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ABSTRACT 

 
The art and science of selecting projects is one that organizations take extremely seriously. Firms 

in a variety of industries have developed highly sophisticated methods for project screening and 

selection to ensure that the projects they choose to fund offer the best promise of success. As part 

of this screening process, organizations often evolve their own particular methods, based on 

technical concerns, available data, and corporate culture and preferences. Firms are literally 

bombarded with opportunities, but of course, no organization enjoys infinite resources to be able 

to pursue every opportunity that presents itself. Choices must be made, and to best ensure that 

they select the most viable projects, many managers develop priority systems guidelines for 

balancing the opportunities and costs entailed by each alternative. 

 

The main objective is to select/rank the various project alternatives. The second objective of this 

thesis is to suggest a hybrid approach for project selection. The suggested approach is the 

combination of AHP and PROMETHEE comprising basic features of the two techniques. 

Therefore, this research has deployed a simple methodology called PROMETHEE (Preference 

Ranking Organization Method for Enrichment Evaluations). A ranked value judgment on 

quantitative criteria and the method is used by combining the Analytic Hierarchy Process (AHP) 

for determining the relative importance of criteria for information system project selection. 
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CHAPTER 1  

INTRODUCTION 

 1.1 Background  

 

The project is an attempt in which human (or machine), material and financial resources are 

organized in a novel way, to undertake a unique scope of work, or given specification, within 

constraints of cost and time, so as to deliver beneficial change by quantitative and qualitative 

objectives. 

Project selection is a critical decision in many organizations. It is an essential management 

function that is compulsory to ensure business survival (Moselhi et. Al , 1993). Ideally, 

projects and programs that are selected to be undertaken are consistent with strategic objectives 

for the organization The project will provide value for money and return on investment; The 

project will be effectively resourced and selected; The project will not compete with general 

operations for resources and not restrict the ability of operations to provide income to the 

organization; The project  will match the capacity and capability of the organization t and The 

project  will produce outputs that are cheerfully accepted by end users and customers. 

There is a wide variety of project selection problems like construction site selection, R & D 

project selection, information system project selection, investment decisions, information 

system project selection problems etc. (Jeffrey K. Pinto. 2010). Decision makers often face the 

problem of considering a large number   of alternatives, and selecting one based on a number 

of contradictory criteria. It must be noted that due to the number of selection criterion while 

choosing the best alternative, and decision makers have to consider all of these selection 

criteria. A project selection model that creates useful information for project selections in a 

timely and useful fashion at an acceptable cost which can help as a valued tool for helping the 

organization to make optimal choices among numerous alternatives is required( 

Khorramshahgol et. Al.1988) 
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 1.2 Solution Approaches of Project Selection 

 

There is a wide range of methods for project selection, which have been developed to ensure 

that the selected projects give the highest success. Like 

  

A) Checklist Model is an artless method of project screening and selection which involves 

developing a checklist, or a list of criteria that relate to our choice of projects, and then 

applying them to different possible projects.so we would screen each possible project 

against these criteria and select the project that best satisfies them.  

 

B) Scoring Model is the simplified scoring model; each criterion is ranked according to its 

relative importance. The choice of projects will thus reflect the desire to maximize the 

impact of certain criteria on our decision by assigning specific weight to each criterion.  

 

C) Portfolio Matrices (‘‘bubble diagrams'') are widespread for displaying parameter 

values on three or four project dimensions. For example, the probability of success can 

be plotted against net present value for available projects, with the size of the bubble 

used on the chart representing expected ROI. Even though bubble diagrams are popular 

for graphical demonstrations and comparisons, they have small theoretical or empirical 

support, and they may lead decision makers to overlook profit maximization 

(Armstrong and Brodie, 1994). 

 

D) Financial Models are another significant series of models relies on financial analysis to 

make project selection decisions. There are three common financial models: discounted 

cash flow analysis, NPV (net present value), and IRR (internal rate of return). These are 

not the only financial methods for assessing project alternatives, but they are among the 

more popular. Financial models are all predicated on the time value of money principle. 

 

E) Optimization Models Optimization models select the best alternative from the list of 

projects that offers maximum benefit. These models are mostly based on mathematical 

programming and support the optimization process considering project interactions like 
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resource dependencies and constraints, market and technical interactions, or program 

considerations Some models support sensitivity analysis, but they are not to be used 

widely in practice. Possible reasons for disuse comprise the need to collect large 

amounts of input data, they are incapable to include model complexities and risk 

considerations together.  

 

1.3 Multi-attribute decision making (MADM) approach 

 

In recent year, the awareness about consideration of other criteria like competitive advantages 

strategic match, impact on exiting environment is increased rather than considering only the 

financial criteria (Stewart et al. 2002). Therefore, the problems of Multi-attribute decision 

making (MADM) are come across very often within the organizations. various methodologies 

have been developed to solve such problems since decades. The topic covers a wide variety of 

problems, maximum time, the methodologies developed focused on an explicit property of the 

problem, that means the methodologies are specific to a problem and it is difficult to tackle 

different scenarios. There are number of MADM techniques are identified for project selection 

like MAUT,AHP, Fuzzyi Seti Theories, CBR, DEA(Datai Envelopmenti Analysisi), 

SMART(Simplei Multi Attributei Ratingi Techniquei), ELECTRE, PROMETHEE,SAW 

(Simplei Additivei Weightingi), and TOPSISi Method fori Orderi of Preferencei by Similarityi 

to Ideal Solution. Other than thesei various combinations of thei above mention techinique are 

also used by researchers. 

1.4 Objective and scope of study  

 

The main objective is to select/rank the various project alternatives. Although AHP (analytical 

hierarchy process) is widely used technique for this purpose. The other technique which is 

suitable for the ranking/selection is PROMETHEE but both the method has their advantages 

and limitations.  The second objective of this thesis is to suggest a hybrid approach for project 

selection. The suggested approach is the combination of both the approaches comprising basic 

features of the two techniques. 
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The base of suggested methodology is the renowned outranking technique called Promethee II. 

There is a drawback of the methods of  Promethee family that they don’t propose anyi  

methods for identification of the relative weight ofi thei0criteriai, whichi has an vital impact on 

the finali rankingi ini MADM problem. In thisi studyi fori thei calculation ofi the icriteria 

weightsi, Analytical Hierarchy Process (AHP) technique is proposed.  

 

The PROMETHEE technique can efficiently treat primarily criteria which are quantitative in 

nature. Still, here exist various difficulties for the situation of qualitativei criteriai. For a 

qualitativei criterioni ; a rankedi valuei judgmenti on a fuzzyi scale is opted in the study. The 

valuei of the qualitative criteriai firsti decidedi as linguistici scale, then changed intoi 

equivalent fuzzyi number andi finally transformed into the crispi values. Ai logicel approachi 

basedi on thei worki of Chen and Hwangi (1992i) is represented byi Rao  (2010). 

1.5 Outline of dissertation 

 

The thesis is organized into five chapters. 

The current chapter 1 introduces the thesis and emphasizes the need for conducting this 

research work. This chapter also identifies the aim and objective of the study. 

Chapter 2 presents a critical review of past work on project selection techniques. The literature 

review basically presents the technique which is in practice for MADM with consideration of 

criteria for project selection. 

Chapter 3 consists of the theoretical background of hybrid AHP-PROMETHEE. The procedure 

for both Promethee and AHP is described in this chapter along with fuzzy mathematics.  

Chapter 4 is case study which is done to practice the suggested  

Chapter 5 conclude the results obtained in the previous chapter 

Chapter 6 shows scope for future work. 
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CHAPTER 2 

LITERATURE REVIEW 

Onei ofi the imost  difficult  problems while selectingi informationi systemi (IS) 

or/iinformation itechnology i (IT) project isi toi estimate benefit. Usingi ai limitedi idea of 

financiali gains can have an adverse effect on this exploration. In addition to the difficulty of 

measurement, amongst the main aims of an IS project is that there are aims other than financial 

issues. For example, satisfactory consideration is that a project should support strategic goals 

of the organization (Doherty et al., 1999). 

 

Taking above consideration into account certain studies have given different results for the 

effectiveness of IS investments. As stated by (Zopounidis ,1999), the financial analysis should 

be introduced into a general framework, and therefore, this is one of the criteria considered in 

decision making, so that the relative significance of each criterion can be considered. The 

traditional methodologies to making a financial assessment seek to fulfill only the 

management's aims. (Milis et  al 2004) stated that an IS project is usually a group decision, and 

each decision maker (DM) has a group of criteria, which each DM assesses in line with the 

given importance by him. It is required to have the support of these decision makers, which can 

be reached by integrating the serious factors that may affect them into the decision-making 

process. 

 

In the environment of distinct MCDM problems, several methodologies have been suggested, 

utilizing many empirical and numerical methods. 

 

Multi-Criteria attribute Making (MCDM) methods are gaining popularity in alternative 

selection. The methods offer solutions to the problems involving multiple and conflicting 

objectives. Numerous methods based on weighted averages, outranking, priority setting, fuzzy 

principles and the combination of these are employed for decisions in various areas. A review 

of published literature is presented here to consider the applicability of these methods. 
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Multi-Criteria decision Making is a famous branch of decision making. MCDM is a branch of 

a common class of Operations Research (OR) models which deals with decision problems 

under the influence of a number of decision criteria. MCDM is further divided into multi-

attribute decision making (MADM) and multi objective decision making (MODM).( Climaco 

J,1997) 

 

The Weighted sum method (WSM) is the generally used approach, particularly in single 

dimensional problems. The difficulty with WSM appears when it is applied to multi-

dimensional decision-making problems in combining dissimilar dimensions, and subsequently 

dissimilar units than  the additive utility assumption are violated (Soolen J. 2003). There is 

another technique called weighted product method (WPM). The WPM is similar to WSM. The 

key difference with WSM is that in its place of addition there is multiplication in WPM. 

(Chang et. al, 2001) 

 

TOPSIS is “an approach to discover the closest alternative to the ideal solution and furthermost 

to the negative ideal solution in a multi-dimensional computing space” (Qin et al., 2008). 

TOPSIS has various advantages. Due to its simplicity It is easy to use and it is also 

programmable. The number of steps does not change irrespective of the number of attributes.  

The disadvantage of TOPSIS is that it uses Euclidean Distance which does not consider the 

correlation of attributes. There are difficulties to weight attributes and keeping a consistency of 

judgment, particularly with additional attributes. 

 

The multiple attribute decision making (MADM) techniques VIKOR and TOPSIS are based on 

an aggregating function representing ‘‘closeness to the ideal’’, which invented in the 

compromise programming method. In TOPSIS vector normalization and in VIKOR linear 

normalization is used to remove the units of criterion functions. The VIKOR method of 

compromise ranking defines a compromise solution, providing a maximum ‘‘group utility’’ for 

the ‘‘majority’’ and a minimum of an individual regret for the ‘‘opponent’’. The TOPSIS 

method determines a solution with the shortest distance to the ideal solution and the greatest 

distance from the negative-ideal solution, but it does not consider the relative importance of 
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these distances. A comparative analysis of these two methods is illustrated with a numerical 

example, showing their similarity and some differences.( Opricovic et . al. 2004) 

 

Analytical Hierarchy Process (AHP), developed by Saaty (1980), is one of the widespread 

techniques used by the practitioners and researchers. It is a pairwise comparison method, which 

can formulate the complex problems in a uni-directional hierarchal structure supposing that 

there is no interdependency between the levels. It is a comparatively simple and intuitive 

method, which permits the conversion of qualitative values into the quantitative value. 

  

There is a number of example of the AHP applications in literature found like Jain et al. (1996) 

uses simply AHP for a new venture selection problem, in these both qualitative and 

quantitative criteria are easily handled. Khalil et al. (2002) used AHP to select the appropriate 

project delivery method. Kwak et al. (1997) used AHP to assign proper weights in a 0 -1 goal 

programming application. Furthermore, Gabriel et al. (2005) used AHP and Monte Carlo 

simulation for uncertainty in data. Tavana (2003) combined group decision making with AHP 

for assessing and ranking advanced technology projects at NASA. Pokher et al. (2004) 

examined the application of AHP for sustainable energy policy decisions. 

 

To handle the non-linear hierarchies Saaty et al. (1986) reviewed AHP in their study . the 

Analytical Network Process (ANP) is developed by Saaty (1999) , which is a form of AHP. 

Using the advantageous properties of AHP, ANP can handle feedback and interdependence and 

represents the combined weights by using calculations for the super matrix phenomena. Ulutas 

(2005) suggested ANP for evaluating the alternative energy sources for a country. ANP is 

employed for R & D project selection by Meade et al. (2002) in their study. Shyur et al. (2005) 

employed ANP while developing a hybrid method for considering interdependency among 

criteria. 

 

There are number of other techniques which are developed for the multi attribute decision 

purpose. Karasakal et al. (2005) suggested a technique which utilizes the “impact matrix” 

concept and the operation of matrix multiplication in order to achieve the combined weights of 

the criteria. Carlsson et al. (1994) presented interdependency concept into the MADM. They 
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gave suggestions those are built for three types of relationships between criterion, naming 

conflict, support, and independency. They illustrated the technique with a numerical example. 

Later on, Östermark (1996) upgraded their technique.  

 

Santhanam et al. (1994) used the Preemptive Goal Programming technique in their study; they 

formulated a multi criteria decision model for resolving an Information System project 

selection problem with interdependencies. Later Santhanam et al. (1995), they developed a 

nonlinear decision for Information System project selection. 

 

Brans et. al. (1985) developed an another out ranking method for solving MADM problem that 

is Preference Ranking Organization METHod for Enrichment Evaluations (PROMETHEE) 

decision makers can practices these methods, for proposing either a partial ranking (Promethee 

I) or a complete ranking (Promethee II) of  the available alternatives. Only a few parameters 

are asked to the decision maker(s), and they are easy to understand since they have an 

economic signification.  

 

Brans et al. (1992) introduced Promethee V another outranking method in Promethee Family. 

 In Promethee V method, some constraints are integrated to the alternatives and the problem is 

transformed in to a 0-1 goal programming problem. This method is widely used for resource 

allocation and project ranking-selection problems. Promethee V is used for a water resources 

planning problem in the Middle East by Abu-Taleb et al. (1995). Mavrotas et al. (2006) 

upgraded the Promethee V application suggested by Abu-Taleb et al. (1995) for a project 

prioritization application. 

 

Macharis et al. (2004) analyzed and discussed AHP and PROMETHEE methods together 

systematically in their study, They stated that operational synergies might be achieved by 

incorporating Promethee and fundamentals related with AHP. Specially, they argued that AHP 

could be used for determining weight in Promethee method, because in Promethee method 

there is no specific approach was suggested for determination of criteria weight. Wang et al. 

(2006) formed a hybrid method to rank choices by combining both AHP and Promethee II .for 

determination of the criteria, and to understand the configuration of the problem they used 
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AHP, for the final ranking they used Promethee II. Likewise, Babic et al. (1996) used AHP 

together with Promethee II to identify the priorities of the criteria in a multi criteria decision 

problem. 

 

Wang et.al.(2007) presented a proposal of a decision model to support the IS outsourcing 

decision making; in this model they used two multiple criteria decision making techniques 

(AHP and PROMETHEE II), with additional dimensions (strategy, economics, resource,  risk, 

management and quality). they have explained how the hybrid technique, in this case, 

AHP/PROMETHEE II, offers powerful tools to rank alternative information systems projects 

and to evaluate the relations between criteria. Their approach permits to deal with IS 

outsourcing project selection containing several contradictory performance criteria 

(quantitative as well qualitative). The proposed decision model can help practitioners choose 

and analyze factors and attributes easily. Because it is a quantitative process, the practitioners 

can make better decisions and obtain better results from outsourcing. 

 

There are some other literatures available suggesting some more  hybrid methodologies other 

than AHP-Promethee pair, which are developed by  combinations of the specific and unique 

tools.i.e , Lee et al. (2001) recommended  an integrated approach for IS project selection 

problems by  solving interdependent multi-criteria using Delphi, ANP, and 0-1 GP. In their 

approach, ANP is used for determination of the criteria weight; meanwhile, interdependencies 

exist between the criteria. They also considered the Choice behavior of the decision maker that 

is another issue.  

 

Multi-Attribute Utility Theory (MAUT) is used  by Keeney and Raiffa (1976)  to consider  the 

choice behavior of the Decision makers  for each criterion and they also evaluated the global 

utility of each alternative for the Decision makers by using  additive utility function or 

multiplicative utility function. Then all alternatives are ranked according to the ultimate 

utilities. There is a problem with MAUT that it cannot deal with the decision maker’s actual 

choice behavior. 
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MAUT is an ordinary utility theory that can select the best course of action in a given MADM 

problem by assigning a utility to possible significance and computing the best possible utility 

(Mavrakis et al 2007). The advantage of MAUT is that it precedes taking uncertainty into 

account. MAUT can have a utility assigned to it, this is a quality of the method which is not 

accounted in many MADM techniques. 

 

SMART is also an MADM technique which one is simplest forms of MAUT. It needs two 

assumptions that are utility independence and preferential independence. (Chen et. Al.2010). 

This method conveniently transforms importance of weights into definite numbers. Major 

advantages of SMART are its simplicity to use and it actually allows any type of weight 

assignment methods (i.e., absolute, relative, etc.) Lesser efforts are required by decision 

makers as compared to MAUT. It can handle data for each criterion very well.  Disadvantage 

of SMART is that the procedure for determining the work is not appropriate for considering the 

complicated framework (Mavrakis et. Al. 2007) 

 

Case-Based Reasoning (CBR) is an MADM technique that reclaims cases related to a problem 

from preexisted database of cases and suggests a solution to the decision-making problem 

based on the most similar cases (Daengdej et. Al., 1999). This method has its first advantages, 

that it needs a little effort in terms of obtaining additional data. CBR also involves a little 

maintenance because the database already exists and requires little sustentation. An another 

advantage is that it has other than most of the MADM methods, that it can improve with time, 

especially as many cases are updated to the database. It can also adapt to changes in the 

environment with its database of cases. CBR has a major drawback of sensitivity to 

inconsistency in data (Daengdej et.al. 1999). 

 

Data Envelopment Analysis (DEA) uses a linear programming method to measure the relative 

efficiencies of alternatives (Thanassoulis, et. al. 2012). It compares the efficiencies of 

alternatives with relative to other alternatives, the alternative having maximum efficiency rated 

rank as 1, and all other alternatives rated rank as a fraction of 1. DEA has the capability of 

handling numerous inputs and outputs. Efficiency can be evaluated and calculated also in this. 

DEA can reveal the relationships that possibly will be in unknown in other methods. The 
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disadvantage of DEA is that it does not treat imprecise data and it assumes that all data (input 

and output) are accurately known. But In real world application, this assumption cannot be true 

always" (Wang, et al.2005). DEA is used where efficiencies are needed to be compared. DEA 

is commonly used in medical, economic, utilities, agriculture, road safety, retail, and business 

problems. 

 

ELimination and Choice Expressing REality (ELECTRE), is an outranking method based on 

concordance analysis. The main advantage of this method is to take uncertainty and vagueness 

into account. The process and outcomes may be hard to explain in easy terms, this is the main 

disadvantage with ELECTRE. The way of preferences which is incorporated doesn't display 

the lowermost performances under certain criteria. This outranking method does not directly 

identify the results and impacts which causes the weaknesses and strengths of the alternatives 

(Mavrakis et al., 2007)ELECTRE has been used in economics, energy, environmental, 

transportation, and water management problems.  

 

The Decision Making Trial and Evaluation Laboratory (DEMATEL) method invented from the 

Geneva Research Centre, Battelle Memorial Institute (Gabus & Fontela, 1973; Fontela & 

Gabus, 1976). The DEMATEL method has been effectively applied in many arenas by 

analyzing complex political economic and scientific problems. DEMATEL is particularly 

practical and useful for visualizing the structure of complex causal relationships using digraphs 

or matrices. The DEMATEL method can change the relationship between the causes and 

effects of decision criteria into an understandable structural model. The DEMATEL approach 

has been explained by Ahmadi et al., (2015) in their study. 

 

In the decision-making procedure, we usually encountered with uncertainty and ambiguity for 

calculating the weights of criteria and alternatives of the problem (Ghorabaee, 2016). The 

subjectivity of linguistic human observation is often ambiguous, inaccurate and inadequate in 

nature. Fuzzy logic (Zadeh, 1965; Kapoor and Tak, 2005) has the ability of dealing with such 

unpredictable evaluation information powerfully. 
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Sen et al. (2016) suggested there are several studies have been done by the developers to 

extend traditional decision making techniques and tools to function under fuzzy environment 

so as to deal with subjective valuation of information in the perspective of real world decision-

making situation. Fuzzy numbers set can be combined with traditional MADM approaches to 

obtain the best suitable preference order when the data set is either subjective completely or a 

combination of objective and subjective input. They further analyze that Past researchers used 

fuzzy set hypothesis with traditional MADM methods resulting Fuzzy-VIKOR, Fuzzy-

TOPSIS, Fuzzy-MOORA, Fuzzy-ELECTRE, Fuzzy- PROMETHEE, etc. 

 

Rao et al. (2011) suggested an objective and subjective integrated multiple attribute decision-

making technique for the problem of robot selection. The technique considered objective 

weights of the criteria as well as the subjective inclinations of the Decision Makers to decide 

the combined weight of importance of the criteria. The technique used fuzzy logic to convert 

the qualitative attributes into the quantitative ones. 

 

Fuzzy sets have been functional in several areas. Scholars in the finance and accounting field  

have used fuzzy sets to improve guidelines for investment decisions (Korvin et al., 1995; 

Tanaka et al., 1976). Fuzzy-AHP has been used by Bayou et al., 2007 for the selection of the 

optimal mechanism for evolving accounting standard.  

 

Cheung et al., 2001 suggested in their theory that Administrators have used fuzzy sets to assess 

the significance of construction disagreement of a construction project in order to take suitable 

action for correction. Chan et al., 2002 used fuzzy sets to select the proper process for quality 

improvement for evaluation purposes. 

 

Tsourveloudis et. Al. (1998) Suggested A procedure for measuring manufacturing flexibility 

using fuzzy logic Wu et al. (2007) has joined fuzzy multilayered AHP with group decision-

making process to pursue the harmony of experts. A fuzzy-MADM has been developed by 

Thomaidis et al. (2006) for assessment of information technology (IT) projects. 
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Numerous methods have been suggested to help organizations to create well IS project 

selection decisions. The present methodologies for IS project selection variety from single 

criteria cost-benefit analysis to multiple criteria scoring models and ranking methods, or 

subjective committee evaluation methods. (Lee2001). 

 

Chen et. Al. 2009, state that the uncertainty includes benefits ,business goals,  project risks and 

limitation of available resources, and they projected a multi attribute decision model based on 

fuzzy measurement. Each IS project has diverse benefits for consideration in the selection 

process. According to Mehrez et al. (1993),the characteristic associated with the cost of each 

project and the budget available to select them makes selecting an IS project a multi attribute 

selection problem. 

 

A financial benefit has been considered as prime objective for selecting IT/IS project 

(Ballantine et. Al. 1996) but in recent years the decision makers become more aware about 

other objective like, competitive advantages, strategic match, market share and future growth. 

Selection of IT/IS project is depends on that which project employs maximum business value 

with minimum level of risk. Though they are many criteria which are considered are as follow   

 

1. Risk is the Factors that replicate the components of unpredictability to the organization.risk 

is   further classifies as below 

a) Technical risk: this occurs due to the development of new technologies or the 

technology which are not tested or used before.  

b) Financial risk is risks which occurs due to the finance caused by investing in the project  

c) Quality risks are the risks which affect the  organization’s reputation due to the quality 

of the accomplished project. 

 

2. Operational impact the impact of the project on internal operations of the firm which occurs  

a) Due to training of  employees if the new technology is to be used 

b) Due to increase in workforce size  

c) Due to Change in physical atmosphere of the organization 
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3. Strategic match is degree to which the project meets the corporate strategy, organizational 

aims.  

 

4. Competitive impact includes the impact of project due to  

a) Ability to increase potential market share  

b) To get new business opportunity 

 

5. Economic impact is the impact on organizations economics which is measured by various 

financial terms like economic return, ROI, and other business values. 
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CHAPTER 3 

THEORETICAL BACKGROUND 

3.1 Hybrid AHP-PROMETHEE 

 

Brans et al. (1984) introduced The PROMETHEE method and it belongs to the category of 

outranking methods. Like all other outranking methods, PROMETHEE proceeds to a 

pairwise comparison of alternatives in each single criterion in order to determine partial 

binary relations denoting the strength of preference of an alternative a1 over alternative a2. 

In the evaluation table, the alternatives are evaluated on different criteria. The execution of 

PROMETHEE requires some additional types of information, namely: 

 relative importance or the weights of the criteria considered, and 

 decision maker preference function, for comparing the influence of  all alternatives in 

terms of each criterion  

It can be added here that the original PROMETHEE method can efficiently deal generally 

with quantitative criteria. For qualitative criteria, there exists some difficulty. In the situation 

of a qualitative criterion (i.e. quantitative value is not available); a fuzzy conversion scale is 

adopted for a ranked value judgment in this. By using fuzzy set theory, the value of the 

criteria can be first decided as linguistic terms, converted into corresponding fuzzy numbers 

and then changed to the crisp scores. In the present work, a five-point scale is considered for 

understanding and representation. Once a qualitative criterion is represented on a scale then 

the alternatives can be compared with each other on this criterion in the same manner  as that 

for quantitative criteria 

3.2 Preliminaries of fuzzy mathematics 

 

Decision making is observed as a logical process, normally known to weaken the uncertainty 

and disbelief among the numbers of alternatives to make the best choice. To grasp any result, 

Decision Makers need to access the input response that is of two types: subjective information 

or objective information. Subjective information can be communicated or talked through 

normal language description. The objective information is a numerical dimension expressed in 
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terms of numbers as an alternative of a normal language description. Objective information 

can be accessed simply with the help of conventional MCDM techniques; however, dealing 

with the subjective information is a relatively challenging assignment as this information does 

not recognize the explicit situation. Subjective information cannot be used until and unless 

they are transformed into some scientific values. So Fuzzy set theory provides a strict 

scientific system through which dicey information can be converted into an incorporated scale 

exactly. 

 

Definition of fuzzy sets 

 

Definition1. A fuzzy set Ã in a universe of discourse X is characterized by a membership 

function  which associates with each element x in X a real number in the interval [0, 1]. 

The function value is termed as the grade of membership of x in Ã. 

 

Definition2. A fuzzy set Ã.in a universe of discourse X is convex if and only if: 

                                                                     (3.2.1.1) 

For all x1, x2 in X and all λ ∈ [0, 1], where “min” represents the minimum operator. 

 

Definition3. The height of a fuzzy set is the largest membership grade attained by any element 

in that set. A fuzzy set Ã in the universe of discourse X is called normalized when the height of 

is equal to 1. 

 

Definition4. Suppose, a positive triangular fuzzy number (PTFN) is Ã and that can be defined 

as (l, m, n) shown in Figure 3.1. The membership function is defined as: 

 

 

                                        (3.2.1.2) 
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Figure3.1. A triangular fuzzy number Ã 

 

Based on extension principle, the fuzzy sum ⊕ and fuzzy subtraction Θ of any two triangular 

fuzzy numbers are also triangular fuzzy numbers; but the multiplication ⊗ of any two 

triangular fuzzy numbers is the only approximate triangular fuzzy number. 

Let’s have a two PTFNs, such as Ã1 (l1; m1; n1) and Ã2 (l2; m2; n2 ) and a positive real number 

r=(r, r, r), some algebraic operations can be expressed as follows: 

 

Ã1 ⊕ Ã2= (l1+l2, m1+m2, n1+n2)                                    (3.2.1.3) 

 

Ã1 Θ Ã2= (l1-l2, m1-m2, n1-n2)                                        (3.2.1.4) 

 

               Ã1 ⊗ Ã2= (l1l2, m1m2, n1n2)                                              (3.2.1.5) 

                                                  

                  r Ã1= ( rl1, rm1,rn1)                                                         (3.2.1.6) 

 

Also, the crisp value of triangular fuzzy number set Ãi can be determined by defuzzification 

which locates the Best Non-fuzzy Performance (NP) value. This is also known as crisp value 

thus; the NP values of fuzzy number are calculated by using the center of area method as 

follows.  

                         

BNPi =  ,                                          ( 3.2.1.7) 
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3.3 Application of AHP 

 

3.3.1 Structuring of the Hierarchy 

A decision problem focused around measuring influences to an overall goal, is arranged and 

decomposed into its integral parts (i.e. criteria, sub-criteria alternatives, etc.), using a hierarchy 

 

3.3.2 Priority Setting 

 

First of all, one has to find out the importance of various criteria relatively with respect to the 

objectives. For doing this, one has to prepare a pair-wise comparison matrix as shown in the 

figure 3.2 using the scale of relative importance. Assuming N criteria, the pairwise comparison 

of criterion x with criterion y produces a square matrix  ANxN   

 

 

c  c1 c2 c3 . . cy . . cn 

c1 

 

c2 

c3 

. 

. 

cx 

. 

. 

Cn 

Figure 3.2 Square matrix 

                = the relative importance of criterion x with respect to criterion y  
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                    when x =y                                                         ( 3.3.2.1) 

 

                                                                                     (3.3.2.2) 

 

The decisions are filled using the fundamental scale which is generally used in AHP. The 

entire criterion compared with it assigned the value 1 always; due to this, the all main diagonal 

entries in the pairwise comparison matrix will be 1. The values in the pairwise comparison 

matrix will be represented for the verbal decisions as in table 3.1 

 

Table 3.1 Interpretation of Saatys 1 – 9 scale 

 

Scale Interpretation 

 

1 

 

Equal Importance 

3 moderate importance 

5 strong importance 

7 very strong importance 

9 absolute importance 

2,4,6,8 negotiation between the earlier values 

 

 

After this Find out the relative normalized weights (Wx) of all criterion by  

i. computing the geometric mean of xth row and 

ii.  Normalizing the geometric means of all rows in the pairwise comparison matrix. 

This can be denoted as below 

                                                        = [ ]                    (3.3.2.3) 
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    And 

                                                        =                   (3.3.2.4) 

 

In AHP, this geometric mean method is used to calculate the relative normalized weights of all 

the criteria because of its easiness and simplicity to evaluate the maximum Eigen value and to 

decrease the inconsistency in decisions. 

 Compute matrices A3 and A4 such that A3 = A1 x A2 and A4 = A3/A2.  

Where A2 = [W1, W2,…,WN]T.  

 Determine the maximum eigenvalue (λmax) which is the average of matrix A4. 

 

3.3.3 Consistency Check  

 

Calculate the CI (consistency index) as follows:  

 

                                                                 (3.3.3.1) 

 

 if the value of CI is small, then the deviation from consistency is also small.  

 

 

Calculate consistency ratio                                     (3.3.3.2)        

 
 

here the random index (RI) obtained by different orders of the pairwise comparison matrices 

given in table 3.2  
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Table 3.2 Random consistency indices 

N 1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

 

Usually, a consistency ratio (CR) of 0.1 or less than 0.1 considered as suitable which replicates 

an unbiased decision of the decision maker. 

 

3.4 Application of Promethee  

 

Decision Maker Preference Function 

 

Step I: 

Identification of the selection criteria for the project selection problem and shortlisting of the 

alternatives on the basis of the criteria satisfying the desires of decision makers. A qualitative 

or quantitative value or its range will be assigned to each criterion as a threshold value for the 

acceptance for the considered problem. All alternative with each of the criterion, satisfying the 

criterion, will be short-listed. 

 

Step II   

 

(1) After shortlisting the all possible alternatives, prepare a decision table which includes 

the values of all criteria for the all short-listed alternatives. 

(2)  The relative weights of the importance of the criteria will be calculated using AHP 

(analytic hierarchy process method) by Saaty (2000).  

 

Step III 

After computing the weights of all criteria using AHP method, in the next step,  the 

information about the decision maker’s preference function is to be collected, which they use 

when comparing the influence of the alternatives in terms of each criterion separately.  
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The preference function (Pi) translates the difference between the assessments obtained by two 

alternatives (a1 and a2) in terms of an individual criterion, into a preference degree ranging 

from 0 to 1. Let Pi,a1a2 be the preference function related to the criterion ci.  

 

                               Pi,a1a2=Gi[ci(a1)-ci(a2)]                                              (3.4.1.1) 

 

                                     0≤ Pi,a1a2≤1                                                                (3.4.1.2) 

 

here Gi is a non-decreasing function of the observed deviation (d) between two 

alternatives a1 and a2 over the criterion c i. Preference ‘usual function’ is equal to 

the simple difference between the values of the criterion ci for alternatives a1 and 

a2. The ‘usual function' is easy to use preference function and is generally used 

with qualitative criteria. Let the decision maker have specified a preference 

function Pi and weight wi for each criterion ci(i=1, 2,..., N) of the problem. The 

multiple criteria preference index ∏a1a2 is then defined as the weighted average of 

the preference functions Pi: 

 

                   Πa1a2 = Σi=1
NwiPi,a1a2                                                                      (3.4.1.3) 

 

The intensity of preference of alternative a1 over alternative a2 by the decision 

maker is represented by Πa1a2, when considering all the criteria simultaneously. Its 

value ranges from 0 to 1. This preference index decides a valued outranking relation 

on the set of actions. For example, the representative calculation of the preference 

indices for a problem comprising of four criteria and three alternatives is given in 

Figure 4.3 (Marinoni, 2005). For PROMETHEE outranking relations, the entering 

flow, leaving flow and the net flow for an alternative a belonging to a set of 

alternatives A are calculated as per the following equations: 
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ɸ+(a) = ΣxϵA Πa1a2   ( leaving flow )                                                    (3.4.1.4) 

 

ɸ-(a) = ΣxϵA Πa2a1     (entering flow)                                                    (3.4.1.5) 

 

ɸ(a) = ɸ+(a) - ɸ-(a)     (net flow)                                                         (3.4.1.6) 

 

 

Π31 = Σi=1
4wiPi,31 

Figure 3.3 Preference information of a problem consisting of three alternatives and 

four criteria (Adopted from Marinoni, 2005) 

 

The leaving flow is represented by ɸ+(a), the entering flow is represented by ɸ-(ai)  

and the net flow is represented by ɸ(ai). ɸ+(a) measures the outranking character of a 

(i.e. dominance of alternative a overall other alternatives) and ɸ-(ai) gives the 

outranked character of a (i.e. degree to which alternative a is dominated by all other 

alternatives).  
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The net flow, ɸ(a), represents a value function, whereby a higher value reflects a 

higher attractiveness of alternative a. The net flow values are used to indicate the 

outranking relationship between the alternatives. For example, for each alternative a, 

belonging to the set A of alternatives, πa1a2 is an overall preference index of a1 over a2, taking 

into account all the criteria ɸ+(a), and ɸ-(a).  Alternative a1 outranks a2 if ’  ɸ(a1) > ɸ(a2) and 

a1 is said to be indifferent to a2 if ɸ(a1) = ɸ(a2). 
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CHAPTER 4 

CASE STUDY 

4.1 Company Profile: XYZ Technology Pvt. Ltd. supporting digital agencies from across 

the North America, Europe & Australia with their Web and Mobile Development needs.  The 

company is based in Gurugram, India provides their clients with a competitive edge on price, 

time and capabilities. Serving a wide range of global clients, there is a team of 30+ digital 

specialists, ranging from designers to developers, project managers, quality analysts and SEO 

consultants having the project which are assigned to different teams. The criteria and the 

weightage of each criterion are decided by the panel discussion for project selection. This is An 

MADM (multi attribute decision making) problem. at present the organization using Analytical 

Hierarchy Process (AHP) for ranking or project selection over the identified decision criteria. 

4.2 Problem Formulation:  

 

At present the organization using Analytical Hierarchy Process (AHP) for ranking or project 

selection over the identified decision criteria. It is well known that AHP requires a lot of input 

in terms of pairwise comparison of each project over all criteria individually by the decision 

maker. The other pitfall is that there is no direct consideration to tackle quantitative criteria. 

The same problem is encountered during project selection. These both problems can be 

resolved by using ranked family technique like PROMETHEE .therefore Promethee is 

suggested for selection of the project. But Promethee is also inefficient to consider the 

interdependencies of selection criteria because there is no described procedure for calculating 

weights of decision criteria.so recommendations are formulated to integrate into 

PROMETHEE a number of useful AHP features, especially as regards the design of the 

decision-making hierarchy and the determination of weights. 

 

Therefore, this research has deployed a simple methodology called PROMETHEE (Preference 

Ranking Organization Method for Enrichment Evaluations). A ranked value judgment on 

quantitative criteria and the method is used by combining the Analytic Hierarchy Process 

(AHP) for determining the relative importance of criteria for information system project 

selection. 
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To demonstrate the suggested methodology in decision making, here the problem which is 

already solved by AHP in the organization is considered. Due to this, the criteria which are 

considered are some so that comparison should be fair.    

The problem consists of five criteria and six alternative projects. The five criteria used to 

evaluate the six short-listed alternatives. The five criteria are the economic impact (EI), 

strategic match(SM), risk (RI), competitive impact (CI) and operational impact (OI). 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig 4.1 hierarchical structure for alternative and criteria 

 

4.3 Solution: 

Step I:    

For qualitative criterion, the  responses of DM’s converted on a fuzzy scale according to table 

4.1. The value of the criteria for all alternatives first decided as linguistic terms then converted 

into equivalent fuzzy numbers as shown in table 4.2 and then adapted into the crisp scores for 

further steps. Table4.3 

PROJECT SELECTION 

EI SM OI CI RI 

P1, P2, P3, 

P4, P5, P6 

P1, P2, P3, 

P4, P5, P6 

P1, P2, P3, 

P4, P5, P6 

P1, P2, P3, 

P4, P5, P6 

P1, P2, P3, 

P4, P5, P6 
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Table 4.1 Linguistic scales and corresponding fuzzy representation for criteria rating w.r.t.  

alternatives. 

 

 

Performance rating Triangular fuzzy numbers 

Very low (0,0,2) 

Low (0,2,4) 

Average (2,4,6) 

High (4,6,8) 

Very high (6,8,10) 

 

 

Table 4.2 the responses of DM’s for all alternatives 

Ratings are given by DMs 

 

Criteria Alternatives DM1 DM2 DM3 DM4 
Aggregated fuzzy rating 

 

EI P1 H VH VH H (5,7,9) 

SM  A H H VH (4,6,8) 

RI  L VL VL L (0,1,3) 

CI  H A VH H (4,6,8) 

OI  A A H A (2.5,4.5,6.5) 

EI P2 A H H A (3,5,7) 

SM  H H H A (3.5,5.5,7.5) 

RI  A L A A (1.5,3.5,5.5) 

CI  A H A H (3,5,7) 

OI  H VH A H (4,6,8) 
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EI P3 L VL A L (0.5,2,4) 

SM  A VH A H (3.5,5.5,7.5) 

RI  VH H H A (4,6,8) 

CI  VH H H VH (5,7,9) 

OI  L A A A (1.5,3.5,5.5) 

EI P4 VH H H H (4.5,6.5,8.5) 

SM  VH VH H A (4.5,6.5,8.5) 

RI  L L L VL (0,1.5,3.5) 

CI  L A A A (1.5,3.5,5.5) 

OI  H A H H (3.5,5.5,7.5) 

EI P5 L L L VL (0,1.5,3.5) 

SM  L VL L L (0,1.5,3.5) 

RI  H A A H (3,5,7) 

CI  H VH A H (4,6,8) 

OI  L L L H (1,3,5) 

EI P6 A A A A (2,4,6) 

SM  H A VH H (4,6,8) 

RI  A A A A (2,4,6) 

CI  A H H L (2.5,4.5,6.5) 

OI  A L H A (2,4,6) 
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Table 4.3 Result in term of crisp value (using center of area method BNP eq. 3.2.1.7)  

 
EI SM RI CI OI 

P1 7.00 6.00 1.33 6.00 4.50 

P2 5.00 5.50 3.50 5.00 6.00 

P3 2.17 5.50 6.00 7.00 3.50 

P4 6.50 6.50 1.67 3.50 5.50 

P5 1.67 1.67 5.00 6.00 3.00 

P6 4.00 6.00 4.00 4.50 4.00 

 

Step II 

 

(1) A decision table comprising the values of all criteria for the eligible alternatives is 

organized as Table 4.3. 

(2)  The criteria weights of relative importance are assigned using analytic hierarchy 

process  

(AHP) method as explained in Section 3.3. The decision makers formulate the 

following matrix which has aggregated value for relative importance of criteria as 

shown in table 4.4 

 

Table 4.4 aggregated value for relative importance of criteria given by DM’s 

 ER SM RISK CI OI 

ER 1 3.46 2 2.45 1.22 

SM 0.29 1 1.86 0.9 0.93 

RISK 0.5 0.54 1 0.97 0.82 

CI 0.41 1.11 1.03 1 0.9 

OI 0.82 1.07 1.22 1.11 1 

 

The standardized weights of each criteria calculated are presented in table 4.5  
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Table 4.5 standardized weights of each criteria calculated using AHP 

 

criteria ER SM RISK CI OI 

weight 0.351 0.163 0.138 0.154 0.194 

 

 

(3) Consistency Check : 

 

λ max  = 5.147  

N= 5 

CI (consistency index)                             

 

 

 

 

  CR(consistency ratio)                                    

 

 here the random index (RI) obtained by different orders of the pairwise comparison matrices 

for N=5 ; RI = 1.12  

so                                                                

 

CR= 0.033 

 

The value of CR is lesser than the allowed value (0.1). So, there is decent consistency in the 

judgments prepared. 
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Step III:  

 

After considering the weights of the criteria using AHP method, the next step is to have the 

information on the decision maker preference function, which he/she uses when comparing the 

contribution of the alternatives in terms of each separate criterion. Let the decision maker use 

the preference ‘usual function’ for all criteria. If two alternatives have a difference d ≠0 in 

criterion ci, then a preference value ranging between 0 and 1 is assigned to the ‘better’ 

alternative whereas the ‘worse’ alternative receives a value 0. If d=0, then they are indifferent 

which results in an assignment of 0 to both alternatives. 

 Three criteria namely economic impact (EI), strategic match(SM), AND competitive 

impact (CI) are beneficial and hence higher values are desired.  

 Two criteria risk (RI), and operational impacts (OI) are cost criteria hence lower value 

is desired.  

The pairwise comparison of criterion economic impact (EI) gives the matrix given in Table4.6. 

The project having a comparatively higher value of EI is said to be ‘better’ than the other.  

The Tables 4.6-4.10 show the pairwise comparison with respect to the other project over a 

criterion.  

Table: 4.6 Pair values P resulting from the pairwise comparison of six alternative projects with 

respect to criterion economic impact 

EI 0.351 

     
  P1 P2 P3 P4 P5 P6 

P1   1 1 1 1 1 

P2 0   1 0 1 1 

P3 0 0   0 1 0 

P4 0 1 1   1 1 

P5 0 0 0 0   0 

P6 0 0 1 0 1   
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Table: 4.7 Pair values P resulting from the pairwise comparison of six alternative projects with 

respect to criterion strategic match 

SM 0.164 

     
  P1 P2 P3 P4 P5 P6 

P1   1 1 0 1 0 

P2 0   0 0 1 0 

P3 0 0   0 1 0 

P4 1 1 1   1 1 

P5 0 0 0 0   0 

P6 0 1 1 0 1   

 

Table: 4.8 Pair values P resulting from the pairwise comparison of six alternative projects with 

respect to criterion risk  

 

RI 0.138 

     
  P1 P2 P3 P4 P5 P6 

P1   1 1 1 1 1 

P2 0   1 0 1 1 

P3 0 0   0 0 0 

P4 0 1 1   1 1 

P5 0 0 1 0   0 

P6 0 0 1 0 1   

 

Table: 4.9 Pair values P resulting from the pairwise comparison of six alternative project  with 

respect to criterion competitive impact  

CI 0.154 

     
  P1 P2 P3 P4 P5 P6 

P1   1 0 1 0 1 

P2 0   0 1 0 1 

P3 1 1   1 1 1 

P4 0 0 0   0 0 

P5 0 1 0 1   1 

P6 0 0 0 1 0   
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Table: 4.10 Pair values P resulting from the pairwise comparison of six alternative projects 

with respect to criterion operational impact  

OI 0.193 

     
  P1 P2 P3 P4 P5 P6 

P1   1 0 1 0 0 

P2 0   0 0 0 0 

P3 1 1   1 0 1 

P4 0 1 0   0 0 

P5 1 1 1 1   1 

P6 1 1 0 1 0   

 

Table 4.11Resulting preference indices as well as leaving, entering and net flow values 

 

  P1 P2 P3 P4 P5 P6 Φ+ Φ- Φ RANK 

P1 0 1 0.653 0.836 0.653 0.643 3.785 0.897 2.888 1 

P2 0 0 0.489 0.154 0.653 0.643 1.939 2.897 -0.958 5 

P3 0.347 0.347 0 0.347 0.669 0.347 2.057 2.779 -0.722 4 

P4 0.164 0.846 0.653 0 0.653 0.653 2.969 2.031 0.938 2 

P5 0.193 0.347 0.331 0.347 0 0.347 1.565 3.281 -1.716 6 

P6 0.193 0.357 0.653 0.347 0.653 0 2.203 2.633 -0.43 3 

 

The leaving flow, entering flow and the net flow values for different alternatives are calculated 

using Equations 3.4.1.4-3.4.1.6 and the resulting preference indices are given in Table 4.11. 

Based on the net flow values given in Table 4.11, it is clear that the project P1 designated as 

A1 is the best choice among the other projects which have been considered first. The ranking 

of the projects is P1-P4-P6-P3-P2-P5. 
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CHAPTER 5 

CONCLUSION 

 

In the previous chapter, we found a complete ranking of alternative projects on the basis of five 

selection criteria. The ranking attained by AHP in the organization is compared with ranking 

achieved by hybrid AHP- Promethee as shown in table 5.1 .here we found the ranking are 

almost same except the intermediate rank. Therefore, the conclusion made by this study is 

showing that the Hybrid AHP-PROMETHEE can be employed in the organization for project 

selection problem in future.  

 

Table 5.1 comparison of rank for AHP and Hybrid AHP-PROMETHEE 

 

Alternative  P1 P2 P3 P4 P5 P6 

AHP 1 5 3 2 6 4 

Hybrid AHP-PROMETHEE 1 5 4 2 6 3 

 

 

In this thesis, a methodology based on PROMETHEE method is used for decision making 

.This methodology further helps in selection of an appropriate alternative from a set of 

available alternatives. The hybrid methodology suggests a method for determination of the 

criteria weights with the help of analytical hierarchy process and it permits the decision maker 

to scientifically assign the relative importance of the criteria according to their preferences. 

The qualitative attributes are represented on a fuzzy conversion scale for assigning the 

numerical values to the qualitative criteria. The hybrid AHP-PROMETHEE technique is a 

common method, which can consider a large number of qualitative and quantitative selection 

criteria at the same time. 
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Future scope: There can be a further extension of this problem. In the present problem 

resource feasibility is not considered. So in future, the methodology can be further improved 

using PROMETHEE-V or other optimization methods which can tackle the resource constraint 

properly. Besides the AHP techniques offered to obtain the criteria weight, other approaches 

may also be combined with the methodology and proposed to the decision makers. Especially 

some newer methodology can be integrated to handle the interdependency among criteria when 

the number of the criteria is large. 
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