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 project portfolio selection. 

 Objective: The present paper examines the selection of project portfolio. This is a 

multi-criteria decision problem based on several quantitative and qualitative factors. 

The approach used in this study consists of a new framework for the selection of project 
portfolio based on data mining, multi attribute decision making (MADM) and multi-

objective decision making literature. According to this approach, the project portfolio is 

selected by a three-step process. Results Accordingly, the first portfolio project is 
created based on hierarchical clustering technique and the second project portfolio is 

formed using the PROMETHEE II technique. The final portfolio of projects is created 

by a NSGA II-based zero-one two-objective mathematical programming model which 
maximizes the ranks of PROMETHEE II model while minimizing the environmental 

risk of each project. A case study is used to express the issue practically. 
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INTRODUCTION 

 

 Selection is the main subject of decision theory and the science of multi-criteria decision making in 

management [17]. Philosophically, the selection in decision theory is undoubtedly associated with a 

combination of qualitative and quantitative criteria based on ranking, deletion, sorting, selection and portfolio 

formation, design of a model according to the governing conditions and clustering of the decision options based 

on outranking relations [9]. The present paper is organized based on the original and well-known approaches of 

decision theory to select a portfolio of projects based on philosophical approaches of clustering, ranking, 

portfolio and design in multi-criteria decision theory. Therefore, project selection is an important issue in 

industrial management, industrial engineering, governmental, non-profit and commercial organizations [8]. The 

optimal selection of best portfolio or project to provide full satisfaction in an organization has received much 

attention by researchers in this area [23]. The project selection is a complex process in terms of decision 

making, because it involves several factors such as market position, access to raw materials, technical 

advantages and capabilities and government regulations [2]. Thus, this is a multi-criteria decision problem in 

nature. The present paper proposes a new approach for the multi-criteria problem of project portfolio selection 

based on the literature on data mining, multi-attribute decision making (MADM) and multi-objective modeling 

based on multi-objective meta-heuristic algorithms. For this purpose, the projects are first clustered using 

hierarchical clustering method to create an initial portfolio of projects. Then, PROMETHEE II technique is used 

to rank clusters. In this way, the second portfolio of projects is established. Thereafter, a two-objective 

mathematical model is used to analyze the risk and rank of each project. Given the hard nature of the decision 

model, the meta-heuristic, NSGA II algorithm, is used. The results of NSGA II provide the optimal Pareto 

combinations of projects given the two conflicting aims of risk and rank. 
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 The paper proceeds as follows: the literature is reviewed in Section II. The third section examines 

hierarchical clustering method. PROMETHEE II method is described in Section IV. NSGA II is introduced in 

Section V. A new framework for project portfolio selection is presented in Section VI. The case study and 

conclusions are presented in Sections VII and VIII, respectively. 

 

2 Literature Review: 

 Tiryaki and Ahlatcioglu [20] studied the portfolio composition by Fuzzy Analytical Hierarchy Process 

(FAHP) on the Istanbul Stock Exchange considering budget limitations. The main criteria analyzed in this study 

include external factors (economic, political, and technological), internal factors (profitability, size and 

technology) and investment objectives (profitability, safety, motivation and control) [20]. Habib et al [7] 

examined the risk and return feedback for selecting applied research and development (R&D) projects in a 

company active in the field of advanced technology through analytic network process (ANP). They divided the 

risk factors into three sub-criteria of technical, commercial and economic risks. The strategies include the 

selection of digital, simple and automatic meters [7]. Jung and Seo [12] used the analytic network process 

(ANP) to evaluate R&D projects with heterogeneous objectives at a research institute. The main reason for the 

use of analytical network process (ANP) was the interdependence of the research programs related to social 

welfare, short-term and medium-term research programs for development of human resources and environment 

preservation [12]. Mahmoodzadeh et al. [15] proposed a new approach for portfolio selection by combining the 

similarity to ideal solution (TOPSIS) in fuzzy condition and analytical hierarchical process (AHP) considering 

net present value, internal rate of return, ROI period and interest rate [15]. Mohaghar et al [16] used the hybrid 

approach of analytic network analysis (ANP) and the similarity to ideal solution (TOPSIS) for selecting R&D 

projects in industries located in Qom with regard to interactions of environment, market and organization with 

project criteria [16]. Vetschera and De Almeida [22] employed an adaptive comparative approach to select 

projects using the structured preferred ranking with the aim of enriching PROMETHEE and C-Optimal 

evaluations [22]. Jerry Ho et al. [10] proposed a new multi-criteria decision making model comprised of 

DEMATEL, analytic network process (ANP) and VIKOR method to choose a portfolio of applied projects in 

electrical circuit design and packaging industry [10]. Varma and Kumar [21] used DEMATEL method to select 

the portfolio of financial projects in National Stock Exchange of India. They analyzed the causal relationships 

between the sale growth, production growth, competition, the value of assets on the balance sheet, quick ratio 

and return to price ratio, beta risk coefficient, rates of return on assets and expected rate of return [21]. Shyng et 

al. [19] proposed a two-step approach for selecting defensive, borderline and invasive portfolios based on 

Rough Set Theory. In the first stage, the decisions rules were pruned by defining a threshold value. In the 

second step, a conceptual analysis was performed to derive the rules and identify the behaviors of individuals in 

the portfolio [19]. Xie et al. [24] used Rough Set Theory to analyze and manage risks in petroleum investment 

projects. The Xie’s model uses a multi-objective programming model to calculate the risk of each project in 

which the priorities of the multi-objective model have been previously determined based on the Rough Set 

Theory [24]. Abbasianjahromi and Rajaie [1] studied the two concepts of portfolio risk and return for project 

selection and development. The main goal was the optimal selection of construction projects based on the 

acceptable risk to the company. They used experts’ survey methods to determine the risk level of the company. 

Then, the factors affecting the acceptable risk of the company were analyzed using fuzzy simple additive 

weighting (SAW). The ranks achieved by fuzzy SAW were used in the goal programming (GP) model [1]. 

Kishore et al. [13] used fuzzy systems theory to predict cash requirements of a portfolio. They studied the 

effects of changes in the portfolio composition on the risk of cash flows in a construction company. In this 

study, the cash flow risk of the portfolio was calculated and measured using the variance matrix [13]. Eilat et al. 

[5] proposed the hybrid model of data envelopment analysis (DEA) and balanced scorecard (BSC) for analyzing 

portfolio in R&D projects [5]. 

 

3 Hierarchical Clustering: 

 There are two main types of hierarchical clustering techniques including Agglomerative and Division. The 

results of both these methods are deterministic. In the agglomerative method, in the case where two subjects are 

included in a same cluster, they cannot be separated at all. However, if two subjects are placed in two distinct 

clusters in Division method, they cannot be in a same cluster at all. Hierarchical clustering is associated with a 

series of successive mergers or divisions of subjects. The cluster is selected based on similarities or differences 

between every pair of elements. The clustering is performed based on the similarities or differences matrix 

(matrix D) obtained from data matrix (matrix X). 

X=          transformed                   (1) 

 

Dm*n 
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 In this clustering technique, the Pearson's correlation coefficient is used as a measure of similarity in the 

form of Equation (2) [18]. 

        (2) 

 According to Pearson’s correlation coefficient, the difference criterion is defined as dij=1-ρij where dij is the 

element in row i and column j of the matrix D representing the difference between samples i and j. The results 

of hierarchical clustering are shown as dendrogram in which the vertical axis measures the distance between 

clusters. The heights of clusters indicate that the two clusters are merged at what point [11]. 

 

4 PROMETHEE: 

 The PROMETHEE decision support method was proposed by two researchers named "Jean Pierre Brans" 

and "Bertrand Mareschal" in 1980. PROMETHEE is a multi-criteria decision support technique causing a 

change in outranking philosophy [2]. In general, the PROMETHEE involves three following steps: 

 

First Step: Enrichment of the Preference Structure: 

 At this step, different criteria should be defined for exact evaluation of alternatives. These generalized 

criteria are trying to calculate the deviation range of evaluations. The evaluation procedure is deterministic and 

there is no non-deterministic mode. Moreover, the decision-maker is able to simply understand the parameters 

of this method, because all additional parameters have an economic nature. The paired comparisons of possible 

alternatives of set A indicate the natural and administrative structure as described by Equation (3): 

 

a1,a2єA           f(a1)>f(a2)                           a1Pa2  

a1,a2єA           f(a1)=f(a2)                           a1Ia2       (3) 

 

 In this method, a generalized criterion is considered for each criterion to calculate the deviations of 

alternatives with respect to various criteria. For this purpose, the preference function of alternative a over b 

because of criterion f is defined as P (a1, a2). It is assumed in most cases that P(a1, a2) is a deviation function (d) 

equivalent to Equation (4) [6]:  

 

d=F(a1)- F(a2)           (4) 

 

 It is obvious that P is a non-decreasing function of d with a special composition. Thus, the generalized 

relationship between F(0) and other alternatives is defined using the ordered pair (F (0), P (0, 0)). 

 

Second Step: Development of Dominant Relation: 

The calculated priorities allow the evaluation of all criteria. Therefore, for each pair of alternatives, the 

overall preference of an alternative over other alternatives is obtained. Suppose that a generalized criterion (f(0), 

f(0, 0)) is correlated with the criterion f(0) of the problem, then a multi-criteria preference criterion π(a1, a2) of 

a1 over a2 is defined for all criteria based on Equations (5) and (6): 

)π a1,a2)=          (5)  

)π a1,a2)=         (6) 

where wj is the weight of each criterion. 

 

Third Step: Exploitation for Decision Aid: 

To select the desired alternative, another option belonging to the set A should be rejected. Therefore, the 

input and output flows are defined by Equations (7) and (8), respectively.  

( )=1/(n-1)          (7)  

( )=1/(n-1)          (8) 

 

 The positive input flow shows the priority level of each alternative over other options. Therefore, the 

greatest Φ
+ 

(α) is the preferred alternative. In other words, Φ
+ 

(α) indicates the strength and power of the 

alternative a. The negative output current shows the priority level of other alternative over each option. 

Accordingly, the lowest Φ
- 

(α) is the preferred alternative. In other words, Φ
- 

(α) indicates the weakness of 

alternative a. To create a full ranking in PROMETHEE II, the net flow of external prioritization can be 

calculated by Equation (9): 

 ( )- ( )         (10) 
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In this method, an equilibrium is established between the input and output flows. The net flow represents 

the preferred alternative. Therefore, the full prioritization in PROMETHEE II is defined by Equations (10) and 

(11) [14]: 

if (a1)  > ( a2)  a1 PII a2         (11) 

if (a1)  = ( a2)  a1 III a2         (12) 

 

 5  NSGA II: 

 Genetic algorithm (GA) is a universal probabilistic search method which follows the natural process of 

biological evolution. GA operates on a population of potential solutions and uses the principles of “struggle for 

existence” in producing better and better approximations for solution. In each generation, a new set of 

approximations is created through selecting the best members based on their level of fitness in the problem 

domain and multiplication by natural genetics operators. This process ultimately leads to the population 

evolution of members with more compatibility with the environment than the original members, i.e. their 

parents. Genetic algorithm includes major operators of selection, mutation, crossover, replacement and fitting. 

In this study, the non-dominated sorting genetic algorithm (NSGA) proposed by Srinivas and Deb is used for 

Pareto analysis of portfolio risk and rank. The algorithm steps are as follows [4]; 

 The share parameter σshare and a small positive value ε are selected and used in Equation (12). 

  

J=1,             (13) 

 The population, p, is classified using Equation (13) based on non-dominated population solutions.  

      (14) 

 For each qϵpj, the three following steps are accomplished:  

The fitting value, Fj
(q)

= Fmin-ε is calculated.  

The position counter value, ncq is only calculated for the solutions, pj.  

The shared fitness value, Fj
(q)

 =Fj
(q)

/ncq is calculated. 

 The Fmin, the minimum Fj
(q)

 value for all solutions in pj queue is calculated by Equation (14) and then j is 

increased by one unit. 

=   Min ( : qϵ           (15) 

If j ≤ p, the third step is repeated, otherwise the algorithm ends. 

 

6 The Framework for Project Portfolio Selection: 

 In this section, a new framework is presented for project portfolio selection. As shown in the Figure 1, the 

candidate projects are first clustered by hierarchical clustering algorithm. Then each cluster is ranked by 

PROMETHEE to form a portfolio of projects. The final portfolio of projects is achieved through a zero-one 

two-objective mathematical programming model which optimizes both risk and rank of projects. The Pareto 

solution of the two-objective mathematical model is obtained by NSGA II. 

 

 
Fig. 1: A framework for project portfolio selection. 

 

The framework presented in Figure 1 includes the main steps as follows;  

· Clustering: at this stage, the candidate projects are clustered by data mining algorithm of hierarchical 

clustering.  

· Ranking: at this stage, each cluster is ranked by the multi-criteria decision-making method of PROMETHEE. 

· Design of a zero-one two-objective programming model: at this stage, a zero-one two-objective 

mathematical programming model is designed which minimizes the environmental risk factor while maximizing 

the rank of each project. Table 1 summarizes the model variables and parameters. 

 
 

 

), p1,p2,…,pp =Sort(p 
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Table 1: Variables and parameters of the mathematical model for project portfolio selection 

Description Variables and Parameters 

Xi is 1 if the project selected, otherwise Xi=0 The zero-one variable, Xj 

The net flow of each project in each cluster Ri 

The environmental risk coefficient for each project βi 

D Total working days of projects 

Di The working days of each project 

Ci The infrastructure costs of each project 

B The total budget of infrastructure projects 

Research Objectives 

 1- Maximizing the rank of each portfolio 

 2- Minimizing the risk for each portfolio 

Limitations 

 1- Limited working days 

 2- Budget restriction 

X12+X17≤1 3- implementation limitations 

X2-X5≤0 4- Implementation limitations 

 

Thus, the zero-one mathematical programming model is presented as follows; 

Max z1=  

Min z2=  

Subject to: 

  

  

+   

-  

 Optimization: at this stage, the Pareto solution of model (15) is analyzed by NSGA II algorithm. 

 

7 Case Study:  

 In this section, a case study is used to outline the new framework for project portfolio selection. The input 

data listed in Tables 2 and 3 are used for the selection of a large portfolio of projects in the road construction 

industry. The criteria include operating costs (C1), return (C2), project delays (C3), the impact of project on the 

region's economic boom (C4) and the number of staff employed in each project (C5). Table 3 also summarizes 

the anticipated environmental risk resulting from the implementation of each project. 

 
Table 2: The input data to decision problem.  

C5 C4 C3 C2 C1 project 

Cost Benefit Cost Benefit Cost Criteria Type 

General criterion General criterion General criterion General criterion General criterion Preference function 

1720 3 305 23900 2290 pp1 

1060 5 240 14000 1300 pp2 

1200 1 280 30000 3000 pp3 

1160 2 130 29500 2900 pp4 

1190 17 200 17000 1600 pp5 

1050 11 120 26000 2500 pp6 

1070 16 280 20000 1900 pp7 

1140 18 110 15000 1400 pp8 

1700 4 300 24000 2300 pp9 

1080 20 150 21000 2000 pp10 

1020 12 100 27000 2600 pp11 

1100 15 220 19000 1800 pp12 

1090 19 180 22000 2100 pp13 

1010 10 140 13000 1200 pp14 

1180 14 150 23000 2200 pp15 

1130 7 160 25000 2400 pp16 

1040 9 170 29000 2800 pp17 

1110 13 160 18000 1700 pp18 

1030 6 190 28500 2700 pp19 

1120 8 250 16000 1500 pp20 
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Table 3: The anticipated environmental risk. 

PP10 PP9 PP8 PP7 PP6 PP5 PP4 PP3 PP2 PP1 Project 

0.9 -0.6 -0.8 0.3 -0.5 -0.9 -0.7 0.2 -0.1 0.5 Risk 

 

PP20 PP19 PP18 PP17 PP16 PP15 PP14 PP13 PP12 PP11 Project 

-1 0.6 -0.4 0.1 1 0.8 -0.3 0.7 -0.2 0.4 Risk 

 

Figure 2 shows the clustering results for data in Table 2. 

 1  9  2 14  5 20  7 12 18 10 13 15  8  6 11 16  3  4 17 19

200

400

600

800

1000

1200

1400

Alternatives

 
Fig. 2: Clustering projects by hierarchical clustering method. 

 

Table 4 summarizes the rank of each cluster obtained from PROMETHEE II technique. 

 
Table 4: The rank of each cluster obtained by PROMETHEE II. 

PP10 PP9 PP8 PP7 PP6 PP5 PP4 PP3 PP2 PP1 Project 

2 1 2 2 3 2 4 4 2 1 Cluster 

0.56 0.6 0.66 0.39 0.5 0.51 0.57 0.3 0.43 0.4 
 

0.42 0.4 0.34 0.61 0.5 0.49 0.44 0.7 0.57 0.6 
 

0.14 0.2 0.32 -0.22 0 0.02 0.13 -0.4 -0.14 -0.2 
 

 

PP20 PP19 PP18 PP17 PP16 PP15 PP14 PP13 PP12 PP11 Project 

2 4 2 4 3 2 2 2 2 3 Cluster 

0.4 0.53 0.5 0.6 0.4 0.48 0.6 0.5 0.45 0.6 
 

0.6 0.47 0.5 0.4 0.6 0.5 0.4 0.5 0.55 0.4 
 

-0.2 0.06 0 0.2 -0.2 -0.02 0.2 0 -0.1 0.2 
 

 

 It should be noted that the Fuller Method was used as the weighting system for the data. According to the 

obtained data, the two-objective programming model is presented as follows; 

Max z1=-0.2x1-0.14x2-0.4x3+0.13x4+0.02x5-0.22x7+0.32x8+0.2x9+0.14x10+0.2x11-0.1x12 +0.2x14-0.02x15-

0.2x16+0.2x17+0.06x19-0.2x20, 

Min z2=0.5x1-0.1x2+0.2x3-0.7x4-0.9x5-0.5x6+0.3x7-0.8x8-0.6x9+0.9x10+0.4x11-0.2x12+0.7x13-

0.3x14+0.8x15+1x16+0.1x17-0.4x18+0.6x19+1x20, 

Subject to: 

3000x1+2000x2+4000x3+3500x4+2200x5+3500x6+2900x7+2400x8+3300x9+3000x10+3000x11+2000x12+3100x13

+3200x14+3200x15+3400x16+3800x17+2700x18+3700x19+2500x20 ≤40000, 

500x1+600x2+550x3+650x4+900x5+850x6+700x7+400x8+850x9+750x10+860x11+760x12+560x13+590x14+600x15

+300x16+400x17+300x18+550x19+700x20 ≤8700, 

x12+x17≤1, 

x2-x5≤0, 
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xj≥0 , j=1,2,3,...,20. 

 Figure 3 shows the optimal Pareto solution of the two-objective model by NSGA II. 

-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2
-4

-3

-2

-1

0

1

2

3

4

Z1

Z
2

 
Fig. 3: The Pareto solution of the project rank and risk. 

 

 The run time of the algorithm is 23.433 Second. The main parameters of the algorithm are as follows: 

Population Size: 60, Rate of Crossover: 0.5, Probability of Mutation: 0.4, Maximum of Generation: 200. 

 

8 Conclusions: 

 Undoubtedly, one of the main indicators for the success of industries is the optimal selection of public, 

research and development (R&D), infrastructure, construction and strategic projects. If the projects are managed 

in a correct manner regarding a systematic mechanism and if managers of organizations and industries deal with 

the issue of choosing various projects using an expert decision system, this will affect the success of 

organization. It will lead to saving and improved productivity of the entire country. Today, given the concept of 

social responsibility and activities of various organizations and industries to participate in welfare projects, the 

project portfolio management is considered as a challenging topic in optimization and multi-criteria decisions 

literature over the past. The main reasons for the new framework presented in this article for project portfolio 

selection are as follows: 

- Managers of organizations are always looking for more success. They generally tend to show a better 

performance than previous or even future managers in organization or industry in which they serve during their 

managerial life. This is why they welcome various projects especially those with more success mostly without 

considering limitations such as funds, income, past liabilities and loans, commitment toward human and 

physical resources of organization. The main problem begins when the organization is facing with those 

limitations neglected in project selection phase. 

-  As was argued in the introduction, project portfolio selection is a multi-objective decision-making process. 

Due to the spirit of pluralism and strong motivation for success, a target like project duration is mainly 

concerned. It should be noted that the project duration can be a limitation. Of course, in the multi-objective 

decision-making literature, the boundary of limitations and objectives is very fragile. Limitation can be 

converted into goals. Based on the lexicographic decision rule, goals can also be converted into limitations. 

Thus, other objectives receive less attention in choosing projects that an organization must select and manage. 

- Theoretically, according to the previous studied on systematic project portfolio selection process, the new 

approach will develop the theoretical discussions. The ranking by PROMETHEE model based on hierarchical 

clustering algorithm and NSGA II algorithm show that the framework presented in this article is a novel 

approach in the literature of decision theory and data mining for project portfolio selection and will theoretically 

enrich this area. 

 Selection is the main subject of decision theory and the science of multi-criteria decision making in 

management. Philosophically, selection problem in decision theory which is undoubtedly associated with a 

combination of qualitative and quantitative criteria is based on ranking, deletion, sorting, portfolio selection and 

formation, the design of a model according to the governing conditions or clustering of the decision options 

based on outranking relations. 
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