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Abstract: Several variables are influencing the financial performance of listed companies in the stock 
exchange, making the choice of an ideal investment portfolio complex. Multicriteria decision support 
methods emerge as a potential tool to support the investor in the asset selection process. Thus, this 
paper proposes a framework to assist investors in generating an investment portfolio in financial sector 
companies considering the fundamentalist analysis approach. Based on selected investors, the study 
defined the appropriate minimum performance filters, criteria, and weights for stock selection in the 
financial sector. The portfolio was established based on investor constraints using the PROMETHEE V 
method. As a subsequent step, an entire linear programming model was implemented to define, given 
the available budget, the amount of capital to be allocated to each asset of the portfolio. Compared to 
other publications, the proposed model and assembling the stocks portfolio proposes capital allocation 
based on previously defined restrictions. Also, the research provides investors with a clear and accurate 
method for selecting a stock portfolio and allowing customization of the model.  
 
Key-words: Stocks; Fundamentalist analysis; Multicriteria methods; PROMETHEE V. 

 
 
Resumo:  O presente trabalho estabelece, na condição de estudo de caso, uma carteira de ações do 
setor financeiro entre as empresas listadas na bolsa de valores de São Paulo-SP. O portfólio proposto 
contém 05 ativos, que em uma primeira etapa deveriam atender aos seguintes critérios de 
desempenho: indicador “preço sobre o lucro” mínimo de 15; e “retorno sobre o patrimônio líquido” 
mínimo de 10,5% a.a. Posteriormente foram utilizados outros 8 critérios para seleção final do 
portfólio.  O dividend yield médio foi de 7,388%, sendo o risco (beta) médio de 0,994. O presente estudo 
propõe um framework para auxiliar investidores na geração de um portfólio de investimento em ações 
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de empresas do setor financeiro, utilizando para isso um método multicritério de apoio à decisão aliado 
a indicadores da análise fundamentalista. Os mecanismos de seleção de portfólio disponibilizados de 
forma gratuita por corretoras e casas de análise não demonstram claramente aos investidores o método 
utilizado para composição de suas carteiras indicadas. Em virtude disso, investidores carecem de uma 
ferramenta que apresente um método científico e exato para auxiliá-los na escolha de ações para 
composição de um portfólio. Os métodos multicritério de apoio à decisão possuem potencial para 
subsidiar o investidor nesse processo. Neste artigo, utilizou-se o método Delphi para definir, junto à 
investidores selecionados, os filtros de desempenho mínimo, critérios e pesos adequados para 
composição de um portfólio de ações do segmento financeiro. A agregação dos resultados se deu por 
meio do método PROMETHEE V. Como etapa posterior, foi implementado um modelo de programação 
linear inteira para definir a participação percentual de cada ativo no capital total da carteira. 
 
Palavras-chave: Ações; modelo multicritério; análise fundamentalista; PROMETHEE V; programação 
linear. 
 
1 Introduction 

 
Since the 2000s, the number of investors on the São Paulo - SP (B3) stock exchange increased 

due to several factors, including the stabilization of the economy and the drop-in interest rates observed 

during this period (Vidotto et al., 2009). Between June 2017 and May 2018, the number of active 

investors on the B3 stock exchange increased by 18.76% (Gomes, 2018). The literature classifies stock 

investors into two groups (Tavares & Silva, 2012): 

 

• Long term investor (buy and hold philosophy): called “holder”, which evaluates 

assets/stocks based on fundamentalist analysis. 

• Short term investor (day trade/swing trade): called “trader”, which evaluates 

assets/stocks based on technical analysis. 

 
The long-term investor (holder) analyzes stocks and makes decisions based on the company's 

economic and financial fundamentals and future business growth potential The business valuation 

based on fundamentalist analysis consists of four macro steps: economic analysis, multiples analysis, 

fair price determination and financial analysis. These assessments provide an integrated and systemic 

view of the company, which enables a realistic diagnosis of internal and external factors that may 

influence the success of the organization (BOVESPA, 2019).  

On the other hand, day trade investors analyze short-term fluctuations in stock market 

quotations, seeking to sell stocks at a value higher than the acquisition price (BOVESPA, 2019). 

Gomes (2018) compared the two strategies (called A and B) most commonly used by day trade 

investors and the performance of a stock portfolio based on fundamentalist analysis. The study showed 

that strategies A and B (both day trade) yielded a negative return of -5.34% and -6.51%, respectively, 
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whereas the portfolio based on fundamentalist analysis yielded a positive return of 18,33% in the same 

period. 

Considering the challenges and limitations shown by Chague and Giovanneti (2019) and Gomes 

(2018) regarding day trade investments based on technical analysis, this study will be conducted 

through the fundamentalist approach to stock market valuation, focused on multivariate and financial 

analysis. 

Regardless of the strategy used, it should be noted that there is an inherent risk in the stock 

market. In the Brazilian market, a company's risk is assessed based on the variance of its share price 

around the Bovespa - Ibovespa index, and such risk is expressed by “β”, calculated and provided by 

financial information systems (Kobori, 2019): 

 

• β = 1 That means that the share price strictly follows the Bovespa index; 

• β <1 That means that the stock has less variability than the Bovespa index. Thus, if the 

company's beta is 0.5, a 10% Ibovespa change will result in a change and only 5% in the 

company's quotation; 

• β> 1 That means that the stock has more significant variability than the Bovespa index. Thus, 

if the company's beta is 1.8, a 10% Ibovespa change will result in an 18% change the 

company's quotation. 

 
Due to the complexity of the valuing companies, the high volume of resources present in stock 

market operations and the risks inherent in the stock market, it is necessary to use tools that assist the 

investor in making decisions about the stocks / in which it should allocate its capital (Vidotto et al., 2009). 

According to Luquet (2007), many variables can influence the movements of the economy and the 

performance of stocks in the financial market, such as corporate results, price stocks, interest rates, 

exchange rates and inflation. 

To identify existing gaps and opportunities for improvement in the models currently used for 

investment portfolio selection, a search was conducted in order to identify the financial institutions, 

regulated by the CVM (Brazilian Securities and Exchange Commission - in portuguese), that provide a 

recommended stock portfolio free of charge, that means, no subscription, registration or other payment 

required. As such, 14 institutions were considered for evaluation. Table 1 presents the criteria used 

when recommending investment portfolios. It is possible to identify the characteristics in common 

among these portfolios and the gaps in the recommendations provided.  
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Table 1 

 
Characteristics of recommended portfolios 

Institution 
Long-term 

focus? 

Segmented 

by sector? 

Is there a 

minimum 

performance 

filter? 

Is it a 

formal 

method? 

Is it an 

open 

method? 

Size of 

portfo

lio 

Does it 

indicate the % 

allocation? 

Is it an open 

method of 

allocation? 

XP Investimentos Y N Y N.I N 5 N N 

Toro Radar NI. N N.I N.I N 5 Y N 

Rico Investimentos Y N N NI. N 12 Y N 

BTG Pactual N.I. N N.I N.I N 6 Y N 

Elite Investimentos NI. N NI. NI. N 11 N N 

Terra Investimentos Y N N N.I N 7 N N 

Necton Y N N NI. N 10 Y N 

Genial 

Investimentos 
Y N Y NI. N 10 Y N 

Nova Futura 

Corretora 
N.I N N N N 10 Y N 

BB Investimentos N.I N N N N 10 N N 

Planner Corretora Y N N N N 5 N N 

Coinvalores Y N N NI. N 10 Y N 

Ativa investimentos Y N N N N 10 N N 

Modal Mais N.I N Y N N 5 N N 

Legend: Y – YES; N – NO; N.I – Not informed. 

Source: The authors (2019) 

 

It is worth mentioning that the researched institutions carry out, in their recommended 

portfolio, a brief analysis of recent economic aspects that may impact the business of each indicated 

company. Although relevant for the analysis of the company and its sector, these data do not fully 

explain the reason for choosing a stock. Institutions do not clearly state the criteria for selecting the 

recommended portfolio. 

These investment agents assert that portfolios are selected based on some generic guidelines, 

without, however, explaining how stocks are chosen from all assets that meet these guidelines. To 

exemplify the generalism mentioned, we highlight below an excerpt taken from the XP investments 

website: 

 

“The main characteristics that we look for in the portfolio's securities are: a) The prospect of 

continuous dividend payment and an attractive yield, that is, that they pay a dividend in% of the 
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attractive and recurring share price; b) Companies that have a quality management and operate a 

solid business, as this is essential for the payment of dividends to be sustainable; and c) Companies 

of a more defensive nature, important for the continuous flow of dividends, but which are in an 

interesting entry point, seeking portfolio appreciation (Luketic, 2019).” 

 

The same research was conducted to identify academic studies related to the present work 

through a search at Scielo and Google Scholar using the terms multicriteria, stock, and investment 

portfolio. Table 2 presents a summary of the main characteristics of the works found. 

 

Table 2 

 

Characteristics of searched works 

Reference 
Long-term 

focus? 

Specific to 

a sector? 

Is there a 

minimum 

performance 

filter? 

Does it 

generate a 

ranking? 

Does it 

generate a 

portfolio? 

Type of 

method used 

Does it 

indicate the 

% 

allocation? 

Gomes (2018) N N N N N Technical 

Analysis 

N 

Daibert (2016) N N N N N Interview N 

Malta & De Camargos 

(2016) 

Y N N N N Fixed-effect 

model 

N 

Lima et al. (2006) N N N N N SMARTER N 

Da Costa & Júnior (2013) N N N Y N TOPSIS N 

Sant’Anna, Nogueira 

e&Rabelo (2012) 

N N N Y Y TOPSIS and 

CPP 

N 

Paixão (2013) Y N N Y N AHP N 

Silva (2018) N N N N N TOPSIS N 

Lyrio et al. (2015) Y N Y N S SMARTER N 

Vezmelai, Lashgari & 

Keyghobadi (2015) 

N N N Y N ELECTRE III N 

Xidonas, Mavrotas & 

Psarras (2009) 

N N N N Y ELECTRE N 

Mehlawat (2016) N N N N Y AHP N 

Legend: Y – YES; N – NO; N.I – Not informed. 

Source: Authors’ compilation (2019) 

 

https://creativecommons.org/licenses/by-nc-sa/4.0/
http://www.revistaexacta.org.br/


 

 

342 

Exacta, 21(2), p. 337-365, abr./jun. 2023 

Carmo, B. B. T., Medeiros, P. P. M., Gonçalo, T. E. E., & Correia, G. C. (2023, abr./jun.). Framework to 
assist investment portfolio generation for financial sector 

We found that 75% of the publications evaluated present methods for operations that aim at 

short-term gains due to stock price fluctuations, and these methods are suitable for day trade investors. 

Thus, these models do not analyze financial and economic data of companies. 

Thus, it should be noted that among the studies analyzed, only three studies focus on 

fundamentalist analysis, of which only two use multicriteria models for the selection of stocks. The 

models used by these searches are AHP and SMARTER, both compensatory methods. 

We emphasize that compensatory models can distort the results since they allow alternatives 

with high performance in one criterion to use their score in this criterion to compensate for poor 

performances in the other criteria, as discussed in Jeffreys (2004) and Banihabib, Hashemi-Madani and 

Forghani (2017). Finally, we also highlight that the researched works do not indicate a specific financial 

sector portfolio. Also, none of the publications indicate a method for capital allocation after portfolio 

definition. Thus, in the methods presented in Table 5, there is a discretionary decision of the investor 

as to the percentage of participation of each share in its portfolio. We emphasize that the absence of 

an accurate and consistent allocation and capital method may undermine the return on investments. 

As such, this paper aims to fulfill this research gap associated with the tools for analysing 

investment portfolios, proposing an approach able to select companies of the financial sector when 

generating investment portfolios. Besides, our approach establishes the minimum acceptable 

performances for the stocks included in the portfolio through the filtering process step. Finally, the 

model is able to define the capital allocation among the companies included in the portfolio. This 

approach was implemented through PROMETHEE V technique and a supplementary step based on 

linear programming. 

Thus, due to the various characteristics inherent in stock market choice, the present study 

proposes a framework to assist investors in generating an investment portfolio in financial sector 

companies considering fundamentalist asset analysis.  

 
2 Methodology 

 
The research methodology used in the present study followed the steps proposed by Shärlig 

(1985) to conduct multicriteria decision support modeling: 01) to define the list of potential alternatives; 

02) choose the performance measurement criteria, 03) measure the performance of the alternatives in 

each criterion, 04) aggregate the results, 05) define the portfolio that represents the best possible 

performance according to the criteria, weights and thresholds—preferably defined. Finally, we 

proposed an additional step “06” to define the number of shares to be purchased from each portfolio 

alternative. Thus, Figure 1 illustrates the stages and activities foreseen in developing the approach 

proposed in this research. 
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Figure 1 

 
Research Stages 

Source: The authors (2019) 

 
2.1 Selection of potential alternatives 

 
Stage 01 consists of selecting the alternatives that will be evaluated by the proposed framework. 

To this end, filters have been established to be applied to all financial sector companies listed on the 

São Paulo-SP Stock Exchange, B3. In this sense, companies that are part of the set of potential 

alternatives must meet a series of minimum requirements to be considered as members of the set of 

alternatives. 

The definition of the filters used was based on applying a questionnaire to a group of four 

investors. They were asked to define the appropriate criteria for the initial filtering of the alternatives 

and the minimum acceptable performance in each of these criteria. This process was conducted using 

the questionnaire presented in Appendix I. 

The investors consulted were between 28 and 39 years old, all with trading on the stock market 

for over three years and emphasizing using fundamentalist analysis for long-term investments. The 

investors selected were those with whom the researchers had easy access and freedom to dialogue but 

adequate to the profile described. 

Only criteria/indicators referring to financial analysis and analysis by multiples were mentioned 

in the interviews. These two approaches are part of the group of four analyzes that constitute 

fundamentalist analysis. Thus, these were the criteria used in the present research. 

https://creativecommons.org/licenses/by-nc-sa/4.0/
http://www.revistaexacta.org.br/


 

 

344 

Exacta, 21(2), p. 337-365, abr./jun. 2023 

Carmo, B. B. T., Medeiros, P. P. M., Gonçalo, T. E. E., & Correia, G. C. (2023, abr./jun.). Framework to 
assist investment portfolio generation for financial sector 

Thus, it is noteworthy that, at this same stage, no criteria/indicators related to economic 

analysis or fair price assessment of companies were mentioned, which are the other two approaches 

that integrate the fundamentalist analysis.  

This fact is justified by the greater familiarity of the interviewees with the financial analyses and 

by multiples. Thus, this paper will only use the financial analysis and multiple analysis indicators, since 

investors cited only indicators related to these two analyses in their responses. 

 
2.2 Definition of criteria weights 

 
In stage 02, a search was conducted with investors following the Delphi method (Figure 2) to 

define the criteria and their weights (importance). 

 

Figure 2 

 
Items for defining criteria and weights 

Source: The authors (2019) 

 

In round 1, investors listed the criteria they used in the company analysis (item A) and then 

awarded points to each criterion they mentioned in the questionnaire to indicate the relevance of the 

criterion (item B). Thus, each criterion received a value between 0 and 100 points (0 less relevant, 100 

more relevant). However, the sum of all the investor's points to all the criteria he mentioned should be 

equal to 100 (one hundred) points. The questionnaire used to define criteria and weights is presented 

in Appendix III. The first round results did not converge towards a consensus, and a second round is 

needed. In this round, all criteria mentioned and the global weights were presented to investors (item 
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C), through the questionnaire contained in Appendix IV. They were asked whether they agreed with: a) 

the use of the criterion, b) the global weight assigned to the criterion. Also, to facilitate understanding 

of the terms used by the other participants in the study, we sent the glossary in Appendix II of this work 

to the investors. 

 As proposed by Santos (2001), we calculated the coefficient of agreement between 

investors' responses to the questionnaire presented in round 2. The coefficient was calculated 

separately for the concordance on the criterion's use and the weight attributed to the criterion. 

Equation 1 presents the method for calculating the concordance coefficient: 

 

Ca = (1 – Vn/Vt)*100                                                       (1) 

 

Where: Ca: Coefficient of agreement, expressed in percentage; Vn: Number of experts 

disagreeing with the criterion or weight, as appropriate; Vt: Total number of specialists. 

Using the methodology proposed by Santos (2001) to apply the Delphi method, the criteria that 

did not obtain a minimum agreement of 60% were eliminated from the model (item D), and their 

weights were redistributed among the remaining criteria (item E). The new weights of these criteria 

(adjusted weights) were established.  

Round 3 of Delphi method check the investors' agreement on the adjusted weights, which, 

although accepted by the investors, did not obtain the minimum weight agreement assigned in round 

2. Thus, the adjusted weights were presented to the investors through the questionnaire presented in 

Appendix V, where the investors were asked as follows: "If the following criteria were used, would you 

agree with the weights assigned to them?”.  

After round 03, all criteria and weights obtained a concordance coefficient higher than 60%, 

ending this stage. In the case of the coefficient below 60%, other rounds are necessary.  

 
2.3 Performance measurement 

 
The performance data of the alternatives in each of the criteria were obtained through three 

different sources: a) website for "Fundamentus" investors ("www.fundamentus.com.br"); b) website for 

"Investing" investors ("br.investing.com"); and c) websites of the selected companies, through the 

investor relations area - IR.  

 
2.4 Aggregation of results 

 
For the aggregation of performances (step four), the PROMETHEE V method was chosen. The 

use of the PROMETHEE V method is justified because it allows the generation of a portfolio of 
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alternatives, meeting this research´s objective. The method also avoids that an alternative's great 

advantages in a single criterion compensate unlimitedly unsatisfactory results in the other criteria 

(Alencar & Almeida, 2010). This characteristic is essential for this research since it is necessary to ensure 

that the shares have a good overall performance in the criteria since investors have indicated a group 

of criteria that, together, allow identifying the best shares of companies in the financial sector in B3. 

Moreover, it is a robust method, developed based on the construction of overcoming 

relationships of alternatives, allowing the adoption of quantitative and qualitative criteria 

simultaneously (Almeida & Costa, 2002). 

The possibility of adopting both types of criteria (quantitative and qualitative) is beneficial to 

the study, since future research, including economic analysis, may adopt qualitative criteria regarding 

the macroeconomic environment and, in this case, the model presented in this paper will remain valid 

and will allow expansion to include the other necessary criteria. 

The first step of the PROMETHEE V method is to establish a ranking of alternatives". For this, we 

calculate the degree of preference (π) of an alternative "a" over an alternative "b", according to Equation 

2. We point out that for the calculation of the preference of "a" over "b" (Pj(a,b)), we use the usual 

preference function of PROMETHEE. 

 

π(𝑎, 𝑏) =
∑ 𝑤𝑗𝑃𝑗(𝑎,𝑏)

𝑛

𝑗=1

∑ 𝑤𝑗

𝑛

𝑗=1

                                                                        (2) 

 
Where: π (a,b): Degree of preference of stock "a" over action "b"; J: Set of criteria; W j: Weight 

adopted to represent the importance of criterion j; Pj (a,b): Preference of "a" over "b" according to the 

preference functions F and thresholds defined in the problem. 

The next step in the ranking is to calculate the positive, negative and net flows for each share. 

The positive flow denotes how much an “a” stocks outperform the other stocks in the method's pairwise 

comparisons. The negative flow denotes how much “the other stocks outperform “a” stock in the 

method's pairwise comparisons. Finally, the net flow was calculated, indicating how much each stock 

exceeds the others and simultaneously is not exceeded. Equation 3 demonstrates the method used to 

calculate positive, negative and net flows. 
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                                                 (3) 

 
The first step of the method classified the shares in a ranking, through the net flow calculated 

for each share. However, this paper objective is related to the establishment of a portfolio of stocks, 

using an entire linear programming method (second step of the PROMETHEE V method). 

Thus, we use the net flows to determine an optimal stock portfolio through the entire linear 

programming proposed by PROMETHEE V. The mathematical modeling used for the objective function 

of programming is expressed in Equation 4, adapted from Almeida; Almeida and Silva (2015). 

 

...............................(4) 

 

Where: ∅𝑖: Net flow of stock “i”; xi: Variable that is associated with stock "i" and assumes the 

value 1 (one) if the stock is chosen to compose the portfolio or the value 0 (zero), otherwise; n: Total 

number of stocks analyzed, the case study was composed of 20 stocks (potential alternatives). 

We have also implemented three programming restrictions. The first restriction determines 

that the number of shares chosen to compose the portfolio should be equal to 05 (five). PROMETHEE V 

stipulates that there should be a restriction on the number of alternatives to be chosen for the portfolio.  

The other two restrictions are related to the average return of the alternatives (dividend yield) 

and the risk associated with each alternative (beta). The definition of the size of the portfolio and the 

choice of filters and minimum performance values were carried out by the four investors who 

participated in this work through a response to the questionnaire present in Appendix I. Equation 5, 

adapted from López e Almeida (2014), demonstrates the mathematical modeling of restrictions. 

Equation 5: Constraints on integer linear programming of the PROMETHEE V method. 

 

.......................................(5) 
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Where: c𝑖: Contribution of stock “i” about restriction “r”; xi: Associated variable that is 

associated with stock "i" and assumes the value 1 (one) if the stock is chosen to compose the portfolio 

and the value 0 (zero), otherwise; Br = Constant value referring to restriction “r”; n: Total number of 

alternatives (20 stocks). The parameter represented by " ≈ " can assume the values "=" (equal); " ≥" 

(greater or equal) or " ≤" (lesser or equal), according to the type of restriction. 

We point out that to assess the clarity and quality of this questionnaire, before sending the form 

directly to investors, a pretest was conducted with two people who were not part of the investor group. 

Pretest participants demonstrated correct understanding of what was requested in the questionnaire.  

 
2.5 Capital allocation (entire linear programming) 

 
After establishing the portfolio of shares of financial sector companies using the PROMETHEE V 

multicriteria method, we performed a complementary step of entire linear programming in order to 

define, based on restrictions used exclusively in the capital allocation step, the amount of capital to be 

allocated in each share of the portfolio indicated by PROMETHEE V. 

The linear programming's objective function was constituted by the adapted net flow of each 

alternative multiplied by a variable Xi, defined as the number of shares of alternative Ai to be purchased, 

being Xi a variable of the integer type. It is worth noting that alternatives with net flow less than or equal 

to zero do not contribute to the growth of the entire linear programming's objective function and, 

therefore, would be disadvantaged in capital allocation.  Therefore, we used the method proposed by 

Almeida and Vetschera (2012) to make a mathematical transformation in the values of net flows to 

correct this problem and make all flows positive, using Equation 6, adapted from Almeida and Vetschera 

(2012), for this purpose. 

 

Equation 6: Mathematical transformation of net flows 

 

.....................................(6) 

Where: ∅ai: Liquid flow adapted from the alternative “i”; ∅𝑖: Original net flow of the alternative 

“i”; ∅mín: Lowest net flow among all the "i" alternatives;  α = Constant of small value. 

The software LINDO, version 6.1; Visual PROMETHEE, version 1.4; and Microsoft Excel, through 

the "Solver" feature, were used to aid calculations related to PROMETHEE V and the entire linear 

programming of the capital allocation step. 
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3 Results 

 
This topic presents the results obtained by way of an illustrative example.  The results obtained 

are presented in the same sequence as the steps envisaged in the methodology. 

 
3.1. Selection of potential alternatives 

 
As mentioned in item 3.1 of the present work, step 01 consists of selecting the stocks that will 

be evaluated by the framework. To eliminate from the analysis companies that do not present a 

minimally stable financial health, two filters were applied to the 48 shares of companies in the financial 

sector listed in B3. The filters used were the following: 

 

a) Price / Earnings: The share's P / E indicator must have a value less than or equal to fifteen 

(15); 

b) Return on equity - Return on equity: The ROE indicator of the share must have a value equal 

to or greater than 10.5% a.a. (ten-point five percent per year). 

 

After applying the filters, we found that 28 (twenty-eight) companies did not meet investors' 

minimum requirements. Thus, the universe of potential alternatives was restricted to 20 actions, which 

we will name A1, A2, ..., A20. 

 
3.2 Definition of criteria and weights 

 
Table 6 presents all the criteria and final weights assigned by investors. These will be the criteria 

and weights adopted in the model proposed in our research. It took three rounds of the Delphi method 

to define the criteria and weights to be used in the model. Details of the results of each step are 

presented in Appendix VI of this article. 
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Table 6 

 
Matrix of criteria and weights 

Criterion Code Definition Weight Analysis logic 

Dividend Yield C1 Dividend paid per stock divided by the stock price 

is the annual return in dividends that the company 

pays to the stockholders. 

13% Maximization 

Net Profit C2 Sum of the company's income less few expenses, 

costs, and payment of taxes for the period 

(annual). 

24% Maximization 

ROE C3 Return on net equity, calculated by dividing net 

income by net equity, presents the percentage 

and annual return, in profit, that the company 

generates about the organization's net equity. 

17% Maximization 

Net Debt C4 It represents all the company's liabilities (gross 

debt) subtracted from its cash holdings (cash on 

hand). 

13% Minimization 

Price/Profit C5 Calculation: (Stock price x total number of stocks) 

/ Profit in the period. This number is to be 

interpreted as the number of profit years required 

for the accumulated profit to equal the share 

price. 

9,25% Minimization 

Current Liquidity C6 Current Assets / Current Liabilities indicates 

whether the company's receivables are higher or 

lower than its short-term debts. 

8,25% Maximization 

ROIC C7 Return on invested capital expressed in percent of 

the annual return on capital invested in the 

company. 

7,25% Maximization 

Net Margin C8 Calculation: Net profit / net income. Reflects how 

much profit remains for the company in 

proportion to the revenue. 

6,25% Maximization 

Source: The authors (2019) 

 
3.3 Performance matrix construction 

 
In the third stage of the research, the selected companies' performance matrix was built as 

potential alternatives to the method. The selected stocks' performances were measured and shown in 

the performance matrix (Table 7). 
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Table 7 

 
Performance matrix of selected actions 

Criterion/ 

Alternative 

Dividend 

Yield 

Net Profit (R$) ROE Net Debt 

(R$) - Million 

Price/Profit Current 

Liquidity 

ROIC Net 

Margin 

A1 7,07% 30.484.000 12,74% 241,13 4,13 1,95 10,29% 18,29% 

A2 4,83% 917.678.000 20,40% 54.446,94 4,24 1,07 2,83% 21,04% 

A3 5,64% 221.060.000 14,51% 26436,27 7,96 1,05 2,46% 16,29% 

A4 5,62% 221.060.000 14,51% 26436,27 7,99 1,05 2,46% 16,29% 

A5 2,08% 63.274.000 14,89% 5070,67 8,04 1,08 3,08% 10,96% 

A6 9,65% 1.124.620.000 15,27% 70152,81 8,07 1,1 2,35% 15,45% 

A7 9,59% 1.124.620.000 15,27% 70152,81 8,13 1,1 2,35% 15,45% 

A8 2,12% 63.274.000 14,89% 5070,67 8,7 1,08 3,08% 10,96% 

A9 8,69% 1.124.620.000 15,27% 70152,81 9,12 1,1 2,35% 15,45% 

A10 5,56% 429.092.000 11,22% 29063,26 9,37 1,12 1,86% 52,24% 

A11 4,42% 13.839.400.000 14,64% 1317159,5 10,45 1,07 1,62% 16,79% 

A12 8,82% 9.522.000.000 18,89% 11063 10,57 5,98 0,48% 188,87% 

A13 7,84% 9.522.000.000 18,89% 11063 11,9 5,98 0,48% 188,87% 

A14 2,76% 20.438.700.000 16,13% 1166171,24 12,55 1,1 1,87% 10,07% 

A15 4,58% 12.746.200.000 18,70% 612762,97 12,57 1,14 1,82% 20,05% 

A16 8,38% 22.906.600.000 19,11% 1416015 12,59 1,09 13,18% 20,83% 

A17 4,34% 12.746.200.000 18,70% 612762,97 12,67 1,14 1,82% 20,05% 

A18 4,04% 12.746.200.000 18,70% 612762,97 12,97 1,14 1,82% 20,05% 

A19 2,68% 20.438.700.000 16,13% 1166171,24 14,22 1,1 1,87% 10,07% 

A20 7,26% 22.906.600.000 19,11% 1416015 14,53 1,09 13,18% 20,83% 

Source: The authors (2019). 

 

Thus, Table 3 presents the profile of potential alternatives regarding the performance of each 

share in the criteria defined by investors. From the data made available through this matrix, calculations 

were performed to apply the PROMETHEE method.  

 
3.4 PROMETHEE method application 

  
Using the performance matrix data, the degrees of preference were calculated in the pairwise 

comparison of stock performance in each criterion and the positive, negative and net flows of each 

stock. Then the ranking of the alternatives, presented in Table 8, was established. 
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Table 8 

 
Ranking of alternatives 

 

Position Alternative Φ Position Alternative Φ 

1 A12 
0,379

0 
11 A17 -0,0103 

2 A16 
0,351

6 
12 A18 -0,0133 

3 A13 
0,327

2 
13 A14 -0,0822 

4 A20 
0,284

0 
14 A19 -0,1458 

5 A2 
0,184

3 
15 A3 -0,2010 

6 A6 
0,082

4 
16 A10 -0,2025 

7 A7 
0,058

5 
17 A4 -0,2249 

8 A15 
0,049

1 
18 A11 -0,2410 

9 A9 
0,010

7 
19 A5 -0,2901 

10 A1 

-

0,009

9 

20 A8 -0,3060 

Source: The authors (2019). 

 

Step II of applying the PROMETHEE V method consisted of establishing a portfolio of stocks 

among the potential alternatives, obeying the model's restrictions. Thus, through the questionnaire in 

Appendix I, investors proposed the following restrictions to the model: a) the portfolio must have a fixed 

size of 05 shares; b) the average Dividend Yield of the portfolio must be greater than or equal to 7.375% 

per year; and, c) The average risk (beta) of the portfolio must be equal to or less than 1.025. The net 

flow, dividend yield and risk (beta) associated with each alternative are presented in Table 9. 
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Table 9 

 
net flow, dividend yield e risk (beta) of each Alternative 

Alternative Net flow Dividend 

yield 

Risk (beta) Alternative Net flow Dividend 

yield 

Risco 

(beta) 

A1 
-0,0099 7,07% 1,00 A11 -0,2410 4,42% 2,04 

A2 0,1843 4,83% 0,26 A12 0,3790 8,82% 1,22 

A3 -0,2010 5,64% 0,56 A13 0,3272 7,84% 1,22 

A4 -0,2249 5,62% 0,56 A14 -0,0822 2,76% 1,45 

A5 -0,2901 2,08% 1,00 A15 0,0491 4,58% 1,08 

A6 0,0824 9,65% 1,85 A16 0,3516 8,38% 1,27 

A7 0,0585 9,59% 1,85 A17 -0,0103 4,34% 1,08 

A8 -0,3060 2,12% 1,00 A18 -0,0133 4,04% 1,08 

A9 0,0107 8,69% 1,85 A19 -0,1458 2,68% 1,45 

A10 -0,2025 5,56% 1,22 A20 0,2840 7,26% 1,27 

Source: The authors (2019). 

 

After implementing the entire linear programming recommended by the PROMETHEE V 

method, a portfolio containing five stocks of companies in the financial sector was generated. Table 10 

presents the portfolio generated by the method. 

 

Table 10 

 
Portfolio of stocks in the financial sector - PROMETHEE V 

Alternative Ranking position Dividend yield Risk (beta) 

A1 10º 7,07% 1,00 

A2 5º 4,83% 0,26 

A12 1º 8,82% 1,22 

A13 3º 7,84% 1,22 

A16 2º 8,38% 1,27 

 A – SUM 36,94% 4,97 

 B = (A/5) – MEDIA  7,388% 0,994 

Source: The authors (2019) 

 
As we can see, the portfolio's average dividend yield (7.388% a.a) outperforms only 0.1763% 

above the minimum performance established in the constraint (7.375% a.a). Similarly, the portfolio beta 

risk (0.994) is only 3.03% lower than the maximum acceptable risk set in the constraint (1.025). 
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As a result, the portfolio's performance is close to the minimum performance threshold set by 

investors. It is essential to highlight that a minimal change in the performance of one of the alternatives 

regarding dividend yield or risk may strongly restrict the universe of possible linear programming 

solutions so that, in extreme cases, there are no viable solutions to the problem. In this case, a higher 

threshold tolerance can be established to extend the number of possible solutions. 

 
3.5 Capital allocation (entire linear programming) 

 
After the portfolio was established, a linear schedule was implemented to define the amount 

of capital allocated to each of the stocks. To illustrate the operation of this step, we determined a 

hypothetical budget of R$ 5,000.00 (five thousand reais). This budget was considered in the 

programming by inserting a constraint in which the sum of the quotation value (price in R$) of each 

share multiplied by the variable Xi, which denotes the number of shares to buy from alternative Ai, 

cannot exceed the maximum budget (R$ 5,000). The quotation for each portfolio share on 06/18/2019 

is: A12 (R$ 11,97); A16 (R$ 29,42); A13 (13,27); A1 (6,99); and A2 (45,00). 

In addition to the budgetary constraint, restrictions were imposed that impose a minimum 

share percentage of each share in the portfolio, aiming at investment diversification and risk reduction. 

Minimum participation percentages were determined by applying a questionnaire (Appendix I) to 

investors. 

Thus, it was established that each alternative should participate with at least 10.5% (ten and a 

half percent) of the total available capital (budget). Equation 7 presents the complete modeling of 

integer linear programming for capital allocation. 

 
      Equation 7: Modeling for capital allocation. 

Maximize 

 

0,0051X1 + 0,1992X2 + 0,394X12 + 0,3422X13 + 0,3666X16 

Subject to: 

6,99X1 + 45X2 + 11,97X12 + 13,47X13 + 29,42X16 ≤ 5000 

6,99X1 ≥ 525 

45X2 ≥ 525 

11,97X12 ≥ 525 

13,47X13 ≥ 525 

29,42X16 ≥ 525 

X1, X2, X12, X13, X16 entire. 

       Source: Authors, 2019. 
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Next, Table 11 shows the result of the programming, indicating the number of shares to be 

purchased from each portfolio alternative. It can be observed that all restrictions were respected, and 

R$ 4,998.93 (four thousand, nine hundred and ninety-eight reais and ninety-three cents) were used 

from the total budget of R$ 5,000.00 (five thousand reais) by way of illustration. 

 

Table 11 

 
stock price of each Alternative 

Alternative Stock price (R$) Quantity to buy Total cost (R$) 
Portfolio 

percentage 

A12 11,97 240 R$ 2872,80 57,46% 

A16 29,42 18 R$ 529,56 10,59% 

A13 13,47 39 R$ 525,33 10,51% 

A1 6,99 76 R$ 531,24 10,62% 

A2 45,00 12 R$ 540,00 10,80% 

Source: The authors (2019). 

 

It is important to highlight that 57.46% of the available capital was allocated in shares of the 

same company, alternative A12. occurred because the minimum holding restrictions required each 

stock's interest. After all, in only 10.5% of the total capital. As a result of this low percentage, most of 

the available capital was allocated to the alternative with the highest net flow.  

The linear programming result maximized the use of alternatives with the higher net flow, as 

recommended in its objective function. However, the allocation of 57.46% of the available capital in a 

single financial asset may increase risks for the investor if the asset performs below the expected level. 

Therefore, the restriction on the minimum holding of assets in the portfolio can be considered 

the most critical restriction of the capital allocation step. Decision-makers should carefully investigate 

their preferences regarding the mentioned percentage since the diversification of the portfolio and the 

correct distribution of capital among the assets will represent a dilution of financial risks for investors. 

 
3.6 Sensitivity analysis 

 
To evaluate the stability of the solution presented by the model, a sensitivity analysis of the 

weights adopted for all criteria was performed. For sensitivity analysis, an elevation and then a reduction 

of each criterion's weight by 15% (fifteen percent) of the original value was performed, changing the 

weight of a single criterion at a time. The difference in the high/reduced weight value is compensated 

proportionally in the weights of the other criteria to keep the sum of the weights always equal to 100%.  
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As a result of the ranking's sensitivity analysis, Table 12 shows the positions occupied by each 

alternative considering all the analyzed scenarios. 

 

Table 12 

 
Sensitivity analysis of the ranking of alternatives 

Source: The authors (2019). 

 

We observed that the same alternatives were among the top six positions in all scenarios 

studied, which confirms the stability of the model. It should also be mentioned that the most 

considerable difference between criteria weights occurs between criteria C2 and C8, since C2 has 

weights about twice as large as criterion C8. 

Given this, to increase the stability of the model, it is possible to establish a rule of maximum 

acceptable amplitude between the weights of two "Ci" criteria to make the distribution of the weights 

more uniform between the criteria. 

In addition to the analysis of changes in the stock ranking, a sensitivity analysis was also carried 

out regarding changes in the portfolio generated due to the increase and reduction in the weightings of 

the criteria by 15% (fifteen percent). The change in the weights was similar to the methodology used 

for the sensitivity analysis of the ranking of alternatives. 
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In the sensitivity analysis of the portfolio, it was found that the portfolio of shares generated 

was confirmed in all scenarios analyzed, thus validating the robustness and stability of the model 

proposed in this study. 

 
3.7 Evaluation of results and investors’ perception 

 
Based on the method's results and other sources of information that subsidize their decisions, 

investors were invited to evaluate the results generated by the framework proposed in this study. 

Investors positively evaluated the results generated by the model. During the presentation of 

the results, it was found that each of the five shares indicated in the portfolio already had a stake in the 

portfolio of at least one of the investors who participated in the construction of the model. 

It should be noted that investors mentioned that it would be relevant to build a model similar 

to the one developed in this study that also analyses companies from other economic segments, given 

that this research is restricted to companies from the financial sector. 

 
4 Discussion 

 
The proposed model can support the stock selection process by investors, allowing for the 

consideration of multiple criteria. In this context, the investor can make a more rational choice, 

minimizing itself as distortions inherent in the process.  

Also, the fact that the PROMETHEE V method is non-compensatory prevents a specific stock's 

negative or positive performance in a given criterion from being directly compensated, which 

contributes to a more satisfactory result. This characteristic is observed when we verify that the best 

position alternatives had the best performance among all the alternatives in at least one criterion and 

performance superior or close to the average performance of the potential alternatives in all the other 

criteria. 

When addressing the portfolio issue, the model already selects the most appropriate stocks for 

the investor's preference structure. It should be noted that the alternatives selected to compose the 

portfolio do not correspond precisely to the first 5 (five) alternatives in the ranking of step I of 

PROMETHEE V. The alternative in the fourth place (A20) was not selected to compose the portfolio, 

because, if included, the risk restriction (beta) would not be met. So it would result in an average risk of 

1.048 of the portfolio, which is higher than the maximum average risk indicated by investors (1.025). 

Alternative A1 (tenth position in the ranking) was selected instead.  

Compared with the studies presented in Table 2, the proposed model differs when considering 

selecting a specific portfolio for companies in the financial segment. Thus, we seek to deepen the 

discussion on selecting the best stocks for a given investor profile, considering their reality.         

https://creativecommons.org/licenses/by-nc-sa/4.0/
http://www.revistaexacta.org.br/


 

 

358 

Exacta, 21(2), p. 337-365, abr./jun. 2023 

Carmo, B. B. T., Medeiros, P. P. M., Gonçalo, T. E. E., & Correia, G. C. (2023, abr./jun.). Framework to 
assist investment portfolio generation for financial sector 

In addition, it is observed that the literature focuses more on supporting the decision-making 

process for the short term, as Gomes (2018), Daibert (2016), Sant’Anna, Nogueira & Rabelo (2012) and 

others, and few of them concentrate on supporting the decision-making process for long-term 

investors, as Malta & De Camargos (2016), Paixão (2013) and Lyrio et al. (2015). The proposed model, 

which focuses on the long-term aspect, uses fundamentalist analysis considering technical data of the 

companies, originated directly from the management of the markets in which they are available. 

Another point that deserves to be highlighted is that the literature focuses on supporting the 

selection of stock portfolios but does not propose a capital allocation to be carried out in the suggested 

portfolio, as Gomes (2018), Daibert (2016), Mehlawat (2016) and others. Thus, the proposed model, in 

addition to defining the best portfolio, requires the best configuration of capital allocation using entire 

linear programming and considering stock prices. In this way, the decision-maker receives much more 

information to make a decision then.  

When deciding where to invest their money, the investor is faced with an extensive list of 

investment alternatives on the stock exchange. The proposed model supports this choice process by 

providing a portfolio of shares according to technical criteria, to which the investor can add others. In 

this way, the investor can filter the available options and consider those that maximize the possibility of 

gains. By proposing capital allocation, the model helps investors better understand how they can 

distribute the available funds among these portfolio alternatives, maximizing the earning potential. Such 

information is of great value, especially for long-term investors who invest in maintaining a long-term 

relationship with companies. 

Finally, when proposing the allocation of capital, the model brings a more rational point of view 

to a process that can be quite complex for the investor. Thus, the results presented in this numerical 

application make evident the advantages that the model can bring to the investor, leaving the investor's 

final decision. 

 
5 Conclusions 

 
The present research presents an investor decision support framework for the fundamentalist 

analysis approach, using the multicriteria decision support method PROMETHEE V and an entire linear 

programming model for capital allocation. The framework presented in this research fills the gap 

associated with the lack of a transparent investment analysis tool to establish an investment portfolio 

based on fundamentalist analysis. 

Accordingly, the proposed model can establish a stock portfolio based on the performance of 

the fundamentalist indicators of companies in the financial sector. Also, the method is customizable 

according to the preferences and criteria adopted by each investor, which does not occur in most 

investment analysis tools available in the market. 
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Among the limitations of the research, we highlight using a single preference function to 

calculate the degree of preference in the pairwise comparison of the alternatives. We use only the usual 

function, which may not accurately reflect the behavior of preference in some criteria. We cite, as an 

example, the case of the criterion “Net Debt”, whose logic of the criterion is minimization (the smaller, 

the better). Using the usual function for this criterion, a stock “a” that presents net debt only R $ 0.01 

(one cent) less than a stock “b” will be preferred strictly to “b”. 

We also noticed that the entire linear programming referring to capital allocation (the step after 

PROMETHEE V), while respecting the restrictions of minimum participation of 10.5% of each company 

in the total capital of the portfolio, attributed 57,46% of the available capital for the stock with the 

highest net flow in the portfolio, A12. This situation may increase the portfolio risk since a large part of 

its capital is associated with a single asset. Thus, future work may increase the minimum percentage of 

each company's participation in the portfolio or investigate the possibility of introducing new 

restrictions on the allocation of capital that result in a more uniform distribution of resources. 

The use of the average risk in the portfolio average beta constraint (PROMETHEE V - Part II) has 

limitations as there may be a correlation between the risks of two companies in the portfolio. Therefore, 

we suggest that future works investigate the possibility of using Markowitz's theory (1952) in the 

portfolio risk restriction. 

Another limitation of the research is related to the fact that the model only deals with financial 

and multiples analyzes, not being performed economic analysis and fair price evaluation of the 

company. 

In this way, as possible future works, it is suggested that studies also include economic analysis 

and evaluation of the company's fair price. For economic analysis, we suggest studying the use of 

Porter's five forces model and SWOT matrix as input data for a multicriteria method to evaluate the 

economic aspects related to the firms under analysis. 

Investors defined that the financial sector's portfolio of shares should be composed of five 

different shares in the present work. We suggest that future works study the ideal number of different 

assets for an investment portfolio composition. Finally, the development of a model that determines 

the percentage of participation of fixed income, variable income and funds in the total investment 

portfolio according to the investor's preferences is something that still needs to be studied. 

Regarding the company's fair price valuation, we suggest the methodology proposed by Correia 

Neto and Brandão (2018), which uses Monte Carlo simulation to determine the fair price. We also 

emphasize that the decision-makers' parameters for application in this work are restricted to companies 

in the financial sector. However, the proposed model can be used to analyze other sectors, provided 

that experts from the analyzed segment of the model are consulted when defining the parameters. 
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