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ABSTRACT
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for whole-life whole-systems
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Department: Department of Industrial and Systems Engineering
University: University of Pretoria

Degree: Philosophiae Doctor (Industrial Engineering)

Definitions for logistics are numerous. Logistics is furthermore divisionalised amongst
functional lines as well as industry lines. Therefore one hears about military logistics,
business logistics, marketing logistics, engineering logistics, logistics relating to
e-commerce and some more. Within the various professional disciplines and societies the
viewpoints differ even more than the definitions. The reason for this confusion when it
comes to defining and understanding logistics is because of the way in which logistics is
functionalised. With all these different functional focusses the emphasis tends to be on
detailed logistics solutions often causing sub-optimisation of systems. There seems to be
a lack of a unifying logistics approach that will allow consideration of the dynamic nature

of systems to ensure system optimisation rather than sub-system optimisation.

This thesis proposes a different approach to prevent the sub-optimisation of logistics by
viewing logistics from a system perspective rather than a functional perspective and at the
same time consider the life-cycle of the system of interest. When viewing logistics from a
system perspective, the question to ask is not to which function logistics belong, but within
each phase of the system life-cycle, what the contribution is logistics needs to make to the
overall system performance. In order to view logistics from a system and life-cycle
perspective, there needs to exist an understanding of systems and system concepts. This
understanding has to be supplemented by an understanding how systems are created. As

logistics is concerned with man-made systems, two types of man-made systems require
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understanding, namely organisational systems and product systems, also known as

durable goods.

By using the system principles of holism, synthetic thinking and teleology, it is
demonstrated that all systems can be described by generic sub-systems (the logistic sub-
system being one of them), the success of all systems can be measured using the generic
system measurements of ability, availability and affordability, and that all systems go
through a life-cycle. Based on the reality that organisations and durable products/services
all possess system characteristics as described above, and that non-durable
products/services form part of a higher level system, a generic model has been
constructed indicating the relationships and flow of the managerial and technical logistics
activities which need to take place at each stage of the system’s life-cycle to ensure that

the system ability, availability and affordability requirements are met.

To validate the model, high level system dynamic relationships were constructed and the
outcome of the application and non-application of the model argued using thought
experiments. This was done using an imaginary system comparing the effects if the
dynamic approach to logistics for the system is ignored to the effects if the dynamic
approach to logistics for the system is followed. The thought experiment was done for all
dimensions of logistics, namely operational support and maintenance support as well as

for the management of each dimension throughout the life-cycle.

It is thus concluded that following a dynamic approach to the logistics of a system greatly

enhances the system performance.
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Chapter 1

Introduction

“Small changes can produce big results - but the areas of highest leverage are often the
least obvious.”
Peter Senge [1990:63]

“The real leverage in most management situations lies in understanding the dynamic
complexity, not the detail complexity.”
Peter Senge [1990:72]

1.1 Purpose and outline of the chapter

The purpose of this chapter is to provide an introduction and overview of the research
undertaken. Some background and basic definitions for logistics are provided to
demonstrate the different viewpoints that exist which leads to the research problem and
the research hypothesis. The basic premises for the research are stated. The research
design and research methodology are briefly introduced, followed by a roadmap to explain
the logic and layout of this thesis. The principal results of the research are stated, followed

by the principal conclusions of the research.

1.2 Background to logistics

Logistics is a term that has been defined many times in many different ways. Gourdin
[2002:1] states that “logistics is a term that many people have heard of but few can define”.
It was (and still is) the topic of many heated debates. It is the topic of many text books.
Several professional organisations exist serving the different logistics communities.
Logistics has been studied from many different angles. Table 1.1 gives an indication of
some of the different ways in which logistics is viewed, illustrating that the viewpoints are

based primarily on a functional perspective.
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Interest group How logistics is viewed

Design engineers Design of system support

Manufacturing Scheduling of processes and resources
Purchasing On-time supply of raw material from suppliers
Material management Warehousing and materials handling
Marketers On-time delivery to customers and distribution
Financial managers Cost of logistics activities

Customer relations Customer satisfaction

Military Availability of equipment, supplies & personnel

Table 1.1 Different viewpoints on logistics

Because logistics has been defined in so many different ways, it provides for many
different viewpoints towards logistics. A number of these definitions are provided in
Chapter 2. It can however be stated that the definitions can be categorised into two major
categories namely those definitions relating to the military and military operations and
those definitions relating to movement of material with the aim of satisfying customer

requirements within a business.

The two primary viewpoints on logistics can probably be best summarised, on the one
hand by the Webster Dictionary definition (Webster,1963:497): "The procurement,
maintenance, and transportation of military material, facilities, and personnel”. The Council
of Logistics Management (CLM), on the other hand, offers the following definition:
"Logistics is the process of planning, implementing and controlling the efficient, cost-
effective flow and storage of raw materials, in-process inventory, finished goods and
related information from point of origin to point of consumption for the purpose of

conforming to customer requirements" [Lambert and Stock, 1993:4].

M’Pherson [1980:550] provides a different viewpoint to logistics when he defines four sub-
systems within any system. They are the operational, the management, the information
and the support sub-systems. The function of the support sub-system is to supply and

maintain the other sub-systems. M'Pherson breaks the support sub-system down into two
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functions, namely logistics and maintenance. However, he always treats logistics and

maintenance together as the support sub-system.

1.3 The nature and the scope of the problem researched

As a large number of definitions for logistics as a discipline exist, which do not seem to
relate to each other and which create confusion, it leads to a lack of understanding with
regards to the integration of these “islands” of logistics, resulting in sub-optimal designs of
organisations, products and services, even though many of these definitions claim to
describe an integrated approach to logistics. From the different definitions that exist for
logistics, many which have been included in Chapter 2, it is concluded that these
definitions of logistics are primarily based on a functional view of logistics. Functional in this
sense pertains to the functions of an organisation. This functionalisation of logistics is
confirmed by the different views of logistics expressed in Table 1.1. Senge [1990:3]
confirms that functionalisation and fragmentation are creating enormous problems: “From
a very early age, we are taught to break apart problems, to fragment the world. This
apparently makes complex tasks and subjects more manageable, but we pay a hidden,
enormous price. We can no longer see the consequences of our actions; we lose our

intrinsic sense of connection to a larger whole.”

Organisations exist as complex systems. Organisations interact with other organisational
systems; they also exist as part of a bigger system called the supply chain, which creates
interdependencies and new complexities amongst these systems. Organisations produce
systems in the form of durable products, many times complex in itself, which creates
interdependencies and complexities between the suppliers and the customers of the

durable products.

Complexity within systems can be handled in two ways. The first way to handle complexity
is to handle many variables at the same time; this is called detail complexity. The second

way to handle complexity, is dynamic complexity where cause and effect are subtle, and
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where the effects of interventions are not obvious [Senge, 1990:71] or stated differently:

“Cause and effect may be separated in time and space” [Gharajedaghi, 1999:49].

Gharajedaghi [1999:xv] expresses the following views on interdependencies and
complexities: “The imperatives of interdependency, the necessity of reducing endless
complexities, and the need to produce manageable simplicities require aworkable systems
methodology and a holistic frame of reference that will allow us to focus on the relevant
issues and avoid the endless search for more details while drowning in proliferating
useless information.” He [Gharajedaghi] further clarifies what the difference is between a
multidisciplinary approach and a systems approach: “Contrary to a widely held belief, the
popular notion of a multidisciplinary approach is not a systems approach. The ability to
synthesize separate findings into a coherent whole seems far more critical than the ability
to generate information from different perspectives. ...[systems thinking] deals with the
challenges of interdependency, chaos, and choice using an elaborate scheme called
iterative design.” Itis thus clear that in order to understand the dynamic complexities of the
integrated logistic support system, a systems approach needs to be taken to provide a

holistic frame of reference to identify the focus areas that allows high areas of leverage.

From the above, the research problem has been defined as follows:

Too much focus is placed on logistics as a functional discipline (detail
complexity) without an understanding of the integrated nature of
logistics within asystem (dynamic complexity). This focus on the detail
complexity of logistics many times result in actions that are
counterintuitive®’ without considering or recognising how these

counterintuitive actions negatively influence system success over time.

'Counterintuitive actions refer to actions intended to produce a desired outcome, but causing the
opposite outcome [Gharajedaghi, 1999:48]. The counterintuitiveness of a system is a consequence of the
dynamic complexity (delays between cause and effect) within a system [Senge, 1990:89-92].
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The research hypothesis is the following:

A whole-life whole-system approach to integrated logistic support (an
approach to the dynamic complexity) will allow each definition of
logistics (the different approaches to the detail complexity) to be
understood and applied correctly within the system context of

organisations and product systems, thus supporting system goals.

To prove the hypothesis, a graphical model explaining the dynamic complexity of
integrated logistic support will be developed and validated, demonstrating the need and
validity for the whole-life whole-system approach to integrated logistics. This model will be

limited to man-made systems.

The basic premises (each of which will be confirmed by the literature study) of the research
are the following:
» A systems approach is required to solve systems problems.
» Systems go through a birth-life-death cycle (the system life-cycle).
» A formal process is necessary to bring systems into being and take it through its
life-cycle.
* An organisation is a system which may itself deliver (or affect) new man-made
system solutions e.g. durable products.
» Logistics (or support) form part of any system.
» Logistics consists of a technical dimension and a managerial dimension, both of

which are to be designed using a formal process.

Thus, a system approach is required to view logistics within the system throughout the

entire life-cycle of the system.

As opposed to the many functional definitions that exist, the Integrated Logistic Support
Guide definition for logistics [adapted from Blanchard, 1998:3] will be used as a valid
definition for logistics. The term integrated logistic support is used (rather than only the

word logistics) and is defined as follows:
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Integrated logistic supportis adisciplined, unified and iterative approach to the

management and technical activities necessary to:

* Integrate support considerations into system and equipment design.

» Develop support requirements that are related consistently to readiness
objectives, to design, and to each other.

* Acquire the required support.

* Provide the required support during the operational phase to ensure safety,

ability, availability and affordability of the system of interest.

In this definition, logistic support has the meaning of supplying and maintaining the system
sub-systems, according to M'Pherson’s [1980:550] system view of the support sub-system

that includes both logistics (supply) and maintenance (support).

This definition has been chosen for the following reasons:
» It takes a whole-system approach.
It takes a whole-life (life-cycle) approach.
* Objectives of the integrated logistic support have been clearly stated.
|t caters for all processes (management and technical, supply and maintenance).

1.4 The method and objective of the research

This research is an empirical model-building study using secondary textual data to
construct a schematic (graphical) model of the dynamic relationships between the
managerial and technical integrated logistic support activities of a system throughout the
full system life-cycle. The objective of the research is to improve the understanding of
system design and operation in order to enhance the overall system performance
parameters of ability, availability and affordability. The model is validated by using
implication diagrams and logical deduction (thought experiments) to compare the logical
consequences of ignoring a systems approach to integrated logistic support with the logical

consequences of using a systems approach to integrated logistic support.
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1.5 Thesis roadmap

Figure 1.1 provides a roadmap of the thesis and shows the logical sequence of chapters.
The roadmap will be included at the beginning of each chapter highlighting the position of
the relevant chapter within the overall scheme of the thesis.

Introduction Research
and | > design and
background methodology
(Chapter 1) . ¥ (Chapter 3)
Literature _y E;e iif::i:]s
review on The whole-life g - g Research objective
logistics (iife-cycle) >  (design)
(Chapter 2) concept Cphroctesss An generic model for
(Chapter 4) (Chapter 5) integrated logistic
X support for whole-life
The whole-systems exists
whole-system Organisations The generic Model
conc)épt as systems ILS model |—P®» validation
(Chapter 6) (Chapter 8) (Chapter 9)
(Chapter 4) Conclusions
and recommen-
Durable dations
products as (Chapter 10)
systems
(Chapter 7)

Figure 1.1 Thesis roadmap

The first three chapters provide the introduction and background to the research, along
with the research design and research methodology. Chapters 4 - 7 provide the theoretical
background that serve as the building blocks for the model for integrated logistics. The
main building blocks for constructing the model are the systems and life-cycle concepts,
the way in which systems are brought into being, how organisations and durable products
exhibit system behaviour, and how organisations and durable products require logistic
support to be able to meet the system requirements. The literature review of logistics
(Chapter 2) is required for the discussion of the whole-systems concept and the whole-life
(life-cycle) concept (both in Chapter 4). These two concepts, are required to explain that

both an organisation (Chapter 6) and durable products (Chapter 7) exist as systems.
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Chapter 5 explains how systems are engineered. Chapters 2, 4, 5, 6 and 7 are required
to establish the foundation for an integrated logistic support model, which follows in
Chapter 8. Chapter 8 is the main contribution of this thesis, where the generic approach
to integrated logistics for whole-life whole-systems is presented as a schematic (graphical)
model explaining the dynamic complexity of the technical and managerial processes over
the life-cycle of the system and its influence on system success. Within Chapter 9 the
model is validated using thought experiments and implication diagrams. With some further
refinement, these implication diagrams can be used as the basis of a system dynamic
model for simulation and prediction of system performance. The conclusions and

recommendations of the research are presented in Chapter 10.

1.6 The principal results of the research

Generic sub-systems exist within every system regardless of the type of system
investigated. The support sub-system (from here on it will be referred to as the integrated
logistic support system) is one of the generic sub-systems of a system, and this sub-
system is crucial for system success. When the integrated logistic support system is
ignored, the whole-system concept is not valid anymore and the system as a whole not be
optimised, as one of the generic sub-systems that is required for a complete system and
its contribution towards total system success is not considered. Systems exist in time (they
follow a natural birth-life-death cycle). For each phase of the life-cycle different managerial
and technical activities are required. Taking the whole-system and whole-life
characteristics of systems into consideration, generic measurements of system success
can be defined, namely ability, availability and affordability. These measurements are
applicable to any system irrespective of the type of system or the system hierarchy level

on which the system exists and functions.

All organisations (public and private, for-profit and not-for-profit) organisations exist as
systems. Many products (those categorised as durable products) exist as systems.
Services and consumable goods are not systems in themselves but exist as part of

organisational systems.
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A system and life-cycle approach to logistics allows the creation of a model that explains
integrated logistics support as part of a system that goes through a birth-life-death cycle.
Different managerial and technical activities are required as the system goes through each
phase of the life-cycle in order to achieve the overall goal of the system measured as
system ability, system availability and system affordability. The dynamic nature of
integrated logistic support is obvious as most of the effects experienced by the system

during its operational phase are caused by actions taken during the design phase.

Implication diagrams provide a mechanism to conduct a thought experiment to allow the
comparison of systems whose creators choose to employ a whole-life whole-systems
approach to integrated logistic support and those systems whose creators choose not to

employ a whole-life whole-systems approach to integrated logistic support.

1.7 The principal conclusions of the research

For any system to be successful over its entire life-cycle, a whole-life whole-system
approach to integrated logistic support (as advocated by the model that has been
developed) needs to be followed. If this is done, the system will be more successful in its
goal achievement expressed as ability, availability and affordability. Integrated logistic
support is required and essential for its contribution towards system success. Integrated
logistic support have to be viewed form both an operational as well as a maintenance
perspective, as both these perspectives contribute towards ability, availability and
affordability. The major impact of integrated logistic support is caused early in the life-
cycle, in the design phase of the system, but only realised during the operational phase
due to the dynamic nature of integrated logistic support. If integrated logistic support is
ignored, the cost and time implications to improve the system later in its life-cycle may be
prohibitive to improve ability and availability. It must also be recognised that different
requirements exist for the management and technical activities as the life-cycle progresses.
Within the model it is also shown that some of the managerial and technical activities may

overlap for periods of the life-cycle.
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Further research is necessary to investigate the detail complexity of integrated logistic
support to ensure that it ties in with the dynamic complexity of integrated logistic support
i.e. how counterintuitive actions can be eliminated from the detail complexity of integrated
logistic support to fully support the dynamic complexity of systems expressed as optimum

ability, availability and affordability.
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Chapter 2

Logistics - The undefined overly defined concept

“I don't know what the hell this logistics is that general Marshall is always talking about, but
| want some of it!”
Admiral King [Gourdin, 2002]

Introduction Research
and | > design and

background methodology

(Chapter 1) . °Y] (Chapter 3)
Literature /A} Lzzi?:;?i:s
revu_aw.on Th"j‘ whole-life ) (design) Research objective

logistics (life-cycle) rocess X
(Chapter 2) concept p An generic model for
(Chapter 5) integrated logistic

support for whole-life
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X / (Chapter 4)
The M

whole-system Organisations The generic Model
A as systems ILS model W validation
concept

(Chapter 6) (Chapter 8) (Chapter 9)
(Chapter 4) Conclusions
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Durable dations
products as (Chapter 10)

systems
(Chapter 7)

2.1 Purpose and outline of the chapter

The purpose of this chapter is show that even though a large number of definitions for
logistics in some form or another exist, the concept of logistics is still a very confusing one.
Most definitions of logistics seem to contradict one another, and when the meaning of the
definitions are analysed, the confusion becomes even more. Taking it one step further,
when the goals for logistics associated with some definitions are analysed, the situation
becomes ridiculous at times. Furthermore, models explaining logistics are limited to the

definition they try to explain or are totally oversimplified.

Chapter 2 - Logistics - The undefined overly defined concept 2-1



University of Pretoria etd

A generic approach to integrated logistic support for whole-life whole-systems

The chapter starts out by taking a historical view on logistics, followed by some dictionary
definitions, after which some older and more recent views of logistics are investigated.
Some logistics models are investigated to demonstrate the need for an integrated logistics

model. The chapter concludes by confirming the problem statement posed in Chapter 1.

2.2  Anhistorical perspective on logistics

Logistics is as old as the world itself. The word logistics is derived from the Greek word
logistikos, which means to be adept or skilful in calculation. Even though the concept of
the calculation of requirements for support may be connected to the meaning of the word,
it does not provide us with anything more concerning the origin of the word logistics [De
Klerk,1993:5].

Since the earliest times logistics has been associated with supplying masses of people with
their needs. One of the first examples of a massive logistics exercise (even though not
called logistics) can be found in Exodus 16, where the Lord supplied Israel with quails and
manna in the desert. This in itself was not the logistical exercise, as it was a Godly act, but
it must have been a huge logistical exercise to set up camp, provide water, firewood for
cooking and heating and to provide waste services. No mean feat if you consider that
there were 603 550 men above the age of twenty, all that were able to go forth to war in
Israel, excluding the Levites [Numbers 1:46-47]. This seems to be one of the first examples
where logistics is associated with a military force.

Examples where the role of logistics has been described with regard to its importance to
the ultimate success of a military campaign are Sun Tzu Wu in The Art of War (500 BC),
Alexander the Great, the Romans, Napoleon and Hitler. Both Napoleon and Hitler failed
with their attempts to invade Russia because their supply lines were too long and could
easily be disrupted, in their case partially at least by the harsh reality of the winter weather
[Gourdin, 2001:1-2].
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Lambert, Stock and Ellram [1998:5] state that logistics as an area of study first gain
attention in the early 1900's with the distribution of farm products, as part of the
organisational strategy and as a way of providing time and place utility to goods sold.
These authors further link the success of the Allied victory in WWII to logistics, as well as
in the Persian Gulf War in 1990-1991 [op cit]. The first dedicated text books appeared in
the 1960's, and this period (1956 to 19695) is regarded as the period of conceptualisation
of logistics, including the application of the systems approach [Bowersox, Closs and
Helferich, 1986:7]. 1966 to 1970 was a period to test logistics for relevancy, where for most
of the time, the logistics concepts became reality and passed the test of time [op cit: 9-10].
The next period, 1971 to 1979, was the period where logistics became institutionalised
within countless private and public enterprises, despite the changing priorities, the most
significant being environmental concerns and the energy crisis [op cit: 11-12]. The period
from 1980 to 1990 experienced significant political and technological change such as
transportation deregulation, the introduction of microcomputer technology and the
communication revolution [op cit: 12-14]. In the final part of the previous century and the
beginning of the third millennium, logistics concepts that came to the fore are globalisation
[Bloomberg, LeMay and Hanna, 2002:6], supply chain management and enterprise

resource management (ERP).

2.3 Logistics definitions

The most basic definition for logistics comes from the Webster Dictionary [Webster,1963]:
"The procurement, maintenance, and transportation of military material, facilities, and
personnel.” Another very basic definition can be found in the Oxford Paperback Dictionary
[1979]: “The organization of supplies and services”, while The South African Pocket Oxford
Dictionary [1987] defines logistics as: “The art of supplying and organising (orig. military)
services and equipment etc.” A more recent Webster Dictionary definition is [Webster,
1988]: “The aspect of military science dealing with the procurement, maintenance, and
transportation of military material, facilities and personnel”. From a clinical definition point
of view, logistics is very much viewed as an activity related to the military and military
operations, probably because of the fact that “logistics is firmly rooted in the historical

doctrine of war” [Gourdin, 2001:2]. Closely associated with the previous definitions, the US
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Air Force defines logistics as "The science of planning and carrying out the movement and
maintenance of forces. In its most comprehensive sense, logistics pertains to those
aspects of military operations which deal with (a) design and development, acquisition,
storage, movement, distribution, maintenance, evacuation, and disposition of material; (b)
movement, evacuation, and hospitalization of personnel; (c) acquisition or construction,
maintenance, operation disposition of facilities; (d) acquisition or furnishing of services"
(Compendium of Authenticated Systems and Logistics Terms, Definitions, and Acronyms,
1981:401). In this definition we find for the first time that reference is made to the life-cycle
cycle. Also of note is that this definition also includes maintenance as a pertinent activity

part of logistics.

The Council of Logistics Management (CLM) offers the following definition: "Logistics is the
process of planning, implementing and controlling the efficient, cost-effective flow and
storage of raw materials, in-process inventory, finished goods and related information from
point of origin to point of consumption for the purpose of conforming to customer
requirements" [Lambert and Stock, 1993:4 and Blanchard, 1998:3]. Ballou (1987:7) adds
a descriptor to logistics and provides the following definition: "Business logistics deals with
all move-store activities that facilitate product flow from one point of raw-material
acquisition to the point of final consumption, as well as the information flows that set the
product in motion for the purpose of providing adequate levels of customer service at a

reasonable cost".

The Society of Logistics Engineers (SOLE) defines logistics as "The art of science and
management, engineering, and technical activities concerned with requirements, design,
and supplying and maintaining resources to support objectives, plans and operations"
[Blanchard, 1992:4]. Interesting to note that in this definition, logistics is considered an art
of science and management, engineering and technical activities, which makes it very

open for different interpretations.

To make things even more complicated, another definition is provided forintegrated logistic
support (ILS) in the DSMC Integrated Logistic Support Guide [Blanchard, 1998:3]:

"Integrated logistic support is a disciplined, unified, and iterative approach to the
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management and technical activities necessary to (1) integrate support considerations into
system and equipment design; (2) develop support requirements that are related
consistently to readiness objectives, to design, and to each other; (3) acquire the required
support; and (4) provide the required support during the operational phase at minimum

cost".

From a marketing perspective, Christopher [1992:xi] provides a definition for marketing
logistics: “Logistics is the process of strategically managing the acquisition, movement and
storage of materials, parts and finished inventory from suppliers through the organization
and its marketing channels, in such a way that current and future profitability is maximized

through the cost-effective fulfilment of orders".

Viewing it form an operations management side, Chase, Aquilano and Jacobs, [2001:339]
provides the following definition: “Logistics is a term that refers to the management of
functions that support the complete cycle of material flow: from the purchase and internal
control of production materials; to the planning and control of work-in-process; to the

purchasing, shipping and distribution of the finished product”.

Bloomberg, LeMay and Hanna [2002:6] provides the following definition: “Integrated
logistics is defined as the process of anticipating customer needs and wants; acquiring
capital, materials, people, technologies, and information necessary to meet those needs
and wants; optimizing the goods- and service-producing network to fulfill customer

requests; and utilizing the network to fulfill customer requests in a timely way”.

To summarise, it seems as if logistics can be categorised in at least two dimensions,
namely those logistics activities that relate to the military and military operations, and those
logistics activities relating to movement of material from point of origin to point of

consumption to ensure that proper business can be conducted.
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2.4  Existing logistic models

2.4.1 Components of logistics management

Lambert, Stock and Ellram [1998:3] define logistics management as "Logistics is the
process of planning, implementing and controlling the efficient, effective flow and storage
of goods, services and related information from point of origin to point of consumption for
the purpose of conforming to customer requirements”, a definition gleaned from the
Council of Logistics Management. Of interest is that these authors provide this definition
for logistics management, whilst the Council of Logistics Management uses (almost)
exactly the same definition to define just logistics [Blanchard, 1998:3]. Lambert, Stock and
Ellram [1998:4-5] subsequently provide a model for what they call components of logistics

management, shown in Figure 2.1.

Management actions
Inputs into Planning | Implementation | Control Outputs of
logistics logistics
Natural Marketing
resources orlen'ro‘rllo.n
(Land, facilities [Cgmp,re’f""\’e
and equipment) advantage)
— Logistics management Tme
. - ini d place
Suppliers Raw [ In-process| Finished Customers and p
resources materials| inventory | goods utility
Financial Efficient
resources movement
to customer
Information Propristary
resources asset
Logistics activities
- Customer service - Plant and warehouse site selection
- Demand forecasting - Procurement
- Distribution communications - Packaging
- Inventory control - Return goods handling
- Material handling - Salvage and scrap disposal
- Order processing - Traffic and transportation
- Parts and service support - Warehousing and storage

Figure 2.1: Components of logistics management
[Lambert, Stock and Ellram, 1998:5]
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This model is primarily in support of the definition they use for logistics management and
focuses on the flow of material (business logistics) from supplier through the organisation
to the customers. These authors provide a breakdown of the inputs into logistics, the
management actions applied to the flow process where logistics management is applied
to the flow of raw material, in-process inventory and finished goods, as well as a
breakdown of the output of logistics. They also provide a list of typical logistical activities
that need to be managed. No indication is given of the life-cycle or system approach to the

logistics management and activities.

2.4.2 The scope of business logistics

Ballou defines three primary activities for logistics. They are transportation, inventory
maintenance and order processing. The relationships between these activities are shown
in Figure 2.2. The concepts of transportation and order processing are straight forward.
However, inventory maintenance needs some clarification. Inventory maintenance refers
to those activities that allows one to provide time value by keeping finished goods
inventory. As one cannot keep finished goods of a service, the model is not applicable to

Order
Processing

Transportation

» | Customer

Inventory
Maintenance

Figure 2.2: The relationship of the three primary logistic activities to serving
a customer - the “Critical Loop” [Ballou, 1987:8]
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service industries. However, if the definition of inventory maintenance is changed to those
scheduling and inventory activities required to fill an order, whether it is filling the order
from stock, through MRP scheduling or using the JIT philosophy, it can be made applicable
to the make-to-order (and thus service) environment as well. A further refinement of
Ballou’s three primary activities is to link a number of organisations together in the supply

chain, which is shown in Figure 2.3.

N
Order ﬂ“{
Processing ’f‘; ' Order
l ) Processing
Transportation
p— 1) T .
5 i R R — ransportation

IEEEEEEET Y= - _ ?
Inventory { m Customer
Maintenance
Inventory

Maintenance

Figure 2.3: The three primary logistic activities creating the supply chain
Adapted from Ballou [1987:8]

It is now obvious that when one considers the organisation in the middle of Figure 2.3,
everything to the left is the physical supply or materials management, whilst everything to

the right is physical distribution.

Ballou [1987:17-18] proposes a model of integrated logistics as shown in Figure 2.4 and
calls it the scope of business logistics. His idea of integration relates to the integration of
materials management (physical supply) and physical distribution, which also brings closer
ties with the operations function. This model, although emphasising different aspects than
the model of Lambert, Stock and Ellram (as discussed in § 2.4.1), is also a model of
material flow from point of origin to point of consumption. As is the case with the model of
Lambert, Stock and Ellram [1998:4-5], a life-cycle and systems approach is not deemed

important enough to include a time and system integration dimension within the model.
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Physical Supply Physical Distribution

(Materials management)
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- Transportation - Transportation

- Inventory maintenance - Inventory maintenance

- Order processing - Order processing

- Acquisition - Acquisition

- Protective packaging - Protective packaging

- Warehousing - Warehousing

- Materials handling - Materials handling

- Information maintenance - Information maintenance

Figure 2.4: The scope of business logistics
Ballou [1987:18]

Of note is that all activities of the physical supply are exactly the same as the activities of
physical distribution. The integration point which is not immediately visible is at order
processing. Order processing of the physical supply deals with the dependent demand
items, which are calculated from the order processing of the physical distribution, or
independent demand. The independent demand is derived from actual customer orders
and forecasts. This approach is similar to the value chain concept of Porter [1990:40-42]

which will be further discussed in Chapter 6.

2.4.3 Logistics in the system life-cycle

Blanchard [1998:11] seems to be the only author to specifically address logistics in the life-
cycle. The model he proposes (shown in Figure 2.5) is one that this author subscribes to.
The problem with Blanchard’s model is that it does not show sufficient detail and that it
limits its focus to only parts of the overall system. His main emphasis is on the
system/product and the support capability design. Furthermore, no clear distinction is

made between the managerial and technical logistics activities.
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Figure 2.5: The interrelationships of the life-cycle phases
in system development [Blanchard, 1998:11]

This model supports the idea of simultaneous or concurrent engineering, and can be
enhanced by extending it to different system hierarchy levels, for example the design of
the production capability will also require the design of its own production capability (in
other words the ability to construct the production capability), design of the production
capability support function, and the design of the disposal/recycling function of the
production capability. The ideas conveyed on a high level within this model will be used as

the foundation for the proposed model resulting from this research.

2.5 Confirmation of the problem statement
The above definitions and models of logistics confirm the magnitude of differences when
logistics is viewed. This is further compounded by the fact that very few authors actually

ask the question why logistics is needed within the organisation. Green [1991:3] is correct
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in saying that integrated logistic support is crucial to the ability of a system to serve its
intended purpose, but then categorically state that “the goal of logistics is to reduce the
burdensome cost of logistics through better management, organization, and utilization of
all resources to the maximum extent possible” [op cit: 6]. If the above goal is to be true,
then logistics should be eliminated as that would result in the lowest (i.e. zero) logistics
cost. Furthermore, if maximum utilisation is to be strived for as part of this goal, material
should be moved for the sake of utilisation even if the demand does not justify material
movement. It implies using a transportation system to move material that does not need
movement, only adding to overall costs. Trying to achieve maximum utilisation of resources
at all times as a system measurement is to disregard the system nature of organisations

and supply chains.

If such confusing and contradicting statements are made within the writings of one author,
trying to make sense of many more viewpoints seems to be very difficult. The question that
immediately follows, is what makes this attempt at clarifying the concept of logistics
different to those that have tried before? The answer is that the major difference lies with
taking a systems and life-cycle approach (dynamic complexity) as opposed to try and
functionalise logistics (detail complexity). This is what this thesis attempts to do.

2.6 Chapter summary

Logistics has been with mankind since the beginning of time even though its formal
definition only came much later. Different phases of the interest in logistics on the man-
made environment have been identified, and the effects and impact of logistics can be
measured and quantified within each phase. However, some very contradictory definitions
exist that create confusion as to exactly what this thing called logistics is. This confusion
is attributed towards functionalising logistics as opposed to taking a systems and life-cycle
approach to understanding logistics.
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Chapter 3

Research design and methodology

“For which of you, intending to build a tower, sitteth not down first, and counteth the cost,
whether he have sufficient to finish it? Lest haply, after he hath laid the foundation, and is
not able to finish it, all that behold it begin to mock him, saying, this man began to build,
and was not able to finish.”

Luke 14: 28-30
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3.1 Purpose and outline of the chapter

The purpose of this chapter is to provide the detail of the research design and
methodology so that the approach taken to develop a generic model for integrated logistics
support of whole-life whole-systems can be understood. The nature of science and the
scientific method is discussed to put in perspective the research design that follows. Within
the research design discussion, the research design will be described and classified,
followed by the conceptualisation and mode of reasoning employed. Next the research

methodology is introduced consisting of the objective of the research, followed by the
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structure of the research and the process employed to conduct the research. As this

research is concerned with model building, a brief explanation of modelling basics follows.

3.2 The nature of science and the scientific method

The difficulty to exactly define what science is, arises from the fact that science is not
static, but dynamic, and its meaning evolves with the evolvement of science itself. Defining
science will not stop its evolvement, thus finding a definition is not to attain an ultimate
definition of science, but to at least reach a common understanding of the concept [Ackoff,
1999:293].

Without going into too much detail, science exhibits the following properties:
» Science is a process of enquiry to:
e answer questions,
* solve problems, and
» develop more effective procedures for answering questions and solving problems
[Ackoff, 1999:293].

» The products of scientific inquiry are a body of knowledge and information that allows
improvement of the environment, and a body of processes and procedures which
generates the body of knowledge and information [Ackoff, 1999:297].

» Science can be a qualitative or a quantitative inquiry. One of the best examples of a
qualitative inquiry which is regarded as the outstanding achievement of the
nineteenth century was the theory of evolution. The theory of evolution has nothing
to do with measurements but is concerned with qualitative changes, and treats them
qualitatively [Dingle in Ackoff, 1999:294]. “Even if one disagrees with Dingle’s
characterization of the theory of evolution, the point is not removed: an eminent
historian of science is willing to include in science a theory that he considers to be
totally qualitative” [Ackoff, 1999:294].

* Not all inquiry is scientific. Thus, excluded from science are the common sense
inquiries. The difference between common sense and science lies within the fact that
science is approached with a controlled process in the sense that it is effectively

directed toward the attainment of desired objectives [Ackoff, 1999:295]. Huxley [in
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Ackoff, 1999:295] argues: “Science is, | believe nothing but trained and organized
common sense, differing from the latter only as a veteran differ from a raw recruit:
and its methods differ from those of common sense only so far as the guardsman’s
cut and thrust differ from the manner in which a savage wields his club”. Thus it
seems as if the differentiation between a scientific and non-scientific enquiry is a
grading scale between the two extremes. It should also be noted that much of the
common knowledge and common sense that exist today are based on the products
of yesterday’s science [Ackoff, 1999:295].

» The scientific method is not preferable in all cases. Even if the scientific method can
give a better solution than some common sense enquiry, there are situations where
the application of the scientific method is not justified. Examples are in the case of
an emergency, where a good answer in time is preferable to a better answer too late.
Looking at daily decisions being made is another example, such as what to wear and
where to eat, where the application of the scientific method is not justified when the
value of the outcome is compared with the associated cost [op cit].

» Control is necessary but not sufficient to distinguish the scientific grade. Science is
also concerned with self-perpetuation and self-improvement. Thus scientific
endeavours must continuously provide feedback on how to improve the conducting
of research itself. Thus many research reports include a discussion on how the
research ought to have been done in the light of the experience gained in conducting
the research, in order to test and evaluate research procedures to improve the
research process itself [Ackoff, 1999:295-296].

Having a common understanding of what science is, a definition can be provided for the
scientific method, or the approach to conducting scientific research. Leedy [1997:94-95]
defines the scientific method as “... a means whereby insight into the unknown is sought
by (a) identifying the problem that defines the goal of the quest, (b) gathering the data with
the hope of resolving the problem, (c) positing a hypothesis both as a logical means of
locating the data and as an aid to resolving the problem, and (d) empirically testing the
hypothesis by processing and interpreting the data to see whether the interpretation of

them will resolve the question that initiated the research”.
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In the light of the above discussions, empirical data does not necessarily mean quantitative
numerical data, but can be qualitative textual data. Furthermore, testing the hypothesis is
not limiting the researcher to the use of statistical analysis, but deductive logic can be
employed as a means of conceptualisation and mode of reasoning to arrive at a

conclusion.

3.3 Theresearch design

3.3.1 Design description

The type of research undertaken is a theory-building or model-building study. Such a study
is aimed at developing new models and theories to explain particular phenomena. This
type of research is aimed at answering questions of meaning and explanation, questions
of theoretical linkages and coherence between theoretical propositions, and questions
related to the explanatory and predictive potential of the theories and conceptual models
[Mouton, 2001:176]. Theories and models render causal accounts of the world for
understanding, that may also allow predictions to be made of the behaviour under certain
circumstances of what is being modelled. Theories and models thus allow for conceptual
coherence to a domain of science and simplify our understanding of the world. The danger
of new theories and models can be that they make implausible claims on reality, or they
may be vague, conceptually incoherent, inconsistent and confusing [Mouton, 2001:177],

something that will be guarded against during this research.

This thesis proposes a model that is fundamentally a model for understanding with primary
application in post-graduate education (management, business and engineering), but can
also be used for prediction on a conceptual level (see § 3.5.1 for a discussion on the
purpose of models). The predictive capacity of this model depends on the high level
relationships between actions (both technical and managerial) taken at various stages in
the life-cycle to influence the generic system measurements of ability, availability and
affordability. Predictions are possible as the relationships between the actions mentioned
and the outcomes on the system measurements can be explained by implication diagrams.
Further research (typical system dynamic simulations) will have to be done to investigate
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how sensitive the system outcomes are to the actions taken. Sensitivities may differ from

system to system.

3.3.2 Design classification

The research is of an empirical nature. Secondary textual data is the main data source for
the research. The experience of the researcher provides limited primary data. The degree
of control and the structure of the research design is medium to low as opposed to a
laboratory experiment where a high degree of control and structure of research design is
possible. In order for the model to be tested using quantitative empirical data would be
impossible, as the requirements for a valid comparison between organisations and/or
product systems prohibit such a comparison both from a timing and availability of valid data
point of view. As this research is concerned with systems spanning their entire life-cycles,
gualitative empirical data should be obtained for organisations and product systems from
conceptualisation until phase out/retirement. Also, market conditions, environmental
impacts and other influencing factors have to be the same for the systems under
comparison, and above all, one must find systems that employ the approach proposed by
this thesis to compare to systems that do not follow the approach proposed by this thesis.
Because of the above impracticalities, the next paragraph will introduce the specific
approach selected for the conceptualisation, mode of reasoning and validation employed
within this research.

3.3.3 Conceptualisation and mode of reasoning

Deductive reasoning is used for this research. The form of deductive reasoning used is
conceptual explication, which is where the meaning of a concept is clarified through the
deductive derivation of its constitutive meanings. Even though there is much criticism of
deductive reasoning because of its qualitative nature, it is still one of the most powerful
methods to construct conceptual models and build new theories, without which science
cannot make progress [Mouton, 2001:117]. This is in accordance with the statement in §
3.2, namely that the evolvement of science is continuous, implying the need for new

Chapter 3 - Research design and methodology 3-5



University of Pretoria etd

A generic approach to integrated logistic support for whole-life whole-systems

models and theories. This continuous evolvement of science requires the premises and
hypotheses to be kept tentative. According to Rubenstein and Firstenberg [1995:17],
hypotheses are not proven true in science, they are just subscribed to on a tentative basis
until proven wrong. Deductive reasoning would be fatal when hanging on to false premises
and assumptions in the face of evidence to the contrary. Thus the criticism should not be
against deductive reasoning, but against false logic or false premises employed. In the
absence of proof of false premises and logic, the hypothesis must be accepted, at least
tentatively until new evidence can be found which will then invalidate the hypothesis.
Quialitative inquiry (thus inductive reasoning) has been demonstrated to be a valid scientific
research conceptualisation e.g. Stephen Hawking on cosmology, Einstein on relativity, and
Bohr and Heisenberg on quantum physics [Professor Paul Kruger, personal

communication, 27 February 2002].

3.4 The research methodology

3.4.1 Methodology defined

A methodology* is an approach or method to bring something into being or to accomplish
something. A methodology first has to define what is to be accomplished and secondly how
itis to be accomplished. In order for the process to take place, an understanding must exist
of the function and structure of what is to be brought into being or accomplished. Thus,
bringing something into being is the equivalent of design, which is dealing iteratively with
function (goals and objectives), structure and process [Gharajedaghi, 1999:110]. According
to Gharajedaghi [op cit] function defines outcomes and effects, structure defines
components and their relationships, while process defines sequence of activity and the
know-how to produce the outcome. In this document function refers to the desired outcome
of the research, structure refers to the structure of the research and the structure of this
document, and process refers to the model building process employed to achieve the

desired outcome by linking the different components together into one structure. As the

lMethodology is sometimes defined as the study of methods. In this thesis however, methodology
will have the meaning of a method or approach to bring something into being.
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objective of this research has already been stated, only the structure and process will be

discussed further.

3.4.2 The structure of the research

The outcome of the research (what has to be accomplished) has been defined in Chapter
1. Defining the structure of the research is the next logical step in the methodology. The
research structure map and how the research relates to this document is shown in Figure
3.1, which indicates the logical flow and sequence of data and information required for
establishing the generic model for integrated logistic support for whole-life whole-systems.
The sequence of chapters within this document has significance as it is the same

sequence in which the research was conducted.

The shaded blocks in Figure 3.1 are indicating background information and other
requirements set for documenting research and is not part of the model or the deductive
reasoning required to arrive at the model. The square block at the top of Figure 3.1 defines
the final outcome of the research.

The first chapter provides the introduction, background, problem statement and hypothesis
of the research. The literature study on logistics is conducted to confirm the problem
statement and hypothesis and is documented in Chapter 2. In the first two chapters the
need for a systems approach to be followed is demonstrated, thus providing justification

for the research design and methodology, which is documented in Chapter 3.

In order for the model to be developed, a basic understanding of systems and system
concepts is required. Included in the system concept is the whole-life or life-cycle concept.
Of major concern are the generic system measurements of ability, availability and
affordability. The system and life-cycle concepts are discussed in Chapter 4. Following the
knowledge gained on the systems concept, an understanding of how systems come into
being is the next prerequisite for the model. In Chapter 5 the systems engineering process

is discussed, which is the generic design process applicable to systems.
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