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Chapter 1

Introduction

1.1 Overview

The problem of weight determination appears in many areas, it is a central
issue in multi-criteria decision making where several alternatives are available and
the best alternative must be selected based on several criteria. Specific examples
include:

e The selection of a project from several competing projects;

e The selection of a process from several available processes;

e The selection of contractor from several contractors bidding for a
maintenance contract.

Different MCDM methods was developed to get the voice of the customer,
such as Analytical Hierarchy Process (AHP) and many others, that requires an
intensive work, time and effort that can be inconvenient for practical industry survey,
although it is efficient in estimating the weights for each factors, based on the input

provided.
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In many situations, it may be easier for a decision maker to rank factors or
criteria rather than giving weights. However, the methods for decision making require
weights, this necessities the need to convert ranks into weights. There are several
methods to convert ranks into weights. Due to this, an important question arises
which method is the best for converting ranks into weights. This thesis attempts to
pursue an answer to this question.

The purpose of the thesis is of two folds. The first fold is to identify the best
method for converting ranks into weights, and the second fold is to apply the best
methods to maintenance contractor’s selection.

The first fold is achieved via a well designed simulation study, which tests the
methods subject to different number of factors, and different decision maker behavior
modeled by different distributions of random generated input. In addition test the
methods using a real life case, where the best methods are used to prioritize factors
that are important in pre-qualification of maintenance contractors. To do so, attributes
(factors) affecting the pre-qualification of maintenance contractors will be gathered

and analyzed for the case study for the thesis.

1.2 Objectives

1. Identify methods for converting ranks into weights.
2. Test the effectiveness of those methods using simulation.
3. Determine the attributes (factors) pool, affecting the pre-qualification

of maintenance contractors for Saudi organizations.
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4. Implement the most superior methods to prioritize the factors

identified in the third objective.

1.3 Thesis Organization

The thesis is organized in several chapters; chapter two presents the literature
review followed by the evaluation of the methods that converts ranks into weights in
chapter three. Chapter four presents the evaluation and the methods using a case study
on contractors pre-qualification for maintenance contracts. Chapter five concludes the

thesis.



Chapter 2

Literature Review

2.1 Introduction

This chapter covers the literature related to the objectives of this thesis. The
areas covered include: methods for weight estimation, then followed by methods for
converting ranks into weights, the last part of the literature addresses factors related to
maintenance contractor pre-qualification.

Section 2.2 presents the methods for weight determination followed by
methods for converting ranks into weights in section 2.3. Section 2.4 outlines factors
that are used for maintenance contractor performance and section 2.5 concludes the

chapter.

2.2 Methods for Weight Estimation

The methods that will be discussed here are based on mathematical and
statistical basis; some of these techniques will be discussed in details. The ordinal
ranking methods will be covered in the next section. This section is considered to be

an overview of many other decision making techniques.
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Gary D Holt discussed Multi-attribute analysis (MAA) as a contractor
selection methodology, which is used mainly in both areas of academic and industry,
Holt [1998].

The factors are illustrated as a set of criteria and values, with the weight of the
criteria in terms of their importance, which takes into account the needs of the owner
and also other factors that have an effect on the efficiency of the maintenance
process, Zavadskas [2005].

MAA considers a decision factor with respect to several attributes; it allows
subjective decision as in the Analytical Hierarchy Process (AHP) method since some
of the factors may not be quantifiable. Generally, all factors are measured compared
to the desired target. The disadvantage of this method is that the factors can be a very
subjectively calculated, which may yields in unreliable output. MAA equation can be
written as in equation 2.1 below:

ACR; = B Vi (2.1)
Where:

ACR; = aggregate score for contractor j;

Vy; = variable (attribute) i score in respect of contractor j;

n = the number of attributes considered in the analysis.

Another contractor selection method is the multiple regression (MR), which is
an approach that builds up an equation in order to anticipate the final score. Thus
ranking the potential contractors based on the desired attributes, using statistical

technique that utilizes historical data. The disadvantage of this methodology however
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iIs mainly its narrow use in the academic field only, with scarce application in
industry, Holt [1998].

Cluster analysis (CA) methodology was also discussed in Gary D Holt paper,
decreases the set of possible contractors into smaller sub sets, sharing the same
character. After investigation, the best subset can be highlighted based on the
attributes of the contractors. The main disadvantage of this methodology is also its
limitation to the academic field, with uncommon application in reality. Thus, it is
considered an area of future research.

Conjoint analysis has been used to identify the actual contractor choosing
process. Previous research has shown that it is an efficient method for examining
factors.

The advantage of the conjoint analysis is that it forces the surveyor to make
trade-off between products so as to simulate the customer’s actions when actually
purchasing products, thus higher reliability.

The division of customer’s favorites into factors will offer them information
on the relative weight of various factors of their products; this will assist in putting
the value on different levels of individual factors. The main aim of conjoint analysis
is to identify the factors blend giving the maximum utility to customers, and to set up
the relative weight of factors.

The utility model can be expressed as:



Where:
R = the respondents rankings of the scenarios,
x; = corresponding attribute/factors,
C = A constant,
£ = the error term,
U; = the coefficients point to the divergence in part-worth for that level minus the
part-worth for the base level (i.e. utility). Moreover, the base level is assumed to be
the level that is not in the regression analysis.

The data acquired afterward are visualized by the quadrant analysis, which is
graphical method for plotting customer views of the factors on a two axis graph.

The horizontal axis shows the fulfillment of the existing contractors with
regard to the particular factor, and the vertical axis shows the perceived (i.e. the

supposed) significance of these factors, the figure below summarizes the idea.

High ﬂ

Satisfaction

Low

Low High

e
Importance

Figure 1: Quadrant analysis-evaluation matrix



The graph is classified under four categorize, namely:
e Capitalize (high importance and high satisfaction),
e Maintain (low importance and high satisfaction),
e Improve (high importance and low relative satisfaction),
e Monitor (low importance and low satisfaction).

The view is to focus the effort on the most important factors; he should focus
enhancement efforts on the Improve category since it is under (high importance and
low relative satisfaction). However, contractors should not focus on the factors with
low ranking, namely Monitor and Maintain categorize, contractor should work to
keep factors under capitalize category, because it is their competitive edge.

One disadvantage of the conjoint analysis is that even it can be
comprehensive; it could not give a bottom line solid conclusion, as AHP can provide
(e.g. ranking the factors in ascent manner). However, it can be powerful tool for
discussion and analyzing purposes.

Another recent methodology is the data envelopment analysis which is a
linear programming (LP) method to calculate the competence of several decision
making units, where the main advantage is its potential to include a large quantity of
inputs and outputs. Moreover, it allows increasing or decreasing effectiveness relative
to the size of the problem. However, its disadvantage is that its results are very
sensitive to the selection of inputs and outputs.

An additional approach is the well known AHP technique, which deals with

complex decisions, and helps us to find the best decision that suits our needs. AHP


http://en.wikipedia.org/wiki/MCDA
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provides a total and rational formation for organizing a decision problem,
representing and enumerating its factors, linking those factors to ultimate goals, and
then evaluating optional alternative for the decision maker to choose from. It is used
in so many fields such as education, industry and government, thus it overcomes the
disadvantageous of previous methods. AHP mainly based on mathematics and
psychology and has been largely studied and refined.

AHP has been applied to a wide variety of decisions such as vendor selection,
project selection, product selection, software selection, car purchasing, strategic
direction selection and many other applications.

In general, applications of the AHP is wide, it can be applied to 14 different
fields with different kinds of problems, with logistics as the top field to apply AHP in,
followed by manufacturing, government, higher education, business, environment,
military, agriculture, health-care, marketing, industry, service, sports, and tourism.

Table 1 below summarizes some of the applications, Ngai and Chan [2005]


http://en.wikipedia.org/wiki/Government
http://en.wikipedia.org/wiki/Industry
http://en.wikipedia.org/wiki/Government
http://en.wikipedia.org/wiki/Mathematics
http://en.wikipedia.org/wiki/Psychology
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DNgai,%2520E.W.T.%26authorID%3D7003298974%26md5%3D66cbc6f338ded34c69aa00f9e559c49f&_acct=C000051301&_version=1&_userid=1074406&md5=3d4a26633f9e94bf63becee78b87031d
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DChan,%2520E.W.C.%26authorID%3D7401994124%26md5%3D05c1fbff8d125edf055d8818419d4ceb&_acct=C000051301&_version=1&_userid=1074406&md5=06df32c4c5a98929a1437166c7645b9f
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Applications Number of articles

Logistics 21

=
(00]

Manufacturing

Government

Higher education

Business

Environment

Military

Agriculture

Health-care

Marketing

Industry

PR N NN W W Wb

Service

Sports 1

Table 1: Number of application articles

2.3 Methods for Converting Ranks into Weights

2.3.1 Introduction

An important approach used in multi criteria decision making is to use ordinal
ranking approach that have a desirable feature of easy capturing the intensity of a
decision making preferences. Hwang and Lin [1987] provide an extensive list of
group decision methods based on ranking procedures mostly suitable for problems

involving discrete number of factors, Peri [1992].
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An important feature of ordinal ranking method is its ease to use, since it is
simpler to ask the decision makers to rank his/her preferences rather than going
through different efficient yet complicated methods like AHP for example.
Nevertheless, the challenge appears when converting these ranks into weights, such
conversion should not be poor as a trade off for simplicity.

Another work offered identical types of methods for problems with ordinal
criteria, where ordinal criteria measurements are recommended to be transformed into
cardinal values using factors mappings, and the accessibility of ordinal information
about weights is assumed, Risto, Kaisa and Pekka [2003].

One of the original papers that relies on centroid method and have ordinal
comparisons as the only input was written by Solymosi and Dombi, it can retrieve the
weights of the different factors based on the given ordinal ranking.

Moreover, Shepetukha and Olson [2001] evaluate and compare different
decision making tool, with partial information (e.g. ranks) as the only input to the
model, an evaluation was designed to compare the centroid method and simple multi
attribute rating technique (SMART) in their paper, they extend the centroid method in
order to discover the whole region inside weight bounds based on ordinal input, also
to conduct sensitivity analysis in centroid method with utilities taken into
consideration. The different between the centroid methods and SMART is that it only

uses the ordinal rank as the input.
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Swing weighting was presented in the SMART approach by Edwards and
Barron by estimating the criteria weights in a controlled manner, Ward and Hutton
[1994].

Olson and Dorai [1992] compares AHP and centroid methods on a student job
selection decision, the result shows that both methods can finely reveal the decision
maker preferences, taking into consideration that centroid method involved less
student judgment, yet of course it is not expected that it will totally reflect the
decision maker preference. However, it will be useful in sorting out large list of
criteria’s. In next sections, the methods that will be used in converting ranks into
weights this thesis will be covered, which will be evaluated thoroughly as well in next
chapters.

Barron and Barrett [1996] evaluated three approaches to convert ranks into
weights using simulation methods, the results shows the superiority of centroid

method.

2.3.2 Linear weights with variable slope

This method was presented in the field of converting ranks into weights in a
work conducted by Alfares and Duffuaa [2008] in an effort to improve the
methodology for converting ranks into weights, this model assumes linear
relationship between rank and weight, and is presented in the equation below.

W= 100 = 5, (1= 1), (2.3)
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Where:
w = is the weight,
r = is the rank,
s, = is the absolute value of the slope when the number of criteria (ranks) is equal to

n. which is obtained by special excel package.

2.3.3 Rank sum linear weights with fixed slope

The rank sum linear weights with fixed slope method had been recognized as
an effective method to convert the rank into weight, Stillwell et al. [1981]. It requires
two variable input in its model, namely the rank of the factor and total number of
factors, the equation was defined as per below.

W, = 100(N+ L —1)/N. (2.4)
Where:

w: is the weight,

r: is the factor rank,

n: is the total ranked factors.

2.3.4 Inverse or reciprocal weights

The inverse or reciprocal weights method derived the formula by normalizing
the reciprocals of the attributes rank, unlike the rank sum linear weights with fixed
slope method; it only requires one variable input in its model, namely the rank of the
factor. They define the formula as per below, Stillwell et al. [1981].

W = L00/T. oo, (2.5)
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Where:
w = the weight.

r = the rank.

2.3.5 Centroid weights

Centroid weights method was an interactive method developed by Solymosi
and Dompi [1986] and used in Barron [1998], where linear inequalities can be used to

formulate the judgments, the equation that is used in this thesis is as below.

wo= OO (2.6)
2iul/i

Where:
w: is the weight,
r: is the factor rank,

n: is the total ranked factors.

2.3.6 Geometric weights

Geometric weights method was discussed by Lootsma [1999] and it is derived

based in single variable input, which is the rank only, as per below equation.

Where:
w: is the weight,

r: is the rank.
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2.4 Factors for Contractors Pre-Qualification

First, it is needed to emphasize the importance for evaluating potential
maintenance contractors. Behn [2003], the main reasons for measuring the
performance were listed, the paper mentioned the need of managers to measure the
performance of their organizations, their contractors, and the collaborative in which
they contribute, the list have eight primary purposes, below is some of relative
reasons.

1. Evaluate the performance of the contractors.

2. Motivate and inspire contractors to focus in achieving the factors and the
goals.

3. Promote those contractors whom are performing.

The works of Palaneeswaran [1999] summarize some other reasons for

contractor performance measurement, and is given below:
1. Eliminate the careless potential contractors.
2. Boost the bid winning opportunities for best contractors.
3. Boost competition between contractors, to better serve the customer.
4. Decrease the disappointment opportunity from contractors in the future.

After recognizing the importance of measurement, the next step should define

what attributes to be measured, and what to be ignored. A recent paper discussed the

attributes and characteristics needed to be evaluated for future contractors,


http://proquest.umi.com/pqdlink?did=417644581&Fmt=7&VInst=PROD&VType=PQD&CSD=541439&RQT=590&VName=PQD&TS=1261437536&clientId=29075
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The figure below summarizes a list of some of the important factors to be
considered, Turskis [2008]. Such list will be used in the attributes selection for the

case study.

Financial information;

Experience attributes;

Performance attributes;

Safety information;

Environmental concerns.

Figure 2: list of Zenonas Criteria

Another paper by Chau [2003] had a focus group comprising six persons from
different occupational backgrounds to help identifying the attributes and their
equivalent levels, six attributes were recognized to be most significant criteria in

selecting the maintenance contractor. The next figure summarizes the list.



Performance
measurement

Past experience;
and

Quality
assurance
scheme;

Type of
maintenance
service
provided;

Location

network;

Company
reputation;

Figure 3: list of C.K. Chau Criteria
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Another way of looking at attributes is by linking them in block diagram

fashion, as per the figure below, where interrelation appeared and this will give a

complete picture of the hierarchy, below example is from construction management

paper, where the aim was to develop a model for construction contractor selection,

Topcu [2003].
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Contractor
Prequalification
1

1
Ability to
Experiance Complete the
Project
Financial
Strength
L
1 1

Cash Credit

Length of Time in
Business
Balance Sheet
Projects
= Profitability
Il Total Operation
Income

Figure 4: Attributes in Block Diagram Fashion

After analyzing the several factors in literature, some criteria for
prequalification of maintenance contractors for the case study were classified under

some major categorize below, each category has subdivisions as follows.

2.4.1 Quality

The purpose of this criterion is to show if the contractor insures the proper
quality in the work that will be performed, some of the main points to be considered
when evaluating the quality are as below. Ekambaram and Mohan [1999]

i.  Quality control: means if the contractor adapt certain procedure to insure
controlling the quality of the job (e.g. Statistical Process Control).

ii.  Quality policy: if the contractor have agreed written policy.
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ii.  Quality assurance: if the contractor have certificate(s) of adhering to 1SO

standards, applying TQM, Etc...

2.4.2 Communication

In order to assure correct action in right time, good relationship with clients is
essential, Ng, and Skitmore [1998]. The client can demand from the contractor the
following.

i.  On time response to calls or Emails.
ii.  Focal person in contractor side, to ease the communication.

iii.  Willingness of the contractor to have meetings when needed.

2.4.3 Financial strength

Insuring the financial stability of the potential contractor is one of the most
important and influential criteria, in order to know the overall financial position of a
potential contractor, you should insure that the contractor financial reports are
externally audited, and is fulfilling the requirements of accounting and financial
controls. Some of the main points as mentioned in Ng and Skitmore [1998] are listed
below.

I.  Credit rating
ii.  Turnover

iii.  Bank arrangement
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iv.  Debit ratio
v.  Liquidity
vi.  Profitability
vii.  Ownership of the company;
viii.  Forecast cash flow;

ix. Balance sheet information.

2.4.4 Experience

Some of the points to be considered when evaluating the experience of
potential contractors are given in Chau [2003].

i.  Past Experience and performance in the same field.

i.  Project specific knowledge.
iii.  Experience of staff.
iv.  Qualification of staff
v.  Quality performance
vi.  Type and size of previous project, and how many they are.
vii.  Experience in the region

viii.  Previous history of completing the work, with meeting the deadlines.

2.4.5 Resources availability

The resources are divided into two main sections, human and equipment, the
points to consider regarding human resources (for both managerial and operational)

are summarized below. Hatush, Zedan, Skitmore and Martin [1997].
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I.  Qualifications.
ii.  Skills.
iii.  Existence of human resource management processes.
For equipment availability, some indicators are:
i.  Number of required equipment available for the work

ii.  Equipments condition.

2.4.6 Safety Performance

As mentioned in Russell and Skibniewsk [1988], In order to assess the safety
performance level of potential contractors, the following factors are important:
i.  Earlier safety performance
ii.  Existence of safety procedures.

iii.  Previous injuries and illness records

2.4.7 Reputation

Many businesses have public relations (PR) departments devoted to handle
their reputation; the PR industry is growing due to the demand for companies to
construct corporate integrity, thus reputation, Ng and Skitmore [1998].

Events that damage companies reputation for sincerity can cause serious

damage to continue being in business and for choosing them as possible contractors.
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In case study, reputation will be assessed as either good reputation or bad reputation,

and will be scaled according to each company past behavior.

2.4.8 Length of time in business

This criteria tackles the time period of the companies life, it differs from the
“experience” criteria from this perspective only, as experience could cover the type
and size of different projects together with the stuff qualifications. However, knowing
the time period of existence in the market is also considered of an important criterion

that boosts credibility, as presented in Ng and Skitmore [1998].

2.5 Conclusion

This chapter reviewed the literature in the areas relevant to thesis. The review
covered methods for estimating weights, methods for converting ranks into weights
and factors that are important for contractors pre-qualification.

The literature revealed that no evaluation has been conducted for the five

methods presented in this chapter. This is the theme of the next chapter.
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Chapter 3

Evaluating Ordinal Ranking Methods

3.1 Introduction

The purpose of this chapter is to evaluate the effectiveness of five methods for
converting ranks into weights. The evaluation is conducted under different conditions
that include number of factors and process of generate weights and ranks. The
evaluation conducted using a well designed simulation study. The number of factors
covered in this chapter ranges between 5 to 20. The criterion used in the evaluation is
the Mean Absolute Percentage Error (MAPE). The rest of chapter is organized as
follows: section 3.2 presents the steps of the simulation study design, which is
followed for all the cases. In section 3.3 the case of weight generated from uniform
distribution is presented. In section 3.4 the case of weight generated from normal
distribution is presented. In section 3.5 the case of weight generated from exponential
distribution is presented.

In order to evaluate the different methods to convert ranks into weights, a
simulation study was designed and run several times to determine the best method,

special adds-on excel packages was used to generate and run the program. The
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section will use three different distributions that can reflect different behavior of

decision maker input (i.e. Uniform, Normal and Exponential distributions).

3.2 Steps of the simulation study

The steps of the simulation study are as follows:

1. Generate the weights from the targeted distribution (uniform, normal
and exponential).

2. Convert the weights into ranks.

3. Use the five methods to convert the ranks into weights using the
formula for each method.

4. Compute the derivation from the actual weight using Mean Absolute
Percentage Error (MAPE)

5. Repeat steps 1-4, one hundred times and highlight the best method

resulting in lowest MAPE.

3.3 Uniform Distribution Case

In this section, the case of uniform distribution is presented. First, a scatter
diagrams between weights and ranks are presented, then the methods are tested for 5,

10, 15, 20 factors.

3.3.1 Scatter Diagram

The below figures present the relationship between weights and ranks. The

graphs indicate almost linear relationship for the factors 5, 10, 15 and 20.
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In order to insure a correct reflection of the method suitability, the simulation
will run the test hundred times for every method, and the average MAPE will then be

revealed.

3.3.2 Example

Different scenarios were conducted, to check whether changing the number of
factors will affect the final weights output of the methods tested. Several examples of
Uniform Dist. simulation model, running different converting methods are provided
in below tables for twenty, fifteen, ten and five factors respectively. Of course, those
tables will be generated hundred times as mentioned earlier. The tables below present

the associated MAPE results for the examples as well.



Linear Inverse
i Rank .
Random Weights Weights
factor Assoc. ) Sum ) Centr. | Geom.
Generated With i with . .
Num i Rank i Linear ; Weig. | Weig.
Weights Variable ) fixed
Weights
Slope Slope
1 72 6 75.40 75.00 16.67 | 36.53 | 17.68
2 58 7 70.48 70.00 14.29 | 31.90 | 12.50
3 3 20 6.53 5.00 5.00 1.39 0.14
4 19 17 21.29 20.00 5.88 6.03 0.39
S 78 4 85.24 85.00 25.00 | 49.04 | 35.36
6 58 70.48 70.00 1429 | 31.90 | 12.50
7 45 10 55.73 55.00 10.00 | 21.37 | 4.42
8 17 18 16.37 15.00 5.56 4.40 0.28
9 40 11 50.81 50.00 9.09 18.59 | 3.13
10 54 9 60.64 60.00 11.11 | 24.46 | 6.25
11 39 12 45.89 45.00 8.33 16.06 | 2.21
12 20 16 26.21 25.00 6.25 7.77 0.55
13 32 13 40.97 40.00 7.69 13.75 | 1.56
14 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
15 77 5 80.32 80.00 20.00 | 42.09 | 25.00
16 25 14 36.05 35.00 7.14 11.61 | 1.10
17 89 3 90.16 90.00 33.33 | 58.31 | 50.00
18 8 19 11.45 10.00 5.26 2.85 0.20
19 25 14 36.05 35.00 7.14 11.61 | 1.10
20 90 2 95.08 95.00 50.00 | 72.20 | 70.71

Table 2: Uniform Dist. Simulation for 20 Factors
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Mean Absolute Percentage Error (MAPE)

Lir-1ear - Inv-erse
factor Welghts Sum Welghts Centroid | Geometric
Number with Linear with Weights | Weights
Variable i fixed
Slope Weights Slope
1 5 4 77 49 75
2 22 21 75 45 78
3 118 67 67 54 95
4 12 5 69 68 98
S 9 9 68 37 55
6 22 21 75 45 78
7 24 22 78 53 90
8 4 12 67 74 98
9 27 25 77 54 92
10 12 11 79 55 88
11 18 15 79 59 94
12 31 25 69 61 97
13 28 25 76 57 95
14 0 0 0
15 74 45 68
16 44 40 71 54 96
17 1 1 63 34 44
18 43 25 34 64 98
19 44 40 71 54 96
20 6 6 44 20 21
Sum 473 378 1,314 981 1,558

Table 3: Uniform Dist. Simulation for 20 Factors MAPE
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Linear Inverse
; Rank ;

Random Weights Weights

factor Assoc. _ Sum _ Centr. | Geom.
Generated - With Y with - -
an Inear elg. elqg.
Num Weights Variable ) fixed g g
Weights

Slope Slope
1 52 54.09 53.33 1250 | 21.86 | 8.84
2 78 80.32 80.00 25.00 | 44.75 | 35.36
3 24 12 27.85 26.67 8.33 8.99 2.21
4 14 14 14.73 13.33 7.14 4.16 1.10
5 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
6 41 11 34.41 33.33 9.09 11.73 | 3.13
7 44 10 40.97 40.00 10.00 | 14.74 | 4.42
8 93 2 93.44 93.33 50.00 | 69.86 | 70.71
9 17 13 21.29 20.00 7.69 6.48 1.56
10 47 9 47.53 46.67 11.11 | 18.09 | 6.25
11 65 6 67.20 66.67 16.67 | 31.19 | 17.68
12 74 5 73.76 73.33 20.00 | 37.22 | 25.00
13 63 7 60.65 60.00 1429 | 26.17 | 12.50
14 87 3 86.88 86.67 33.33 | 54.80 | 50.00
15 14 14 14.73 13.33 7.14 4.16 1.10

Table 4: Uniform Dist. Simulation for 15 Factors
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Mean Absolute Percentage Error (MAPE)

Linear Inverse
i Rank i
Weights Weights ; i
factor ) Sum ) Centroid | Geometric
With ) with ) )
Num ) Linear ) Weights | Weights
Variable ) fixed
Weights

Slope Slope
1 4 2 76 58 83
2 4 3 68 42 54
3 14 9 66 63 91
4 3 7 50 71 92
5 0 0 0 0 0
6 16 18 78 71 92
7 7 9 77 66 90
8 1 1 46 25 24
9 23 15 56 63 91
10 1 1 76 61 87
11 3 2 74 52 73
12 1 2 73 50 66
13 4 5 77 59 80
14 0 0 62 37 42
15 3 7 50 71 92

Sum 83 80 929 790 1,059

Table 5: Uniform Dist. Simulation for 15 Factors MAPE
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Linear Inverse
i Rank i
Random Weights Weights
factor Assoc. _ Sum _ Centr. | Geom.
Generated - With T with et .
N an inear eig. eig.
um Weights Variable . fixed J J
Weights
Slope Slope
1 9 8 18.72 30.00 12.50 11.48 8.84
2 30 6 41.94 50.00 16.67 | 22.04 | 17.68
3 62 4 65.16 70.00 25.00 | 37.41 | 35.36
4 7 9 7.11 20.00 11.11 7.21 6.25
S 71 3 76.78 80.00 33.33 48.79 50.00
6 100 1 100.00 100.00 100.00 | 100.00 | 100.00
7 10 7 30.33 40.00 14.29 | 16.35 | 12.50
8 57 5 53.55 60.00 20.00 28.87 25.00
9 5 10 -4.51 10.00 10.00 3.41 4.42
10 88 2 88.39 90.00 50.00 | 65.86 | 70.71
Table 6: Uniform Dist. Simulation for 10 Factors
Mean Absolute Percentage Error (MAPE)
Linear Inverse
; Rank i
Weights Weights ] i
Factor ) Sum ) Centroid | Geometric
With ) with . .
Number ) Linear i Weights | Weights
Variable ) fixed
Weights
Slope Slope
1 120 253 47 35 4
2 41 68 44 26 41
3 6 13 59 39 43
4 5 169 49 3 16
5 8 12 53 32 30
6 0 0 0 0 0
7 217 318 49 71 31
8 7 4 65 50 56
9 185 88 88 36 17
10 0 2 43 25 20
Sum 587 927 499 317 257

Table 7: Uniform Dist. Simulation for 10 Factors MAPE
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Linear Inverse
; Rank i
Random Weights Weights
Factor AssocC. ) Sum ) Centr. | Geom.
Generated With ) with i .
Num ) Rank ) Linear i Weig. | Weig.
Weights Variable i fixed
Weights
Slope Slope
1 32 3 58.21 60.00 33.33 34.31 | 50.00
2 19 5 16.41 20.00 20.00 8.76 25.00
3 72 2 79.10 80.00 50.00 56.20 | 70.71
4 100 1 100.00 100.00 100.00 | 100.00 | 100.00
5 24 4 37.31 40.00 25.00 19.71 | 35.36
Table 8: Uniform Dist. Simulation for 5 Factors
Mean Absolute Percentage Error (MAPE)
Linear Inverse
) Rank )
Weights Weights ) )
Factor ) Sum ) Centroid | Geometric
With ) with ) )
Number ) Linear i Weights | Weights
Variable i fixed
Weights
Slope Slope
1
82 87 7 56
2 15 4 54 30
3 10 11 30 22 2
“ 0 0 0 0 0
2 53 64 3 19 45
Ui 53 64 3 19 45

Table 9: Uniform Dist. Simulation for 5 Factors MAPE
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3.3.3 Twenty Factor Scenario
After running the simulation hundred times, the average result of all MAPE’s
reflects that Rank Sum Linear Weights method is considered the superior method

among all the methods with the lowest MAPE average compared with higher than

thousand for all other methods, as per below table.

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
698 627 1,366 1,026 1,537

Table 10: Averages of Hundred MAPE’s for 20 Factors

In order to visualize the MAPE differences, the figure below was created to

show the superiority of Rank Sum Linear Weights.

1,600 -
1,400 -
1,200 -
1,000 -
800 -
600 -
400 -
200 -

MAPE

J1l

Linear Rank Sum Inverse Centroid ~ Geometric
Weights Linear  Weightswith  Weights Weights
With Weights  fixed Slope
Variable

Slope

B MAPE

Figure 9: Averages of Hundred MAPE’s for 20 Factors
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3.3.4 Fifteen Factor Scenario

After running the simulation hundred times, the average result of all MAPE’s
for fifteen factor reflects that Rank Sum Linear Weights method is considered the
superior method among all the methods with the lowest MAPE average, as per below

table, also note the low MAPE for linear weights with variable slope method as well.

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
654 546 967 677 980

Table 11: Averages of Hundred MAPE’s for 15 Factors
In order to visualize the MAPE differences, the figure below was created to

show the superiority of Rank Sum Linear Weights.

1,000
300
800
700
600
500
400
300
200 B MAPE
100
Linear Rank Sum Inverse Centroid ~ Geometric
Weights Linear  Weightswith Weights Weights
With Weights  fixed Slope
Variable
Slope

Figure 10: Averages of Hundred MAPE’s for 15 Factors
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3.3.5 Ten Factor Scenario
After running the simulation hundred times, the average result of all MAPE’s

for ten factor reflects that linear weights with variable slope is the best method among

all the methods with the lowest MAPE average, as per below table.

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
380 470 650 472 505

Table 12: Averages of Hundred MAPE’s for 10 Factors

In order to visualize the MAPE differences, the figure below was created to

show the superiority of linear weights with variable slope.

MAPE

700 -+
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200 A B MAPE
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0 T T T T f
Linear Rank Sum Inverse Centroid ~ Geometric
WeightsWith  Linear ~ Weightswith ~ Weights Weights

Variable Weights  fixed Slope
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Figure 11: Averages of Hundred MAPE’s for 10 Factors
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3.3.6 Five Factor Scenario
Same as ten factor scenario, the result of lower number of factor is totally

different, after running the simulation hundred times; the average result of all

MAPE’s reflects that has superiority than other methods.

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
167 312 327 215 364

Table 13: Averages of Hundred MAPE’s for 5 Factors

In order to visualize the MAPE differences, below graph was created to show

the differences magnitude for all methods evaluated.
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Figure 12: Averages of Hundred MAPE’s for 5 Factors
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3.3.7 Sensitivity Analysis

The main aim of the sensitivity analysis is to show the magnitude of the
results, and the performance trend for each method and scenario in one bird view, to
sense the change of the weight instead of simple direction to which method is
considered the best for every scenario.

In order to conduct sensitivity analysis, all MAPE’s results for all the

scenarios will be gathered in one table to compare them, as below, the minimum

MAPE was highlighted for each scenario.

Linear Rank Inverse
Unl_form We|ghts Sum Wel_ghts Centroid | Geometric
Dist. With - with . .
. : . Linear . Weights | Weights
simulation | Variable . fixed
Weights
Slope Slope
Twenty
Factor
Scenario 698 1,366 1,026 1,537
Fifteen
Factor
Scenario 967 677 980
Ten
Factor
Scenario 470 650 472 505
Five
Factor
Scenario 312 327 215 364

Table 14: Sensitivity Analysis for Uniform Dist.

Then visualize the end result in a chart that reflects all performances for
different scenarios, to since the performance magnitude for different methods, as per

below.
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== Linear Weights With Variable Slope == Rank Sum Linear Weights
Inverse Weights with fixed Slope  ====Centroid Weights
== Geometric Weights
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Figure 13: Sensitivity Analysis Chart for Uniform Dist.

3.3.8 Results and Conclusion

The sensitivity analysis clearly shows the superiority of rank sum linear
weight method for twenty and fifteen factors scenarios, it also shows that the linear
weights with variable slope method has superior performance if the number of factors
are ten, and have much better performance when the number of factors are lower, as
in five factors scenario in our case. Also, most methods improved its performance as

the number of factors gets lower.
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3.4 Normal Distribution Case

In this section, the case of normal distribution is presented. First, a scatter
diagrams between weights and ranks are presented, then the methods are tested for 5,
10, 15, 20 factors. Note that as per previous empirical case study, include the one
covered in this thesis, have weight mean higher than 70, this is why a mean of 70 and
Standard Deviation of 20 was assumed for this case (including the scatter diagram
and example sections), for the sake of detailed analysis. However, for every number
of factor scenarios, a general table will be presented for the recommended method to
use for all means ranging between 10 to 90 and Standard Deviation’s ranges between

5to 50.

3.4.1 Scatter Diagram

The below figures present the relationship between weights and ranks. The

graphs indicate almost linear relationship for the factors 5, 10, 15 and 20.
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3.4.2 Example for Mean=70, Standard Deviation=20

Same as the previous section of Uniform Dist. simulation, different scenarios
for different number of factors was designed, to check whether changing it will
effects the final weights output of the methods tested. Several examples of normal
distribution simulation model, running different converting methods are provided in
below tables. Of course, those tables will be generated hundred times as mentioned

earlier. Tables of the associated MAPE results are presented below as well.
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Linear Inverse
i Rank i
Random Weights Weights i
Factor Assoc. ) Sum ) Centroid | Geom.
Generated With i with . .
Number i Rank i Linear i Weights | Weights
Weights Variable ) fixed
Weights
Slope Slope

1 68 9 81.82 60.00 11.11 24.46 6.25
2 40 19 59.09 10.00 5.26 2.85 0.20
3 70 7 86.36 70.00 14.29 31.90 12.50
4 83 3 95.45 90.00 33.33 58.31 50.00
5 68 10 79.54 55.00 10.00 21.37 4.42
6 71 5 90.91 80.00 20.00 42.09 25.00
7 67 11 77.27 50.00 9.09 18.59 3.13
8 58 16 65.90 25.00 6.25 7.77 0.55
9 36 20 56.81 5.00 5.00 1.39 0.14
10 86 2 97.73 95.00 50.00 72.20 70.71
11 68 84.09 65.00 12.50 27.93 8.84
12 77 4 93.18 85.00 25.00 49.04 35.36
13 58 15 68.18 30.00 6.67 9.62 0.78
14 65 13 72.72 40.00 7.69 13.75 1.56
15 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
16 53 17 63.63 20.00 5.88 6.03 0.39
17 71 6 88.63 75.00 16.67 36.53 17.68
18 65 14 70.45 35.00 7.14 11.61 1.10
19 50 18 61.36 15.00 5.56 4.40 0.28
20 66 12 75.00 45.00 8.33 16.06 2.21

Table 15: Normal Distribution Simulation for 20 Factors



Mean Absolute Percentage Error (MAPE)

Linear Inverse
i Rank i
Weights Weights ; i
Factor Sum Centroid | Geometric
With with
Number Linear Weights | Weights
Variable i fixed
Weights
Slope Slope

. 20 12 84 64 91
2 47 75 87 93 100
£ 23 1 80 55 82
N 16 9 60 29 39
2 17 19 85 69 94
6 28 13 72 41 65
i 15 25 86 72 95
8 14 57 89 87 99
- 59 86 86 96 100
L 14 10 42 16 18
L 23 5 82 59 87
L 21 10 68 36 54
13 18 48 88 83 99
L 12 39 88 79 98
15 0 0 0 0 0

16 19 63 89 89 99
Ly 25 6 76 48 75
18 9 46 89 82 98
1 23 70 89 o1 99
20 14 32 87 76 97

Ui 416 625 1527 | 1,265 1,588

Table 16: Normal Distribution Simulation for 20 Factors MAPE
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Linear Inverse
) Rank )
Random Weights Weights ;
Factor Assoc. ) Sum ) Centroid | Geom.
Generated With ) with ) _
Number i Rank ) Linear ) Weights | Weights
Weights Variable i fixed
Weights
Slope Slope

1 93 3 91.28 86.67 33.33 54.80 50.00
2 37 15 38.97 6.67 6.67 2.01 0.78
3 87 5 82.56 73.33 20.00 37.22 25.00
4 79 7 73.84 60.00 14.29 26.17 12.50
5 94 2 95.64 93.33 50.00 69.86 70.71
6 59 11 56.41 33.33 9.09 11.73 3.13
7 50 13 47.69 20.00 7.69 6.48 1.56
8 78 8 69.48 53.33 12.50 21.86 8.84
9 53 12 52.05 26.67 8.33 8.99 2.21
10 44 14 43.33 13.33 7.14 4.16 1.10
11 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
12 69 10 60.77 40.00 10.00 14.74 4.42
13 92 4 86.92 80.00 25.00 44.75 35.36
14 81 6 78.20 66.67 16.67 31.19 17.68
15 78 9 65.13 46.67 11.11 18.09 6.25

Table 17: Normal Distribution Simulation for 15 Factors




Mean Absolute Percentage Error (MAPE)

Linear Inverse
i Rank i
Weights Weights ; i
Factor ) Sum ) Centroid | Geometric
With i with i i
Number i Linear ) Weights | Weights
Variable i fixed
Weights

Slope Slope
1 1 6 64 41 46
2 4 82 82 95 98
3 5 16 77 57 71
4 6 24 82 67 84
S 2 1 47 26 25
6 4 43 84 80 95
7 4 60 85 87 97
8 11 32 84 72 89
9 1 49 84 83 96
10 2 70 84 91 97
11 0 0 0 0 0
12 12 42 85 79 94
13 13 73 51 61
14 4 18 79 62 78
15 16 40 86 77 92

Sum 77 496 1,096 966 1,123

Table 18: Normal Distribution Simulation for 15 Factors MAPE
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Linear Inverse
i Rank )
Random Weights Weights ;
Factor Assoc. ) Sum ) Centroid | Geom.
Generated With i with ) )
Number i Rank i Linear ) Weights | Weights
Weights Variable ) fixed
Weights
Slope Slope
1 74 85.39 70.00 25.00 37.41 35.36
2 76 90.26 80.00 33.33 48.79 50.00
3 65 6 75.66 | 50.00 16.67 22.04 17.68
4 39 10 56.18 10.00 10.00 3.41 4.42
S 58 9 61.05 20.00 11.11 7.21 6.25
6 100 1 100.00 100.00 100.00 100.00 100.00
7 76 2 95.13 90.00 50.00 65.86 70.71
8 60 7 70.79 40.00 14.29 16.35 12.50
9 67 5 80.53 60.00 20.00 28.87 25.00
10 60 8 65.92 30.00 12.50 11.48 8.84

Table 19: Normal Distribution Simulation for 10 Factors

Mean Absolute Percentage Error (MAPE)

Linear Inverse
i Rank i
Weights Weights ) i
Factor ) Sum ) Centroid | Geometric
With i with ) ;
Number i Linear ) Weights | Weights
Variable ) fixed
Weights

Slope Slope
1 15 66 50 53
2 19 5 56 36 34
3 16 24 75 66 73
4 45 74 74 91 89
S 5 65 81 88 89
6 0 0 0 0
7 25 18 34 14 7
8 17 34 76 73 79
9 21 10 70 57 63
10 11 50 79 81 85

Sum 172 286 612 555 572

Table 20: Normal Distribution Simulation for 10 Factors MAPE
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Linear Inverse
i Rank i
Random Weights Weights ]
Factor Assoc. ] Sum ) Centroid | Geom.
Generated With ) with _ _
Number ) Rank ) Linear ) Weights | Weights
Weights Variable ) fixed
Weights
Slope Slope
1 38 5 40 20 20 9 25
2 100 1 100 100 100 100 100
3 72 3 70 60 33 34 50
4 78 2 85 80 50 56 71
S 53 4 55 40 25 20 35

Table 21: Normal Distribution Simulation for 5 Factors

Mean Absolute Percentage Error (MAPE)

Linear Inverse
) Rank )
Weights Weights ) )
Factor Sum Centroid | Geometric
With ) with ) )
Number ) Linear ) Weights | Weights
Variable ) fixed
Weights
Slope Slope
1 6 47 47 77 34
2 0 0 0 0 0
3 3 17 54 52 31
“ 9 2 36 28 9
> 4 24 53 63 33
Ui 22 90 189 220 106

Table 22: Normal Distribution Simulation for 5 Factors MAPE
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3.4.3 Twenty Factor Scenario for Mean=70, Standard Deviation=20
After running the simulation hundred times, the average result of all MAPE’s

reflects that linear weights with variable slope method is considered the superior

method among all the methods with the lowest MAPE average, as per below table.

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
189 632 1,493 1,277 1,570

Table 23: Averages of Hundred Normal Distribution MAPE’s for 20 Factors

In order to visualize the MAPE differences, the figure below was created to

show the superiority of linear weights with variable slope method.

MAPE
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1,000 -
800 -
600 -
400 - B MAPE
200 -
0 T T T T T
Linear Rank Sum Inverse Centroid  Geometric
Weights Linear  Weightswith ~ Weights Weights
With Weights  fixed Slope
Variable
Slope

Figure 18: Averages of Hundred Normal Distribution MAPE’s for 20 Factors
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3.4.4 Fifteen Factor Scenario for Mean=70, Standard Deviation=20
After running the simulation hundred times, the average result of all MAPE’s

reflects that linear weights with variable slope method is considered the superior

method among all the methods with the lowest MAPE average, as per below table.

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
135 429 1,025 899 1,066

Table 24: Averages of Hundred Normal Distribution MAPE’s for 15 Factors

In order to visualize the MAPE differences, the figure below was created to

show the superiority of linear weights with variable slope method.
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600 -
400 -~
B MAPE
200 -~
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With Weights fixed Slope
Variable
Slope

Figure 19: Averages of Hundred Normal Distribution MAPE’s for 15 Factors
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3.4.5 Ten Factor Scenario for Mean=70, Standard Deviation=20
After running the simulation hundred times, the average result of all MAPE’s

reflects that linear weights with variable slope method is considered the superior

method among all the methods with the lowest MAPE average, as per below table.

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
124 300 620 569 588

Table 25: Averages of Hundred Normal Distribution MAPE’s for 10 Factors

In order to visualize the MAPE differences, the figure below was created to

show the superiority of linear weights with variable slope method.
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Figure 20: Averages of Hundred Normal Distribution MAPE’s for 10 Factors
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3.4.6 Five Factor Scenario for Mean=70, Standard Deviation=20
Same as the previous Uniform Dist. simulation , the result of lower number of

factor is different as well, After running the simulation hundred times, the average

result of all MAPE’s reflects that linear weights with variable slope is superior than

other methods, as per below table.

In order to visualize the MAPE differences, below graph was created to show

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
58 149 233 241 170

Table 26: Averages of Hundred Normal Distribution MAPE’s for 5 Factors

the differences magnitude for all methods evaluated.
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Figure 21: Averages of Hundred MAPE’s for 5 Factors
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3.4.7 Sensitivity Analysis for Mean=70, Standard Deviation=20

As in the Uniform Dist. sensitivity analysis discussed earlier, the main aim of
the sensitivity analysis is to show the magnitude of the results, and the performance
trend for each method and scenario in one bird view, to sense the change weight
instead of simple direction to which method is considered the best for every scenario.

In order to conduct sensitivity analysis, all MAPE’s results for all the
scenarios was gathered in one table to compare them, as below, the minimum MAPE

was highlighted for each scenario.

Linear Rank Inverse
No_rmal We|ghts Sum Wel_ghts Centroid | Geometric
Dist. With - with . .
. : . Linear . Weights | Weights
simulation | Variable . fixed
Weights
Slope Slope
Twenty
Factor
Scenario 632 1,493 1,277 1,570
Fifteen
Factor
Scenario 429 1,025 899 1,066
Ten
Factor
Scenario 300 620 569 588
Five
Factor
Scenario 149 233 241 170

Table 27: Sensitivity Analysis for Normal Dist

Then visualize the end result in a chart that reflects all performances for

different scenarios, to see the performance for different methods.
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Figure 22: Sensitivity Analysis Chart for Normal Dist
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3.4.8 Twenty Factor Scenario for Different Mean & Standard
Deviation Ranges

In order to have a general procedure that can cover several means and

Standard Deviation values, below table was developed, the first row present the range

of possible means, ranging between 10 to 90, and first column from lift presents the

ranges of possible Standard Deviation ranging between 5 to 50.

Linear Weights | Linear Weights | Linear Weights | Linear Weights | LinearWeights | Linear Weights | Linear Weights
5 Ra"';fe"i;"h;mr Ra"';vs:i;"h;mr Wih Variabe | WithVariabe | WihVarabe | WihVariabk | WihVarable | WithVarabl | Wih Variable
Slope Slope Slope Slope Slope Slope Slope |
) . - Linear Weights | Linear Weights | Linear Weights | LinearWeightz | Linear Weights
I Rank Sum L Rank Sum L Rank Sum L
10 Centroid Weights a”w;;t;”e” a”w;;ts'”e” a"w;;t;"e” Wih Varible | Wi Varabe | WihVarask | WithVerask | Wi Varible
Slope Slope Slope Slope Slope
. . - Linear Weights | Linear Weights | Linear Weights | Linear Weights
15 WA | Centroi Weights | RN SUM Lnear | Rank Sum Liear | Rank Sum Lnear | *\o i | i Variable | Wih Veribke | Wih Variabke
Weights Weights Weights
Slope Slope Slope Slope
. ; Linear Weights | Linear Weights | Linear Weights | Linear Weights
0 A A Centroid Weights | R cum Lnear | Rank SUmLngar |y o cobe | WihVarabe | WihVariaok | Wih Variabl
Weights Weights
Slope Slope Slope Slope
Centroid Weights e Linear Weights | Linear Weights | Linear Weights | Linear Weights
25 N/, /A, &Geometric | Centroid Weights Weights With Variable | With Variable | With Variable | With Variable
\Weights Slope Slope Slope Slope |
Rank Sum Linear ) ; . : ; :
. o Weights Rank Sum Linear L|ngang|ghts L|ngang|ghts L|ngang|ghts
30 NI NIA NIA Centroid Weights , A With Variable With Variable With Variable
&Centroid \Weights Sioge Siope Siope
Veights
Geometric Rank Sum Linear | Rank Sum Linear | Rank Sum Linear
35 N/, N/, N/, NiA, NiA,
Weights Weights Weights Weights
Rank Sum Linear | Rank Sum Linear | Rank Sum Linear
N/, N/, N/, /A, NiA, NiA, Weights Weighs ——
Rank Sum Linear | Rank Sum Linear
45 /A, /A, /A, NIA, NIA NIA NIA
Weights Weights
50 A NiA NiA NiA NiA NiA NIA NiA Rank Sum Linear
\Weights

Table 28: Recommended Methods for 20 Factors
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3.4.9 Fifteen Factor Scenario for Different Mean & Standard Deviation

Ranges

Below table summarizes the best method to use for different ranges of mean and

Standard Deviation.

Inwerse Weight=s
with fired Slope

Inwerse Weight=s

Fiank. Sum Linear
‘Weights

Fiank. Sum Linear

Linear Weights

Linear Weights

Linear Weights

Linear Weights

4Geometic with fixed Siope Centroid Weights 4Centoid Weights Wltll\.;an:ble Wltll\.;an:ble \Al'lths|\;ar|:ble \Al'lths|\;ar|:ble
‘weights ‘w'eights P P P P
Fiank, Sum Linear . . . . . . . .
Inwerse Weights | Inverse Weights . . ‘weights Fiank. Sum Linear Llnlear w'ellghts Llnlear w'ellghts Llnlear We:lghts Llnlear We:lghts
o o Centraid Weights y X ‘wiith Variable ‘wiith Variable ‘wiith Wariable ‘wiith Wariable
with fized Slope | with fired Slope tCentroid weights
. Slope Slope Slope Slope
‘w'eights
Inverse Weights Hankwﬁeﬂtlgmear Fiank. Sum Linear F\E.::ikli;n;d}i:::;r oy WEes || Ui Wit || Ui Helits
(3 veIse WEIINLE | - roid Weights ant . d f With Variable | With Warisble | With Variable
with fized Slope tCentroid ‘wWeights ‘weights with Slane Slope Slope
‘weights ‘fariable Slope P P P
HankaeLiln;tI;Inear Fuank. Sum Linear Linear Weights | Linear Weights | Linear Weights | Linear Weights
(111 (111 Centraid Weights it X ‘wiith Variable ‘wiith Variable ‘wiith Wariable ‘wiith Wariable
BB VLS Slope Slope Slope Slope
‘w'eights P P P P
Fiank Sum Linear Linear Weightz | Linear Weights | Linear Weightz | Linear Weights
A A Centroid Weights [ Centroid Weights . wiith Yariable wiith Yariable with Yariable with Yariable
‘weights
Slope Slope Slope Slope
. . Linear Weights | Linear Weights | Linear Weights
hA, hA, (173 Centraid Yeights | o Sam Linear | Rank Sum Liner\ Sty vobie | yion arishle | With Varishle
weights ‘weights
Slope Slope Slope
Fiank Sum Linear Linear Weights | Linear Weights | Linear Weights
178 178 78 78 78 ) itk Variable With Wariable With Wariable
‘Weights
Slope Slope Slope
Linear Weights | Linear Weightz | Linear Weight=s
[IES [IES [E:8 [E:8 [E:8 %S itk Variable “ith Wariable “ith Wariable
Slope Slope Slope
Linear Weights | Linear Weights
[1F:8 [1F:8 78 78 78 %8 %8 with Wariable with Wariable
Slope Slope
Linear Weights | Linear Weights
128 128 28 28 28 128 128 with Wariable with Wariable
Slope Slope

Table 29: Recommended Methods for 15 Factors
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3.4.10 Ten Factor Scenario for Different Mean & Standard Deviation

Ranges

Below table summarizes the best method to use for different ranges of mean and

Standard Deviation.

~ g

ol

ol

ol

ol

il

ol

Fank Sum Li Lincar Weights | Lincar Weights | Lincar Weights | Linear Weights | Linear Weights | Linear Weightz | Lincar ‘Weights | Lincar Weights
BT NI wdich Wariable | WithWariable | WithVariable | WithVarisble | Witharisble | With%arisble | With Wariskle | With Yariable
‘W eights
Elope Elope Elope Elope Elope Slope Slope Elope
Centroid W eights Fiank Sum Lincar Lincar ‘Weights | Linear Weights | Lincar Weights Lincar Weights | Linear ‘Weightz | Lincar Weights | Lincar Weights
&Geometric eiahts “ith Wariable “with Yariable “with Variable “with Variable “with Yariable “wfith Yariable “With Yariable
‘W eights El Elope Elope Elope Elope Slope Elope Slope
Centroid Weights L{:ir&;:;f&f Linzar W'zights Linsar wzights Linear Weights Linear weights Linzar weights Linzar Weights
Tt &Geometric “with Yariable “with Variable “with Variable “with Yariable “wfith Yariable “With Yariable
‘W eights e tiilstim Elope Elope Elope Slope Slope Elope
Lincar Weights
Centroid Weights | Centroid Weights L.\\I:.Hr '\.\."c.lghts . Linear Weights | Lincar Weights | Lincar W'eights | Linear %eights
? X ith Variable [ Rank Sum Linear 5 . 5 . 5 . 5 .
Tt &Geometric &Geometric . “with Variable “with Yariable “wfith Yariable “With Yariable
“w'eights “w'eights ezl i lE Zlope Elope Elope Elope
Lincar 'Weights
Centroid %eights | Centroid Weights Fiank Zum Linear Linear Weights | Lincar Weights | Lincar W'eights | Linear %'eights
Tt Tl &Geometric &Geometric Weights “with Variable “with Yariable “wfith Yariable “With Yariable
“w'zightz “w'zightz sk Elope Elope Elope Elope
Centroid Weights | Centroid Weights [ Lincar ‘Weights | Linear Weights | Linear Weights | Linear Weights
NiA NiA Ni& &leometric &Geometric wlith Yariable “wlith Wariable “with Wariable “With Wariable
w'zights ‘weights Elap: Elope Elope Elope
Centroid Weights | Centroid Weights [ Lincar ‘Weights | Linear Weights | Linear MWeights | Linear Weights
NIA NiA NiA &Geomatric &Geomatric ‘wiith Variable ‘wiith Wariable ‘with Wariable “with Wariable
‘wights “weights Elope Slope Slope Elope
Linear Weights
Centroid Weights S:'ih;c?:‘?::d Linear ‘weight= L‘::;irx:i?:lf Lincar Weights
Tt [ I 1 &Geometric L “with Yariable . “With Yariable
Weights ‘weights Slaps Elope &Centroid Slaps
&Geometric “Weights
o
NiA NiA NiA MiA MA MMA MMA Centroid weights | Centraid W eights
Tt [ I 1 M4 M4 A Centroid Weights [ Centraid weights

Table 30: Recommended Methods for 10 Factors
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3.4.11 Five Factor Scenario for Different Mean & Standard Deviation

Ranges

Below table summarizes the best method to use for different ranges of mean and

Standard Deviation.

Fiank Sum Lingar

Rank Sum Linear
‘weights fLinear

Linear Weights

Linear Weights

Linear ‘wWeights

Linear Weights

Linear Weights

Linear ‘wWeights

Linear Weights

. A . wiith * ariable with Variable wiith ariable wiith Y ariable with Variable wiith ariable with Y ariable

pEiots WEIESB D Slope Slope Slope Slope Slope Slope Slope
Wariable Slope

HankaeLil;tl;lnear Fuank Sum Linear Limear weights Linear ‘weights | Linear Weightz | Linear Weights Linear ‘weights | Linear Weights

Centroid W eights X X ‘wlith Yariable “With Wariable ‘ufith Y ariable ‘wlith Yariable “With Wariable ‘wlith Y ariable
el el Slope Slope Slope Slope Slope Slope

iWeights

HankaeLil;tl;mear Fuank Sum Linear Linear ‘weights | Linear Weights | Linear Weights Linear ‘weights | Linear Weights

A Centroid Weights ¥ X “with Wariable ‘with Variable ‘with Wariable “with Wariable with Wariable
HEEvE pEiots Slope Slope Slope Slope Slope

‘Weights
Fiank. Sum Linear Linear Weights | Linear Weights | Linear Weights | Linear Weights
LA Tlte Centroid Weights | Centroid YWeights B wiith Y ariable with Variable with Yariable with Yariable
‘weight=

Slope Slope Slope Slope

Linear Weightz | Linear Weights Linear ‘weights | Linear Weight=s

MiA, L Centroid Weights [ Centroid Weights | Centroid Weights | With Variable ‘wlith Yariable “with Wariable ‘wlith Y ariable
Slope Slope Slope Slope

Linear Weights | Linear Weights Linear ‘weights | Linear Weights

IiA L5 MAA Centroid Weights | Centroid Weights | With Variable ‘with Variable “with Wariable ‘with Variable
Slope Slope Slope Slope

Linear Weights Linear Weights Linear Weights Linear Weights

MiA I ({78 MiA I wiith  ariable with Variable wiith ariable with Y ariable
Slope Slope Slope Slope

Linear Weights Linear Weights Linear Weights

A IS MAA A IS Centraid Weights | With Variable “with Wariable with Variable
Slope Slope Slope

Linear Weights | Linear Weights Linear ‘Weights [ Linear Weights

MiA I ()8 MiA I wiith Y ariable with Variable wiith ariable with Y ariable
Slope Slope Slope Slope

Linear Weights

MiA e )= MiA e )= MiA e with Y ariable
Slope

Table 31: Recommended Methods for 5 Factors

3.4.12 Results and Conclusion

The sensitivity analysis for the case of Mean=70, Standard Deviation=20

clearly shows the superiority of linear weights with variable slope method for all

number of factors scenarios, it also shows that the Rank Sum Linear Weights method

comes second in performance for all scenarios, with geometric weight as the least
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attractive method to use in such case with the highest MAPE. Another interesting
insight is that, most methods improve its performance as the number of factors getting
lower.

Moreover, for different values of means and Standard Deviation’s, tables was
presented that ranges between 10 to 90 for the means and 5 to 50 for Standard
Deviation’s for all number of factors scenarios, you can notice that linear weights
with variable slope method is superior method for most of the cases of mean higher
than 70 for all number of factor scenarios. Moreover, for lower mean, the superiority
tends to scatter among different methods depends on the number of factors, mean &

Standard Deviation associated.



61
3.5 Exponential Distribution Case

In this section, the case of exponential distribution is presented. First, a scatter
diagrams between weights and ranks are presented, then the methods are tested for 5,

10, 15, 20 factors.

3.5.1 Scatter Diagram

The below figures present the relationship between weights and ranks. The

graphs indicate almost linear relationship for the factors 5, 10, 15 and 20.
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Figure 23: Exponential Simulation Correlation for 20 Factors
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Figure 25: Exponential Simulation Correlation for 10 Factors
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Figure 26: Exponential Simulation Correlation for 5 Factors

3.5.2 Example

Same as the previous work for Uniform Dist. and normal random variable
simulations, different scenarios for different number of factors were conducted, to
check whether changing it will effects the final weights output of the methods tested.

Two examples of exponential random variable simulation model, running
different converting methods are provided in below tables. Of course, those tables
will be generated hundred times as mentioned earlier. Moreover, tables of the

associated MAPE results will be presented as well.
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Linear Inverse
i Rank .
Random Weights Weights ;
Factor Assoc. ) Sum ) Centroid | Geom.
Generated With i with ) )
Number ) Rank ) Linear } Weights | Weights
Weights Variable ) fixed
Weights
Slope Slope

1 3 20.00 12.53 5.00 5.00 1.39 0.14
2 34 8.00 67.78 65.00 12.50 27.93 8.84
3 20 12.00 49.36 45.00 8.33 16.06 221
4 100 1.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00
5 90 2.00 95.40 95.00 50.00 72.20 70.71
6 37 7.00 72.38 70.00 14.29 31.90 12.50
7 20 13.00 44.76 40.00 7.69 13.75 1.56
8 7 18.00 21.74 15.00 5.56 4.40 0.28
9 86 3.00 90.79 90.00 33.33 58.31 50.00
10 16 14.00 40.16 35.00 7.14 11.61 1.10
11 56 5.00 81.59 80.00 20.00 42.09 25.00
12 7 19.00 17.14 10.00 5.26 2.85 0.20
13 33 9.00 63.17 60.00 11.11 24.46 6.25
14 24 10.00 58.57 55.00 10.00 21.37 4.42
15 11 17.00 26.34 20.00 5.88 6.03 0.39
16 15 15.00 35.55 30.00 6.67 9.62 0.78
17 12 16.00 30.95 25.00 6.25 7.77 0.55
18 21 11.00 53.97 50.00 9.09 18.59 3.13
19 52 6.00 76.98 75.00 16.67 36.53 17.68
20 57 4.00 86.19 85.00 25.00 49.04 35.36

Table 32: Exponential Random Variable Simulation for 20 Factors



Mean Absolute Percentage Error (MAPE)
Linear Inverse
Rank
Weights Weights ; i
Factor Sum Centroid | Geometric
With _ with _ _
Number ) Linear ) Weights | Weights
Variable ) fixed
Weights

Slope Slope
1 370 88 88 48 95
2 98 90 63 18 74
3 148 126 58 19 89
© 0 0 0 0 0
& 6 5 45 20 22
& 08 o1 61 13 66
“ 128 104 61 30 92
: 194 103 25 41 26
¢ 5 4 61 32 42
L 155 122 55 26 03
11 46 43 64 25 55
12 146 44 24 59 97
1 94 84 66 25 81
La 146 131 58 10 81
L5 147 87 45 44 96
1 133 97 56 37 95
L0 150 102 50 37 96
18 152 134 57 13 85
1 47 43 68 30 66
2 51 49 56 14 38

o 2,315 1,548 1,062 541 1,460

Table 33: Exponential Random Variable Simulation for 20 Factors MAPE
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Linear Inverse
) Rank i
Random Weights Weights ;
Factor Assoc. ] Sum ) Centroid | Geom.
Generated With ) with ; )
Number ) Rank i Linear i Weights | Weights
Weights Variable i fixed
Weights
Slope Slope

1 83.31 80.00 25.00 44.75 35.36 83.31 80.00
2 61.05 53.33 12.50 21.86 8.84 61.05 53.33
3 38.79 26.67 8.33 8.99 2.21 38.79 26.67
4 55.48 46.67 11.11 18.09 6.25 55.48 46.67
S 27.66 13.33 7.14 4.16 1.10 27.66 13.33
6 88.87 86.67 33.33 54.80 50.00 88.87 86.67
7 66.61 60.00 14.29 26.17 12.50 66.61 60.00
8 94.44 93.33 50.00 69.86 70.71 94.44 93.33
9 77.74 73.33 20.00 37.22 25.00 77.74 73.33
10 22.09 6.67 6.67 2.01 0.78 22.09 6.67
11 44.35 33.33 9.09 11.73 3.13 44.35 33.33
12 49.92 40.00 10.00 14.74 4.42 49.92 40.00
13 33.22 20.00 7.69 6.48 1.56 33.22 20.00
14 72.18 66.67 16.67 31.19 17.68 72.18 66.67
15 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table 34: Exponential Random Variable Simulation for 15 Factors




Mean Absolute Percentage Error (MAPE)
Linear Inverse
i Rank i
Weights Weights ; i
Factor ) Sum ) Centroid | Geometric
With i with i )
Number i Linear ) Weights | Weights
Variable i fixed
Weights

Slope Slope
1 50 45 55 19 36
2 122 94 55 21 68
3 113 47 54 51 88
4 129 93 54 25 74
5 229 59 15 50 87
6 39 36 48 14 22
7 141 117 48 5 55
8 21 20 36 10 9
9 67 57 57 20 46
10 199 10 10 73 89
11 141 81 51 36 83
12 151 101 50 26 78
13 08 19 54 61 91
14 137 119 45 2 42
15 0 0 0 0 0

Sum 1,637 896 631 415 868

Table 35: Exponential Random Variable Simulation for 15 Factors MAPE
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Linear Inverse
i Rank i
Random Weights Weights i
Factor Assoc. ) Sum ) Centroid | Geom.
Generated With i with . .
Number i Rank i Linear i Weights | Weights
Weights Variable ) fixed
Weights
Slope Slope
1 50 6 55.66 50.00 16.67 22.04 17.68
2 28 9 29.05 20.00 11.11 7.21 6.25
3 100 1 100.00 100.00 100.00 100.00 100.00
4 36 7 46.79 40.00 14.29 16.35 12.50
S 68 4 73.40 70.00 25.00 37.41 35.36
6 30 8 37.92 30.00 12.50 11.48 8.84
7 70 3 82.26 80.00 33.33 48.79 50.00
8 17 10 20.19 10.00 10.00 341 4.42
9 67 5 64.53 60.00 20.00 28.87 25.00
10 85 2 91.13 90.00 50.00 65.86 70.71
Table 36: Exponential Random Variable Simulation for 10 Factors
Mean Absolute Percentage Error (MAPE)
Linear Inverse
i Rank ;
Weights Weights ) i
Factor ) Sum ) Centroid | Geometric
With i with i i
Number i Linear ) Weights | Weights
Variable } fixed
Weights
Slope Slope
1 10 1 67 56 65
2 3 29 60 74 78
3 0 0 0 0 0
4 29 11 60 55 65
5 8 3 63 45 48
6 27 58 61 70
7 18 15 52 30 28
8 22 39 39 79 73
9 4 11 70 57 63
10 7 6 41 23 17
Sum 129 114 512 481 508

Table 37: Exponential Random Variable Simulation for 10 Factors MAPE
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Linear Inverse
i Rank i
Random Weights Weights
Factor Assoc. ] Sum ) Cent. Geom
Gener. With ) with ) )
Number ) Rank ) Linear ) Weights | Weights
Weights Variable ) fixed
Weights
Slope Slope
g 68 2 76 80 50 56 71
2 6 5 4 20 20 9 25
3 17 4 28 40 25 20 35
4 100 1 100 100 100 100 100
S 36 3 52 60 33 34 50
Table 38: Exponential Random Variable Simulation for 5 Factors
Mean Absolute Percentage Error (MAPE)
Linear Inverse
) Rank )
Weights Weights ) )
Factor ) Sum ) Centroid | Geometric
With ) with ) )
Number ) Linear ) Weights | Weights
Variable ) fixed
Weights
Slope Slope
1 11 17 27 18 3
E 31 219 219 40 299
¢ 70 141 51 19 113
4 0 0 0 0 0
g 43 65 9 6 37
Sum 156 442 305 82 453

Table 39: Exponential Random Variable Simulation for 5 Factors MAPE
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3.5.3 Twenty Factor Scenario
After running the simulation hundred times, the average result of all MAPE’s

reflects that Centroid Weights method is considered the superior method among all

the methods with the lowest MAPE average, as per below table.

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
6,913 3,602 2,452 904 1,247

Table 40: Aver. of Hundred Expon. Random Variable MAPE’s for 20 Factors

In order to visualize the MAPE differences, the figure below was created to

show the superiority of Centroid Weights method.

MAPE
7,000 ~
6,000 -
5,000 -
4,000 -
3,000 -
2,000 7 u MAPE
I
0] T T T T f
Linear Rank Sum Inverse Centroid  Geometric
Weights Linear  Weightswith  Weights Weights
With Weights  fixed Slope
Variable
Slope

Figure 27: Aver. of Hundred Exponential Random Variable MAPE’s for 20 Factors
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3.5.4 Fifteen Factor Scenario
After running the simulation hundred times, the average result of all MAPE’s

reflects that Centroid Weights and Geometric Weight methods are considered the

superior methods among all the methods with the lowest MAPE average, as per

below table.
Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
5,084 3,467 2,191 918 843

Table 41: Aver. of Hundred Expon. Random Variable MAPE’s for 15 Factors

In order to visualize the MAPE differences, the figure below was created to

show the superiority of Centroid Weights and Geometric Weight methods.
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Figure 28: Aver. of Hundred Exponential Random Variable MAPE’s for 15 Factors



72
3.5.5 Ten Factor Scenario
After running the simulation hundred times, the average result of all MAPE’s

reflects that Centroid Weights and Geometric Weight methods are considered the

superior methods among all the methods with the lowest MAPE average, as per

below table.
Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
4,698 5,139 4,322 1,667 2,006

Table 42: Aver. of Hundred Expon. Random Variable MAPE’s for 10 Factors

In order to visualize the MAPE differences, the figure below was created to

show the superiority of Centroid Weights and Geometric Weight methods.
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Figure 29: Aver. of Hundred Exponential Random Variable MAPE’s for 10 Factors
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Different than the previous simulation cases, the result of lower number of

factor indicates that Centroid Weights

and linear weights with variable slope

methods are the superior ones compared with other methods, as per below table.

Linear
) Inverse
Weights Rank Sum ) ) )
) ) Weights Centroid Geometric
With Linear - ) )
) i with fixed Weights Weights
Variable Weights
Slope
Slope
632 1,182 1,021 515 1,343

Table 43: Aver. of Hundred Expon. Random Variable MAPE’s for 5 Factors

In order to visualize the MAPE differences, below graph was created to show

the performance for all methods evaluated.
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With Weights fixed Slope
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Slope

Figure 30: Aver. of Hundred Exponential Random Variable MAPE’s for 5 Factors



74

3.5.7 Sensitivity Analysis

As in the uniform and normal distributions sensitivity analysis discussed
earlier, the main aim of the sensitivity analysis is to show the magnitude of the
results, and the performance trend for each method and scenario in one bird view, to
sense the change weight instead of simple direction to which method is considered
the best for every scenario.

In order to conduct sensitivity analysis, all MAPE’s results for all the
scenarios was gathered in one table to compare them, as below, the minimum MAPE

was highlighted for each scenario.

Exponential Llipeer Rank liyereisie
P Weights Weights ; .
Random : Sum ; Centroid | Geometric
. With - with . .
Variable . Linear . Weights | Weights
. . Variable . fixed
Simulation Weights
Slope Slope
Twenty
Factor
Scenario 6,913 3,602 2,452
Fifteen
Factor
Scenario 5,084 3,467 2,191
Ten Factor
Scenario 4,698 5,139 4,322
Five Factor
Scenario 632 1,182 1,021

Table 44: Sensitivity Analysis for Exponential Dist

Then visualize the end result in a chart that reflects all performances for

different scenarios, to see the performance for different methods.
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Figure 31: Sensitivity Analysis Chart for Exponential Dist.

3.5.8 Results and Conclusion
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The sensitivity analysis clearly shows the superiority of Centroid method for

mostly all number of factors scenarios, it also shows that the Geometric Weights

method comes very closely second in performance for all scenarios; it even had slight

better performance in Fifteen Factor Scenario. With linear weights with variable slope

method as the least attractive method to use in low number of factor case, result in the

highest MAPE.
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Chapter 4

Case Study: Prioritizing Maintenance

Contracting Factors

4.1 Introduction

The main purpose of this chapter is to test the methods for converting ranks
into weights in a real case environment. The data for this chapter is collected from
practitioners in maintenance departments, with expertise and experience in the area of
maintenance. A survey was prepared and distributed to several departments. The
survey is provided in appendix A.

The methods are used to convert the ranks into weights and the derivations
from the given weights are computed. The result indicates that quality, experience,
resource availability, safety performance and integrity considered being the most
important factors in prequalifying maintenance contractor. More importantly, it was
shown that the expected decision making behavior tends to be normally distributed,
which implies that linear weights with variable slope method is expected to be the

best method to use in real life application. This chapter confirmed this expectation.
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The chapter is organized as follows: section 4.2 presents data description and
analysis, followed by comparison of the rank conversion methods in section 4.3.

Section 4.4 concludes this chapter.

4.2 Data Description and Analysis

The data obtained from the survey is described and displayed using spider
graphs. Figures 32 to 34 present the graphs for the average weights for the data. The
result shows that quality, experience, resource availability, safety performance and
integrity are the most important factors in prequalifying maintenance contractor. The

figures below provide spider graphs for five, ten and fifteen prequalification factors.

Pre-qualification Factors

Quality
100

Safety Performance < = Financial strength

Resources availability Experience

Figure 32: Five Pre-Qualification Factors
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Figure 33: Ten Pre-Qualification Factors

Pre-qualification Factors
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Financial strength

Level of Technology A . Experience
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Figure 34: Fifteen Pre-Qualification Factors
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4.3 Comparison of Rank Conversion Methods

In order to compare the five methods in a real life situation, the weights
obtained from the survey is converted into rank data. This is simply done by sorting
the weights from the highest to the lowest and assigning the factor with the highest
weight rank 1 followed by second highest rank 2 and so on. Then the weights for
these ranks is computed for each method, then the percent mean absolute deviation is
computed as done in chapter 3. The tables below present the analysis for the average
weights for the five respondents. The analysis for individual respondents is given in
appendix B. The tables present the actual weights from the survey are the results of
the survey true weights and the weights derived from the different methods, for all
number of factors. The mean and standard deviation for the surveys weights were
Mean=87 and Standard Deviation=8.8 for five factors, Mean=81 and Standard

Deviation=9 for ten factors and Mean=85 and Standard Deviation=6.96 for fifteen

factors.
Linear Inverse
Average Weights LS Weights
Assoc. 5 Sum ; Centr. | Geom.
Factors | Survey With " with . .
X Rank - Linear " Weig. | Weig.
Weights Variable . fixed
Weights
Slope Slope
Quality 95 1 100 100 100 100 100
Finan 72 5 80 20 20 9 25
stren.
Experi. 88 4 85 40 25 20 35
Resour. | g, 2 95 80 50 56 71
availab.
Safety | gg 3 90 60 33 34 | 50
Perform.

Table 45: Surveys Average Surveyor Case Study Result for 5 Factors




Linear Rank Inverse
AUERE Assoc. Wel_ghts Sum We|_ghts Centr. | Geom.
Factors Survey With : with . )
. Rank : Linear . Weig. | Weigh.
Weights Variable : fixed
Weights
Slope Slope
Quality 95 1 100.00 100.00 100.00 | 100.00 | 100.00

Financial | g 6 8548 | 5000 | 16.67 | 22.04 | 17.68
strength
Exper. 88 3 94.19 80.00 33.33 48.79 | 50.00
Resour 90 2 97.10 | 90.00 | 50.00 | 65.86 | 70.71
availab
Ay 87 4 91.29 | 7000 | 25.00 | 37.41 | 35.36
Perform.

Commun. 79 7 82.58 40.00 14.29 16.35 12.50
Reputat. 82 5 88.38 60.00 20.00 28.87 | 25.00
Manag. 73 9 76.77 | 2000 | 1111 | 721 | 6.25
Capab.

Size of

Previous 64 10 73.87 10.00 10.00 341 4.42
Projects
Type of
previous 77 8 79.67 30.00 12.50 11.48 8.84
project

Table 46: Surveys Average Surveyor Case Study Result for 10 Factors
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Invers
Aver. | Ass Linear Rank e

Surve | ocia | Weight Sum Weig Centr. | Geom
Factors y ted s With | Linear hts Weig. Weig ’
Weig | Ran | Variabl | Weight | with ‘ '

hts k e Slope S fixed

Slope
Quality 96 1 | 100.00 | 100.00 108'0 108'0 100.00

Hinarekl 80 11 | 8472 | 3333 | 9.09 | 11.73 | 3.13
strength
Experi. 95 96.94 | 86.67 | 33.33 | 54.80 | 50.00
RIZEEUIS, 88 4 95.42 | 80.00 | 25.00 | 44.75 | 35.36
availab.

Sy 88 4 | 9542 | 80.00 | 25.00 | 44.75 | 35.36

Perform.

Commun. 83 9 87.78 | 46.67 | 11.11 | 18.09 | 6.25
Reputat. 81 10 | 86.25 | 40.00 | 10.00 | 14.74 | 4.42
AT 79 | 12 | 8320 | 2667 | 833 | 899 | 221

Capability
Size of
Previous 72 15 78.61 6.67 6.67 2.01 0.78
Projects
Type of
previous 79 12 83.20 26.67 8.33 8.99 2.21
project
Progress | g, | g | 8931 | 53.33 | 12.50 | 21.86 | 8.84
of work
Previous

Failed 85 7 90.83 | 60.00 | 14.29 | 26.17 | 12.50
contract

Relation. 77 14 | 80.14 | 1333 | 7.14 | 416 | 1.10

client
L) i 87 6 9236 | 66.67 | 16.67 | 31.19 | 17.68
Technol.
Integrity 95 2 98.47 | 93.33 | 50.00 | 69.86 | 70.71

Table 47: Surveys Average Case Study Result for 15 Factors

The tables 48-50 presents the MAPE’s for five, ten and

respectively.

fifteen factors



Mean Absolute Percentage Error (MAPE)

Linear Rank Inverse
We|ghts Sum Welghts Centroid | Geometric
Factors With - with . .
: Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 5 5 5 5 5
Financial strength 12 72 72 88 65
Experience 3 54 72 78 60
Resources
availability 6 11 44 38 21
S 2 32 62 61 44
Performance
Sum 28 175 256 270 195

Table 48: Surveys Average Case Study MAPE for 5 Factors

Mean Absolute Percentage Error (MAPE)

Linear Rank Inverse
Alternative We|_ghts Sum Wel_ghts Centroid | Geometric
With - with . X
Number . Linear . Weights Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 5 5 5 5 5
HEnEE 7 37 79 72 78
strength
Experience 7 9 62 44 43
REsotices 8 0 44 26 21
availability
S 5 19 71 57 59
Performance
Communication 5 49 82 79 84
Reputation 8 27 76 65 69
METEETE 5 73 85 90 91
Capability
Size of _PreV|ous 16 84 84 95 93
Projects
Type of 4 61 84 85 89
previous project
Sum 71 365 672 619 633

Table 49: Surveys Average Case Study MAPE for 10 Factors
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Linear Rank Inverse
Welghts Sum Welghts Centroid | Geometric
Factors With - with . .
: Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 4 4 4 4 4
AEEE] 6 58 89 85 96
strength
Experience 2 8 65 42 a7
REsTEs 8 9 72 49 60
availability
Ay 8 9 72 49 60
Performance
Communication 6 44 87 78 92
Reputation 6 51 88 82 95
ST G e 6 66 89 89 97
Capability
Size of Frewous 9 91 91 97 99
Projects
Type of previous 6 66 89 89 97
project
Progress of work 6 37 85 74 89
Previous Failed 6 30 83 69 85
contract
Relatlon_sh|p with 4 83 91 95 99
client
Ll o 7 23 81 64 80
Technology
Integrity 4 1 47 26 25
Sum 89 580 1,132 992 1,126

Table 50: Surveys Average Case Study MAPE for 15 Factors

Tables 48-50 shows that the lowest MAPE’s are for the linear weight with
variable slope. The result indicate this method is superior in real case environment
and this is consistent with the result in chapter 3 for the case of normal weights since
the data from the survey is normal with means higher than 70.

Moreover, Figures 35 to 37 present bar charts for the average data of MAPE,
below figures shows the superiority of linear weights with variable slope method
compare with other methods for five, ten and fifteen maintenance pre-qualification

factors.
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Figure 37: Fifteen Pre-Qualification Factors MAPE

4.4 Conclusion
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The analysis of the data in section 4.2 indicates that quality, experience,

resource availability, safety performance and integrity are the most important factors

in prequalifying maintenance contractor.

The case study shows that in this case linear weight with variable slope

method is the best approach to convert the ranks into weight. Moreover, the decision

maker tends to have normal distribution weights as per the survey. The results in this

chapter are consistent with chapter 3 results, note that the recommended method in

chapter 3 for normal distribution is linear weights with variable slope too, and result

in consistency of the recommended method.
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Chapter 5

Conclusion and Future Research

5.1 Summary

Methods for converting weights into ranks are essential tools in multi-criteria
decision making. This thesis addresses the problem of converting ranks into weights.
It investigates the most effective methods for converting the ranks of several factors
into weights. This is accomplished through a well designed simulation experiment,
which analyzes and tests the methods under different conditions, such as different
number of factors, and different decision maker behavior modeled through different
distributions of random generated input for the weights and subsequently ranks
associated with it.

The methods also are tested using a real world situation, in the contest of
prioritizing the essential factors for maintenance contractor pre-qualification. The
results indicated that for the weights generated from the uniform distribution, the rank
sum linear weight method is superior for twenty and fifteen factors scenarios; it also
shows that the linear weights with variable slope method has superior performance if
the number of factors are ten, and have much better performance when the number of

factors is lower. In case the weight of factors are generated from the normal
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distribution, linear weights with variable slope method consider to be superior method
for most of the cases of mean higher than 70 for all number of factor scenarios.
Moreover, for lower mean, the superiority tend to scatter among different methods
depends on the number of factors, mean and Standard Deviation associated, a table of
best methods to follow was presented for different number of factors as well. Also,
the centroid method performs the best for ranks generated from exponential
distribution.

The result for the case study indicates that linear weights with variable slope
method is the best method to use, and that quality, experience, resource availability,
safety performance and integrity are the most important factors in prequalifying

maintenance contractor.

5.2 Recommendation for Future Research

The work in this thesis can be extended in different direction; one direction is
to include in the analysis other methods for converting ranks into weights. Another
direction is to test ranks generated from other distributions than the ones included in
this thesis. A third method is to extend methods for converting fuzzy ranks into
weights, and also evaluate their effectiveness. A fourth direction is to study the
decision maker behavior, by integrating the psychological aspect in the study, as to
which distribution the decision maker tends to follow for different scenarios. The case
study shows an example, but a dedicated research in this area that confirms certain

trend will have a great value. A fifth direction would be to develop a theoretical proof
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that shows which method is superior for what kind of distribution from which the

weights are generated.



89

Appendix A

Dear Sir,

This survey is part of master thesis conducted at King Fahd University of Petroleum

and Minerals (KFUPM) to prioritize factors that are important in pre-qualification of

maintenance contractors, please don’t hesitate to share with us your valuable inputs.

Data will be confidential and only for the purpose of the study.

First, appreciate filling the information below:

Job Title:

Company/Organization Name: (optional)

Total number of employees in company/organization:

Number of employees in maintenance department:

Years of Experience in Total:

Years of Experience in Maintenance Field:

What Type of business the organization is involved in:



Petrochemical,
Academic,
Electrical,

If other, please indicate:

90
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Please fill in the below table of five factors. In the weight column, please put the
magnitude you believe the factor deserves in importance out of 100 for each factor

(not the total sum).

Below is an example for your kind information:

Weight
Quality 50
Financial strength 100
Experience 55
Resources availability 60
Safety Performance 80

Now, appreciate your kind input in below table, as per previous instruction:
Weight
1- Quality
2- Financial strength
3- Experience
4- Resources availability

5- Safety Performance



Please fill the table below with weight for each factor.

Weight

1- Quality

2- Financial strength

3- Experience

4- Resources availability

5- Safety Performance

6- Communication

7- Reputation

8- Management
Capability

9- Size of Previous
Projects

10- Type of previous

project

92
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Please indicatel the importance of each factor on a scale 1-15. 15 represent the most

important.

10-
11-
12-
13-
14-
15-
16-

17-

Quality

Financial strength
Experience

Resources availahility
Safety Performance
Communication
Reputation

Management Capability
Size of Previous Projects
Type of previous project
Progress of work
Previous Failed contract
Relationship with client
Level of Technology
Integrity

If any other factor, please
indicate and score

If any other factor, please

indicate and score

1 23 4 567 89 1011 12 13 14 15
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Appendix B

Independent Survey Results:

Linear Rank Inverse
Survey | Assoc. Wel_ghts Sum We|_ghts Centroid | Geom.
Factors . With - with . .
Weights Rank : Linear . Weights | Weights
Variable . fixed
Weights
Slope Slope
Quality 100 1 100 100 100 100 100
Fnee] 60 5 68 20 20 9 25
strength
Experi. 100 1 100 100 100 100 100
e 50 4 76 40 25 20 35
availability
S 100 1 100 100 100 100 100
Perform.

Table 51: 1° Surveyor Case Study Result for 5 Factors
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Linear Rank Inverse
Survey | Assoc. Welghts Sum Welghts Centroid | Geom.
Factors . With - with . .
Weights | Rank . Linear . Weights | Weights
Variable . fixed
Weights
Slope Slope
Quality 100 1 100.00 100.00 100.00 100.00 100.00
Hizne 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
strength
Experien. 100 1 100.00 100.00 100.00 100.00 100.00
Resources
availability 88 7 80.38 40.00 14.29 16.35 12.50
SllEy 90 5 86.92 | 60.00 | 20.00 28.87 25.00
Perform.
Commun. 100 1 100.00 100.00 100.00 100.00 100.00
Reputation 90 5 86.92 60.00 20.00 28.87 25.00
AT 75 8 77.11 30.00 12.50 11.48 8.84
Capability
Size of
Previous 75 8 77.11 30.00 12.50 11.48 8.84
Projects
Type of
previous 75 8 77.11 30.00 12.50 11.48 8.84
project

Table 52: 1° Surveyor Case Study Result for 10 Factors
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. Invers
Linear Rank
. . e Centr | Geome
Surv. | Associa | Weight Sum : : :
: 2 : Weigh oid tric
Factors Weigh s With Linear ts with | Weiah | Weight
ts Rank Variabl | Weight . 9 9
e Slope S fixed ts S
P Slope
. 100.0
Quality 100 100.00 100.00 | 100.00 0 100.00
Financial strength 87 87.97 66.67 16.67 | 31.19 17.68
Experience 100 100.00 100.00 | 100.00 108'0 100.00
HEEUEEE 87 87.97 | 66.67 | 16.67 | 31.19 | 17.68
availability
S 100 100.00 | 100.00 | 100.00 | 1990 | 100.00
Performance 0
Communication 100 100.00 100.00 | 100.00 108'0 100.00
Reputation 87 87.97 66.67 16.67 31.19 17.68
G B 80 7352 | 2667 | 833 | 899 | 221
Capability
Size of Previous | g, 87.97 | 66.67 | 16.67 | 31.19 | 17.68
Projects
Type of previous | g, 87.97 | 66.67 | 1667 | 31.19 | 17.68
project
Progress of work 80 73.52 26.67 8.33 8.99 2.21
Freous e 87 87.97 | 66.67 | 16.67 | 31.19 | 17.68
contract
Relationship with | 4 6630 | 667 | 667 | 201 | 0.78
client
Li2itel @ 80 7352 | 2667 | 833 | 899 | 221
Technology
Integrity 100 100.00 | 100.00 100 100 100.00
Table 53: 1° Surveyor Case Study Result for 15 Factors
Linear Rank Inverse
Survey Assoc. Welghts Sum We|ghts Centroid | Geom.
Factors . With - with . .
Weights Rank . Linear . Weights | Weights
Variable . fixed
Weights
Slope Slope
Quality 80 3 82 60 33 34 50
FImene] 60 5 64 20 20 9 25
strength
Experien. 100 1 100 100 100 100 100
o e 2 91 80 50 56 71
availability
SElED 75 4 73 40 25 20 35
Perform.

Table 54: 2" Surveyor Case Study Result for 5 Factors
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Linear Rank Inverse
Survey | Assoc. Welghts Sum Welghts Centroid | Geom.
Factors . With - with . .
Weights Rank . Linear . Weights | Weights
Variable . fixed
Weights
Slope Slope
Quality 80 3 90.44 80.00 33.33 48.79 50.00
FInEie] 60 8 6653 | 30.00 | 1250 | 11.48 8.84
strength
Experience 100 1 100.00 100.00 100.00 100.00 100.00
Resources
availability 85 2 95.22 90.00 50.00 65.86 70.71
ey 75 4 85.66 | 70.00 | 25.00 37.41 35.36
Perform.
Commun. 55 9 61.75 20.00 11.11 7.21 6.25
Reputation 70 5 80.87 60.00 20.00 28.87 25.00
DRI 65 7 7131 | 4000 | 1429 | 1635 | 1250
Capability
Size of
Previous 50 10 56.97 10.00 10.00 3.41 4.42
Projects
Type of
previous 70 5 80.87 60.00 20.00 28.87 25.00
project

Table 55: 2" Surveyor Case Study Result for 10 Factors
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Linear Rank Inverse
SUnE Weights Sum Weight Ce_ntro
y Assoc. ; X : id Geom
Factors Weiah Rank With Linear s with Weiah | Weiahts
g Variable | Weight | fixed 9 9
ts ts
Slope S Slope
Quality 87 4 90.25 80.00 | 25.00 | 44.75 | 35.36
el 67 12 64.25 26.67 8.33 8.99 2.21
strength
Experience | 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Resources 80 6 83.75 66.67 | 16.67 | 31.19 | 17.68
availability
Sy 73 9 7400 | 4667 | 11.11 | 18.09 6.25
Perform.
Commun. 53 14 57.75 13.33 7.14 4.16 1.10
Reputation 73 9 74.00 46.67 | 11.11 | 18.09 6.25
Manag. 67 12 64.25 26.67 8.33 8.99 2.21
Capability
Size of
Previous 53 14 57.75 13.33 7.14 4.16 1.10
Projects
Type of
previous 73 9 74.00 46.67 11.11 18.09 6.25
project
Progressoft| o, 6 8375 | 6667 | 1667 | 3119 | 17.68
work
Previous
Failed 80 6 83.75 66.67 | 16.67 | 31.19 | 17.68
contract
Relationshi 87 4 90.25 80.00 | 25.00 | 44.75 | 35.36
p with client
Level of 93 3 93.50 86.67 | 33.33 | 54.80 | 50.00
Technology
Integrity 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00

Table 56: 2" Surveyor Case Study Result for 15 Factors
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Linear Rank Inverse
Survey | Assoc. Welghts Sum Welghts Centroid | Geom.
Factors . With - with . .
Weights | Rank . Linear . Weights | Weights
Variable . fixed
Weights
Slope Slope
Quality 95 2 91 80 50 56 71
PlErelE 63 5 64 20 20 9 25
strength
Exper. 79 4 73 40 25 20 35
Resour. | 4, 1 100 100 100 100 100
availab.
A 84 3 82 60 33 34 50
Perform.
Table 57: 3" Surveyor Case Study Result for 5 Factors
Linear Rank Inverse
Survey | Assoc. We|_ghts Sum We|ghts Centroid | Geom.
Factors . With - with . .
Weights | Rank . Linear . Weights | Weights
Variable . fixed
Weights
Slope Slope
Quality 95 2 95.30 90.00 50.00 65.86 70.71
AEhe 63 9 6239 | 2000 | 11.11 7.21 6.25
strength
Experience 79 7 71.80 40.00 14.29 16.35 12.50
el 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
availability
ey 84 5 8120 | 60.00 | 20.00 28.87 25.00
Perform.
Commun. 84 5 81.20 60.00 20.00 28.87 25.00
Reputation 89 3 90.60 80.00 33.33 48.79 50.00
AR - 68 8 67.09 | 3000 | 1250 | 11.48 8.84
Capability
Size of
Previous 53 10 57.69 10.00 10.00 3.41 4.42
Projects
Type of
previous 89 3 90.60 80.00 33.33 48.79 50.00
project

Table 58: 3" Surveyor Case Study Result for 10 Factors
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. Invers
Linear Rank
Surve . e Centr
Weight Sum : . Geom.
\ Assoc. - ; Weigh oid )
Factors . s With Linear : : Weight
Weigh Rank . . ts with | Weigh
Variabl | Weight . S
ts & oo S fixed ts
P Slope
Quality 93 2 97.96 93.33 50.00 69.86 70.71
Hinzne 67 14 7354 | 1333 | 7.14 | 4.16 1.10
strength
Experience 80 9 83.72 46.67 11.11 18.09 6.25
HEEUEEE 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
availability
Sz 87 4 93.89 | 80.00 | 25.00 | 44.75 | 35.36
Performance
Communication 87 4 93.89 80.00 25.00 44.75 35.36
Reputation 93 2 97.96 93.33 50.00 69.86 70.71
ST G e 80 9 83.72 | 46.67 | 11.11 | 1809 | 6.25
Capability
Size of
Previous 67 14 73.54 13.33 7.14 4.16 1.10
Projects
Type of
previous 73 13 75.58 20.00 7.69 6.48 1.56
project
Pro\?vz)eris el 87 4 93.89 | 80.00 | 2500 | 44.75 | 35.36
il 50 9 8372 | 46.67 | 11.11 | 1809 | 6.25
contract
Relationship 87 4 93.89 | 80.00 | 25.00 | 44.75 | 35.36
with client
Lzl @ 80 9 8372 | 46.67 | 11.11 | 1809 | 6.25
Technology
Integrity 87 4 93.89 80.00 25.00 | 44.75 35.36
Table 59: 3" Surveyor Case Study Result for 15 Factors
Linear Rank Inverse
Survey | Assoc. Welghts Sum We|ghts Centroid | Geom.
Factors . With - with . i
Weights | Rank . Linear . Weights | Weights
Variable . fixed
Weights
Slope Slope
Quality 100 1 100 100 100 100 100
Flarekl 100 1 100 100 100 100 100
strength
Experience 80 5 82 20 20 9 25
Resources 90 4 87 40 25 20 35
availability
ElEy 100 1 100 100 100 100 100
Performance

Table 60: 4™ Surveyor Case Study Result for 5 Factors
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Linear Rank Inverse
Survey | Assoc. We|ghts Sum We|_ghts Centroid | Geom.
Factors . With - with . .
Weights | Rank . Linear . Weights | Weights
Variable . fixed
Weights
Slope Slope
Quality 100 1 100.00 100.00 100.00 100.00 100.00
e 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
strength
Experience 80 6 79.96 50.00 16.67 22.04 17.68
FEEEITERS 90 4 87.97 | 7000 | 2500 | 3741 | 3536
availability
=iy 100 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Performance
Communication 80 6 79.96 50.00 16.67 22.04 17.68
Reputation 90 4 87.97 70.00 25.00 37.41 35.36
bR EEE 80 6 7996 | 50.00 | 16.67 | 2204 | 17.68
Capability
Size of
Previous 80 6 79.96 50.00 16.67 22.04 17.68
Projects
Type of
previous 80 6 79.96 50.00 16.67 22.04 17.68
project

Table 61: 4™ Surveyor Case Study Result for 10 Factors
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Linear Invers
Weidht Rank e Centr
Factors Surv. | Assoc. S W?th Sum Weigh oid Geom.
Weig. Rank . Linear | ts with | Weigh | Weights
Variab. : ;
Slope Weigh. | fixed ts
Slope
) 100.0
Quality 100 1 100.00 | 100.00 | 100.00 0 100.00
Financialss 4, 1 100.00 | 100.00 | 100.00 | 1990 | 100.00
strength 0
Experience | 100 1 100.00 | 100.00 | 100.00 108'0 100.00
Resources 93 4 95.96 | 80.00 | 25.00 | 44.75 | 35.36
availability
Sl 93 4 9596 | 80.00 | 25.00 | 44.75 | 35.36
Perform.
Commun. 93 4 95.96 | 80.00 | 25.00 | 44.75 | 35.36
Reputation 87 10 87.88 | 40.00 | 10.00 | 14.74 | 4.42
Manag. 87 10 87.88 | 40.00 | 10.00 | 14.74 | 4.42
Capability
Size of
Previous 87 10 87.88 | 40.00 | 10.00 | 14.74 | 4.42
Projects
Type of
previous 87 10 87.88 40.00 10.00 | 14.74 4.42
project
Progressof| o, 15 8115 | 667 | 667 | 201 | 078
work
Previous
Failed 93 4 95.96 | 80.00 | 25.00 | 44.75 | 35.36
contract
Relation. 93 4 95.96 | 80.00 | 25.00 | 44.75 | 35.36
with client
Level of 93 4 9596 | 80.00 | 25.00 | 44.75 | 35.36
Technology
Integrity 87 10 87.88 | 40.00 | 10.00 | 14.74 | 4.42

Table 62: 4™ Surveyor Case Study Result for 15 Factors
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Linear Rank Inverse
Survey | Assoc. We|ghts Sum Welghts Cent. | Geom
Factors . With - with . X
Weights Rank . Linear . Weig. | Weig.
Variable . fixed
Weights
Slope Slope
Quality 100 1 100 100 100 100 100
AT 75 5 80 20 20 9 25
Stren.
Exper. 80 4 85 40 25 20 35
RSO 85 2 95 80 50 56 71
availab.
SELEI) 85 2 95 80 50 56 71
Perform.
Table 63: 5" Surveyor Case Study Result for 5 Factors
Linear Rank Inverse
Survey | Assoc. We|_ghts Sum We|ghts Cent. Geom.
Factors . With - with . .
Weights | Rank . Linear . Weig. | Weights
Variable . fixed
Weights
Slope Slope
Quality 100 1 100.00 100.00 100.00 | 100.00 | 100.00
HIETL: 75 6 8270 | 50.00 | 16.67 | 22.04 | 17.68
Stren.
Exper. 80 4 89.62 70.00 25.00 37.41 35.36
FIEEOLT 85 2 96.54 90.00 50.00 | 65.86 | 70.71
availab.
Sl 85 2 96.54 | 90.00 50.00 | 65.86 | 70.71

Perform.

Commun 75 6 82.70 50.00 16.67 22.04 17.68
Reput. 70 8 75.78 30.00 12.50 11.48 8.84
AL 77 5 86.16 60.00 20.00 | 28.87 | 25.00

Capability
Size of

Previous 60 10 68.86 10.00 10.00 3.41 4.42

Projects
Type of

previous 70 8 75.78 30.00 12.50 11.48 8.84
project

Table 64: 5" Surveyor Case Study Result for 10 Factors
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Linear Rank Inver.
Surv . . Weig | Centr | Geom
Associ | Weight | Sum . .
ey : X hts oid etric
Factors . ated s With | Linear . X .
Weig . ) with | Weig | Weight
Rank | Variab. | Weigh .
hts fixed hts S
Slope ts
Slope
Quality 100 1 100.00 | 100.00 108'0 108'0 100.00
el 80 8 81.66 | 53.33 | 12.50 | 21.86 | 8.84
strength
Experience 93 3 94.76 | 86.67 | 33.33 | 54.80 | 50.00
Resources 80 8 81.66 | 53.33 | 12.50 | 21.86 | 8.84
availability
Safety 87 5 8952 | 73.33 | 20.00 | 37.22 | 25.00
Performance
Communication | 80 8 81.66 | 53.33 | 12.50 | 21.86 | 8.84
Reputation 67 13 68.56 | 20.00 | 7.69 | 6.48 | 1.56
Management 80 8 81.66 | 53.33 | 12.50 | 21.86 | 8.84
Capability
Size of Previous | 13 68.56 | 2000 | 7.69 | 6.48 | 1.56
Projects
Type of previous | 54 12 7118 | 2667 | 833 | 899 | 221
project
Pro\?vroersks gl 93 3 9476 | 86.67 | 33.33 | 54.80 | 50.00
Plradlions [Fellzol - 5 89.52 | 73.33 | 20.00 | 37.22 | 25.00
contract
Relationship 67 13 68.56 | 20.00 | 7.69 | 6.48 | 1.56
with client
Lzuel i 87 5 89.52 | 73.33 | 20.00 | 37.22 | 25.00
Technology
Integrity 100 1 100.00 | 100.00 108'0 100.0 | 100.00

Table 65: 5" Surveyor Case Study Result for 15 Factors
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Independent surveyor MAPE results:

Mean Absolute Percentage Error (MAPE)
Linear Rank Inverse
We|ghts Sum Welghts Centroid | Geometric
Factors With X with . :
: Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 0 0 0 0 0
FUEHIE! 14 67 67 85 58
strength
Experience 0 0 0 0 0
RESELITEES 15 56 72 78 61
availability
Safety 0 0 0 0 0
Performance
Sum 29 122 139 164 119
Table 66: 1* Case Study MAPE for 5 Factors
Mean Absolute Percentage Error (MAPE)
Linear Inverse
: Rank :
Alternative Welghts Sum We|ghts Centroid | Geometric
With ; with . .
Number . Linear . Weights Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 0 0 0 0 0
Financial strength 0 0 0 0 0
Experience 0 0 0 0 0
RESEIIEES 9 55 84 81 86
availability
Safety 3 33 78 68 72
Performance
Communication 0 0 0 0 0
Reputation 3 33 78 68 72
I ERETIEn 3 60 83 85 88
Capability
Size of Prevmus 3 60 83 85 88
Projects
Type of previous 3 60 83 85 88
project
Sum 24 301 489 471 495

Table 67: 1% Case Study MAPE for 10 Factors



Linear Rank Inverse
We|_ghtS Sum Welghts Centroid | Geometric
Factors With - with . .
; Linear : Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 0 0 0 0 0
HEnEE 1 23 81 64 80
strength
Experience 0 0 0 0 0
REsTEs 1 23 81 64 80
availability
Ay 0 0 0 0 0
Performance
Communication 0 0 0 0 0
Reputation 1 23 81 64 80
Management
Capability 8 67 90 89 97
Size of
Previous 1 23 81 64 80
Projects
Type of
previous 1 23 81 64 80
project
Piogiess of 8 67 90 89 97
work
Previous Failed 1 23 81 64 80
contract
Felzlienslis 24 88 88 96 99
with client
Leve oF 8 67 90 89 97
Technology
Integrity 0 0 0 0 0
Sum 58 426 841 747 868

Table 68: 1° Case Study MAPE for 15 Factors
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Mean Absolute Percentage Error (MAPE)

Linear Rank Inverse
Welghts Sum Welghts Centroid | Geometric
Factors With . with . .
: Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 3 25 58 57 38
UL 7 67 67 85 58
strength
Experience 0 0 0 0 0
RESELITEES 7 6 41 34 17
availability
SElfEy 3 47 67 74 53
Performance
Sum 19 144 233 250 166
Table 69: 2™ Case Study MAPE for 5 Factors
Mean Absolute Percentage Error (MAPE)
Linear Rank Inverse
Alternative Wel_ghts Sum Welghts Centroid | Geometric
With - with . .
Number : Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 13 0 58 39 38
LU 11 50 79 81 85
strength
Experience 0 0 0 0 0
RESOLIEES 12 6 41 23 17
availability
S 14 7 67 50 53
Performance
Communication 12 64 80 87 89
Reputation 16 14 71 59 64
DR EnE 10 38 78 75 81
Capability
Size of _Prewous 14 80 80 93 91
Projects
Type of previous | ¢ 14 71 59 64
project
Sum 117 273 626 565 582

Table 70: 2" Case Study MAPE for 10 Factors
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Linear Rank Inverse
Welghts Sum We|ghts Centroid | Geometric
Factors With - with . .
: Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 4 8 71 48 59
Financial 4 60 88 87 97
strength
Experience 0 0 0 0 0
REsTEs 5 17 79 61 78
availability
Ay 1 36 85 75 o1
Performance
Communication 8 75 87 92 98
Reputation 1 36 85 75 91
S G TS 4 60 88 87 97
Capability
Size of
Prev.Projects 8 5 87 92 98
Type of 1 36 85 75 91
prev.project
EIEEEss Cf 5 17 79 61 78
work
Prev.Failed 5 17 79 61 78
Contract
Felzlienslis 4 8 71 48 59
with client
Level of Techn. 0 7 64 41 46
Integrity 0 0 0 0 0
Sum 49 452 1,047 904 1,062
Table 71: 2" Case Study MAPE for 15 Factors
Mean Absolute Percentage Error (MAPE)
Linear Rank Inverse
We|ghts Sum Welghts Centroid Geom
Factors With - with . ;
. Linear . Weights Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 4 16 47 41 25
Financial 5 68 68 86 60
strength
Experience 7 49 68 75 55
Resources | 0 0 0 0
availability
Al 2 29 60 59 41
Performance
Sum 15 162 244 261 182

Table 72: 3" Case Study MAPE for 5 Factors
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Mean Absolute Percentage Error (MAPE)

Linear Rank Inverse
Alternative Welghts Sum Welghts Centroid | Geometric
With - with . .
Number . Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 1 5 47 30 25
Financial 1 68 82 89 90
strength
Experience 9 49 82 79 84
Resources
availability 0 0 0 0 0
S 4 29 76 66 70
Performance
Communication 4 29 76 66 70
Reputation 1 11 63 45 44
S G TS 2 56 82 83 87
Capability
Size of Prewous 10 81 81 94 92
Projects
Type of 1 11 63 45 44
previous project
Sum 32 338 652 597 607

Table 73: 3™ Case Study MAPE for 10 Factors
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Linear Rank Inverse
Welghts Sum We|_ghts Centroid | Geometric
Factors With - with . .
. Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 5 0 46 25 24
Hinshe) 10 80 89 94 08
strength
Experience 5 42 86 77 92
Resources 0 0 0 0 0
availability
el 8 8 71 48 59
Performance
Communication 8 8 71 48 59
Reputation 5 0 46 25 24
EIEIRET 5 42 86 77 92
Capability
Size of
Previous 10 80 89 94 98
Projects
Type of
previous 3 73 90 91 98
project
Progress of 8 8 71 48 59
work
Previous Failed 5 42 86 77 92
contract
Rel_atlon_shlp 8 8 71 48 59
with client
Lisel & 5 42 86 77 92
Technology
Integrity 8 8 71 48 59
Sum 94 438 1,061 880 1,008

Table 74: 3" Case Study MAPE for 15 Factors
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Mean Absolute Percentage Error (MAPE)

Linear Rank Inverse
We|_ght5 Sum We|_ghts Centroid | Geometric
Factors With X with : .
; Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 0 0 0 0 0
Financial strength 0 0 0 0 0
Experience 3 75 75 89 69
RESOUEES 4 56 72 78 61
availability
Safety 0 0 0 0 0
Performance
Sum 6 131 147 167 129
Table 75: 4™ Case Study MAPE for 5 Factors
Mean Absolute Percentage Error (MAPE)
Linear Rank Inverse
Alternative We|_ghts Sum Wel_ghts Centroid | Geometric
With ; with . .
Number . Linear . Weights Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 0 0 0 0 0
Financial
strength 0 0 0 0 0
Experience 0 38 79 72 78
RESOUEES 2 22 72 58 61
availability
Safety 0 0 0 0 0
Performance
Communication 0 38 79 72 78
Reputation 2 22 72 58 61
Management
Capability 0 38 79 72 78
Size of
Previous 0 38 79 72 78
Projects
Type of
previous 0 38 79 72 78
project
Sum 5 232 540 479 511

Table 76: 4™ Case Study MAPE for 10 Factors
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Linear Rank Inverse
Welghts Sum We|ghts Centroid | Geometric
Factors With - with . .
: Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 0 0 0 0 0
Financial
strength 0 0 0 0 0
Experience 0 0 0 0 0
REsTEs 3 14 73 52 62
availability
Ay 3 14 73 52 62
Performance
Communication 3 14 73 52 62
Reputation 1 54 88 83 95
S G TS 1 54 88 83 95
Capability
Size of
Previous 1 54 88 83 95
Projects
Type of
previous 1 54 88 83 95
project
Pregnees of 1 92 92 97 99
work
Previous Failed 3 14 73 52 62
contract
Felzlienslis 3 14 73 52 62
with client
Ll o 3 14 73 52 62
Technology
Integrity 1 54 88 83 95
Sum 25 447 973 825 946

Table 77: 4™ Case Study MAPE for 15 Factors
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Mean Absolute Percentage Error (MAPE)
Linear Rank Inverse
We|ghts Sum Welghts Centroid | Geometric
Factors With - with . .
: Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 0 0 0 0 0
e 6 73 73 88 67
strength
Experience 6 50 69 75 56
HEEUEEE 12 6 4 34 17
availability
S 12 6 41 34 17
Performance
Sum 35 135 224 231 156
Table 78: 5™ Case Study MAPE for 5 Factors
Mean Absolute Percentage Error (MAPE)
Linear Rank Inverse
Alternative We|_ghts Sum We|_ghts Centroid | Geometric
With - with . .
Number . Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 0 0 0 0 0
Fnee] 10 33 78 71 76
strength
Experience 12 13 69 53 56
REEOTEE 14 6 4 23 17
availability
SeliEl 14 6 2 23 17
Performance
Communication 10 33 78 71 76
Reputation 8 57 82 84 87
LA G 12 22 74 63 68
Capability
Size of _PreV|ous 15 83 83 94 93
Projects
Type of previous 8 57 82 84 87
project
Sum 103 311 628 564 577

Table 79: 5™ Case Study MAPE for 10 Factors
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Linear Rank Inverse
We|_ght5 Sum We|_ghts Centroid | Geometric
Factors With X with . .
; Linear . Weights | Weights
Variable Weiahts fixed
Slope 9 Slope
Quality 0 0 0 0 0
FUENE 7 33 84 73 89
strength
Experience 2 7 64 41 46
RESELITEES 2 33 84 73 89
availability
S 3 15 77 57 71
Performance
Communication 2 33 84 73 89
Reputation 3 70 88 90 98
MEIEGIBMET 2 33 84 73 89
Capability
Size of
Previous 3 70 88 90 98
Projects
Type of
previous 3 64 89 88 97
project
Progress of > 7 64 a1 46
work
Previous Failed 3 15 77 57 71
contract
Relationship 3 70 88 90 98
with client
o a el 3 15 77 57 71
Technology
Integrity 0 0 0 0 0
Sum 33 467 1,051 903 1,052

Table 80: 5" Case Study MAPE for 15 Factors
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