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Chapter 1

Introduction

In everyday 1life, it frequently happens that many
individuals and groups are party to decision-making involving
alternatives. Typically, alternatives are described in terms
of various attributes, which are measured in different units
and often conflict with one another. Osually a clinical,
rather tham a scientific, approach is used to deal with
multiple attribute decision making (HMADN) problens. The
methods and applications of MADM have been reviewed thoroughly
in Hwang and Yoon (12).

Present-era MADM models have been widely applied in many
fields, among them marketing research, =z=conomics, mnanagement
science, and applied regional science, to help in the
evaluation of alternatives and the selaction of ore from a
feasible set. Unfortunately, these methods are usually
developed in isolation from other methods and the
interrelationships among them are not clear. Each MADM method
evaluates the alternatives from its own point of view, but no
one approach has proven superior under - all circumstances.
Therefore, a unified approach was first proposed by Hwang aad
Yoon(12) by means of using several MADM methods simultaneously.

The purpose of this study is to apply the proposed unified
approach to four real-world MADM problems and to examine the
‘results of this approach and the MADM methods which are

employed in the unified approach.



In chapter two, the basic MADM problem and its conmon
characteristics are described, four efficient MADM methods are
reviewed, and the difficulties of applyirng a singyle method are
discussed.

Chapter three reviews the proposed unified approach to
MADM problems. The approach includes four phases: screening
phase, preference ordering phase, agjregation phase, and
synthesis phase,

Chapters four through seven presents four real-world M4ADH
problems which are selected to illustrate the applications of
the proposed unified approach.

Finally, concluding remarks and proposed future study are

presented in Chapter 8.



Chapter 2

Description of the MADM problen
2.1 The basic MADM problem

A multiple attribute decision making (MADM) problem is to
select an alternative from a set of candidates based upon a set
of attributes (criteria). The MADM problem may be expressed
concisely in a matrix format. let m be the number of
alternatives, and n the number of attributes according to which
each alternative is judged. A decision matrix is a (mxn) matrix
whose elements Xjj {ndicate measure of achievement of alternative
i with respect to attribute j. Thus, a decision matrix D will

have the following form:

D= - - - 4
Am L £m1 Xm2* - ¢ ¢ ‘ xmn/
vhere the rows A, =[_'xi1 r Xip gece ¢ x“,] stand for alternatives

and the columns X =[x” ¥ xzjr'*- . meT' for attributes. The
problem facing the decision maker is to select an alternative

such that the collection of attribute measures is preferable to



that of any other alternative. 1In gemneral, MADM problems share
the following common characteristics:

Conflict among attributes. 7To a greater or lesser extent,

there exists some conflict amony attributes. The decision
maker would, of course, like to optimize each attribute, but it
is rarely possible to develop one alternative which does so.
Expansion of the industrial area 1is usually at the expense of
increasing pollution; reducing unemplofment may increase
inflation; the control of one type of error will often increase
another type.

Inconmensurable units. The attributes of an MADM problem
are measured using different units. The unit of one attribute
may measure the additiomnal Jjobs in man-years, and those of
others may be expressed in dollars, acres, or tons of
poliutants.

Intangibility. Sone attributes might reflect

psychological aspects such as aesthetic considerations,
annoyance, pain, freedom, security, or other intangible
gualities. To ignore such attributes might seriously distort an
analysis. When dealing with MADM problems, the quantitative
and qualitative effects are often considered simultaneously.

An MADM method is used to help the decision maker evaluate
the MADM methods which have the above mentioned common

characteristics.

2.2 Formal MADM researches for cardinal preference of

attribute given



There has been considerable interest in recent years in
the treatment of MADM problems. A variety of procedures have
been developed by applied mathematicians, planners, economists,
and others, to help in evaluation of alternatives and the
selection of one from a feasible set. Each field has
introduced methods for it own particular usage, so there exists
a large amount of literature on this topic. Overviews of
methods for maltiple attribute decision making have been given
by MacCrimmon (18), and Green and Wind (9). Recently, the
various MADM nmethods were extensively reviewed and well
classified, based on different forms of preference information,
by Hwang and Yoon (12).

Because of 1limited space, only +the four eféicient MADM

methods, selected by Hwang and Yoon, are reviewed as follows:

2.2.1 Simple additive weighting method

This method is one of the most simple and widely used
methods of the multiple attribute analysis.

This method vas first applied to select business
investment policy by Churchman, Ackoff, and Arnoff (3) in 1957.
The extensions and applications of this method can be found in
several other publications like Fishburn (8), Schimpeler Grecco
(25), and Khane (13), and Ulvila and Snider (27).

By maltiplying the comparable elements with the
corresponding preference weights and then summing these

products over all attributes, the total score for each



alternative can be calculated as follows:

n n

where wjis the weight correspondirg to attribute j, and x;;is
the outcome of alternative i with respect to attribute j with a
comparable scale. If all attributes are treated as benefit
criteria, the alternatives can be ranked in descending order

according to the total scores.

2.2.2 Linear assignment method.

LA® was developed by Baramardo and Blin (1) for consumer
choices among multi-attributed brands. This method was applied
to deal with a brand-switching problem by Blin and Dodson (2)
and found to compare favorably in predictive value of
consumers' preference with other models, Promn the decision
matrix, we can obtain an attribute-wise preference matrix. The

attribute-wise preference matrix is expressed as fllows:

1st A,y A4 Aq

3rd 33 A

Then, a product-attribute matrix is defined as a aquare (mxm)
nonnegative matrix whose elements m;, represent the frequency

(or number) with which alternative 1 is ranked kth. A



7

corresponding matrix with the set of weights ¥ = [0.2, 0.3,

0.5] becomes

1st 2nd ird
A‘ - 50 - 25 - 25
T = a,/.50 .20 .30

3;/-00 .55 .45

Each elemelit T, of the product-attribute matrix is simply
a measure of the concordance among all attributes on ranking A;
the kth. The larger T;;, indicates more concordance in assigning
A; to the kth overall rank. Hence the problem is to find A;

m
for each k , which maximizes > T, - An LP method is applied
k=1

to solve this problen.

m m

i=1 k=1

subject to
m .
E pik= 1' 1 = 1,2,..--.-.-,51 (2-3)

m
Zp|k= 1' k. = 1,2,--.-'—-.--,“1 (2-“’

where T is the (i, k)th element of the product-attribute

matrix; is the (i,k}th element of permutation matrix P,

Pik
i.e., P, = 13if By is assigned rank kth, and p; = 0
otherwise.

The optimal permutation matrix p* can be found by using

y . #
linear assignment programming. Applying the P to A = (A,, A,

o— An], the optimal ordering may be obtained.



2.2.3 TOPSIS method.

The Technique for Order Preference by Similarity to Ideal
Solution (TDPSIS) was developed by Yoon (28). This method is
based on the concept which considers the distances to both the
ideal and negative—ideal solutions simultareously by measuring
the relative closeness to the ideal solution. The TOPSIS method
will be described in the following steps:

Step 1. Construct the normalized dacision matrix: The

vector normalization technique is employed in this method to
transform the different attribute units into a comparable
scale, which allows comparison across the attributes. This
procedure involves dividing the outcome of each attribute by
the norm of the total outcome vector of the attribute at hand.

If this normalized outcome is denoted by r;; , then:

= 2

Step 2. Construct the weighted normalized decision matrixs

This matrizx, denoted by V, is obtained by aultiplying each
element r;; with its corresponding relative weight w; . The

matrix V is egjual to
~
V=RW (2.6)

where W is a diagonal matrix of order n, with relative weights
W; as successive diagonal elements.

Step 3. Determine ideal and negative-ideal solutions: Let

the ideal solution, A*, and the negative-ideal solution, A", be



defined as:

A¥ = {[mgx Vij IjéJ ,[m%n vij|jéJ1|i=1,2,...,m}
= {vf V5,0 Vi) 2.7)
A ={[m.}n Vij[jEJ],[mg.x Vij‘je'j'}li'—‘l,E,"',m}
= { v, vz, o0, Vi) (2.8)
where
J is{j =1, 2.4, n| § associated with benefit attribute}
3 is{j =1, 2,..., n| j associated with cost attribute]

Step 4. Calculate the separation measure: The separation

of each alternative from the ideal is givenmn by

/ 2
S = Vi . = .* [ i= ree
i% / iii—i( ij VJ> i=1,2,***,m (2.9)

similarly, the separation from the negative-ideal is given by

1} -2
Si_ = E 1(ViJ - Vj) 3 i=l,2,”-,m (2.10)
i=

Step 5. Calculate the relative closeness to the ideal

solution: The relative closeness of A; with respect to A™ is

defined as

Ci_x_ = Si_/(si* + Si_) 3 04Ci*<l N i=1,2"' . Rl (2.11)



10

It 1is clear that an alternative A; is closer to A as ¢

approach to 1.

Step 6. Rank the preference order: Preference order can

be obtained according to the descending order of c,.

2.2.4 ELECTRE method

The ELECTRE method (Elimination et Choice Translating
Reality) was originally developed in France and subsequently
applied by Guigou (10), Nijkamp (19), Roy (23) and others in
various types of applied research. The ELECTRE method is based
on a pairwise comparison of alternatives to examine both the
degree of concordance among veights and the discordance
differences among weight project outcomes. The concept of an
outranking relationship is used in this method. The outranking
relationship of Ap >Aq says that even though these two
alternatives do notfdominate each other, the D¥ accepts the
risk of regarding Ap as almost surely better than Aq (24).
The first and second Steps of ELECTRE are the same as those of
TOPSIS. The remaining steps are presented as follows:

Step 3. Determine the concordance and discordance sets:

The concordance set cpy, of A, with respect to Aq is conposed of
all attributes for which A, is preferred to Aq, oOr Ap is equal

to Aq. This set is defined as:
Coq = {J]%py2 %4 (2.12)

where the symbol > denotes: 'preferred to'. The complementary
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set is called the discordance set D,, and can be represented

asai
Dpa = {31 x%p;< Xaqp } (2.13)

wvhere the symbol <, means '"not preferred tof'.

Step 4. Calculate the concordance matrix: It is obvious

that Cpq will contain more elements as A, dominates Aq with
respect to more attributes. The relative value of the
concordance set is measured by means of the concordance index.
This index is equal to the sum of weights for those attributes
which fall into the concordance set, divided by the sum of all
weights. Therefore, the concordance index c,q between A, and Aq
is defined as:
Il
Cpa =;Z wj/ij (2.14)
J€Cpq i=1
Step 5. Calculate the discordance matrix: The discordance
index measures the relative discrepancy between the weighted
outcomes of two alternatives. The discordance index may be

defined as:

. ]V . = V.
J€Dpq! "PJ ]
dpq = (2.15)
M

where M is defined as:

M= - .
Tﬁfq)(fgilvpj Vil (2.16)

Thus, ¥ 1is defined as the maximum of the sum total of the
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divergences among two alternatives. Three other alternative
discordance index eguations exist (see Appendix 1).

Step 6. Determine the concordance matrix: By defining a

critical value ¢ for the concordance indicies (in general, the
average value of all concordance indices), one may state that Ap
will only have a <chance of being preferred to Aq if the
associated index cpq exceeds the critical value ¢; that is to

say, if
Cpq = C (2.17)

In this case, ¢ can be defined as:

m m
c = % g Cpq/m(m'-]-) (2-18)
P&q 9%P

Next, a Boolean matrix F can be constructed. The elements £,

of matrix F can be defined as

qu 1, if Cpq > C

(2.19)

Ql

It

frq O, 1if cpq <

Matrix F is called the concordance dominance matrix: each
element 1 indicates a dominance of one alternative by another

in the concordance relationship.

Step 7. Determine the discordance domimance matrix: Ap is

more worthwhile with respect to A4 as the discordance index dpq
is lower. By defiming a critical value E, Ap can be assumed to

receive a higher priority than Rq, if:
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dpg=4d - (2. 20)

The critical value a can be calculated as

p=1 1=1 (2421)

The elements of dpq of the discordance matrix G are determined

as

Opq = 1, 1if dpa £ 4
(2.22)
gpq = 0, i¥f dpq > é.-
The interpretation of G is analogous to that of F.
Step 8. Determine the aggregate dominance matrix: The

aggregate dominance mnatrix E can be directly calculated as the
intersection of the concordance dominance matrix F and the
discordance matrix G. The elements ey of E satisfy the

following conditions:

epg= 1, if fpg=1and gpq=1
(2.23)

0, otherwise

Step 9. Rank the preference order: If epg = 1, then Ap is

preferred to Ry for both the concordance and discordance
criteria. This gives the outranking relationship between A, and
Rq 2 Ap— Bg. The outranking relationships can be illustrated

by graphical representation and give the partial-preference
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ordering of the alternatives.
2.3 Difficulty of the formal MADM methods

Different MADM methods invoive various types of underlying
assumptions, information requirements from DM, and evaluation
principles. Two dgeneral choice rules were suggested by
MacCrimmon (18), and HEwang and Yoon {(12). The number of options
may be reduced answering some subsequent questions, but one
method must still be selected from those that are appropriate.
No one method has ever prover superior under all circumstances.
Even with the same preference information, each mnmethod
evaluates problems from different points of view. For instance,
the simple weighting method ranks the praference order by the
weighted average outcomes; TOPSIS by relative closeness to the
ideal soclution; linear assignment and ELECTREE methods by the
concordance measures. It is somewhat arbitrary to apply one
MADM method, which frequently provides only a partial solution.
MacCrimmon (18) suggested that when 3dealing with multiple
criterion decisions, a combination of methods is often more
effective than a single technique.

Kenney and Nair (16) enployed the conjunctive method to
identify the candidate nuclear power plant sites in a large
area and multi-attribute utility theory +to evaluate and rank
the candidate sites. Nijkamp (21) usad four MADM methods,
namely, expected value method, ELECTRE method, entropy method,

and discrepancy analysis, to analyze a land use problem in the
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northern part of the Netherlands, but the results obtained by
these four methods were not aggregated. Hwang and Yoon(12) first
proposed a unified approach to MADH by employing some HMADM
methods simultaneously instead of selecting the most
appropriate method for the situation. This unified appreoach

will be introduced in the following chapter.
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Chapter 3

A unified approach to MADM

The proposed unified apprach, which was developed by Hwang
and Yoon (12), is composed of four phases: screening phase,
preference ordering phase, aggregation phase, and synthesis
phase. The process diagram for the unified approach to multiple
attribute decision making is shown in Figure 3.1 and detailed

procedures are given in the following sections.

3.1 Screening phase

This phase screens dominated and unacceptable altermatives
by the dominance and conjunctive methods in order to reduce the
nunber of alternatives. Any alternatives remaining after this
phase become candiates for further evaluation.

Dominance method: An alternative is dominated if there is

another alternative which excels it in one or more attributes
and equals it in the remainder. In seeking to select the best
of several alternatives, a dominated one can be eliminated, as
it is clearly inferior.

Conjunctive method: An alternative is accepted if it

passed each of the standard levels. A; is classified as an

acceptable alternative only if
x> x%, g2 1 Py sene 8 (3.1)

where x? is the standard level of x;.

This method is designed to remove unacceptable
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Figure3.1 A process diagram for a unified approach to MADHN.

(Adapted from Ref. 12.)
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alternatives ratker than to evaluate them; hence it 1is
advisable not to set the standard levels high. If anone or a
single alternartive is left, the relaxation of the standard

levels is subject to the decision maker.
3.2 Preference ordering phase

This phase tries to find preference orders amoag
alternatives by employing some MADM methods simultaneously.
Four efficient MADM methods -- the linear assignment method,
simple additive method, TOPSIS, and ELECTRE, utilizing a
weighting scheme -- are selected. These four efficient methods
are reviewed in Chapter 2. These methods were developed in
different fields and evaluate the problems from different
points of view. Therefore, solutions by these four methods may
differ even with the same decision matrix and weighting schene.
If these solutions are different, the agyregation process will
be needed to aggregate these sets of prefereance orders. The
process is not required if the four methods yield identical

preference orders.
3.3 Aggregation phase

The average ranking procedure, Borda method, and Copeland
method (75 aré applied to aggregate these sets of different
preference orders. These aggregation techniques are described
via the following example. Their assunmned preference orders are

shown in Table 3.1.
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Table 3.1 Preference orders by four MADN mehtods (example data)

- —————————— —————— — A _— A A e ———— T —— S W —— ———— — ———

T —————— - ——— A o — T . o ———

S AW LA# TOPSIS ELECTRE

. —— T ——— T ————————————————— — - ————————— i — ——

1 1 2 1 2 1.5
2 3 3 2 1 2.25
3 2 1 Y 3 2.5
4 4 4 3 & 3.75

Table 3.2 The results of majority vote based on Table 3.1.

—— ——— ———————— . ——— T ———— ———————————— . —

A, A, Ay A; =R
T h, - s oow w3
a, X - X 4 1
A, X X _ M 1
A, X X X - 0

o ————— — ———— ——— T ————— A — T ——— ————

2cC 0 1 1 3

———————— T ——  —— A —————— i " i ) it i e

ZR-2C 3 0 0 -3

—— — ———— v - . ——— ——— e ——— ——— -

* An M in the (j,k) cell implies that A; M Ay; which also

implies that an X appears in the {k,J) cell, implying not

(8, M 2j). The s reflect the number of M’s per row or

column.



20

Average ranking procedure: It treats the data in a purely

statistical €fashion, determining average ranking, standard
deviations, etc. The average rank order is shown in the column
labeled AVE of Table 3.1. According +to the ascending order of
the mean rankings, the aggregate rank order by this method is A,
s B, A,, and Ag4. If two alternatives have the same average
rank, the one with the smaller standard deviation may be ranked

ahead.

Borda method: It is based on a well-known majority rule

relation which is defined as follows:

Ay M A if and only if # {1]A, P, A J># {ila, Py a4} (3.2)

where Aj M A, represents that A; has a majority vote over Ay,

AP A means that A; prefers to Ay, and # denotes the number of
elements in a set. According to Table 3.1, A, is ranked ahead
A, by SAH, LAM, and TOPSIS; only ELECTRE prefers A to A,.
Therefore, A, has a majority vote over ), denoted 12, N 2,.
The results by Borda method are shown in Table 3.2 for the
exanple case. The ordering criterion is based on how nany
times an alternative wins a majority vote. The liast columa,
lable ¥R, in Table 3.2 represents thz number of times an
alternative wins in the voting. According to the descending
order of TR, the aggregate rank order by Borda method can be

obtained. If the alternatives have the sameXR, they are then

jdentified as a group and ranked at the same level. The
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aggregate rank of the example is a,, (2,, A3), and 3,.

Copeland method: The Copeland method adds another

perspective, starting where the Borda method stops. This method
considers not only how many wins an alternative has, but also
includes the losses. By subtracting +he losses from the wins it
provides a nmeasure of the relative strength of voting for an
alternative. The row, labeled = C, in Table 3.2 represents the
number of losses for an alternative. Consider A, for example.
It has three wins and no losses. Therefore, the score of a, is
(3-0)=3. The scores for A,, dq, and A4 are 0, 0, =3,
respectively. This implies an ordering of A,, (2, Az}, and A,
ranking the alternatives from highest to lowest score.

These three methods aggregate the original preference
orders of the four efficient MADM methods from different
perspectives. This represents a rich source of analysis
information if it can be meaningfully synthesized. The next

presents a method for doing so.
3.4 Synthesis phase

The inteat of this phase is to clarify the results of the
three previous aggregate methods. The procedure is based on the
construction of a partially ordered set (poset). For any pair
of alternatives j and k, one alternative is placed above
another if and only if it is above it in all the component

orderings. For example, if one has the set of orderings

K = {01,09]}
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where
01 is Ay > Ay > A5 > A4
and
0z is 2, > A, > A, > Ay
and all the elements of 0y and O, come from the same set, i.e.,

s ={a,, Ay, A3, 54}, the partial order than can be formed:

where A, is always less than any other alternatives, A; is
alvays less preferable to A, and A,. The elements A, and A, are
not comparable since im 0,, A,> A, and in 0y, A;> A,.

If all the component orderings are identical, the
resultant poset is an exact reproduction of the component
ordering.

The unified approach including four phases has been
described in this chapter. In order to evaluate the
effectiveness of applying this unified approach, four real-
world MADM problems were selected for illustration in the next

four chapters.
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Chapter 4
Problem 1: Irdustrial land use development problem in the

Massvlakte area of the Netherlands

This problenm was preserted by MNidzamp and Zelfs {22y, in
which +th= oethod eaployedéd for t+the evaluation of the pussible

alternatives was the ELICTRE ucthod.

4,1 Introduction

The Maasvlakte is a man-made peninsula in the Rhine-delta
area of the Netherlauds, near the North Sea. It is located at
the southern mouth of the New Waterway, a#hich is the big canal
from the HNorth Sea to Rotterlam (see Figure 4.1). The total
area of the peninsula is approximately 2060 hectares. 0f tkis
about 1300 hectares can be us=d as an industrial area.

In this area, 520 hectares are already being used for
irdustrial purposes. The use of the remaining area of 780
hectares together with an adjacent area at Europcort of
approximately 120 hectares was discussed.

After world War 1II, the continuous expansion of the
Rotterdam harbour has 1led to a parallel expansion of land use
for harbour premises. Rotterdam itself could =not afford
sufficient locations for concomitant activities and industries.
A necessary condition for maintaining Rotterdam's intermational
position was the availability of adequate industrial areas,

increasing the attractive featurses of the Rhipne-delta region.



NORTH SEA

Figure 4.1 Map of the Maasvlakte.(Adapted from Ref

22

.)
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This has led to a spatial shift of the harbour activities
towards the North Sea (west of Rotterdam).

The area around the New Waterway, whichk 1links Rotterdan
with the North Sea, was obviously the most ideal site for
harbour industries. However, only the southern bank of this
canal could be used as a nev industrial area; the northern part
was mainly occupied as an industrial area.

The southern bank of the New yaterway had been occupied
during the post-war periosd by a great variety of industrial
activities. The further expension of creating an additional
area was to reclaim 1land from the North Sea. it is the
Maasvlakte peninsula.

The remaining 900 hectarzs could be utilized by many kinds
of industries. The selection of an industrial composition for
the area such that the enviroament <conlitions would be ornly
marginally affectedand the regjional economic structure of the
area consolidated was studied by Nijkamp and Delft (6,22). A
set of policy objectives and side coniitions, wvhich were
considered relevant in the evaluation of occupations for the
Maasvlakte, are:

Policy objectives

1. A balanced development of the labor market (both in a
gquantitative and a gqualitative sense).

2. Qualitative improvement of the employment structure with
regard to both educational and wage levels.

3. Enhancement of the degree of differentiation in the
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economic structure of the Rhine-delta region.
Efficient exploitation of the port of Rotterdam in its

entirety in the long run.

Side conditions

1-

2.

Relevant candidates are those gearei to location near a
deep-water channel.

The new industrial activities should not affect a
balanced development of population in the Rotterdam
agglomeration.

A further claim on foreign works inm the Rhine-delta
region is in general considered to be undesirable.

A congestion in physical infrastructure must be avocided
in the Rpine—delta area.

The extent of environmental pollution in the Rhine-delta

region must be reduced.

4.2 Foraunlation of the problen

4. 2.1

Specification of the possible alternatives

First, let us list the candidate activities with a short

descriptidn of each activity.

1.

Integrated steel works. The activity has an annual
production capacity of 7.5 million tons of rav steel.
Such a 1large-scale plant is considered an important
element in the diversification process of the ecomomic
menos-structure of the harbour area, which is largely

based on o©il refinery and petrochemical irdustries. The
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environprental deterioration caused by the emissions of
air pollutants of a largse—-scale steel plant was the
subject 0f much public discussion.

Partial steel works. This candidate entered the
discussions as a less polluting alternative for the
integrated steel works. This alternative consists of a
medium-sized steel plant in which a less polluting
production process will be used.

Tank storage plant. The eccentric position of the
Maasvliakte area with respect to population concentrations
makes it a favorable location for this type of activity.
Ores and coal transshipment works aand integrated
processing plants. The processing units of this combined
activity will consist of a pelleting plant for irom ores
and a coal gasification unit. Particularly the pelleting
plant will cause an environmental deterioration by air
pollutarnts. The emission rates of this plant are
comparable to those of the integrated steel works.
Container terminal., The increasing containerizatiom of
loadings necessitates an expansion of the container
facilities 1in the part of Rotterdam which cannot ©ke
realized at the present terminals. The Maasvlakte is
regard as an alternative location for this space-
consuming activity.

Ship repair yard aprd tanker c¢leaning plant. The

facilities offered by this activity for handling very



large ships will considerably add@ to the attraction of
the part of Rotterdam for mammoth tanker sand bulk
carriers.

On fhe basis of this list of candiaate‘activities, five
reasonable alternatives vhich are composed of different
combinations of these activities, are selected for the multiple
attribute decision analysis. In this previous study (€), a
zero-one lipear ¢programming model was used to solve this
combination problem. The most important side-condition of this
model wvas based on enmmission norms for air pollution in the
residential areas near the Maasvlakte. By varying these
pollution standards (low, amedium, and high), three alternatives
were selected out of a largqe number of combizcations. They are
denoted as alternatives 1, 2, and 3, respectively {(see Table
4.1 . In addition to the three alternétives deterzined bty means
of the linear programming model, two nev alternatives were
introduced, pecause of their important role 1in the public
descussions about the industrial structure of +*he Maasvlakte.
These two alternatives, denoted by 4 and 5, include the
following respective activities: (1, 3, 4, 6) ané (2, 3, 4, 3,
6) . Consajuently, the total number of alternatives for multiple

attribute decision analysis is five.

4.,2.2 Evaluation attributes
Next, a set of nnmerical attributes has to be specified. A
short description of these decision attributes 1is given,

including a motivation for their selection.



Table 4.1 Composition of the alternatives of the Maasvlakte

industrial site.

T T Alternative
Avtivity 17 2 3 4 s

1. Integrated steel works *

2. Steel works * #

3. Tank works * % * %

4. Transshipment works * * * *

5. Container terminal * * % s

6. Ship and tanker «c¢leaning * X * * *

———————————————— —— T ———— A — T — — — —— —————— — - S

The symbol'*' indicates that an activity is included in the

corresponding alternative.

29
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Increase in regional welfars from the industrial complex
located on the Maasvlakte. This attribute indicates the
economic importance of the various alternatives. It is
calculated as the sum total of additional value added of
that activity and its specific overhead agglomeration
effects due to location im the industrial complex on the
Maasvlakte.

Occupation rate of +the total available area. This
attribute indicates the extent to which an alternative
uses ths available industrial area. In view of a iess
favorable situvation on the labor market, a higher
occupation rate may prove to be more advantageous. This
attribute is defined as the total area occupied by the
activities included in that alternative, divided by the
total area available for industrial use. The land use of
the variovus candiate activities is shown in Table 4.2.
Total demand for labor. The importance of this attribute
is based on the situation on the regional labor market.
Increasing unerployment during recent years makes it
necessary to include rejional employment in the selection
procedure.

pualitative aspects of labor demand. If a balanced labor
market is oane of the policy objectives, not only the
gquantitative aspects but also the gualitative structure
of additiomal labor demand must be considered. This

criterion is «calculated as a discrepancy index between



Table 4.2 Data of individual activities of Problem 2
“Iitoints Activity - T -
B 2 3 | 5 € 7 8
T X, 1,838 1.838 0.480 0.450 0.1€3 0.510 0.957 2.315
Lo 500 200 100 200 250 40 200 100
L3 24.00 24.00 1.00 2.00 0.48 8.00 €.00 20.00
Xq
low=-skilled 0.40 0.40 0.00 0.49 0.15 0.50 0¢.48 0.48
nedium- 0.48 0.48 0.93 0.42 0.€2 0.37 0.47 0.47
high- 0.12 0.12 0.07 0.09 0.23 9.13 0.05 0.05
Ig 82.¢ 124.0 0.0 72.4 6.0 0.0 510 1 42.9
& 8.64 8.64 0.36 4.32 0.00 12.90 26.69 36.8S
X4 10.00 10.00 .10 1.10 1.10 2.80 4.00 2.80
Xg 15.00 7.50 5.00 30 00 15.00 5.00 20.00 15.00
* Activities 1 - 6 are corresponding to those mentioned in

Table 4.1.

* pctivities 7 and 8 represent the o0il refinery and petro-
chemical industry, respectively.

* X,= value added per hectare(in million Dfl)
Xo= land use (in hectares)
X3= demand for labor (per hectare of land use)
X4= share of labor demand (%)
X5= pollution emission(tons per hectare per year)

Xg= percentage share of employment in Rhine-delta region
X7= percentage foreigh workers
Xg= port charge {in million Dfl)

31
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the labor demand of each alternative and the labor supply
in the broader Rkine-delta region. The quality.of labor
demand was divided into three levels of skill(low, medium
and high). For each activity, the relative share of these
labor levels are shown in Table 4.2. The average
percentage share of labkor im the mentioned three
levels (low, medium, and highly skilled)in the Rhine-delta
region 1is approximately equal to 30, €1, and 9%,
respectively. An index of a certain plan i for the
gualitative discrepancies on ths labor market is

constructed as:

_ 1 R =M

m I - T @
where

Qﬁ = average percentage share of supply of labor level n
(n=1, 2, 3 ) in the Ehine-delta area.

Eﬁ = average percentadge share of demand for labor level

n in the Maasvlakte area associated with plan i.

Ini is ~calculated on the basis of the

activities k¥ (k=1,...,K) constituting plan i. If the set

of activities k (k=1,...,K) from plan i is denoted by &,

then ﬁ?; can be calculated as:
& Ml

Q.=
ni ZL
keAi k

(4.2)

where

Qrk = the share of labor level n in activity k
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L, = the volume of labor demanded by activity k.

The data on both ﬂ?k and Ly, are in Table 4.2. It is
clear that this index can be obtained by using eq. {(#.1)
and eqa. (4.2). This index is a cost attribute.
Environmental deterioration as a result of industrial use
of the Haasvlakte. In the ERhine-delta area, the
additional environmental detericration is one of the
important criteria for svaluating the industrial land use
alternatives. This criterion can be measured as the total
enission of air pollutants of each alternative.
Differentitation in the industrial structure. In the
Rhine-dzlta area, approximately 60% of total industrial
enployment in this area was gznerated by the oil
refineries and allied petro-chemical industries before
the oil crisis. This mono-structured economy increases
the drawbacks of the total regional economy in the event
of fluctuations in economy development {suck as the oil
crisis). This criterion is defined by means of the index
of specialization for the labor market which was given by
Czamanski (#). This ipdex is calculated as the sum total
of the ahsolﬁté differences between the enployment
shares of the industrial activities of the industrial
activities of the alternative and the employment shares
of the same activities present in the economic struacture
of the Rhine-delta region. This specialization imndex can

be written as:
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. LK) B B (4.3)

SRR élE}IEl gEi
where
Em== total employment of activity k in the Maasvlakte
area associasted with plan i.
Ei = total employment of activity k in the Rhine-delta
region.

The employment shares of industrial activities in
the Rhine-delta region are shown in Table 4.3 and those
in the Maaslvakte area are included in Table 4.2.

Demand for foreign labor. The rapid industrialization has
resulted in immigrants of unskilled 1labor from the
Mediterranean countries. The drastic change in the
demographic structure of these districts after the influx
of migrants led to tension between the local population
and the migrants. For this reason, location of industries
with a large denand for foreign labor will be
unfavorable.

Efficient harbor exploitation. The favorable situation of
the Maasvlakte for attracting large ships and
construction of extensive, deep-water <channels makes it
reasonable to impose the condition that these facilities
of the Rotterdam port should be usad efficiently. This

implies that the location of activities corresponding to
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Table 4.3 Eaployment shares of industrial activities in the

industrialized area of the Rhine-3ielta area.

———————————— —— A —— . Y ————— i —— T ——————

Industrial Employment of activity i as a
activity percentage of total employment
1. Metallurgical industry B. 61

2. Tank storage 0.3¢

3. Transshipment works .32

4. Container terminals --

5. Shipyards 10.1¢

6. 01l refinery 26 .E9

7. Petrochemical industrial 36.89

8. Others 12.94
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these facilities is favored.

Two kinds of criteria can be distingquished, namely,
benefit and cost attributes. The first one is formed by the set
of attributes for which the statement 'the higher the better!
is wvalid. Attributes 1, 2, 3, €, and 8 belong to the benefit
set. The second set of criteria is based on the opposite
statement 'the lower the bettar'. Attributes 4, 5, and 7 belong
to the cost set. The individual data on all separate
activities, as well as the resulting data on the plan impacts,
are shown in Table 4.2 and Table 4.4, respectively. It is clear
that Table 4.4 can be derived from Table 4.2 and Table 4.3 by
means of the information on the composition of the alternatives

presented above.

4,2.3 Attribute Weights
In this proklen, five different sets of weights are
specified here. Each weight set is approximately associated
with a preference structure of one or more interest groups
involved in the decision-making process of the Maasvliskte area.
These five different sets of weights are shown in Table 4.5 and
described as following:
1. A neutral scemario
This set of weights assigns egual weights for all
criteria. It does nrot discriminate between the relative
importance attached to the regional welfare components.
In other words, each attribute is equally important in

the future development of the area.



Table 4.4 Decision matrix of the Maasvlakte industrial land

use problem.
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i ——— U ———  ——a — ————— T ———— i S D i A — o ————— T ——— T~ —

X7

e e e —————
(“n’:s?

Xg

25.00
55.00
33.00

55.00

Alternative Attribute
S
A, 109.15 43.30 540 8.10 0.00 86.70
Ao 199.15 €5.¢E0 940 12.70 14.48 82.40
Ag 476.75 65.60 5,340 12.50 24.80 85.00
A, 1077.40 93.30 12,820 13.10 55.78 85.40
Ag 566.75 87.80 5,740 13.00 39.28 §1.10

63.00

—— v ——— . S — T — " - ————— T —— T — —— i~ ——— . ————

* Attribute 1, 2, 3,

others are cost benefit attributes.

Xy
X2
i3
Xq
X5
ie
X7

Xg

Total value added{in million Df1l)
Occupation rate

Labor demand{in man-year)
Discrepancy index for labor levels
Polluticn {1,000 tons per Yyear)
Specialization iadex

Percentage foreign workers

Port charge{in million Dfl)

5,6, and 8 are benefit attributes; the



Table 4.5 Alternative sets of weights of problenm 1.

—— D ————————— — —— . — A —— ——— T —— — - ——— —— —

Attribute Weighting schene

——— . — ——— —— ————————————— T —— —— — . ——————

1 2 3 4 5

—— A ——————— ——— T —— —— —— ———— T ——— " - ——————

1 .125 .100 .1€7 .095 .097
2 .125 .067 .167 .095 .064
3 -125 .233 .125 .095 .1¢€1
4 -125 .200 .083 .095 .161
5 .125 .033 .042 .381 .22¢
6 «+125 <133 <1325 <095 097
7 .125 .133 .042 .095 .129
8 -125 .100 .250 .048 .064

- ———— A —————————— A — . —— - - —



2.

39

An employment scenario

The enployment scentario places more emphasis on
both the guantitative and the 4gqualitative aspects of the
labor market (attributes 3 and #). In this scenario some
other criteria indirectly related to the future situation
on the labor market also receive relatively high
priority, mnamely, the degree of differentiation in the
regional economic structure (attribute €) and the number
of foreign works to bz employed in the area concerned
(criterion 7). Thus, this scentario aims at a balanced
social and labor development for the Rhine-delta area.
A labor scenario

This set of weights assigns a rather high priority
to the expected returas for the Rotterdam Port Council
(attribute 8). In addition to the fimancial revenues of
the port, some other related criteria are also considered
to be rather important, namely, the increase in regional
value added (attribute 1) and the occupation rate of the
Maasvlakte area (attribute 2). This scenario can bhe
seen as a future growth scenario for the port of
Rotterdam.
An snvironmental scenario

The environmental scentario focuses particularly on
environmental protectiorn (attribute 5). This scenario
can be considered as future stabilization variant for the

Rhine-delta area.
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5. An integrated labor-environmental scenario

This Scenario reflacts in particular strong

preferences with respect to the employment aspects and

the environmental aspects (attributes 3, 4 and 5).

Morzover, the position of foreign labors receives some
attention (criteriom 7).

By means of the information reflected 4in Table 4.4 and

4.5, the unified approach to the multiple Attribute analysis

discussed in the proceedirng chapter #ill be applied and

illustrated.
4.3 Application of the unified approach

There are five different sets of weights used in the
analysis, but this problem will be demonstrated with the first
set of weights (equal weights). The detail calculaticen 1is

shown in Appendix 2.

4.3.1 Screening phase

The total number of possible alternative combination to be
investigated separately would be equal to 26—1, but this
combination problem was screened by the 2zero-one 1linear
programming model and five alternatives were left for future
multiple attribute decision analysis. Examining these five
alternatives by the dominance method, these five alternatives

are not dominated.
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4.3.2 Preference ordering phase
The first set of weights is:
{0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125]

wvhere the weights are normalized.

Simple additive weighting method

The sinple additive weighting method requires a comparable
scale for all elements in the decision matrix. Criteria 1, 2,
3, 6 and 8 are benefit criteria and should be divided by the
absolute amaximum vaiue of }his criterion. These were assumed to
equal 107.440; 100; 12,820; 100; 63 by Nijkamp and Delft(22).
Regarding the remaining cost criteria 4, 5 and 7, the maximanm
permissible values are also assumed to egqual 1080; 55.780 and
10, respectively. The comparable scale is obtained by using eq.

(4.4) for benefit criteria and by eq. (4.5) Zfor the cost

criteria, they are,

ry =Xy /% 3=1,2,3,6,8 (4.4)
and
ry; =1-xy / x"; j=4,5,7 (4.5)
where
X = element of the alternative i about the attribute j
™ =

i m§x X

According to these two transformation equatioas, the
comparable scale decision matrix can be calculated (see Table
4,€).

Based on the first set of weights, the weighted average

values for the alternatives are
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Table 4.6 Dacision matrix of Problem 1 with comparable scale.

T S e . S D S o . s e ) v S ——————— . - —— o 1 ———

Alternative attribute
a2 3T Ty Ty
C 0 L101 .u33 .08z 1919 1.000 .867 .790 .397
2 -185 .656 .073 .873 .740 .824 .830 .873
3 443 .65¢ .417 .875 .555 .850 .080 .524
i 1.000 .933 1.000 .869 .000 .854 .050 .140
5 .933 .878 .448 .870 .29¢ .811 .873 1.000

S T | . P T — T T . T U —— e — — — — —— —— " ——

Table 4.7 Welghted average values and preference orders of

problem 1 by SAW method.

T S S ————— i ——r - ——— T — - ———————————— T ——— i ———— —————

Alternative Weight 1 Weight 2 Feight 23 Weight 4§ Weight 5

D S o e " ——————— o —————— S A — ——————

value rank value ramk value rank value rank value rank

I A S D S ———— | T | o ——— —— D S S o ———— A v S o

1 -569 4 526 5 .454 5 700 1 .630 1
2 .632 2 .586 3 .6069 3 .651 2 .b623 2
3 . 550 5 555 4 .572 § .552 3 .545 5

- 697 1 777 1 .870 1 .488% 5 .603 3

wm =

.€21 3 .E26 2 .732 2 507 4 .547 4

T S | o ———— " —_" " i —— —T— ——— ——— . T i b T i gt ——— . —————— i — ———————— ——
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A, = 0.5686
A, = 0.£318
B3 = 0.5499

Ag = 0.6974

Ag = 0.6211

Therefore, the preference orders are [34, A,, Ag, Aq, A3]
In like manner, the preference orders for the other sets
of weights are shown in Table 4.7,

Linear assignment method

From the decision matrix (Table 4.4), we can easily obtain
the following attribute-wise preference (Table 4.8).

According +o the attribute-wise preference matrix and the
first set of weights, the product-attribute matrix can be

calculated as:

1st 2nd 3ri 4th 5tk
a, [ .375  .125  .000  .000  .500 |
A, | -125  .188  .250  .438  .000
T =as | -000  .125  .5€3  .313  .000
a, | .375  .188  .063  .000  .375
A | -125  .375  .125  .250  .125

The optimal pemutation matrix p* is

r0 0 0 0 1 W




Table 4.8 Attributewise preference of Problasnm 1.

——— ————————————— ———————— —— T —————— —— A — . ——— ——

Rank Attribute

—— e —— ————— i ——— A —— — T —— - A T ——

1 2 3 4 5 € 7 8
Tist  As A4 Ae A M K M3 Ay
2nd As Ag Ag A3 A2 A4 Ay RA,.A4
3rd Az Ap,A3 RBs; Ay Az A3 As
4th Ao A As As B2 A3 A3

5th A, Ay A, Ag Aq BAg A4 A,y

[ ———————————————— A e e e et

Table 4.9 Preference orders of Problem 1 by LAM method.

—— e — ——————— - —— T —— T — ——————— T ———— T — —— -

Alternative Weighting scheme

—————— A ————— . ————————— " —

1 2 3 4 5

————— ———— ———— T ——— i S . I . —— o ——————————

1 5 5 5 1 1

2 4 4 4 2 4
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applying the permutation matrix P¥* to &, we find the
following optimal order
2:P% = [ 2,4, 25, B3, B,, &)
Similarly, the results for other sets of weights by the
LAM can be obtained and are shown in Table 4.9. The product-
attribute matricesbased on the other sets of weights are shown
in Appendix 2.1.

TOPSIS method

Step 1. Calculate the normalized decision matrix:
The outcomes of each criterion are divided by the

norm of the total outcome vector of the criteriorn at hand.

X, X, %3 X, X5 Xg X; Xg
A, ( .082 .264 .036 301 .000 .461 .131 .231)
A, | .150 .400 .062 .472 .196 .438 .106 .508
R= A3 | .359 .400 .354 .465 .335 .452 .575 .305

Ag .427 .535 .381 .#83 .531 .431 .537 .582)

Step 2. Calculate the weighted nomalized decision matrix:
Based on the first set of wsights, the welghted

normalized decision matrix is

A [ .010 .033 .004 .038 .000 .068 .016 .029 |
A, | -013 .050 .008 .059 .024 .055 .013 .063
y= 44 | .045 .050 .044 .058 .042 .05¢ .072 .038

A, .101 .071 .106 .061 .094 .057 .074 .Q063

Ag L .053 .0€7 .048 .0e0 .06t .054 .0€7 .073
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Step 3. Determine the ideal and negative—-ideal solutions:

2* =(.101, .071, .106, -038, .030, .058, .013, .073)
A= =[.010, .033, .004, .061, .094, .054, .074, .029)

Step 4. Calculate the separation measures:

The separation of each alternative from the ideal

solution can be obtained by

- L] * 2 i ‘
]=
Sx = .119¢ Sex = .1149

Similarly, the separation of =zach alternative fronm

the negative-ideal one can be obtained by

8 2

S._ =‘/ 2wy, = wp ¥ im1,2,3,4,5 (4.7)
i=

S1=- = .1130 So— = 1007

Sz~ = 0769 S~ = . 1461

Sg- = .0873

Step 5. Calculate the relative closeness to the ideal

solution:
Ciwe = Si_ /(S;%*5;_)« i=1,2,3,4,5 {(4.8)
Ci% = 4319 Cox = 4278



Cox = «4279
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Step 6. Rank the preference order:

According to

t

he descending order of C;yu ., the

preference order based on the first set of weights is

[54: Ay, BAg, Ay, Aa]

The results solved by TOPSIS are shown in Table 4.10.

The detail calculation is in Appendix 2.2.

ELECTRE method

Step 1. Calculate

the

normalized decision matrix:

This step is

Step 2. Calculate

the

the

same as Step 1 of the TOPSIS method.

weighted normalized decision matrix:

This step is

the

same as Step 2 of the TOPSIS method.

Step 3. Determine the concordance anl discordance sets:

concordance sets discordance sets
Ciz ={4, 5, ¢] Dip = {1, 2, 3, 7, 8}
cis ={4, 5 ¢, 7} D5 = {1, 2, 3, 8}
Cis ={8, 5 6, 7} Die = {1, 2, 3, 8}
Cis ={4, 5, €, 7} By = 4y B Je 8}
¢y =11, 2, 3, 7, 8} Dar = {4, 5, 6}
Crs =4 2a Se T4 9} Das = {1, 3, 4, 6}
Cas =14, 5, 7, 8} Dag = {1, 2, 3, 6}
Csp =4l Sy B T} Dys = {1, 2, 3, 8}
ca = {1, 2, 3, 8} Dy, = {4, 5, 6, 7}
Can =11, 2, 3, 4, 6} Daz = {5, 7, 8}

Cas

1
pra,
¥~
-
w
-

Da, = {1, 2, 3, 6, 8}
Dy = -{11 2, 3, 7, 8}
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Table 4.10 Preference orders of Prcblem 1 by TOPSIS method.

S ——— —— —————— — —— T —————————— A ————— T ———— i ———— —

——— — —————— ———————— v ————— - ——— - A ————————

REC Rank RC Rank RC ERank RC Rank RC Rank

— i - —————— — T ——— A A T~ —— — ——— i — — T ——— - ——— —— "

1 4319 2 .2€85 5 .17€5 5 .727 1 .54€1 1
2 L4278 4 .2714 4 .3440 4 .€358 2 .4839 2
3 -3914 5 43577 3 .3568 3 .5209 3 .4482 4
4 «5598 1 .7229 1 .8015 T 2717 5 .4514 3
5 4279 3 .4185 2 .5€81 2 <3211 4 .3533 5

A o — T S S . S S —— T ——— A ———— —————— —— ———————————— . ———

¥ RC represents the relative closeness to the ideal solution.
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Coy = {1, 2, 3, 8} Dyy = {4, 5, 6, 7}
Caz = {1, 2, 2, €, 8} Dsz = {8, 5, 7}
Cas = {1e 2o 3o 6, B} Des = {4, 5, 7}
Cas = {1, 2, 3, &} Des = {4, 5, 7}
Csy = {1, 2, 3, 8} Dsy = {4, 5, 6, 7}
Cs2 = {1, 2, 3, 8} Psy =4Uy; 5; 6 1}
By = 11 8 e Ts B Dss =48, 5, 6}
¢, = {4, 5 7, 8} Dsy = {1, 2, 3, €}

Step 4. Calculate the concordance matrix:

An element Cpq of the concordance matrix ¢ 1is

calculated as

8
c = 2:: w./ Z W
Pq ; 4.9

Then the concordance matrix is

-- .375 .500 .500 .500
-625 -— .u38 -438 -500
C = .500 .563 = L A5 315

.500 .5€3 .€25 --  .500

.500 .500 .625 .500 -

-

Step 5. Calculate the discordance matrix:

An  element dpq of the discordance matrix D is

obtained as

V. 3 = Vo
b aj
dpg = jerqI i (4.10)

M
In this case, M is defined as the maximum of the sum
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total of the divergences between two alternatives.

M = ma (2lv.. -v..> 4.11

where the expression (p,d) stands for all values of P and

9.

mhe discordance matrix is then obtained as:

( = .1506 .2278 .6015 .3712 i
. 1102 e L1478 J4€25 .2277
D = . 2691 .2294 -— -3783 .1538

.3985 .2999 .1300 - . 1009

.3249 .2218 .0665 .2577 i

Step €. Determine the concordance dominance matrix:

The average value of all concordance indices is taken
as the thresheld value, then
c=..5125

The concordance doninance matrix is

Step 7. Determine the dlscordance dominance matrix:

The average value of all discordance indices is taken

as the threshold value, then
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d = .2563

The discordance dominancz matrix is

- 1.1 0 0
1 - 1 0 1
e6=1{0 1 - 0 1
0 0 1 - 1
L0 1 1 1 -]

Step 8. Determine the aggregate dominance matrix:

The aggregate dominance matrix E is defined by means

of its typical elements €pq A@s

€pq = qu- 9pq (4.12)

The aggregate dominance matrix is

Step 9. Rank the preference order:

The E matrix gives the following outranking
relationships: A;— 3y , A3—>d; , Ay A3 , Ag—>A,,
These relationships camn be illustrated by graphical

representation,
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The final preference order by ELECTRE method is
[(13._4, Ag) o Az, Az, A1]
In simnilar manner, the preference orders for the
other sets of weights are obtained and shown in Table

4.11. The detail calculation is Appendix 2.3.

4.3.3 Aggregation phase

Table 4.12 shows the preference ranking of four
effective MADM methods based on the equal weights.

By means of statistical methods, the mean rankings of

A1' Az, Aa, A a.nd AS are u‘- 0' 3-5' "4-0, 1-13' aﬂd 2-37,

ar
respectively.
The results of majority vote are given in the Table
4.13. Aggregate ranking by both the Borda and Copeland
methods can be obtained by reading the descending order of
SrRand (ZR- XC)of Table 4.13. The three aggregate

rankings from Table 4.12 and Table 4.13 are given in Table

4.14.
4.3.4 Synthesis phase

According to Table 4.13, the partially ordered

{poset) is constructed as:



Table 4.11 Preference orders of Problem 1 by ELECTRE method.

———————————— — i —— —— ——

Alternative

1

Weighting schene

—— — ———— ——— ————————— ———— —— —————

2

3

4

-]

———— A ——————— ———— T ———— ———— ———— . ———

1

5

5

4

5

4

1

L

1

3

15 B %

—— —————————— —— —— —— —— —— —— i ————. . i S

533

Table 4.12 Preference orders of Problom 1 by four MADM methods,

A ————————— ———————— —— ———————— — . —————————

N

—— e ———— T ———————— T —————————— —————— —————— . —— T — ——————

based on the equal weights.

SAW LAH

—————————————— T —— ——— — T " — A —— - —— D — i ——————————— — — — ——— ———

m

2

5

4

TOPSIS

y.

4

ELECTRE

5

4y

3
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Table 4.13 Majority vote between alternatives based on Table 4.13.

—— —— ———————— ——— — i o —— —— " ——————— -

A As A3 A4 Ag =R

——————— ——— —————— T — - A —— . —— ———

A - X X ¥ X 0
Ap M - X X X 1
A3 X ¥ - X X 0
Ag M M B - N 4
Ag ¥ x M X - 3

. A D . A —— . T ———— — — ————— ———

. —— T ———————————————— ——————————— ——

Table 4.14 Rggregated preference orders of Problem 1 by three

aggregate technigues, based on the equal weights.

—— s —— i —— i ———— D A — ———— —— T — ——————— "

Rank Average Borda Copeland
1st A, Aa Ry
2nd Ag Ag Ag
3rd Ao Ao Ap
4th A, ,A3 Ay ,23 Az
5th A,

—— i —— T S — A ———— —— —— R ———————
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Level
LAg —4
s, -
. A2 —2
.4;\\233 —1

The poset reflects the synthesized preference order, e.qg.,
4, and A; tied in level 1, A, in level 2, Ag in level 3,
and A4 in level 4. Thus, based on tae equal weights, the
final preference ranking by this unified approach is [ - P
Bg, Bay (Ay, A3)] .

Similarly, by means of the procedures enployed in the
aggragate phase and the synthesis phase, the synthesized
preference orders for the other sets of Weights can be
obtained. These final results by the unified approach are

concisely presented in Table 4. 15.

4.4 Discussion

The Cesults in Table 4.15 demonstrate that
alternative 4 is the best with the neutral scenarial, the
enployneat scenario and the harbor scenario, whereas the
environmental scenario and the mixed enpl oyment-
environmental scenario places much emphasis on alternative
1 The results obtained by Wijkamp and Delft only
identified the best associated with the corresponding sets
of weights. The comparison of the results by the unified
approach with those of Nijkamp and Delft is given in Tabie
4.16.

It is clear that different priorities may lead to
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Table 4.15 Preference orders of Problem 2 by the unified approach.

—— ——— A —— T~ — i —— i — —— T ——— ———— —— " — ——— —— ———— ———

Alternative Weighting schene
2 i 4 6
T s s s 4
2 3 4 4 2 2
3 4.5 3 3 3 )
4 1 1 1 5 4
5 2 2 2 4 i

Table 4. 1€ & comparison of results of the Maasvlakte land use

problen.
“Ramk  Nijkawp amd Delft  Unified approach
W, Wa Wy Wa Wy W Hp Wy W, W5
0 ke ha Ra M A A, ks Ay A A
2 A &Ag Ag Ap Ao
3 Ay A3 A3 A3 RAg,B4,As
4 A, ,A3 Ay A Ag

_— S ——— - — . —————————— T — T ———— T — ——— — —— ———————————— T ————
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different outcomes. So far, one unambiguous solution was
not obtained in this case. We may try to get an ultimate
solution by considering this to be a group decision making
problem. Therefore, five committee members are assumed to
be involved in the decision-making process. Each set of
weights represents the corresponding decision maker's
priority. Then the aggregate phase and the synthesis phase
can be repeated to derive the unambiguous soluation.
According to Table 4.15, the mean ranking of A,, A,,
Ay, A,, and BAgare 3.3, 3, 3.5, 2.4, and 2.8, respectively.
The majority votes are given in the Table 4.17. Three
aggregate rankings of Table 4.15 are given in Table 4.18.
The poset, composed of 4 levels with A, and A, tied

for the last rank,is formed as:

Level
By — i
|,A5 ’_3
lAz — 2
A N, L

The wultimate solution of considering the final
selection process to be a group decision making problem is
(s, Bg, A2, (A1, RA3)] .

Finally, this ultimate solution as well as the
results of the unified approach based on five different

sets of weights (Table 4.15) are presented to the decision



Table 4.17 Majority vote between altermatives based on

Table 4.15.

Ay A, A3 A4 Ag Sc
a4 - x x x x o
A, @4 - M x g 2
Az X X . - X 0
Ag N H M - M 4
As M M M X - 3

—— — —— ——————— ——— —— i D S S —— ————— e -

2C 3 2 3 0 1

—-——— . ———— ——————— i — — —————————— —— - —— . — —— —

SR-3C -3 0o -3 4 2

—————— ——————— —— ————— — ——— — . i — —— W —————————

Table 4.18 Aggregate preference orders of Table 4.15

and Table 4.17.

———————————— . — —— ——

Rank Average Borda Copeland
st as | 24 a4
2nd ig As As
3rd A2 A2 A,
4th A, A, ,A3 A, ,A3

S5th -

—— — ————— ——————— T ————————— " < ———

58



makers and the selection in favor of A, is suggested.
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Chapter 5

Singapore Mass Transit Study

This problem was presented by HMassan ({19). The method

enmployed for the analysis was the ZLECTRE method.

5.1 Introduction

The area of Singapore (Figure 5.1, about the size of
Chicago, is approximately 238 square miles, but this nation has
a population of 2.4 pillion.

The urban area has historically Leen centered near the
mouth of the Singapore River onr the southern coast of the
island. About 70 per cent of Singapor=2's inhabitants lives
within a five-mile radius that encompasses the older Town area.
This includes major residential developments in the Queenstown
corridor, Tea Payoh and Kallang Yew Town. PFurther to the west
lies the Turonqg Industrial BEstate, with a potential for more
than 600 amodern factories and a population of 400,000, while to
the east the Bedokx New Town 1is begqicning to take shape,
ultimately to house 120,000 to 150,00C persons.

The locatiouns and intensities of Singapore's developuent
give rise to highly concentrated +travel in the primary urban
area along the southern shore of the island. Rising personal
incomes are expected to produce two main effects: wmore people
will be able to afford cars, and non-car owners will travel
more. These changes will cause the gquality of public traaosport

service to deteriorate as rising volumes of both private
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vehicles and buses result in greater ccngestion.

The aim of the Singapore Mass Transit Study

62

is to

assist Government in formulating a transportation program

and policy (26).

5.2. Formulation of the problen

5.2.1 Specification of the alternatives

(1) Extended bus service (Figure 5.2). This alternative

is the extension of present mass transit service

(buses on shared vrights of way). Although it relies

on continued bus operation in mixed traffic, this
alternative provides several improvements ovVer
present services. These include wutilization of

proposed expressways for limited stop express

services connecting major activity centers,

more widespread reservation of bus lanes
congested Central Area Streets. A total of

local and 14 express routes make up

alternative.

(2) Basic mass rail transit system (Figure 5.3).

rail rapid +transit facility in this systen

and
on
147

the

The

has a

length of almost 23 miles. It follows the southern

belt of development, connecting +the Jurong Town

center and Bedok via the Queenstown corridor and

the Center Area, and a branch from this route near

the Kallang River passes to the north serving Tea



SYSTEM 1
ALL BuUs

Figure 5.2 Extended bus service.

SYSTEM 2
BASIC MRT

ah- o —— BUS LINE
'*n;,:\‘ == RAL LINE OR BUSWAY

Figure 5.3 Basic mass rail transit system.

(Adapted from Ref. 27.)
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Payoh and Ang Mo Ki. The central section between
Henderson Road and Crawford Street is underground,
as is the portion through Tea Payoh. Exepect for
these six miles, construction is either at grade or
on aerial structure. In addition to rail service,
many of +the bus routes of Alternative 1 and sonme
additional ones conplement the rail facility.
Alternate mass rail transit with Orchard Road route
{Figure 5.4). A computer-based review of travel
demand patterns was undertaken to define this
alternative. The resulting abstract plan was
modified to yield a rail system that is similar in
many respects to Altermnative 2. The south coastal
line extends two miles further +to the west in
Jurong and lies about a half mile south of the
basic MRT in Queenstown corridor. The Tea Payoh
line branches off at Stamford Eoad and follovs
orchard Road rather than traversing the FKallang
Basin. This line also extends a half mile further
north in Ang Mo Kio. The section from Cutram EKoad
to Crawford Street and to Tea Payoh (nine milies of
its 27-mile length) is underground. The concept of
complementary bus services is also similar to that
of Alternative 2.

Busway system with bus lanes (Figure 5.5). This

alternative incorporates grale-separated roadways



SYSTEM 3
N ALTERNATIVE RAIL MASS TRANSIT

2% — aus e
e RAL LINE OR BUSWAY

Figure 5.4 Alternate mass rail transit with Orchard Road,

SYSTEM 4 AND §
ALL BUS WITH BUSWaAY

— BUS LINE
== RAL LINE OR BUSWAY

Figure 5.5 Busway system with bus lanes or with express services.

(Adapted from Ref, 27.)
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for exclusive wuse by buses to penetrate and
traverse highly congested areas. The operating
concept of this alternative utilizes the
flexibility of buses to circulate over the road
network and coliect loads of passengers before
joining the busway for the line-haul portion of the
journey. The busway in this alternative generally
follows the route of the Basic MRT between Jurong
and Tea Payoh. The ramps permit buses to enter and
leave the busway at Tea Payoh, Jurong, North Buona
Vista and Geylang. Elsewhere passenjers will board
and alight at strategically located stations on the
busways. About 4.5 miles of its 14-mile length are
underground. There is widespread reservation of
traffic lanes for bus use -- on several of the
proposed expressways, on major arterial roads, and
on most of the Central Area streets that serve as
bus routes.

Busway system with express service (Fiqure 5.5).
This alternative is physically similar to
alternative 4, but its operating concept is quite
different. Services using the busway were defined
so as to proceed between major origin and
destination areas with minmum numbers of stops at
intermediate stations. Some routes leave the

busway in the Central Area to serve Orchard Road
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and Chinatown directly rather than by transfers to
other routes as irp Alternative 4. These changes
produce faster, more direct service than in
Alternative 4.

{(€) Refined alternative mass rail transit with Orchard
Road (Figure 5.€). This alternative, subject to
refinement during preliminary evaluation of
Alternativer 2 and 3, was defined as having the
same terminal stations and Queenstown alignment as
Alternative 2, whereas the Tea Payoh 1line serves
the Orchard and Scotts Roads the same ways as
Alternative 3. The overall length of Alternative €

is 24 miles with 9.7 miles unlerground.

5.2.2 Evaluation attributes

There are eight attributes used to measure how well
the alternatives serve various travel needs and
development potentials. These attributes are described as
follovws:

(1) Service to major development areas: Location of the
alternative and its stations with respect to areas
of new development or redevelopment.

(2) Access to jobs: Service afforied by the alternative
between principle residential developments and
enployment centers.

(3) Access to Central Area: Extent to which the systen

supports the viability of highly concentrated



—— BUS LINE
mme RAIL LINE OR BUSWAY

Figure 5.6 Refined alternate mass rail cramsit with Orchard Road.

{Adapted from Ref. 27.)
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Central Area development by making it accessible to
the work force and population at large.

(4) Relocation regquirements: Dislocation of Jjobs,
residences, and community facilities necessary to
construct the system.

(5) Emnvironmental impact: Effects on the ucban
environment caused by noise.

(6) Environmental impact: Effects on the urban
environment caused by intrusion.

(7) Environmental impacts Effects on the urban
environment caused by atmospheric pollution.

(8) Pedestrain amenitys: Effects of the system on the
safety, freedom and comfort of pedestrian movement.

These eight attributes are measured from 1 (poor
performance) to 5 (good performance). The decisionr matrix

is given in Table 5.1.

5.2.3 Attribute weights

Three sets of weights were applied in the
multidimensional scaling analysis (19) , reflecting
priorities which wight be assigned to the corresponding
attributes by interested parties. The first set of weights
gives egqual weighting to all attributes; tke second
emphasizes environmental factoers; and the third, access to

jobs. These sets of weights are givean in Table 5.2.



Table 5.1 Summary of performance of Singapore Mass Transit

Llternatives on social and enviormental attributes.

- ————————————— —— ——— ——— ——— v ———————— —— " > T A . T "

Alternative Attribute

1 2 3 & 5 € 7 8

e A W — i ——— ————————— ————— . —————————— — e ——————

1 2 2 2 5 1 5 1 2
2 4 3 3 3 3 3 4 3
3 5 4 4 4 2 2 4 4
4 s 3 3 2 3 2 2 3
5 4 5 5 2 3 2 3 3
6 5 4 4 3 3 3 4 4

. ————— ———————— ——— T . — . T —— T —— — ——

Table 5.2 Weighting schemes of Problenm 2.

———— . T . s i > "

Attribute Weighting scheme

T2 s
T s

2 1 1 3

3 1 1 2

4 1 2 1

5 1 3 1

6 1 3 1

7 1 3 1

8 1 2 1

P ———— e R



71

5.3 Apgplication of the unified approach

5.3.1 Screening phase

In this phase, the dominated and
acceptable/infeasible alternatives can be eliminated by
dominance and conjunctive methods. An alternative is
dominated if there is another altermative which excels it
in one or more attributes and equals it in the remainder.
Examining these six mass transit alternatives by the
dominance method, alternative 2 is dominated by
alternative € and alternative 4§ is dominated by
alternatives 5 and 6. Thus alternatives 2 amnéd 4 are
removed. The number of alternatives for further evaluation

is reduced to four.

5.3.2 Preference ordering phase:
This problem will be demonstrated only with the set
of weights which emphasized access to jobs.

This set of weights is

=02 3 2 1 1 1 1 1]
The weights are usually normalized to sum to 1. The
normalized weights are given as follows:

Ww={( .1€7 .250 .167 .083 .083 .083 .083 .083)]

Simple additive weighting method.

The attributes of this problem are measured from 1
for poor performance to 5 for good performance, This neans

that the attributes are comparable. These attribute
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values can be normalized by the equation of

-+

where x? is equal to 5 {(good performance).

The normalized decision matrix is given in Table 5.3.

based on the set of weights which emphasizes access to

jobs, the weighted average values for the alternatives are

#

0-4660' Aa 0-7662‘

A4

"

Ag 0.7¢€4, Ag = 0.7828.
Then the overall preference orders are [Rg, As, Aa,a,].
In this manner, the preference orders based on the other
sets of weights are shown in Table 5.4.

Linear assignment method

According to the decision wmatrix (Table 5.1), the
attributewise preferences are easily obtained ard shown in

Table 5.5.

From the attributewise rankings, the product-
attribute matrix, based on the second weight scheme, 1s

given by

1st 2nd 3rd 4th
a, 0.1660 0.0000 0.0000 0.8330 ]
= A 0.1665 0.4580 0.3330 0.0415

Ag 0.4585 0.0415 0.3745 0.1245

Ag 0.2080 0.499% 0.2915 0.0000 |

The optimal permutation matrix is obtained as



Table 5.3 The normalized decision matrix of Problenm 2.

Alternative Attribute

—— i ——— — ———— T —————— ————— ——— —— —— ———— ——

1 2 3 4 5 € 7 8
T h T os 0.4 0.8 1.0 0.2 1.0 0.2 0.4
3 ) 1.0 0.8 0.8 0.8 0.4 0.4 0.8 0.8
5 0.8 1.0 1.0 0.4 0. 0.4 0.& 0.6

6 1.0 0.6 0.8 0.6 0.6 0.0 0.8 0.8

Table 5.4 Weighted average values and preference of Prohlem 2

by SAW method.

. —— o ———— - —— T —————_— ——— " D A D A T T R T . ——— T ————— ——

Alternative Weight 1 Weight 2 Weight 3

—— e — ——— —— —— o — e — ————— v ——

Value Rank Value Rank Value Rank
T 5125w Lseso 4 .s000 4
3 .E£E25 3 « 1662 3 .7250 2
5 .6000 2 - 7664 2 .6750 3

€ .7125 1 .7828 1 .7500 1

—— e ————— ——— —— — —— ——— -—— —— -——
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Table 5.5 Attribute—-wise preferences of Problem 2.

- —— e A - A — i — . S —— A — i —— — T A — A —— — —— —— o —— v  — . ——————

Rank Attribute

————— i ——— ————— —— ———————————————— ——— T ————————— —— ———— . ——

1 2 3 4 5 E 7 8
1st  A3,dg As As Ay Ag,Ag My AgsAg As,Rg
2nd Ai,Ag Ba,Ag Aj Ag
3rd g Ay A, Ag,Ag Ag Ag
4th Ay A Ay Ag A, A, Ay

————————— o — T ——— A — i — T —— T —— i D i T

Table 5.¢ Preference orders of Problem 2 by LAM method.

——————— T ——— ——— ——— S ——— T —— — ————

Alternative Weighting Scheme

—— e - ———————— i

1 2 3

——— o — —— T ——— T . ———— —————

1 4 4 4
3 2 3 3
5 3 1 1

6 1 2 2

P ——————— ]
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0 0 0 1
PP’= |1 0 0 0
0o 0 1 0

(0 1 0 0

* to A, the optirmal

Applying the permutation matrix P
preference ranking is (a5, Ag, 25, A,]

Similarly, the results by 1AM cin be obtained and are
shown in Table 5.6. The product—-attribute matrices based

on the other sets of weights are given in Appendix 3.1.

Note :

Applying this method, only the ordinal data are
needed in the decision natrix. This information
requirement is attractive. But this method may produce
unsatisfying results or several optimal rankings by linear
programming. The product-attribute matrix based on the

first set of weights is

1st 2nd 3rd 4th
A4 0.3125 0.0000 0.0000 0.58757
T = A, 0.1875 0.3750 0.3438 0.0938

0.2188 0.0938 0.4€88 0.2188

Ag | 0.2813 0.5313 0.1875 0.0000

The optimal permutation matrix is obtained by LP as
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A LO 1 0 0

According to the optimal permutation matrix p*, the

preference ranking is [A;, 24, Ag, A1]. But it is clear
that Alternative 6 is preferred over Alternative 3 by
comparing the fourth row of the product—attribute matrix,
corresponding to Alternative €, with the second row,
corresponding to Alternative 3. Alternative 6 is nmore
frequently ranked 1st and 2nd and less frequently ranked
3rd and 4th than Alternative 3.

TOPSIS method

The weight normalized decision matrix is given in
Table 5.7. Tdeal and negative-ideal solution are

determined as

a* = { .167 .250 .167 .083 .050 .083 .066 .066 ]

A~ ={.067 .100 .0€7 .033 .017 .033 .017 .033}

The calculated separation measures are

Sy = 2174 S;- = .0704
S3x = -0815 Sg- = .1746
Sgx = -0814 Sg- = +1987
Sex = +0763 Sg= = = TT2H
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Table 5.7 Weighted normalized decision matrix of Problem 2.

T —— —— T ——— ——— . ———— T < ———  ——————— . — | — ————— —— v . ——————

Alternative Attribute
T 2 s W s e 1 s
1 .025 .025 .025 .125 .037 .188 .037 .050
3 .063 .050 .050 .100 .075 .075 .150 .100
5 .050 .0€3 .0€e3 .050 .112 .075 .112 .075
6 -063 .050 .050 .075 .112 .112 150 .100

—— T = ——— — —— ———— T S T ————— . ——— -

Alternative Weighting scheme
a2 s
e e
3 & 3 2
5 3 1 3

. i T S ———————————— ——— ——— —— - —
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The relative closeness to the ideal solution is

calculated as

Cox = «2447
Cax = -6780
Cox = -7094
Cex = -6933

According to the descending order of Cx , the
preference order based on the second set of weights is [A&
B3, b5, A, -
The solutions of TOPSIS are shown in Table 5.8. The
deatiled calculation is in Appendix 3.2.

ELECTRE method

The concordance and discordance sets are determined

as follows:

Concordance sets Discordance sets

Cig= {4, 6} g = [ Ty B Bp 5y 7, 8}
Cis = {4, 6} Dig = 41y 2 3¢ 5 Tv 8}
Cig = {4, €} Dig = {1, 2, 3, 5, 7, 8}
G = 4 1s 2o 3a 30 Te 8} Dy; = {4, 6}

Cag = {1, 4, 6, 7, 8} Dgg = {2, 3, 5)

Cas = { 1o 2, 3, 4, 7, 8} Dag = {5, 6}

Cer = 11,2, 3,4, 7, 8} Dgy = {5, €}

Cog = 4 2y 34 5« 6 } Dsg = {1, 4, 7, 8}
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Ceg = {20 3, 5} Do = {1¢ 4, €, 7, 8}
Ceqy = {1, 2, 3, 5, 7, 8} De1 = {4, 6}
Ces = {1, 2, 3, 5, €, 7, 8} Dgz = {1}

Ces = 11, 4, 5, 6, 7, 8} Dgs = {2 3}
Based oD the concordance sets, and the second set

weights, the concordance matrix is calcualted as

[ == .166 .166 .166 ]
0833 _—— -“99 0833

C = .833 .583 e - 500

.833 .91¢ .582 --

The average value of all concordance indicies is taken
as the threshold value, then
c = .5758
According to the concordance matrix and the threshold

value indices, the concordance dominance matrix 1is

determined as

(- 0 0 0
F = 1 - 0 1
1 1 - 0

L1 1 1 =)

The discordance matrix is obtained from the discord-

ance sets and the weighted normalized decision matrix of

Table 5.7:



80

e .7388 .8006 .7670
D= |.1329 -- .2002 .0665

- 1328 .0332 .1669 o

The average value of all concordance indicies is
taken as threshold value, then

d = .3221

The discordance dominance matrix is obtained from the

threshold value of discordance indices and the discordance

indices:

(- 0 0 0)
G=|1 - 1 1
11 - 1

111 -

Based on the concordance dominance matrix and the
discordance dominance matrix, +the aggregate dominance

matrix is obtained as

(- 0 0 0
E = 1 - 0 1
1 1 - 0

101 1 -

The overall ranking relationships of the aggregate
dominance matrix can be illustriated by graphical

representation,
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1

-
N

l>'A
Ag

From the above graphical representation, Ay is
clearly dominated by the others. A, is therefore ranked
last. Yet, the relations among Aq, Ag, and Ag are not
clear at this stage. Next, by_ihcreasipg ‘the threshold
value of the concordance index and  decreasing the
threshold value of the discordance indix to 0.90 and 0.10,
respectively, the outranking relationship between Ag and Ay
is Ag —> A5 . The final preference order by ELECTRE
method is then obtained as
[%6+ Agr Ay, A

similarly, the preference orders based on the other
sets of weights are obtained and shown in Table 5.9. The
detail calculation is showvwn in Appeniix 3.3.

This problem was solved by Massam (19}, using the
pnultidimensional scaling method. The solutions of this

method are shown in Table 5.10.

5.3.3 Aggregation phase

Based on the second set of weights, the solutions of
the four effective MADM methods as well as the
multidimensional scaling method as shown in Table 5.11.
The results of majority vote are givem in Table 5.12.
Three aggregate rankings by mean ranking, Borda method,

and Copeland method from Table 5.11 and 5.12 are given as



Table 5.9 Preference orders of Problem 2 by

Alternative  Weighting scheme
2 s
T

3 2 3 2

5 3.5 2 3

€ 1 1 1

—— . ——— ———————— —— . i D P i D e . s S ——— —— —— ——— —

ELECTRE method.

Table 5.10 preference orders of Problem 2 by the

multidimensional scaling method.

— A —— — ——————— - ———— —————— —— —— ———— -

Alternative Weighting scheme
o 2 3
T e w e
2 4 2 5
3 2 3 2
i} 5 € €&
5 3 5 3

———— i —————— —— — . P i P T S S S — . T — i — ——
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Table 5.11 Preference orders of Problem 2 , based on the second

set of weights, by the four efficient mthods as well

as MDS method.

- —————— A —————— ——— — . —T——————— T S ———— . N i -
T ——————— - ——— T — ————— " i — - ————

—————— ——— —— —— —— i ————————— T ——— A —— —— ——— . i il i N S v . i S i i b S

1 4 4 4 4 3 3.8
3 3 3 3 3 2 2.8
5 2 1 1 2 B 2

6 1 2 2 1 1 1.4

e —— T W A T A T T o bt " Ty —————— S —— T ———— ——

—— i ————— ——— ———— — T ———————————— S ———— ——

Table 5.11.
h, as Bs 4 =m
I P X X 0

Agj M - X X 1
As il M - X 2
Ag M M M - 3

A —————————— T ————————— —— T —— —— — ——————

2B 3 2 1 0

- ———— . — —— i —— Sy ——— i ——— ———— i —



84

follovws:

———— — —— ———— - — ———— T —— . ——— i =

Rank Ave. Borda Copeland

- —— A o —— A S S — — — —-———

1st Ay Ag Ag
2nd Ag Aj Ag
3rd Ay  Ag As
4th A,  Aj A

5.3.4 Synthesis phase

The rankings by these three techniques are identical,
the evaluation process, based on the second set of
weights, can be determined here. The result after the
aggregation phase is [a5, 23, 2g, A).

Ir the same manner, the results based on three
different sets of weights by the unified approach are

concisely presented in Table 5.13.

5.4 Discussion

In this problem. Massam tried to determine the best
alternative by the multidimersional scaling method. It is
clear that since the dominated alternatives have no chance
of being the best, they may therefore be removed to reduce
the number of alternatives. In other words, the problen
can be simplied.

Hwang and Yoon (12) mentioned that ‘'each pair of

alternatives given in the MDS judgment must be ranked in



Table 5.13 Preference orders of Problem

approach.

o  ——— ———— N ———— - —

Alternative Weighting schene

i —————— T — —

1 2 3
o e
3 2 3 2.5
5 3 2 2.5

6 1 1 1

- — e —— i —————— —— i — ———————— T ————————— -

2 by the unified
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terns of similarity. This raquires guite fine
discrimination and may be the most difficult for the DM
among the MADM methods.!'! Massam defined the measure of

dissimilarity (or similarity) by the following equation:

where MOD ;i 1is the measure of dissimilarity between A&

and A/ » and ¢,y is the concordance index which was

defined as

)
jecii?rj +§;€Zﬁifwj
Ciy = , (5-3)
e

where JZ=[ :

Civ =[jlvith respect to attribute 3J, plan i is preferred
plan f}

T, ={jlvwith respect to attribute j, plan i equals to
plan i’}

wip = given weight cooresponding to attribute j.

A symmetrical matrix to measurs dissimilarity can be
obtained by egquation(5.2), and the value in any cell MOD
is close to zero when A, and Ay are not clearly
dissimilar and is close to 0.5 when ore alternative
clearly dominates the other. It is clear that «¢;; andcy
have a complementary relationship. But the measure of
dissimilarity in egquation (5.2) +took no account of the

discordance indices, because 4}’ has no inherent

complenentary relationship with d;; This lack of
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complementarity means that the discordance matrix can not
easily be converted to a symmetricai matrix. The
information contained in the discordance matrix differs
significantly from that contained in the concordance
matrix to make the information content of C and D
complementary. Therefore, the obtaining of a measure of
dissimilarity from the discordance matrix needs further
study.

Again, an ultimate solution can be obtained by
considering this problem having three sets of weights to
be a group decision-making problen. Three conmnitte
members may set their own priorities. Then the aggregation
phase and synthesis phase can be repreated to derive an
unanbiguous solution. According Table 5.13, this solution
is obtained as Agr (B3, BAg), By - Selection im favor of

Ag is suggested.
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Chapter 6

Problem 3: Selecting a reasonable alternative for long-range

vater resources development in Hungary

This problem was presented by David aad Duckstein (5), and

Keeney and Nair (16) .
€.1 Introduction

The Tisza River basin, having a total area of 130,000 sg
km, is shared by five countries. The reqgion coasidered in
Hungary is surrounded by mountainmns, and covers about 30,000 sg
Xm. The omain river following through this study area is the
Tisza River. This area is shown in Figure 6.1.

The development of the water resources system was started
in the piddle of the last ceatury by flood control and river
regulation works. Presently needed is the further development:
of the water supply for agricultural purposes, industrial and
domestic supplies, navigation, and riparian recreation. Careful
management of both the guantity and.quality of natural suppiies
has been introduced in the recent years.

The long range goals (55 years) of the water resources
systems development are:

(1) The water supply should be regulated to satisfy
requirements in gquality and guantity.

(2) Fload protection should be provided along the Tisza
River and its tributaries.

(3) Drainage and disposal of excess vater produced by the

system should be provided.
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(3)

(6)

30

The natural, social and economic resources needed to

implement and operate the system should be kept to a
ninimum.

Environment, including ecology and aesthetic value,
should be preserved.

The proposed system should be flexible enough to neet

Future requirements.

6.2 Formulation of the problenm

€.2.1 Specification of the alternatives

The basic layouts of the alternatives are shown in Figure

6.2 and a short description for each alternative is given as

follows:

(1

(2)

Danube-Tisza interbasin transfer using a multi-purpose
canal reservoir system. The systesm utilizes the water
resources of both the Tisza and Danube rivers. The water
is transferred all year arround from the Danube by a
gravity canal in the flat-land area and by a pumped
canal reservoir system in the Borzsong-Cserhat
Mountains.

punped reservoir system in the northeastern part of the
region. This punped reservoir systenm is supplied only
from the Tisza River and developed in the hilly region
of the Sators and Bukk mountains. In this system the
natural supply of water is available only four to five
months per year. It would use all of the natural supply

of this part of the Tisza River basin but not all of the
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available storage capacity.

Flat land reservoir system. The third system could be
developed on the flatland part of the region and would
be composed of 2- to 4-m—deep reservoirs, using water
from the Tisza River. Only a 1limited area of 5.5 s3 km
could be used for such reservoirs.

Mountains reservoir system in upper Tisza River basin.
This system would be located 4in the upper Tisza River
basin outside of Hungary. It uses and regulates the
water resources of the Tisza River by gravity. Extensive
international cooperation must be initiated and
sustained.

Groundwater storage systen. This system would be
developed mainly on the flatland part of the region,
especiaaly in the eastern part. The system would use the
Tisza water and stored grounwater resources would be
conposed of underground storage spaces. Such places are

limnited.

€.2.2 Evaluation attributes

(M

(2)

(3)

Yearly costs. These costs include the investment and
operation costs.

Probability of water shortage. Since the primary purpose
of the development is to provide water, the probability
of water storage is considered as a separate attribute.
Water guality. The environmental and social dimpact of

water guality is rated very good, good, fair, or bad.
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Energy. The energy index, B, is the ratio between peak
energy produced and total energy consumed.
= Ep/E (6-1)
wvhere E, represents the peak energy produced and E the
total energy consumed. Ep can be calculated as:
Ep= E-E_ (6.2)

where E| is the energy losses.

It is clear that the energy index should be as high
as possible.
Recreation. This attribute may become one of the most
important uses by 2030. It is rated very good, good,
fair, and bad.
Flood protection. By 2030, 3.5 million peple are
expected to live in areas under under flood protection.
The performance index of flood protection is measured by
probability of flood.
Land and forest use. This index is expressed by the area
occupied.
Manpower impact. The effects of the project should
include an upgrading of available jobs to provide better
income distribution. The performance index for nanpower
is described qualitatively as very good, good, fair, or
bad.
Environmental impact. The water resources system can
help to shape a better environment in the vicinity of

the project; this process is called ‘'environmental
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architecture'. The performance index for the quality of
the environmental architecture is rated very good, good,
fair, or bad.

(10) Interational cooperation. It should be possible to link
the system with arother system implemented at a later
date in a neighboring region. This specification has the
further advantage of opening interational cooperation
possibilities. The index for this attribute may be very
easy, easy, fairly difficult, or difficuilt.

(11) Development possibility. The system should be flexible
enough to withstand substantial revisions of storage
design and conveyance capacities. The performance index
for this attribute may be very good, good, fair, or bad.

(12) Sensitivity. The system should be able to cope with
serval types of uncertainties, such as the natural
uncertainty inherent in forecasting, the strategic
uncertainty due to the future policy, the economic
uncertainty, and technological uncertainty. The
sensitivity of the system to various uncertainties is
rated as not sensitive, sensitive, or very sensitive.

The subjective indices for attributes 3, 5, 8, 9, 10, 11,
and 12 were first givem by David and Duckstein(5). Keeney(14)
assigned '80"' for very good, very easy, and not semnsitive; '60°
for good and easy; '40' for fair, fairly difficult, and
sensitive; '20' for bad, difficult, and very sensitive. The

decision matrix is given in Table 6.1.



95

Table €.1 Decision matrix of Problem 3.

———— ——— —— —— ———— I ———————————— ——— T ————— T ————————————— ——

Alternative Attribute

————————— ——— —— —— N ———— ————————— —— . —— —— . ——— . ——

1 2 3 4 5 € 7 8 9 10 11 12

—— e ———— —————— T ————— T — ——— —— ————— i ———— ——— T —— T ——————— —— —————— —— — -

1 99.6 4 80 .7 80 1.0 90 80 80 80 80 80
2 85.7 19 60 .5 60 .5 80 B0 60 60 60 80
3 101.1 50 20 .01 40 1.5 80 €0 20 40 40 20
4 95.1 50 8¢ .1 20 .5 60 40 60 20 20 40
5 101.8 S0 40 .0t 20 2.0 7C 40 40 40 w80 2O
Attribute

1 cost (10° ft/yr)

2 probablity of water shortge (%

3 water gquality (subjective)

4 energy factor {( = energy produced/energy consumed)
5 recreation (subjective)

€ flood protection ({probability of £flood %)

7 land and forest use (1,000 ha)

8 man power impact (subjective)

9 environment impact (subjective)

10 international cooperation (subjective)

11 development possibility (subjective)

12 sensitivity (subjective)
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Attributes 1, 2, €, and 7 are cost attributes; the others

are benefit attributes.

€.2.3 Attribute weights
This problem was solved by ELECTRE AND MAUT methods. The
weights given by David and bpuckstein for concordance analysis

are:

(2 2 2 2 2 2 1 1 2 2 1 1]

The order of scaling constants corresponding to their
associated attributes given by keeney is:

ko >kg >k =kyg >kg >kq >kg =kg >kyg =k; >kq1=kqp
The scaling constants were then assessed as follows:

k1 =.150, ko, =.243, kg =.189 ky, =.090,

kg =.132, kg =.200, k; =.090, kg =.165,

kg =.132, Kkig=.189, ki1 =.034, kyp=.034.

A normalization procedure is employed to normalize these
two sets of weights and to yield two sets of normalized weights

(.1 .1 .1 .1 .1 .1 .05 .05 .1 .1 .05 .05]

and

(.091 .147 .115 .080 .121 .055 .100 .080 .115 .021 .021]
6.3 Application of the unified approach

€.3.1 Screening phase
According to Table 6.1, attribute 7 of alternative 2 is
equal to that of alternative 3, but the other attributes of

alternative 2 are preferred to those of alternative 3.
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Therefore, Ay is eliminated by dominance method; A,, Ay, Ry,

and Ay become the candiates for further evaluation.

€.3.2 Preference ordering phase

Simple additive method:

In this case, the number of benefit attributes is greater
than that of cost attributes. Therefore eq. (€.1) for benefit
attributes and eq. (6.2) for cost attributes are employed to
transforn the decision matrix (Table €.1) into the comparable

decision matrix. These two equations are

Ein = oo [ x? ' j €J (6. 3)
and

min :
rij =Xii /XJ ’ jeJ’ . (6.4)

The comparable decision matrix D is

A, [ LBE 1.0 1.0 1.0 1.¢ .50 44 1.0 1.0 1.0 1.0 1.0
A, | 1.0 ,21 .75 .71 .75 1.0 .50 1.0 .75 .75 .75 1.0

D =A4| .90 .08 1.0 .14 .25 1.0 1.0 .50 .75 .25 .25 .50

A \.8& .08 .50 .01 .25 .25 .57 .50 .50 .50 .50 .25 }

Based on the first set of weight, the weighted average
values for A,, A, A,, and Ay are 0.908, 0.730, 0.550, and
0.385, respectively. The preference order is then

(210 22, 24, 25])

Based on the second set of weights, the weighted average

values for A,, A,, 34, and Ag are 0.925, 0.78¢, 0.5€7, and

0.392, respectively. The preference order 1is also
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(3, B0 24, Ag)

Linear assignment method:

The following attribute-wise preference matrix is obtained

from the decisin matrix (Table €.1).

Rank X, X, - 8 X4 Xg Xg X; Xg Xy %io Xiy: Tig
Tist A, A, Ay.Ag A A, Aoud, Ay Apdy, A, Ay Aq Agh,
2nd A, A, Ky R iy g By, A, Ay B,
3rd A, A,,Rs A, A, A, A, A4,A Ag Ay A,
4th ag Ag Ay A A A, A, A, By A,

According to the attribute-wise preference matrix and the
two sets of weights, the product-attribute matrices, shown in
Appendix 6.1, <can be calculated. The optimal permutation

matrices for both weighting schemes are identical.

(1 0 0 0]

0 1 0 0

= [0 0 10
L0 0 0 1]

The preference ranking for both weighting schemes is

(210 25, A4, B5]

TOPSIS method:

The detailed calculation by TOPSIS is shown in Appendix
6.2. Based on the first weighting scheme, the closeness to the
ideal solution for a,, A,, B,, and A are .839, .704, .370, aud
.12¢6, respectively. Based on the second weighting scheme, they

are .820, .714, .400, and .129, respectively. Again, the
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preference orders based on both weighting schemes are
identical. That is

(310 23, 34, Bg)

ELECTRE method:

dppendix €.3 shows tha datailed calculatiosns by  =n

[{H]

ELIZCTRE wmethsyd. The aqgqrecate doalnance mescicus far 5otk

weighting schemes are idertical. The ag:

b |

ra2gatz dowminance

natrix is

(= 1 1 1]
0o - 1 1
E={0 0 = 1

L0 0 0 =~

o

ilso, the preferemce order for both weighting schemzes are

[31, 3.2' 14; AEJ

The solution by MAUT, including 35, is given as follows:

Alternative gtility value
1 .B32
2 .831
3 .503
4 .648
5 «521

This results imply that the preference order is

(24, 27, 24, 25)

Because the preference orders for both weighting schenes
obtained by these five MADM methods are identical, the process

nay be terminated here.
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6.4 Discussion

Because this problem is to evaluate five water resource
alternatives with the aim of selecting one alternative for
long-range development, any dominated alternative, which has no
possibility of being the best , can be removed. 1In this cases,
one advantage of applying the unified approach is demoastrated
by the screening phase, which reduced the number of
alternatives by 'the  dominance method to simplify the given
decision matrix.

This problem shows that an identical solution is obtained
by five different MADM methods in the preference ordering
phase, allowing the unified approach to be terminated at this

stage.
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Chapter 7
Problem 4: Selecting Nuclear Power Plant Sites in the Pacific

Northwest

This problem was presented by Keeney and Nair (1€}, in
which the evaluation of the candidate sites was carried out by

multiattribute utility theory.
7.1 Introduction

The Washington Public Power Supply System in the State of
Washington authorized a study to identify, select, and rank
potential new sites in the Pacific Northwest suitable for 3G00
MWe that might be required after 1984. This study was
conducted by Woodward-Clyde Comnsulants in 1975.

The study area of this siting problem was composed of
approximatedly 170,000 square miles, including tAe entire State
of Washington, the major river basins in Oregon and Idaho, and
major river basins of the Oregon coast.

The objective of this study was to recommend sites that
would have a high likelihood for successful licensing and that
would therefore be most suitable for the detailed site-specific
studies.

The approach used by Keeney and Nair to conduct this study
consisted of two steps: 1) to identify the candidate sites, 2)
to evaluate and rank the candidate sites.

The problem demonstrated here focuses on evaluation of the

candidate sites.
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7.2 Formulatién of the problen

7.2.1 Candidate sites

A screening process was applied to identify the candidate
sites. After the screening procedure, there were nine potential
candidate sites identified which were involved in the ranking
analysis of multiattribute utility theory. These nine sites
will be evaluated by the unified approach.

The assessments for each site were based on existing
information, site visits, and data developed during the study
by Woodward-Clyde Consultants. Each attribute for each site wvas
assessed by specialists in each of the relevant disciplines.
Thus, the assessments represent the professional judgement of
individuals based on their expertise and on all information
currently available concerning the candidate sites.

Site visits indicated that a potential for liquefaction of
existing foundation materials under earthquake loading existed
at sites 2, 3, and 4. Because the likelihood of liquefaction at
these sites could not be ascertained without site-specific
studies, two cost estimates were made for each: one if the
elimination of 1liquefaction potential is not necessary, and
two, if it is found to be necessary. The additional costs to
remove the liquefiable foundation materials and replace then
with suitable compacted £ill were incorporated in the capital
costs associated with site grading and are reflected in the

annual differential site costs.
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7.2.2 Evaluation attributes

(1)

(2)

The site population factor. This attribute is an index
developed by the U0.S. Atomic Energy Commission to
indicate the relative human radiational hazard
associated with a nuclear facility. The site population

factor for site S, denoted SPF(S), is defined by

2

50 50
S PF (S)=E]P(r)r‘2 /0@ (7. 1)

where r is distance in miles from site S, P(r) 1is the
population living between r—-1 and r miles of S, and Q(r)
is the population that would 1live between r-1 and r
miles of site S. The r~2 is meant to account for the
decrease in radiation exposure hazard with distance.

Loss of salmonids. Two separate indices were reguired to
measure the salmonid impact adequately. These are the
number of fish in a strean, and the percentage of fish
loss. The reason for using these two indices, rather
than simply the number of fish lost, 1is that the
distribution of the population of salmonids in each
stream is distinct. Therefore, the loss of 2,000 fish in
a stream of 2,000 4is a more important loss than 2000
fish in a stream of 50,000. For thz Columbia River (over
300,000 salmonids), only the number of salmonids lost is
important, since it is virtually impossible that a large

percentage of these fish would lost due to a specific



(3)

%)

(5)
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nuclear power plant.

Biological impacts at site. A subjective scale was
developed by two experienced ecologists to measure the
biological impact. This is a gualitative scale of
potential short- and long-term impacts which could
result from the construction and operation of a power
plant on a site. The impact range from '0' for no
impact to '8' for maximum impact. Three main impacts
captured by this scale are those on native timber or
sagebrush communities, habitats of rare or endangered
species, and productive wetlands.

Socioeconomic impact. The subjective scale for
socioecononic impact was created by a
sociologist/planner associated with the siting team. The
scale, from O(for no impact) to 7 (maximum impact),
considers the effects of rapid population growth,
overloading of municipal service systems, impacts on
cultural institions, alternation of the social order,
increased demand for capital improvements, changes in
the tax base, impacts on municipal administrative
services, alteration of land use patterns, and revenue
lags 1in public financing of capital projects. The
purpose of such a scale 1is to identify a number of
impact levels.

length of transmission intertie through environmentally

sensitive areas (i.e., 1land that was not clearedout,
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cultivated, or urbanized). This attribute is measured in
miles. The length was assessed from field visits to each
of the sites.

(6) Annual differential cost between sites. The differential
is calculated relative to the lowest-cost site for which
the differential cost is set at zero. Costs such as the
major plant components are not included in this

attribute since these would be the same for all sites.

Attribute 1, site population factor, and attribute 5,
length of power transmission intertie passing through
environmentally sensitive areas, were treated
deterministically. For attribute 3, biological impact at site,
and attribute 4, socioceconomic impact, probability estimates
for intervals were used. Normal probability distributions were
used for attribute 2 and attribute €. The resulting data are
shown in Table 7.1.

Applying these data in the unified approach, the expected
scales are calculated for attributes 3 and 4; +the mean values
are chosen as the impact index of attribute 6; the utility
values represent the index of attribute 2, 1loss of salmonids,
because two separate measures -— the number of salmonids in a
stream and percent loss of salmonids -- were required to
describe the possible impact on salmonids. The untility
functions for attribute 2, given by Keeney and Robilliard {17),
are shown in Figure 7.1. Y is defined as the number of

salmonids in a stream (in thousands) and Z as the percentage
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Figure 7.1 utility functiomns of attribute 2 of problem 4.

(Adapted from Ref. 16.)
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lost. Because attribute 2 is a composite of Y arnd Z, X (Y.Z)
is defined. If a stream has 1less than 100,000 salmonids, a
utility function u, was found to be

U, (x )=u, (¥,2) =0z (2) +uy(y) ~uz(2)uy(y), y<100 (7.2)
uy and u, are illustrated in Figure 7.1.a and 7.1.b. For
streamns with more than 300,000 salmonids, an appropriate
utility function was

U, (x )=uy (y,2)=0.568 +0.432uq4(q), y>300 (7.3)
where Q, defined as the number of salmonids lost, is Y times Z.
The utility function is shown in Figure 7.1.c. The decision
matrix (Table 7.2), involved in the unified approach, can then

be obtained from Table 7. 1.

7.2.3 Attribute weights
The ordering of the scaling constants (k;) corresponding

to their associated attributes (X; ) were determined by five
members of the project team as follows:

kg >k12>ky 2ky 2k Okg
The scaling constants were then assessed

ki=0.358, k,=0.213, k3=0.013, k4=0.104, kg=0.059, kg=0.400
The sum of these scaling coustants 1is not equal to 1 so a
normalization procednre iz employed to normalize these
constants. The set of normalized weights applied in the unified

aprroach is obtained as

H= ( .311 .189 .011 .090 .051 .347 )

7.3 Solutions by the unified approach
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Table 7.2 Decision matrix of Problem 4 for the unified approach.

——— T —————— T —— —— " ———————— T ———— . —— ————————————— .

Site Attribute
1 2 3w s e T
1 .057 .9895 1.€0 2.45 1 2.035
2 040 .9895 1.60 2.55 1 0.000( 4.929)
a 025 L9895 1.€0 3.60 1 1.535(15.343)
4 -.048 .9978 3.30 2.80 6 1.933( 7.613)
5 044 .993¢ 4.€0 3.80 12 12.347
6 .023 .9980 4.60 3.80 1 17.713
7 .052 .9988 2.30 3.70 0 4.834
8 <011 .9913 1.80 4.00 0 10.936
9 -018 .992¢ 0.50 2.95 0 11.423
Attribute
1 Site population factor
2 Lloss of salmonids
3 Biological impact
4 Socioeconomic impact
5 Length of intertie through sensitive environmental
areas.

6 Differential cost
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Both the liquefaction and no-liquefaction cases are

examined by the unified approach.

7-.3.1 Screening phase

A screening phase by means of conjunctive method was used
to identify the the candidate sites. Examining these nine
candidate sites by dominance method, none of the niune sites is
dominated. Hence all of them enter the preference ordering

phase.

7.3.2 Preference ordering phase

Simple additive weighting method:

The decision matrix with the comparable scale, derived
from Table 7.2 by means of the linear scale transformation, 1is
shown in Table 7.3. The weighted average values for the
candidate sites without liquefaction potential are:

A,=0.5289, A,=0.7133, A3=0.7393, &,=0.5844, A;=0.3908
Ag=0.4254, A5=0.5303, Ag=0.6288, Ag=0.6073
The preference order by SAW is obtained as

( A3, A2, Ag, By, BA4e Ay, By, RAg, A5 )

The weighted average values for the candidate sites with
liquefaction potential are:

A,=0.5829, A,=0.€167, A,=0.4€39, 2,4=0.4732, Ag=0.3908,
Ag=0.4254, 1A5=0.5303, Ag=0.6288, Ag=0.6073
The preference order is then obtained as

( 2g, 23, Agr 31- A-]c Ag, ASI’ Ag, 25 )
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Table 7.3 The comparable decision matrix for the problem of

selecting nuclear power plant sites

“site o Tattribute T

————  —— ———— T ——— T ————— — . ——— — ——— T ——— T —— T —————— ——

1 .0000 .9895 .6522 .3875 .9167 .8851
2 .2982 .9895 .€522 .3€625 .91€7 1.0000(.7217)
3 .5614 .9895 .6304 .3625 .4167 .9133(.1388)
i . 1579 .9978 .282¢ .1000 .S5000 .8909(.5702)
5 -2281 .9936 .0000 .3000 .0000 .3029
€ .59€5 .9980 .0000 .0500 .91¢7 .0000
7 -0877 .9%988 .5000 .0600 1.0000 .7271
8 .8070 .9913 .€087 .0000 1.0000 .382¢

9 <6842 .9926 .8261 .2625 1.0000 .3551

e S —————— —— —— ———————— ——— i " T T e o o o o e e —

* Figures in parentheses are the comparable scale of tkhe
differential costs which are associated with liquefaction

potential.
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Linear assigoment sebhod:

The product—-attribute matrix of nine candidate sites
without liquefaction potential is given in Appendix 5.1.a. The

optimal permutation matrix is then obtained as

The preference order by LAM is obtained as
(a2, 23, A4, Ay, By, Rg, Ag, A5, Ag)
The product-attribute matrix of nine candidate sites with
liquefaction potential is shown in Appendix 5.1.b. The
preference order by 1AM for this case is

[A1l 37: A,, A4: Ags Ag., Ag, RAa, AGJ

TOPSIS method:

The detail calculation by this method is given in Appendix
7.2.a. and 7.2.b. The closeness to the iieal solution and rank

orders by TOPSIS method are given as follows:.
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i e - —

Site No-liquefaction potential Liquefaction potential

Closeness Order Closeness Order
A1 0.6159 3 0.5812 3
A2 0.7u87 2 0.6397 1
A3 0.8218 1 0.3831 7
A4 0.6585 4 0.4870 6
AS 0.2952 9 0.31€1 ;|
Ab 0.3025 8 0. 3661 8
A7 0.5711 5 0.5558 5
A8 0.5279 6 0.86079 | 2
A9 0.48€0 7 0.5€29 4

ELECTRE method:

The detailed calculations by ELETRE method are shown in
Appendix 7.3.a and 7.3.b. The aggregation dominance matrix
corresponding to the case without 1liguefaction potential is

given as



- 0
1 -
1 1
1 0
E=| 0 0
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The outranking relationships of the aggregate matrix can

be illustrated by the graphical representation,

From the above
alternative, is
only once. i,
the concordance

But dgz = . 4835,

A3
L As
Age V
8
'\ .As

graph s, not dominated Dby any other

Az

ranked first. A,,A;, and A, are each dominated
is, however, prefered to &, and A3 according to
indices cg, and cg3;, Wwhose values are .5620.

and dg3 = .4202, are much larger than E = .27€0.
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Therefore,it may not be said that Ag is preferred to A, and A,.
In a similar manner, A, and A, are at the same ranking level.
The preference order by ELECTRE method f£for the case without
liquefaction potential is
(Ags (B,, A3, Bg), R4, Ay, (RA,,A.), Ag)
Similarly, the preference order for +the case with
liquefaction potential is
[(2;025) . Bg, By, Rp, R, Ay A4, 9‘5]
This problem was analyzed by mnultiattribute wutility
theory. The preference orders by the four efficient MNADM
methods as well as MAUT for both the no-liquefaction and

liquefaction cases are shown in Table 7.4 and Table 7.5,

respectively.

7.3.3 Aggregation phase
The results by three aggregation techniques for both the
no-liquefaction and liguefaction cases are given in Table 7.6€

and Table 7.7, respectively.

7.3.4 Synthesis phase

According to Table 7.6, the partially ordered set, shown
on Figure 7.2, is constructed. The poset reflects the
synthesized preference order for the no-liquefaction case

[ 23, 22, R4, By, (R;, Bg), RAg,(Ag,A,)], According to Figure
7.3, the synthesized result for the liquefaction case is

[(A’}f 32):(371 AB)! Ag: 34: ASI(AI,SI AG)]
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Table 7.4 Preference orders of npine candidate sites without

ligquefaction potential by five #ADM methods.

. ——— . —— —————————— T ——— ——————— . —— ——————— - v " ———
A A S A . . ——— - -

i S  —— ———— ———— i O T — i — — . ———— - ——— A~ . ————

1 3 4 3 7.5 3 4.7
2 2 1 2 3 2 5

3 1 2 1 3 1 1.6
4 5 3 4 5 m 4.2
5 9 8 9 9 6 8.2
3 8 9 8 7.5 9 8.3
7 7 5 5 6 5 5.3
8 3 3 8 1 8 4.8

— A ik A i T A U A N TER NS D S S N S T ——— i S e b —————— ——
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Table 7.5 Preference orders of nine candidate sites with

liquefaction potential by five MADM methods.

—— e —— v ——— D - o . . i T e S v —————————— -

Site DADM method Ave.

——— i ——— —— — ——————— A ———— . — ———— — — ——

SAW LAN TOPSIS ELECTRE MAOT

—————————————————— —— T ———— ————— —————— i~ ——— ——

1 4 1 3 n 1 2.6
2 2 3 1 5 2 2.6
3 7 8 7 7 € 7.0
m 6 4 6 8 5 5.8
5 9 7 9 9 4 7.6
6 8 9 8 6 9 8.0
7 5 2 5 1.5 3 3.3
8 1 5 2 1.5 8 3.5

————————————————— A —— ————————— . ————— ———————— - —
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Table 7.6 Ajgregate preferencs orders of aine candidate sites

without liquefaction potential.

———— i ——— —————————————————————————— —

—— ——— i —— —— —— T —————————— ———————————

1 Aj A3 Az
2 Az A2 )
3 - Ay Ay
4 A, Ay A,
5 Ag A7 A5
€ A, Ag Ag
7 A Ag Ay
B i A Ag

[P ——————————— Attt e
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Figure 7.2 The poset reflects the synthesized result of Table 7.6.
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Table 7.7 RAggregate preferencz orders of nine candidate sites

with liquefaction potential.

—————————— i —— o — i — —————— — T ———————— —————

Rank Average Borda Copeland

1 Ay ,A2 Ay (A2 Ay .4,

2

3 A5 Ag As

4 Ag A, A,

5 Ag A, Ao

6 A, A, A,

7 A, A, A,

8 AL A, Ae

9 3 A A

- — — . —— S W — ——— ——— i — — . —— - — ——
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Ali .A2 Level
><] 6
A-] .\ / AS EE— 5
Aq  d— 3
/-< v 2
AS. e A6 — 1

Figure 7.3 The poset reflects the synthesized resulc of Table 7.7.
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7.4 Discussion

In response to both <financial and time constraints, a
screening process incorporating the conjunc£ive nethod was used
to identify the candidate sites from a large study area. This
process shows the usefulness of the conjunctive method.

These candidate sites vere then e'valuated by
nultiattribute utility theory. But assessmeat of the utility
functions is a complex process. The assessmeat piocess may be
carried out by continually asking guestions of the decisionn
maker 115)? The probleus associated witn such an approach are
mandatory involvement of the DM in much work and the ﬁeed of an
analyst vho is experienced in questioning +the DM in order to
obtain a satisfactory reflection of real preferences.

The results of the unified approach and MAUT are shown in
Table 7.8. In the no-liguefaction potential case, the overall
ranking by MAUT and the unified approach are not identical, but
solutions by these two approaches both rank A3 £first and 23,
second. In the liguefaction case, Ay 1is ranked first and i,
second by MAUT. This solution is similar to that by the unified
approach, in that A, and A, are ranked ejually. However, the
information requirement for the unified apprpach, calling only
for the declision patrix aﬁd weighting scaeme, 1s much siapler
than that for MAUT.

According to Table 7.8, A, is shown to be a stable
solution even in the liquefaction case. If a detailed site-

specific study is necessary, A,, 1&,, and A; are recommended.
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Table 7.8 The preference orders of ninme candidate sites obtained

by MAUT and the unified approach.

—— ———— i ——— A ———————————————————————————

- —— T - —— — —— ——— e —— . ——— ———— —————— —————

MAUT Unified approach MAUT Unified approach

- ————— ————— I — —— o —— T ——— ———— — ———— ——— ——— T — T —

1 3 4 1 1.5
2 2 2 2 1.5
3 1 1 6 7
4 4 3 5 €
5 6 8.5 4 8.5
€ 9 8.5 9 8.5
7 5 5.5 ¢ 3 3«5
8 8 5.5 8 3.5
9 7 7 7 5

—— . ————— ———— i — . ——— T —— i ————— — — v —————
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Chapter 8

Concluding remarks

8.1 Discussion for each problem

This study deals with applications of the unified approach
to four real-world MADM problems. The results obtained by four
effective MADN methods as well as the unified approach for each
problem have been demonstrated in chapters 4, 5, 6, and 7. &

short discussion for each problem is given here.

Problem 1. Land use developm2nt problem in the Maasvlakte area

The problem has 5 alternatives, 8 alternatives, and 5 sets
of weights.

Based on the first, third, and fifth weighting schenmes,
the preference orders by the four efficient MADM methods are
different. Therefore, the aggregation anl synthesis phase amust
be applied in order t> derive the unified preference order. In
this case, the different weighting schemes yield different
results. This analysis is done as if five decision makers had
independently analyzed the situation based on their own
individual priorities. An eclectic solution among these
priorities is achieved by repeating the aggregation and

synthesis phases.

Protlem 2. Signapore Mass Transit Study

The problem has 6 alternatives, 8 attributes, and 5 sets

of weights.
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This problem shows how the dominated alternatives can be
removed by the dominance mathod to simplify the decision
matrix. The preference orders by the four efficient MADM
methods as well as the Multilimensional scaling method are not
identical. The aggrazgation and synthesis phase are used to
synthesize these results. A 1rawback of the linear assijnment
nethod, which may produce ac unsatisfactory solution, has been

found.

Problem 3. Sz2lecting a water resources system in Hungary

The problem has 5 alternatives, 12 attributes, and 2 sets
of weights.

One of the five proposed alternatives is eliminated by the
dominance method to reduce the number of alternatives from five
to four for further analysis by the unified approach. In this
case, preference orders by the <four MADM methods and
multiattribute wutility theory are identical. The unified
approach is then terminated at the end of the preference

ordering phase.

Problem 4. Selecting nuclear powsr plant sites in the Pacific

Northwest
The problem has 9 alternatives, 6 attributes, and 1 set of
welghts.
The solutions of this problem, obtained by different MADY
methods, are also non-identical.
Multiattribute utility theory requires transforming the

impact measurements of an attribute into wutilities. The
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decision naker has to be involved in the process of assessing
the utility functions. The information reguirement of MAUT is

more complex and involved than that of the unified approach.

8.2 Evaluation of the four efficient MADM methods and the

unified approach:

Thess four MADM methods have some common good points: 1)
the proceilures are well understood by a wide range of peaple.
2) the computational expense for each ma2thod, shown in Table
8.1, 1is low. The individual advantages and disadvantages are

discussed as follows:

Simple weighting method. The weak points of this method

are: 1) the comparable form is converted in a rather crude way,

2) the +total score for each alteranative, obtained by
straightforward summation, may ignore interactions among the
attributes. Due to these two weakness:s, this method nmay

conceal the siguificant differences among the alternative
outcomes. However, this method is very widely used, as it is

quite simple and leads to a uniquz prefers2nce order.

Linear assignment method.

Applying this method, the only information required is
attribute-wise rankings and attribute weights. This simple
requirement eliminates difficulties encountered in
constructiny appropriate cardinal indices on attributes. TYet
this method may produce an unsatisfactory ranking. This weak

point was seen in applicatiom of this method to the Singapore
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Table 8.1 IBM 360/50 computational time for the four efficient

MADM methods.

S — — — — —— —— T ————— ————— ———— ——————— ————— —— — . - —

1 2 3 ]

No. of alternatives 5 4 4 9
No. of attributes 8 B 12 3
No. of weighting schenes 5 3 2 1
SAW .14 .12 .16 -14

Computational LAM .79 .6l .58 .72
Time (sec) TOPSIS .52 59 .€0 «H2

ELECTRE 2.01 1.15 1.17 1.40
* The computer program for LAM produces the product-attribute
matrix; thaz others yield the weighted average outcomes,
relative closeness to the ideal solution, and aggregate

dominance matrix for SAW, TOPSIS, and ELECTRE, respectively.
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Mass Transit Study.

TOPSIS method.

This method Jjudges alternatives from both optimistic and
pessimistic viewpoints simultaneously, 2lthough it considers
distances from both ideal and negative-ideal solutions, the
procedure of this method is simple and jives an undié;ﬁ£able

preference order.

ELECTRE method. This method is capable of providing a

relative evaluation of alternatives with respect to each other.
Another advantage is that the information contained in the
coucordance matrix differs from that contained in the
discordance matrix, making the information content of
concordance indices and discordance indices complementary. The
basic problem with this method is that it does not always yield
a unique solution. We may increase the threshold value of the
concordance index and decrease the threshold value of the
discordance index, so that stronger praference relationships
are impossd. However, the determination of these threshold

values is rather arbitrary.

Unified approach. Thz unified approach displays the

following strong points:
{1) The burdem of selecting an appropriate MADM method is
lifted.
(2) The number of alternatives may be reduced by dominance
and conjuctive methods in the scresning phase.

(3) Though including four phases and employing several
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net hods simultaneously, the logic and process of this
approach are quite easily understood and explained.

(4) This approach, providing an eclectric solution as well
as the results by four efficient MADM methods, gives a
better understanding of ranking relationships among
alternatives.

(5) Any other efficient method can be added or replace the
less efficient method easily. These changes will not
affect the logic of the unified approach.

(6) The only information required is a decision matrix and
attribute weights.

A disadvantage of this approach is £found in the Borda and
Copeland methads, employed in the aggregation phase. These two
methods, based on the majority rule, do not consider the
strength of preference orders and may produce a weak ordering
due to cyclic results.

Accordingy to the advantages and disadvantages mentioned
above, the four efficient MADM nmethods ani the unified approach
are very 2asily applied by the analyst or the decisicn makers;
information requirements for these methols are not extensive;
the computational expense for each method is quite low. Yet
different HADM methods usuilly yield differemat preference
orders, because they judge the same problem from different
points of view. For these reasons, the wunified approach is
worth carrying out in that it may providz better understanding

of relationships amoang alternatives to enhance the likelihood
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of good decisiouns.
8.3 A unified approach to MODM:

There also exists a variety of multiple objective decision
making (MODM) methods. A review of various MADM methods and
their applications is contained in Hwang and Masud (12). The
MADM models try to design the 'best' alternative based on their
own assumptions and points of view, such that results obtained
Ly different MODM methods are often not identical. Thus, the
concept of a unified approach may also be applied to MNADHM
problen. A unified approach, composed of screening phase,
preference solving phase, and aggregation phase, 1is therefore
proposed.

Mathematically, the MODM methods can be formed as:

max (£ (X}, £,(X) s soeeees £ (X))

S.t. x€ X (8.1)

A process diaqgram for unified approach to MODM is shown in

Figure 8.1 and described as follows:

Screening phase: 1In this phase, non-conflicting objective

functions will be removed to reduce the number of objective
functions. A payoff table is constructel by solving the ideal

solution for zach objective fuanction.

Preference solving phases: An MODM problem will be solved

by appropriate methods basei on the preference information

given. If the DN does not Jive any preference information, the
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Figure 8.1 A process diagram for a unified approach to MODM.
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global criterion method is employed in this phase. If the DM
gives priorities for the objective functions, the MODM problenm
may be solved by goal programming. Four MODH# methods - method
of satisfactory goals, @nmethod of Goeffrin, STEH method, and
SEMGPS method - are selected +to obtain the preferred solution,
if the DM can be involved in the decision process progressively
for each iteration. If the preferred solution, obtained by the
four MODM methods, do differ, a aggregqgation procedure will be

included in the next step.

Aggregation phases: This phase atteapts to obtain a
compromised soluticn , or select a preferred solution by the
MADM methods among the results yielded in the previous phase.

(&) Obtain a Compromised solutione. This compromised

solution may be obtained by the following steps.

Step 1. Obtain a set of comproaised goals:
A solution, which has the shortest total distance to
the preferred solutions, can be obtained Ly solving the

following problem:

0 n
- £

Mo

min d = ]]f
min o 0
K

max

£y

e
n

(8.2)

vhere f:ln = mininmum value of the kth objective among the

preferred solutions.

:éx = paximum value of the kth objective among the

preferred solutions.

£ = preferred solution by the nih method.
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0 .
£ = compromised goals.

The solution, which may not be a pr=ferred solution, can
be considered as a set of compromised goal levels. 1In the next
step, the objective which raceives the most attention may be

imposed.

Step 2. Optimize the most important objective:

The aost important objective fy, 1is maximized subject to
the original constraints and additional constraints formed by

the rest of the objective functioas:

max £y, (X)
s.t. xeX (8.3)
0 .
f] ?4 fj' 3 = 1‘2'-.--' k' and ]*H

The final compromised solution (f?, E%,..., Epmeeeay fi )
is then obtained.
(2) Select a preferred solution:

The aggregation procedure may bz carried out another
way. Let each solution constitute an alternative and the values
of the objective constitute the attributes of each alternative.
Then a preferred solution can be selected from the four
solutions by employing a MADM method or the unified approach to

MADM.
8.4 Future study:

A computer program including the whole procedure of the

unified approach to MADM by modifying the LAM and ELECTRE
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method could be constructed to obtainm the synthesis solution by
running the program only once.

The Borda and Copeland methods, employed in the
aggregation phase, are very simple. However, these methods do
not always give strong preference orders lue to cyclic results.
This weakness could be countered by utilizing group decision
nethods, which are efficient and produce unique solutioms.

Since only four real-life problems hive been tested by the
unified approach, employing four MADM methods, we cannot
compare in depth the efficiency of the unified approach with
that of those which were not applied in this study. A more
comprehensive evaluation of MADM methods will be reached by

dealing with additional real~life problems.
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Appendix 1. Four alternative definitions of discordance index

A discordance index is designed to measure the degree to
which a certain alternative P 1is less desirable than a
competing alternative q. Four equations 2f a discordance index
have been introduced.

(1) The definition suggested by Hwang and Yoon (12) is:

max | Vpy T Vpj |
1€Dpq

da = e
max I ij vqj[
j€J

This discordance index (between alternatives p and q)
represants the maximum differences between the pairwise
weighted outcomes of all attributes belonging to the
discordance set (Dpq), divided by the maximum dicordance
difference between alternative P and 4.

(2) The second one, definei by Guigou (10), is:

max I v, - Vv,

J€Dpq

dpq = max I Voj " qjl
3€Dpq
(p,a)

Where the expression (pP,ql stands for all wvaluoes of p
and 9 . This discordancz index between alternatives p and
d is equal to the maximum difference the pairwvise
weighted outcomes with respect to all attributes

belonging to the discordance set Dpg, divided by the
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maximum difference bestween all arbitrary pairs of
alternatives.
{3) The third denifition, suggested by Delft and Nijkaamp

(€) , isz

2

. | ¥oy - "qji/tpﬂ
J€Dpq
pa max -v.-v.,
pJ aj
J€Dpq
(p,a)

where tpq represents the number of elements of D .This
discordance index measures the ratio of the average
discordance Jdifference between alternatives p and 9 with
repect to the overall maximum discordance difference.

(4) The fourth one, given by Nijkamp (20), is:

2 I Y3 "qu-]

_ J€Dpq

de = —
- (:?:)(j% | ¥ _.v"‘jl)

in this case, the denominator is lefined as the maximum
of the sum total of the divergence among tvo
alternatives. This dasfinition takes into account the
weighted discrepancy betvween alternatives p and 9 with
respectto all those attributes for which alternative p

does not dominate alternative 9.
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Appendix 2 Detalled calculations of problem 1
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THE LINEAR ASSINGMENT METHGD ====

*¥%x JNDUSTRIAL LAND USE PROBLEM IN THE MAASVLAKTE **xx

*% DECISION MATRIX  *%*
X1 X2 X3 X4 X5 X6 X7 Xe
Al 103,15 43.39 540. =-98.10 0.0 B6.7D -2.10 25.79
A2 199.15 65.60 94 e =12470 -14.48 B2.40 =-1.70 55.9)
A3 476,75 65460 5340. -12.50 -24.80 85.030 =35.20 33.00
A4 1077.40 93430 12820, -13.10 -55,78 85,43 =9.50 55.0)

A5 566,75 87.87 5740. —-13.00 -39.28 8l.10 -£8.69 62.00

*%  WEIGHTS %k
X1 X2 X3 X4 X5 X6 X7 X3
9.125 0.125 0.125 0.125 0.125 0.125 Q2.125 0.125
*%  PRODUCT-ATTRIPBUTE MATRIX *x*
Al D375 02,125 0N.0N00 D900 0.500
A2 N0.125 0.188 0.250 0.438 ({.000C
A3 0.002 0.125 0.563 0.213 7.000
A N.375 0.188 02.063 {J.009 N.375
AS 0.125 0.375 0.125 0.250 0.12%

*¥%  WEIGHTS  **
X1 X2 X3 X4 X5 X6 X7 X8
N.130 N.067 9D.233 0.2609 0.333 0.133 €¢.133 0,130
*% PRODUCT-ATTRIBUTE MATRIX **
Al Ne366 0,133 0.029 0000 9.500

A2 0.133 0.983 0.283 92.499 0.000



A3 0.999 042939 N.532 02.266 0.900
144
A4 0.437 9,183 0.059 0.000 0.3266

A5 0.100 0,400 90.133 0.233 9.133

— e = e m amm am e emr we s dm mm am mm mm mm e s amm em omm mm am e s e s am am

%  WEIGHTS  #x*
X1 X2 X3 X4 ) &1 X6 X7 X3
D167 N,167 9D.125 0.083 0.942 0,125 0.042 0.250
*% PRCDUCT-ATTRIBUTE MATRIX *%
Al J.257 2.042 0,009 0,000 0,799
A2 0.042 0.167 0.291 0.500 0.00C
A3 0.00C 0.983 0.542 0.375 0.090
A4 0.459 0,259 0.125 0.000 0,167

AS 0.250 0.459 0.042 0.125 0.125

-— e e ma wm EE e e s mm s mm m me  mm mm wm owm mm e mm mem e e wmm mm e ww ee we

% WEIGHTS  *x%
X1 X2 X3 X4 X5 X6 X7 x8
7.095 0,095 04395 0.095 9.381 9,995 0.095 0.048
*% PRODUCT-ATTRIBUTE MATRIX **
Al 0.571 0.095 0.039 0.000 0,333
A2 N.395 0.405 C€.167 0.333 90.000
A3 0.027 0.095 0.714 0.191 9.0500
A4 0.285 0,119 C.024 0.000 0.571

At 0.048 0.285 0,995 0.476 0.095

_— e s e e e e m e m  wmm e mm  mm  mm e mm e AE o mm  wm  mm e me e em em mm e W

%  WEIGHTS  *x%

X1 X2 X3 X& X5 Xé X7 X8
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0.097 0.064 0,161 0.161 0.22¢6 0.097 0.129 0.06

% PRODUCT-ATTRIBUTE MATRIX *=*
Al 0.484 0.129 90.000 0.000 0.386
A2 0,129 04258 0.225 0.387 H.000
A3 0.9 9D.161 C.613 0,225 0.000
a4 0.322 0.129 0.032 90.000 0.516é

AS 0.064 0.322 0,129 D.387 0.097

_— e e mm e e e = wm am wmm s mm  mm omm am e we  mm  mm mm e e ww mm omm e e e
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Ak TOPSIS METHCD H X AT

*%% INDUSTRIAL LAND USE PROBLEM IM THE MAASVLAKTE #%kx%

#%¥ DECISION MATRIX %%
X1 X2 X3 X4 X5 X6 X7 X3
Al 109.15 43.30 540, -8B.19 C.N0 86,70 ~2.10 25.09
A2 199.15 65.60 240, =12.70 -14,48 82.40 -1.79 55.7
A3 4T6.T75 £5.60 5340. —-12.50 -24,80 85,20 -9.,20 332,390
A4 1077440 932,30 12820, -13.10 -55,78 85.47 -9.50 55,00

AS 566,75 87.80 5740, -13.00 -39.28 81.18 -8,60 63.99

*¥% NORMALIZED CECISION MATRIX =*x*
X1 X2 X3 X4 X5 Xé X7 X8
Al D.282 0.264 0.036 -0.301 9.200 0.461 -3.131 0,231
A2 N.150 0.400 N.062 ~0.472 -0.196 0.438 -0.10¢ 0.5908
A3 0ae3259 04400 04354 -0.465 —=0.,325 0.452 =-0.575 0.39%5
A4 J.812 0.569 D.851 —-D.487 -N.754 D.454 -0.594 0.508

A5 De427 04535 0.381 -2.483 -0.531 0.431 -N.537 0.582

*%  WETGHTS  **
X1 X2 X3 X4 X5 X6 X7 X3

D.125 D.125 Z.125 02.125 0N.125 0.125 0.125 0.125

% WEIGHTED NORMALIZED DECISION MATRIX %%

X1 X2 X3 X4 X5 X6 X7 X8
Al 0,010 0,033 D.904 -0.038 2.9 0.058 -0.016 9.929
A2 0.019 0,050 0,008 -0.059 -0.024 0.055 -N.013 0.063
A3 Na45 D050 DaD44 -0.158 -0,242 (.056 -0.072 G.038

A4 De101 0,071 0el06 -0.061 -0.294 D057 -2.074 0.963

A5 0.053 0067 D248 =0.060 —0.06€ 0.354 =-0.,067 0,073



X1
X2
X3
X4
X5
Xé
X7
X8

TDEAL SOL.

0.1015
D.92711
De.1064
-N.9376
Je 0000
0.0576
=Yy 123
N.0727

IDEAL SEPARATIGN

Al

A2

A3

A4

Ne14R6

0.1347

J.1196

D.1149

Del1l67

N-ICEAL SOL.

0.0103
0.0330
3.0045
-2.2609
-0.0942
0.0539
-0.0742
0.0288

N-IDEAL SEPARATICN

0.1130
0.1207
0.0769
N.1461

J«0873
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RELATIVE CLOSENESS

N.4319

- e e e emm amm mm e e mm wmm mm e e o e mm e e o e = mm am e e e = e e

*%

ok

Al

A2

A3

Ad

A5

X1
X2
X3
X4
X5
X6

ICEAL SCL.

WEIGHTS  **

X1 X2

Je10 1.067

X3

0.233

WEIGHTED NORMALIZED

X1 X2

0.008 0.018

2.015 0.027

N.N81 0.0338

NeN43 D036

V.0812
J. 1983
-0.0602
9. 00CO
0.0613

X3

0.008
2.015
J.083
D.198

1.089

X& X5

0.200 0,033

DECISION MATRIX

X4 X5

-0.060 0.000

-0.094 —-0.0C€

-0.993 -9d.211
-0.097 -0.025
-0.,097 -0.018

N-ICEAL SOL.

3.0082
0.0177
3.0084
-0.0974
-0.0249
0.0573

X6

0,133

%3k
X6
D061
0.058
0.9260
0.060

V.57

X7

0.133

X7
-0.017
-0.014
-0.976
-0.079

-1.971

X8

0.100

X3

0.023
0. 051
0.030
0.051

7.958



X7 -D. 7141 -0.0789
X8 0.0582 0.0231 148

IDEAL SEPARATION N-IDEAL SEPARATICN RELATIVE CLOSENESS

Al 2.2075 0.0761 N.2685
A2 J.1988 0.0741 DL.2714
A3 0.1463 0.0815 N.3577
A4 N.DT91 N.2064 D.7229
A5 0.1357 D.0966 0.4158

_— e e am wmm wmm wmm e e e e e am wm mm mm mm mm  mm me oam wmm e e = e e e e = e

*%  WEIGHTS %=
X1 X2 X3 X4 X5 X6 X1 X8

d.167 0.167 0.125 0.083 0.042 0.125 0.042 0.250

*%* WEIGHTED NORMALIZED DECISION MATRIX =%
X1l X2 X3 X4 X5 X6 X7 X8
Al Y.714 0.044 D.004 -0.025 2.300 0.058 -0.006 D.058
A2 0.025 0.067T 0.008 -0.039 -0.0C8 0.055 -0.004 0.127
A3 0,060 0067 J.044 —-3.039 -N.,01& 0.056 =1.024 D.076
A4 N.136 N.095 D.106 -0.040 -0.032 0.057 -0.225 0.127

A5 0,971 0N.N89 0,248 -0.040 -0.N22 0.954 -3,923 2,145

ICEAL SCL. N-ICEAL SOL.

X1 Je1356 0.0137
X2 N.7950 De0441
X3 De. 1064 0.0045
X4 -0.0250 -0.0404
X5 D.0000 -0.0317
Xé D.I576 0.0539
X7 -0.0045 -0.0249
X8 0. 1454 0.2577

IDEAL SEPARATION N-T1DEAL SEPARATION RELATIVE CLOSENESS

Al 7.1885 D044 D1765

A2 0.1528 0.0831 Ne3447



A3
A%

AS

D262
D447

N.0932

0.0700

3.1836

0.3568
{1.8015

D.5681
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Al

A2

A4

AS

X1
X2
X3
Xa4
X5
Xé
X7
X8

Al
A2
A3
A4

A5

#k

%

IDEAL SEPARATION

WETGHTS

X1 X2

*%k

X3 X4 X5

7.095 0,095 0.595 ©.095 0.381

WEIGHTED NORMALIZED

X1 X2

X3 X4 X5

0.008 0.025 0.002 -0.029 0.000

0.214 0.0

38 0.096 -0.045 ~-0.07%

N.D34 0N.N038 0.034 -0.044 -0.128

D077 0.054 0.N81 -D.046 -0.287

0.041 0.051 0.036 -0.046 -0.202

IDEAL SCL.

03771
0.3540
N. 0808
7.0000
De. 0438
-0.0101
0.0279

3.1092
N.1251
D.1517
N.2614

0.2149

N-TIDEAL SOL.
D.0078
0.0251
C.0034

_000463
-0 .2871
Q.0409
-0.0564
D.0111

N—IDEAL SEPARATIDN

042910
0.2185
N.1650
0.1087

0.1017

DECISIGN MATRIX

X6

D.095

£ 3
X6
N.N44
0. 042
N.043
N.043

0.041

X7

2095

X7

=012

-0.010

-0 .055

-0.056

-00 051

X8

0. 048

D.011
0.024
0.015
0.024

C.028

RELATIVE CLOSENESS

NeT271
D.6358
05209
N.,2717

0.3211

— - o - — e = o e mm ww wm ws e w
-_ emw mm mm e mm mm ww mm ww e mm em e -



*%  WEIGHTS =% 150

X1 X2 X3 X4 X5 X6 X7 X8

*% WEIGHTED NORMALIZED DECISION MATRIX  **
X1 X2 X3 X4 X5 X6 X7 X8
Al 0.008 0.017 0,006 -9.048 0.0CC 0.045 -0.017 0.7215
A2 0,715 0,026 0019 -0.076 -0.244 0.242 -0.014 0.032
A2 N.035 D.026 0057 —=0.075 ~-0.076 0.044 —-0.974 0,919
A4 J.NTS 0,026 2137 —0.078 -0.170 D044 =0.077 0.032

AS 3.041 0.034 0,061 -0.078 -0.120 0.042 -0.069 0.037

ICEAL SOL. N-IBEAL SOL.

X1 D.0788 0.0089
X2 0.0364 0.0169
X3 0.1370 N.0058
X4 -0.14 85 -0.0784
X5 2.0000 -De1703
X6 D. 0447 D.0418
X7 -0.0137 -0.0766
X8 J. 1372 0.2148

IDEAL SEPARATICN N—-IDEAL SEPARATICN RELATIVE CLOSENESS

Al 041521 N.1829 Je 5461
A2 J.1528 D.1425 0.4839
A3 0.1372 D.1114 04482
A 0.1841 Del514 D.4514

A5 0.1596 0.0872 0.3533



Appendix 2.3
=== ELECTRE METHOD ===== k51

*%% INDUSTRIAL LAND USE PROBLEM IN THE MAASVLAKTE *%*
*% DEC IS ION MATRIX %=
X1l X2 X3 X4 X5 X6 X7 X8
Al 19S.15 43.39 540. -8.10 DeN0 86470 —-2.10 25.09
A2 199.15 65.60 940, —12.70 - 14.48 82.49 =-1.73 55,09
A3 4T76.75 65.62 5340, -12.59 -24.80 85,097 =-9.23 33,00
A4 1077.40 93.3) 12820. -13.10 -55.78 85.43 =9.50 55.0)

A5 566,75 87.83 5740, -13.00 -36,28 81l.10 —-B.60 63.9)

*#%  NORMALIZED CECISION MATRIX  *%
X1 X2 X3 X4 x5 X6 X7 X8
Al 0.782 0.264 0.9036 -2.391 3.230 0.461 -0.131 0.231
A2 D150 D440 0,062 04472 -0.196 D.438 -0.126 0.508
A3 D.359 0.400 0.354 -0.465 -0.335 0.452 -0.575 0.305
A4 0.812 0.569 0e851 -N.487 -0.754 0.454 -0.594 0,508

A5 N.427 De535 04381 -D,482 -0.531 0D.431 -0.537 0.582

CCNCCRDANCE SETS DISCORDANCE SETS

X1 X2 X3 X4 X5 X6 X7 X8 X1 X2 X3 X4 X5 X6 X7 X8
e ¥ g o o 1 1 1 0O O D12 1 1 1 0 9 0 1 1
Gla "9 0 1 1 1 1 0O Diz 11 1 3 9 93 9 1
Cl4 0 4 0 1 1 1 1 0 D14 1 11 ¢ O O 0O 1
7 o 2 0 1 1 1 1 0 D15 111 3 90 5 9 1
c2i 1 11 9 92 0 1 1 D21 n 29 o9 1 1 1 9O 3
c23 9 1 0 0 1 0 1 1 D23 i o1 1 0 1t o O
C24 n 9 0 1 1 o 1 1 D24 1 1 1 2 0 1 9 9
C25 77 0 1 1 1 1 0O D25 1 1 12 9 0 0 1
C31 i1 1 92 0 0 0 1 D3l 0 o n 1 1 1 1 9
€32 1 1 1 1 9 1 O 0O D32 o & 0 0 1 2 1 1
C34 c & ¢ 1 1 0 1 O D24 1 11 0 0 1 0O 1
C328 320 1 1 1 02 0 D3as 1 1 1 49 90 0 1 1
C4l 111 0 9 9 2 1 041 o 2 o 1 1 1 1 2
42 1 11 9 9 1 0 1 D42 3 2 0 1 1 48 1 9
C43 1 11 9 0 1 92 1 D&3 3 a1 1 9 19
C45 1 1.1 ¢ 2 1 0 O D45 g o o9 1 1 90 1 1
€51 1 1 31 0 9 0 2 1 Ds1 2 2 2 1 1 1 1 12
B2 i1 1 2 3 & 01 D52 o 0 0 1 1 1 1 D
C53 1 t 1 9 95 o 1 1 D52 9 3 % 1 L L 494 O
C54 2 2 0 1 1 92 1 1 C54 i 1 1 9 0 1 O 92



* SYMBCL 1 INCICATES THAT AN ATTRIBUTE IS INCLUDED IN
CORRESPCOMDING CCMCORDANCE/DISCONCCRDANCE SETS

#%  WEIGHTS %%

X1

0.12

[ =
~

X2

0.125

X3

0.125

x4 X5 X6

0.125 0.125 0.125

*% WEIGHTED NORMALIZED DECISION MATRIX  **

X1 X2 X3 X4 X5 Xé

Al 0.910 0.033 0.904 -D.038 0.9709 2,058
A2 J.N19 90N.085C (€.008 -3.059 -0.0G24 0.355
Az 0.045 0.059 ©£.044 =-0.058 -N.042 D.056
A4 0,121 0,871 0.10& -0.061 0,794 12,057
A5 0e053 04067 0,048 -0.260 -0.066 0.054

% COMCORDANCE INDEX MATRIX %%

N.0003 0.3750 G.,5000 0.5000 6G.5300

N.625) 2.0009 08.5000 00,5000 0.5000

0.5000 0.6250 0.0000 0.3750 0.3750

2.5090 C.6250 0.6253 92.0000 02,5000

D.5029 0.5000 D.6252 0.5000 0.2000
AVERAGE OF CONCCRDANCE INDICES = 02.5125

¥%* CONCGRDANCE DCMINANCE MATRIX ¥

o 9
1 2
D 1
a1
2 0

5]

3

0

Q

0

*% DISCGRDANCE INDEX MATRIX *x*

02,0092

N.1132

Je

De

1526

0009

D.2278

N.1478

D.4625 N.2277

X7

0.125

X7
-0.216
-0.013
-0.072
=0.074

152
THE

X8

0.125

X8
D329
N.063
0.338
NeD63

0.072



Ne2691 0.2294 J.0000 12,3743 0D,1539
N.3G685 0.2999 00,1300 0.0000 0.1€09 w2

De3249 0.2218 0.0665 0.2577 9.0000

MAX SUM CF DIVERGENCE BETWEEN ANY TWO PLANS = D0.4419

AVERAGE COF CISCORCANCE INDICES = D.2563 ;ﬁ

*¥ DISCORDANCE DCMINANCE MATRIX **
0 1T 1 0 O

1 9 1L © 1
it

D 0 1 ¢ 1

2 11 9 @

*% AGGREGATE DOMINANCE MATRIX *x*

9 2 4 02 9

*% WEIGHTS  **
X1 X2 X3 X4 X5 {3 X7 X8
N.100 0.067 0.233 0,200 0.7033 0.133 0.133 0.100
*% WEIGHTED NORMALIZED DECISION MATRIX %%
X1 X2 X3 X4 X5 Xé X7 X8
Al 0.008 0.019 0.098 -0.060 0.000 0.061 -0.017 0.023
A2 N.915 0.027 0.015 =2.794 -0.9%2¢ 03.058 -0,0l4 0,251
A3 N.026 D.027 0.083 -0,093 -2.011 0.760 =0.776 2.03)

A4 0.081 0.038 2,198 -0,097 -0.025 0.060 -0.079 0.051



AS 0.042

9 + 336

0.089 -0,9297 -0.318 0.057 -0,071

*% CONCCRDANCE INDEX MATRIX

2.00990
N,£329)
0. 5000
2.5020

2.5009

Na

0.

Do

Qe

Oe

36640
nono
7330
6330

5090

De4 990
0.3339
0.0000
J.6332

D.6330

D.4990
Qea 660
D.36¢0
2.230C9)

D 4660

AVERAGE OF CONCORCANCE INDEICES

*% CONCORDANCE DCMINANCE MATRIX

0 0
1 @
9 1
0o 1
9 0

#% DISCCRDANCE INDEX MATRIX %%

Ve D00
0.1003
N.2388
Ne 2858

0.2570

0

n

o
0
0
0

0

0
0.
0.
D

0.

0

1219
0000
2903
1989

1643

Ne2720
0.2119
0.0000
0.0477

0.0297

X%

0.4999)
N.4950
0.38ED
N.5330

0.0000

0 .5078

%

0.7142 N.3862

0.6048
D429
0.0000

D.3520

MAX SUM OF DIVERGENCE BETWEEN ANY

AVERAGE GF DISCORDANCE INDICES =

#*% DISCORDANCE DOMINAMCE MATRIX

3 1
1 0
1 1
g 1

0
n

G

0
0

0.2719
N.1257
3.7527

07000

TWG PLANS

0.2539

bt ]

Q. 4355

0.058

154



155

*x  AGGREGATE DOMINANCE MATRIX  #%

*%  WEIGHTS =%
X1 X2 X3 X4 X5 X6 X7 X8
0.167 0.167 2,125 0,083 0.042 2.125 0,042 3.2590
*% WEIGHTED NORMALIZED DECISION MATRIX %=
X1 X2 X3 X4 X5 X6 X7 X8
Al 0.914 Q.044 0.904 -0.025 0.000 02.058 -92.006 0.258
A2 0.025 0.067 0.008 -0.039 -0.908 0.055 -0.004 Q.127
A3 0.960 D367 0.044 -0.039 -2.014 J.056 -0.024 D.076
A4 N.136 0,095 0,106 -D.940 -0.032 D.057 -0.025 0.127

A5 0,071 0.089 0,048 -0.040 =0.022 02,754 -0.023 N.145

*% CCNCORDANCE INDEX MATRIX *=*

N0.0029 02.2590 0.2920 0.2920 0.2920
N.,7510 0G.0093 0.5919 0D.4170 0N.2929
D,7090 NL66T70 D.02000 J.1670 J.2500
0.7090 0.8340 0.8340 0.0000 0J.5840

3.7090 0.7090 G.7510 0.4170 0.000C

AVERAGE OF CONCORDANCE INDICES = 9.5213

*% CONCCORDANCE DCMINANCE MATRIX  *3*

D92 8 0 9



o
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o
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*¥% DISCCRDANCE INDEX MATRIX *%

0.000) 0.2617 0.32094 D.8362 D.5684
0,361 9D.0090 D.1794 9D.5819 D.3092
0.1153 0.1856 0.0000 0.5274 0.2628
Q.1638 0J3.1098 0Q.0492 0.0000 D.0742

N.,1415 0.72826 2.9322 0.3197 3.0000

MAX SUM OF DIVERGEMCE BETWEEN ANY TWO PLANS = 9.4113

AVERACGE OF CISCCORCANCE INDICES = n,2585

*% DISCORDANCE DCMINANCE MATRIX  **
3 0 0 0 0
1 01 40 0

*% AGGPEGATE DOMINANCE MATRIX =%

ot
o
(i ]
<
o

- e mm e mm e e ww mm e s dm e mm s emm e e e mm g wm me mm wm mm Em mm W e

*%  WEIGHTS  #x*



X1

0.09%

X2

0.095 0.09%

X3

X4

0.06%

X5 X& X7

0.381 0.085 0.095

*¥*% WEIGHTED MNORMALIZEDR DECISICN MATRIX %=

X1
Al 0.008
A2 D.914
A3 JeJ34
Aa N.977
A5 0.041

X2
0.025

2.038

0.051

*%x  CONCORDANCE

0.1020
N.4 289
0.333D
1.3339

N.3339

0.
D
0.
.

d2.

5710
aRalaly
4750
428490

23319

X3
0.003
0.106
0. 334
0.081

0.036

X4
=0.129
-D.045
-0.044
-N.046

—00‘346

INDEX MATRIX

0.6669
N.6190
0.0000
N.4289

0.42890

J.6660
0.6190
D571
N.0000

D.6190

AVERAGE OF CONCCORDANCE INDICES

x5 XE X7
D000 NN44 -0,012
-0.075 0.042 -0.010
-N.128 N.0432 -0,.055
—N.287T NN4E3 -N,056

-0.,202 0.041 -0.%351

* A
2.6660
V6660
N.5719
d.3800

0.n000

= DJ.5066

*% CONCORDANCE DCMINANCE MATRIX *x*

3 1
0 0
7 0
n 9
o 0

1

i

1

1

1

1

*% DISCORDANCE

N30
D.1726
J.3458
0.6489

D. 4846

De
De
Qe
D

De

0698
09239
1595
4835

3164

INDEX MATRIX

0.1357
0.09z22
D «3009
0.3034

d.1454

Je.3511
0.2886
Je2158
0.0000

2.1608

* %
0.2009
D.1356
0.0718
0.1749

N.2099

X3

Q. 343

X8
D011
0.02%
0.215
N.024

0.J28

157



MAX SUM OF NDIVERGENCE BETWEEN ANY TWO PLANS = 0.5384

AVEPAGE OF DISCORDANCE INDICES = 92.2499

b 4

0

1

de s

158

X8

0.064

DISCORDANCE DCMINANCE MATRIX %
1 1 0 1 |
o1 9 1
1 9 1 1
0 0 o 1
3 1 1 0
AGGREGATE DCMINAMCE MATRIX %
11 0 1
1 9 1
002 1 1
¢ 0 9 9
D) 1 0
WEIGHTS %
X1 X2 X3 X4 X5 X6 X7
0.797 D.064 0.161 0.161 0.226 0.097 0.129
WEIGHTED NORMALIZED DECISION MATRIX #%*

Al

A2

A4

A5

X

%¥

X1 X2 X3 X& X5 X6 X7
D.078 0017 0.006 =3.048 92,000 0,345 -0,017
0.015 0.026 0,010 -0.076 -0.044 0.042 -0.014
2935 0D.026 0.057 -N.375 -0.376 D44 -0.,374
0.379 04036 N,137 -D.078 —-0.170 0044 -2.077

0.041 0.034 0.061 -0.078 -C.12C 7.742 -9,069

CONCORCANCE INDEX MATRIX *x*

0.0000 D.4840 3J.6130 7G.6130 0.6130

X3
D015
0.032
Q.219
D.232

D027



0.5159
N.2862
J.3860

0.3863

0.0000 9D.4839
N.5800 35.3009
0.4830 0.,4829

N.3860 2.5150

01.5800
0.5160
0.0000

0.5800

AVERAGE COF COMCORDANCE INDICES

*% CCNCORDANCE DOMINANCE MATRIX

AN
1.0
2 1
9 40
0 0

1

1 1
I 1
1 9
¢ o
1 0

*¥% CISCORDANCE INDEX MATRIX

0.0095
D.1480
N.3204
0.5213

D.4C52

0.0810 0.1832
N.5000 3J.1398
7.2199 3.0029
0.3829 0.29013

Ne267T 2.9985

N.4TB7
D.4072
Ns2958
0.0000

Ne2348

* %

MAX SUM OF DIVERGENCE BETWEEN ANY

AVERAGE OF DISCORDANCE INDICES =

*% DISCORDANCE DCMINANCE MATRIX

2 i
1 0
2 1
n 9
0 0

1

1

¢ 9
0 1
0 1
0 1
1 0

** AGGFEGATE DCMINANCE MATRIX

7 9

1

0 g

Q.56139
04840
C.4150

30080

D.5059

£ 3

0.2578
N.1832
N.N842
0.12€0

9,260

TWC PLANS = 0.4998

D.2516

X

% %

159
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Appendix 3 Detalled calculations of problem 2



A -
ppendix 3.1 162

=== THE LINEAR ASSINGMENT METHOD ====

*%%% SINGAPCRE MASS TRANSIT SYSTEMS &%

¥ DEC IS ION MATRIX **
X1 X2 X3 X& X5 X6 X7 X8
Al 2,000 2.000 2.000 5.000 1.000 5.000 1,000 2.000
A2 5.000 4.000 4,300 4.000 2.000 2.000 4.000 4.00C
A3 4.000 5.000 5.000 2.000 3.000 2.000 2.000 3.000

Ad 5.000 4.900 4.000 3.000 3.000 3.000 4.000 4.000

*%  WEIGHTS  **
X1 X2 X3 X4 X5 Xé X7 X8
0.063 0.063 0.063 0.125 0.188 0.188 0.188 0.125
*% PRODUCT-ATTRIBUTE MATRIX **
Al 0.313 92.000 0.000 0.688
A2 0.188 0.375 0.344 0.094
A3 0.219 0D.064 0.469 0.219

A4 £.281 0.531 (C.188 0.000

- am em mm ww wm ew ww e o e e e e s am e em e em e s R mm wme wm mm e = e = = o

*%  WEIGHTS  **
X1 X2 X3 X4 X5 X6 X7 X8
0.167 0.250 9.167 0N.083 0.083 0.083 0.083 0.083
*% PRODUCT-ATTRIBUTE MATRIX =%
Al 0.166 0.200 0.000 0.833
A2 0.166 D2.458 0.333 0.042
A3 0.458 0.042 0.374 0.124

A4 0.208 0.4SS 0.291 0.200



- - e e e = am e e e e M mee wma e e ME Sl e e s e e v e e e e wmm caw e

*%  WEIGHTS  **
X1 X2 X3 X4
0.125 D.125 0.125 0.125
*% PRODUCT-ATTRIBUTE MATRIX
Al 0.250 0.000 0.000 0.750
A2 0.188 0.438 (C.313 0.063
A3 0.313 D.063 0.438 90.188
A4 0.250 0.500 90.250 J.000

¥ X

X5

0.125

X6 X7

0.125 0.125

X8

0.125

- e e e s e e e mm ww e G e e am e s mme e e e wm e o e e e wmw e e e
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* dokok TOPSIS METHCD sk

*%%% SINGAPORE MASS TRANSIT SYSTEMS ¥k

*¥% DECISION MATRIX %%
X1 X2 X3 X4 X5 X6 X7 X8
Al 2.000 2.000 2.000 5.000 1.000 5.000 1.000 2.000
A2 5.000 4.000 4.000 4.000 2.006 2.000 4.000 4.000
A3 4,000 5.00C 5,000 2.000 3.000 2.000 3.000 32.000

Aa 5.000 4.000 4.000 3.000 3.000 3.9000 4.000 4.000

*% NORMALIZED DECISIGON MATRIX **
X1 X2 X3 X4 X5 Xé Xi X8
Al 0,420 0.400 0.400 1.000 G€.200 1.000 0.200 0.400
A2 1.000 0.800 C.800 9.800 0.400 0.400 0.800 0.800
A3 0.800 1.000 1.000 0.400 0.600 0.400 0.600 0.600

A4 1.000 0.800 0.800 0.600 C.60C 0.60C 0.800 0.800

*¥%  WEIGHTS  *=*
X1 X2 X3 X4 X5 Xé X7 X8

0.063 0.063 0.063 0.125 0.188 0.188 0.188 0.125

*%* WEIGHTED NORMALIZED DECISION MATRIX  *=*
X1 X2 X3 X4 X5 X6 X7 X8
Al 0.025 9.025 0.025 0.125 0Q.037 0.188 0.037 0.050
A2 0.063 0,050 0.050 0.100 0.075 0.075 0.150 0.100
A3 0.050 0.063 0.063 0.050 90.112 0.975 Q0.112 $.075

A4 0.063 0.050 0.9050 0.075 0.112 0.112 Q.150 0.100

IDEAL SOL. N-IDEAL SOL.

X1l 0.0625 0.0250
X2 0.0625 0.0250



X3 D.0625 0.0250

X4 0.1250 0.0500 165
XS 0.1125 0.0375
X6 0.1875 0.0750
X7 0.1502 0.0375
X8 0.1000 0.0500

IDEAL SEPARATION N-IDEAL SEPARATICN RELATIVE CLOSENESS

Al 0.1581 0.1352 0.4610
A2 0.1225 01474 0.5461
A3 0.1431 0.1237 D.4638
A4 D.,3919 J.1596 0.6347

- e o e e mm mm we mm mm e e s s e S e m e == tem  mm s m wm o s am e e

¥  WEIGHTS **
X1 X2 X3 X4 X5 X6 X7 X8

0.167 0.250 0.167 0.083 0.083 0.083 0.983 Q.083

*% WEIGHTED NORMALIZED DEC ISION MATRIX  **
X1 X2 X3 X4 X5 X6 X7 X8
Al J.067 G.100 0.067 0.283 0.017 0.983 0.017 0.033
A2 0.167 04200 0.134 0.066 0.032 0.033 0.066 90.066
A3 0.134 0.250 0.167 0.033 {.05C 0.933 0,050 0.05)0

A4 0.167 0.290 0.134 0.053 0.050 0.059 0.066 0.0066

IDEAL SOL. N-IDEAL SOL.

X1 0.1670 0.0668
X2 2.2500 0.1000
X3 C.1679 0.0668
X4 0. 0830 0.0332
X5 0.0498 0.0166
Xé 0.0830 0.,0332
X7 J.06€4 0.0166
X8 J. D664 0.0332

IDEAL SEPARATION N-IDEAL SEPARATICN RELATIVE CLOSENESS

Al 0.2174 0.C704 Q.2447

A2 7.0815 0.1716 0.6780



>
i

Q.081l4 0.1987 D.7094

A4 D.0763 0.1724 0.6533

- e mm wm wm mm mm mm mm omm  em e ma  amm e e mm s e wmm mm omm  we  me wa  mm am mm mm am

*% WEIGHTS *=%*
X1 X2 X3 X4 X5 Xé X1 X8

0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125

% WEIGHTED NOFRMALIZED DECISION MATRIX  *x
X1 X2 X3 X4 X5 X6 X7 X8
Al 0.050 0.050 (C.050 0.125 Q.02f% G$.125 C.025 0.9250

Az 0.125 0.100 G.100 0.100 0.0570 0.050 0.100 9.139

A3 0,100 0.125 Q.125 0.050 0.075 0.0590 0.275 0D.075

A 0.125 0.100 0.100 0.075 0.075 0.075 0.100 8.109

IDEAL SCL. N-ICEAL SOL.

X1 0.1250 0.0500
X2 0.1250 ¢.0500
X3 0. 1250 0.0500
X4 0.1250 0.0500
X5 0.0750 0.0250
Xé 0.1250 0.0500
X7 2,1000 0.0250
X8 Q0. 1600 0.0500

IDEAL SEPARATION N-IDEAL SEPARATICN RELATIVE CLCSENESS

Al N.1€658 0.1061 0.3901
A2 0.0901 0.1479 0.6213
A3 0.1146 0.1392 0.5485

A4 0.0791 2.1500 0 .6549

v - e e e mm mm e mm e e e e e e oam em wm e omm mm = e gm am e e e e e
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===== ELECTRE METHOD =====

¥x%% SINGAPORE MASS TRANSIT SYSTEMS #%%k

*% DECISIGN MATRIX *¥%

X1 X2 X3 X4 X5 X6 X7 X8

Al 2.000 2.000 2.000 5.000 1.000 5.000 1.000 2.000
A2 5.000 4.000 4.300 4.000 2.200 2.000 4.000 4.000
A3 4,000 5.00C 5.000 2.000 3.000 2.000 3.000 2.000
A4 5.000 4.000 4,000 3.00C 3.000 3.790 4.000 4.002

*¥%¥ NORMALIZEC CECISION MATRIX %%
X1 X2 X3 X4 X5 X6 X7 X3
Al C.409 0.400 0.400 1.000 0.200 1.000 @.200 0.490
A2 1.000 0,800 0.800 3.800 0.490 0.400 ©C.800 0.83)
A3 0.800 1.000 1.000 0.400 0.600 0.400 0C.600 0.600

A 1.0300 0.800 0.800 J.600 0.600 0.630 0.800 0.800

CCNCGRDANCE SETS DISCORDANCE SETS

X1 X2 X3 X4 X5 X6 X7 X8 X1 X2 X3 X4 X5 X6 X7
€12 9 9 0 1 0 1 0 0 D12 1 1.1 0 1 9 1
£.X3 ¢ 29 29 1 0 1 0 O D12 i 1 1 0 1 9 1
Cla o 0 ¢ 1 0 1 0 O D14 1 1 1 0 1 0 1
€21 i1 11 40 1 0 1 1 D21 2 0 2 1 0 1 O
CZ3 1 9 0 1 ¢ 1 1 1 D23 o 1 1 0 1 0 0
C24 1 1 1 1 9 0 1 1 D24 9 0 0 0 1 1 @
G2 1 1.1 0 1 0 1 1 D21 9 ¢ 0 1 o0 1 @
€32 7 1 1 0 1 1 0O O D32 1 ¢ 01 ¢ 0 1
C34 2 1 1 90 1 9 0 9 D34 1 0 0 1 0 1 1
C4l 1 1.1 ¢ 1 0 1 1 D41 g ¢ ¢ 1 0 1 O
Ca2 111 0 1 1 1 1 D42 0 o 0 1 0 O O
C43 1 ¢ ¢ 1 1 1 1 1 D432 0 1 1 90 0 2 G
*¥ SYMBOL 1 INDICATES THAT AN ATTRIBUTE IS INCLUDED IN THE

CORRESPONDING CCONCORDANCE/DISCONCCRDANCE SETS

*%  WEIGHTS *%
x1 %2 X3 X4 X5 X6 X7 X8
0.063 0.063 0.063 0.125 0,188 0.188 0.188 0.125

¥% WEIGHTED NORMALIZED DECISION MATRIX kX

>
o]

QOO DL OO R
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X1 X2 X3 X4 X5 X6 X7 X8

Al 0.025 0.025 0.025 0.125 0.037 0.188 $.,037 0.350
A2 0.063 0.05C 0.050 0.100 0.075 0.075 GC.150 0.100
A3 0.050 0.063 0.063 0.050 G.112 0.275 0.112 0.075

A4 0.263 0.950 0.050 0.075 0.112 D.i12 9.150 0.190

*% CCNCORDANCE INDEX MATRIX *x
0.0000 0.3125 0.,3125 0.3125
D.6875 D.0000 0.6875 90.6250
D.6875 0.5000 0.0000 0.3125

0.6875 0N.8750 2.8753 0.0000

AVERAGE OF CONCCRCANCE INDICES = 0.5729

*% CONCORDANCE DCMINANCE MATRIX **

9 ¢ 0 0O
1 0 1 1
1 0 0 O
1 1 1 9

**% DISCORDANCE INDEX MATRIX %%
N.0000 04,6216 0.5946 0.7227
0.2973 0.0000 0.1351 0.l622
D.405%4 0.,2703 0.2000 0.2973

0.2703 0.9541 0.0541 92.0000

MAX SUM OF DIVERGENCE BETWEEN ANY TWO PLANS = 0.4625

AVERAGE OF DISCORCANCE INDICES = 0.3221

#% DISCORDANCE DUOMINANCE MATRIX  **
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*% AGGREGATE DOMINANCE MATRIX  #*x%

d 0 0 ¢
1 5 1 1
0 o 0 O
1 1 1 ¢

— e e mm me wm ew cam e e mm mm e mm mm wmm e em em mm omm wmm mm e mm e mm e mm e

¥k WEIGHTS  **
X1 X2 X3 X4 X5 X6 X7 X8
De167 0.250 0.167 0.083 0.083 0.083 J.083 0,982
*% WEIGHTED NORMALIZED DEC ISION MATRIX  =*x
X1 X2 X3 X4 X5 X6 X7 X8
Al 0,067 D.100 0.067 0.083 0.917 0.083 0.017 0.033
A2 0.167 0.200 0.134 0.066 0.033 0.033 0.066 0.0€6
A3 0.134 0.250 0.167 0.033 Q0.05C 0,033 0.050 0.050

A4 D.167 2.200 GC.134 0,050 0,050 0.053 0.066 Q.06

%% CCONCORDANCE INDEX MATRIX **
0.,0000 ©C.1660 0.1660 0.1660
0.8330 0.0000 0.4990 0.8330
0.8330 0.5830 3.0000 J0.5000

0.8320 0.9160 0.5820 0.0000

AVERAGE OF CONCORCANCE INDICES = 0.5758

*% CONCORDANCE DCMINANCE MATRIX %%

a 0 0 0



¥% CISCORCANCE

INDEX MATRIX =*%
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X8

0.125

X8

0.050

0.100 0.100

0.,0000 0.7338 0.8006 0.767C
0.1329 0.0000 0.2002 0.0665
01994 0.1998 0.0000 0.1998
N.1229 0.0332 0.1669 0.00C0
MAX SUM OF CIVERGENCE BETWEEN ANY TWO PLANS = D.4996
AVERAGE GF DISCORDANCE INDICES = 0.3027
¥% [CISCORDANCE DCGMIMANCE MATRIX #*x
3 ¢ 0 ¢
1 0 1 1
1 1 0 1
1 11 90
%% AGGREGATE DCMINANCE MATRIX  #x%
0o 0 0 O
1 0 0 1
i 1 0 O
1 1 1 0
*%  WEIGHTS =
X1 X2 X3 X4 x5 X6 X7
D.125 0.125 0.125 0.125 0Q.125 0.125 0.125
*%  WEIGHTED NORMALIZED DECISION MATRIX  **
X1 X2 X3 X4 X5 X6 X7
Al 0.050 90.050 0.050 0.125 0.025 Q.125 0.025
A2 0.125 0.102 0,100 0,100 0.050 0.950
A3 0,100 0.125 0.125 0.050 0.075 0Q.0852 0.C75

0.075



A4 0.125

0.1430

2.100

0.075 0.075 0.075 93.120

%% CONCORDANCE INDEX MATRIX **

J.0000

D.TEQD

J.7509

J. 7500

0.2590
0.0000
0.500C

0.8750

0..2590
0.6250
0.0000

0.7500

0.2520
0.7500
0.3750

$.0000

AVERAGE OF CCNCCRCANCE INDICES = 0.5729

*% (CCNCORDAMCE DCMINANCE MATRIX  *x*

0 0
1 ¢
1 9
L A

0

*% [DISCORDANCE INDEX

0.0002
D.215
0.3158

0.2135

0.6842

0.0000

0.2632

0.0526

0.6842
1:il579
0.0000

0.1053

MATRIX =

0.7368
0.1953
0.2632

0.00C0

MAX SUM OF DIVERGENCE BETWEEN ANY TWC PLANS = 0.4750

AVERAGE OF DISCORDANCE INDICES = 0.3158

*% DISCORDANCE DCMINANCE MATRIX  *=*

0 @
1 0
o 1
1 1

0

0

**% AGGREGATE DOMINANCE MATRIX %%

3 0

)

0

D.100

171.
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Appendix U4 Detailed calculations of problem 3



Appendix 4.1

==== MET LD z=z==
LA SELFLT LG A L=k ARk HATED 2edtonls SYSTEMS At aed,
% SO0 5 AL TI[Y e
%L b Xz X4 £3 AD L7 P ¥re I
Al =28 =4, dg,ity T R0 =170 0,07 S 1Y 21, T A
42 =CFaT=19.90 63,20 0450 €uedN =0,50=3 3,00 4),40 e S e
A3 =G5.1=50,70) 43000 0610 L20)) = bll=acd, Yy SN n G 20,
Ad =1l lad =300 A0 YT o D 53 Z2eI=T 4 BH0,3% 43,00 HJ.7)
F R EIGHTS =
A1 A2 X2 A x5 0 %7 Xe x 3 X2
P A T s PO R I B S TFE 1 8 N PN Tal™Y 0a 030 1,353 3,100 DLl
% PEONLCT=ATTICRIGHTE MATRIX ==
Ll s g MR P chakolln JND AP B 00 1 QR U Lt
S8 022 D627 2,273 a0
A3 Jal% ¥ )e2470 T.3059 1L,2750
ia MY ode 3300 RedTR ) Uem 75
sx LT[ IHTS %%
A1 2 ! X4 X5 AG x7 X Ay %l
D171 Dala? 3,119 Ja)55 Jad8) 34lZ1 Je55 d.13) LAt Pe
k% N ONUCT-A T 30TE MATRLAE  *%
AL 120100 Y,L.1150 022120 e G5)
A2 322127 1.579) 0.2100 3,.710.09

THe

LINE A ASSTLGARNT

31730 Jelaw0 242788

11,2655

3
4

12

Jardhd

Xl1
Te

v

P

Jed3]
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A4 CeD0) 1.055% £.2995 D465



Appendix 4.2

* Fu & TCP SIS HETHCD LR L3S

e SELECTIMG A LONG=RANGE WATER

=% DECISILN MATEIX *x

X1 x2 X3 X4 X5

QESCJRCE SYSTESMS

X& x7

Al =99,56 =4, 37,00 2,70 §2.00 =1.30-50.70

A2 =85.7T-19.0U 03.00 0.50 60.00 -0.58=-80.G8

A3 =55.1-52.10 280.00 9D.10 292.07 =.53=%2,0)

A4 =121.8=-0.20 42,00 2,91 29.97 -2.20-72.92

*=  NORMALLZED CECISIGN MATRIX ==

xl X2 X3 X& X5
Al =2.52 =345 D60 331 A.T7
A2 =1,45 =) .26 J.45 0,53 U.F4
Al =385 ) =)e b3 Naeod Il D.l9
A -0.33 =J.63 Q.30 J.01 W.19
% NElGHTS ==

Al X2 X3 X& X5

0,130 34130 Q.130 N.19% 04139

&%  JEIGHTED NGRMAL [ZED RECISIGN
X1 X2 %3 X4 x5

Al =3,35 =J,01 a6 N8 N.I3

A2 =Jeda =433 J.04  J.do da)E

A3 =1.35 =307 .06 2.1 4,2

A4 =335 =02,97 }.33 1.3 Ja )2

ICEAL 50GL. n=ICEAL 5CL.

X1 =Y, 0443 -).2532
X2 -Js 2255 -2a 06852
X3 049556 J.0258
X4 2. 3398 Ja. 012
X5 J.3772 D.3192
X6 =Ygudg 13 =1,)853
X7 -}. 138 -}e:1311
X8 J.2216 J.J15d
X9 e It 49 Y324
X1in 1.73733 J.0183

X6 X7
=%a43 =1.52
=3.21 =1.2

-7.21 =}.23
=3a85 =0.44

Xb AT

J.103 0,433

YATPIX %%
Xe X7

=Je4 =173
-0.C02 —v.23
=0,72 =01
=303 =3,.32

xR

3u.00
30. 340
4741

+3eD)

Dab3
Y.b2
Y.32
1.32

X3

1413
Je 23
1ad2
Jwid

E LR R
X3 X173
2da 2 334,
e L) AQ¢2)
oda )l 20X
48 ,) 43,1
X9 xXLe
DeG5 W73
Vs S ta 5
J .8 Jasld
J.32 .37
X9 X13J
JeldG el 1)
A9 X1
SIST- R I N
Jad®  duln
2.3 2.2
Jed3 Jelb

30, 3
‘JL)-OJ
20«

+ds 3

Xl

J.73
J. 55
J.13
137

e 027

X1l

Sads
J.J3
Y. )L

a2

176

J W00
Dbl

]
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x11 ). 3265 J.0091
Xl2 }.2229 J. 3232
[DEAL SEPARATILN S=1LEAL SEZARATICH HRCILATIVE CLCSTEESS
Al J.2234 Je1i433 J 42394
A2 w349l Jellsa e 711400
A3 Jel249 JeCT57 Da34G73
A4 J.1455 10215 Yal2ed

£ LE[GHTS  #=
%L X2 3 X4 x5 X6 X7 Xe £9 X113 £11 xiz

J.931 J.147 2,115 0.955 1,740 2.12L 2.1355 J.1% 3,767 1,115 Dd.Jzl ).221

=2 WIIGHTED MOFRMALIZEND DECISICN MATRIXA  #%

LB X2 X3 X4 X

n

X X7 X3 X9 Al9d £11 X12

Al =Je08 =3,.31 DT DNy 0,136 =2.05 =103 dads 3ad5 0 Y8 0,320 1)1
A2 =Jaldh =J 04 D35 9,03 0495 =C.03 =0,03 V.06 Jes  JeJdo  Jdedl O.vul
A3 =775 =010 D037 .01 3202 =043 =202 D403 0a 0 )2 Jad el
A4 =Je S =317 Jed3 D0 D32 =Jeld =422 D4J3 Ued3 Vaed+ 2401 0WCC

[DEAL SGL. h=-IDEAL 3CL.

X1 =1, 2407 -1.3434
X2 =Ja2N8Y) =Ja 13932
X3 Del6d6 J.0363
X4 Ve 3w45 Qa8
X5 Yo do 16 Jue2l54
Xé =1, 125n -J.1032
X7 =-J. 1152 =N.0342
X3 J.32 Q.031l¢
X6 J. 27219 Jed263
X1 Je-i84 ) 743210
X1l 1. 1153 PN P -
X12 Ve AL:23 2. 1035
[DEAL SEPAZATICH N-INEAL SEPARATION  RELATIVE CLLSTWELS
Al ).Nz27 D.1493 Je3293
A2 3.2495 Cal23e Vo T127
A3 J.1323 Je 3820 De%301

A4 Jal1533 J.0227 '.1287



Appendix 4.3

==z== ELECTRE METROC =z===
wakx  SELECTING A LING=RAMGE wATER ESUURCE SYSTEM
#%  DECISIGA MATRIX ==
Al =58.6 =4,01 37,03 JaTT 6390 ~1.80=90,03
A2 =35.7-19.00 00.20 1450 50430 =2.50-506.CC
A3 =55.1-5)039 68.C)  Jo1) 20430 =).50=4)e2d
A4 =1721.8-50.00 42.C) 2,01 29.79 =2.30=-73,9)
£ NORMALT ZE0 COCISICA “aTKIX e
x1 x2 X3 X4 x5 X6 A7
Al =452 =3.05 J.67 Ju31 T TT =05.43 =)a=2
A2 =745 =).26 .45 J.53 1,58 =1.21 =),55
A3 =1.50 =3.£3  2.5) .12 .19 =121 =0,29
Ad =453 =0.69 9437 0401 $elG =0.855 —1.4E
A% WEIGHTS *¥
X1 X2 x3 X4 L5 X6 X7
G139 Ve130 4103 18 0uld) G100 2450
£%  JEIGHTFO NCRMALIZEQ CECISILN MATRIX  +3
X1 x2 X3 Y X5 xe X1
A1 =475 =9.01 2436 J.UR  ).33 =), =).03
A2 =000% =U.33 )uJ& 2406 Jed6 =0.02 —deC2
83 =7.95 =).27 .36 D1 D02 =102 =)0l
Ah =315 =)e37 D433 UedD Ged2 =1.39 =2.02
ex  CCHCUPDANCE [ADEX ¥ATRIX =%
A,0MY 7500 JeT53) 1e% 50
A.353)  1.)830 04353d  Jed5LC
9,2899  9,352C  3.929)  1,35%3
1.950)  2.1537 3.4200  1.300)
AVERAGE OF CONCCRCAMCE IACICES = 9.5562
£%  COACCRDANCE DCMIMANCE MATRIX  #%
3 101 1

5

dide)

20, 29

43200

43430

Veld3
Ded3
Je )2

Gaud

7. )

¢G.C)

X9

ei5
oS
1) .G

le32

X3

Jalb
de 13
Jaldd
Je J3

3J. 2010

oJdernd

=
0.

413 ))

[

Je73
1553
1.14
Y31

V.7
1, !5
Je Jd
Va0

>y 2
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9Py B0, L8
STV 19 B % PR s
2%41) 4.0
4343 25.0%
xl1 xlz
O.73 abs
5% el
Nald D32
3 I Y
XLI _&iZ
Ge 184 Ve G5
XLl Xle
Je 1% L
1o 73 biwt 43
Yo gl etz
D2 Vet L



> a8 232 0

*%  DISCLADANCE INDEX "MATEI X 3=

J3333 22074 Jal1732 DI 1BS

12571 NL030  J,07J3 ) .a0464%

DaT346 0e3360 D IRVEvIS I D.0e71

Je9221 307560 Je343% A.)520

MAax Syt 0OF DIVERSENCI BETwEEM ANY TWC PLAMNS =
AVERAGE F CISCOROANCE TNCICZS = N.3373

% O15CC20ANCE DUMILANCE MATRIX ==

3 1 1 1

1. 9 1 1

& 2 9 I

4 | J D )

¥k AGGREGATE CCM MALCE MATRIX  *=

) § S | 1

.o 1 1

3] 9 1

2 2 2 3

=& YEIGHTS 3%
xl X2 X3 X4 x5 X5 x7
0.992 24147 C.115 J4UE5 2,240 2,121 0.7155

#%  WFIGHTEC NCRAALIZEZD DECISION MATRIX  ®x
X1 X2 X3 X& X5 Ad X7

Je4Jol

Xz

Y123 Va3

XA

XY

xs

X123

X1l

Jall5 3.2

179
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Al =305 =0l JDdIT DD NLI6 =005 =), 330 N8 0005 .05 3,02 1
A2 =JdaD4 =Ja04 D25 D3 1.5 =NGD3 =Je 33 Db Dedd Jedb J.ul el
A3 =0.35 =0410 Q407 2401 Wel2 =0403 =Jal2 .92 Uadd 2.2 D] Ge2]
A4 =3.05 =0L.10 24133 .Y 0,12 =12.10 =0,.32 .32 2,73 Dadw 1.0 .0

=k CONCORCARCE INJEX MATR[X =%

VeIV D724 0DeT7307  Jevé4esd

D« 3882 200230 2.3313 .54

J.3823 027172 D.40037 2 ,4€50 =

123590 JL.2E59 J.«€2 D048
AVERAGE CF CLNCORDANRCE IMDICES = D.Et42

=  CONCOFRODANCE DCUVINAMCE MATRI X  *%

2 01 1 1

0 9 1 1

o 2 7 1

2 0 0 =

#x [OISCCFOANCE IhOEA MATRIX =% h

71,1073 92,0918 DL1150 12,0192

D.2803 D000 0.0820 J.C2056

D.T6TL 2.5251 24131 3. 23€32

D0.9838 0LTTEL N.3763 Jeu0t)
MAX SUM OF DIVEIRGERCE SETWEEM ANY TWwD PLANS = 03,3943
AVERAGE JF [DISCCRCANCE IMDICES =  Q0.2422

*% CISCORDANCE LCHMIMAMCE MATRIX w3

31 1 1

1 o 1 1

9 0 0 1

92 9 9

%  AGGREGATE DOMINLANCE MATELIX  *%
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Appendix 5 Detailed calculations of problem 4



Appendix 5.1.1

THE LINEAR ASSINGMENT METHQD

ki SELECTING NUCLEAR POWER PLANT
*% DECIS ION MATR IX  *x*
X1 X2 X3 X4

Al -0.2570 0.9895 -1.6000 -2.4500
A2 -0.0400 0.9855 -1.6000 -2.5500
A3 -0.0250 0.S8S5 -1.7000 -2.5500
A4 -0.0480 C.9978 -3.3000 -3.62090
A5 ~0.0440 0.9936 -4.60C00 -2,8000
Aé -0.0230 0.9980 -4.6000 -3.80CC
A7 -0.0520 0.5988 -2.3000 -3.720CC
A8 -3.0110 0.9913 -1.8000 -4.0000
Ag -0.0180 0.6926 -0.8000 -2.9500

**%  WEIGHTS  ¥*

X1 X3 X4 x5
J.311 0.189 0.011 0.090 90.951

*% PRODUCT-ATTRIBUTE MATRIX **
Al 0.090 0,005 0.005 0.364 0.017 0Q.C17
A2 0.347 0.050 0.050 0.017 0.328 0.017
A3 0.000 0.392 0.045 0.322 0.000 0.000
A4 0.000 0.000 0.53¢& 0.000 G.000 D0.99C
AS 0.090 0.000 0.009 0.279 0.300 0.311
A6 $.000 0.189 0,311 0.017 92.017 0.017
A7 0.206 0,017 0.017 2.700 0..347 0.011
A8 0.328 0,017 0.017 0.000 0.011 C.32¢
A9 0.028 0.328 0.017 0.000 0.279 0.0Q0

SITES

X5

®xk

-1.0000

-7.0000 -

-12.19000

-1.0000

|

-1

6.0000 -

Kk

X6
2.0350
0. 0000
1.5350
1.9330
2.3470
T.716C0

4,8340

0.0000 -10.9360

0.00C0 -11.423)

X6

N.347

0.063
D.063
0063
0.373
0.000
0.000
0.0S0
0.0¢CC

0.347

0.063
0.063
0.114
0.000
0.352
0.095
J.311
0. 0CO

0.000

0.374
0.063
0.063
0.000
0.056
0.352
J.9CH
0.0%0

0.000
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¥

F¥

AS
A6
A7
A8

AS

%

ek

Al

A2

Ad
A5
A6
AT
A8

AS

** SELECTING NUCLEAR POWER PLANY SITES ki
DECISION MATRIX %%

X1 X2 X3 X4 X5 X6
-0.0570 0.9895 ~1.60C0 —-2.4500 -1.0000 -2,0359
-0.0400 €.58S5 -1.6000 -2.55C0 -1.0000 -4,9290
-0.0250 C.G5895 ~—1.7000 -2.5500 ~7.0000 ~15.3430
-0.0480 0.9978 -3.3000 -3.6200 -6.0000 =-7.6130
=0.0440 0.9926 -4.6000 -2.800C -12.6C00 -12.347D
-0.02390 0.5980 -4.6000 -3.8000 -1.0000 -17.7100
-0.0520 0.6988 -2.3000 -3.7000 2.0000 -4.83410
-0.0110 0.9913 -1.8000 -4.0000 0.0000 -13,5360
-0.0189 0.6926 ~0.8000 -2.95C¢ 0.0000 -11.4230

WEIGHTS *%

X1 X2 X3 X4 X5 X6

0.311 90.189 0.011 0.396 D951 04347

PRCOUCT-ATTRIBUTE MATRIX **
04437 0.005 0.005 0.017 2.017 0.017 $5.063 0.063 0.374
0.000 0.050 0.397 0.017 D.328 0.917 D.063 0.063 0,063
0.000 0.045 0.045 0.322 2.000 0.000 0.063 G.461 0.063
0000 0.000 0.189 0.347 0.000 0.0990 N.373 0.000 0.009
0.000 0.000 0.000 0.279 0.000 0.311 0G.347 C.005 0.0%56
0.000 0.189 0.311 0.017 0.017 0.017 2.000 0.095 0.352
Je206 D.364 0,017 0,000 0.000 0.011 0,390 D.311 0.000
0.328 0,017 0.017 0,000 G.358 0.189 N0.300 C.DCO 0.069
G.028 0.328 0,017 0.000 0.279 0.347 0.00C 0.000 0.000
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Appendix 5.2.1

R TOPSIS METHCO FdEk K
*EE X SELECTING NUCLEAR POWER PLANT SITES
*¥ DECISION MATRIX %%
X1 X2 X3 X4 X5 X6
Al -0.0570 0.98S5 -1.6000 -2.4500 -1.00C00
A2 -0.20400 0.5865 <-1.6000 -2.5500 -1.0000
A3 -0.0250 €.S895 -1.7900 -2.5500 -7.9000
A4 -N.0480 0.9978 -3.3000 -3.6000 -6.0000
AS -0.0440 0.9936 ~-4%,6000 -2.80C0 -12.CC00
A6 -0.0230 0.9980 —-4.5000 -3,8000 -1.9900
A7 -0.0520 0.9988 -2.3000 -3.7900 0.0999
A8 -0.0119 0.9913 -1.8000 -4.0020 0.5300
Ag -0.0180 0.5926 -0,8000 -2.9500 0.0000
*% NORMALIZED DECISION MATRIX  **
X1 X2 X3 X& X5 X6
Al -0.493 0.332 -0.191 -0.255 -0.06¢€ -0.074
A2 -0.346 0.332 -0.191 -0.265 -0.066 0.000
A3 -0.216 D.332 -0.203 -0.265 —0.460 -0.956
A4 -0.415 0.335 —0.393 -0.374 —-0.3%4 -0.071
A5 -0.380 92.333 -0.548 -0.291 -0.788 -0.451
A6 =0e199 0.335 —-0.548 —0.395 -0.066 —-0.0647
A7 =0.449 0.335 -0.274 -0.384 0.000 -0.177
A8 -0.095 0.333 -0.215 -0.416 (€.000 -0.3S9
AS -0.156 $3.333 -0.095 -0.306 0.000 -0.417
®*%  WEIGHTS  #**
X1 X2 X3 X4 X5 X6

ko

-2.93538
0.0000
-1.5350
=14%3329
-12.3470
—-17.7100
— 44 8340
-10.9360

-11.42390
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Al
A2
A3
A4
A5
A6
AT
A8

AS

X1l
X2
X3
X4
X5
X6

Al
A2
A3
A4
AS
A6
AT
AS

AS

%

IDEAL SEPARATICN

0.311 92.189 9.011

9.090 0.051

De347

WEIGHTED NORMALIZED DECISION MATRIX **

X1 X2
=-0.,153 0.063
-0.107 0.063
-0.067 0,063
-0.125 0.063
-0.118 0.063
-0.062 0.0€3
-0.143 ©0.063
-0.939 0.063

-0.048 0.063

X3
-0.002
-0.002
-0.002
-0.004
-0.006
-C.006
-0.003
-0.902

-0.001

X4 X5
=0.923 -0.003
-0.024 -C.002
~Js024 -0.023
-0.034 -0.020
-0.026 -0.940
-0.036 -C.0C3
-0.035 0.900
-0.337 0.000

-04028 CCGCG

ICEAL SOL. N-IDEAL SOL.

-0. 0256
0.0633
-0.0019
-0.0229
0.0000
2. 0000

0.1263
0.07890
0.0484
2.1050
0.1844
J.2272
Jel1266
0.1393

D.1461

-0.1532

0.0628
-0.2060
-0.0374
-0l0402
-0.2244%

X6

-0 .026

0.0C0
-0.019
=0 024
-N.15¢€
-0.224
-0.061
-0.136

-0-145

186

N-IDEAL SEPARATICN RELATIVE CLOSENESS

D.2026
0.2324
0.2234
0.2024
0.0772
0.0985
0.1686
0.1558

0.1381

0.6159
De 7487
0.8218
0.6585
0.2952
0.3025
0.5711
D.5279

0.4860



Appendix 5.2.2

okl TOPSIS METHCD Ak

Stk SELECTING NUCLEAR PONWER PLANT SITES

%% DECISION MATRIX *x

X1 X2 X3 X4 X5

Al -0.0570 0.9895 ~-1.6000 -2.4500 -1.0000
A2  -0.0400 0.S8S5 -1.6030 -2.5500 =-1.0000
A2 -0.0250 0.5895 =1.7000 -2.5500 ~-7.0000
A4 =D.0480  0.9978 =-3.2000 =-3.6000 =-6.0000
AS  -0.044C 0.9936 =—4.6000 -2.8CCC -12.9000
A6 -0.0230 1.5980 =-4.6000 -3.8000 -1,9000
AT  -0.0520 0.5988 -2.3000 -3.7000 9.0099
A8  -0.0110 0.9913 -1.8000 -4.0000 0.00990
AS  -0.0180 0.9926 =-0.8000 =-2.9500 0.C000

*% NORMALIZED DECISION MATRIX

X1 X2 X3 X4 X5 X6

Al -0.493 0.332 -0.191 -0.255 -0.066 —0.062
A2 -0.346 04332 —0.191 -0.265 -0.06¢ -0.151
A3 -0.216 0.332 —0.203 -3.265 -0.460 -0.471
A4 —0.415 0,335 —0.393 —0.374 -0.394 —0.234
A5 -0.380 0.333 —0.548 -0.291 -0.788 -0.379
A6 —0.199 0.335 -C.548 -0.395 -0.066 —0.544
A7 -0.449 0.335 —(.274 -0.384 0.000 -0.148
A8 =-0.095 0.333 -0.215 -0.416 0.300 -0.336
A9 =0.156 0.333 —0,095 -0.306 0.000 -0.351

*% WEIGHTS #%

X1 X2 X3 X4 X5 X6

ek

X6
-2.0359
-4.,9290

-15.3430
-7.6130
=12.3479)
-17.71C0
~4. 8340
-10.63¢€0
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Al

A3
A4
AS
A6
AT
A8

AS

X1
X2
X3
X4
X5
Xé

Al
A2
A3
A4
A5
Aé
AT

Ag

%k

ICEAL SEPARATICN

0.311

0.189 90,011 9.090 0.051

0.347

WEIGHTED NCRMALIZED DECISIGON MATRIX %%

X1
0153
-0.1907
-0.067
-0.129
-C.118
-0.262
-0.140
-C.0320

=0.048

IDEAL SOL.

X2
0.063
D.063
0.063
0.063
0.0863
0.063
0.063

0.063

0.063

-0.0296
0.90633
-0.0010
=D2.0229
0.0000
-0002 17

Q.1237

J.083G

D.1485

0.1181

D.1469

J.1706

0.1148

0.0659

0.1019

X3 X4
-0.002 -0.023
-0.002 -D.024
-0.002 -0.024
=C.N04 -2.034%
=0.006 -0.026
-0.006 -0.036
-0.003 -0.035
-C.002 -0.037

-0.001 -0.028

N-ICEAL SOL.

-0.1532

D.0628
-0.0060
-0.0374
-0.0402
-0.1886

N-IDEAL SEPARATICN

X5
-0.903
-0.0923
-0.023
-0.02¢C
=-0.0490
-0.0032

C.0acC
0.000

0.000

0.1716

0.1489

D.0922

0.1121

0.0679

N .0985

0.143¢

0.1487

0.1312

Xé
-0.022
=0.053
-0.1€3
-0.081
-9.132
-0.18¢
-0.051
-0.116

-0.122

0.5812
0.6397
0.3831
0.4870
0.3161
0.3661
0.5558
0.6079

0.5629
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Appendix 5.3.1

ELECTRE METHCD

ke ek SELECTING NUCLEAR PCOWER PLANT SITES L
**% QEC IS ION MATRIX *x*
X1 X2 X3 X4 X5 X6

Al -0.0570 0.9865 ~=1.6000 =2.4500 -1.000D0 ~2.035D
A2 -0.0400 0.9895 -1.6000 ~2.55CC -1.0000 0. 0009
A3 =2.2259 d.5865 =1.7000 ~-2.5590 ~T7.3000 -1.5350
A4 =N.0489 09978 —-3.3000 -3.6000 =~6.9009 -1.9320
AS =2.0440 329936 —4.6000 =-2.8300 -12.0000 -12.347)
A6 -0.0230 0.9980 -4.6000 -3.80C0 -1.0Q000 -17.7100
Al ~0.0520 0.$988 -2.3000 -3.7000 0.0000 -4.834)
A8 -0.0113 0.9913 -1.8000 ~4.0000 0.0000 -10.9369
A9 -0.0180 0.9926 -0.8000 -2.95CC 0.0090 -11.4230

¥k NORMALIZED DECISION MATRIX  *=

X1 X2 X3 X4 X5 X6
Al -0.493 0.332 -0.191 -0.255 -0.066 -0.074
A2 -0.346 0.332 -0.191 -0.265 -0.066 0.009
A3 -0.216 Q4322 -0.203 -0.265 -0.460 -0.056
A4 -0.415 04335 -0.393 -0.374 -0.3%94 -D.071
A5 -0.380 0.333 -0.548 -0.291 -D.788 ~-0.451
A6 -0.199 0.335 -0.548 —-0.395 -0.06€6 -0.647
A7 -C.449 0.335 —-0.274 -0.384 0.000 -0.177
A8 -0.095 0.333 -0.215 —0.416 0.000 -0.399
AS -0.156 0.333 -0.095 -0.306 0.000 ~0.417
CCNCORCANCE SETS DISCCRDANCE SETS
X1 X2 X2 X4 X5 X6 X1 X2 X3 X4 X5 X6

cl2 g 1 1 1 1 19 D12 1 9 0 0 0 1
€13 211 1 1 0 D13 1 ¢ 0 0 1
Cl4 ¢ o0 1 1 1 0 D14 1 1 9 0 1
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c89
c9l
585
cao3
Co94
[#2.5he
¢s6
ca7
cos8

* SYMBOL 1 INDICATES THAT AN ATTRIBUTE

QO F el b e e
OO OO M E=Q

fi o et e ped e e e D
i O OoO0G0O
L T B L e
COFOOQOK

D89
D9l
D92
DS3
D94
D95
D36
3N §
D98

OO0 O0OLOOOoC0C

O e e OO O
QOO0 GCGOOQOK

CORRESPCNDING CONCORDANCE/DISCONCCRDANCE SETS

*% WEIGHTS %%
X1 X2 X3 X4 X5 X6
0.311 0.189 0.011 0.090 0.051 0.347
%% WEIGHTED NORMALIZED DECISION MATRIX  *%
X1 X2 X3 X4 X5 X6
Al —0.153 0.063 -0.002 -0.023 -0.00C3 -0.02¢
Az -0.107 0.063 -0.002 -0.024 -0.003 0.000
A3 -0.067 0063 -0.002 -0.024 -0.023 -0.019
A4 =-0.129 D.063 -0.004 -0.024 -0.020 -0.024
A5 -0.118 0.063 —-C0«006 -0.026 -0.04C -0.156
A6 —0.062 0.063 —0.006 —-0.036 -0.003 -0.224
A7 -0.140 0.063 -0.003 -0.035 0.000 -0.061
A8 -0.030 0.063 -0.002 -0.037 G.0CC -0.136¢
A9 -0.048 0.063 -0.001 -0.028 0.000 -0.145
#% CONCORDANCE INDEX MATRIX %=
0,000 D.341 0.341 0.152 04499 0.499 0,448 0.448
0.909 0.000 0.688 0.810 0.8190 0.499 0.759 0.448
D847 0.590 02.000 0.759 0.810 0.448 0.759 0.448
0e847 0.189 0.240 0.000 0.598 0.448 0.748 0.626
$.500 0.189 0.18S (.40l 0.000 0.448 Q0,401 0.279
0.551 2.551 0.551 0.551 0.562 0.000 0.311 0.279
0551 0.240 0.240 0.251 0.598 0.688 0.000 0.677
De551 D.551 D.5%1 €.373 0.720 0.720 0.373 0.00C

QOCHOMPEH)p-
OO0 0OOC

0.437
Qe 437
Q.437
0.536
0.279
0.189
0.587

0.709

IS INCLUDED IN THE
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0,562 0e562 0,562 0.463 0.720 0.810 Q.463 D.341 0.000
192

AVERAGE UF CCNCCRDANCEZ INDICES = 9Q.5132

*¥ CONCCRDANCE DCMINANCE MATRIX *%
92 02 0 O O O O O

1 01 1 1 0 1 0O O

[»
Q

1 2929 0 1 1 0 1 1
1 1.1 0 1 1 0 0 1
1 11 9 1 1 9 0 Q

%% DISCCRDANCE INDEX MATRIX *x
0.000 0.233 0,301 0.985 0.115 0.299 0.057 D.414 0.356
0.003 0.000 0.131 €.002 0.001 0.151 0.013 9.265 0.297
0.069 N.129 0.000 C.013 0.001 J.085 C.078 0.199 0.142
0.0G97 De244 0,256 C.000 0.059 04273 0.070 D.396 2.358
0,569 D.685 0,687 0.502 3.300 0.305 0.452 0.450 0.413
0.701 0.782 0,718 0.663 0.252 G.00C C.555 0.4C7 C.356
0.157 D.342 0.410 0.158 0.097 0.254 0.000 D.361 9.327
0.415 0.496 0.432 0.385 0.037 0.007 C.262 0.00C C.037

0.403 D484 0.420 0.393 0.005 0.001 0.273 0.081 0.030

MAX SUM OF DIVERGENCE BETWEEN ANY TWQ PLANS = 0.3071

AVERAGE OF DISCORCANCE INDICES = 0.2760

% DISCORDANCE DCMINANCE MATRIX  **



1 11 92 1 1 1 9 0O 193
0 0 0 0 0 0 0 0 0
0 ¢ 0 2 1 0 0 9 0O
1 oo 1 1 1 9 92 0O
o 0 0 9 1 1 1 0 1
3 02 0 1 1 1 1 9

** AGGREGATE DOMINANCE MATRIX =%

29 9 ¢ 929 4 92 2 90
1 o1 1 1 0 1 0O O
1 1 ¢ 1 1 €0 1 0 9O
1 00 ¢ 1 21 0 O
c 0 2 0 O O 9 O 0
2 60 09 1 0 8 0 O
1 0 o0 0 1 1 0 O O
700 0 1 1 0 0 1
9 0 0 ¢ 1 1 0 0 0

— s amm e am  amm mm mmm s s e amm  am  mm e ma  mea  mm  wmm  wmw  sem m am em am = e e e



Appendix 5.3.2

ELECTRE METHOD

= -
==

F¥F % SELECTING MUCLEAR POWER PLANT SITES Fd ¥
**%* DECISION MATRIX *x
X1 X2 X3 X4 X5 X6

Al ~0.0570 30,6855 =-1.6000 -2.4500 -1.06000 -2.0350
A2 -0.0409 N.9895 -1.6000 -2.5500 -1.0000 -4.9290
A3 -5.0250 Ja9895 —~1.7000 -2.5500 =~7.0000 -15.3430
A4 -0.0480 0.9978 =-3.3000 -3.6000 -6.0000 -7.6130
A5 -2.0440 0.9936 -4.6000 -2.8000 -12.0000 -12.3470
A6 -0.0230 05980 -4.6000 -3,8000 -1.2000 -17.7109
AT -0.0520 0.9988 -2.3000 -3.7000 2.0000 -4,834)
A8 -0.0110 0.9913 -1.8000 -4.0000 0.0000 -10.9360
Ag -0.0180 0.6926 -0.8000 -2.9500 0.3000 -11.4230

*% NORMALIZED DECISICGN MATRIX =¥

X1 X2 X3 X4 X5 X6
Al -0.493 0,332 -0.191 -0.255 -0.06€ -0.062
A2 =0.346 0.332 -0.191 -0.265 -0.066 -0.151
A3 =0.216 D4332 -0.203 -0.265 —3.460 -0.471
A4 -0.415 0.335 —-0.393 -0.374 -0.394 -0.234
A5 —-0.380 D333 -0.548 -0.291 —-0.788 -0.379
A6 =0.199 0.335 -0.548 -0.395 —0.066 -0.544%
A7 -0.449 0,335 -0.274 -0.384 0.000 -D.148
A8 -0.055 0.333 -0.215 -0.416 0.000 -0.33¢6
AS -0.156 0.333 -0.095 -0.306 0.000 -0.351
CCNCORDANCE SETS CISCORDANCE SETS
X1 X2 X3 X4 X5 X6 X1 X2 X3 X4 X5 Xé

€12 211 1 1 1 D12 1 ¢ 0 0 0 0
c13 ¥ 2 2 1 4 1 D13 1 0 0 90 9 90
Cla 32 94 1 1 1 1 D14 1 1. ¢ ¢ 0 O
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ca9
C9l
€92
€93
€94
£.95
Csé
cor
cs8

[ N N el ol l o
HOOOOQME RO

* SYMBOL 1 INDICATES THAT AN ATTRIBUTE IS INCLUDED IN TH

b s b pd et e e OO

o et Q= OO OO
[ e e el ]
OOHFHQROQO R

D89
DS1
Doz
D93
Dg4
p95
D9é
DS7
D98

HODOOOOLOOU
O et G OO
OO0 LO o O

CORRESPCNDING CCNCORDANCE/DISCONCGRCANCE SETS

*% WEIGHT
X1

0.311

S

£ 2

X2 X3

0.189 3J.011

X4

0.090 0.051

X5

X&

0.347

*¥% WEIGHTED NORMALIZED DEC ISION MATRIX  *x

X1

Al -0.153

0.063

X2 X3

A2 -0.177 0.063 -0.002

A3 -0,067 0.063 -0.002

A4 -0.129 0.063 -0.004

AS -0.118

0

. 063 ~-C.006

A7 -0.140
A9 -0.048

¥% CONCORDANCE

o
0

0 0063 "0- 003

« 0632 -0.002

X4

-0.024
-0.024
-0.034
-0.026
~0.036
-0.035
-0.037

-0.028

INDEX MATRIX

0.000 0.688 0.688 0.499 0.499

0.562 0.000
2.500 92.590
0.599 0.189
J.500 0.189
0.551 0.551
0.551 0.587

0.551 D.551

0.688 0.810
0.000 C.412
0.587 0.000
0.536 0.401
0.551 0.551
0.587 C.598

0.898 0.373

0.810
0.463
0.598
0.000
0.562
0.598

0.720

X5

-0.002 ~2.023 -0.043

-0.003
-0.023
-0.02¢C
-3.040
-0.003

0.00C

2.000

0.000

**

0.499 0.
0.499 (.
0. 448 (.
O.448 Q.
0.448 G,
0. C00 Q.
0.688 Q.

0.720 0.

X6
-3.022
-0.053
-N.163
-0.081
-0.132
=Del 89
-0.051
-0.116

448 D.448
412 0.448
412 0.1901
401 Q.626
491 J.279
311 0.279
000 0.677

373 0.000

OO O P
DO LODOoOOO

0.437
Ca&37
C.090
0.536
0.279
0.189
9.587

0.709

9
1
1
0
1
Q
0

1
1
E
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0.562 04562 0,909 0.463 0.720 0.810 (.463

AVERAGE OF CONCORDANCE INDICES

%k

0 1
1 0
5 1
0 0
2 0
i1
I i
1 1
1 1
b3 3

= 0

CONCORDANCE DTMINANCE MATRIX

1

0

09 0
1 0
2 0
1 ¢
0 0
1l 0
1 1
1 1
1 1

0 0
2 0
g 0
0 1
2 9
g 0
d 1
0 Q
9 49

0

0

DISCORDANCE INDEX MATRIX

0.000 0.166 0.312

0.115
0.591
Je324
0.559
D.666
N.154
0.398

0.380

MAX SUM DF DIVERGENCE BETWEEN ANY TWO PLANS

0.000

0. 476

Jde 286

0.482

0. 551

9. 159

0.282

0.265

0.146
0.90¢
0.268
0.268
D.148
0.395
0.050

0.014

¢.090
0.002
C.313
C.0293
0.263
€.4G3
0.042
0. 1l44

0.149

0.128
0.001
0.117
0.06¢
0.000
0.241
0,109
0.041

0.005

%
0.334
0. 168
N.094
04305
0. 340
0. 000
0.283
0.008

0.CCl

AVERAGE OF DISCORDANCE INDICES = Do

%
80 1
1 0

DISCORDANCE DCMINANCE MATRIX

1 9
1 1
i 1

1 9
i 0
¢ 9

«5132

*¥

0.063
0.018
0.494
0.185
0e449
0.525
0.000
0.248

€.256

2614

%%

D.341

D.461
0.296
0.393
0.441
J.536
0.405
D.402
0.009
0.087

0.000

0.397
0.231
N.310
C.4990
C.453
0.351
0.364
0.041
2.000

= D.2754%
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o 0 0
7 9 0
o 0 1
1 1 0
7 0 1
0 0 1

** AGGREGATE

J 1 0
1 0 1
g € 0
o 9 92
g o 9
0 0 1
1 1 90
9 0 1

0

0

1

6 1 0
e 0 9
0 0 O
¢ 0 O
11 0
1 1 1
DOM INANCE
¢ o 0O
a 0 0
o 2 9
20 0
2 0 O
0 0 0
¢ 0 0O
1 0 ©
1 0 9

o o O O

MATRIX *=*

o

o

o
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Appendix 6 The computer programs produce the vroduct-
attribute matrix, relative closeness to the
ideal solution, and aggregate dominance matrix

for LAM, TOPSIS, and ELECTRE, respectively.



200

Appendix 6.1 The computer Program for LAM produces the

produce-attribute matrix.

$J08 JSS,TIME=45,PAGES=200, RUN=CHECK
C$UPT IONS PAGES=20
DIMENSICN AL{101},AT(12)
DIMENSICN SR(10,12)
DIMENSICN A(12,12412),R(12,12), SUM{12,12),W(12),AA020},2(27)
REAL MAX
INTEGER I,J KoL sMyN4,PPP,NT,IT,P0OSyI1,Q

C THIS PPOGRAM DEMONSTRATES THE PROOUCT-ATTRIBUTE MATRIX DOF LAM METHGD

READ{5,61) (AA(K) K=1,29)
REAC(S5,91) (B(K):K=1,20)
WRITE({6,91)
WRITE(65,92) (AA(K)K=1,27)
WRITE(6,92) (R(K)K=1,20)
C READ ALTERNATIVE #, ATTRIBUTE #, AND WEIGHT #
REAC(5,10) MyN,yL
READ(S5,94) (AT{I),I=1,N)
REAC(5, S4)(AL(TL), I=1, M)
REAC(5,20) ([R(IyJ)4J=14N)yI=1,M)

S0 FORMAT{ *1 1)

91 FORMAT{20A4)

92 FORMAT(//14X,2084/)

10 FORMAT(315)

20 FORMAT{8F10.3)

S4 FORMATL 8A 3)

95 FORMAT(17X,8(3X,432,1X}/}

96 FOPMAT(14X,A3,2F742:F7.0,5F7427)

97 FORMAT( 14Xy A345F7.3/1)

GB FOPMAT{18X,12F7.2/)

DC 1119 I=1.,M
DO 1110 J=1,N
0O 11117 Q=1,M
A(I,9,01=0
1110 CONTINUE
DO 1115 1=1,M
a0 1115 J=1,M
SRUIyJ)=R(I ., M)
1115 COMNTINUE
WRITE(6 +70)

70 FORMAT( /14X, **x DECISION MATRIX *x%x!/)
ARITE(6,95) LAT(J)d=1,N)
WRITE(649€) (AL(I),IR(I,J)4J=1,N),1=1,M)

G DETEQMINE ATTRIBRUTEWISE PREFERENCE
. DO 1120 J=1,N
00 1129 [=1,M
[1=1+1
IF{I1.GT.M) GO TO 1120
MAX=R(I,J)
POS=I
N0 1138 P=11,M
IF(R{P,J)-MAX) 1138,1138,1131
1131 MAX=R(P ,J1}
POS=F
1128 CONTINUE
TENM=R(I,J)
RIT +J)=R(POS,J)
R(POS,J)=TEM
1120 CONTINUE
DO 1180 J=1,N
DO 1167 Q=1,M
NT=0



DO 1155 TI=1.M

[FISRIT +d)=-R{QsJi) 1155,1154,1155
AlI.4,Q)=1

NT=NT+1

CONTINJE

DD 1158 1=1:+M

AlT +JsQ)=A0T4JsCI/NT

CONTINUE

COMTIMUE

0N 1290 K=1,L

WRITE(6,78)

FORMAT{ /14X, #% WEIGHTS #=%!'/)
REAC(5,29) (W{Jd)},yJ=1,N)
WRITE(6:351(AT{J)J=1,4N)
WRITE(6,98) (WlJ) sJd=1,N]

C CALCULATE THE PRODUCT-ATTRIBUTE MATRIX

1150

83

89
1209

$ENTRY

D0 1150 I=1.,M

00 1150 Q=1.M

SUM(T,Q)=0

DO 1159 J=1,N
SUMII,Q)=SUM(I+Q)+W{J}*A(1,J,Q)

CONTINUE

WRITE(6,83)

FORMAT( /14X,* ** PROGDUCT-ATTRIBUTE MATRIX *i
WRITE(E,97) (AL(I},{SUMII,Q),Q=1,M),I=1,M)
WRITE(5,896)

FORMAT (/14X ,24(2H- }/ /)

COMTINUE

WRITE(6,90)

STOP

END

A
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Appendix 6.2 The computer program for TOPSIS produces the

£ W N =

Vo~

relative closeness to the ideal solution.

$J08B JSSy TIME=45,PAGES=200, RUN=CHECK
C$0PTIONS PAGES=30
DIMENSION AA(20),BBl20),AL(10),AT(12)
DIMENSION R(15,15)sRNW{15,15),W (15}
DIMENSION SFI(10) ,SFN(10),RC{12),SI(10),SN(10)
REAL MAX(15),MIN(15),NORM
c THIS PROGRAM DEMONSTRATES THE TGPSIS METHOD
REACI(5,91) (AA(K),K=1,20)
WRITE(6,90)
WRITE(6,92) (AA(K),K=1,20)
REAC(5,91) (BBI(K),K=1,20)
WRITE(6,92) (BB(K),K=1,20)
C READ ALTERNATIVE #, ATTRIBUTE #+ AND WEIGHT #
READI(S,10) MyN,L
READ{5: S4)(AT(J)yJ=1,N)
REAC(5,94 )1 (AL(])y I=1,M)
20 FORMAT{ 8F 10.3)
90 FORMAT('1")
91 FORMATI(20A4)
92 FORMATI(//14X,20A4/)
94 FORMAT{8A3)
95 FORMAT(1TX,8(3X,A2,1X) /)
96 FORMAT (14X, A3,1Xy 8FT7.3/)
97 FORMAT(14X,A3,8F7.3/)
98 FORMAT( 18X, 8F7.3/)
c READ CECISION MATRIX
READ(5,20) ((R(IsJ)sJ=1sN)sI=1,M)
10 FORMAT(31I5)
WRITE(6,.,70)
7O FORMAT(/14X,"' *kx DECISION MATRIX #%'/)
WRITE(6+95) (AT(J) yJ=14N)
WRITE(6+96) (ALII) s (RUI4J)sJd=1:N)s1=1,M]
c CALCULATE NORMALIZEC CECISION MATRIX
DO 101 I=1,M
CO 101 J=1,N
R(I,J’=R(11J)/5
101 CONTINUE
WRITE(6,71]
Tl FORMAT(/l4X,' *%x NORMALIZED DECISICN MATRIX *x%'/}
WRITE(6,:95) [AT{Jd) sd=1,N]
WRITE(649T) (AL(I)efR{T4J)eJ=14N)sI=1,M])
DO 1002 K=1,L
C READ A SET CF WEIGHTS
REAC(5,20) (W(J),J=1:N)
WRITE(6,78)
78 FORMATU/14X,' *x WEIGHTS *x*!/)
WRITE(6+95){AT(J)yd=14N)
WRITE(6,98) {w{J) ,J=1,N)
DO 195 J=1,N
DO 104 I=1,M
c CALCULATE WEIGHTED NORMALIZED DECISION MATRIX
104 RNWI{I,J)=R(I,JI*W(J)
105 CONTINUE
WRITE(6+72)
72 FORMAT(/14X,' ¥k WEIGHTED NORMALIZED DECISICN MATRIX
WRITE(6495) (AT(J)sJd=1,4N)
WRITE(6+S7) (AL(I), (RNW(IyJ)sJd=14N},1=1,M}
00 s00 J=1,N
MAX{J)=RNW(1l,J)
MIN(J)=RNW(1,d)

202
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53
54
55
56

57
58
59
60
61
62
632
64
65
€6
67

68
69
70
71
12
13

15
T6

77
78
79
80
81
82
83
84
as
86

D0 509 I=1sM

IF(RNWI{I,J1-MAX(J)) 910,910,915

915 MAX{J)I=RNWII,J)
G0 TC 900

912 IF{RNW{I,JIi=MIN(J))
920 MIN(J)=RNW(I,J)
900 CONTINUE

WRITE (6,80)

80 FORMAT(/18BX,"IDEAL SCL.

DO S40 J=1sN

WRITE(6,81) AT(J) MAX(J)sMINIJ)
81 FORMATI 14X A3 ,F10.4,5%X,F10.4%)

940 CONTINVE
WRITE (6,841}

84 FORMAT(/14X,' [IDEAL SEPARATION

*0SENESS '/ )
DO 950 I=1.M
SI(I)=0
SN(I)=0
DO 960 J=14N

SI{II=SI{I)+(RNWIIsJ)=-MAX(J}])**x2
SN{I)=SNUI)+{RNW(IJ}—-MIN(J) }2**2

960 CONTINUE

SFI(I)=SQRT(SI(I}]
SFNLI)=SQRT (SN{I))

CALCULATE THE SEPARATION MEASURES
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DETERMINE IDEAL AND NEGATIVE-IDEAL SOLUTIONS
920,900,900

N=IDEAL S0L.'/)

N-IDEAL SEPARATICN

CALCULATE RELATIVE CLOSENESS TO THE IDEAL SOLUTIGN
RC{II=SFN(I}/(SFI{I}+SFN(I))

WRITE(6,85) AL(I)  SFICT),SFNLT),RC(I)

85 FORMAT{ /14XsA3y1Xs3(F10.4%,10X}]

S50 CONTINUE
WRITE(6,8%)
B9 FORMAT(/14X34{2H~-
1002 CONTINUE
WRITE(64+90)
STEP
END

$ENTRY

Wi

RELATIVE CI
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Appendix 6.3 The computer program for ELECTRE produces

LN WN o

O 0w~

aggregate dominance matrix.

£4Joe JSS, TIME=45,PAGES=200, RUN=CHECK
C$OPTIONS PAGES=3D
DIMENSION AA(2)),88(201,AL(17),AT{12)
DIMENSTON RI{10,12),RNW{10,12),W(12),C0{10,10),DCON(11,10)
REAL STDD{10,19) yMSTDD RY RX,NCRM,DCO{10,12}
IMTEGER C119,10,12),+0(10,10,12),C0D{10, 10),0CCO(10,17) ,ADOM(13,13

THIS PROGRAM DEMONSTRATES THE ELECTRE METHOD

eleEsn]

READ(5,91) (AA(K) 4K=1,29)
WRITE(6,90)

90 FORMAT{'1'}
WRITE(6,92) (AA{K),K=1,29)
REACIS5,911 (BB{K),K=1,20)
WRITE(5,911 (BB(K),K=1,29)

C  READ ALTERNATIVE #, ATTRIBUTE #, AMD WEISHT #

REACI5,10) M,NsL
READ(5,54) (AT(J), J=1,N)

91 FORMAT(20A4)

G2 FORMAT{14X,2084//)

2% FORMAT{8F19.3)

52 FORMAT(14X4'C'3211,1X+813,T49,'D*,211,2X,813)

61 FORMAT{ 14Xy 5F2u4/1)

65 FORMAT(14X4513/)

93 FORMAT(17X,8{3X,A3,1X)/}

94 FORMAT(8A3)

95 FORMAT[17X,8{3X,A3,1X)/)

96 FORMAT( 14X, A342F7.2,FT7.0,5F7.2/)

97 FORMAT(14X, A3,8FT .37}

98 FORMAT(18X,12F7.3/)
READ(5,94 )LAL (1), I=1,M)

C READ DECTSICN MATRIX

READ(5, 20) ((RUI,J)eJ=1sNi,s[=1,M]
17 FORMAT{315)
WRITE{6.70)
TO FORMAT{/14X," ¥ DECISION MATRIX =*%x!/)
WRITE(6,93) {AT{J) yJ=1,N}
WRITE(6,496) (ALIIN,; (R{I,J)sd=1sN)yI=1,4)
C CALCULATE NORMALIZED DECISICN MATRIX
DG 192 J=1L,N
RS=3
00 132 I=1.M
102 RS=RS+R (I,J)%*2
NORM=RS**%0,5
DC 193 I=1.,M
103 RI{I J)=RII,JI/NDRM
100 CONTINUE
WRITE(6,71)
71 FORMAT{ /14X,' % NORMALIZED DECISION MATRIX *%1/)
WRITE(6,95) (AT(J)Jd=1,N)
WRITE(6:97) (AL{I)+(R{TyJ)sJ=1yN)sI=1,4)
OC 125 I=1.+#
00 125 IN=1,M
DO 125 J=1.N
IF(I~IN) 121,124,121
IF(RII,JI-R(IN,y)) 123,122,122
ClIyINeJ) =1
DII,INgJI=0
GO TC 125
123 C{I,INyJI=0

2

L
N
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52 DII+IN,J) =1
54 GO TO 125
55 124 C(I4IN,J}=0D
5¢ D(IpINy J) =0
57 125 CONTINUE
58 WRITE{(6,85)
59 B5 FORMAT( /14X, 'CONCORDANCE SETS',T53,'DISCORDANCE SETS'/)
60 WRITE(6,455) (AT{JY e d=1, N}y (AT{J )4 4=1,N)
61 55 FGRMAT(T21+8A3,7T55,8A3/)
&2 DO 53 I=1,M
&2 DD 52 IN=1,M
&4 IF(1.EQ.IN) GO TO 53
65 WRITE(6,52) I+INp(CUIsINyI)»J=1 NI IoINy(O(I,yINyJd)YsJ=1N)
éé 53 CONTINUE
67 WRITE{6,54)
&8 54 FORMAT{14X,*'* SYMBOL 1 INDICATES THAT AN ATTRIBUTE IS INCLJDED IN
*THE1/15X, ' CCRRESPONDING CONCORDANCE /DI SCCNCCRDANCE SETS',/ )
65 DG 1290 K=1,L
C PEAD A SET OF WEIGHTS
70 WRITE(6,73)
71 78 FORMAT(/14X,' **x WEIGHTS **!/)
72 WRITE(6,95)(AT(J),J=1,N)
73 REACI5,20) (W(J)yJd=1,N)
74 WRITEL6,98) (W(J) 4J=1yN)
75 DO 155 J=1,N
T6 DO 154 I=1,M
C CALCULATE WEIGHTED NORMALIZED DECISICON MATRIX
77 154 RNAW (T J)=R{IT,JI*W(J)
T8 155 CONTINUE
79 WRITE(6,72])
81 72 FORMAT(/l4X,' #*%x WEIGHTED NORMALIZED DECISICN MATRIX *x'/)
el WRITE(6,95) (AT(J) sd=1,M)
22 WRITE(6,97) {(AL{T),{RNW(I,J)sJ=1,N),1=1,M4)
a3 DO 2117 I=1,M
g4 on 210 IN=1,M
85 RS=C
8¢ RX=9Q
27 RY=1
88 DD 235 J=1«N
C CALCULATE THE COMCORDANCE INDEX MATRIX
a3 RS=RS+C (I yIN,J)XW(J)
99 RX=RX+D(T,INs JI*ABS(RNW(I ,J)-RNW{IN,J))
91 DY=RY+ABS (RNWI{T yJI-RMW(IN,J 1))
Qz 205 CONTINUE
93 CNlI,INI=RS
G4 DCOMT4INI=RX
95 STOCLI, IN)=RY
96 210 CONTIMUE
97 MSTDD=-89%99
98 DO 254 I=1,M
96 OC 254 IN=1,HM
1090 [F(STDD(I,INI=-HMSTDD) 254,254,252
ini 282 MSTDD=STDD(I,IN}
192 254 CONTINUE
102 SUM=D
104 SDCCN=2
C CALCULATE THE DISCCORDANCE INDEX MATRIX
105 DD 256 I=1.M
196 DO 256 IN=1,M

107 DCCN(I, IN)=DCC( I, IN)/MSTDD
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109
1109

111
112
113
114
115
116

117

118
119
120
121
122
i23
124
12¢
126
127
128
125
130
131
132
133
134
135
13¢
137
138

139
140
141
142
142
144
145
14¢
147
143
145
150
151
152

152
154
15¢
156
157
1ce
1€9
160
161
162

C

C
c

206

SUM=SUM+CO{ 1IN}
SDCOM=SDCON+DCON( I, IN)
256 CONTINUE
CALCULATE THE CONCDRDANCE THRESHGLD VALUE
A=SUM/ 1% (M=-11)
WRITELG6 T 3)
73 FORMAT(/14X,' *x CONCORDANCE INDEX MATRIX *%t/})
WRITE(6461) ((CO{I,TMYyIN=1,M),y I=1,M)
WRITE(6:79) A
79 FORMAT(/14X,"'AVEPAGE OF COMCORDANCE INDEICES =',F8.4/1}
CALCULATE THE DISCCRDANCE THRESHOLD VALUE
B=5CCON/(Me(M=1)1
DETERMINE THE CONCORDANCE DOMINANCE MATRIX
DG 413 1=1,M
D0 415 IN=1,M
IF{I-IN) 411,414,411
411 IF{COlI INI=-A) 412,413,413
412 COD(I,IN)=n
GD TO 415
413 CODII4IN)=1
G0 TO 415
414 COD(I,INI=0D
415 CONTINUE
410 CONTINUE
WRITE(6 47 4)
74 FORMAT( /14X, *%x CCNCORDANCE COMINANCE MATRIX ®k1/)
WRITE(6,65) [(CCOUI,INIsIN=1,M),1=1,M)
WRITE(6,75)
75 FORMAT(/14X,' #*% DISCORDANCE INDEX MATRIX #x1/)
WRITE(64+61) ((DCON[I,IN)yIN=1,M)a1=1,M)
WRITE(5,95) MSTDD
99 FORMAT(/14X,'MAX SUM OF DIVERGENCE SETWEEN ANY TWO PLAMS =',F8.4)
WRITE(6,80) B
80 FORMAT( /14X, 'AVERAGE OF DISCORDANCE INDICES =!',F8.4/)
DETERMIME THE DISCORDAMCE DOMINANCE MATRIX
DO 660 I=1,M
DO 665 IN=1,M
IFI1-IN) 661,664,661
661 IF[DCONII INI=B) 6625662663
662 DCODII, IN)=1
Gd TN 665
663 DCGCII, IN)=0
GO TC 645
664 OCCLC{I, INY=O
565 CONTINUE
667 COMTINUE
WRITE(6,76)
76 FORMAT(/14X,' #** DISCORDANCE DOMINANCE MATRIX **9/)
WRITE(5,65) ((DCOC{ L, IN), IN=1,M),I=1,M)
NETERMINE THE AGGREGATE DOMINANCE MATRIX
DO 823 I=1,M
00 8NN IN=1,M
ADOMII, INI=COD{I,IN}*DCOD(I,IN)
800 CONTINUE
WRITE(S,77])
77 FORMAT(/14X,' #* AGGRESATE DOMINANCE MATRIX %1/}
WRITE(&.:65) ((AUO"‘II{NI .IN=17M|, I=1IH’
WRITE(64+89)
89 FORMAT(/14X,34(2H- 1//)
1900 CONTINUE



207

163 WRITE(6,90)
164 STOP
165 END

S$ENTRY
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Abstract

This study deals with applications of a unified approach
to MADM, developed by Hwang and Yoon, to four real-world
problemns.

The onified approach is composed of four phases. They are:
screening phase, preference ordering phas2, aggregation phase,
and synthesis phase.

Screening phase: The dominated and unacceptable
alterrcatives may be removed by dominance and conjective nethods

in order to reduce the number of alternatives.

Preference ordering phase: Four efficient Multipile
Attribute Decision Haking (MADM) methodés -- linear assignment,
simple additive weighting, TOPSIS, and ELECTRE -- evaluate the

decision problems independently.

Aggregation phase: The average ranking procedure, Borda
method, and Copeland method are applied to aggregate the
preference orders obtained by different MADM methods.

Synthesis phase: The intent of this pkase is to clasify
the results of the three previous aggrejate techniques. The
procedure is based on the construction of a partially ordered
set (poset).

The first real-world problen, tIndustrial land use
development problem in the Maasvlakte area of the Netherlands',
Lkas 5 alternatives, 8 attributes, and 5 sets of weights. The
second ohe, '‘The Singapore mass transit study', has €

alternatives, 8 attributes, and 3 sets of weights. The third



one, '*selecting a long-range water resources system in
Hungary'!, has 5 alternatives, 12 attributes, and 2 sets of
veights. The last problem, 'Selecting nuclear power plant sites
in the Pacific Northwest', has 9 alternatives, & attributes,
and 1 weighting scheme.

The results show that preference orders obtained by the
four efficient MADM methods are usually non-identical. The
unified approach is, therefore, very useful and worth while in
that it will provide a better understanding of ranking
relationships among alternatives and enhance the likelihood of
good decisions.

A unified approach to multiple objective decision making

{Mopn) , similar to this study, is proposed.





