
 

 

 

Abstract—Selection of an optimal project portfolio is an 

important and strategic decision in project-based organizations. In 

order to select the optimal project portfolio, organizations 

encountered with different constraints .This paper focuses on 

developing a model based on Bernardo and AHP methods for 

solving the project portfolio selection problem, consists of these 

basic stages: at first, the criteria and sub criteria to be used in the 

model are identified, then, AHP method is performed for 

determining the weights of criteria, at the end based on AHP results 

and by Bernardo model which considers some constraints such as 

resource constraints the optimal  projects would be selected. 
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I. INTRODUCTION 

 very project begins with a proposal, but some of them   

can become a project. In a world of limited resources, 

choices have to be made. Not every project has viability and 

amongst those that do, limited resources (people, time, money 

and equipment), must be applied judiciously. The goal of the 

project selection process is to analyze project viability and to 

approve or reject project proposals based on established 

criteria, following a set of structured steps and checkpoints. 

   In recent years, many multi criteria decision making 

(MCDM) methods have been developed for handling Project 

Selection problems. [11] used  The Technique for Order of 

Preference by Similarity to Ideal Solution (TOPSIS) 

approach, as an MCDM technique, for the project selection 

problem.[10] applied fuzzy AHP and TOPSIS method for 

project selection problem. [1]  employed AHP and fuzzy 

TOPSIS methods for project selection in oil-field 

development. [16]  presented Vikor and AHP methods for 

project selection problem .[17] proposed a methodology based 

on Hybrid algorithms for evaluating projects. [12] in other 

work, proposed a fuzzy analytical network process (ANP) - 

based approach to project selection.[13] applies MCDM 

techniques in project selection problem, it was based on AHP 

and TOPSIS methods. There are various methods on project 

selection in the different fields. The majority of accomplished 

works often yield complicated mathematical programming 

such as mixed integer or nonlinear programming. For 
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example, [5] applied a 0-1 goal programming for project 

selection problem .[2] used a goal programming model for 

information system project selection,[3] introduced a 

comprehensive model for the portfolio of several objectives. 

[4]  prepared a multi objective integer optimization model 

with distributions of costs probability, and any other 

researches (e.g. [18] ,[6],  [7] , [19],  [4], [14],  [8],[9])  

   This paper focuses on developing a model based on 

Bernardo and AHP methods for solving optimal project 

portfolio selection problem. To achieve this purpose, the rest 

of this paper is organized as follows: In section 2, some 

criteria of project selection that are more common in each 

field are introduced .Section 3 discusses AHP approach for 

ranking and weighting criteria, In section4, by a results of 

AHP and also by using Bernardo model the optimal projects 

are selected, for this purpose the developed methodology is 

executive in an Case Study. 

II. CRITERIA OF PROJECT SELECTION PROBLEM 

   In this section, at first the Criteria of Project selection are 

introduced. For identification of criteria, some books, thesis, 

papers and also libraries are used. The listed criteria are 

shown in table1. 
TABLE I 

 IDENTIFICATED CRITERIA IN PROJECT PORTFOLIO SELECTION 

Project Selection Criteria 

NPV(Net Present Value) 

Strategic Plan 

Projects constraint 

Competency and Skills of managers and staffs 

Organizational experience 

Risks of projects 

Acquire technology 

Time delays 

Competitive advantage 

Organizations image 

Marketing plan 

Human resources 

Costs 

IRR(Investment Return Rate) 

III. ANALYTIC HIERARCHY PROCESS (AHP) 

   AHP is a comprehensive model that is appropriate for 

making multi-objective, multi criteria and multi-actor 

decision for any number of alternatives in both certain and 

uncertain environment. In order to quantify the importance of 

a set of criteria, AHP was developed in a multi criteria 

Project selection by using AHP and Bernardo 

Techniques  
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decision making problem. Since AHP is based on easy to 

understand value rankings, it has been used and applied by 

organizations in the real world whereas more mathematically 

complex models may not be easily transferred from advancing 

research theory into real world practice. Additionally, AHP 

models have been used effectively to optimize project 

selection in the research and development settings and other 

kinds of projects [1]. 

   A classical AHP can be constructed as follows. The goal, 

criteria, and alternatives form at least three levels of a linear 

hierarchy tree.  At first the overall goal and the criteria and 

alternatives have to be determined. Then the pairwise 

comparisons can be obtained. This pairwise comparisons are 

often based on a 1-9 scale of importance [15] These values 

and their concepts are shown in Table 2. 

    Let  denote the comparison of the strength of criterion i 

to j criterion. Based on a priority vector  

for the overall goal, criteria and alternatives are determined 

by the decision maker, the pairwise comparison of criterion i 

to j criterion   is computed by    similarly,   

And thus, . Then, for the set of decision criteria 

 the pairwise comparisons of n 

criteria can be summarized in the matrix: [1]. 

 

A=  

 

   Where every element    is the quotient 

of the weights of the criteria. The priority vector, or relative 

weights, of the set of criteria are determined by the right 

eigenvector w of matrix A which corresponds to the largest 

eigenvalue λmax, i.e., AW= λmaxw .This is necessary because 

the matrix is formed based on human value judgments which 

are intrinsically inconsistent and this method can provide 

validity of the priorities of a decision .A pairwise comparison 

and subsequent eigenvalue calculation is completed by the 

decision-maker for each criteria and set of sub criteria. The 

final score of  for each alternative is 

obtained by summing each alternative’s relative weight with 

respect to each criteria multiplied by the criteria’s priority 

with respect to the goal.  

 

 

 

 

 

 

 

TABLE II 

 CONCEPTS OF JUDGMENT VALUES 

level of importance Verbal meaning  

9 Extremely more important 
7 Very strongly more important 
5 More important 
3 Moderately more important 

1 Equally important  
2,4,6,8 Reciprocal for inverse comparison 

IV. PROBLEM MODELING BY BERNARDO METHOD 

   Bernardo Method is a multi-criteria and group decision 

method for decision making, in which the group of decision 

makers also use the ranking method in order to prioritize the 

number of ―m‖ options based on ―n‖ criteria. This model in 

addition to ranking the options by means of group agreement, 

is able to select a subset of options. This selection can also 

take resource constraints into consideration when performing 

options which could be the selected projects. In Bernardo 

Method, the following matters must be considered: 

   The first step is to show each  option according to the 

different criteria. This process can be obtained by means of 

ranking, pricing, polling, or sampling. In order to collect 

views of the group members, an agreement matrix is formed 

which indicates views of the group members about each 

option for each criteria.   
 

4.1. Group Agreement Matrix and Unit Permutation 

Matrix 

    Group Agreement matrix (Q) is a non-negative and square 

(m*m) matrix in which any  member indicates individual 

rankings, so that ith option  have been designated by the 

ranking of t. Some of the criteria might be more important 

than others; therefore, a decision maker considers higher 

weights for those criteria. For this purpose, a weight 

vector, , has been defined in which  is 

the weight designated to the jth criteria.  

A unit permutation matrix (P) is a non-negative matrix whose 

rows and columns include a coefficient equal to one and the 

rest equal to zero. Decision maker’s favor is to select an 

especial matrix of P which matches the matrix of Q profusely. 

In other words, the goal is to put numbers in a unit 

permutation matrix, so that  will be maximum. (  = 

elements of matrix P.) 
 

4.2. Bernardo Method Types 

   Bernardo Model according to its matter will be used in two 

forms. In this model, the properties of ranking and 

prioritizing can be used; however, it is possible that not only 

prioritizing options will not be the only purpose, but also 

ranking a subset of options and considering resource 

constraints can also be important goals, which in this case the 

Bernardo Model is used, in other word, this model can be 

used for two purposes of ―ranking and options prioritizing‖ 

and ―ranking and prioritizing a subset of options‖.  

   In the defined problem if the goal is only to rank and 

prioritize the options, the following formulas are used, so that 
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the non-negative matrix of  is a unit permutation 

matrix. (Each row and column have an element which is 

equal to one and the rest equal to zero, in which the one-

amounts indicate the rank of the option among other options.) 

The modeling of this case will be matched in the equation (1):  

 
1 1

max 1
m n

ij ij

i j

q p
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       0 1ijp or  

   Also, according to what mentioned above, the purpose of 

ranking and prioritizing a subset of options might be 

accompanied with some resource constraints, the Bernardo 

Model needs mathematical expansion in order to consider the 

resource constraints when performing projects (options) and 

selecting a subset of them so that the resource constraints will 

be satisfied. Performing some of the options might not be the 

provider of resource constraints and therefore could not be 

selected. I.e. the options will not be ranked. Also the entire 

options are not included in a selected subset, so some of them 

are not included in the ranking. This fact causes the rank of 

the unit permutation matrix of  to be less than ―m‖ and 

therefore the constraints in the matrix will be in forms of 

equations (2) and (3): 

 1 2ij

i

p 

 1 3ij

j

p 

   In terms of designating approach, the selected elements 

need to start sequentially and consecutively from the rank of 

one. The constraint that includes this case is like equation (4): 

 0 , 4ij ikp p k j     

   Due to the resource constraints, some of the ranks might 

prevent a set of options from being placed in the feasible 

solution. If the   be the amount of sth  resource which used 

by ith option, and  be the total amount of sth resource, then 

the related constraint could be expressed as equation (5): 

 
1 1

5
m m

is ij s

i j

d p T
 

   

   The decision maker might not be interested in identifying 

the rankings of each option, but he might be interested in 

identifying rankings for a set of options which can be 

selected, without attention to the within-set ranking. He also 

might be not interested in maximizing the ranking agreement 

which has been shown with Qij, but rather prefer the 

maximizing of group agreement. This case can be expressed 

by equation (6): 
[ ]ikR r  

 
1

6
m

ik ij

j

r Q



 

ikr  indicates the number of times in which the option i is 

ranked in the position of one to k. Therefore, the objective 

function can be expressed in forms of equation (7): 
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Now in order to judge between the different option subsets, 

the objective function is modified as follows: 

1
max : .ij ijr p

kn
 

In this case the objective function is comparable with the 

entire values from n=1, 2… m and k (the number of experts).  

Considering the mentioned points, the total formula of 

Bernardo Method will be as follows: 
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V. THE PROPOSED MODEL 

   The proposed model for the project selection problem, based 

on AHP and Bernardo methods, consists of these basic stages: 

at first, the criteria and sub criteria to be used in the model 

are identified, then, AHP method is performed for 

determining the weights of criteria, at the end based on AHP 

results and by Bernardo model which considers some 

constraints such as resource constraints the optimal projects 

will be selected. Flowchart of the proposed model is shown in 

figure 1.  
 

5.1. The Criteria Weighting 

    In the first stage, alternative projects and the criteria are 

determined. AHP model is structured such that the objective 

is placed in the first level, criteria are in the second level and 

alternative projects are on the third level and after that the 

decision hierarchy is approved by decision-making team. 

After the approval of decision hierarchy, criteria used in 

selection projects are assigned weights using AHP. In this 

phase, pairwise comparison matrixes are formed to determine 

the weights of criteria. These weights are calculated based on 

final comparison matrix.  The selected criteria are shown in 

table 3. The criteria to be used in the model were determined 

by the expert team from project managers in a consultant 

1
{max : . } 1,2,...,max ij ij

n

r p n m
kn
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organization. Also the obtained weights of criteria are shown 

in table 4. 

 
Fig.1.Proposed Model Flowchart 

 

TABLE III 

 IDENTIFIED CRITERIA IN THE PROPOSED MODEL 

Criterion 

Index 
Criterion Type Criterion 

C1 Financial NPV 

C2 Financial cost 

C3 Risk Risk 

C4 Risk Time delays 

C5 Profitability Competitive advantage 

C6 Profitability Organizations image 

C7 Feasibility required technology 

C8 Feasibility Management 

C9 Feasibility Experience in similar projects 

 
TABLE IV 

THE WEIGHTS OF CRITERIA 

Criterion Index Criterion Weight 

C1 NPV 0.276 

C2 cost 0.033 

C3 Risk 0.126 

C4 Time delays 0.057 

C5 Competitive advantage 0.116 

C6 Organizations image 0.123 

C7 required technology 0.131 

C8 Management 0.063 

C9 Experiences in similar projects 0.075 

5.2. Prioritizing and Selecting Projects by Bernardo 

Model 

   In this stage, firstly we will discuss determining projects 

under the study (the elected engineering company). In the 

first stage, the following projects will be identified through 

interviewing the experts and collecting their views. The 

projects on which experts emphasized are as follow in table 5. 

(According to the confidential issues inside the company, the 

identified projects will be shown parametrical and we will 

skip giving the exact names of the projects according to the 

company’s request.) 
 

TABLE V 

IDENTIFIED PROJECTS LIST 

Duration(Month) Budget Project 

01 10 X1 

01 12 X2 

8 7 X3 

01 11 X4 

01 10 X5 

 

Forming of the Expert judgment Matrix: 

   In this stage, expert judgment matrix were formed for each 

responder, related to the rank of each of the mentioned 

projects in the previous stage and the ranks were given from 

one to five, which are matched with matrixes of D1 to D6:  

 

 
 

Forming of Group Agreement Matrix 
 

   After forming matrixes, a group agreement matrix was 

formed by means of formed matrixes in previous stages for 

each of the responders as follows.  

  

=  
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Therefore, we will have according to the equation (6):              

 

 

 

 

 
  According to the objective function of Bernardo’s general 

formula, in order to select a one-option subset, only the first 

column of matrix R will be used and also in order to select a 

two-option subset, two left column of matrix R will be used. 

So the designated model must be solved four times with four 

different objective functions. As a sample, in case of selecting 

a subset of two projects, the modeling must be as follows: 
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   And since the company faces budget constraints and lack of 

the necessary time in order to perform the projects, we have: 

(It is assumed that the performance of projects coincidently is 

not possible, in other words, projects are conducted 

consecutively and not parallel.) 

 

         1,1 1,2 2,1 2,2 3,1 3,2 4,1 4,2 5,1 5,214 8 100 12 51 2P P P P P P P P P P         

         1,1 1,2 2,1 2,2 3,1 3,2 4,1 4,2 5,1 5,212 7 110 10 01 4P P P P P P P P P P         

 

  After solving the model by Gams Software the optimal 

solution of the problem indicates the selection of the first and 

fifth projects in order to be placed in the project portfolio of 

company to be conducted. The optimal value of the objective 

function of the problem in this case is 0.4663. Other cases of 

the project are also shown in table 6. 

 
TABLE VI 

OPTIMAL SOLUTIONS 

 

According to the above table, optimal solution of the problem 

includes selecting first and fifth projects; and it has the most 

matching with group agreement matrix.  

VI. SUMMARY AND CONCLUSION 

   The matter of selecting appropriate projects among the 

identified projects includes important decisions and strategies 

in almost every companies especially the project-based 

organizations in which the lack of planning and enough 

precision could have unpleasant influences on the 

organization. On the other hand, organizational constraints 

such as resource constraints, geographical constraints and so 

on, are issues which cause organizations to face serious 

challenges when selecting and conducting projects. 

Therefore, selecting the project according to the real 

constraints seems to be inevitably necessary. In this regard in 

the paper, attempts were in order to develop a structure by 

selecting an optimal portfolio of projects by multi criteria 

decision making methods, so that it can regard the existing 

real situations like organizational constraints when having 

the most matching with the expert’ views. Despite the 

presented structure in this paper, in order to make it more 

applicable it can be suggested to take the uncertainty about 

Selected Projects 

Objective 

Function 

Value 

Maximum 

Members 

of Sub-Set 

Problem 

Number 

X5 0.3118 1 1 

X1,X5 0.4663 2 2 

X1,X5 0.4663 3 3 

X1,X5 0.4663 4 4 

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

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

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

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

1

1

,

1
max{1.25 1.093 0.644 1.517 1.5590

2(5)

3.104 2.3 2.017 1.899 2.68 }

.
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resources amounts or even expert’s views into consideration 

for further studies due to the lack of certainty of the estimated 

values. 
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