarity, entity existence, causality existence, cause sufficiency, additional 

cause, and predicted effect reservations; see Figure 5.10).  

                                                 
* For a detailed description of how to construct the CRT see Dettmer (1998, pp. 83-101); Dettmer (2007, 

pp. 127-140); Scheinkopf (1999, pp. 143-169); among others. 

† For a detailed explanation of CLR (Categories of Legitimate Reservation) refer to Dettmer (1997, pp. 31-

61); Dettmer (1998, pp.57-68); Scheinkopf (1999, pp. 41-67); Dettmer (2007, pp. 31-65); among others. 
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BOX 5.3. VF Corporation – Current Reality Tree 

 

A current reality tree for VF Corporation 
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BOX 5.3. VF Corporation – Current Reality Tree 
The CRT of the problem situation, expressed in BOX 5.1, reveals the complexity drivers 

responsible for the UDEs VF was facing (gray shaded entities). The root causes (entities with 

bold borders) in the tree are associated with two complexity drivers: incapable and incompatible 

IT systems and large planning models - a fact of apparel supply chains. The critical complexity 

driver that should be addressed is the incapable and incompatible IT systems since it is 

responsible for the majority of the UDEs. The other complexity driver is a fact of life that 

cannot be changed; yet it can be managed without difficulty by the help of effective planning 

tools. 

 

As the following step, the causes and effects among all the clusters for possible lateral 

connections should be examined. A lateral connection is a cause in one cluster that leads 

to an effect in another cluster (Dettmer 2007, p. 135). All clusters are to be connected to 

form a unified tree, and entities and connections should be added where necessary. The 

tree should be further built downward until all the clusters converge at very few common 

entities. It should be reviewed and revised for clarity and completeness; and the 

nonessential entities should be trimmed. The entities with no arrows going in are 

designated as the root causes (which are directly associated with complexity drivers). For 

each root cause the degree to which it is responsible for UDEs should be determined. 

Finally, the root cause and the associated complexity driver(s) that is most desirable (that 

accounts for the majority of the UDEs) and feasible (that is within your span of control or 

sphere of influence) to change first should be identified.  

BOX 5.3 illustrates the current reality of the VF Corporation’s problem defined in 

previous section.  

The CRT constructed in this stage is a logical representation of the state of current reality 

in specific supply chain circumstances in the form of cause effect relationships; and it 

helps identify critical complexity drivers that negatively affect the performance of the 

supply chain situation we are dealing with. After determining the complexity drivers and 

before moving on to the solution step, it is important to check if there are any conflicts 

surrounding the complexity drivers and to resolve them. The solution step involves 

undertaking feasible and desirable changes that will eliminate the UDEs. 
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5.2.4 Stage 4: Determining and resolving the uncertainties/conflicts  

Supply chain systems we are concerned with have a significant human element and 

human involvement in a system implies that they have the latitude to make decisions 

about what the system does and how it operates. These decisions, however, are not free 

of bias, errors, and conflicts. Thus, the root cause of most undesirabilities lie in the 

decisions or the assumptions made by humans about the system. In most of the situations 

there are conflicts hidden behind or surrounding the root causes. These conflicts hinder 

the system from doing what it is supposed to do (i.e., its objective) and/or the 

improvement efforts. This stage aims to determine and resolve such conflicts.  

In order to identify the conflicts and explore possible collaboration* between conflicting 

opinions and interests we advocate using the Evaporating Cloud (EC) (Goldratt 1994). 

The EC utilizes necessary condition thinking (see Scheinkopf 1999, pp. 69-79) and 

provides a structured approach to conflict resolution by revealing and challenging the 

assumptions behind the perceived conflict (Goldratt 1990, p. 48) and in turn it delivers a 

“win-win” solution (i.e., collaboration) where the requirements that lead to the objective 

are satisfied (Dettmer 2007, p. 175). The assumptions underlying the EC (Dettmer 2007, 

p. 161) are given in Figure 5.11.  

The evaporating cloud process† begins with articulating the problem/conflict/objective. 

The next step is to diagram the problem as the entities of an EC. A typical EC consists of 

five entities: a common objective, necessary-but-not-sufficient requirements that lead to 

the objective, and conflicting prerequisites that satisfy the requirements. The easiest way 

to begin constructing an EC is to draw a blank Evaporating Cloud with the five 

connected entities: one objective, two requirements, and two prerequisites. Figure 5.12 

presents a generic supply chain cloud related to lean and agile paradigms. Although a 

typical EC illustrates a conflict as bipolar, there may be three or more prerequisites in 

conflict with one another (see Dettmer 2007, p.170). Depending on the situation the order 

of filling the diagram may change. If the conflict is obvious, it is easier to begin with the 

                                                 
* For a taxonomy of conflict handling modes (i.e., avoiding, accommodating, compromising, competing, 

and collaborating) refer to Thomas (1992, p.668). 

† For a detailed description of how to construct the EC see Dettmer (1997, pp. 137-156); Dettmer (1998, 

pp. 111-118); Scheinkopf (1999, pp. 171-191); Dettmer (2007, pp. 184-197); among others. 
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prerequisites, whereas when the objective is known and conflict is rather hidden, it is 

suitable to begin with the objective (see Dettmer 1997, p.138). The next step is to list the 

assumptions underlying each arrow. 

 

• Underlying requirements are driven by prerequisites, which is the real level at which 
conflict usually occurs. 
•  Conflict frequently involves complex interaction among several factors; it is not always 

bipolar. There may be three or more prerequisites in conflict with one another. 
• Conflicting forces can exist at several levels, both functionally and organizationally. 
•  Conflicts may originate from either policies or from human relationships. 
•  Conflict results from one or more underlying invalid or no-longer-relevant assumptions. 
•  Assumptions underlying conflict can be identified and their validity successfully 

determined. 
•  Successful conflict resolution depends on effectively breaking, or invalidating, one or 

more assumptions underlying opposing or competing positions. 
• Most conflicts cannot be resolved with “silver bullets” (i.e., one single injection, an 

action, or a condition, that will eliminate the conflict.) 
• “Ideas are not solutions." until they are implemented and doing what they are supposed 

to do. 

ASSUMPTIONS 
•  Problems exist because influential, competing forces perpetuate them. 
•  Conflict is not always visible, obvious, or overtly confrontational. 
•  Conflict within a system is an indication of sub-optimization. 
• Accomplishing a system goal usually means satisfying more than one underlying 

requirement, each of which is necessary but not sufficient alone. By definition, these 
necessary conditions cannot be in conflict with one another. 

Figure 5.11. Assumptions of the evaporating cloud (Dettmer 2007, p. 161) 

Eventually, the completed diagram would read, “In order to [objective], we must 

[requirement 1], and we must also [requirement 2]. In order to [requirement 1], we must 

[prerequisite 1]. On the other hand, in order to [requirement 2], we must [prerequisite 2]. 

It seems that [prerequisite 1] and [prerequisite 2] are in conflict and unable to coexist in 

the current system.”  
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PREREQUISITE2:  
Demand driven

OBJECTIVE: 
Flexible and 

efficient 
supply chain

REQUIREMENT1:  
Achieve leanness

REQUIREMENT2:  
Achieve agility

PREREQUISITE1:  
Level scheduled

Assumption:  
To respond quickly and  
effectively to a volatile  
marketplace a supply  
chain needs to be agile

Assumption:
To be efficient there is  
a need to eliminate all  
waste (anything
that is not adding value  
to a process or  
service).

Assumption:
Lean paradigm requires a smooth demand  
and promotes level scheduling.

Assumption:
Agility means using market knowledge and  
a virtual corporation to exploit profitable  
opportunities in a volatile market place.  
This requires being demand driven.

Assumption:
Being level scheduled  
and being demand  
driven at the same  
time in the same space  
is not possible.

 

Figure 5.12. A generic supply chain conflict: cloud and assumptions 

The cloud in Figure 5.12 reads “In order to achieve a flexible and efficient supply chain, 

we must achieve leanness, because to be efficient we need to eliminate anything that is 

not adding value to the processes. Leanness requires smooth demand and a level 

schedule. On the other hand, in order to achieve a flexible and efficient supply chain, we 

must achieve agility, because in order to respond quickly and effectively to the market a 

supply chain needs to be agile. Agility requires being demand driven, because agility 

means being able to respond quickly enough to exploit demand in a volatile market. 

However, using lean and agile principles (that is being level scheduled and being demand 

driven) at the same time in the same space is invalid.”  
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Figure 5.13. A generic supply chain conflict: the leagility injection 

This way, the EC illustrates the conflict as a set of relationships, in the form of arrows. 

Each arrow has underlying assumptions that indicate a potential to break the conflict. By 

identifying and examining the assumptions, it is possible to identify potential solutions. 

Invalidating one or more assumptions by injecting breakthrough ideas leads to resolution 

of the conflict. Figure 5.13 presents an injection (i.e., leagility, see Naylor et al. 1999) to 

the cloud, which transforms the conflict between the prerequisites (D and D’) into a 

coexistence of both in the system.  

BOX 5.4 represents the EC related to the VF Corporation case with an injection to 

resolve the conflict.  
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BOX 5.4. VF Corporation – Evaporating Cloud 

 
An evaporating cloud for VF Corporation 

The EC related to the VF case suggests an injection that would invalidate the need for 

manual planning. By implementing this injection VF will be able to establish accurate and 

responsive production plans, which is a desired effect (i.e., the opposite of the UDE 

“production plans are not accurate”, see BOX 5.3). The injection also enables some of the 

necessary conditions to achieve the ultimate objective of the system such as reconfigure the 

production plans rapidly, share best practices, provide visibility into the supply chain, and 

use IT systems efficiently (see BOX 5.2).  

 

According to TOC, failure in dealing with complexity is due to the fact that management 

efforts focus on symptoms or undesirable effects, instead of dealing with root causes and 

resolving the related conflicts stemming from flawed policies and assumptions that 

generate these symptoms in the first place (see Goldratt & Cox 1986, p. 366). TOC TP 
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tools (Goldratt 1994) allow analyzing the undesirable effects in our current reality in a 

way to identify the root causes – by using the CRT – and describing the problem as a 

conflict represented in the form of an EC. Then, it is possible to create a solution (i.e., an 

injection) that solves the conflict, eliminates the negative effects (e.g. UDEs) that the 

conflict generates, and at the same time creates the opposites of UDEs (i.e., desired 

effects). The injections should be thought through in terms of desirability and feasibility. 

Possible outcomes of implementing the injections and any necessary corrective action 

can be determined using the Future Reality Tree.  

5.2.5 Stage 5: Defining desirable and feasible changes 

The aim of the fifth stage is to identify feasible and desirable changes to the current 

reality that would produce the desired effects (i.e., opposite of UDEs) without adverse or 

unintended consequences and eventually enable the achievement of the ultimate objective 

of the system. The Future Reality Tree (FRT) (Goldratt 1994) is a suitable means of 

visually representing how the suggested solution ideas (e.g. injections), when 

implemented, would affect the system. Naturally, any solution requires a change in the 

system and any change is bound to cause conflicts and to produce future UDEs, which 

should be addressed before they occur. A Negative Branch Tree (NBT) (Goldratt 1994) 

can be used to address the negative consequences of a solution. The NBT is a type of 

predicted effect existence reservation (refer to Figure 5.10), where the predicted effects 

represent any possible undesired future outcomes associated with the solution (Dettmer 

1997, p. 195). A negative branch is an extension to a FRT that can be trimmed through 

corrective action. The assumptions underlying the FRT (Dettmer 2007, p. 208) are listed 

in Figure 5.14.  

The FRT* is constructed bottom up utilizing sufficient cause thinking. Injections, located 

at the bottom, are linked to the desired effects, located at the top, through additional 

entities in the form of cause-effect relationships, while satisfying the requirements of 

CLR, especially the cause insufficiency and additional cause reservations. An injection 

can be an outcome of the previous stages (i.e., CRT and EC) or a desirable and feasible 

change that would improve the system. In case of the former the desired effects are 

                                                 
* For a detailed description of how to construct the FRT see Dettmer (1997, pp. 202-216); Dettmer (1998, 

pp. 148-156); Scheinkopf (1999, pp. 112-131); Dettmer (2007, pp. 231-242); among others. 
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formulated as the opposites of UDEs, whereas in case of the latter the desired effects 

(i.e., the predicted positive effects) of the injection should be formulated from scratch. 

Either way, an injection is either formulated as a condition (outcome of a bundle of 

actions) or as an action (Dettmer 2007, p.215), which often indicates change in policies, 

procedures, structures, practices, and/or measures. The injections, current reality, and the 

desired effects constitute the initial entities of the FRT. The next step is to connect these 

entities using sufficient cause thinking in the form of “if [injection] {and [current 

reality]} then [desired effect]”. Connecting the initial injection and the desired effect can 

rarely be achieved by a single arrow, but instead through a complex interaction of several 

factors. Hence, the process requires adding additional injections and desired effects to the 

initial ones. Figure 5.15 presents a generic FRT about inventory management in a retail 

supply chain, which suggests six injections to eventually improve profit and return on 

investment (Cummings 2004).  

 

•  Unintended effects can be beneficial, neutral, or detrimental. 
•  Some changes can cause more problems than they solve.  
•  It is possible to determine, with reasonable confidence, what effects, both intended and 

unintended, a change will have on a system. 
•  Negative effects can be anticipated, located, and prevented. 
•  Cause-and-effect logic applies equally effectively to the future as it does to the present 

or past. 
•  Ideas can't be considered solutions until they have been validated as effective and then 

implemented. 
•  All processes within a system, as well as the overall system itself, are subject to 

variation. 
•  The concept of cause and effect is regulated by the CLR and is verifiable through the 

CLR. 
•  Unstated assumptions about reality underlie all cause-and-effect relationships. 

ASSUMPTIONS 
•  System components are interdependent. A change in one affects others. 
•  A definite progression of cause and effect governs the functioning of all systems. 
•  Change has both intended and unintended effects. 
•  Unintended effects of change can be anticipated.  

Figure 5.14. Assumptions of the future reality tree (Dettmer 2007, p. 208) 
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Figure 5.15. A generic future reality tree related to inventory management in retail supply 

chains (Cummings 2004, p.62) 
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Besides positive effects, an injection often, if not always, produces negative effects. The 

resulting tree should be scrutinized to determine these negative effects (i.e., potential 

UDEs) so that they can be addressed and prevented. Once a negative effect is determined 

on the tree, it should be extended into a NBT by including additional entities to illustrate 

the undesirability of the predicted consequences. Then, adding an injection (i.e., a 

branch-trimming injection, see Dettmer 2007, p.240) to prevent the emergence of 

undesired consequences would provide a robust solution tree. The final step of building 

the FRT is scrutinizing the tree using CLR and adding positive reinforcing loops (a 

feedback linking a desired effect to an entity below, which will amplify the effect of the 

below entity, see Dettmer 2007, p.228) to provide self-sustainability.  

The resulting FRT portrays possible future outcomes of the solutions, corrective actions 

to prevent undesired consequences, and feedback loops to enable self-sustainability of the 

solution. In this sense, it can be considered as a way of validating the effectiveness of 

ideas for solutions (Dettmer 2007, p. 230) and simulating the future (Dettmer 2007, p. 

206).  

BOX 5.5 presents the FRT for the VF Corporation case.  

Finally, we can assert that, if CRT illustrates the complexity of the current situation and 

the number of UDEs is an indicator of failure to deal with complexity, then FRT shows 

the improvement in dealing with complexity of the system and the absence of UDEs is an 

indicator of success in dealing with complexity of the situation. 
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BOX 5.5. VF Corporation – Future Reality Tree 

 

A future reality tree for VF Corporation 
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BOX 5.5. VF Corporation – Future Reality Tree 
The FRT related to the VF case presents the future state of the system when the injection that has 

been suggested in the former stage is implemented. The injection comes with two negative branch 

reservations that may lead to new UDEs, thus to break these reservations additional injections 

have been made.  

By implementing the injections VF will be able to speed up the planning process, improve 

accuracy of demand forecasts and production plans, and share business practices across the 

supply chain (i.e., the opposites of the UDEs in the CRT, see BOX 5.3). Additional benefits that 

can be realized by implementing the injections include improved visibility into the supply chain, 

reduced inventory levels, and improved service levels. 

 

5.2.6 Stage 6: Plan and take action 

All the efforts taken at the previous stages were principally aimed at finding a solution to 

improve the efficiency and effectiveness of dealing with supply chain complexity. 

However, the anticipated benefits of a solution can be reaped, only if the solution to the 

problem is implemented. Implementing a solution is a complex process in and of itself, 

which needs to be carefully and clearly planned. The planning phase often involves 

translating the solution into a set of easily understood operating procedures or decision 

rules, leveraging resources, and assigning responsibility to the individuals involved in 

using the new rules and procedures. This is followed by executing the plan, measuring 

the impacts of change, and finally preparing documentation for future reference. The 

principles and techniques of executing a plan in the form of a project have been 

extensively studied in the project management literature (see  Morris 1994; Kerzner 

2006; APM 2006; PMI 2008; Meredith & Mantel 2009; Morris & Pinto 2004; among 

others) and discussing them in detail is beyond the scope of this thesis. Thus, Stage 6 

intends solely to develop a detailed implementation plan to improve the situation.  

Although Stage 5 produces an initial implementation plan for achieving the desired 

outcomes – in the form of a FRT –, implementing a solution often requires breaking the 

implementation down to smaller achievable tasks or activities in the form of a detailed 

plan that gives the order of priority in executing these tasks. Using the solution ideas (e.g. 

injections) as a starting point, the Pre-Requisite Tree (PRT) (Goldratt 1994) helps to 

identify the obstacles to the implementation process and derive the necessary milestones 
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(i.e., Intermediate Objectives – IOs) needed to overcome these obstacles (Burton-Houle 

2001). The assumptions of PRT (Dettmer 2007, p. 264) are listed in Figure 5.16. The 

PRT provides the details of what (i.e., the IOs) and when (i.e., the sequence) the system 

must perform in order to achieve the injection, which may be operationally detailed 

enough for implementation in some cases (Dettmer 2007, p.274; p.295).  

• Obstacles must be overcome with specific, deliberately focused efforts (intermediate 
objectives). 
• It is not necessary to eliminate obstacles-bypassing them with work-arounds is 

acceptable. 
• There is at least one alternative, or intermediate objective, capable of overcoming each 

obstacle. In all probability, there will be several alternatives. Some obstacles may require 
more than one intermediate objective to overcome them. 
• Successful outcomes depend on a specific, possibly unique, sequence in which 

component tasks or activities must be completed. 
• Obstacles and their associated intermediate objectives usually have a sequence 

dependent relationship (that is, some obstacles must be overcome with intermediate 
objectives before another task or activity can be completed). 
• A Prerequisite Tree is not static; it is likely to need changing as it is implemented. New 

or unforeseen obstacles requiring new intermediate objectives present themselves. 

ASSUMPTIONS 
• Any complex outcome depends on the completion of some determinate number of 

component tasks or activities. 
• The minimum required component tasks or activities can be identified. 
• Obstacles to a desired outcome actually exist in reality. 
• Obstacles can prevent achievement of desired outcomes. 

 
Figure 5.16. Assumptions of the prerequisite tree (Dettmer 2007, p. 264) 

In cases where the obstacles are significant and attaining IOs requires complex actions, it 

is necessary to develop a step-by-step action plan, which transforms the system from its 

current state to the desired future state when executed. The Transition Tree (TT) has been 

introduced by Goldratt (1994) to accomplish this task: identifying the actions required to 

achieve each IO in the form of a sufficiency type cause effect chain. Although the TT is 

introduced as one of the five tools of the TP, it has been the least commonly practiced 

one (see Goldratt 2001; Dettmer 2007, p. 294; Kim et al. 2008) or it has only been 

implemented as an extension to the PRT (see Smith 2000, p.155). This might be due to 

the fact that although the tool is powerful as a means for empowerment or in enhancing 

our ability to communicate the logic behind taking certain actions to others, it is too 

complicated or even incomprehensible to be used when giving people instructions to 

perform certain actions (Goldratt 2001). The assumptions of TT are listed in Figure 5.17 

(see Dettmer 1997, p. 285; Goldratt 2001) 
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• The conditions/assumptions explain why the action is required to satisfy the need. 
• Any action initiated by someone to execute a decision will produce new effects (not 

currently existing). 
• All effects, intended and unintended, will be either positive, neutral, or negative. 
• Unintended effects of action can be anticipated. 
• Negative effects can be anticipated, located, and prevented before they happen. 
• There are necessary conditions to take further action explain why an action prevents any 

negative effect of taking the next action. 
• Several actions, in sequence, may be required to achieve a desired effect. 
• The ultimate objective of any action may be several steps away from the original action. 
• Ideas do not become solutions until they have been validated as effective and 

implemented. 
• Cause and effect is governed by the CLR and is verifiable through the CLR. 
• Unstated assumptions about reality underlie all cause-and-effect relationships. 

ASSUMPTIONS 
• A definite chain of cause and effect governs the functioning of all systems. 
• Cause and effect logic applies equally effectively to the future as it does to the present or 

past. 
• There is a need for the action, and taking the action will satisfy this need. 
• The presence of need alone is not sufficient to take the action; it should be accompanied 

by conditions/assumptions in the current reality. 

Figure 5.17. Assumptions of the transition tree, adapted from Dettmer (1997, p. 285) and 
Goldratt (2001) 

The PRT* construction process begins with defining the purpose of the tree and stating 

its objective, which can be the desired outcome of the actions that we will take or an 

injection from the FRT that we want to achieve. Next, all obstacles that exist in the 

current reality and hinder attaining the objective – preferably worded as states – should 

be listed, and then for each obstacle IOs that will overcome the obstacle when 

implemented – preferably worded as states or actions – should be developed. There are 

two ways to overcome an obstacle: either to eliminate it entirely or to invalidate its 

relation to the objective. Eventually, the IOs, obstacles and the objective should be 

connected using necessary condition thinking. The resulting logical statement reads, “if 

the [IO] is implemented, then [obstacle] will no longer prevent the system from achieving 

[the higher level IO or the objective]”. An important feature of the PRT is that it provides 

the time sequence of actions (IOs). Therefore, while connecting the entities of the tree the 

time dependencies between obstacle-IO pairs should be examined, in addition to 

                                                 
* For a detailed description of how to construct the PRT see Dettmer (1997, pp. 247-259); Dettmer (1998, 

pp. 180-185); Scheinkopf (1999, pp. 196-213); Dettmer (2007, pp. 279-290); among others. 
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scrutinizing the relationships using CLR (in particular, entity existence, causality 

existence, cause sufficiency, and additional cause reservations; see Dettmer 2007, pp. 

290-293). If necessary, additional IOs and obstacles should be added to the tree. The tree 

should be built downward until the IOs at the bottom are accomplishable either 

immediately or with the help of a TT.  

BOX 5.6 presents the PRT for the VF Corporation case. 

BOX 5.6. VF Corporation – Prerequisite Tree 

 

A prerequisite tree for VF Corporation 
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BOX 5.6. VF Corporation – Prerequisite Tree 
Assuming that VF has selected a software provider and a solution (or a set of solutions) that 

meet VF’s SCM needs, a PRT is built to plan the implementation of the injection: 

“implement a new supply chain software solution”. Since IOs defined in the PRT are clear 

and practical enough to put into action straight away, no TTs were constructed. By taking 

these actions VF will be able to sort out at least one of its complexity drivers, and the cycle 

will begin again to deal with another complexity driver. 

The TP trees were constructed using the Transformation LogicTree software. See 

http://www.transformation-logictree.com 

 

If attaining IOs involve complex set of actions, it is necessary to develop a step-by-step 

action plan that explains the logical sequence in which the actions should be taken. To 

fulfill this aim TTs* can be constructed. A TT involves four types of entities (Figure 

5.18) (Goldratt 2001):  

• an action we want to take as a part of the process of achieving a certain objective, 

that will satisfy the need, 

• a need to perform the action, 

• a condition (or assumption) in the current reality that explains why the action is 

required to satisfy the need, 

• a rationale (or necessary conditions) for further action that refers to two 

conditions: the action is feasible and it will not produce significant negative 

outcomes.  

When constructing a TT from a PRT, the need to overcome an obstacle becomes the 

beginning point of the tree (Goldratt 2001). Next, the action to satisfy this need and the 

condition in the current reality that explains why this action satisfies the need are 

described. Along with these the necessary conditions to take the action should be 

determined and met. Taking the first action produces the rationale for taking the next 

action, which answers why the first action would prevent possible negative outcomes of 

                                                 
* For a detailed description of how to construct the TT see Dettmer (1997, pp. 297-306); Dettmer (1998, 

pp. 200-204); Scheinkopf (1999, pp. 84-98); Goldratt (2001); among others. The process of constructing 

the TT described in this text is the revised structure discussed in Goldratt (2001).  
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the next action or why the first action enables the undertaking of the second action. In 

other words, the first action should be taken before the second action, because the former 

produces the necessary conditions that make the latter possible. This structure recurs 

until all IOs and finally the objective of the PRT are satisfied (see Figure 5.18). Thus, the 

resulting TT portrays a repeating structure that provides the logical sequence of actions to 

be taken to achieve an objective (or multiple objectives). It reads, “If [need] and 

[condition in current reality] and [rationale to take first action], then [first action]. If [first 

action], then [rationale to take second action]. If [rationale to take second action] and 

[need] and [condition in current reality], then [second action]…” 

 
Figure 5.18. The structure of the transition tree, adapted from Goldratt (2001, p.9) 

This final stage of the methodology provides an implementation plan. Taking actions 

based on this plan will definitely improve the problem situation. With the transformation 

of the system from its current state to a new state, it is likely that new problems will 

surface. These new problems can also be dealt with, with the help of the methodology. 

BOX 5.7 briefly reports how the VF Corporation case unfolded in reality and the results 

of VF’s actions.  
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BOX 5.7. VF Corporation – Solution and Results 

The executives of VF may or may not have used the TP tools; however they have come to 

the same solution as in our analysis: implement a common IT system with advanced 

planning features to manage their supply chain. Having arrived at a solution, VF began 

looking for a supply chain solutions provider to put all of its business units on a common 

IT system, which at the same time is able to address VF’s needs for supply chain planning. 

After carefully examining the supply chain planning solutions available in the marketplace, 

VF chose i2. In close cooperation with VF, i2 developed enhancements to its Supply Chain 

Planner to meet VF’s needs. By using the software, VF achieved tens of millions of dollars 

savings, reduced inventory, realistic, feasible, and executable plans that satisfy their 

constraints, visibility into their operations, and increased customer service levels. Currently 

their supply chain is not less complex in terms of number and variety of products, 

suppliers, markets, and the like, yet it is much more manageable.  

Resources: 

• i2 Customer Success Story: VF Corporation, 2007. Available at www.i2.com 
• Complexity Masters: Planning and Forecasting, Global Logistics & Supply Chain 

Strategies, February 2005. Available at www.supplychainbrain.com 

 

5.2.7 An overview of the methodology 

The methodology presented here provides a theoretically sound and practically viable 

process to reduce the inherent difficulty in managing complexity in the supply chain. The 

process mainly utilizes the Theory of Constraints’ Thinking Process Tools (Goldratt 

1994). TP tools use cause and effect thinking governed by strict logic rules (i.e., CLR), 

which provide a rigorous and practical means to deal with complex situations when they 

are combined with the knowledge and the intuition of the problem owner (or the people 

involved with the problem) (Mabin and Balderstone 2000, p.2). Figure 5.19 gives an 

overview of the methodology and the tools used within each stage. 

http://www.i2.com/
http://www.supplychainbrain.com/
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Figure 5.19. An overview of the methodology and the tools 

The methodology follows the generalized outline of a supply chain complexity 

management approach presented in Chapter 3 (see Figure 3.5), and is novel in its ability 

to pinpoint the complexity drivers that cause most of the problems which arise when 

managing the supply chain. Therefore, the methodology allows us to focus our efforts on 

the right issues and, in turn, to manage complexity in a more efficient and effective way. 

By utilizing the TOC TP tools, the methodology provides a structured approach that leads 
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us from the symptoms to the root causes of complexity, helps us to identify improvement 

opportunities for greater success in dealing with complexity, and guides us through 

developing and implementing improvement plans.  

Effective management of complexity requires a common understanding of the 

situation/system as well as communication and participation of differing parties involved 

in the system. TOC TP is an interpretive approach that facilitates structuring complex 

problems, communicating improvement/solution ideas, and provides a feasible route to a 

desirable future. Since this is a creative process that draws upon knowledge and intuition, 

there is no single best solution, rather a variety of improvement ideas that make sense and 

receive acceptance of parties. Implementing the ideas successfully and ensuring the 

sustainability of the outcome indicate an improvement in our ability to deal with the 

complexity of the situation. 

Although the improvement/solution ideas generated throughout the process – which are 

the product of a creative process that draws upon knowledge and intuition – are case 

specific, they would involve, to some extent, the supply chain activities, tools and, 

enabling technologies discussed in Chapter 4.  

5.2.8 The use of the methodology 

Since the creative process discussed above requires a collaborative effort, it is 

recommended to make use of teamwork (see Larson & LaFasto, 1989 , p.18; Kanji & 

Asher 1996, p.74; Parker 2008, p. 40) when using the methodology. Use of teams is also 

encouraged when employing TOC TP tools (see Dettmer 1997, pp. 329-330). The team 

should consist of people involved in the problem situation with varying but 

complementary perspectives. The team members are required to have adequate 

knowledge about the situation, and sufficient intuition to take the right actions. It is also 

preferable that the team members, or at least some of them, are familiar with using TOC 

TP tools.  

Each stage of the methodology can be completed in a stand-alone session, where a 

moderator supervises the implementation process. When building TP trees the team 

members might play different roles: the tree builder/presenter and the scrutinizer 

(Dettmer 1997, pp. 331-332). The tree builder is the person (or a group of people) that 

constructs the tree, presents the logic of the tree to the others, and persuades the other 
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decision-makers on the subject of the presented tree, when necessary. The scrutinizers are 

the people besides the presenter(s) that assess the logical connections of a tree using CLR 

and communicate disagreement in case of an error in logic. The process and outcome of 

each stage should be documented for further reference. The results of the whole process 

and the action plans should be communicated to all related units and people throughout 

the system. 

5.3 Summary and conclusions of Chapter 5 

This chapter suggests a framework to deal with supply chain complexity. The framework 

encompasses three elements of the supply chain complexity: structure of the supply chain 

(static complexity), supply chain flows (dynamic complexity), and supply chain decision-

making (decision-making complexity). The main argument of the framework is that 

managing complexity in a supply chain requires considering the complex structure of the 

supply chain, monitoring and managing the interactions between the members that 

contribute to complexity in terms of flows in the supply chain, and making decisions 

regarding the structure and flows that will ease dealing with complexity without creating 

adverse consequences. The framework provides a basis for understanding the concepts of 

supply chain complexity as well as managing the complexity in the supply chain. It is 

generic in the sense that it is meant to cover all types of supply chain complexity. 

Along with the framework, an implementation methodology to reduce the inherent 

difficulty in managing complexity in the supply chain is suggested. The methodology is 

mainly aimed at dealing with dynamic and decision-making complexity drivers lying 

within the sphere of influence of the problem owner. It provides a rigorous and practical 

means to deal with complexity of the supply chain by leveraging the knowledge and the 

expertise of the people involved in the problem to facilitate change with the help of TOC 

TP tools. The methodology is novel in its ability to identify the complexity drivers that 

are the cause of most problems in the supply chain, as such it allows us to focus our 

efforts on the right issues and, in turn, helps to manage complexity in a more efficient 

and effective way. 



CHAPTER 6. ASSESSING THE QUALITY OF THE 

PROPOSED FRAMEWORK AND THE 

METHODOLOGY 

An important part of a research process is to ensure the quality of the research. In this 

study, to assess the trustworthiness of the proposed framework and its methodology, a 

triangulation approach was employed (Flick 1992; Lewis 1998; Scandura & Williams 

2000; Jick 1979).  

Triangulation refers to studying a research subject from multiple (i.e., at least two 

different) perspectives and/or by using multiple methodological approaches (Denzin 

1978, p. 291; Flick 2004, p.178). Flick (2004, p.183) discusses that triangulation can be 

applied in three modes: as a validation strategy, as a means for the generalization of 

discoveries, and as a means of extending our knowledge of the research issue. Four basic 

forms of triangulation can contribute to the validation of qualitative research (Denzin 

1978):  

1. Data triangulation: using data from variety of sources, at different times, in 

different places or from different people in a study. 

2. Investigator triangulation: using several different observers, interviewers, or 

analysts to minimize subjectivity. 

3. Theory triangulation: using multiple perspectives and hypotheses or theories to 

interpret a single set of data. 

4. Methodological triangulation: using multiple methods to study the same subject.  

This study uses methodological triangulation. It is an effective alternative to ensure the 

quality of a research (Flick 1992; Flick 2006, p. 390) in that the weaknesses of each 

approach in addressing research quality issues will be compensated by the strengths of 

another (Jick 1979). The triangulation approach used to study the phenomenon of 

“dealing with supply chain complexity” makes use of literature review, case analysis, and 

expert opinions. Figure 6.1 illustrates the sequential process of triangulation employed in 

this study. The literature review provides the theoretical framework, while a qualitative 

meta-analysis of real life cases (i.e., success stories) and expert opinions are used to test 

and finalize the framework.  
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CASE ANALYSIS 
• Select cases 
• Analyze the cases 
• Interpret the results 

EXPERT OPINIONS 
• Define evaluation criteria 
• Present the framework and 
methodology 
• Elicit expert opinions, 
comments, and feedback.  

CONCLUSION 
• Assess trustworthiness of 
the framework and the 
methodology 
• Suggest future research 
directions  

LITERATURE REVIEW 
• Define the concepts 
• Develop a framework 
• Develop an implementation 
methodology 

Figure 6.1. Flow of the triangulation process 

The primary purpose of this study is to define the important elements in supply chain 

complexity management, to put them into a framework and then to offer a methodology 

to help implement the framework. Chapters 3 and 5 give a review of the related literature 

and Chapter 5 presents the framework along with the methodology to implement it. In the 

next sections, analysis of real-life cases according to the framework and elicitation of 

expert opinions regarding the framework and the methodology are presented in detail. 

6.1 A meta-analysis of real life cases 

At this stage of the research process, success stories of dealing with complexity of the 

supply chain were examined by means of a qualitative meta-analysis. Qualitative meta-

analysis (also referred to as meta-ethnography, see Noblit and Hare 1988) is an 

interpretive approach that seeks to discern meaningful patterns from various existing 
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studies of the same topic by means of a systematic analysis. Researchers have adopted 

this approach to derive an understanding from existing research studies and case studies 

(see DeWitt-Brinks & Rhodes 1992; Timulak 2007; Park & Gretzel 2007; Raven et al. 

2008; Touati & Pomey 2009; Ke 2009; among others). An important condition to satisfy 

when doing a meta-analysis is that the number of units to analyze must be large enough 

(not in a statistical sense) to ensure the quality of the research (Meredith 1998). The lack 

of scholarly case studies relevant to the subject of this study has been a motivation for 

using success stories. Thus, the term meta-analysis in this study refers to a systematic 

analysis of patterns across a set of success stories about supply chain complexity 

management. The analysis is principally intended to support the supply chain complexity 

management framework and has been carried out according to the following steps: 

1. Selection of the cases,  

2. A systematic review of the cases  

3. Interpretation of the findings. 

6.1.1 Selection of the cases 

A remarkable number of success stories of dealing with complexity in the supply chain 

can be found in various sources. In this study, information made public in scientific and 

professional journals, books, and on web sites of supply chain companies and their 

service providers has been utilized. An initial list of companies that were reported to have 

successful practices related to supply chain complexity has been compiled through an 

Internet search using the search terms “success story”/ “case study”, “supply chain”, and 

“complexity”. The final list of success stories to be included in the analysis (from now on 

referred to as cases) has been determined based on context relevance as well as 

availability and accessibility of information. That is, the cases that are not fulfilling either 

of the following criteria were excluded: (1) the complexity reported in the story must be 

supply chain related; (2) the practice must have produced successful results; (3) the 

documents must be accessible and provide clear and detailed enough information to 

continue with the analysis. Subsequently, twenty-one cases that fulfill these criteria have 

been further analyzed (see Table 6.1). 



 

Table 6.1. List of the reviewed cases and their references 

Company 
name Company type 

Supply chain 
type 

Solution 
partner Partner type References 

Air Products & 
Chemicals Inc. 

Supplier of 
industrial gases 
& selected 
chemicals. 

Chemical 
supply chain 

FICO Provider of 
decision 
management 
solutions  

Air Products masters supply chain complexity with Fair Isaac business rules, 
Success Story: Business Rules Management, 2008, www.fico.com 

ALDI Discount 
retailer 

Retail supply 
chain  

- - Michael L. George, Stephen A. Wilson, 2004, ALDI International: A case 
study in strategic complexity, in Conquering Complexity in Your Business, 
2004, McGraw-Hill. 

Bell 
Microproducts 
Inc. 

Distributor of 
high-tech 
products, 
services and 
solutions 

Electronics 
supply chain 

Crimsonwing Provider of IT 
solutions 

Charles Abrams, Software Licencing: A supply chain success story, Gartner 
Case Studies, CS-17-8856, 2002, Gartner, Inc., 
www.bus.umich.edu/KresgePublic/Journals/Gartner/ 

British 
American 
Tobacco 

Tobacco 
company 

Tobacco supply 
chain 

Capgemini Provider of 
consulting, IT 
& outsourcing 
services 

5-Year Procurement Target at British American Tobacco, Capgemini Success 
Stories, MRD_20060215_096, 2006, www.capgemini.com. 

Church & 
Dwight Co. 

Manufacturer of 
consumer goods 

Consumer-
driven supply 
chain 

JDA Provider of 
supply chain 
solutions 

Arming an Industrial-strength Supply Chain, JDA Case study, 2007, 
www.jda.com. 

Famosa S.A. Manufacturer of 
toys 

Toy supply 
chain 

- - Sonia Guerola Pérez, Famosa: Full Speed Supply Chain, BestLog Good 
Practice Cases, 2008, BestLog Project, www.bestlog.org 

Goodyear Tire 
& Rubber Co. 

Tire company Automotive 
supply chain 

Exel Provider of 
logistics 
services 

Goodyear’s logistics outsourcing program faces a moment of truth, Robert J. 
Bowman, Global Logistics and Supply Chain Strategies, March 2006. 

 



 

Table 6.1. List of the reviewed cases and their references (continued) 

Company 
name Company type 

Supply chain 
type 

Solution 
partner Partner type References 

Hewlett-
Packard 

Technology 
company 

Electronics 
supply chain 

- - Jerry Huang, The Adaptive Supply Chain, 2004, Hewlett-Packard 
Development Company, presented at the 1st APEC e-Commerce Business 
Alliance Forum, June 15-16, Yantai, China. 

Hudson’s Bay 
Co. 

General 
merchandise 
retailer 

Retail supply 
chain 

QLogitek Provider of 
supply chain 
solutions 

A CASE STUDY: Hbc Gains Integrated Visibility into Inbound Merchandise 
and Saves Millions, QLogitek Case Studies: Inbound Logistics, 2008, 
www.qlogitek.com 

J.R. Simplot Food 
processing & 
agricultural 
company 

Food supply 
chain 

DSC 
Logistics 

Provider of 
logistics 
services 

A Frozen-Food Expert Seeks Help in Dry Distribution, Robert J. Bowman, 
Global Logistics and Supply Chain Strategies, February 2005. 

KLA-Tencor Manufacturer of 
semiconductor 
equipments 

Semiconductor 
supply chain 

- - Joseph J. Chamberlain and John Nunes, Service Parts Management: A Real-
life Success Story, Supply Chain Management Review, September 2004, Reed 
Business Information. 

LSI Corp. Provider of 
semiconductors 
& technologies 

Electronics 
supply chain 

E2open Provider of 
supply chain 
solutions 

Transforming to a Flexible and Lean Supply Chain, E2open Case Studies, 
September 2007, www.e2open.com 

Mahindra & 
Mahindra 
Limited 

Manufacturer of 
farm equipment 

Automotive 
supply chain 

SAP Provider of 
business 
software and 
services 

Mahindra & Mahindra uses mySAP SCM to reduce inventory by 30% and 
replenishment lead times to 19 days, SAP Customer Success Story, 2002, 
www.sap.com.  

Molex Inc. Supplier of 
interconnect 
products & 
systems.  

Electronics 
supply chain 

SAP Provider of 
business 
software and 
services 

MOLEX: The SAP® Demand Planning Service Select Package Brings New 
Levels of Forecasting Accuracy and Efficiency to Global Company, SAP 
Customer Success Story, 2005, www.sap.com 

 



Company 
name Company type 

Supply chain 
type 

Solution 
partner Partner type References 

Motorola Provider of 
communication 
products and 
services 

Electronics 
supply chain 

- - Rob Handfield, Managing Complexity in the Supply Chain: Motorola’s War 
on Supply Chain Complexity - Part 2, Supply Chain Resource Cooperative 
(SCRC), April 2007, scm.ncsu.edu 

s.Oliver Fashion and 
Lifestyle 
Company 

Apparel supply 
chain 

CA Provider of IT 
management 
software 

Fashion retailer s.Oliver boosts productivity with streamlined IT management 
services and ITIL best practices, CA Customer Success Story, 2007, 
www.ca.com 

Swire 
Beverages 

Bottling 
company 

Beverage 
supply chain 

JDA Provider of 
supply chain 
solutions 

Swire Beverages Unlocks the Full Potential of its Coca-Cola Supply Chain 
Network in China, JDA Case Study, 2009, www.jda.com 

TAL Apparel 
Group 

Manufacturer of 
innovative 
garments 

Apparel supply 
chain 

- - Peter Koudal and Victor Wei-teh Long, The Power of Synchronization: The 
Case of TAL Apparel Group, A Deloitte Research Case Study, 2005, Deloitte 
Development LLC., www.deloitte.com/research 

Unilever Manufacturer of 
consumer goods 

Consumer-
driven supply 
chain 

Lean 
Logistics 

Provider of 
transportation 
and logistics 
services 

Unilever Holistically Manages the Order/Shipment Process for Better 
Customer Service, LeanLogistics Client Case, 2009, www.leanlogistics.com 

VF Corp. Apparel 
company 

Apparel supply 
chain 

i2 Provider of 
supply chain 
solutions 

Saving Millions at VF Corporation Through Tighter Supply Chain Planning, 
i2 Customer Success Story, 2007, www.i2.com 
Reducing Inventory at VF Corporation, i2 Customer Success Story, 2008, 
www.i2.com  

World Food 
Programme 

Humanitarian 
organization 

Humanitarian 
supply chain 

TNT Provider of 
logistics 
services 

Moving the World: The TPG-WFP Partnership I - Looking for a Partner, 
Rolando M. Tomasini & Luk Van Wassenhove, February 2004, Insead 
Moving the World: The TPG-WFP Partnership II - Learning How To Dance, 
Ramina Samii & Luk Van Wassenhove, April 2004, Insead 

Table 6.1. List of the reviewed cases and their references (continued) 

 

http://www.i2.com/
http://www.i2.com/
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Information and evidence in the form of records and documents related to these cases has 

been gathered through an extensive review of secondary sources such as scientific and 

professional journals, books, and web sites of the companies and their service providers. 

Table 6.1 gives the list of the reviewed cases and their primary references. 

6.1.2 A systematic review of the selected cases 

According to the proposed framework, successful management of supply chain 

complexity requires revealing the complex structure of the supply chain, monitoring and 

managing the interactions between these entities that contribute to complexity, taking 

actions leading to feasible and desirable changes to deal with complexity, and addressing 

any uncertainty and/or conflict that already exists or may arise. With this in mind, the 

selected cases were reviewed systematically and information on the following 

characteristics was extracted from each case:  

• Type of the company, type of supply chain, type of solution partner,  

• Complexities involved in the supply chain, 

• The goal or challenge 

• Necessary conditions to achieve the goal, 

• Problems related to the goal, 

• Complexity drivers of the problem,  

• Solution to overcome the challenge/problem, 

• Tools and techniques used, 

• Results achieved. 

Appendix D gives a systematic summary of the cases. The summaries reveal the key 

characteristics of a successful supply chain complexity management application. 

6.1.3 Interpretation of the findings 

The reviewed cases represent different types of supply chains (e.g., food, chemical, 

electronics, consumer goods, etc.) and different supply chain functions and processes 

(e.g., production, logistics, purchasing, order fulfillment, demand management, etc.). 

They deal with at least one of the three types of complexity and cover a wide variety of 

complexity drivers (see Appendix D). Table 6.2 gives the complexity driver–solution 

strategy pairings extracted from the reviewed cases. 
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Table 6.2. Complexity driver - Solution strategy pairings 

Complexity drivers Solution strategies 
High number and variety of 
SKUs (necessary complexity) 

• Improving demand management, forecasting, and logistics 
management abilities through a decision platform supported 
by SCM solutions. 

High number and variety of 
SKUs (unnecessary complexity) 

• Offering a limited range of products 

Product complexity • Measuring product complexity in terms of supply chain 
impacts,  
• Redesigning the products that have a high complexity index 

Diverse IT solutions • Implementing an IT service management solution 
High variety of requirements to 
be met by the IT solution 

• Implementing a customized Software as a Service logistics 
solution 

Incapable and incompatible 
planning systems 

• Developing and implementing a new planning system 
• Making process and technological adjustments 
• Developing new performance metrics 

Large planning models • Implementing a supply chain planning software modified to 
handle planning requirements  

Demand uncertainty/ demand 
volatility 

• Profiling uncertain demand 
• Planning of operations on a daily basis 

Incapable transportation 
management processes and 
technology  

• Forming a partnership with a partner that has expertise in 
transportation management 
• Adopting new technology and processes 

Incapable supply chain 
operations, incompatible supply 
chain design 

• Redesigning the supply chain,  
• Reorganizing the distribution network,  
• Collaboration with suppliers 

Outsourcing of manufacturing • Supplier integration 
• Gaining visibility into operations through B2B platform 

Lack of a well defined 
procurement system 

• Developing an end to end procurement process 
• Integrating the procurement processes and systems with the 
ERP system 

Laborious & complex license 
sales process 

• Process automation 
• Integrating license sales process into the online e-commerce 
facility 

Lack of experience to build and 
operate a dry distribution network 

• Outsourcing the operations to a partner that has the 
experience 

Lack of know how • Forming a partnership with a partner that has the know how 
Lack of effective means of 
control over the processes 

• Automating decision making process using a business rules 
management system 

Lack of control due to 
outsourcing 

• Reducing number of outsourcing partners 
• Working in close collaboration with the outsourcing partners 

Changing requirements of the 
industry 

• Adapting to changes by providing synchronized services 

Market pressure and changing 
customer requirements 

• Adopting adaptive supply chain strategies 
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There is a common pattern followed in the cases: The companies are aware of the 

complexities in their supply chains and that some of these complexities are hindering 

their supply chain improvement efforts; they search for solution alternatives; they 

develop and implement solutions – in most of the cases in collaboration with a third party 

that has experience in the relevant area –; and through ongoing efforts they achieve 

desired improvements. This pattern is consistent with the typical pattern of problem 

structuring methods, which the proposed methodology follows. 

The solutions that have been implemented in each case in order to overcome the 

complexity related problems can be categorized according to the elements of the 

framework and the SCM initiatives that have been studied in Chapter 4. Table 6.3 

provides a general overview of supply chain complexity management strategies.  

Table 6.3. Categorization of the solutions reported in the cases according to the elements 
of the framework 

 SCM Initiatives 
 Activities Tools and Technologies 

Supply chain 
structure 

• Reducing the number of 
outsourcing partners 
• Reducing the number of 
distribution centers 
• Reducing the number of products 
• Reducing the options in the 
product and the SKUs (product 
complexity) 

 

Supply chain 
flows 

• Supply chain integration 
• Collaboration with suppliers, 
customers, and service providers 
• Supply chain visibility (end to 
end, supplier, retailer) / visibility 
into operations 
• Standardization of operations 
• Process automation 
• Synchronization of data 
• Information sharing 
• Logistics outsourcing 
• Planning on a daily basis 
• Process improvement and 
redesign 

• VMI 
• CPFR 
• SCM software 
• ERP software 
• Logistics management software 
• Supply chain planning software, APS 
• SRM software 
• Transportation optimization software 
• IT service management solution  
• B2B platform 
• EDI 
• Barcoding, RFID 
• Licensing Desk on the Internet (Web-
enabled licensing application) 
• Profiling uncertain demand 

Supply chain 
decision-making 

• Centralized decision making 
• Automation of decision making 

• Business rules management system 
• SCM software 
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In brief, the analysis of the cases provides clear and reliable evidence confirming the 

importance of the elements of the framework, and the potential of the proposed 

methodology.  

6.2 Elicitation and analysis of expert opinions 

The purpose of this stage is to provide some support for the trustworthiness of the 

framework and the methodology based on experience, theoretical understanding, and 

intuition of the experts. Thus, a group discussion that enables the experts to scrutinize 

and evaluate the framework by involving them in an active discussion and a question-

answer session was preferred. With this thought in mind, a workshop was organized in 

March 2009 where the framework and the methodology were presented and discussed for 

feedback from experts.  

6.2.1 Selecting the experts 

The experts were selected considering their standpoint (i.e., academic background and 

professional status), which provides them with epistemic privilege in understanding and 

dealing with complexity in the supply chain. In other words, since they are actively 

involved in SCM for many years, they would be better equipped to evaluate the 

credibility, transferability, and confirmability of the framework and the methodology. 

Nine experts (three academics and six supply chain professionals) in the area of SCM and 

logistics were convened to review and evaluate the proposed framework and the 

methodology.  

6.2.2 The workshop 

The workshop lasted approximately three hours and included the following topics:  

• A brief introduction to the context and conceptual framework 

• What is supply chain complexity?  

• How can we deal with it? 

• What is supply chain complexity framework? 

• An overview of the methodological framework 

• A brief introduction to Theory of Constraints’ Thinking Processes 

• An overview of the methodology  
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• A sample case illustrating the implementation of the framework 

• Discussions 

• Questions and answers 

• Discussion and feedback 

The participants were provided with the handouts of the presentations, and were given an 

evaluation form to fill. The purpose of the evaluation form (see Appendix C) is to gather 

background information about the participants and facilitate elicitation and validation by 

providing them with a means to make the evaluation process more explicit. The 

evaluation form consists of two sections: 

A. General questions regarding the participants familiarity and experience in the 

issues of SCM, supply chain complexity and TOC TP tools 

B. Questions regarding the evaluation of the proposed framework and its 

methodology. The questions are designed to reflect the objectives of the 

framework and the methodology.  

At the beginning of the meeting (before the presentation of the framework and the 

methodology) the participants were asked to fill out the first section of the evaluation 

form which was designed to collect detailed data on the participants’ experience in SCM 

and supply chain complexity management, their interpretation of supply chain 

complexity, and their familiarity with TOC TP tools. Data from this section of the 

evaluation form shows that the participants had experience in the area of SCM varying 

from six to ten years. The practitioners represent companies from different positions in 

the supply chain (e.g., manufacturer, wholesaler, service provider). Seven of the 

participants (i.e., four of the practitioners and three of the academics) were involved in 

supply chain complexity management efforts and/or related research in their 

organizations. Participants’ interpretations of what supply chain complexity is are in line 

with that of this study; that is, in brief they stated it is about numerousness, interactions, 

nonlinearity, unpredictability, uncertainty, and conflicts involved in the supply chain. 

Four of the participants were familiar with TOC TP tools, while it was new to the other 

five. Table 6.4 summarizes the characteristics of the participants.  
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Table 6.4. Characteristics of the participants 

 
Type of 
organization 

Position in the 
organization 

Years of 
experience 

in SCM 

Involved in 
comp.mng. 
initiatives 

Familiar 
with TOC 

TP 

P#1 University Head of international 
logistics department 10 Yes No 

P#2 University Academic Staff / 
Lecturer 6 Yes Yes 

P#3 School of higher 
education 

Head of international 
logistics programme 6 Yes Yes 

P#4 Consultancy Consultant 9 Yes Yes 
P#5 Wholesaler/ Retailer Logistics vice-manager 6 Yes Yes 

P#6 Logistics service 
provider General manager 6 Yes No 

P#7 Logistics service 
provider 

Corporate development 
manager 9 Yes No 

P#8 Software provider General manager 8 No No 
P#9 Manufacturer Transportation manager 8 No No 

 

After a brief introduction of the purpose of the meeting, the participants introduced 

themselves and the presentation started. The first part of the presentation involved a brief 

introduction to supply chain complexity concept, identification of the need for managing 

the supply chain complexity, and an overview of the supply chain complexity 

management framework. The second part of the presentation aimed at providing an 

overview of the methodology and its implementation. The presentation included an 

overview of the stages of the methodology and a brief illustration of its implementation 

on a sample case. Since the steps of the methodology utilize TOC TP tools, with which 

some of the participants were not familiar, a brief introduction to TOC TP with an 

illustrative example was also given. The participants were free to comment or ask 

questions during the presentation, which enabled an interactive discussion and thereby 

contributed to a better and deeper understanding of the topic. At the end of the 

presentation the participants were asked to fill out the second section of the evaluation 

form which included eleven statements that the participants could agree or disagree with 

and five open ended questions about the methodology (see Appendix C). This was 

followed by an active discussion with a focus on addressing the questions in the 

evaluation form.  
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6.2.3 Results of the workshop 

Table 6.5 shows responses of the participants to the statements in the evaluation form 

about the methodology. The responses demonstrated an agreement on the benefits, 

usefulness, and limitations of the methodology. Overall, they considered the 

methodology as structured, supportive, and clear. Nonetheless, some of the participants 

asserted that it would be difficult to implement the methodology without the support of 

an expert or consultant, and training the team members is a necessity for the success of 

the process. 

Table 6.5. Participants’ responses to the statements about the methodology 

Evaluative Statements Agree Disagree
The methodology offers a structured and well-organized approach to 
detect complexity drivers in the supply chain.  

8 1 

The methodology offers a structured approach to detect problems 
caused by complexity in the supply chain.  

8 1 

The methodology supports the problem solving process when dealing 
with problems caused by complexity in the supply chain.  

9 - 

The methodology offers a structured and well-organized approach to 
generate feasible solutions to complexity related problems.  

9 - 

The methodology offers a comprehensive approach for decision makers 
to identify and solve the problems caused by complexity in the supply 
chain.  

7 2 

The methodology enables a decision maker to deal with complexity 
more effectively.  

9 - 

The methodology is clear, understandable, and easy to follow.  7 2 
I think that I would not need the support of a consultant/expert to be 
able to use the methodology.  

4 5 

Overall, I consider the methodology to be useful for dealing with 
complexity in the supply chain.  

9 - 

I believe that the methodology can adjust easily to deal with different 
supply chain complexity situations.  

9 - 

I will consider using the methodology.  8 1 

 

The responses to the open ended questions, which were also the focus of the discussion, 

confirm that the participants agree that the methodology provides a structured, simple, 

and efficient approach to deal with supply chain complexity. However they express their 

concerns that although the methodology allows for creative and innovative ideas to 

emerge, the steps of the methodology may become relatively loose or messy in practice. 

Hence, it could be more rigid and systematic. In particular, they were concerned about 
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the prioritization of the problems and the solution alternatives. To address this issue, they 

suggested complementing the methodology with a priority setting approach such as the 

analytic hierarchy process/analytic network process (Saaty 1977; Saaty 2001) or nominal 

group technique (Delbecq & Van de Ven 1971; Delbecq et al. 1975), which will be 

considered as a future research. The participants have also stressed that assigning the root 

causes and complexity drivers into structural, operational and decision making categories 

would help and accelerate the process of identifying solution strategies. 

Another concern expressed by the participants was that although the trees help visualize 

the situation, they may become too big and complicated to control considering the 

numerous factors involved in the supply chain. This issue however can be solved by 

building the trees not too detailed, not too high-level, but to the point. Effective 

application of the CLR ensures the credibility of the logic of the trees while simplifying 

the visual presentation and eliminating any excess information and interaction. Thus, it 

would be better to implement the methodology with a team of people with different but 

complementary perspectives and with at least one of them having expertise in applying 

TOC TP tools. Some participants pointed out the methodology’s being time and effort 

consuming as a disadvantage, however any such method inevitably becomes time and 

effort consuming. Furthermore, the variety and intensity of efforts to deal with 

complexities in a system should match the variety in that system, which is in line with 

Ashby’s (1957) law of requisite variety.  

The results of the discussions and the analysis of the experts’ overall responses 

demonstrated an agreement on the concept and content of the framework as well as the 

benefits, usefulness and limitations of the methodology. 

6.3 Conclusion 

In this section, the efforts to establish the quality of the research process and findings are 

discussed and the suggestions for future research addressing issues related to the research 

methodology are presented.  

6.3.1 Trustworthiness of the framework and the methodology 

When assessing the quality of the study and findings, it will be more appropriate to use 

the qualitative/interpretive research terms (see Table 6.6), since this study makes use of 
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qualitative research methods. Credibility, transferability, dependability, and 

confirmability are the analogous criteria to internal validity, external validity, and 

reliability; and they have an evaluative role in interpretive research (Guba 1981; Lincoln 

& Guba, 1985; Lincoln 1995).  

Table 6.6. Criteria for assessing rigor or trustworthiness in research, 
adapted from Guba (1981, p.80) and Lincoln (1995, p. 277) 

Aspect Rigor 
(Quantitative research) 

Trustworthiness 
(Qualitative research) 

Truth Value  Internal Validity Credibility 
Applicability External Validity / Generalizability Transferability 
Consistency Reliability Dependability 
Neutrality Objectivity Confirmability 

 

In order to establish the trustworthiness of a research study the researcher should be able 

to address the following questions (Lincoln & Guba, 1985; p.290) 

• Credibility: How can we establish confidence in the truth of the findings of an 

inquiry for the subjects/respondents with which and the context in which the 

inquiry was carried out? 

• Transferability: How can we determine the extent to which the findings of an 

inquiry may have applicability in other contexts or with other 

subjects/respondents? 

• Dependability: How can we determine whether the findings of an inquiry would 

be repeated if the inquiry were replicated with the same (or similar) 

subjects/respondents in the same (or similar) context? 

• Confirmability: How can we establish the degree to which the findings of an 

inquiry stem from the characteristics of the subjects/respondents and the context 

and conditions of the inquiry and not from the biases, motivations, interests, and 

perspectives of the inquirer? 

The criteria to establish the quality of the research were carefully considered throughout 

the research process. Table 6.7 provides the efforts made in this study to demonstrate 

each criterion (see Guba 1981; Lincoln & Guba, 1985).  
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Table 6.7. Assessing the trustworthiness of the study 

Trustworthiness 
Criteria Method of Addressing in this Study  

Credibility • Triangulation of methods (use of primary and secondary data sources) 
• A detailed review of related literature. 
• The framework was presented to the panel of experts for review and 
feedback, and they confirmed that it reflects their real-life experiences. 
• 21 real life cases representing multiple supply chain situations were 
analyzed. 

Transferability • Meta-analysis of 21 cases. Purposeful sampling of cases (sampling typical 
cases). Cases varied along supply chain type, company type, business 
process, complexity drivers. 
• Purposeful sampling of experts (convenience sampling). Experts varied 
along job title, company type, and supply chain type. 
• A full description of the concepts, the framework, and the methodology 
were provided to the panel of experts. Experts were directly asked to describe 
the range of situations for which the methodology is likely to be useful. 

Dependability  • Triangulation of methods produces complementary results. 
• The whole research process was documented in detail (data collection, 
analysis and interpretations) 
• Literature review covers a broad time horizon. 
• 21 cases that report successful supply chain complexity management 
practices covering a variety of businesses, functions, and geographies were 
analyzed. 
• A full description of the concepts, the framework, and the methodology 
were provided to the panel of experts for review and evaluation. 
(Dependability audit dealing with the process of the study). Experts 
considered the methodology as useful in dealing with complexity in the 
supply chain. 

Confirmability • Triangulation of methods.  
• A description of the concepts, the framework, and the methodology were 
presented to the panel of experts for review and feedback, and they confirmed 
the neutrality of the interpretations and findings.  

 

Table 6.7 indicates that the trustworthiness criteria are met in this study. 

6.3.2 Suggestions for future research related to research methodology 

The main characteristic of the research process of this study is that it utilizes qualitative 

methods. Essentially, there is no solid basis for choosing between a qualitative or 

quantitative approach, the selection depends rather on certain assumptions the researcher 

has about her/his research. Patton (2002, p.13) mentions a set of questions that should be 

considered in the design process, regardless of the type of inquiry (see Table 6.8). 
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Table 6.8. Some guiding questions and options for methods decisions (Patton 2002, p.13) 

Questions Options 
What are the purposes of the 
inquiry? 
 

Research: Contribution to knowledge 
Evaluation: Program improvement and decision making 
Dissertation: Demonstrate doctoral-level scholarship 
Personal inquiry: Find out for oneself 

Who are the primary audiences for 
the findings? 

Scholars, researchers, academicians 
Program funders, administrators, staff, participants 
Doctoral committee 
Oneself, friends, family, lovers 

What questions will guide the 
inquiry? 

Theory-derived, theory-testing, and/or theory-oriented 
questions 
Practical, applied, action-oriented questions and issues 
Academic degree or discipline/specialization priorities 
Matters of personal interest and concern 

What data will answer or 
illuminate the inquiry questions? 

Qualitative: Interviews, field observations, documents 
Quantitative: Surveys, tests, experiments, secondary data 
Mixed methods: What kind of mix? Which methods are 
primary? 

What resources are available to 
support the inquiry? 

Financial resources 
Time 
People resources 
Access, connections 

What criteria will be used to judge 
the quality of the findings? 

Traditional research criteria: Rigor, validity, reliability, 
generalizability  
Evaluation standards: Utility, feasibility, propriety, 
accuracy  
Nontraditional criteria: Trustworthiness, diversity of 
perspectives, clarity of voice, credibility 

 

Creswell (1998, p.15) defines qualitative research as a process of understanding and 

exploring a social or human problem based on multiple methodological traditions of 

inquiry, where the researcher builds a complex, holistic picture, analyzes words, reports 

detailed views of informants, and conducts the study in a natural setting. Thus, qualitative 

research is conducted when the research problem requires discovering concepts and 

relationships as well as organizing these into a theoretical explanatory scheme (Strauss & 

Corbin 1998, p. 11). Since this study seeks to develop an in-depth understanding of the 

phenomenon “dealing with supply chain complexity” and use this understanding to 

generate a framework of supply chain complexity management, a qualitative approach 

has been preferred.  
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Table 6.9. Strengths and weaknesses of qualitative research, 
adapted from Johnson and Onwuegbuzie (2004, p. 20) and Bamberger (2000, p.147) 

Strengths Weaknesses 
• Useful for describing complex phenomena. 
• Provides understanding and description of individual 
experiences of phenomena.  
• Suitable for exploring how and why phenomena occur. 
• Determine idiographic causation (i.e., determination of 
causes of a particular event). 
• Responsive to local situations, conditions, and 
stakeholders’ needs. 
• Useful for studying a limited number of samples (e.g., 
difficult to access populations) in depth.  
• Flexible in how methods are applied and easy to adapt 
to changing circumstances 
• Can be faster and cheaper to conduct. 
• Provides rich-in-detail individual case information that 
is suitable to conduct cross-case comparisons and 
analysis. 
• The researcher identifies contextual and setting factors 
as they relate to the phenomenon of interest. 
• The researcher can study dynamic processes (i.e., 
documenting sequential patterns and change). 
• The researcher is responsive to changes that occur 
during the conduct of a study (especially during extended 
fieldwork) and may shift the focus of his study as a 
result. 

• Knowledge produced may not 
generalize to other people or other 
settings (i.e., findings may be unique 
to the relatively few cases included 
in the research study). 
• Difficult to make quantitative 
predictions. 
• More difficult to test hypotheses 
and theories. 
• May have lower credibility with 
some audiences. 
• May take more time to collect the 
data when compared to quantitative 
research. 
• Requires time and effort consuming 
documentation. 
• Data analysis and interpretation is 
often difficult and time consuming.  
• Difficult to control the influenced 
of the researcher’s personal biases 
and idiosyncrasies. 

 

Table 6.9 lists some of the strengths and weaknesses of qualitative research methods (see 

Johnson & Onwuegbuzie 2004; Bamberger 2000). Based on the weaknesses of the 

selected research methodology, some future research opportunities can be suggested:  

• Utilizing a quantitative method in addition to the qualitative ones to establish 

higher credibility and generalizability of the proposed framework. This can be 

achieved by analyzing a greater number of cases using the case survey method 

(Larsson 1993; also referred to as quantitative meta-analysis, see Lipsey & 

Wilson 2001).  

• Applying the proposed methodology in a real life environment and reporting the 

findings to demonstrate practicality and soundness of the methodology. This 

would require using a collaborative, action research approach. It should be 

collaborative in the sense that it requires working closely with the problem 

owners (not just observing) and action research in the sense that the researcher 
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will be a part of the process and the research directly influences the problem 

owner.  

• Using multiple investigators to interpret the data. This would reduce the 

subjectivity and investigator bias.  

6.4 Summary and conclusions of Chapter 6 

This study uses a triangulation approach, which makes use of literature review, case 

analysis, expert opinions, and intuition, to study “supply chain complexity management”. 

This chapter presents the process and results of the case analysis and the expert 

workshop. Subsequently, it reports how the criteria of trustworthiness (credibility, 

transferability, dependability, and confirmability) have been addressed throughout the 

research process.  

The case analysis reveals the pattern, which has been followed by the companies, 

resulting in successful supply chain complexity management initiatives. This pattern is 

similar to that of problem structuring methods (see Rosenhead & Mingers 2001; Mingers 

& Rosenhead 2004), which supports the choice of pattern for the methodology suggested 

in this study.  

The results of the case analysis provide a general overview of supply chain complexity 

management initiatives (see Tables 6.2 and 6.3). This can be further developed into a 

decision matrix that will help decision makers develop strategies for dealing with 

complexity in their supply chains. 

The concepts, the framework, and the methodology have been presented to the experts 

with the purpose of providing feedback based on their experience, theoretical 

understanding, and intuition. The overall responses of the experts demonstrate an 

agreement on the concept and content of the framework as well as the benefits, 

usefulness and limitations of the methodology. They suggest that the methodology can be 

developed further to be more structured in order to ease application in practice and to 

eliminate the need for additional support. 

Finally, the quality of the research process and its findings are discussed along with the 

suggestions for future research related to the research methodology. Overall, the 

trustworthiness criteria are met in this study. 



CHAPTER 7. CONCLUSION 

Supply chain is described as a complex system, and decisions related to this system are 

deemed to be complex. Supply chain complexity, with which this study is dealing, arises 

from the variety of and the interactions between the processes, functions, people, and 

organizations in the supply chain, which in turn lead to unpredictable outcomes. Thus, 

the decision-maker in the supply chain has to deal with the richness and complexity of 

the system and s/he needs a systemic approach that considers the interactions among the 

many elements of the system. Systems thinking provides the holistic approach that the 

decision-makers need to manage the complexity in their supply chains. 

This study provides a framework for supply chain complexity management and offers a 

methodology that facilitates decision-making process when dealing with supply chain 

complexity. 

This chapter gives an overview of the contributions of the study and suggests future 

research directions. 

7.1 Summary and contributions 

In Chapter 2, in order to provide the necessary conceptual and theoretical foundations for 

the study, definitions of complexity and characteristics of complex systems from a 

systems thinking perspective have been introduced. And systemic approaches to dealing 

with complex systems have been reviewed.  

In Chapter 3, characteristics of supply chain as a complex system have been introduced 

and approaches to dealing with complexity have been studied. The literature on supply 

chain complexity has been examined in detail and the studies have been categorized 

according to various criteria. The most significant finding from this phase of the study is 

the general outline of a supply chain complexity management approach. Identifying the 

cause of complexity and whether it is necessary or unnecessary can be regarded as the 

most important step in dealing with supply chain complexity. 

Since the focus of this study is on the practical world, it has been vital to examine the 

state-of-the-practice for supply chain complexity management. With this aim, in Chapter 



Chapter 7. Conclusion 146 

4 the contributions of SCM initiatives to the management of complexity in the supply 

chain have been examined. A survey has been conducted, where the aim was to explore 

the experiences of companies in relation to the SCM initiatives and supply chain 

complexity management efforts. This phase of the study reflects, in the form of a 

conceptual model (see Figure 4.7), how current SCM activities, tools and enabling 

technologies contribute to dealing with complexity in the supply chain. The model 

provides a starting point for further research into supply chain complexity management. 

An important implication drawn from Chapter 4 was the need for a common framework 

that would assist companies in dealing with complexity in the supply chain. Accordingly, 

in Chapter 5 the supply chain complexity management framework that encompasses the 

most essential elements for understanding and managing supply chain complexity has 

been introduced and its three elements (i.e., supply chain structure, supply chain flows, 

and supply chain decision-making) have been defined. To help implement the framework 

a methodology utilizing TOC TP tools has been proposed. The ultimate aim of the 

methodology is to facilitate decision-making when dealing with problems related to 

complexity in the supply chain. A sample application of the methodology was also 

provided. This phase of the study is also a respond to Min and Zhou’s (2002) call for 

using TOC TP to manage the complexity in a supply chain. As they stated in their article, 

TOC TP is well suited for a supply chain environment where there is an overwhelming 

number of interactions and interdependencies that exist among supply chain members, 

processes and resources, which provides a strong justification for utilizing TOC TP tools 

within the methodology.  

In Chapter 6, the quality of the framework and the methodology has been discussed. In 

order to assess the trustworthiness of the proposed framework and the methodology a 

triangulation of methods was preferred. As a part of the triangulation process, a 

qualitative meta-analysis of success stories and an expert workshop have been conducted. 

The meta-analysis reveals that the pattern followed in the cases to manage complexity is 

similar to that of the proposed methodology, which ensures the credibility of the 

methodology. Additionally, the results of the analysis provide a general overview of 

supply chain complexity management initiatives that can be utilized to assist decision-

makers in formulating strategies to deal with complexity. On the other hand, the 

responses from the expert workshop point towards an agreement on the concept and 

content of the framework as well as the usefulness of the methodology. Finally, the 
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criteria of trustworthiness have been established through case analysis and expert 

opinions. The methods used in this phase of the study may not be new, but the way they 

have been brought together is novel. They serve the purpose of the study well, 

complement each other by providing different perspectives, and create a holistic 

approach to improve the quality of the research findings.  

7.2 Suggestions for future research 

Several appealing research directions have emerged from this study. The major research 

opportunities include: 

• Providing a practical guide to distinguish between necessary (value adding) and 

unnecessary (non-value adding) complexity. This would assist decision-makers in 

formulating appropriate strategies to deal with complexity in the supply chain. In 

addition, developing a decision matrix of alternative complexity management 

approaches – by using the information gathered from the case analysis – would 

provide further support to decision-makers. 

• Using in-depth case histories in order to investigate the main findings of Chapter 

4 (in particular, Figure 4.7). Investigating the case histories could help find 

answers to several questions, such as what are the most used approaches to 

dealing with complexity in the supply chain, what kind of effects do SCM 

initiatives have on these approaches, how these eventually affect the supply chain 

performance, and the like. 

• Complementing the suggested methodology with other tools and methods. 

Combining methods (multi-method) can be advantageous since, for example, 

using multiple methods with different strong points can be more useful than using 

a single one or using methods from different paradigms might be more effective 

in dealing with the richness of the real world. 

• Applying the methodology in a real life environment and reporting the findings to 

demonstrate practicality and soundness of the methodology. This would require 

using a collaborative, action research approach.  

• Utilizing a quantitative method to establish higher credibility and generalizability 

of the proposed framework. This can be achieved, for example, by analyzing a 

greater number of cases using the case survey method. 
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APPENDIX A. AN OVERVIEW OF SUPPLY CHAIN 

MANAGEMENT SOLUTIONS 

A1. MySAP SCM 

SAP (www.sap.com), founded in 1972 in Germany, is the world’s top ERP provider 

(Reilly 2005). SAP serves the industry with many prepackaged industry specific 

solutions. In the current investigation, we limited our focus to only mySAP Supply Chain 

Management solution. “mySAP SCM is a complete solution that encompasses the full 

range of supply chain activities, including planning, execution, visibility, and 

collaboration.” (mySAP Supply Chain Management, 2004) 

mySAP SCM is a part of the mySAP Business Suite solution family. It is connected to 

SAP Advanced Planning & Optimization (SAP APO), SAP Inventory Collaboration Hub 

(SAP ICH), and SAP Event Management (SAP EM), as well as to other mySAP Business 

Suite solutions. (http://www.sap.com/solutions/business-suite/scm/index.epx) 

mySAP SCM is designed to enable collaboration, planning, execution, and coordination 

of the entire supply chain. Much of this is enabled by the SAP NetWeaver platform that 

powers mySAP Business Suite. It supports collaboration between the company and its 

supply partners, helps link systems for tighter integration of planning and execution, and 

quickly incorporates partner solutions for greater efficiencies. 

mySAP SCM automates customer-centric business processes across and beyond 

enterprise-wide operations. With web-based customer and supplier collaboration tools, 

the business practices are linked to industry processes with real-time information 

(visibility), enabling the dynamic synchronization of demand-driven planning, logistics, 

and supply network execution. 

The cataloging of mySAP SCM solution into predefined concepts is presented in Table 

A.1. The data in the table indicates that SAP NetWeaver supports most of the concepts, 

SAP ICH enables coordination, and Master Data Management enables standardization. A 

number of applications SAP offers, including Supply Chain Event Management, support 

automation. 
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Table A.1. Features of mySAP SCM supporting supply chain complexity related 
concepts 

Concept Supporting features 

Integration Supply Chain Planning and Collaboration 
Supply Chain Execution 
SAP NetWeaver 

Coordination SAP Inventory Collaboration Hub (SAP ICH)  
Supply Chain Event Management  
SAP NetWeaver  
Supply Chain Performance Management 

Synchronization SAP NetWeaver 
Supply Chain Planning and Collaboration 

Visibility Supply Chain Visibility Design and Analytics 
SAP NetWeaver 

Standardization SAP Master Data Management 

Automation Supply Chain Event Management  
SAP Auto-ID  
Forecasting and Replenishment  
Service Parts Planning 

 

Sources: 

• SAP, Company Homepage, www.sap.com  

• Reilly, K., 2005, “AMR Research Releases ERP Market Report Showing Overall 
Market Growth of 14% in 2004”, AMR Research, Inc., Available at: 
http://www.amrresearch.com/Content/View.aspx?compURI=tcm%3A7-
33529&title=AMR+Research+Releases+ERP+Market+Report+Showing+Overall+M
arket+Growth+of+14%25+in+2004 

• mySAP Supply Chain Management, 2004, “mySAP Supply Chain Management”, 
SAP Solution Brief, SAP AG. 
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A2. PeopleSoft Enterprise SCM 

Oracle-PeopleSoft (www.oracle.com) became more powerful in the enterprise software 

industry after the integration of Oracle and PeopleSoft on June 1, 2005. With Oracle's 

SCM solutions, the companies gain global visibility, automate internal processes and 

extending this automation to collaborate with suppliers, customers and business partners. 

Oracle offers three SCM product lines Oracle E-Business Suite SCM, PeopleSoft 

Enterprise SCM and JD Edwards Enterprise One Manufacturing and SCM. In the current 

investigation, we considered PeopleSoft Enterprise SCM solution. “Oracle's PeopleSoft 

Enterprise SCM provides a cohesive yet flexible solution for the synchronized supply 

chain, driving efficiencies in cost savings over your entire supply chain—including your 

plan-to-produce and order-to-cash business processes.” 

PeopleSoft Enterprise SCM break the SCOR model (plan source make deliver return) 

down into three critical business processes that map to the flow of the complete supply 

chain, and they map the complete solution to these processes.  

PeopleSoft Supplier Relationship Management is designed to address Source to Settle 

process. It assists the organization to leverage supplier relationships to reduce costs, 

improve efficiency, and increase visibility. PeopleSoft Internet Architecture enables users 

to connect suppliers to business processes in real time over the web. 

PeopleSoft Manufacturing and Supply Chain Planning solutions address the Plan to 

Produce process. Manufacturing solution rapidly adapts production to meet changes in 

customer demand. It provides seamless communication of production floor data to drive 

operational efficiency and provide real-time performance analysis to minimize costs and 

decrease production time to market. Supply Chain Planning solutions promote 

communication and collaboration with all demand channels and sources of supply; 

empower customers, suppliers, and partners to contribute information; streamline 

logistics and replenishment; and conduct all aspects of planning over the internet. This 

provides a mechanism to monitor and manage a synchronized supply chain and connects 

customers, suppliers, partners, and employees in real time.  

PeopleSoft Customer Fulfillment Management is designed to address Order to Profit 

process. It delivers a combination of strategic decision support, embedded analytics, and 

transaction management to ensure that business plans are based on the most up-to-date 
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enterprise information. It also connects the end customer with supply chain to drive 

customer satisfaction and maximize profits. 

The cataloging of PeopleSoft Enterprise SCM solution into predefined concepts is 

presented in Table A.2. The data in the table indicates that the solution focuses mainly on 

the coordination, visibility and synchronization of the supply chain activities.  

Table A.2. Features of PeopleSoft Enterprise SCM supporting supply chain complexity 
related concepts 

Concept Supporting features 

Integration PeopleSoft Application Infrastructure 

Coordination Collaborative Supply Management  
Supply Chain Planning 

Synchronization Shared Master Data Management  
Supply Chain Planning 

Visibility PeopleSoft Enterprise Portal  
Pure Internet Architecture  
PeopleSoft Supply Chain Warehouse 

Standardization PeopleSoft Supply Chain Warehouse – data marts 

Automation Catalog Management 

 

Sources: 

• Oracle-PeopleSoft, Company Homepage, www.oracle.com 

• PeopleSoft Enterprise Supply Chain Management (SCM), 
http://www.oracle.com/applications/peoplesoft/scm/ent/index.html. 
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A3. i2 Next-Generation SCM Solution Framework 

i2 (www.i2.com), founded in 1988 by entrepreneurs Sanjiv Sidhu and Ken Sharma, has 

grown to be the leading provider of SCM solutions. i2 enables organizations to focus on 

initiatives that will help gain and then maintain a competitive advantage. By the i2 Next-

Generation SCM Solution Framework, demand-supply synchronization, characterized by 

real-time demand management integration is attainable. The next generation extends 

SCM, encompassing the customer’s customer, and the supplier’s supplier—delivering 

visibility across the extended value chain. (Next-Generation SCM, 2005) 

i2 Next-Generation SCM Solution Framework has a layered design, which enables i2 

Products to be plugged into the i2 Agile Business Platform. The Platform, provides 

capabilities such as planning, execution, visibility, and collaboration. Additionally, 

Master Data Management, which is a part of the Platform, provides the ability to 

synchronize, validate, and stage data. The Platform can be used to integrate other services 

and support external collaboration with suppliers, customers, and partners though a 

common integrated user interface. Using i2 Workflows it is possible to leverage the 

Platform to automate key business processes across organizations and systems. i2 Studio 

enables the end user to modify these workflows to adapt to process changes or to expand 

capabilities. The workflows are drawn from i2 Solutions, including collaborative supply 

execution, sales and operations planning, vendor-managed inventory, as well as 

inventory and forecast optimization, each of which is built upon industry best practices. 

The cataloging of i2 Next-Generation SCM Solution Framework into predefined 

concepts is presented in Table A.3. The data in the table indicates that the Agile Business 

Platform supports most of the concepts; master data management, in particular, enables 

synchronization and automation. i2 Solutions focus mainly on the integration, 

coordination and visibility of the supply chain activities. 
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Table A.3. Features of i2 Next-Generation SCM Solution Framework supporting supply 
chain complexity related concepts 

Concept Supporting features 

Integration i2 Collaborative Supply Execution  
i2 Supply Chain Visibility  
i2 Agile Business Platform  

Coordination i2 Collaborative Supply Execution  
i2 Agile Business Platform  
i2 Customer Order Fulfillment 

Synchronization Master Data Management  
i2 Data Synchronization 

Visibility i2 Supply Chain Visibility 
i2 Agile Business Platform  

Standardization i2 Content and Data Services  
i2 Operational Data Store 

Automation Master Data Management  
i2 Agile Business Platform  
i2 Workflows 

 

Sources: 

• i2, Company Homepage, www.i2.com  

• Next-Generation SCM, 2005, i2 Next-Generation Supply Chain Management 
Overview, i2 Technologies US, Inc. 
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A4. JDA Solutions 

The Manugistics acquisition in July 2006 allowed JDA (www.jda.com) to expand its 

reach as a software provider for the supply chains of manufacturers, wholesalers, 

distributors, and retailers. The combined JDA solution offering provides a robust new 

solution portfolio, driving collaboration and innovation across vertical industries and 

connecting trading partners with a focus on operating in today’s demand driven world. 

JDA solutions provide the companies with greater data visibility, responsiveness, and 

synchronization so they can plan more accurately, optimize continuously, and execute 

with confidence. The JDA solutions are designed to coordinate, optimize, measure and 

analyze across each of the key business processes - design, source, buy, make, store, 

move, price, market, sell and service.  

JDA offers a complete supply and demand chain industry-specialized suite with the depth 

and breadth of capabilities necessary for enabling the Customer-Driven Value Chain - 

starting with one view of demand. JDA's comprehensive solutions address the mission-

critical requirements that drive to one view of demand across the following strategic 

categories: 

• Supply & Demand Optimization 

• Revenue Management 

• Transportation & Logistics Management 

• Store Systems 

• Merchandise Operations 

• Contract Manufacturing 

• Performance Management 

• Platform 

 

The Platform is an architecture platform that underpins all of the software solutions JDA 

offers. Leveraging the latest web-services technology, the Platform provides easy 

integration to outside systems, including legacy and ERP applications, facilitating the 

integration and synchronization with supply chain partners. 

JDA Visibility, Collaboration & Performance Management solutions enable companies 

to collaborate either internally or externally and provide a real-time view into critical 
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supply chain information within the company and within the supply chain network, thus 

synchronizing the extended supply chain by sharing visibility with key trading partners. 

Internally, collaboration can be leveraged across various functional areas and multiple 

stakeholders across the enterprise on various time-phased data such as projected forecast 

or inventory plans; externally, it can be used to create and maintain joint business plans 

with supply chain partners, monitor the execution of those plans, and measure their 

success. Visibility allows users to see the critical information that they need. As a result, 

the solution enhances synchronization with supply chain partners. Performance 

Management enables the definition and monitoring of key performance indicators that 

are tied to supply and demand chain solutions, which is a necessary step toward 

synchronization.  

The cataloging of JDA solutions into predefined concepts is presented in Table A.4. The 

data in the table indicates that JDA solutions allow for collaboration, end-to-end 

visibility, and synchronization.  

Table A.4. Features of JDA Solutions supporting supply chain complexity related 
concepts 

Concept Supporting features 

Integration JDA Enterprise Architecture 

Coordination JDA Collaborative Applications.  
JDA Collaborate 

Synchronization JDA Visibility Applications 
JDA Monitor 
JDA Enterprise Architecture 

Visibility JDA Visibility Applications 
JDA Monitor  

Standardization JDA Performance Management Applications 

Automation JDA Monitor  

 

Sources: 

• JDA, Company Homepage, www.jda.com  

• JDA Solutions, http://www.jda.com/solutions/ 

 



APPENDIX B. QUESTIONNAIRE 

Complexity Management in the Supply Chain Study 
 
The purpose of this study is to reveal the reasons behind supply chain complexity, find 
out the problems it causes, and learn which solution methods do companies employ to 
overcome the complexity.  

 
The questions are gathered in five sections: 
• Position of the company in the supply chain and supply chain management efforts 

in general 
• Complexity related problems and efforts made to overcome these 
• Supply chain integration efforts 
• Visibility of the supply chain 
• Supply chain related ICT use  

 
Participation in the study is voluntary. However, if you do not choose to participate, we 
will lose the benefit of your experiences and lower the accuracy of the study. If there are 
any questions you prefer not to answer, you can skip those questions. The length of time 
needed to complete the questionnaire depends somewhat on your answers. However, the 
average time to complete the questionnaire is about 30 minutes.  
 
The research results will be reported in scientific publications. Your personal or 
company data will not be shared with third parties. At the end of the study, you will 
receive a summary of the research findings. 
 
We would like to thank you in advance for your valuable contributions.  
 
Please send the completed survey no later than dd /mm /yy to serdars@itu.edu.tr with 
“SCC Study” in the subject line. 
 
 
Seyda Serdar-Asan 
 
 
Important Note:   
This questionnaire is designed using MS Word Form property. Use the scroll bar to 
move in text.  
      Text entry  you can type text using the keyboard.  

 Checkbox  you can select a field by clicking on it with your mouse. In order to 
clear the selection, click on the checkbox once again.  
 
If you have any questions, concerns or complaints with this study, feel free to contact us 
via e-mail: serdars@itu.edu.tr.  
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Company Information 
 
Name :      
 
Address (City) :      
 
Web Address :      
 
Number of employees :      
 
Sector :      
 
Primary products :      
 
Market Structure  Domestic market (%   ) 
  International market (%   ) 
 
Annual Turnover :      YTL 
 
Partnership structure  % 100 Domestic 
  % 100 Foreign 
  %      Foreign partnership 
  Other (please indicate)       
 
 
Your Information 
 
Name :      
 
Job Title :      
 
Department :      
 
E-Mail :      
 
If you would like to receive a copy of the results, please check this box . 
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SECTION 1. SUPPLY CHAIN MANAGEMENT EFFORTS 
 
The questions in this section are designed to gather information on your company’s position in the 
supply chain and your company’s supply chain management efforts in general. 
 
Supply Chain Management (SCM) Supply Chain Management involves the integration and 
coordination of key business processes from end user through original suppliers that provide 
products, services and information that add value for customers and stakeholders. Internal supply 
chain involves the supply chain activities that occur within an individual organization and external 
supply chain involves the supply chain activities between individual organizations. 
 
1. Please indicate the position of your company in the supply chain. (You can indicate more than 

one option). 
 Supplier   Retailer 
 Manufacturer  Logistics Service Provider 
 Distributor / Wholesaler  Other (Please indicate)       
 

2. Our company is part of more than one supply chain.  Yes, indicate number    
  No. 
 
3. Approximately how long has your company been practicing supply chain management? 

 <1 year  1 – 2 years  2 – 4 years  5 years and more 
 
4. From what kind of sources do you provide support for your supply chain activities? (If you 

indicate more than one option, please enclose priorities: (1) indicating the most used)  
 Universities       
 Associations       
 Training companies       
 Consultancy firms       
 Logistics companies       
 Benchmarking studies       
 Employee suggestions       
 Internet       
 Other (Please indicate)              

 
5. The below given parties are involved in supply chain management and improvement efforts.  

 Completely  
Disagree  

Completely  
Agree 

 (1) (2) (3) (4) (5) (6) (7) 
Top management        
All our employees        
Customers        
Suppliers        
Logistics Service Providers        
Customers’ customers        
Suppliers’ Suppliers        
Other (Please indicate)             

 
6. In the supply chain, our company has the power to launch new initiatives to improve supply 

chain management. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
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7. What is the position of the company/companies in your chain that can initiate and leverage 
SCM initiatives? (If you indicate more than one option, please enclose priorities: (1) indicating 
the most powerful) 

 Supplier       
 Manufacturer       
 Distributor / Wholesaler       
 Retailer       
 Logistics Service Provider       
 Other (Please indicate)             

 
8. Which models/methods do you use to improve SCM? 

 SCOR (Supply Chain Operations Reference) Model 
 CPFR (Collaborative Planning Forecasting and Replenishment) 
 Lean Thinking & JIT- Just in Time 
 Agile Manufacturing 
 ECR (Efficient Customer Response) 
 Quick Response 
 VMI (Vendor Managed Inventory) 
 Advanced Planning and Scheduling Software 
 Supply Chain Management Software 
 Other (Please indicate)        

 
9. What are the internal/external problems you face in supply chain management activities?  

(If you indicate more than one option, please enclose priorities: (1) indicating the most 
important) 

 Internal/External Problems Priority 
 Not enough benchmark cases        
 Not knowing where to begin - The system is complex,       
 Lack of knowledge - information        
 No common understanding of definitions and processes       
 Internal communication problems       
 External communication problems        
 Lack of employee support- Resistance to change       
 Lack of top management support       
 Lack of supplier support and commitment       
 Lack of customer support and commitment       
 Lack of logistics service provider support and commitment       
 Trust issues with customers        
 Trust issues with suppliers       
 Trust issues with Logistics Service Providers       
 Poor Technology        
 Not clearly defined authority and responsibility        
 Budget constraints        
 Other (Please indicate)               

 
10. How do you solve the problems you face when managing the supply chain? 
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SECTION 2. COMPLEXITY OF THE SUPPLY CHAIN 
 
The questions in this section are designed to gather information on complexity related problems 
and efforts your company made to overcome these.  
 
11. How do you define supply chain complexity? 

      
 
12. The supply chain we are in is complex. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
13. What are the internal and external drivers of complexity in the supply chain? 

 Completely  
Disagree  

Completely 
Agree 

 (1) (2) (3) (4) (5) (6) (7) 
 Launching new products/services         
 Extending operations to new territories        
 Increased number of companies in the SC        
 Outsourcing functions to third parties        
 Engaging in mergers and acquisitions        
 New strategic alliances        
 Changing customer needs and expectations        
 Actions of competitors        
 Changing employee expectations        
 Industry-specific regulations and standards        
 National and international laws and regulations        
 Differences in culture and language        
 Other (Please indicate)             
 
14. Supply chain complexity causes problems in supply chain management. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
15. These problems are mainly about issues between parties regarding: 

 
Completely 
Disagree  

Completely  
Agree 

 (1) (2) (3) (4) (5) (6) (7) 
Lack of integration        
Lack of coordination        
Lack of information sharing        
Lack of synchronization of data        
Lack of data/definition standards        
Other (Please indicate)             

 
16. What kind of problems does supply chain complexity cause? (If you indicate more than one 

option, please enclose priorities: (1) indicating the most important) 
 Lower performance       
 Higher costs       
 Lower quality       

 Higher risk       
 Lower profit       
 Other                
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17. Our supply chain /company is trying to manage /reduce complexity. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
18. How important are below listed issues to manage complexity? 
 Not at all  To a large extend 
 (1) (2) (3) (4) (5) (6) (7) 
Highly capable people        
Effective communications        
Ability to identify value creating activities        
Alignment of IT with business processes        
Ability to measure complexity        
A framework for managing complexity        
Other (Please indicate)              
 
19. Our company has capabilities in each of the following areas for managing complexity?  
 Completely 

Disagree  
Completely 

Agree 
 (1) (2) (3) (4) (5) (6) (7) 
Highly capable people        
Effective communications        
Ability to identify value creating activities        
Alignment of IT with business processes        
Ability to measure complexity        
A framework for managing complexity        
Other (Please indicate)              
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SECTION 3. SUPPLY CHAIN INTEGRATION 
 
The questions in this section are designed to gather information on supply chain integration 
efforts, including internal, backward, forward, and complete integration. 
 
20. Please indicate the departments of company and parties in your supply chain in which 

cooperation is developed? 
Company wide Within SCM  
Purchasing  
Production   
Planning  
Marketing/Sales  
Logistics  
Product Design /Engineering  
Finance  
Customer Services  
Other        

 
Supply chain wide Within SCM Cooperation 
Row Material Suppliers   
Supplementary Material Suppliers   
Machine/ Tools Suppliers   
Energy Suppliers   
Suppliers’ Suppliers   
Production Logistics Companies   
Supply Logistics Companies   
Distribution Logistics Companies    
Customers   
Customers’ Customers   
Other         

 
21. How long does cooperations last? 

 <1 year  1 – 2 years  2 – 4 years  5 years and more 
 
22. Please indicate the areas of cooperation within the supply chain.  

 Company 
wide Suppliers Customers 

Logistics 
Service 

Providers 

Supply 
chain wide

Forecasting, planning and scheduling      
Packaging      
Returns, repair, recycling and maintenance      
Logistics, distribution and warehousing      
Supply chain softwares and technologies       
Material and inventory management      
Product management, design&engineering      
Supplier/Customer relationships 
management      

Other (Please indicate)           
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23. Our company’s scope of integration involves...  

 
Completely  
Disagree  

Completely 
Agree 

 (1) (2) (3) (4) (5) (6) (7) 
Internal processes        
Processes with Customers        
Processes with Suppliers        
Processes with Logistics Service Providers        
Processes with Suppliers’ Suppliers         
Processes with Customers’ Customers        
All supply chain processes        

 
24. In scope of SCM below listed processes are defined. 

 
Completely  
Disagree  

Completely 
Agree 

 (1) (2) (3) (4) (5) (6) (7) 
Internal processes        
Processes with Customers        
Processes with Suppliers        
Processes with Logistics Service Providers        
Processes with Suppliers’ Suppliers         
Processes with Customers’ Customers        
All supply chain processes        

 
25. In scope of SCM below listed processes’ owners are defined. 

 
Completely  
Disagree  

Completely 
Agree 

 (1) (2) (3) (4) (5) (6) (7) 
Internal processes        
Processes with Customers        
Processes with Suppliers        
Processes with Logistics Service Providers        
Processes with Suppliers’ Suppliers         
Processes with Customers’ Customers        
All supply chain processes        
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SECTION 4. VISIBILITY and PERFORMANCE of the SUPPLY CHAIN 
 
The questions in this section are designed to gather information on supply chain visibility and 
performance measurement efforts. 
 
26. We have mapped our supply chain. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
27. Our company is ready to share information and cooperate in the scope of SCM.  
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
28. Below listed processes of our company are visible to supply chain. 

 
Completely  
Disagree  

Completely 
Agree 

 (1) (2) (3) (4) (5) (6) (7) 
Internal processes        
Processes with Customers        
Processes with Suppliers        
Processes with Logistics Service Providers        
Processes with Suppliers’ Suppliers         
Processes with Customers’ Customers        
All supply chain processes        

 
29. Below listed processes are improved continuously. 

 
Completely  
Disagree  

Completely 
Agree 

 (1) (2) (3) (4) (5) (6) (7) 
Internal processes        
Processes with Customers        
Processes with Suppliers        
Processes with Logistics Service Providers        
Processes with Suppliers’ Suppliers         
Processes with Customers’ Customers        
All supply chain processes        
 
30. Please indicate the methods you use to define the processes to be improved.  

(If you indicate more than one option, please enclose priorities: (1) indicating the most used) 
 Self assessment /Internal Audit       
 Supply chain performance measurements       
 Customer complaints       
 Customer satisfaction surveys       
 Supplier satisfaction surveys       
 Employee suggestion system       
 Other (Please indicate)                
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31. Our company has information on the supply chain processes of the below listed parties.  

 
Completely  
Disagree  

Completely  
Agree 

 (1) (2) (3) (4) (5) (6) (7) 
Company wide        
Customers        
Suppliers        
Logistics Service Providers        
Suppliers’ Suppliers        
Customers’ Customers        
Supply chain wide        
 
32. Process performance indicators in our supply chain are defined, measured and monitored. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
33. Which dimensions do your supply chain performance measures measure? (You can indicate 

more than one option) 
 Cost  Time  Quality  Customer satisfaction 
 Other (Please indicate)      

 
34. Supply chain performance measurements are considered when setting company strategies. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
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SECTION 5. INFORMATION and COMMUNICATION TECHNOLOGIES USE in the 
SUPPLY CHAIN 
 
The questions in this section are designed to gather information on supply chain related ICT 
(Information and Communication Technologies) use. 
 
35. How do you communicate with your supply chain partners?  

(If you indicate more than one option, please enclose priorities: (1) indicating the most used) 
 Telephone       
 E-mail       
 Fax       
 Web       
 Private data line       
 Common software usage       
 Face to face       
 Other                

 
36. Which softwares do you use in scope of supply chain management? 

Software Used Name Usage time 
(year) No. of users

Supply chain management (SCM)                   
Enterprise resources planning (ERP)                   
Advanced planning and scheduling (APS)                   
Transportation management software (TMS)                   
Warehouse management software (WMS)                   
Distribution resources planning (DRP)                   
Database management systems (DBMS)                   
Other (Please indicate)                        

 
37. Which technologies do you use in scope of supply chain management? 
Technology Used Usage time (year) 
RFID        
EDI        
POS        
Barcode        
Mobile /Satellite communication systems (GPS/GPRS)        
Other (Please indicate)              

 
38. We utilize the supply chain management softwares fully and effectively. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
39. We utilize the supply chain management technologies fully and effectively. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
40. Use of SCM software and technologies helps us to solve problems caused by supply chain 

complexity. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
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41. Use of SCM software and technologies simplified our supply chain management efforts.  
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
42. Use of SCM software and technologies improved our supply chain performances. 
Completely 

Disagree      Completely 
Agree 

(1) (2) (3) (4) (5) (6) (7) 
       

 
We would like to thank you for your time and effort. 

 
Please save the file and e-mail as attachment to serdars@itu.edu.tr. 

 
 

Would you like to share your opinion about the questionnaire?       
 



APPENDIX C. EVALUATION FORM 

Evaluating the supply chain complexity management framework 
 

Date: 3 April 2009 

Time:  14:00 – 17:30 

Location:  

 

Objectives 

“With three times as many products, twice as many manufacturing sites, and far greater 

sourcing complexity, the real supply chain challenge for us is just managing the 

unbelievable complexity of the business” The words of a director of supply chain 

projects reflects that today’s supply chain management actually has become managing 

the complexity in the supply chain.  

This workshop aims to bring experts from academia and practice together to discuss this 

issue.  

 

Agenda 

1. Welcome............................................................................................... 10 min 

2. Introduction .........................................................................................  90 min 

• Conceptual framework 

• What is supply chain complexity?  

• How can we deal with it? 

• What is supply chain complexity framework? 

• Methodological framework 

• A brief introduction to Theory of Constraints’ Thinking Processes 

• A case study illustrating the implementation of the framework 

3. Discussions........................................................................................... 90 min 

• Questions and answers 

• Discussion and feedback 

 

Participants will receive material on the issue and handouts of the presentations. 
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A. General questions 

 

Name Surname: .............................................................................................................  

E-Mail:............................................................................................................................  

 

Organization: .................................................................................................................  

Organizational position: ................................................................................................  

 

How long have you been working on supply chain management?: ...............................  

 

How would you define supply chain complexity? .........................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................  

 

For Practitioners Has your organization undertaken in any activities to deal with supply 

chain complexity? Yes  / No  

Yes, ................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

Are you involved in these activities? Yes  / No  

 

For Academics Do your research interests include supply chain complexity?  

Yes  / No  

Do you have any publications on this subject? Yes  / No  

Yes, ................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  
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Are you aware of TOC (Theory of Constraints)? Yes  / No  

Have you witnessed an application? Yes  / No  

Yes,.................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

Have you ever applied TOC? Yes  / No  

Yes, ................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

 

Are you aware of TOC TP (Theory of Constraints Thinking Processes)?  

Yes  / No  

Have you witnessed a TOC TP application? Yes  / No  

Yes,.................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

Have you ever applied TOC TP? Yes  / No  

Yes, ................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  
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B. Questions regarding the evaluation of the proposed methodology  

 

1. The methodology offers a structured and well-organized approach to detect 

complexity drivers in the supply chain. Yes  / No  

 

2. The methodology offers a structured approach to detect problems caused by 

complexity in the supply chain. Yes  / No  

 

3. The methodology supports the problem solving process when dealing with problems 

caused by complexity in the supply chain. Yes  / No  

 

4. The methodology offers a structured and well-organized approach to generate 

feasible solutions to complexity related problems. Yes  / No  

 

5. The methodology offers a comprehensive approach for decision makers to identify 

and solve the problems caused by complexity in the supply chain. Yes  / No  

 

6. The methodology enables a decision maker to deal with complexity more effectively. 

Yes  / No  

 

7. The methodology is clear, understandable and easy to follow. Yes  / No  

 

8. I think that I would not need the support of a consultant/expert to be able to use the 

methodology. Yes  / No  

 

9. Overall, I consider the methodology to be useful for dealing with complexity in the 

supply chain. Yes  / No  

 

10. I believe that the methodology can adjust easily to deal with different supply chain 

complexity situations. Yes  / No  

 

11. I will consider using the methodology. Yes  / No  
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What did you like and/or find most useful about the methodology? Why?...................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

 

2.What did you dislike and/or find most restrictive or ineffective about the methodology? 

Why? ..............................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

 

What specific changes and/or modifications would you suggest regarding the following 

features of the methodology? 

 Detecting the complexity drivers .............................................................................  

 ..................................................................................................................................  

 ..................................................................................................................................  

 Generation of solution ideas.....................................................................................  

 ..................................................................................................................................  

 ..................................................................................................................................  

 Implementation of the ideas .....................................................................................  

 ..................................................................................................................................  

 ..................................................................................................................................  

 Creating buy in about changes .................................................................................  

 ..................................................................................................................................  

 ..................................................................................................................................  

 Other:........................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................
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Do you suggest alternative or complementary approaches to the methodology? ..........  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

 

In which supply chain situations do you think the methodology would receive good 

acceptance/ would be most useful? ...............................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

 

 

Please give any other comments that you feel are relevant to the topic. .......................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

........................................................................................................................................  

 

 

 

Thank you. 

 



 

APPENDIX D. SUCCESSFUL PRACTICES OF SUPPLY 

CHAIN COMPLEXITY MANAGEMENT 

D.1 Air Products and Chemicals Inc. 

Company homepage: www.airproducts.com  
Type of company: Supplier of industrial gases and selected chemicals. 
Type of supply chain: Chemical supply chain 
Solution partner: FICO, www.fico.com  
Type of solution partner: Provider of decision management solutions 
Complexities in the supply chain  
• High number and variety of suppliers 
• Complex supply chain network  (operations in more than 30 countries -geographic 

scope) 
• Complex planning and scheduling models - algorithmic challenge 

Goal 
Streamline the supply chain. In particular, they want to improve the cost, speed, and 
accuracy of materials management process. 

Necessary conditions to achieve the goal 
• Materials management process requires consistent, accurate, timely material master 

data (descriptions of all materials that the company needs to manage). 
• Gathering material master data involves mining for information across business units 

and geographies (US, Europe, and Asia). 
• Data creation process requires team members responsible for specific data from 

different geographies.  
• The data needs to go through multiple iterations of review and approval to ensure 

accuracy and completeness before entering ERP system. 
Problems related to the goal  
• Review and approval of material master data is done manually. 
• Data approval and coding processes are cumbersome, difficult to repeat, and prone to 

human error, which leads to operational inefficiency. 
• Manual review takes too long resulting in slow customer response times and 

inaccurate data. 
Complexity drivers of the problem 
• Lack of effective means of control over the process of review and approval of data 

Solutions to overcome the challenge/problem  
• The decision process was automated using business rules management system. 
• The rules management system was integrated into the ERP system of the company. 

Tools and techniques used 
• Business rules management system 
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Results achieved 
• Process time was reduced from 45 days to less than a day. 
• Cost savings by reducing manual activity. 
• Less rework and higher productivity through automation. 
• Increased data control ability.  
• Faster customer response. 

Sources 
• Air Products masters supply chain complexity with Fair Isaac business rules, Success 

Story: Business Rules Management, 2008, www.fico.com 
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D.2 ALDI 

Company homepage: www.aldi.com (ALDI international),  
  www.aldi-sued.de (ALDI SÜD),  
  www.aldi-essen.de (ALDI NORD) 
Type of company: Discount retailer 
Type of supply chain: Retail supply chain  
Solution partner: - 
Type of solution partner: - 
Complexities in the supply chain  
• High number of SKUs 
• High number of suppliers 
• Complex distribution network 

Goal 
Offer high quality products to discounted prices. “Hohe Qualität zu günstigen Preisen” 

Necessary conditions to achieve the goal 
• There is a need to buy in high amounts in order to get special prices (economies of 

scale).  
• There is a need to offer only the fastest moving items (the most-needed, most-often-

used products in the average home) to reduce inventory carrying costs. 
• There is a need to adopt a "strictly no frills" approach to be able to offer customers 

lower prices 
Problems related to the goal 
• The cost of carrying inventory should be included in the selling price 
• It is not possible to negotiate substantial discounts when buying branded items. 

Complexity drivers of the problem 
• High number of SKUs (potential) 

Solutions to overcome the challenge/problem  
Aldi follows its own, profitable business principle: “Qualität ganz oben - Preis ganz 
unten” (i.e., high quality - low price). Standing an eternal watch against complexity, Aldi 
achieves its goal thorough the following: 
• A limited range of products: Aldi offers about 700 popular items. The fast movement 

of goods ensures the freshness of grocery.  
• Quality comes first policy: Aldi buys only the products from around the world that 

represent the best quality at the best prices. 
• No-nonsense approach: Aldi store layouts are simple to keep the costs down, so that 

the customers can find what they need for the kind of prices they want. 
• Buying power: Aldi buys the products in great volume from the same, hand-picked 

suppliers. This way, Aldi is able to negotiate substantial discounts – savings that they 
then pass on to customers.  

• High quality store brands instead of brand-name products: Aldi offers home brand 
products, so that they can control and leverage the quality of the products and offer 
discounted prices.  
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Results achieved 
• Besides Germany, Aldi operates in 17 other countries: Australia, Austria, Belgium, 

Denmark, France, Great Britain, Greece, Hungary, Ireland, Luxembourg, 
Netherlands, Poland, Portugal, Slovenia, Spain, Switzerland, USA. 

• In Germany, ALDI holds over 40% of the grocery market share 
• ALDI is a well-recognized brand in Germany.  

Sources 
• Michael L. George, Stephen A. Wilson, 2004, ALDI International: A case study in 

strategic complexity, in Conquering Complexity in Your Business: How Wal-Mart, 
Toyota, and Other Top Companies Are Breaking Through the Ceiling on Profits and 
Growth, McGraw-Hill. 
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D.3 Bell Microproducts Inc.  

Company homepage: www.bellmicro.com  
Type of company: Distributor of high-tech products, services, and solutions 
Type of supply chain: Electronics supply chain 
Solution partner: Crimsonwing PLC, www.crimsonwing.com  
Type of solution partner: Provider of IT solutions 
Complexities in the supply chain  
• High number and variety of partners (vendors) and customers (resellers) 
• Complex distribution network 
• Wide variety of products 
• Complex licensing scheme 

Goal 
Improve the profit of software license sales 

Necessary conditions to achieve the goal 
• They need to reduce the cost of license selling process. 
• They need to sell more licenses. 

Problems related to the goal 
• The licensing schemes are complex and needs specialist knowledge 
• The selling process is done through telephone call center. 
• The process is laborious and prone to mistakes, which lead to misquotes and 

mispricing as well as causing Bell Micro to lose customers. 
Complexity drivers of the problem 
• Complexity of the licensing process  
• Lack of automation 

Solutions to overcome the challenge/problem  
Bell Micro decided to remove the complexity from the license sales process by 
enabling Web-enabled licensing and integrating it into their existing ERP system. This 
would streamline and automate the relationships with the customers.  
Bell Micro selected Crimsonwing to help build a Web site and provide associated links 
to other applications.  
Crimsonwing developed a product for Bell Micro called Licensing Desk on the 
Internet and integrated it into Bell Micro's online e-commerce facility BORIS 
(www.myboris.com) and ERP systems. 

Tools and techniques used 
• Licensing Desk on the Internet (Intershop Enfinity based application) 

Results achieved 
• Growth in revenue 
• Reduced administration costs 
• Decrease in calls to the call center 
• Reduced number of call center employees 
• Improved customer service 
• Providing customers with information in real time 
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Sources 
• Charles Abrams, Software Licensing: A supply chain success story, Gartner Case 

Studies, CS-17-8856, 2002, Gartner, Inc., 
www.bus.umich.edu/KresgePublic/Journals/Gartner/ 
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D.4 British American Tobacco 

Company homepage: www.bat.com  
Type of company: Tobacco company 
Type of supply chain:  Tobacco supply chain 
Solution partner: Capgemini, www.capgemini.com  
Type of solution partner: Provider of consulting, technology, and outsourcing services 
Complexities in the supply chain  
• High variety of brands and products 
• Complex supply chain network  – geographic scope (49 factories based in 41 

countries, over 180 markets) 
• Geographically dispersed suppliers (over 100 operational leaf suppliers) 
• International laws and regulations 

Goal 
Reduce complexity and costs across the entire supply chain. In particular, the aim was 
to reduce annual overheads and indirect costs. 

Necessary conditions to achieve the goal 
• Introducing global consistency across the organization was a key aspect in delivering 

the cost reduction targets 
• Introducing guidelines to buy direct materials more efficiently and leverage British 

American Tobacco’s global presence to achieve economies of scale 
Problems related to the goal 
• British American Tobacco had managed indirect procurement activities in its end-

markets, each with dramatically varying levels of maturity. 
Complexity drivers of the problem 
• High number of suppliers 
• Breadth and diversity of markets with varying levels of procurement maturity 
• Lack of a well defined procurement system 

Solutions to overcome the challenge/problem  
British American Tobacco is committed to excellence throughout its supply chain by 
initiating sustainable development programs. One of these initiatives involved 
developing the “best practice” guidelines for procurement and implementing a single 
instance procurement system integrated into the ERP system. Capgemini was entrusted 
to help the company steer this program. A joint team was established with stakeholders 
and subject matter experts from British American Tobacco and Capgemini. The team: 
• aimed to implement an indirect procurement capability and embed a new way of 

working throughout British American Tobacco’s local operations: This was achieved 
by aligning strategies, policies and processes and implementing SAP SRM. 

• developed an end to end procurement process from business planning and budgeting 
to strategic sourcing, purchase to pay, performance tracking and knowledge 
management. Procurement processes and systems were fully integrated with the ERP 
system. 
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Tools and techniques used 
• mySAP SRM 

Results achieved 
• British American Tobacco is now buying more efficiently by leveraging its 

professional procurement people and processes for improved economies of scale. 
• Reduced indirect spend. 
• Improved savings on overheads and indirect purchases 
• Improved supply chain performance 

Sources 
•  5-Year Procurement Target at British American Tobacco, Capgemini Success 

Stories, MRD_20060215_096, 2006, www.capgemini.com. 
• British American Tobacco Sustainability Report 2007, www.bat.com/sustainability. 
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D.5 Church & Dwight Co. 

Company homepage: www.churchdwight.com  
Type of company: Consumer goods manufacturer 
Type of supply chain: Consumer-driven supply chain 
Solution partner: JDA, www.jda.com  
Type of solution partner: Provider of supply chain solutions  
Complexities in the supply chain  
• High variety of products 
• High number and variety of customers (geographic scope) 
• Geographically dispersed sourcing 

Goal 
Improve planning, forecasting and distribution efficiency for its wide assortment of 
products. 

Necessary conditions to achieve the goal 
• Must offer a high variety of product options to satisfy individual customer 

requirements 
• To maintain high level of customer service there is a need to improve planning and 

forecasting accuracy and optimize inventory. 
• The company’s distribution accounts for a high percentage of sales, thus, it should 

reduce transportation expenses. 
• To meet an inventory reduction objective you need to improve forecasting, and 

manage the operations more efficiently. 
Problems related to the goal 
• High number and variety of SKUs. 
• Products must be individualized by size or packaging to meet retailer demands, which 

add to product variety. 
• High transportation expenses 

Complexity drivers of the problem 
• High number and variety of SKUs. 

Solutions to overcome the challenge/problem  
They put their supply chain planning efforts on a single platform and coupled it with 
retail and supply chain solutions such as: 
• Demand Management solution: capability of expanding into certain markets, such as 

direct-store deliveries, by setting up separate schedules that are specific to those 
businesses. 

• Forecasting tool: increased visibility into key retail accounts throughout the world 
and ability to generate accurate forecasts. Forecast accuracy leads to improved case 
fill, on time delivery, reduced days of supply. 

• Transportation and logistics management solutions: the ability to merge inbound 
loads from raw-materials suppliers with outbound shipments; an alerting capability, 
which signals when forecasts and shipment schedules are out of balance, and also 
enables the carrier-selection process to be automated; ability to select the best carriers 
according to service levels, capacity and cost. 
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Tools and techniques used 
• A decision platform supported by supply chain management solutions for demand 

management, transportation and logistics management 
Results achieved 
• Increased household product offering 
• Improved customer service levels 
• Improved forecast and production planning accuracy 
• Increased supply chain visibility 
• Reduced inventory levels  
• Reduced days of supply 
• Enhanced inbound and outbound shipment planning 
• Improved carrier capacity 
• Reduced transportation spend in certain areas 
• Ability to better negotiate rates with carrier base 
• Automation of the carrier selection process 
• Improved on-time and full deliveries 

Sources 
• Arming an Industrial-strength Supply Chain, JDA Case study, 2007, www.jda.com. 
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D.6 Famosa S.A. 

Company homepage: www.famosa.es  
Type of company: Manufacturer of toys 
Type of supply chain: Toy supply chain 
Solution partner: - 
Type of solution partner: - 
Complexities in the supply chain  
• High number of products 
• Geographic diversity (of suppliers and customers) 
• Seasonality of demand 

Goal 
Become agile and flexible to satisfy customer demand. 

Necessary conditions to achieve the goal 
• Due to seasonality of overall demand (sales concentrated in three months of the year) 

Famosa follows a push production strategy. Since demand is uncertain, forecasting 
needs to be accurate so that the production plans can be accurate. 

• There is a need to better synchronize plans and operations to improve lead times and 
customer service levels across the supply chain. 

Problems related to the goal 
• Famosa’s products have short life cycles, long lead times (most of the semi-finished 

products are supplied from China) 
• Famosa outsourced some of its production to suppliers in China; however final 

assembly takes place in Spain.  
• All goods are dispatched from a single distribution center.  
• Company faces stock outs, and cannot deliver customer orders on time. 
• Integration and communication with suppliers is difficult due to cultural and language 

differences 
• Existing technology and processes do not support agility. 

Complexity drivers of the problem 
• Incapable technology and processes 
• Lack of coordination 
• Type of product /Demand uncertainty 

Solutions to overcome the challenge/problem  
Famosa decided to redesign its supply chain and implement a “speed supply chain”. 
Famosa achieved this through: 
• Changes in organization and Information technologies: They established a new 

organization unit to manage the supply chain, integrated processes and operations 
across the supply chain, created a new planning and replenishment department, and 
implemented ERP software. 

• Reactive planning processes: The new planning department made use of the reactive 
capacity, in that they increased reactive capacity by adapting the supply chain to the 
production cycles of the suppliers in China; assigned priority to products; reduced the 
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lead time of the ‘AAA’ products; initiated a rewarding system for customers that 
provide a purchase agreement in advance. 

• Collaborative planning with suppliers in China: Famosa decided to produce 80% of 
its end products in China. They cooperate with suppliers and share production plans 
and information on capacity utilization. 

• Reorganization of distribution network: Famosa built regional and central distribution 
centers in China and Europe, created a consolidation center in China, and adapted 
technologies such as EDI, Barcoding, RFID. 

Tools and techniques used 
• ERP software (SAP) 
• EDI 
• RFID 
• Barcoding 

Results achieved 
• Improved forecasting efficiency 
• Reduced lead times 
• Reduced inventory 
• Improved service level and on time delivery 
• Improved product availability, reduced stock outs 
• Reduced distribution costs 

Sources 
• Sonia Guerola Pérez, Famosa: Full Speed Supply Chain, BestLog Good Practice 

Cases, 2008, BestLog Project, www.bestlog.org 
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D.7 Goodyear Tire & Rubber Co. 

Company homepage: www.goodyear.com  
Type of company: Tire company 
Type of supply chain: Automotive supply chain 
Solution partner: Exel, www.exel.com  
Type of solution partner: Provider of logistics services 
Complexities in the supply chain  
• Complex supply chain network 
• High number of logistics service providers 
• High number of distribution centers 

Goal 
Increase the efficiency of its supply chain and improve service to its customers by 
outsourcing logistics function without losing control. 

Necessary conditions to achieve the goal 
• Success of outsourcing depends on close relationship and open communication with 

the outsourcing partner. 
• Well-defined performance criteria that makes the benefits of outsourcing measurable. 
• Number of outsourcing partners should be kept within manageable limits to maintain 

the quality of the outsourced processes.  
• Intensive training so that the partner can align its business goals to that of the 

customer.  
Problems related to the goal 
• High number of logistics outsourcing partners 
• High number of distribution centers 
• Decentralized decisions 
• Lack of control over outsourcing partners 

Complexity drivers of the problem 
• High number of outsourcing partners  
• Lack of control over outsourced operations 

Solutions to overcome the challenge/problem  
• Goodyear reduced number of logistics outsourcing partners to one. 
• With close collaboration with Exel, Goodyear launched the logistics planning center 

and centralized transportation operations. 
• Implemented a transportation optimization software improving cost and service 

efficiency. 
• Transferred slow moving items freeing up space in warehouses for fast moving items, 

resulting in improved customer service.  
Tools and techniques used 
• Transportation optimization software 
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Results achieved 
• Reduced number of distribution centers from 22 to 17. 
• Eliminated duplicative tasks. 
• Reduced inventory levels 
• Improved customer service levels 

Sources 
• Robert J. Bowman, 2006, Goodyear’s logistics outsourcing program faces a moment 

of truth, Global Logistics and Supply Chain Strategies, March 2006. 
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D.8 Hewlett-Packard 

Company homepage: www.hp.com  
Type of company: Technology company 
Type of supply chain: Electronics supply chain 
Solution partner: - 
Type of solution partner: - 
Complexities in the supply chain  
• High number and variety of products 
• High number and variety of customers 
• Complex distribution channels 
• High number of supply chains 
• High number of supply chain partners 
• Widely dispersed global operation - geographic scope 
• Market pressures 

Goal 
Improve customer satisfaction and profitability 

Necessary conditions to achieve the goal 
• They need to ensure the supply chain is agile and responsive to meet ever increasing 

demands 
Problems related to the goal 
• HP serves four segments: consumer, small/medium business, public sector and 

enterprise, all with different customer requirements and different market needs 
• HP cannot rely on a single supply chain, while it limits the company's ability to grow 

and effectively serve its customers 
• Customers received product or services from HP via one of 35 different supply 

chains. 
Complexity drivers of the problem 
• High number of supply chains 
• Market pressures 

Solutions to overcome the challenge/problem  
HP adopts adaptive supply chain strategies:  
• Put your customer first: HP consolidated its business into five supply chains: no 

touch, low touch, configure-to-order, high value & solutions, and services. 
• Leverage your purchasing power: HP aggregates and analyzes spend by category and 

by supplier; rationalizes and simplifies the specifications, the terms and conditions, 
and the supply base; utilizes a broad tool set (e.g., eSourcing, Absolute Best Cost, 
procurement risk management) 

• Leverage the extended enterprise: HP uses a range of design models from OEM to 
Internal; chooses a particular model to best match the strategic intent of a particular 
product at a particular time, and focuses internal innovation where it matters most to 
its customers. 

• Collaborate: HP creates end to end visibility of its supply chains, collaborates with 
supply chain partners, and designs for supply chain. 
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• Leverage common processes: HP exploits global supply management, supply chain 
collaboration, demand & supply planning, data management & reporting 

Tools and techniques used 
• SAP processes and systems 
• Broad set of tools for supply chain collaboration 
• Tools for visibility 
• Decision-making tools 

Results achieved 
• Improved supply chain efficiency 
• Improved agility 
• Managed costs 
• Increased quality 
• Mitigated risks 

Sources 
• Jerry Huang, The Adaptive Supply Chain, 2004, Hewlett-Packard Development 

Company, presented at the 1st APEC e-Commerce Business Alliance Forum, June 
15-16 2004, Yantai, China. 

• Hallie Forcinio, Supply Chain Mastery: HP, Managing Automation, November 2006, 
www.managingautomation.com 
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D.9 Hudson’s Bay Company 

Company homepage: www.hbc.com  
Type of company: General merchandise retailer 
Type of supply chain: Retail supply chain 
Solution partner: QLogitek, www.qlogitek.com  
Type of solution partner: Provider of supply chain solutions to Retail and Consumer 
Packaged Goods companies 
Complexities in the supply chain  
• Complex supply chain network 
• High number of SKUs 
• High number of trading partners 

Goal 
Implement a distribution center (DC) planning and execution solution to improve 
inbound logistics performance. 

Necessary conditions to achieve the goal 
• Visibility into inbound merchandise 
• Improve DC planning and execution capability 
• Accurate delivery and pick-up scheduling 
• An effective compliance management program 
• Integration of the DC optimization solution into Hbc’s various back end systems 

without causing disruption within the supply chain 
Problems related to the goal 
• Hbc had multiple legacy applications – some home grown.  
• Off the shelf DC optimization packages do not meet Hbc’s requirements 
• Building a unique application in house was prohibitive. 
• Traditional “buy-customize-implement” approach was out of the question since IT 

team was short on time and capital budget, and busy with backed-up projects. 
Complexity drivers of the problem 
• Poor data quality 
• Complex requirements 

Solutions to overcome the challenge/problem  
Hbc selected QLogitek’s SaaS (Software-as-a-Service) logistics solution. The solution 
was: 
• customized to meet Hbc’s requirements 
• preimplemented at QLogitek and delivered seamlessly to Hbc and its trading 

community through web based functionality with non-intrusive legacy integration. 
• fully integrated into Hbc’s back end environment including Purchase Order 

Management, Warehouse Management and Finance Legacy systems. 
• deployed as an on demand solution with managed services. The system is hosted by 

QLogitek 
Tools and techniques used 
• QLogitek’s Inbound management solution 
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Results achieved 
• Improved partner satisfaction and collaboration 
• Complete visibility into real time merchandise arrival information and dock-door 

planning and scheduling activities 
• Reduction in DC appointment scheduling staff and improved savings 
• Improved appointments scheduling process 
• Reduced appointment cancellation rates 

Sources 
• A CASE STUDY: Hbc Gains Integrated Visibility into Inbound Merchandise and 

Saves Millions, QLogitek Case Studies: Inbound Logistics, 2008, www.qlogitek.com 
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D.10 J.R. Simplot 

Company homepage: www.simplot.com  
Type of company: Food processing and agricultural company 
Type of supply chain: Food supply chain 
Solution partner: DSC Logistics, www.dsclogistics.com  
Type of solution partner: Provider of logistics services 
Complexities in the supply chain  
• High number and variety of customers 
• Wide variety of products  
• Complex distribution network (high number of nodes) 
• Complex supply chain network – geographic scope 

Goal 
After an acquisition Simplot got into the dried-potato business and they needed to 
provide a dry distribution network (spanning the USA) without any interruption in 
service or reduction in operational efficiency. 

Necessary conditions to achieve the goal 
• They need dry carriers. 
• They need dry warehouses (distribution centers) located where it would cause 

minimal disruption to the customers who pick up their products. 
Problems related to the goal 
• Since Simplot is a shipper of frozen potatoes, they do not have experience with dry 

distribution. 
• Simplot does not own or have connections with dry carriers. 
• Their own warehouses are for frozen food and there is not enough time to build new 

facilities for dry food. 
• They have only two months time. 

Complexity drivers of the problem 
• Lack of experience to build and operate a dry distribution network 
• Lack of necessary equipment to build and operate a dry distribution network 

Solutions to overcome the challenge/problem  
Dry distribution was outsourced to a logistics service provider with knowledge and 
experience in that area, and an existing network. 3PL provider's standardized process-
oriented operations, IT infrastructure supporting transportation, carrier partnerships 
and report card processes, warehouse operations, competitive consolidation rates made 
it possible for Simplot to meet their goals. 

Tools and techniques used 
• EDI to provide visibility into product shipping  

Results achieved 
• Increased efficiency in the areas of shipping, receiving, warehousing, order picking & 

processing, and inventory & cycle counting  
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Sources 
• Robert J. Bowman, 2005, A Frozen-Food Expert Seeks Help in Dry Distribution, 

Global Logistics and Supply Chain Strategies, February 2005. 
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D.11 KLA-Tencor 

Company homepage: www.kla-tencor.com  
Type of company: Manufacturer of semiconductor equipments 
Type of supply chain: Semiconductor supply chain 
Solution partner: - 
Type of solution partner: - 
Complexities in the supply chain  
• Process complexity 
• Product complexity 
• Broad spectrum of products and services 
• High number and variety of customers (semiconductor manufacturers) 
• Complex supply chain network – geographic diversity 

Goal 
Improving customer service while maintaining a reasonable level of inventory 

Necessary conditions to achieve the goal 
• Semiconductor manufacturers expect high levels of after-sale service and support for 

their equipment, particularly in terms of availability and rapid delivery of parts. 
Problems related to the goal 
• Service parts consumption worldwide is low. While a typical wafer fab may have a 

large number of KLA-Tencor systems, the average number of systems per product or 
platform family is relatively small. 

• KLA-Tencor systems use very high-value, high-complexity field replaceable units. 
• KLA-Tencor’s overall inventory levels are a lot higher than the industry benchmark. 
• KLA-Tencor’s parts availability performance is low. 
• The existing planning and execution system (including forecasting and field-stocking 

models) was not compatible with the low usage environment.  
• Poor systems interfaces create data integrity issues that affect the quality of decision 

making. 
Complexity drivers of the problem 
• Incompatible, incapable planning and execution system 

Solutions to overcome the challenge/problem  
KLA-Tencor decided to overhaul its service supply chain. With a change management 
framework, KLA-Tencor went through a four-phase transformation to attain its goal: 
• Contain the Problem: KLA-Tencor developed and implemented a new methodology 

to plan field inventory requirements based on cost optimization and contribution to 
service. This dramatically slowed the growth in excess inventory. 

• Establish Meaningful Improvement Targets: KLA-Tencor devised a part wait time 
benchmark, namely "mean down awaiting part" (MDAP) – a commonly used metric 
for part wait in the semiconductor industry – that could be translated into fill-rate 
improvement goal.  

• Develop and Implement a Service Supply Chain Strategy: KLA-Tencor developed a 
strategy that would allow it to improve the targeted fill rate while reducing service 
inventory and service supply chain-related costs. The strategy consists of five major 
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components: service planning and optimization, multiechelon fulfillment process, 
global demand and inventory visibility, knowledge of installed base, and holistic view 
of the supply chain. 

• Performance Feedback and Continuous Improvement: To foster an environment of 
continuous improvement, KLA-Tencor continues to rely on three homegrown tools: 
the fill-rate calculator, the MDAP calculator, and the problem-solving roadmap. 

Tools and techniques used 
• Fill-rate calculator 
• MDAP calculator,  
• KLA-Tencor’s problem-solving roadmap. 

Results achieved 
• Improved local, regional, and global fill rates 
• Reduced supply chain expenses 
• Improvements in the overall performance 

Sources 
• Joseph J. Chamberlain and John Nunes, Service Parts Management: A Real-life 

Success Story, Supply Chain Management Review, September 2004, Reed Business 
Information. 
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D.12 LSI Corp. 

Company homepage: www.lsi.com  
Type of company: Provider of semiconductors, systems and software technologies 
Type of supply chain: Electronics supply chain 
Solution partner: E2open, www.e2open.com 
Type of solution partner: Provider of supply chain solutions  
Complexities in the supply chain  
• High variety of products 
• High number and variety of suppliers and customers 
• Complex supply chain network - geographic scope (suppliers, facilities, customers) 
• Demand uncertainty 

Goal 
Respond to the demand uncertainty that is prevalent in the consumer electronics 
industry by creating a flexible and lean supply chain. 

Necessary conditions to achieve the goal 
• Flexibility requires integration, intelligence, control, and transparency. 
• End to end visibility (visibility into supply and  demand) 
• Synchronization of demand and supply throughout the supply chain. 
• Balance long lead-times required for production with a high degree of demand 

variability and the end customer’s narrow period of demand certainty. 
Problems related to the goal 
• Demand is uncertain (due to latency, amplification and interferences in demand) and 

volatile. 
• Lead times are long 
• Manufacturing is outsourced, which means less control over operations as well as 

geographical, infrastructural, and operational risks. 
Complexity drivers of the problem 
• Demand uncertainty /demand volatility 
• Outsourcing of manufacturing 

Solutions to overcome the challenge/problem  
LSI adopted a “Lean Execution” strategy that includes: 
• The supply chain acts as one virtual company 
• Implementation of a strategic B2B platform across the extended network to enable an 

end-to-end integration. 
• Supplier integration: VMI and order management 
• Daily planning of operations and control of inventory that allows LSI and their 

suppliers to quickly react to demand uncertainty.  
• Profiling uncertain demand in order to develop improved inventory policies 
• Gaining visibility into operations. Real-time execution status is available to all 

partners in the supply chain. 
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Tools and techniques used 
• VMI 
• B2B platform 
• ERP system 

Results achieved 
• Improved delivery performance 
• Improved shipping performance 
• Improved inventory turns 
• Cycle-time improvements through real time visibility 
• Margin improvements through cycle time reduction 

Sources 
• Transforming to a Flexible and Lean Supply Chain, E2open Case Studies, September 

2007, www.e2open.com 
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D.13 Mahindra & Mahindra Limited  

Company homepage: www.mahindra.com  
Type of company: Manufacturer of farm equipment (and automotive) 
Type of supply chain: Automotive supply chain 
Solution partner: SAP, www.sap.com  
Type of solution partner: Provider of business software and services 
Complexities in the supply chain  
• Configuration of the product 
• High number of assembly/manufacturing locations 
• Complex supply chain network (high number of nodes) 

Goal 
Making M&M known world-wide for the quality of its products and services.  

Necessary conditions to achieve the goal 
• Improve business processes, benchmark processes against the global competitors. 
• Optimize costs and operational efficiency and respond quickly to customer needs 
• Set up assembly/manufacturing operations at multiple locations 
• Link all plants to provide an integrated view 

Problems related to the goal 
•  Existing systems and processes do not support improvement initiatives 

Complexity drivers of the problem 
• Configuration of the product 
• Trends in the market 

Solutions to overcome the challenge/problem  
In order to improve margins and reduce costs while enabling quick response to 
customer needs, M&M selected mySAP SCM solution and integrated it into its existing 
ERP system that was also provided by SAP.  
• A business process reengineering preceded the SAP implementation. This included 

the rollout of a Kanban system within the factory and the use of third-party logistics 
service providers for replenishment of raw material inventories which in turn would 
enable a pull based replenishment policy. 

• MySAP SCM enables a pull based replenishment system and optimizes logistics and 
manufacturing operations. 

• M&M can update demand plan on a weekly basis and share this information with 
their suppliers.  

• Updates in the Tractor dealers’ order information are transmitted to M&M, so that the 
stock can be replenished on time. 

• M&M gained full visibility into supply chain operations, enabling them to handle 
vast complexity of sourcing, manufacturing, and rapid response to customer orders 
across an increasing variety of products. 

Tools and techniques used 
• mySAP SCM 
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Results achieved 
• Reduced inventories across the supply chain 
• Improved availability of tractors as per sales requirement 
• Reduced replenishment lead times 

Sources 
• Mahindra & Mahindra uses mySAP SCM to reduce inventory by 30% and 

replenishment lead times to 19 days, SAP Customer Success Story, 2002, 
www.sap.com. 
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D.14 Molex Inc. 

Company homepage: www.molex.com  
Type of company: Supplier of interconnect products and systems. 
Type of supply chain: Electronics supply chain 
Solution partner: SAP, www.sap.com  
Type of solution partner: Provider of business software and services 
Complexities in the supply chain  
• High variety of products 
• High number and variety of suppliers and customers 
• Complex supply chain network - geographic scope 

Goal 
They want to integrate their supply chain on a common information systems platform. 
In particular, they want to find better way to effectively manage a huge volume of data 
at customer and material planning level and to improve forecasting efficiency and 
performance. 

Necessary conditions to achieve the goal 
• There is a need to streamline demand planning 
• There is a need to improve the ability to gather and use historical forecast information 
• There is a need to reduce the long data processing cycle 
• There is a need for an efficient software solution 

Problems related to the goal 
• The current planning system is cumbersome, taking too long and does not meet the 

requirements of Molex.  
• They don’t have the manpower or the expertise to fulfill the necessary conditions 

Complexity drivers of the problem 
• Incapable demand planning system 
• Lack of expertise 

Solutions to overcome the challenge/problem  
• A supply chain demand planning solution was implemented without disruption to 

business operations. 
• The new solution fits in perfectly with Molex’s existing IT system. 

Tools and techniques used 
• SAP APO Demand planning 
• mySAP ERP 
• mySAP CRM 
• SAP NetWeawer 

Results achieved 
• Improved forecast accuracy/overall efficiency 
• Reduced inventory levels 
• Increased order fill rate 
• Reduced operational spikes 
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• Improved system performance through faster processing 
• Enabled employees to perform demand planning tasks in 1/10th the time 

Sources 
• MOLEX: The SAP® Demand Planning Service Select Package Brings New Levels of 

Forecasting Accuracy and Efficiency to Global Company, SAP Customer Success 
Story, 2005, www.sap.com 
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D.15 Motorola Inc. 

Company homepage: www.motorola.com  
Type of company: Provider of communication products and services 
Type of supply chain:  Electronics supply chain 
Solution partner: -  
Type of solution partner: - 
Complexities in the supply chain  
• Complex product design, high number of SKUs 
• Wide variety of products  
• Complex supply chain network 

Goal 
Create competitive advantage by reducing complexity in the supply chain. 

Necessary conditions to achieve the goal 
• Create a lean, efficient, flexible, and responsive supply chain. 
• Reduce the complexity of product design that has a key impact on supply chain 

complexity. 
• Reduce the number of options or SKU’s available to customers 

Problems related to the goal 
• In order to satisfy customers the company has to provide endless options in their 

products and has to be able to make quick changes in design 
Complexity drivers of the problem 
• High number of options and SKUs (product complexity) 

Solutions to overcome the challenge/problem  
Motorola devised measures of product complexity in terms of supply chain impacts: 
The complexity factors are: 
• Reuse 

Approved by purchasing 
Volume per part number in inventory 
% of industry standard parts 

• Volume per model (at what point to customize in the system) 
• Design for X (DFX) 

Design for assembly 
Design for part count 
Design for reuse 
Design for postponement 

• Serviceability (how easy is it to pull apart) 
• Cycle time 

Assembly 
Suppliers 

Motorola has assigned a metric for every one of these factors on their products and 
their competitors' products. If a product has a complexity index of 1.0, it means it's at 
parity with best in class. If it's over 1.0, that means it's significantly more complex than 
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the competitors products. In that case, the product is redesigned considering different 
tradeoffs. 

Tools and techniques used 
• Product complexity measures 

Results achieved 
• Reduced costs 
• Reduced inventories 
• Improved ability to respond to customer requests 

Sources 
• Rob Handfield, Managing Complexity in the Supply Chain - Part 1, Supply Chain 

Resource Cooperative (SCRC), June 2004, scm.ncsu.edu/public/hot/hot040623.html 
• Rob Handfield, Managing Complexity in the Supply Chain: Motorola’s War on 

Supply Chain Complexity - Part 2, Supply Chain Resource Cooperative (SCRC), 
April 2007, scm.ncsu.edu/public/hot/hot040707.html 
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D.16 s.Oliver 

Company homepage: www.soliver.com  
Type of company: Fashion and Lifestyle Company (Retailer) 
Type of supply chain: Apparel supply chain 
Solution partner: CA, www.ca.com  
Type of solution partner: Provider of IT management software 
Complexities in the supply chain  
• High number and variety of products 
• Complex supply chain network – geographic scope 
• Manufacturing locations in Asia and Europe (operations in more than 30 countries) 
• High number of stores and shops (over 2500 retail outlets worldwide) 

Goal 
Identify current fashion trends and translate them into new products while maintaining 
an efficient and cost-effective supply chain. 

Necessary conditions to achieve the goal 
• To operate such a complex and high-volume supply chain, the company must have 

access to a reliable and robust IT infrastructure 
Problems related to the goal 
• s.Oliver uses a range of IT solutions, including a bespoke logistics systems along 

with SAP, CAD software, standard Office programs, email and EDI, which are 
supported by diverse operating systems. 

• These heterogeneous IT management solutions can no longer meet s.Oliver’s 
requirements 

Complexity drivers of the problem 
• Incompatible, diverse IT solutions 

Solutions to overcome the challenge/problem  
s.Oliver decided to use an ITIL-based management solution and selected the IT service 
management solution from CA, Unicenter.  
• A unified service and support system was implemented, namely Unicenter Service 

Desk and Unicenter Client Device Management Suite. 
• s.Oliver has also deployed Unicenter Network and Systems Management to monitor 

and manage its server estate and various software components 
Tools and techniques used 
• Unicenter Service Desk  
• Unicenter Client Device Management Suite 
• Unicenter Network and Systems Management 

Results achieved 
• Unified and simplified IT management 
• Optimized performance of IT services through reduced response time to system 

failures 
• Increased service quality through controlled workflow and integrated IT management 
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Sources 
• Fashion retailer s.Oliver boosts productivity with streamlined IT management 

services and ITIL best practices, CA Customer Success Story, 2007, www.ca.com. 
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D.17 Swire Beverages Ltd. 

Company homepage: www.swire.com  
Type of company: Bottling company 
Type of supply chain: Beverage supply chain 
Solution partner: JDA, www.jda.com  
Type of solution partner: Provider of supply chain solutions  
Complexities in the supply chain  
• Wide variety of products, high number of SKUs 
• Complex supply chain network (seven bottling facilities, 47 beverage plants, 75 

production lines, five export markets, 200 distribution centers, and over 1.5 million 
retailers) 

• Accelerated growth of the business 
Goal 

Cope with the forecasted growth of the business and increasing complexity of the 
supply chain 

Necessary conditions to achieve the goal 
• They need to implement strategic solutions for Swire to maintain its industry position 
• They need to have one synchronized view of demand integrated into all of Swire’s 

manufacturing, bottling, planning and execution activities. 
Problems related to the goal 
• Facilities utilized a manual system that cannot meet Swire’s growing requirements 

Complexity drivers of the problem 
• Lack of a synchronized system to manage the supply and demand chain 
• Lack of a supply chain forecasting and planning solution that meets Swire’s growth 

needs 
Solutions to overcome the challenge/problem  

Swire decided upon JDA Solutions to transform its supply chain operations to 
synchronize with real-time consumer demand across every channel. They have 
implemented:  
• JDA Demand that helps support Swire’s exponential growth across China with 

improved forecasting capabilities. 
• JDA Collaborate that allows Swire’s bottling plants to easily share information over 

the Internet.  
• JDA Strategy that helps to strategically plan optimal capacity and sourcing based on 

costs and constraints across Swire’s entire network. 
• JDA Sequencing that enables Swire to generate an optimized, feasible manufacturing 

schedule down to the minute 
• JDA Fulfillment that ensures the right inventory is available at the right place across 

the consumer-driven enterprise. 
• JDA Monitor that allows receiving early warning of potential problems across the 

company’s network. 



Appendix D. Successful practices of supply chain complexity management 226 

Tools and techniques used 
• JDA Collaborate,  
• JDA Demand, 
• JDA Fulfillment,  
• JDA Monitor 
• JDA Sequencing 
• JDA Strategy 

Results achieved 
• Improved forecast accuracy 
• Improved production line efficiency 
• Reduced out-of-stock rate.  
• Reduced inventory levels  
• Increased product availability 
• Growth in revenues,  
• Improved operating efficiencies. 

Sources 
• Swire Beverages Unlocks the Full Potential of its Coca-Cola Supply Chain Network 

in China, JDA Case Study, 2009, www.jda.com 
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D.18 TAL Apparel Group 

Company homepage: www.talgroup.com  
Type of company: Manufacturer of innovative garments  
Type of supply chain: Apparel supply chain 
Solution partner: -  
Type of solution partner: - 
Complexities in the supply chain  
• Complex supply chain network – geographic scope 
• High number and variety of customers 
• Wide variety of products 
• High number of production facilities 

Goal 
Remain competitive by providing more value-added services to customers, and 
developing new products. 

Necessary conditions to achieve the goal 
• In apparel supply chains, there is a need to reduce cost and cycle time while 

simultaneously increasing quality, on-time delivery and differentiation 
• There is a need to provide product (fashion) design and to reduce cycle time for 

product development and launch. 
• It is required to provide flexible and responsive manufacturing and design systems. 
• Improving communications with customers is a key factor in success. 

Problems related to the goal 
• The number of requirements to be met by the company to remain competitive 

increase over time.  
Complexity drivers of the problem 
• Type of product 
• Requirements of the customers 
• Trends in the market 

Solutions to overcome the challenge/problem  
TAL adopts a synchronization business model that responds holistically to demand by 
close collaboration and synchronization with suppliers and customers. Over time TAL 
gained the capabilities such as rapid design, flexible manufacturing, rapid 
replenishment, information sharing, offering logistics services, CPFR, and VMI. 

Tools and techniques used 
• EDI 
• Supply chain management software 
• VMI 
• CPFR 

Results achieved 
• Innovative product design 
• Reduced time to market 
• Reduced inventory 
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• Increased availability of products 
• Increased flexibility for TAL and its suppliers 
• Increased benefits for customers 

Sources 
• Peter Koudal and Victor Wei-teh Long, The Power of Synchronization: The Case of 

TAL Apparel Group, A Deloitte Research Case Study, 2005, Deloitte Development 
LLC., www.deloitte.com/research 
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D.19 Unilever 

Company homepage: www.unilever.com  
Type of company: Manufacturer of consumer goods 
Type of supply chain: Consumer-driven supply chain 
Solution partner: LeanLogistics, www.leanlogistics.com  
Type of solution partner: Provider of transportation and logistics management services 
Complexities in the supply chain  
• High number of products 
• Complex supply chain network 

Goal 
Improve on-time delivery performance to meet customers’ requested arrival dates. 

Necessary conditions to achieve the goal 
• There is a need to improve the freight execution processes across both centralized and 

decentralized transportation planning environments 
• There is a need to better synchronize plans and activities to improve on-time delivery 

across internal operations and with carriers 
• There is a need to provide visibility of transportation activities across the supply 

chain. 
Problems related to the goal 
• Heavily promoted items cause 100% spikes in transportation capacity requirements.  
• Distribution centers are not connected to the purchase order system, so they had no 

knowledge of an inbound order until a carrier called them for an appointment 
• Existing technology and processes do not allow visibility. 

Complexity drivers of the problem 
• Incapable technology 
• Incapable processes 

Solutions to overcome the challenge/problem  
Unilever opted for the LeanLogistics’ Managed Transportation Services. 
LeanLogistics manages Unilever’s entire U.S. inbound program. In order to achieve its 
goal Unilever adopted: 
• Online appointment scheduling: through On-Demand TMS all stakeholders are able 

to see both the inbound and outbound schedules. 
• Proactive order management and recovery: with network-wide visibility and alerting, 

potential service disruptions are proactively identified 
• Capacity forecast sharing with carriers: Unilever decided to convert product forecasts 

into weekly shipment capacity forecasts so it could understand capacity variability 
and work with carriers to ensure capacity availability and high on-time delivery 
performance. 

• Carrier allocation management: The load optimization process uses the carrier 
allocation directions as a priority for carrier selection to ensure that Unilever fulfills 
its volume incentive agreements.  

Tools and techniques used 
• On-Demand TMS (Transportation Management System) 
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Results achieved 
• Visibility into transportation plans and status 
• Improved on-time delivery performance 
• Improved customer satisfaction through keeping customers better informed about 

requested arrival date exceptions 
• Better on-shelf availability through proactive planning for promotional activity. 
• Improved load building and tendering process 

Sources 
• Unilever Holistically Manages the Order/Shipment Process for Better Customer 

Service, LeanLogistics Client Case, 2009, www.leanlogistics.com 
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D.20 VF Corp. 

Company homepage: www.vfc.com  
Type of company: Apparel company (manufacturer and retailer) 
Type of supply chain: Apparel supply chain 
Solution partner: i2, www.i2.com  
Type of solution partner: Provider of supply chain solutions  
Complexities in the supply chain  
• Complex network of companies (geographic scope) 
• High variety of products and raw materials 
• Large & complex planning models (algorithmic challenge) 

Goal 
Be the most flexible and efficient supply chain in the industry. In particular, they want 
to increase the speed and accuracy of the supply chain planning process. 

Necessary conditions to achieve the goal 
• In apparel supply chains, production plans need to be fast, flexible and able to 

immediately adjust to changes in demand, material availability, capacity, and 
inventory levels. 

• In order to be flexible and efficient they need to add velocity to the supply chain 
planning process, use market knowledge, and integrate their supply chain activities. 

Problems related to the goal 
• VF's business units use disparate and incompatible legacy systems 
• VF's existing technologies do not support application integration and visibility 
• Disparate legacy systems make it difficult to forecast demand accurately 
• VF's current legacy system does not consider capacity and raw material constraints 

simultaneously 
• VF's current production planning process is too slow and does not adjust to 

immediate changes in demand, material availability, capacity, and inventory levels. 
Complexity drivers of the problem 
• Incapable and incompatible IT systems 
• Large planning models 

Solutions to overcome the challenge/problem  
• A supply chain planning software was selected and modified to meet VF's needs 

through strong collaboration with the software provider. 
• Necessary technological adjustments and investments were made. 
• Data management procedures were redefined to support the new system. 
• All units implemented the new planning system for supply chain planning. 

Tools and techniques used 
• Supply Chain Planning Software 

Results achieved 
• Achieved cost savings 
• Reduced inventory 
• Increased customer service  
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• Increased planning efficiency, able to generate realistic, feasible, and executable 
plans, accounting for constraints, 

• Achieved visibility into supply chain operations 
Sources 
• Saving Millions at VF Corporation Through Tighter Supply Chain Planning, i2 

Customer Success Story, 2007, www.i2.com 
• Reducing Inventory at VF Corporation, i2 Customer Success Story, 2008, 

www.i2.com 

http://www.i2.com/
http://www.i2.com/
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D.21 World Food Programme  

Company homepage: www.wfp.org  
Type of company: Humanitarian organization 
Type of supply chain: Humanitarian supply chain; Relief supply chain  
Solution partner: TNT, www.tnt.com  
Type of solution partner: Provider of logistics services 
Complexities in the supply chain  
• Involvement of multiple governmental and non-governmental organizations in the 

process 
• Geographical characteristics of and the general political situation in the aid-receiving 

region. 
• Unstable nature of the funding process 
• Insufficient and inaccurate communication and information flows 
• Geographical dispersion 
• Diversity of the characteristics of the humanitarian personnel 
• Difficulty of mobilizing logistics assets on a global scale 

Goal 
Become more effective in delivery of humanitarian aid and goods in both sudden- and 
slow-onset emergency situations. In particular, they want to improve the disaster 
response capabilities in coordination with other humanitarian organizations.  

Necessary conditions to achieve the goal 
• There is a need for a coordinated plan for procurement and distribution of aid and 

goods along with a close coordination between involved organizations (governments, 
international and local agencies, etc.) 

• There is a need for agility and flexibility in order to shorten the disaster response 
times. 

• There is a need to improve disaster preparedness 
Problems related to the goal 
• Poorly designed supply/logistics systems,  
• Lack of coordination and communication between involved organizations 
• Limited professional training for logistics experts,  
• Uncoordinated funding or not enough funding 

Complexity drivers of the problem 
• Lack of know how 
• Lack of coordination 

Solutions to overcome the challenge/problem  
TNT transferred its logistics capability and know-how so that the WFP could achieve 
its goal. TNT and WFP combine their efforts on five initiatives: 
• Emergency Response: leveraging TNT’s Express assets, expertise, and services at the 

outset of an emergency in order to improve disaster response. 
• Joint Logistics: sharing of logistics service & resources with WFP as well as other 

involved organizations to enhance synergy and reduce response times, redundancies, 
and costs. 
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• Private Sector Fundraising: Awareness raising activities highlighting world hunger 
and fundraising activities. 

• Transparency and Accountability: TNT offers training programs and best practice 
sharing. 

• School Feeding Support: TNT supports WFP’s Global School Feeding Campaign. 
Results achieved 
• Improved responsiveness 
• Cost savings 
• Fundraising contribution 

Sources 
• Rolando M. Tomasini & Luk Van Wassenhove, 2004, Moving the World: The TPG-

WFP Partnership I - Looking for a Partner, Case no. 02/2004-5187, INSEAD 
• Ramina Samii & Luk Van Wassenhove, 2004, Moving the World: The TPG-WFP 

Partnership II - Learning How To Dance, Case no. 04/2004-5194, INSEAD 
• Richard Oloruntoba, 2007, Bringing Order Out of Disorder: Exploring Complexity in 

Relief Supply Chains, Proceedings of the 2nd International Conference on Operations 
and Supply Chain Management: Regional and Global Logistics and Supply Chain 
Management, Bangkok, Thailand. 

 


	ch0_Acknowledgements
	ch0_contents
	ch1
	Chapter 1. INTRODUCTION
	1.1 Context of the study
	1.2 Purpose of the study
	1.3 Methodology of the study
	1.4 Significance of the study
	1.5 Organization of the study


	ch2
	Chapter 2. DEALING WITH COMPLEXITY
	2.1 Definition of complexity
	2.2 Characteristics of complex systems
	2.3 Measuring complexity 
	2.4 Ways to deal with complexity
	2.5 Summary and conclusions of Chapter 2


	ch3
	Chapter 3. SUPPLY CHAIN COMPLEXITY
	3.1 Characteristics of supply chain as a complex system
	3.2 Drivers of complexity in the supply chain 
	3.3 Dealing with complexity in the supply chain
	3.4 Complexity measurement in the supply chain
	3.5 A categorization of supply chain complexity research
	3.6 Summary and conclusions of Chapter 3


	ch4
	Chapter 4. STATE OF THE ART APPROACHES TO COMPLEXITY IN THE SUPPLY CHAIN
	4.1 A review of key supply chain management activities
	4.2 A review of supply chain management tools 
	4.3 A review of supply chain enabling technologies
	4.4 Complexity management in the supply chain survey
	4.4.1 Research method
	Questionnaire design and features
	Type of data, measures and scales
	The sampling frame and the target companies 
	Notification and incentive strategy

	4.4.2 Survey findings
	Response quality and profile of respondent organizations
	Issues related to supply chain management efforts in general
	Issues related to supply chain integration efforts
	Issues related to visibility of the supply chain 
	Issues related to SCeT use
	Issues related to complexity management

	4.4.3 Discussion of the survey findings

	4.5 Summary and conclusions of Chapter 4


	ch5
	Chapter 5. MANAGING COMPLEXITY IN THE SUPPLY CHAIN
	5.1 Supply chain complexity management framework
	5.1.1 Supply chain structure
	5.1.2 Supply chain flows
	5.1.3 Supply chain decision-making
	5.1.4 Putting it all together

	5.2 A methodology based on Theory of Constraints’ Thinking Processes
	5.2.1 Stage 1: Expressing the problem situation
	5.2.2 Stage 2: Describing the system and its relevant elements
	5.2.3 Stage 3: Describing the current situation
	5.2.4 Stage 4: Determining and resolving the uncertainties/conflicts 
	5.2.5 Stage 5: Defining desirable and feasible changes
	5.2.6 Stage 6: Plan and take action
	5.2.7 An overview of the methodology
	5.2.8 The use of the methodology

	5.3 Summary and conclusions of Chapter 5


	ch6
	Chapter 6. ASSESSING THE QUALITY OF THE PROPOSED FRAMEWORK AND THE METHODOLOGY
	6.1 A meta-analysis of real life cases
	6.1.1 Selection of the cases
	6.1.2 A systematic review of the selected cases
	6.1.3 Interpretation of the findings

	6.2 Elicitation and analysis of expert opinions
	6.2.1 Selecting the experts
	6.2.2 The workshop
	6.2.3 Results of the workshop

	6.3 Conclusion
	6.3.1 Trustworthiness of the framework and the methodology
	6.3.2 Suggestions for future research related to research methodology

	6.4 Summary and conclusions of Chapter 6


	ch7
	Chapter 7. CONCLUSION
	7.1 Summary and contributions
	7.2 Suggestions for future research


	ch8_References
	REFERENCES

	ch9_App-A_SCM Softwares
	Appendix A. AN OVERVIEW OF SUPPLY CHAIN MANAGEMENT SOLUTIONS
	A1. MySAP SCM
	A2. PeopleSoft Enterprise SCM
	A3. i2 Next-Generation SCM Solution Framework
	A4. JDA Solutions


	ch9_App-B_SCCQ
	Company Information
	Your Information
	SECTION 1. SUPPLY CHAIN MANAGEMENT EFFORTS
	SECTION 2. COMPLEXITY OF THE SUPPLY CHAIN
	SECTION 3. SUPPLY CHAIN INTEGRATION
	SECTION 4. VISIBILITY and PERFORMANCE of the SUPPLY CHAIN
	SECTION 5. INFORMATION and COMMUNICATION TECHNOLOGIES USE in the SUPPLY CHAIN

	ch9_App-C_Evaluation form
	ch9_App-D_Case analysis
	Appendix D. SUCCESSFUL PRACTICES OF SUPPLY CHAIN COMPLEXITY MANAGEMENT
	D.1 Air Products and Chemicals Inc.
	D.2 ALDI
	D.3 Bell Microproducts Inc. 
	D.4 British American Tobacco
	D.5 Church & Dwight Co.
	D.6 Famosa S.A.
	D.7 Goodyear Tire & Rubber Co.
	D.8 Hewlett-Packard
	D.9 Hudson’s Bay Company
	D.10 J.R. Simplot
	D.11 KLA-Tencor
	D.12 LSI Corp.
	D.13 Mahindra & Mahindra Limited 
	D.14 Molex Inc.
	D.15 Motorola Inc.
	D.16 s.Oliver
	D.17 Swire Beverages Ltd.
	D.18 TAL Apparel Group
	D.19 Unilever
	D.20 VF Corp.
	D.21 World Food Programme 





