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Abstract

One of the most important decisions which should be made at the early stage
of the design process is to select one design alternative. Not only should the decision
be made by tradeoffs between different conflicting criteria of the single stakeholder
but also to aggregate different outcomes obtained by multiple stakeholders. This
thesis represents a decision support tool for selecting design alternatives, in which a
single choice has to be made between a number of alternatives in the presence of
single or multiple stakeholders, multiple conflicting criteria, and resource limitation,
based on two routes: using Analytic Hierarchy Process (AHP) alone and the
combination of AHP with Zero-One Goal Programming (ZOGP). Using AHP-ZOGP
allows the concept-concept and concept-specification approaches to be considered

simultaneously 1n order to improve the process of concept design selections.

Different outcomes obtained by using AHP alone, can be aggregated by two
heuristic methods based on distance function, to generate an index for final single
selection. The first method uses the final weights obtained by AHP, while the second

method uses 1ts detailed weights.

AHP weights are then used to construct the ZOGP’s objective function and
constraints’ parameters of intangible criteria for each i1ndividual stakeholder.
Another ZOGP model can be constructed to aggregate the different outcomes,
obtained by individual ZOGP’s models, based on combining their objective
functions. The advantages of using aggregated ZOGP models in comparison with
heuristic methods are, not only ZOGP aggregated model i1s able to minimise the
undesirable distances between sub-criteria and Product Design Specification (PDS),

but also 1t can take into account the resource limitations explicitly.

The case studies, which involved vehicle manufacturing technology selection,
choosing a peristaltic pump, selection of a swivel joint design, and the justification
of advanced manufacturing systems, possessed the characternistics of the type of
problems this tool 1s intended to support. The case studies showed how it is possible
to consider many criteria from different stakeholders to yield a single outcome that

covers the requirements of those stakeholders.
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CHAPTER 1
INTRODUCTION

1.1. Overview

The success of manufacturing companies depends on their ability to identify
the needs of customers and to quickly create products that meet these needs and can
be produced at low cost (Slack et al., 2004). Achieving these goals is not solely a
marketing problem, nor 1s 1t solely a design problem or manufacturing problem; it 1s
a concept development problem involving all of these functions (Ulrich and
Eppinger, 2000). Concept development process is the set of activities beginning with
the perception of a market opportunity and ending in the production and sale of a
product (Pugh, 1991). The concept development entire process includes the activities
shown 1n figure 1. It should be noted that rarely does the entire process proceed 1n
purely sequential fashion, as 1s shown in figure 1, completing each activity before
beginning the next. In practice, these activities may be overlapped 1in time and
1iteration 1s often necessary. The dashed arrows 1n figure 1 reflect the uncertain
nature of progress in product development. At almost any stage, new information
may become available, so it 1s necessary to step back to repeat an earlier activity
before proceeding. In other words, the iteration 1s an inevitable part of concept

design process. The stages of this process are explained briefly.

Identifying customer needs: The goal of this activity 1s to understand customers’
needs and to effectively communicate them to the development team. The output of
this step is a set of carefully constructed customer need statements, organised 1n a

hierarchical list, with importance weightings for each need.

Establishing target specifications: Specifications provide a precise description of
what product has to do. They are the translation of the customer needs into technical
terms. Targets for the specifications are set early in the process and represent the
hopes of the development team. Later these specifications are refined to be
consistent with the constraints imposed by the team’s choice ot a product concept.
The output of this stage is a list of target specifications. Each specification consists

of a metric, marginal and ideal value for the metric.

Concept generation: The ideas for new product can come from sources outside the
organisation, such as customers or competitors, and from sources within the
organisation, such as sales staff or from the research and development department.

Ideas are not the same as concepts. In fact. 1deas need to be transformed into



concepts so that they can be evaluated and then operationalised by the organisation.
Concepts are different from ideas in that thev are clear statements that both
encapsulate the idea and indicate the overall form. function. purpose and benefits of
the 1dea. The concept should be simple to communicate so that everyone in the
organisation can understand it, make it and sell it. Usually marketing department is
responsible for keeping an eye and ear on the marketplace in order to identify new

opportunities and possible concepts that might be appropriate.

Mission statement

A

I[dentifying customer needs  f------ f

A

Establishing target specification |------ :

Concept generation  p------ .
Concept screening ~ L------ .
Concept selectton ~ }------ .

Concept testing ~ }------ .

A

Setting final specification  }------ I
A

Manufacturing Loeoeoo 1

Selllng ...... |

Figure 1 Activities of concept development process

Concept screening: .\ large set of concepts should be initially screened down to a
smaller set because some are clearlv not feasible for obvious reasons. such as

infeasibility for manutacturing or the cost of producing (Lovatt and Sherclift, 1998).



In other words, not all concepts which are generated will necessarily be capable of
further development into products. The purpose of the concept screening stage 1s to
take the flow of concepts emerging from organisation and evaluate them for their
feasibility, acceptability, and risk. Concepts may have to pass through many different

screens, and several functions might be involved.

Concept selection: Concept selection 1s defined as the process of evaluation and
selection from a range of competing alternatives with respect to customer needs and
other criteria, comparing their relative strengths and weaknesses, and selecting one
or more concepts for further investigation, testing, or development (Green, 2000).
Concept selection 1s 1n fact the process of narrowing the set of concept design
alternatives under consideration. It should be noted that concept selection 1s a
convergent process; 1t 1s frequently iterative and may not produce a dominant
concept design immediately (Liu et al., 2003). Using decision making techniques

which compare the remaining alternatives, a dominant concept can then be chosen.

Concept testing: One or more concepts are tested to verify that the customer needs
have been met, assess the market potential of the product, and i1dentify any
shortcomings which must be remedied during further development. If the customer
response 1s poor, the development project may be terminated or some earlier

activities may be repeated as necessary.

Setting final specifications: The target specifications set earlier in the process are
revisited after a concept has been selected and tested. At this point, the development
team must commit to specific values of the metrics reflecting the constraints inherent
in the product concept, limitations identified through technical modelling, and

tradeoffs between cost and performance.

Manufacturing: Having generated an acceptable product concept with revised
target specifications, the next stage is to manufacture the product in a reasonable
quantity depends on the nature of the product. Manufacturing comprises of courses
and/or programs related to planning, managing and performing the processing of
materials into intermediate or final products and related professional and technical
support activities such as production planning and control, maintenance and
manufacturing/process engineering. In summary, it is the way that products are made
in the real world by transformation of .raw materials into finished goods for sale

with the use of industrial machines.

Selling: The ultimate aim of concept development process 1s to sell the products.

The selling stage completes the total design activity development.

The problem of choosing the most appropriate concept design alternative after

screening phase 1s a cntical step because all subsequent detailed design and process



design 1s based on this decision. Success of the complete design process depends on
selecting the right alternative (Green, 2000). Changes made early in the design
process are less costly than those made in detail design and later stages (Childs.
2004). Failing to choose the most appropriate concept design alternative may lead to
rework, redesign and waste of resources. Although there are a number of techniques
that can be employed at this stage to evaluate and improve the concept design
selection but they fail to consider all of the stakeholders involving in the process of
decision making. The most recent approach is Quality Function Deployment (QFD)
which tries to capture what the customer needs and how 1t might be achieved Hauser
and Clausing, 1988). Its major aim 1s to convert or translate the customers’
requirements into corresponding engineering characteristics (Thompson and Fallah,
1989). The problem with QFD 1s that: 1) designers interpret customer requirements
and make tradeoffs that subsequently cannot be traced by other members of the
concept development team because information about the customer, as provided by
the marketing team, lacks sufficient detail for the entire design process (Bailett1 and
Litva, 1995); 2) there 1s a disconnection between the customer requirements gathered
through marketing process, and decisions that relate to design (Beiter and Ishii,
1999). In other words, QFD can effectively support the improvement of existing
products rather the development of new ones (Dawson and Askin, 1999; Schmidt,
1997); 3) the concern of QFD 1s given to customers, neglecting other stakeholders
which may affect the selection problem; and 4) QFD does not consider other
viewpoints that may exist in the process such as limitations of the manufacturing

company, and it needs a large amount of subjective data.

1.2. Problem statement

In general, manufacturing companies always deal with selection problems.
Choosing materials for making products, selecting the most appropnate
manufacturing process, choosing new products to launch and choosing between
different design alternatives are some examples of this situation. In these situations,
companies need to choose at least one single alternative which best fits to their
strategic objectives of the company. Some of these decisions may be strategic
decisions because they can affect the company in long period. Theretore, 1t 1s
necessary to use rational decision making techniques to evaluate the most

appropriate alternative which can satisfy the stakeholders’ criteria.

Evaluating and selecting the most appropriate concept design alternative 1s an
important task that manufacturing companies should caretully take 1nto
consideration (Chen and Lin, 2002; Green, 2000). In the process of designing the

concept alternatives, designers should pay attention to the conflicting critena that



exist between different stakeholders inside an organisation and customers involved
In the process outside of the organisation (Takai and Ishii, 2001). It is a complex task
because of the conflicting tangible and intangible criteria, sub-criteria, different
stakeholders, and real constraints. Tangible criteria are those that can be objectively
measured and so, they can be compared with each other with a physical scale (such as cost)
and intangible criteria are those that cannot (such as flexibility). Different stakeholders
may favour different alternatives, but what 1s important for the company. 1s to select
that alternative which can satisfy the diverse stakeholders’ viewpoints as much as

possible.

The design alternative which 1s best from the point of view of, for example, the
manufacturing department, may not be the best from another department, for
instance, marketing, because each individual department has its own perception,
viewpoint and criteria. In addition, there are always customers outside the
organisation who may prefer other alternatives to those selected alternatives by the
departments. In this situation, decision maker(s)! 1s unable to decide between a
number of alternatives not only because of the presence of different stakeholders but
also because there are often multiple conflicting criteria within each stakeholder.
Usually the decisions are made with multiple individuals inside each department. So
In this situation, using group decision making methods will be necessary. In general,
this sort of problem should be investigated at the Multiple Criteria Decision Making
(MCDM) environment from perspectives of Multiple Stakeholders Decision Making
(MSDM). In general term, MCDM-MSDM refers to the solving of decision
problems involving multiple (generally conflicting) criteria and multiple
stakeholders. Solving means that a reasonable alternative should be chosen from a
set of available ones in the presence of multiple criteria and multiple stakeholders.

Therefore, in the process of solving MCDM-MSDM problems, the interventions of

stakeholders are necessary.

Selection of the most appropriate concept design alternative that can best
satisfy the diverse conflicting criteria is a MCDM problem (Khatami Firouzabadi
and Henson, 2004). However, in the presence of multiple stakeholders, the problem
is converted to a MCDM-MSDM problem. Among several created concepts, the
company should decide which of them goes through the detailed design in order to
finally make the product. Each individual stakeholder can choose the best alternative
from his viewpoint with tradeoffs between conflicting cniteria. The problem will be

more complicated if the stakeholders’ viewpoints conflict with each other.

! Decision maker is the person who has legitimate and adequate power to implement the decision. He
may be a main stakeholder.



The available methods for concept design selection problems are categorised
within two general approaches as concept-specification and concept-concept (Green,
2000). Concept-specification comparison involves direct comparison between the
concept alternative and the Product Design Specification (PDS), while concept-
concept approach involves direct comparison between two competing concepts.
Although both approaches to design evaluation are well known to designers and
form the basis for many methods of evaluation, individual application of these two
approaches are insufficient because they cannot consider the PDS and comparing the
alternatives with each other simultaneously. In one hand, comparing the alternatives
with each other 1s important because insignificant differences between alternatives
can be detected (Malhotra and Birks, 1999). On the other hand, PDS should be
considered because 1t reflects how much an alternative has fulfilled its requirements.
To overcome this problem, this thesis suggests combining these two approaches by
using Analytical Hierarchy Process (AHP) and Zero-One Goal Programming
(ZOGP) simultaneously; AHP from concept-concept approach and ZOGP from

concept-specification approach.

Finding the most appropriate alternative which can satisfy all stakeholders’
points of view may be impossible because of the different contlicting interests they
may have. It 1s no longer possible to 1gnore the fact that each real decision 1s the
result of a compromise, if 1t 1s possible, between multiple stakeholders which all
have their advantages and disadvantages, depending on their point of views.
Therefore, to choose an alternative, 1t 1s necessary to aggregate the outcomes
(ranking) obtained by the methods such as weighted objectives method (Cross,
2000) and controlled convergence method (Pugh, 1991). In other words, what 1s
important is to choose the most appropriate concept design that can best satisty all
stakeholders involved in the decision as much as possible. In fact, in the MCDM-
MSDM context, a crucial matter lies in addressing the problem of how to aggregate
the numerical preferences (weights) of individual stakeholders which may have
different criteria and hierarchies, in order to make a single decision. Normally,
preferences (weights) of alternatives are elicited through a process such as AHP
from each stakeholder’s viewpoints. It 1s necessary then to aggregate the obtained

outcomes to reach a single decision.

Although there are several methods for aggregating the numerical preferences
within a hierarchy with multiple stakeholders which have common decomposition of
elements, such as direct interaction with the members of the group to reach a
consensus outcome, voting, taking the arithmetic mean, taking the geometric mean.
or using goal programming (Linares and Romero, 2002; Pachon and Romero, 1999),

but the problem 1s how to aggregate the numerical preterences between the



nierarchies created by multiple stakeholders with different criteria and different
hierarchies.

Distance functions are used to aggregate the different outcomes obtained by
different stakeholders by generating an index for each alternative. The index
measures the distance between an alternative’s point and ideal line and between an
alternative’s point and origin of coordinate system. The questions of how to

determine the alternatives’ points and how to generate the index will be explained in

chapter 4 in detail.

Figure 2 represents the different sense of ‘“aggregation within”™ and
“aggregation between” the stakeholders. It is assumed that there are two stakeholders

and each stakeholder has a hierarchy for himself, some special criteria and some
common criteria. In this figure w/ represent the weight of criterion i within the

stakeholder’s hierarchy j. w%? represent the common criterion that may exist in both

stakeholders’ hierarchies. Vector w; represents the final weight of the alternatives for
stakeholder j within a hierarchy; “aggregation within™ a hierarchy. Vector W is the
aggregated weight of the alternatives for both stakeholders’ hierarchies that it should
be i1dentified with aggregation method between both stakeholders; “aggregation
between” the hierarchies. Available methods represent the vectors w;, and w>, not 1}

which 1s the vector of aggregated weight between the hierarchies.

Stakeholder 1

@ @ Stakeholder 2

a0l

Cr D

Figure 2 Difference between the aggregation within and between the hierarchies

In summary. the first problem is how to evaluate the reduced competing set of
concept design alternatives after screening phase of concept development process.

considering not only their PDS’s but also comparing them with each other



simultaneously from the point of view of each individual stakeholder. The second
problem is how to aggregate the different outcomes (obtained within a hierarchy)

between multiple stakeholders.

1.3. Definition of concepts

There are four components that must be explained in more detail. They are:

1- What 1s decision making, group decision making, and what 1s a rational

decision?
2- What 1s a strategic decision and what are its characteristics?

3- What are stakeholders?

4- What 1s MCDM- MSDM and what are its characteristics?
1.3.1. Decision making and rational decision making

1.3.1.1. Decision making

Decision making refers to the mental activities that take place in choosing
among alternatives (Galotti, 2002). Decision makers often have many goals and
many conflicting critenna 1n choosing the most appropriate alternative. Decision
makers may have to prioritise the goals and criteria in order to select one alternative.
In this situation, decision makers should decide which criteria have most effect 1n
the decision. Different people will attach different prionities to different critena at

different times and that 1s why there 1s never an absolute correct choice.

1.3.1.2. Group decision making

Group decision making is the process of arriving at a judgment based upon the
feedback of multiple individuals involved 1n the decision. Such decision making 1s a
key component to the functioning of an organization, because organizational
performance involves more than just individual action. Due to the importance of the

group decision making process, decision making models can be used to establish a

systematic means of developing effective group decision making.

1.3.1.3. Rational decision making

Rational decision making refers to selecting ways of thinking and acting to
serve one’s goals as well as the environment permits (von Winterfeldt and Edwards,
1986). If a decision maker wants to choose an alternative rationally from a set of
available ones, he needs to make sure that he takes into consideration all the relevant

goals. objectives and criteria, not just the ones he thinks about at first glance.



Rational decision making also requires that the decision maker gather information
about the decision as carefully as possible under the circumstances. Rational
decision making requires in particular that the decision maker look not only at

evidence that supports his initial conclusions but also at evidence that does not
(Galotti, 2002).

1.3.2. Strategic decisions and its characteristics

1.3.2.1. Strategic decisions

Strategic decisions are decisions whose implementation has a long term effect
on an organisation (Ordoobadi and Mulvaney, 2001). Strategic benefits are often
intangible (such as improving flexibility and improving the standards) and cannot be
realised 1in a short term period, especially in the early stage of implementing the
decision (MacDougall and Pike, 2003). In addition, strategic decisions require the
intervention of multiple stakeholders within an organisation and customers outside
the orgamsation because of their different viewpoints (Nagalingam and Lin, 1998).
For example, decision making for transferring and choosing a vehicle manufacturing
technology which should be imported by a government 1s a strategic decision. On the
one hand, the benefits associated with implementing the decision 1s intangible and
cannot be obtained in short terms, and on the other hand, the government cannot
make a decision without considering the vehicle companies managers’ viewpoints,
customers’ viewpoints, and the viewpoints of the staff that will be working with that
technology, each having their own criteria for evaluating the alternatives. In this
case, each stakeholder will select an alternative which best f{its his objectives. It 1s
obvious that, for example, if a manager selects a technology that cannot satisty the

customers’ needs, then that decision has been worthless.

Choosing a concept design alternative is another example. A company should
pay attention not only to its manufacturing process from the point of view of relevant

criteria such as ease of production, ease of assembly and so on, but i1t must also take

into account the criteria of potential customers.

1.3.2.2. Strategic decisions characteristics
The characteristics of strategic decisions are as follow:
e Thev have a long term effects on the success of the company.

e They are non-repetitive.
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e Conflicting views may exist between different stakeholders. For example,
customers might like to purchase a particular product, but managers might

find 1ts manufacture difficult.

e Even within an individual stakeholder or stakeholder group. criteria may
conflict. For example, customers want quality but also want something

Inexpensive.

e There are a large number of intangible and tangible criteria (Ordoobadi and
Mulvaney 2001).

e Retaining the status quo may not be considered as an alternative because in
the 1ncreasingly competitive world, companies in international markets
must continuously improve their products and productivity to survive.

Choosing to do nothing may market share to decrease (Noble, 1990).

1.3.3. Stakeholder’s definition

The definition of a stakeholder comes in various forms, some narrow, others
deliberately maintaining the broadest possible scope. The classical broad definition
1s Freeman’s. A stakeholder 1n an organisation 1s any group or individual who can
affect or 1s affected by the achievement of the organisation’s objectives (Freeman,
1984). However, a narrow definition of stakeholder refers to those groups that have
interests 1n the survival of an organisation (Alkhafaj1, 1989). The second definition
1s accepted because this thesis deals with the stakeholders who affect an organisation

with legitimate claims, regardless of their power to influence the organisation.

1.3.4. MCDM-MSDM and its characteristics

To define MCDM-MSDM, it is necessary to define each part of 1t separately
and then present the concept of MCDM-MSDM.

1.3.4.1. MCDM definition

MCDM is defined as the study of methods and procedures by which concemns
about multiple conflicting criteria can be formally incorporated into the decision
making process (Zeleny, 1982). In both everyday life and 1n organisations, difficult
choices are made by decision maker(s) in MCDM environment. To make a decision,

decision maker(s) should make tradeoffs between the contlicting criteria in order to

select the most appropriate alternative.

1.3.4.2. MSDM definition

MSDM can be defined as the methods and procedures that can be used to

incorporate different stakeholders’ viewpoints in the decision making process.
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Therefore, aggregation of viewpoints is an inevitable part of MSDM. In
organisations, it will become harder and harder to disregard the complexity of points
of view, motivations and objectives. The wishes of all those involved in all their
diversity must be taken into account (Steuer and Na, 2003). In other words, to make
a decision, views of different stakeholders should be considered. These stakeholders
may have different views of a problem based on their perception of the problem,
criteria and so forth. If the problem is to rank the alternative options, they may rank
them differently because each individual stakeholder can create his own hierarchy,

criteria, and weighs these criteria based on his own beliefs.

1.3.4.3. MCDM-MSDM definition

MCDM-MSDM 1s defined as the methods and procedures for solving the

decision making problems involving multiple conflicting criteria and multiple
stakeholders i1nherent 1n the decision for assessing and choosing an alternative

among a set of available ones.
In MCDM-MSDM, a stakeholder can be:

1- A single person or an individual entity, whose interests should be
considered in the decision making process. This person or entity evaluates
the decision alternatives based on his perception and the defined critena
1dentified by himself. For example, to choose a concept design, the decision

maker should pay attention to manufacturing department’s interests.

2- A group of persons or a group of entities whose interests should be taken
into consideration. They assess the decision alternatives based on the
group’s perception to construct the problem and to determine the cntena by
voting, consensus or compromise, whichever 1s possible. For example, to
select a concept design alternative, the decision maker should pay attention

to the manufacturing departments’ viewpoints as well as marketing

department’s views.

1.3.4.4. MCDM-MSDM characteristics
The characteristics of MCDM-MSDM are summarised as:

1- The stakeholders are faced with selection at least one alternative among

several ones.

2- The stakeholders have several criteria or sub-criteria, including tangible
and intangible, often contradictory, for evaluating the alternatives. These

criteria or sub-criteria are at least partiallv contradictory in that, if one
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stakeholder adopts one of the cntena, he will not choose the same

alternative as he would from the standpoint of another criterion.
3- Different stakeholders can choose difterent alternatives.

4- In the context of MCDM and MSDM, choosing the optimum alternatives
which can fulfil all of the critena from point of view of all stakeholders
involved in the decision making process i1s impossible because of presence
of different interests between stakeholders and existence of conflicting
cniteria. So, the notion of “optimisation” does not really have a sense in
MCDM-MSDM. Instead, a satisficing outcome which 1s not necessanly
completely optimal 1s considered (Dym et al. 2002).

5- The outcomes of individual stakeholder should be aggregated in order to

attain a single decision.

1.4. Research questions

There are several questions which should be answered 1n order to evaluate the
concept design alternatives. The most important questions for this research are as

follows:
1- How can intangible criteria be quantified?
2- How can both tangible and intangible criteria be taken into account?

3- How can alternatives be weighted (ranked) by each individual stakeholder?

4- How can the preferences of multiple stakeholders be aggregated?

5- How can the most appropriate alternative be selected according to each
stakeholder’s viewpoint considering intangible constraints, limitations on

non-obligatory resources and their target values for each individual
stakeholder?

6- How can the outcomes obtained by different stakeholders’ viewpoints be

ageregated in the presence of constraints?

The first question refers to any decision making problem. In most decision,
there are a significant number of intangible critena which should be measured
quantifiably because it is generally recognised that a good principle is to quantify
whenever possible (Edwards, 2002), 1n order to facilitate the process of cvaluation
and selection. The second question concerns the consideration of both tangible and
intangible criteria simultaneously in order to make tradeofts between them. The
method of weighting (ranking) the alternatives from each stakeholder viewpoint is

the concern of the third question because the value assigned to the criteria may be
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different for each individual stakeholder. The method should be able to take into
account intangible criteria alongside tangible criterna. To make a decision in a
multiple stakeholders’ environment, it is necessary to aggregate the individual
outcomes obtained by individual stakeholders if the outcomes are not the same.
Therefore, finding approaches to aggregate the weights of altermatives are a crucial

matter which 1s the concern of the fourth question.

In the real world, limitations or constraints will also affect the decision. If the
limitations are obligatory, the screening process can quickly remove alternatives that
violate them. In the most cases, the limitations are non-obligatory, that means the
decision maker prefers not to exceed or make less than these limitations. For
example assume a decision maker has a limit on his budget to make a product. In
this case, he prefers to choose a manufacturing process that its cost does not exceed
from the available budget, because although achieving more funds is possible, it is
not an easy process. In addition, how to define intangible constraints and determine
their target values are the concemns of fifth question. However, the target value for
tangible constraints can be the available resource for those constraints. Finally, the
sixth question i1s related to find approaches for aggregating the weights obtained by
individual stakeholders in the presence of tangible and intangible constraints which

may exist for stakeholders.

1.5. Problem importance

The problem of choosing the most appropriate concept design alternative after
screening phase 1s very important because 1t represents the beginning steps of a
product. Success of the complete design process depends on selecting the right
alternative (Green, 2000). Changes made early in the design process are less costly
than those made in detail design and later stages (Childs, 2004). Failing to choose
the most appropriate concept design alternative may lead to rework, redesign and

waste of resources.

In the presence of multiple stakeholders, each individual stakeholder may
choose a different set of alternatives when they are performing the screening phase.
depending on their perception, criteria, limitations and so forth. In addition. each
individual stakeholder may choose a different final concept design after evaluating
the remaining alternatives. So it is important to choose a single concept design
alternative which can best correspond to the stakeholders involved in the decision

making process.
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1.6. Domain of research

Concept design selection is often performed 1n two stages as a wav to manage
the complexity of evaluating of product concepts (Liu et al. 2003). The first phase is
the screening phase. Screening is a quick and its aim 1s to remove infeasible
alternatives from viewpoint of stakeholders. The second phase, concept selection, 1s
a more careful evaluation of the remaining concept designs in order to choose the

concept design most likely to lead to product success.

The domain of research 1s limited to the second phase: concept selection box 1n
the figure 1. In fact, the research focus is to develop an approach for the selection of
most appropriate concept design alternative after completing the screening phase

considering multiple stakeholders’ viewpoints.

1.7. Aims and objectives

The aim of this research 1s to develop a decision making method for concept
design selection which can take into account multiple stakeholders’ viewpoints with
consideration of tangible and intangible constraints. The approach also should be

able to aggregate the outcomes obtained by different stakeholders.
The objectives of the research are to:

1- Make comparisons between the available methods; discuss the strength and

weaknesses of them and 1dentify their drawbacks.

2- Develop a method or combination of methods which can remove the

drawbacks of available methods.

3- Develop a method or methods for aggregating the outcomes obtained by
different stakeholders.

4- Verify the implementation of the approach using case studies, analysing the

obtained results and comparing them with other available methods.

1.8. Thesis structure

Chapter two of this thesis is assigned to the hterature review of MCDM-
MSDM methods, especially those for evaluating concept design alternatives. In the
concept design selection literature, the desired characteristics for concept design
selection problems will be described. The chapter will also discuss previous research
rclate them to this thesis. Chapter three discusses the AHP and ZOGP. their

characteristics, and the reasons for using their combination. Chapter four explains
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the approach in detail and discusses its pros and cons. In addition, an illustrative case
study 1s used to clarify the steps of the approach 1n this chapter. Case studies and
their results will be discussed in chapter five. Chapter six discusses some issues
related to the approach such as Arrow’s impossibility theorem?®, game theon?,
approach evaluation, and so forth. Finally chapter seven discusses the conclusion of

the research and related future researches.

1.9. Concluding remarks

In product design, concept selection 1s a critical step because all subsequent
detailed design and process design is based on this decision. The selection problem
1s a MCDM-MSDM problem because of multiple conflicting criteria and multiple
stakeholders 1nherent 1n the decision. The presence of multiple stakeholders,
multiple criteria, and real constraints demands new methods that can aggregate the

weights of individual stakeholders.

This thesis describes an approach for modelling and aggregating stakeholders’
viewpoints for selecting design alternatives, using: 1) AHP as a stand-alone
methodology for comparing the design alternatives with each other, and 2) the
combination of AHP and ZOGP to take into account both concept-concept and
concept-specification approaches (which compares each alternative with its PDS)
simultaneously, in order to include the PDS’s information for making decision.
Using PDS’s information can be used as the target value of each single criterion
which stakeholders intended to attain. AHP alongside with ZOGP has been proposed
not only to resolve conflicting criteria and conflicting stakeholders but also for
considering real non-obligatory constraints that can affect the outcome from each
stakeholder’s viewpoint. Although real tangible constraints can be included in the

ZOGP models, there are no suggestions to include intangible constraints for making

the decision.

The proposed approach also offers two heunstic methods for aggregating the

outcomes of different stakeholders based on a distance function when the AHP is

2 Arrow's theorem states that there can be no consistent, equitable aggregation method for social
choice.

3} Game theory deals with decision situations in which two or more intelligent opponents have
conflicting objectives.
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used as a stand-alone approach. While the first method uses the final weights? of
alternatives, the second method applies its detailed weights. In addition, it also offers
using ZOGP models to aggregate the outcomes by two different aspects using: 1)
linear additive of individual objective functions, and 2) minimum of maximum
(MINIMAX) summation of individual objective functions of ZOGP models.

The novelty of the proposed approach is that it can simultaneously account for:
minimisation of additive undesirable intangible and tangible criteria; resource
limitations and goal constraints; taking into account the difference between the target
goal of a criterion and relative importance of selected alternative related to that
criterion, and it can suggest a single, aggregated, go or no-go decision when the
combination of AHP and ZOGP is used. Moreover, aggregation of outcomes based
on distance functions using the final and detailed weights of AHP when AHP is used

as a stand-alone methodology is another novelty.

To test the proposed approach, four case studies have been applied in order to
1llustrate that the approach is able to handle the decisions which it is intended to
support. Vehicle manufacturing technology selection 1s used to demonstrate the
approach in chapter 4 when the approach 1s explained, while other case studies will

be discussed at chapter 5.

The results of applying the case studies demonstrate that the proposed
approach 1s able to handle selecting design alternatives in the presence of multiple
criteria and multiple stakeholders with tangible and intangible constraints. The AHP-
Z0OGP approach provides more information for decision makers, facilitating the
process of decision making, especially when a careful sensitivity analysis is applied
to the problem. The information which can be obtained for both individual ZOGP
models and aggregated models, includes: 1) the underachievement or
overachievement of the criteria compared to their target values, 2) the range of target
values of each criterion which preserve the obtained outcome, and 3) the acceptable
range of relative importance of each criterion which preserve the obtained outcome.
In addition, the range of relative importance of each individual stakeholder that can

preserve the outcome of the aggregated ZOGP model 1s also can be obtained.

+ Final weights are the weights of alternatives after completing all the steps of AHP.
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CHAPTER 2

LITERATURE REVIEW OF DESIGN EVALUATION
METHODS

2.1. Overview

In the process of designing many decisions should be made in the multiple
criteria multiple stakeholders environment. After screening phase which reduces the
number of concept designs alternatives, an important decision 1s to evaluate the
remaining alternatives in order to choose the most promising one. For this reason,
the evaluation of design concepts has always been an interest of researchers in the

field of the design process because design decision making is a complex problem
(Edwards, 2002).

This chapter focuses firstly on how concept design 1s chosen 1n reality.
Secondly, the existing methods for concept design evaluation will be briefly
explaimned. After that, the existing methods for dealing with multiple critenna and
available methods to evaluate the weights of criteria and synthesising procedures
will be discussed. Then the available mathematical programming methods will be
explained. Finally in the conclusion, a summary will emerge to clarify why 1t 1s

necessary to develop other methodologies for choosing the concept designs.

2.2. Making concept design decisions in reality

Concept design decisions are made in companies 1n different ways. These
decisions are usually made based on the group’s perception within any individual

stakeholder. The methods vary in their effectiveness and include the following
(Ulrnich and Eppinger, 2000):

- External decision: concepts are submitted to the customers, clients, or some
other external entities for selection. External people do not have sufficient

information about the next stages of manufacturing process, so the decision made

by them may not be the most appropriate one.

- Product champion: an influential member of the product development team
chooses a concept based on his personal preference. Because this person neglects

other stakeholders’ viewpoints, the decision may not be a good one.
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- Intuition: the concept is chosen by its feel. Explicit critena or tradeoffs are not
used. The concept just seems better. This approach 1s not rational because the

concept 1s not measured by its critena.

- Voting: each member of the team makes his choice intuitively and the final
concept then 1s chosen by voting. The concept with the most votes is selected.
The problem of this method is that it is not rational because each member of team

considers the final concept neglecting the importance of each part of it.

- Pros and cons: the team lists the strengths and weaknesses of each concept and
make a choice based on group opinion. This method neglects the relative

importance of these strengths and weaknesses.

- Prototype and test: the organisation builds and tests prototypes of each concept,

making a selection based on test data. The cost of applying this method 1is

significant.

- Decision matrices: the team rates each concept against pre-specified selection
criteria, which may be weighted. The method of rating and aggregating difterent

viewpoints 1S questionable.

2.3. Theoretical methods for concept design evaluation

Methods of concept design are developed based on decomposition assumption.
This means that designs are usually evaluated against a set of apparently separate,
although inevitably interrelated, design criteria or sub-criteria and then synthesised,
via the evaluation model, to achieve a total evaluation ot the proposed design
(Cziulik and Driscoll, 1997; Goker, 1997). The most obvious source of data that can
be used for evaluation is the experience base of human judgements (Green, 2000)
because of the presence of many intangible criteria involved 1in such decisions.
Concept-specification and concept-concept comparisons are two general
methodologies which designers use them in practice (Green, 2000). The available

methods are attempted to be placed into one of these methodologies.

2.3.1. Concept-specification comparison

Concept-specification comparison involves direct comparison between the
concept alternative and the PDS. This approach reveals the degree to which a
concept is likely to meet the demands of the PDS (Green, 2000). The result of
applying this approach is a weight for each potential alternative which measures the
degrce of meeting the PDS. This approach is usually used when designers have a

special attention to PDS’s. The methods of this approach are explained in the

following section.
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2.3.1.1. Weighted objective method

Weighted objective method 1s a form of value analysis based on the syvstems
approach and the combined technical-economic evaluation. This method has been
claiamed the most useful for assessing concept designs (Pahl and Beitz, 1984). The
philosophy of the weighted objective method 1s decomposition of the overall
objective into sub-objectives in terms of a tree diagram. Some features of a
specification are usually more important than others, so to identify the importance of
each element 1n the tree diagram, weights are allocated to each element (Cross,
2000). Assigning weights gives a greater discrimination for selection of the most
appropriate concept. Weightings, based on a 1-5 scale or other scales, which are then
normalised, are applied on a top-down basis usually starting from 1 which 1s
allocated to the first level of the tree diagram. The PDS i1s used as a guide for
assigning the weights.

In this method, a weight (w;) 1s allocated to criterton i (i € n) to indicate 1ts

relative importance 1n comparison with the other criterita. Then a numerical value
(vij) 1s assigned to design alternative j associated to each criterion i/ in order to show
how much alternative j can satisfy the criterion i. The utility of criterion i can be
obtained by multiplying the weight of the criterion and i1ts numerical value which
can be as a different scale. The overall utility of the design alternative j 1s
determined by a linear summation of individual parameter values and their related

welghts.

£
Uj — E Wy ij

1=/
The most appropriate concept design 1s that which has a greatest overall utility.
The problems associated with this method are:

1- The method of weightings to the cnteria (w;) and assigning the values for
determining how much an alternative can satisfy a criterion (v;;) 1s based on
assigning the numbers directly within a determined scale. Only an
individual person who has long familiarity with physical objects that have
measurement on some existing scale can accurately assign numbers directly
from that scale (Saaty, 1997). In other words, the method of assigning

numbers to represent the weights of criteria, especially intangible ones, 1s

unreliable.

2- This method uses a tree diagram to show the importance of each criterton or
sub-criterion. Although different stakeholders can construct different tree
diagrams to use them to choose different alternatives, there 1s no guarantee

that different stakeholders generate the same decision.



20

3- The target value’ of a criterion, upper limit, and lower limit of criterion 1s

not considered.

4- Concept designs and criteria are not compared with each other. Theyv are
evaluated individually based on the overall utility and assigned numbers,

respectively.

5- The method is not able to take into account the effect of real non-obligatory

constraints such as budgetary limitation.

6- Although this method can consider multiple stakeholders within the
stakeholders via agreement on a tree diagram or agreement on assigned
numbers, 1t does not support aggregation between multiple stakeholders
because of lack of any device to aggregate different outcomes obtained by
different stakeholders.

2.3.1.2. Design compatibility analysis

Design compatibility analysis, which 1s almost completely 1dentical to
welghted objective method, focuses on the compatibility between the PDS and the
proposed design based on consistency knowledge of experts (Green, 2000). This
method uses fuzzy numbers to quantify the compatibility evaluation of the design
with the requirements within the PDS (Green, 2000). The problems associated with

this method are almost completely 1dentical to weighted objective method.

2.3.1.3. Design margin method

This method uses a number of statistical methods and approaches taken from
the probability, reliability and quality domains. This method assumes that designers
use decomposition of a design to undertake evaluation at design characteristic level,
and thus achieve comparison between concept criteria and specification. The method
uses the mean and standard deviation from the probability distribution to obtain a
measure of the overlap between the target values and the design characteristics
(Green, 1997). The greater the overlap, the greater the probability that the proposed

concept will meet the target value of a particular characteristic.

The problems associated with this method are:

> Target value is defined as a determined level that its achievement 1s most likelv desirable for

decision maker. For example, reducing the 20% of production cost can be a target value for
manufacturing company. However, it can have a minimum and maximum level, such as 10% and

10%.
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1- The alternatives are individually compared with the PDS. Theyv are not
compared with each other. Comparison between alternatives may
distinguish small differences which a comparison with PDS cannot

discover them.
2- The tradeoffs between different criteria are not made.

3- Estimation of accurate relevant probability distribution function is time-

consuming.

4- There has not been any suggestion on how to take multiple stakeholders

1Into account.

2.3.2. Concept-concept comparison

Concept-concept comparison 1nvolves direct comparison between two
competing concepts. The result of applying this approach 1s a list of alternative
rankings. Although this approach identifies the most appropriate concept design
alternatives, 1t will not reveal whether the selected concept satisfy the demands of
the PDS (Green, 2000). This approach to design evaluation 1s well known to

designers and forms the basis for many models of evaluation.

2.3.2.1. Controlled convergence method

The controlled convergence method has been claimed that can select actual
concepts in practice with greater certainty of success (Pugh, 1991). This method uses
a matrix to express the criteria for selection and the concepts including the datum
concept. The datum concept 1s an existing concept (for example, the old version of a
product), or the first concept that the designers think 1s the most appropriate concept,
against which the developed concepts are to be compared. Each concept design is
compared with the datum concept with regard to a criterion. Using a 3 point scale,
three situations may occur; the developed concept acts better, worse or the same
when it is compared with the chosen datum. In these situations, the legends "+, -,
and *'S” or 0" have been placed in relevant cell in the matrix, respectively. It 1s
possible to use a 5 point scale instead of 3 point scale for more discrimination
between the criteria. For example, when an alternative has a significant superiority
(minority) to datum alternative with regard to a sub-criterion, then “++" (*--7) 1s
assigned to that alternative. Each individual concept then has a score pattern in terms

of the number of “+’s”, “-’s”, and ““S’s”. The designers try to remove the weaknesses
via redesigning or combining the developed concepts. The steps of this method
repeat until the decision maker will be satisfied. Selection can be made by

summation of “+'s”, “-'s” and “'S’s” when 3 point scale 1s used. The best choice is
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the one with (1) highest “+’s”, (2) lowest “-’s”, and (3) highest “S’s”. The more the

number of “+’s” and the less the number of “-’s”, the relevant concept is better.

The problems associated with this method are:

] -

5-

Each design concept 1s compared with a datum concept not with each
other. This procedure 1s not able to identify the relative little superiority of
a design concept against other competing concepts. In other words, when
two competing concepts are compared with each other, the difference with

them can be more separable.

When a design concept is compared with a datum in a pairwise fashion.

just the ordinal preference is taken into account which may not be reliable

(Saar1 and Sieberg, 2004).

The degree of importance for all criteria or sub-criteria is assumed to be

equal.

It a concept alternative 1s absolutely better (worse) than the datum concept
with regard to a criterion which has a large number of sub-criteria, and so it
1s better (worse) than majority of its sub-criteria, the number of “+’s” (-
’s”’) will abnormally increase. In other words, in this situation, the number

of “+’s” or ““-’s” cannot carry the real information.

The rule of selecting the most appropriate concept 1s ambiguous. Assume
the following table indicates the information of applying this method for

two competitive alternatives (4 and B) with 10 critena.

ﬂ“

Although the rule of this method selects alternative A4, but actually 1t can be

criticised because alternative 4 has a weakness when 1t 1s compared with

alternative B.

The target value, lower limit and upper limit of a criterion cannot be

considered.

6- This method can treat the aggregation within the stakeholders not between

the stakeholders.
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2.3.2.2. Multi-attribute utility theory

In Multi-Attribute Utility Theory (MAUT), a utility function® is specified for
each criterion. MAUT considers the utility of each criterion compare with other
criteria and allocate the utility for each criterion. The worst alternative for each
criterion should be assigned a utility of “0”, and the best alternative for each
criterion should be assigned a utility of “1”. The shape of each utility function
depends on the decision maker’s subjective judgement (Keeny and Raiffa, 1976). To
construct a utility function, a series of lottery-type questions’ can be asked in order
to obtain the data points in a two dimensional space, in which the horizontal axis
represents the value of an attnibute and the vertical axis represents the utility of the
corresponding value on the horizontal axis. These points are then considered to
approximate the shape of a utility function. To evaluate each alternative, the
individual attribute value 1s mapped to the utility value through the utility function of
the attribute. The utility values of all attributes are aggregated to obtain the overall
utility of an alternative. It should be noted that in this theory, rank reversal® on
alternatives 1s not allowed to happen when a new non-optimal alternative 1s added or
removed from the set of alternatives (Forman and Gass, 2001). This method has

been reported to have been applied to many design problems (Chen and Lin, 2002).
The problems associated with MAUT method are:

1- Estimation of utility functions which should be specified for each criterion
Is not an easy task. The process of estimating the fitted curves to uttilities 1s

time-consuming.

2- Lottery-type questions are usually not meaningful for the persons involved

1n the decision making process.

6 The utility function represents the aspirations of the evaluator with respect to a certain criterion, or,
in other words, his ideas about the level of achievement that is desirable with respect to that
criterion. The utility function specifies for each criterion whether it has been served badly or

satisfactory or well.

7 An example:
Question: which of the following would you prefer:

A: £30 million for certain; or

B: A lottery ticket which will give you a %70 chance of £60 million and a ®630 chance of -£10
million’

Y If an alternative is non-optimal, it cannot be made optimal by adding new alternatives to the
problem.
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3- MAUT implicitly assumes that the decision maker will never be
Inconsistent. This i1s a very strong assumption which can also make the

elicitation of preferences highly biased (Golden et al, 1989).

4- Intransitive relationships® are not admissible in MAUT (Forman and Gass.
2001).

5- The hierarchical decomposition of the problem is often only a structuring
phase and preference tradeoffs are only evaluated at the lowest lcvel
(Golden et al, 1989). In other words, the effects of upper levels' criteria

with their relative importance are not considered explicitly.

6- Redundant judgments!® are not allowed in order to increase accuracy
(Forman, 1990).

2.3.2.3. Fuzzy method

Another concept-concept comparison approach is the fuzzy method. This
method seeks to identify the preference structure between competitive design
concepts based on imprecise information. In the design stage, the results of
evaluation may be described in an imprecise way or by linguistic terms, such as
“good”, “low”, and “high”. This method employs fuzzy set theory to address the
imprecise preference structure inherent in conceptual design (Wang, 1997). A finite
set of fuzzy numbers represents weights of the attributes and rating of alternatives
with respect to the attributes. Each fuzzy number has a corresponding membership

function ranging from “0” to “1”. To rank the competitive alternatives, the method

uses a linear summation index.

P(a.b)=) wiPlgi(a).8i(b)]
=]

w; 18 the weighting assigned to criterion i and P/gi(a), gi(b)] 1s the degree of

preference [0,1] of concept a over concept b 1n relation to criterion i.

The result of applying this method 1s a preference ranking ot all competitive

concept design.

The problems of using this method are:

9 If 1 is three times as preferable as B and B is twice as preferable as C, then A must be si1x times as
preferable as C. Otherwise, there is an intransitive relationship.

10 1f one compare A to B and then B to C, then it 1s not necessary to compare 4 to C. Comparing A to
C 1s a redundant judgement.
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- The method of weightings to the criteria 1s based on assigning the numbers

directly within a determined scale.
2- Estimation of fuzzy numbers and membership functions are not easy' tasks.

3- The target value, upper limit and lower limit of a criterion in both types.

tangible and intangible, are not taken into account.

2.3.2.4. AHP method

The AHP 1s a technique for considering data or information about a decision in
a systematic manner. The AHP 1s a highly flexible decision method that can be
applied 1in a wide variety of situations because it 1s able to incorporate judgements on
intangible criteria alongside tangible criteria (Saaty, 1980). It 1s usually used in
decision situations which involve selecting one (or more) decision alternatives from
several candidate decision alternatives on the basis of multiple decision criteria of a
competing or conflicting nature (Schniederjans and Garvin, 1997). AHP has been
proposed to deal with problems whose criteria and sub-criteria have a hierarchical
structure (Saaty, 1980) so 1t can be a useful tool for design selection problems.
However 1t does not satisfy certain theoretical conditions such as the axiom of
irrelevant alternatives. AHP has been claimed to be an applicable method because of
its simplicity, for addressing and analysing discrete alternatives decision problems

with multiple contlicting critenia (Steuer and Na, 2003).

AHP starts by sub-dividing a problem into a hierarchy of an overall objective,
criteria, sub-criteria, sub-sub-criteria, etc., until 1t reaches the decision alternatives.
Then pairwise comparisons are made between the elements immediately below each
other element. Since the comparisons are performed 1n a pairwise fashion, 1t can lead
to inconsistency. Therefore, the result of each comparison matrix has to be checked
for consistency. If all comparisons fulfil the consistency ratio suggested by Saaty
(1980), then the relative importance between criteria and the relative importance
between alternatives are obtained. Completing each level and then synthesising the
relative weights obtained by pairwise comparisons, a priority ranking for each

alternative taking all criteria concerns into account can be established (Saaty, 1930).

The disadvantages ot AHP are:

- Pairwise comparison will be a tedious task when there 1s multi-level

hierarchy with a number of criteria and sub-criteria.

2. The method is not able to include target value, upper limit and lower limit

of criteria.

3- Constraints cannot be taken into account directly.
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4- AHP is not able to include the difference!! between the final selected
alternative and what i1s selected when alternatives are compared with a

specific criterion.

>- Rank reversal can occur, especially when a close alternative is added or

removed from a set of alternatives.

2.4. Comparison of theoretical methods

Both concept-specification and concept-concept methods are useful methods
for choosing the most appropriate concept design after the screening phase. These
methods view choosing the concept design differently. While the concept-
specification method considers a single concept and evaluates against its PDS
explicitly, concept-concept methods compare the concepts against the PDS or other
criteria 1mplicitly. When two different alternatives are considered to be analysed
based on concept-specification approach, the approach may assign the same weight
to a common criterion for both alternatives, however they may be slightly different.
When concept-concept approach 1s used, this problem can be solved because these
alternatives are directly compared with each other with regard to that criterion. So,
when one compares these alternatives with regard to that criterion, he can express
his judgement more accurately. In other words, differences for a common criterion
can be denoted more obviously. On the other hand, when two alternatives are
compared based on concept-concept approach, there 1s no guarantee the alternatives
fulfil the PDS’s. Therefore, when these methods are applied individually, they
cannot consider simultaneously the PDS data and comparisons of concepts based on
criteria. In general, decisions are made better when explicit comparisons can be
made or when there 1s information about the ranges and etfects of relevant criteria
(Baron, 2000). Combining of these methods 1s suggested 1n order to overcome the

problem of not considering PDS data and comparisons of concepts with each other.

[n addition, the presence of multiple criteria and multiple stakeholders make it
necessary to discuss: 1) the methods for determining weights of criteria; 2) the

methods for aggregating the decomposed elements in order to reach a single

11 1t is obvious that a final selected alternative cannot be the best from point of view of all criteria or
sub-criteria. Therefore, there is a distance between final selected alternative and a criterion which
final selected alternative has not been the first choice regard to that criterion.



27

outcome; and 3) the mathematical programming'- methods that can consider MCDM
and MSDM.

2.5. Methods for determining weights

In MCDM-MSDM, a decision maker or a stakeholder may declare that one
criterion 1s either more or less important than another. This may be for various
reasons 1ncluding personal preferences which may be reasonably objective or
completely subjective. The measure of relative importance of criteria as seen by the
decision maker 1s called the weight. It 1s necessary to estimate the weights of criteria

as accurately as possible because weights can reflect the preferences of stakeholders.

To estimate the weights, 1t 1s necessary to determine which scales should be
used to satisfy our requirements. There are generally four scales of measurements:
nominal, ordinal, interval and ratio. Among them, the ratio scale possesses all the
properties of the other scales (Malhotra and Birks, 1999). In the ratio scale,
classification, ranking and comparing differences between objects 1s possible. It 1s
also meaningful to compute ratios of scales values. Ratio scales can be added or
multiplied with each other that 1s necessary for aggregation of individual

stakeholders’ outcomes. Therefore, ratio scale 1s focused 1n this research.

The method of evaluating weights has been proven to have an effect on the
final outcome (Schoemaker and Waid, 1982). So it 1s necessary to find which
method should be chosen in order to evaluate weights. These methods divide into
two general subdivisions: indirect and direct evaluation methods. In this section, the
most applicable methods for determining weights are discussed briefly. Then, the
advantages and disadvantages related to these methods are discussed. Finally the

reasons for selecting a weighting method will be explained.

2.5.1. Indirect evaluation methods

In these methods, the values of the weights are determined without the direct
involvement of the stakeholders. Therefore, for identical situations but different
stakeholders, the outcome of using these methods is the same. This procedure seems

not to be rational because different persons have their own perception of the criteria

In a problem.

12 A mathematical representation of a problem with an objective function(s) and constraints 1s
referred as mathematical programming.
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2.5.1.1. The entropy'3 method

In this method, the essential 1dea 1s that the importance of a criterion, is a direct
function of the information conveyed by the criterion relative to the whole set of
alternatives. This means that the greater the dispersion!* in the evaluations of
alternatives, the more important that criterion (Pomerol and Romero, 2000). In other
words, the most important criteria are those which have the greatest discriminating

power between alternatives.

The entropy of a criterion j (£)) 1s calculated as follow:

E; = -kz ay; log( a)

In above statement, k£ 1s a constant which should be adjusted so that for all J,
0<E; <. a; 1s the normalised value of criterion j with regard to alternative /. It should
be noted that the closer together the values of a;;, the higher the entropy £; of a
criterion. This 1s exactly the opposite of what the method needs to discriminating

power. Therefore the opposite of this measure will be “measure of dispersion™ (D).

The main advantage of this method 1s decision maker’s objectivity relative to
the data of the problem (a;). In other words, this method does not include any
subjective judgement on the part of decision maker in determining the weights. This

idea is interesting in cases of conflict where the stakeholders involved are arguing

over the values of the weights.

2.5.1.2. The modified entropy method

The problem of decision maker’s non-intervention in the entropy method for
determining the weights can be resolved if the decision maker is allowed to interfere
in the process. In this case, the obtained weights (3+;) of entropy method can be

multiplied by the preferences of criteria which are represented by decision maker

13 Entropy is a concept that adopted from information theory, represents the amount of lack of
reliability from a recerved message.

14 Dispersion can be defined here as the numerical difference between alternatives regard to a
criterion. The greater the range after normalisation of data, there are more dispersion.
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(7;). The final result r, = wjp;, once normalised, will be the weights (Pomerol and

Romero, 2000). In this way, objectivity of decision maker is removed.

2.5.1.3. The correlation method

Another indirect evaluation method of determining weights is the correlation
method. This method is based on how great the correlation is between the columns
of the decision matrix!> (Pomerol and Romero, 2000). If ; is the coefficient of

correlation between column j and column £, the weight of criterion ; is then defined

as.
Wj :O’jzk(]-rjk)

In above statement, o; is the standard deviation of column ;.

Thus, the more the information provided by a criterion ; differs from that
provided by the other criteria, the greater the weight of criterion 7, which will have a

high variance.

[t a decision maker wishes to interfere in the process, the same procedure used

for the entropy method, can be applied.

2.5.2. Direct evaluation methods

A large range of methods can be placed under this heading. The term indicates
that the decision maker assigns weight values directly to the elements involved in the
problem. In other words, to determine the weights, decision maker may be asked to

answer some questions to determine the weights.

2.5.2.1. Simple ranking method

In this method, the only information asked of the decision makers 1s his order
of preference for ranking the criteria. The value of 1 1s given to the least important
criterion, 2 to the next most important and so on up to reach to the final criterion.
The values obtained then are normalised. These normalised values retlect the
weights of criteria. Although this method has the advantage of simplicity, with the

decision maker only having to provide ordinal information, but there 1s serious

15 A decision matrix is a chart that allows one to systematically identify, analyse, and rate the strength
of relationships between sets of information. The matrix is especially usetul for looking at large
numbers of decision factors and assessing each factor’s relative importance. The rows and
columns of the matrix usually include the competing alternatives and the criteria or sub-criteria for

evaluating those altermatives, respectively.
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disadvantage. This method prevents the possibility of weights taking all possible
values between 0 and 1. For example if there are 5 critena, no weight can be greater
than 0.333 or smaller than 0.067 (Pomerol and Romero, 2000). For this reason. the

method does not appear to be very realistic.

2.5.2.2. Probabilistic method of evaluation

This method uses the same information as the simple ranking method. The
method assumes a uniform distrnibution of the probability of the vector w Iving

anywhere m the set of w subject to the summation of w;’s equal to one
andw, >---w, >--->w with an upper bound assigned to each w;. In this method,

the intervals between the values of w; decrease as the criteria become less and less

important. For example, if there are three criteria, then the weights can be calculated

asiw, = l(l+ 1.+ .1_) — 1}_ W, = %(%Jr _1_) — _5...;w3 — é.(%) — .é.:-. _%_ Determination

373 2 17 18° 27 18 18
of upper bounds to each criterion weight 1s a disadvantage ot this method.

2.5.2.3. Simple cardinal evaluation

In this method, the decision maker evaluates each criterton according to a pre-
defined scale of measurement (e.g. from 0 to 5, from 0 to 100, etc.) and ranks the
criteria based on a simple ranking method. In this method and other modified
methods which apply the concept of cardinal evaluation, the psychological problem
of the decision maker can bias the process and results inconsistencies which are hard
to eliminate even to make the information asked of the decision maker more

intuitive (Pomerol and Romero, 2000).

2.5.2.4. Eigenvalue method

The eigenvalue method is the method which AHP uses for determination of the
weights of criteria. The core of this method 1s pairwise comparisons which compare
criterion / with criterion j. Pairwise comparisons between criteria have been proven
to be the easier way rather than assigning a score against an individual criterion 1n a
straightforward way, as is implicitly necessary in direct evaluation methods
(Pomerol and Romero, 2000). This comparison yields values a; which will be placed
in a nxn matrix (matrix 4). It is well known that the brain is unable to handle more
than 7 £ 2 items in the short term memory (Saaty, 1980), so more than 9 critena
should not be compared with each other at once. 1 to 9 numbers are given to the
pairwise comparisons to form matrix 4. The practical reasons for choosing this

scale of values and this method of proceeding include:
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- Twenty eight other ways are examined with different numbers and the

experiments have shown that the 1 to 9 scale 1s the best (Pomerol and Romero.
2000).

- There 1s a wide range of possibilities which do not exceed the capacity of the

short term memory.

- Integral values are used and values are increased when the difference between

two compared criteria are observed.

After constructing the comparison matrix A4, the largest eigenvalue of matrix .

1s computed by Aw = 4,,,, w, which 4,4 1s the largest eigenvalue of that matrix and

w 1s 1ts related eigenvector.

2.5.3. Comparison between weighting methods

Direct evaluation methods are preferred because they have the ability to
include the multiple stakeholders’ viewpoints for determining the weights. Between
the methods of direct evaluation, the eigenvalue method 1s selected because this
method has an averaging effect (Saaty, 1980) and 1t can provide the true or
approximate weights of the items being compared when there 1s enough redundancy

for pairwise comparisons (Forman and Gass, 2001).

2.6. Synthesising methods

Synthesis i1s the opposite of decomposition. While decomposition means an
entity separates to its constituent elements, in contrast, synthesis involves putting
together or combining parts into a whole (Forman and Gass, 2001). After identifying
the weights of criteria, 1t is necessary to synthesise the weights in order to obtain a

final outcome. There are two well-known and applicable synthesising methods that
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