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ABSTRACT 

Most investors have difficulty finding good companies to invest in the stock market. As there are 
several stock options, it is hard to monitor the companies’ performance. So, this thesis aims to backtest 
to validate some investments strategies. The backtest includes fixed income and variable income 
investments, but specifically stock investments.  

The analyses are made in the Brazilian market. For fixed income, we calculate the profitability obtained 
from investments in treasury bonds, using the inflation and the basic rate of the economy as indexers. 

For variable income, we test some strategies of stock selection. We analyse Joel Greenblatt magic 
formula and Ben Graham’s formula for choosing stocks. We also try to create a model to select stocks 
based on the quote and fundamental analyses.  

This project aims to automate the selection of stocks based on historical data and fundamental 
indicators. It does not claim to be a generic model, as it would be unfeasible since there are several 
points of view according to different investor’s profiles.   

The project also shows where reads can get data to create a model. Then the reader can use their 
market knowledge to modify the model and thus create a model that suits the reader's preference. 
This research will be based on the Brazilian market but may be expanded by the reader of other 
markets.  

This study is for long-term investors and not for day traders that need different tools and analysis. 
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1. INTRODUCTION 

As there are several investment’s modalities, it is hard for an investor to choose an investment strategy 

that is profitable and makes the investor comfortable. For example, the stock market trades several 

companies’ stocks, and choosing the best stocks is not an easy task. However, with the internet’s 

development and statistic techniques, all of us have more access to information that can help the 

process of choosing good companies to invest in. The following thesis explains how to use fundamental 

indicators to make company valuations. Then, based on these indicators, we can apply different 

techniques to select good companies. Some techniques were tested, and the profitability of the 

investments is presented in this project.  

One of this project’s goals is to facilitate the decision-making process for investors, since investing in 

the financial market is a way to preserve and increase the investor's capital. Thus, an investor, 

especially the small and novice investor, should not spend a lot of time with the task of choosing the 

investment, but spend time with his profession which is the real income generator. Only when the 

investor has more money, he should consider the small variations of the market. 

Therefore, this work is important because it allows simplifying the selection and investment process.  

1.1. BACKGROUND AND PROBLEM IDENTIFICATION 

Often Investors, especially the new ones, face the question “how can I choose good companies to 

invest in?”. Investors search on the internet for recommendations or pay for specialized companies to 

recommend some good stocks to invest in. Furthermore, the market has several companies, and it is 

hard to analyse all of them to select the best ones.  

The objective of this work is to test different investment strategies and compare the performance over 

a period of 5 years. In addition, some techniques that can help in the selection of stocks will be 

presented.    

We cannot expect the media to provide us tips for choosing good companies. That is because, in an 

efficient market, when recommendations show up on news the price is already adjusted, and it can be 

too late to invest. 

The investor also needs to be careful with certain stock purchase recommendations. Nowadays, there 

are several YouTube channels making stock purchase recommendations. Recommendations can only 

be made by certified professionals. That is because there are malicious investment recommendations, 

not all of them, but investors need to be aware. For example, a Youtuber can buy a share of company 

X, then make a recommendation on his channel. The listeners who believe him will also buy the shares 

of company X. As a consequence, the demand for the stock will increase and the stock price will raise 

as well, generating profit for the Youtuber that bought the shares first. 
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1.2. 1.2 STUDY OBJECTIVES 

The main goal of this study is to validate some investments strategies. Using a backtest with 5-year 

historical data, we evaluated fixed and variable income investment strategies. This helps the investor 

to understand the types of investments and their returns.  

In fixed-income investments, we compare treasury bonds investments using the indexers Selic rate 

and IPCA index. 

For variable income, we compare the performance of the magic formula for choosing stocks of Joel 
Greenblatt, the Ben Graham formula for choosing stocks, and a machine learning model created using 
times series and linear regression. These two techniques are widely used by investment 
recommendation companies. We also compare the model performance with some indexes. 

The machine learning models were created based on the history of fundamental information and 
stock´s prices. We use a times series to predict the future price and use this prediction with 
fundamental indicators in a multiple linear regression that aims to predict the return of the investment. 

Thus, the variable target of the model is the return, and the independent variables are the price 

forecasted, and fundamental metrics such as ROE, revenue, etc.   

The model does not claim to be generic so that all investors use the same methodology because once 

an investment recommendation is widely followed, the company's stock price will quickly become 

expensive and unviable for purchase. So, readers can adapt the models based on their knowledge and 

experience.  

The stock’s prices were extracted from yahoo-finance using python. For the fundamental dataset, one 

part we extracted manually from https://fundamentus.com.br/ and the other part from the python 

package called fundamentos. To model, we used 1 year of history and 5 years for backtest. For the 

remaining strategies that do not require training, we make the 5 years of backtest. 

Some companies offer investors models and investment recommendations, and this research aims to 

help investors as those companies do. For example, the company Smarttinvest 

(https://smarttinvest.com/carteiras-recomendadas/) works with portfolio recommendations. 

Recently, this company launched an artificial intelligence that selects stocks and analyses the 

portfolio's performance. Every 3 months, this artificial intelligence reviews and repurchases the shares. 

All the process is automated, and the investor does not have to worry about anything.  

Another company that has a model for investment is the GuiaInvest (https://site.guiainvest.com.br/ ). 

This company create the GI Score (Guia Invest Score) and based on fundamental analysis, gives a score 

for each Brazilian company that has shares on the stock exchange. Thus, investors can use this score 

to support their decision.   

https://fundamentus.com.br/
https://smarttinvest.com/carteiras-recomendadas/
https://site.guiainvest.com.br/
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2. LITERATURE REVIEW 

This chapter presents the most relevant literature for this work. There is a great amount of literature 
about investment which includes a lot of different approaches. During the writing of this thesis 
different studies were read and analysed to understand which approaches should be followed and 
which type of strategies should be used.  

The first step to know how to invest is to understand how a company is managed and what is the main 
indicators the investors need to pay attention to. These topics are well covered in Epstein (2009), 
Zanini & Zani (2009), Neto (2017), and Diniz (2015).  

After understanding how a company is managed, the investor has the difficult task that is choosing 
some stocks among several options. For this purpose, there are some methodologies to filter which 
companies have been better managed and could be a good investment option. 

Using fundamental analysis, Graham (2003) and Greenblatt (2010) proposed a formula to select stocks.  
The Graham proposal is based on the fair share price, according to Graham. It is possible to verify if a 
stock is cheap or expensive using the Graham number that is calculated based on Earnings per Share 
(EPS) and Book Value per Share (BVPS). The Graham number is the maximum price that an investor 
should pay for a stock. Then, an investor only should buy a stock if it has a fair price. However, other 
great investors, like Warren Buffett, believe that in the long-run investors should not be worried about 
stock price but should choose companies with good fundamentals (Hagstrom, R. G. (2014)). Warren 
Buffett said investors should buy a stock because they believe on the business, not because they want 
the price to go up.  

The Greenblatt Magic Formula consists of identifying, in a simple way, companies listed on the stock 
exchange that have high value and solid fundamentals, but that are being traded at lower prices in the 
market. The identification of these opportunities is obtained from the creation of a ranking. The raking 
is composed by the Return on Equity (ROE) and the Price Earnings Ratio (PER).  

In addition to these 4 fundamentalist indicators mentioned, there are others that can be used to 
evaluate the companies. Debastiani & Russo (2017) presents several indicators. It shows how the 
indicators are calculated and how to interpret the results to make a proper company valuation. 
Furthermore, it gives a short explanation about macroeconomy and the investment sectors.    

In order to test the efficiency of the methods to choose stocks, a backtest was done using python and 
a historic dataset. Tatsat & Lookabaugh (2020) is a great reference for machine learning for finance 
using python. It focuses on practice, gives a short explanation about the machine learning models, 
shows how to create a python code and how to interpret the results. It covers several models such as 
the autoregressive integrated moving average (ARIMA) and the Long short-term memory (LSTM). For 
those who do not know how to program in python, we recommend Bhasin (2019) and MacDonald & 
Blanchette (2019).    

The ARIMA model was published by Box and Jenkins in 1976. This model emphasizes the analysis of 
probabilistic properties to make predictions and can be used to predict the stock price. This 
methodology consists of adjusting integrated autoregressive models of moving averages. This model 
was not developed based on economic theory, but statistical techniques were used to create the 
ARIMA methodology to predict the future values, Hull (2018).  

This is not the only model used for price prediction, Tatsat & Lookabaugh (2020) have a deep learning 
approach to time series modelling, it approaches the LSTM that is a recurrent neural network model 
and can be used for time series forecasting. The recurrent neural networks are widely used for 
problems with unstructured sequential data, such as natural language processing and speech 
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recognition, but their characteristics are interesting for any problem with a sequence character, which 
is the stock price prediction case.  

Another technique used for forecasting time series is the Prophet (Žunić, Korjenić, Hodžić, & Đonko 
(2020)). This is a procedure based on an additive model where non-linear trends are fit. It has a good 
performance with time series that have strong seasonal effects and several seasons of historical data. 
Prophet is robust to handle with outliers. For better understanding Lewinson (2020) And Korstanje 
(2021) can be consulted.  

As one of the objectives of this project is to create a model to select stocks based on the return, a 
model that has a continuous target is required. Tatsat & Lookabaugh (2020) also address this type of 
model, the multivariate regression model. Multiple regression is a statistical technique to build models 
that reasonably describe relationships between various explanatory variables of a given process. This 
kind of model was important to build the final model. Other techniques can be consulted on Cao 
(2020). 
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3. Theoretical approach 

Initially, it is important to briefly present the valuation and model concepts that will be used in this 
research. First of all, we explain about valuation and some accounting concepts that help 
understanding how companies are managed. The goal is not giving an extensive course about 
valuation, for those who want to want to dive deeper into the subject, we recommend consulting 
Debastiani & Russo (2017) and Antonik & Damodaram (2017). 

Then we explain the formulas used to select shares by Greenblatt and Graham. Finally, we explain the 
statistical concepts used in the models that we created to select shares.      

3.1.    VALUATION  

Valuation is a methodology that helps us calculate the companies’ value. In this way, the entrepreneur 
can seek investments and even find out what a fair price would be if he ever puts his business up for 
sale. On the other hand, investors can project the value of the company's shares into the future, 
estimating the return that it may have if they invest in that company. 

For the stock investor, it is important to compare the company’s fair value and how much the market 
is paying for it. So, it is possible to know if the shares are expensive or not. 

To understand how valuation works, it is necessary to know some accounting concepts like income 
statements and balance sheets.  

3.1.1.    Balance Sheet 

A balance Sheet is a report that demonstrates clearly and accurately the financial situation of a 
company. For such, all business’ assets and liabilities are considered, that is, its assets, debts, and 
profits. 

In assets are included cash on hand and receivables, in addition to movable and immovable property. 
In liabilities we find accounts payable, labour obligations, and long-term debt, for example. 

For a clearer understanding of how the Balance Sheet is composed, see an example structure Table 
3.1 

Balance Sheet 

Assets  Amount Liabilities  Amount 

        

Current Assets   Current Liabilities    

Cash $ Accounts payable $ 

Accounts receivables $ Short-term notes $ 

Temporary investment $ Interest payable $ 

Inventory $ Accrued payable $ 

Prepaid expenses $ Taxes payable $ 

Total Current Assets $$ Total Current Liabilities $$ 

    

Fixed Assets   Long-term Liabilities   

Long-term investments $ Mortgage $ 

Land $ Other long-term liabilities $ 

Buildings $ Total Long-Term Liabilities $$ 
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Plant and equipment $     

Furniture and fixtures $ Capital stock $ 

Total Net Fixed Assets $$ Retained earnings $ 

  Total Shareholders’ Equity $$ 

 Table 3-1. Balance Sheet 

3.1.2.    Income Statement 

An income Statement is a summary of the company's financial operations in a certain period (usually, 
it is considered the calendar of 1 year) to make clear whether the company made a profit or loss. 

The income statement is basically composed by:  

• Gross Revenue (or billing): is all entries, everything that was sold (products or services). 

• Net Revenue: Gross Revenue minus taxes, discounts, and returns. 

• Gross Profit: considers only variable costs related to production, such as raw material. It is 
calculated by Gross Revenue - production costs 

• Net Profit: it considers the remaining costs such as food, rent or mortgage payment, employee 
salaries, and so on. It is calculated by Gross Profit - Business Costs.  

We compare these amounts making the quarter against quarter or year against year to check whether 
the company is growing or not. 

For a better understanding of how the Income Statement is composed, see an example structure Table 
3.2: 

Income Statement 

Gross revenue   1,000,000  

(-) Deductions           1,000  

(-) Returns              100  

(-) Rebates and taxes                50  

(-) Taxes         40,000  

Net revenue      958,850  

(-) Costs of goods sold         30,000  

Gross profit      928,850  

(-) Costs of goods sold         30,000  

Net profit      898,850  

Table 3-2. Income Statement  

 

3.1.3.  Fundamentalist Multiples 

Fundamentalist multiples are indicators extracted from companies reports and market information 
that can be used as a parameter to identify stock purchase opportunities that are supposedly 
discounted. Remember that "discounted shares" are those in which the market is trading below the 
price it is fair value. There are several indicators, but they can be grouped into categories like:  

• profitability index: in this group, we have for example the net margin, gross margin, and so 
on.  

• return index: in this group, we have indicators like Return on equity, return on assets, and so 
on.   
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• liquidity index: in this, we have current liquidity, general liquidity, and so on.   

• debt index: in this, we have general debt, third-party capital guarantee, and so on.   

As there is an extensive list of indicators, in this research, we only detail the indicators that are used in 
the models. For those who want to go deeper into the subject, we recommend consulting Debastiani 
& Russo (2017) and Antonik & Damodaram (2017). 

The multiples used in de models are as follows:  

• Net Margin: that demonstrates whether a company is well managed. Thus, knowing the net 
margin is more than essential for any owner, director, or shareholder of a company. After all, 
it can be a factor that will improve business performance. 
Companies with a very tight net margin are in danger because the expenses to generate profit 
are high. Usually, a comparison is made in the same segment because the costs are different. 
Net Margin is calculated by 

𝐍𝐞𝐭 𝐌𝐚𝐫𝐠𝐢𝐧 =  
𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒 

Net Revenue (𝑎𝑛𝑛𝑢𝑎𝑙)
 

 

As companies report the results quarterly, the annualized net revenue is calculated by 
summing up the actual net revenue and the 3 last net revenue.   

• Return on Equity (ROE): is an indicator that relates a company's profit to its net equity, the 
main market managers consider a good ROE to be above 15% per year. The formula to 
calculate the ROE is  

𝑅𝑂𝐸 =  
𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒 (𝑎𝑛𝑛𝑢𝑎𝑙)

𝑛𝑒𝑡 𝑒𝑞𝑢𝑖𝑡𝑦
 

 

• Earnings Per Share (EPS): is a quotient that serves as an indicator of an organization's 
profitability by shares. The earnings per share indicator is one of the most important for 
determining the fair share price of a company.  

𝐸𝑃𝑆 =  
𝑁𝑒𝑡 𝑃𝑟𝑜𝑓𝑖𝑡𝑦

𝑆ℎ𝑎𝑟𝑒 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 
 

 

• Price to Earnings (PE):  is an indicator that relates the market value of a share to the profit 
presented.  It is calculated using the formula:   

𝑃𝐸 =  
𝑆𝑡𝑜𝑐𝑘 𝑃𝑟𝑖𝑐𝑒

𝐸𝑃𝑆
 

 

Some market managers consider it as cheap if PE is lower than 10, as just price if PE is between 
10 and 20, and expensive if PE is higher than 20.   
 

• Current Liquidity (CL): is an indicator used to measure a company's capacity, in short term, to 
pay all its obligations. 
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𝐶𝐿 =  
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝑠𝑠𝑒𝑡𝑠 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
 

 

• Book Value Per Share (BVPS): indicates the value of a company's equity distributed among the 
traded shares. The number allows the comparison between market and equity value. 
Analysing the BVPS, investors can verify whether the price charged in the market is within their 
expectations. In addition, negotiators have more clarity about the appropriate time to buy and 
sell the papers. 
 

BVPS =  
𝑁𝑒𝑡 𝑊𝑜𝑟𝑡ℎ 

𝑆ℎ𝑎𝑟𝑒𝑠 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦
 

 
 

• Debt Per Net Equity (D/E): calculates the percentage of debt over the company´s net equity. 
The main market managers consider a good D/E lower than 0.5%. 

𝐷/𝐸 =  
𝐷𝑒𝑏𝑡𝑠

𝑁𝑒𝑡 𝐸𝑞𝑢𝑖𝑡𝑦
 

 

• Earnings Before Interest and Taxes (EBIT): is an operating result that encompasses all 
operating expenses and expenses, as well as, for example, also amortization and depreciation, 
which are operating costs (they differ from operating expenses because they do not imply cash 
outflows). This is an indicator widely used, but can be a trap, some analysts use it to assess the 
cash potential of companies, but the problem is that if the company has a high level of 
indebtedness and is paying a lot of interest, the EBITD may be good, but the net profit will be 
bad.  
In this research, we do not show how it is calculated because it is extensive, and companies 
report the indicator.  
 

3.2.   GREENBLATT'S MAGIC FORMULA TO SELECT STOCK 

To have a magic formula for choosing the best stocks to invest is most investors around the world’s 
desire. And that is exactly what Joel Greenblatt proposed, the so-called “Greenblatt Magic Formula”, 
which ranks stocks using a set of fundamentalist indicators and allows investors to evaluate and 
identify the best stock options for investment.  

The American Joel Greenblatt is a manager of Hedge Funds and a professor at Columbia Business 
School. Greenblatt. However, is best known for his book The Little Book That Beats The Market, 
Greenblatt (2010). The simple investment formula created by the academic and investor was 
introduced in this book.  

This method is quite curious and worth knowing. We are going to explain how it works and how to 
apply this magic formula when choosing the assets that will make up your equity investment portfolio. 

Greenblatt's Magic Formula consists of simply identifying companies listed on a stock exchange that 
have high value and solid fundamentals, but which are trading at the lowest prices in the market. The 
method creates a ranking to classify the companies.  
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The first step to run the formula is to delete the companies that give a negative net profit accumulated 
in 12 months. That is because Greenblatt believes we are not interested in investing in companies with 
negative net profit. 

The formula uses ROE and PE that was explained in the previous chapter, and the formula is expressed 
by:  

𝐆𝐫𝐞𝐞𝐧𝐛𝐥𝐚𝐭𝐭 =  𝐒𝐜𝐨𝐫𝐞 𝐏𝐄 +  𝐒𝐜𝐨𝐫𝐞 𝐑𝐎𝐄 

Where the score roe is calculated using the ROE in descent sorting and score PE is calculated using the 
PE in ascending order as explained below.  

After having ROE and PE calculated for all companies, we need to calculate the Score PE and score ROE. 
And finally sum up these two scores.  

Score PE is calculated by sorting the PE from largest to smallest and assigning the weight 1 to the 
highest PE, 2 to the second highest and so on. For example, we selected 10 stocks, and calculate the 
score PE as seen in Table 3.3. If the company is expensive, the PE will be higher. So, the technique 
seeks to remove companies to which the price has risen a lot. 

On the other hand, the score ROE is similarly calculated but the weights are reversed, i.e., the smallest 
roe gets weight 1, the second smallest gets weight 2, and so on. See the example in Table 3.4. 

Finally, we sum up the two scores and sort from the highest to the smallest.  In our example, the better 
company is the VALE3, see the Table 3.5.  
 

Stock Price PE ROE Score PE 

MGLU3 18.9 161.79 10.7% 1 

WEGE3 36.25 46.31 27.5% 2 

YDUQ3 24.85 45.31 5.2% 3 

VIVA3  32.27 35.55 17.1% 4 

INTB3 28.54 19.64 26.2% 5 

B3SA3 14.05 18.38 20.6% 6 

ABEV3 16.56 17.89 18.5% 7 

ENGI3 15.54 11.28 30.5% 8 

VALE3 98.61 5.72 43.7% 9 

PETR3 27.3 3.48 28.8% 10 

Table 3-3. Score PE 

 

Stock Price PE ROE 
Score 

PE 
Score 
ROE 

YDUQ3 24.85 45.31 5.2% 3 1 

MGLU3 18.9 161.79 10.7% 1 2 

VIVA3  32.27 35.55 17.1% 4 3 

ABEV3 16.56 17.89 18.5% 7 4 

B3SA3 14.05 18.38 20.6% 6 5 

INTB3 28.54 19.64 26.2% 5 6 

WEGE3 36.25 46.31 27.5% 2 7 

PETR3 27.3 3.48 28.8% 10 8 

https://fundamentus.com.br/detalhes.php?papel=MGLU3
https://fundamentus.com.br/detalhes.php?papel=WEGE3
https://fundamentus.com.br/detalhes.php?papel=YDUQ3
https://fundamentus.com.br/detalhes.php?papel=VIVA3
https://fundamentus.com.br/detalhes.php?papel=INTB3
https://fundamentus.com.br/detalhes.php?papel=B3SA3
https://fundamentus.com.br/detalhes.php?papel=ABEV3
https://fundamentus.com.br/detalhes.php?papel=ENGI3
https://fundamentus.com.br/detalhes.php?papel=VALE3
https://fundamentus.com.br/detalhes.php?papel=PETR3
https://fundamentus.com.br/detalhes.php?papel=YDUQ3
https://fundamentus.com.br/detalhes.php?papel=MGLU3
https://fundamentus.com.br/detalhes.php?papel=VIVA3
https://fundamentus.com.br/detalhes.php?papel=ABEV3
https://fundamentus.com.br/detalhes.php?papel=B3SA3
https://fundamentus.com.br/detalhes.php?papel=INTB3
https://fundamentus.com.br/detalhes.php?papel=WEGE3
https://fundamentus.com.br/detalhes.php?papel=PETR3
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ENGI3 15.54 11.28 30.5% 8 9 

VALE3 98.61 5.72 43.7% 9 10 

Table 3-4. Score ROE 

 

Stock Price PE ROE 
Score 

PE 
Score 
ROE 

Score 
Joel 

VALE3 98.61 5.72 43.7% 9 10 19 

PETR3 27.3 3.48 28.8% 10 8 18 

ENGI3 15.54 11.28 30.5% 8 9 17 

ABEV3 16.56 17.89 18.5% 7 4 11 

B3SA3 14.05 18.38 20.6% 6 5 11 

INTB3 28.54 19.64 26.2% 5 6 11 

WEGE3 36.25 46.31 27.5% 2 7 9 

VIVA3  32.27 35.55 17.1% 4 3 7 

YDUQ3 24.85 45.31 5.2% 3 1 4 

MGLU3 18.9 161.79 10.7% 1 2 3 

Table 3-5. Score Joel 

In addition to these calculations, we must consider some important points. Before making the 
calculations, it is important to eliminate companies that did not make a profit. That is, PE must be 
greater than zero. And after applying the method and selecting the best companies, the investor 
should study the best among these companies and avoid investing in companies from the same sector. 
For the comparisons in this research, we considered just the top 10 companies. 

 

3.3.   BEN GRAHAM FORMULA 

Benjamin Graham was born on May 9, 1894, in London. After graduating from Columbia University, 
Graham began working on Wall Street. In the beginning, he was responsible for small services, such as 
delivering documents and describing the issue of bonds.  

However, in a short time he stood out and began to exercise the role of analysing the financial health 
of companies. Later, at the age of 26, Graham became a partner in the company. Three years later, he 
decided to leave the company along with Jerry Newman and open the Graham and Newman company 
in 1926. Two years later, he began teaching investment classes at Columbia University.  

In partnership with a former student, David Dodd, Graham wrote the book Security Analysis, which 
has become a classic in the investment world. He later teamed up with Dodd again to write another 
classic: The Smart Investor.  

Graham has developed a company valuation method based on the intrinsic value of a stock. Intrinsic 
value can be understood as the fair price of a share. Therefore, this price will not always be equal to 
the market quotation. In other words, a stock may be quoted at one price and have a different intrinsic 
value. 

This is because this methodology focuses on Valuation, that is, on what the company is worth and not 
on how much the stock is being traded. As Warren Buffett would say: 

"The price is what you pay, the value is what you get." 

https://fundamentus.com.br/detalhes.php?papel=ENGI3
https://fundamentus.com.br/detalhes.php?papel=VALE3
https://fundamentus.com.br/detalhes.php?papel=VALE3
https://fundamentus.com.br/detalhes.php?papel=PETR3
https://fundamentus.com.br/detalhes.php?papel=ENGI3
https://fundamentus.com.br/detalhes.php?papel=ABEV3
https://fundamentus.com.br/detalhes.php?papel=B3SA3
https://fundamentus.com.br/detalhes.php?papel=INTB3
https://fundamentus.com.br/detalhes.php?papel=WEGE3
https://fundamentus.com.br/detalhes.php?papel=VIVA3
https://fundamentus.com.br/detalhes.php?papel=YDUQ3
https://fundamentus.com.br/detalhes.php?papel=MGLU3
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After calculating and finding the fair price of an asset, investors have on their hands a tool to help them 
build their investment portfolio. For this, the investor must choose assets to which the current price is 
lower than the one calculated by him.  

However, the intrinsic value analysis of stocks tends to have a certain subjectivity, thus it is not a fixed 
or standard number. Therefore, it fluctuates within a range of values and over time. Stocks traded 
below their intrinsic value can offer good buying opportunities, as they offer less risk to the investor. 

Benjamin Graham presents the flowing method to calculate the intrinsic value (IV) of a stock:  

 

𝑰𝑽 =  √𝟐𝟐. 𝟓 𝒙 𝑬𝑷𝑺 𝒙 𝑩𝑽𝑷𝑺  

Benjamin Graham defined the criteria that a stock should not have the relation Price per Book Value 
Per Share (BVPS) higher than 15 and Price per Earnings Per Share (EPS) higher than 1.5. So, if we 
multiply 15 by 1.5, we have 22.5. Hence, he understands that the relation between EPS and BVPS 
should not be higher than 22.5.  

To have IV formula, observe wthat Graham made: 

  

𝐼𝑉 =  √ 
𝑃𝑟𝑖𝑐𝑒

𝐵𝑉𝑃𝑆
 𝑥 

𝑃𝑟𝑖𝑐𝑒

𝐸𝑃𝑆
 𝑥 𝐸𝑃𝑆 𝑥 𝐵𝑉𝑃𝑆    =  √15 𝑥 1.5 𝑥 𝐸𝑃𝑆 𝑥 𝐵𝑉𝑃𝑆                   

In this equation, Grahan is comparing the ideal relation (first part) with the real situation. It is necessary 
to apply the square root because the price is squared.  

However, it is noteworthy that this method does not work for all types of companies, this calculation 
being more accurate for companies that have constant profits.  

 

3.4.   SELIC RATE 

The Selic rate, also known as the “basic interest rate”, is an acronym for the (Sistema Especial de 

Liquidação e Custódia) Special System for Settlement and Custody, a liquidity control mechanism that 

the Central Bank uses to determine the amount of money in the economy. 

Through the Monetary Policy Committee (Copom), the Central Bank of Brazil decides on the new Selic 

index. The Copom is a group composed of eight members of the Central Bank that jointly decide the 

interest rate of the economy.  

Currently, in a decision released on December 8, 2021, the Copom raised the Selic rate to 9.25% per 

year.  

In short, the Selic is the rate that determines the cost of borrowing by banks with other institutions 

and with the Central Bank.  Eventually, when there are more cash outflows than inflows, banks run the 

risk of closing the day with cash on the red. To avoid it, they need to take out loans with other financial 

institutions or even with the Central Bank – and the Selic rate is used for these operations. If Selic 

determines the cost that the banks will have with loans, it is easy to imagine that, when it gets higher, 

they tend to take less credit from other institutions or the Central Bank, since they are more expensive.   
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As a result, it is normal for banks to transfer this increase to loans or financing granted to individuals 

and companies. 

Investors can also benefit from the increase in the Selic rate. The Brazilian government issues public 

debt bonds pegged to the Selic rate 

3.5.   IPCA INDEX  

The IPCA (Índice de Preços ao Consumidor Amplo - Broad Consumer Price Index) is one of the most 

traditional and important inflation indexes in Brazil. Created in 1979, the indicator has a simple reason 

to exist: measuring the price variation of a set of products and services sold in retail and consumed by 

Brazilian families. The indicator aims to cover 90% of people living in urban areas in the country - and 

that is precisely why it is called "broad".  

The result of the account indicates whether, on average, prices increased, decreased, or remained 

stable from one month to the next. 

The target of the IPCA methodology is families with incomes from 1 to 40 minimum wages, whatever 

their source of income. To arrive at the inflation rate, prices are collected between the 1st and 30th of 

each month in stores and service establishments, public service concessionaires (such as water or 

electricity), in addition to the internet. 

The basket of products and services surveyed monthly involves items of different natures. Rice and 

beans are accounted, of course, but also medical appointments, school fees, electronic devices, and 

leisure activities. Each one has a greater or lesser weight depending on its presence in the Brazilian’s 

population average consumption basket. Thus, items related to food usually have a greater weight 

than, for example, communication or clothing. 

The IPCA is part of an important monetary policy strategy in Brazil. It is the benchmark for the inflation 

targeting system, created in 1999. Under this system, the country is committed to adopting strategies 

to keep inflation within a range periodically fixed by the National Monetary Council (CMN). 

In 2020, the target was 4% per year, with a tolerance range of 1.5 percentage points up or down. The 

target will be considered fulfilled, therefore, if at the end of the year the accumulated IPCA is within 

the range between 2.5% and 5.5%.  

The main tool that the Central Bank must enforce to the inflation target is the interest rate. Therefore, 

the Selic (basic interest rate of the Brazilian economy) is increased when prices start to rise 

dangerously. Higher rates tend to make credit more expensive and curb consumption. When prices 

are under control, the Central Bank has more freedom to reduce interest rates and stimulate the 

economy. 

If the measures are not sufficient and the IPCA ends the year at a level above the target system, the 

president of the Central Bank must explain himself to the Minister of Finance, indicating what actions 

will be taken to bring inflation back to the range of tolerance, and in how long. 

As an investor, there are many different types of investments that track inflation, especially the IPCA.  
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3.6.   IBOVESPA  

The Ibovespa is the main performance indicator for shares traded on B3 and brings together the most 

important companies in the Brazilian capital market. It was created in 1968 and, over these 50 years, 

it has established itself as a reference for investors around the world. 

Reassessed every four months, the index is the result of a theoretical asset portfolio. It comprises 

shares of companies listed on B3 that meet the criteria described in its methodology, corresponding 

to approximately 80% of the number of trades and financial volume in the Brazilian capital market. The 

Ibovespa index is represented in points of a theoretical portfolio. However, it is not possible to invest 

directly in Ibovespa points, but it is possible to buy ETF (Exchange Traded Funds). The ETFs are papers 

that reproduce a certain Index. In this case, the Ibovespa Index ETF is BOVA11, and it is possible to 

trade it as if it were a stock.  

 

3.7.   TIMES SERIES  

A time series analysis focuses on extracting statistically significant information from the data, and time 

series forecasting is applied to create a model that predicts future values, using previously observed 

values as basis. 

When we are working with time series analysis, some important steps must be followed. One of the 

first and most critical aspects, is plotting the data on a graph from the beginning. This way, some 

characteristics of the time series can be observed, and the researcher can understand more about the 

type of data under deliberation. From the graph of the data, one can detect the existence of a trend in 

the data, which means that the data must be observed, and downward or upward movements 

overtime must be discerned.  

Another important aspect is the presence of seasonality in the data, which means that some patterns 

repeat themselves over time. This part is important for a variety of forecasting methods, as some of 

them are not capable of handling seasonality and must be removed before the forecasting procedure. 

Outliers are other issues that must be analysed in a time series. The occurrence of outliers is 

particularly important in regression models and can even change the efficiency of the model. The 

variance must also be analysed to understand if the data varies over time, or if the variance is constant, 

which can sometimes be difficult to identify when considering only the plot of the data.  

In this project, we decided to use a times series developed by Facebook called Facebook Prophet. 

3.7.1. Facebook Prophet   

In February 2017, Facebook Research launched an open-source tool for forecasting, the Facebook 

Prophet. The tool is available on GitHub for use in Python or R (https://github.com/facebook/prophet).  

The community of Data Scientists around the world loved the idea, as they were also invited to 

contribute to the tool. And on top of that, they had the possibility to use a tool developed by Facebook 

based on their pains and needs that generated learning and a fantastic tool.  

https://github.com/facebook/prophet
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Prophet, an open-source software released by Facebook's Core Data Science team, is a procedure 

designed to predict time series data based on an additive model in which non-linear trends adjust for 

annual, weekly, and daily seasonality, in addition to the effects of holidays. Works best with time series 

with strong seasonal effects and multiple seasons of historical data. Prophet is robust to missing data 

and changes in trends and typically handles outliers well. According to Taylor & Letham (2018), Prophet 

is used in many apps on Facebook to produce reliable predictions and performs better than any other 

approach in most cases. 

The standard implementation uses a univariate model, where only one variable, time, is used to 

forecast results. The forecast is achieved as below: 

𝒚(𝒕) =  𝒈(𝒕) + 𝒔(𝒕) + 𝒉(𝒕) + ε 

• y(t) is the target variable, the value that is being predicted 

• g(t) is the trend factor. 

• s(t) is the seasonality component. It will vary depending upon the periodicity of the data (intra-

daily, weekly, and yearly seasonality). 

• h(t) is the holidays component. Prophet allows for custom holidays that may impact the model. 

• ε is our error term, these are assumed to be normally random distributed variables.  

The times series was implemented in python, and we can use it installing the package Prophet using 

the command pip install Prophet. For those interested in understanding more about the math behind 

the model, we recommend reading the article Taylor & Letham (2017).   

 

3.8.   BACKTEST 

Backtest is the testing of a model using historical data. 

In the financial market, backtesting refers to testing an investment strategy using past market data, 

and its objective is to estimate how that strategy would have behaved in a given period in the past. To 

best achieve this goal, the backtest needs to simulate past market conditions with as much detail as 

possible.  

The analysis of the results of a backtesting must be done with great care, as a superficial analysis can 

end up choosing a strategy that will not perform well in the future. First, it should always be kept in 

mind that the objective is to find a good investment strategy for whatever situation, not to select the 

best strategy in the tested period. 
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4. METHODOLOGY 

As previously described, the main objective of the study is to analyse different types of investment 
strategies and try to create a strategy using times series, that is, combine a times series model with a 
linear regression with the goal of scoring companies. To validate the strategies' performances, we 
made a backtest using a five-year historical dataset.  

The strategies tested in this work are: fixed income investment using the Brazilian basic economic rate 
(Selic) and using the IPCA; variable income investment selecting stocks using the magic formula of Joel 
Greenblatt, the Ben Graham formula, and investing on the index. Finally, trying to create a model for 
choosing stocks using machine learning techniques. 

All analyses are based on the Brazilian market and the methodology will follow these steps:  

• Problem definition  

• Explanation of the mathematics concepts 

• Dataset preparation 

• Modelling 

• Results evaluation 

 

4.1. 3.1 PROBLEM DEFINITION  

The problem definition is an essential point. It helps to define all the steps of the study. The model and 
analysis of this study are relevant to the stock market. It is also important for investors and other 
researchers that are trying to understand better the stock market and trying to have greater return on 
investments. Additionally, the problem definition also helps delimitate the basis of this work. As there 
are so many investments strategies in the market, the investors have difficulty to select the best 
opportunities to invest. Joel Greenblatt and Ben Graham proposed a mathematical equation to help 
investors to choose stocks, but they were created based on the American market. Then, we are going 
to validate these methods in the Brazilian market.  

 

4.2. 3.2 EXPLANATION OF CONCEPTS  

We present a brief explanation of the main financial and statistical concepts used in this work. We 
present fundamental concepts of Balance Sheet, Income Statement, indicators such as ROE, PER, etc.  
Furthermore, we present the magic formula of Joel Greenblatt and the Ben Graham formula which are 
deterministic models. In the statistical part, we explain the fakebook’s prophet algorithm that we use 
to predict the future price that will be one variable of the model. We also give a brief explanation of 
linear regression used to create a return model. 

 

4.3. 3.3 DATASET PREPARATION 

The dataset preparation is one of the hardest parts of the project because there are few data sources 
to extract the historical fundamental dataset. Since the goal is to make backtests to analyse the 
company’s performance, we need to extract the historical data. For this purpose, we extract 6 years 
(Mar/2014 until Mar/2021) of fundamentalist data and 6 years of price. We are going to use 5 years 
for backtest and 1 year to train models.    
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First, we extract from the site https://fundamentus.com.br a list of all companies that have stocks in 
the Brazilian market. We have a total of 506 codes and 350 companies. That is because each company 
can sell a different type of stock as described in table 4.1. So, the same company can sell more than 1 
type of stock. For example, the company Gerdau, has the codes GGBR4 and GGBR3, each paper has a 
different price in the market, but it is the same company with the same fundamental indicators.   

Code Type Example 

3 Common  VALE3 

4 Preferred  GGBR4 

5 Preferred Class A USIM5 

6 Preferred Class B ELET6 

11 BDRs, ETF, and Units BOVA11 

Table 4-1. Type of stocks 

After having the company´s codes, we try to extract the historical fundamental dataset from the 

python package fundamentos (https://pypi.org/project/fundamentos). However, there are several 

missing dates. So, we only used the variable quantity of share. The code used to extract the 

fundamental indicators using the python fundamentos package are presented in the appendix 9.2 and 

9.3.   

For the other variables, we extract all balance sheet and income statement from 

https://fundamentus.com.br and create the indicators needed to create the models. The extraction 

was made one by one manually. So, there is no code to reproduce process.   

As some companies were not found on the site, it was not possible to do the test using all companies 

listed on the stock exchanges market. 

Furthermore, some companies have few trading on the stock exchange and that is why they were 

removed from the study because, as will be explained later, every 3 months, the portfolio is rebalanced 

and these companies do not have trading during the rebalancing period, making it difficult to 

performance the analysis. The list of companies deleted for having few trading are in the appendix.  

At the end, our dataset remains with 429 codes and 312 companies. The final dataset is available in 

the GitHub (https://github.com/jonavicius-marcio/master). 

We also mapped the sector and subsector using the website https://fundamentus.com.br and it is 

shown in the Table 4.2 and Table 4.3. 

 

Sector Quantity 

Basic materials 48 

Industrial goods 68 

Communications 7 

Cyclic consumption 121 

Financial 88 

Health 13 

Information Technology 11 

https://fundamentus.com.br/
https://pypi.org/project/fundamentos
https://fundamentus.com.br/
https://github.com/jonavicius-marcio/master
https://fundamentus.com.br/
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Non-cyclical 
consumption 38 

Oil, gas, and biofuels 11 

Public utility 86 

Table 4-2. Shares Sector  

Sector Quantity 

Agriculture 6 

Cars and motorcycles 3 

Chemicals 13 

Clothing and footwear fabrics 31 

Commerce 23 

Commerce and Distribution 13 

Computers and equipment 2 

Construction 26 

Construction and engineering 14 

Drinks 1 

Electricity 76 

financial intermediaries 49 

Gas 3 

Hotels and Restaurants 3 

Housewares 10 

Machines and equipment 16 

Medical-hospital services analysis and diagnosis 9 

Medicines and other products 4 

Mining 7 

Miscellaneous 17 

Miscellaneous financial services 5 

Miscellaneous services 7 

Oil, gas, and biofuels 11 

Others 5 

packaging 2 

pension and insurance 14 

Personal use and cleaning products 5 

processed food 13 

Programs and Services 8 

real estate exploration 16 

Steel and metallurgy 16 

Telecommunications 7 

Transport 19 

transport material 12 

Travel and leisure 8 

Water and sanitation 7 

wood and paper 10 

Table 4-3. Shares Subsector 
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The sector is import to diversification. If investor buys 10 stocks from the same sector, and this factor 

is negatively impacted by some uncontrolled factor, them all the 10 stocks will be impacted as well. In 

this project we only try to use this variable for the model we try to create. For Grahan formula and Joel 

formula, we won´t consider the sector to simulation, but as these formulas show the best stocks, the 

investors should consider taking a look in the sector as well to diversify its stock portfolio. That means, 

if the investor buy a stock of oil, them he should consider not buying other stocks that depends on the 

oils as well, like transport.     

For extract quotes, we use the python package yfinance. It gives the price by working day of the stocks 

that we choose, and we can select the range's period. It gives us until 10 years of historical date. We 

also used this package to extract the quotes of indexes. The code used in this process is available in 

the appendix 9.1 and 9.4.   

For the extraction of the basic economic rate (Selic), we used the Brazilian central bank site, 

https://www.bcb.gov.br/controleinflacao/taxaselic. In this site we extracted Selic rate since 1996, 

period when COPOM started to report the target for the SELIC rate for monetary policy purposes. This 

website has a lot of information about Brazilian monetary policy. We also made it available to the 

database used in this project on GitHub (https://github.com/jonavicius-marcio/master).  

Regarding to the IPCA, we extract from IBGE website. It is the most import Brazilian institute that 

reports statistics about Brazil. https://www.ibge.gov.br/estatisticas/economicas/precos-e-

custos/9256-indice-nacional-de-precos-ao-consumidor-amplo.html?=&t=series-historicas. We also 

made it available to the database on GitHub (https://github.com/jonavicius-marcio/master).  

4.4. 3.4 MODELLING 

Modelling process starts with an exploratory analysis. This previous analysis is required to clean the 
dataset and correct possible mistakes in the process. During this process, we analyse missing data, 
outliers and understand the behaviour of the continuous and discrete variables.  

Then the dataset will be divided between development, training, and testing. This division will be made 
based on timeline, that is, for the model development we use oldest information, and the most recent 
information we use validates in order have a backtest. 

After, we try to predict the stock price using fakebook’s prophet algorithm, it gives us a variable that 

will be combined with other fundamentalist variables. All these variables will be used in a multiple 

linear regression model to try to predict the profitability, our target.  To validate the performance of 

the model, we use the square error. 

4.5. 3.5 RESULTS EVALUATION 

The results are the comparation of investments strategies. That is, we compare the return of 

investments in fixed income with 2 different techniques (the magic formula of Joel Greenblatt and the 

Benjamin Graham formula), and investments in index.     

To compare the investments strategies, we make a backtest using 5 year of data information. That is, 

we compare the return of investments in fixed income with 3 the different techniques (the new model 

created, the magic formula of Joel Greenblatt and the Ben Graham formula). Still in the variable 

https://www.bcb.gov.br/controleinflacao/taxaselic
https://github.com/jonavicius-marcio/master
https://www.ibge.gov.br/estatisticas/economicas/precos-e-custos/9256-indice-nacional-de-precos-ao-consumidor-amplo.html?=&t=series-historicas
https://www.ibge.gov.br/estatisticas/economicas/precos-e-custos/9256-indice-nacional-de-precos-ao-consumidor-amplo.html?=&t=series-historicas
https://github.com/jonavicius-marcio/master
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income, we calculated the return of investments in indexes. We used the Ibovespa, BOVA11 and the 

IVVB11, the ETF of American stocks, SP&500.     

We also compared the return of the same amount invested in a risk-free investment, for this proposal 

we used 2 types of investments in Brazilian treasure bond. The first one is indexed on the basic 

economic rate (Selic) and the second is indexed to inflation indicator (IPCA).  
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5. RESULTS AND DISCUSSION 

The result and assumptions of the analyses will be presented in this chapter. Firstly, we will present 

the results of investments with lower risk, then investments in stocks and, finally, the test result using 

time series and linear regression. 

Before showing the first results, it is important to introduce the concept of portfolio rebalancing that 

will be used in all strategies. As companies publish the Income Statement and Balance Sheet report 

every 3 months as a rule imposed by CVM. Then, we set the rule of rebalancing the portfolio every 3 

months, after reporting their results. Besides that, we want to simulate an ordinary investor, that is, a 

worker who saves part of his income and wants to preserve his goods. Then, we assume that every 3 

months the investor saves 10 thousand reais, and at every rebalancing of the portfolio, the investor 

will invest another 10 thousand. 

Our simulation starts in Mar/2015, date of reporting of company results, and finish in Mar/2021. Then, 

during this period, 25 contributions, the investor could save 250 thousand. 

Our first strategy was the risk-free investment, the investment treasury bonds using Selic rate, and 

the second one is also the investment on treasury bonds but using IPCA rate as indexer.  

 As we can see in Figure 5.1, investing in Selic was more profitable than investing. That happens 

because Selic rate is higher than IPCA as presented in Figure 5.2. However, investors need to 

remember that there are investment modalities on the market that pay Selic or IPCA plus a 

percentage, for example, treasury bond IPCA + 5%.   

 

Figure 5-1. Treasury Bonds Strategies 
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Figure 5-2. IPCA and Selic rates 

The third strategy is the Greenblatt's Magic Formula. In this strategy, we will run the formula and make 

a new investment, a contribution, every 3 months. So, perform the flowing steps: 

1. in Mar/2015, delete the companies that have negative net profit accumulated in 12 months 

because we are not interested in companies with negative net profit.  

2. apply the formula explained in the chapter 3.2.  

3. select the 10 first companies, that means, the 10 companies with higher score.  

4. invest the 10 thousand reais proportionally, in this case, 1 thousand reais in each company.  

5. after 3 months, in Jun/2015, we check the actual price of the 10 companies, and calculate the 

profitability, it is like selling the stocks in market.  

6. add to our profitability more 10 thousand reais, and run the process again, but instead of 

investing 10 thousand in 10 companies proportionally, invest our previous profitability plus 10 

thousand reais in the new 10 companies that the model will give us.  

Note that some companies can stay in our portfolio. However, companies that have more than 

one paper can be selected just once. For example, the company Gerdau have the paper GGBR3 

and GGBR4. In this case we select just the first paper because, although the price of paper may 

vary, the company and the ROE and PE are the same.  

After applying this method, we have profitability presented in the Figure 5.3.  
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Figure 5-3. Greenblatt's Magic Formula to Select Stock 

We can see that the performance of this strategy was better than investments in treasury bonds. 

However, most of the time, investing in stocks using the Greenblatt's Magic Formula was not much 

better than investing in treasury bonds. The scenery started to change after Nov/2019. But that was 

the period in which the Brazilian government started to lower the Selic rate, and several investors 

started to invest in stock market because investments in treasury bonds were not attractive.  The 

Figure 5.4 shows the comparison between the Selic rate and the Joel’s profitability.  

 

 

Figure 5-4. Selic rate and Joel’s profitability. 

Although we ran model 25, and therefore selected 250 companies, as companies may be repeated in 

each round, during this period only 38 companies entered the model. 

The list of companies is shown on Table 5.1 and the python code in the appendix 9.1 and 9.5. 
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Table 5-1. Companies selected using the Joel Formula and its Profit and Loss 

The fourth strategy uses the Benjamin Graham formula. The method of making the portfolio 

rebalancing is like Joel’s.  However, Graham's formula does not give us a score, it calculates the intrinsic 

value.  So, we calculate the percentual difference between the market value and intrinsic value. 

Companies that have lower (more negative) percentual difference are cheaper. As a result, we selected 

the 10 cheapest companies. Another difference is that we only change companies if the percentual 

difference is higher than -30%.   

1. In Mar/2015, delete the companies that have negative net equity and eps.  

2. apply the formula explained in the chapter 3.3. 

3. calculate the percentual difference between the market value and intrinsic value 

4. select the 10 companies that have lower percentual difference.  

5. invest the 10 thousand reais proportionally, in this case, 1 thousand reais in each company.  

6. After 3 months, in Jun/2015, check the actual price of the 10 companies, and calculate the 

profitability, it is like selling the stocks in market.  

7. add to our profitability more 10 thousand reais, and run the process again, but only change 

companies if the percentual difference is higher than -30%.   

8.  instead of investing 10 thousand in 10 companies proportionally, invest our previous 

profitability plus 10 thousand reais in the new 10 companies that the model will give us.   

Note: The method was created in an industrial period and the companies had great patrimonies. 

Currently, technology companies can have low equity and high profitability. Therefore, the method 

does not work for companies that have a very small equity value and, consequently, generate a lot of 

cash.  
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As the method does not work for every type of company, we only select the shares that have net equity 

and eps positive.   

As we can see in Figure 5.5, the Graham method so far has shown the best results. In addition, from 

Sep/16 this strategy started to show better results than an investment in fixed income. 

 

 

Figure 5-5. Grahan’s profitability compared with other strategies. 

This method had a smaller change of companies than the Joel method. During the 5 years, only 22 

companies were selected. The list of companies and their profits and loss are presented on Table 5.2. 

The python code used added in the appendix 9.5.  

 

Table 5-2. Companies selected using the Graham Formula and its Profit and Loss 

307,688 

642,960 

2,099,704 

 -

 500,000

 1,000,000

 1,500,000

 2,000,000

 2,500,000

m
ar

/1
5

ju
n

/1
5

se
t/

1
5

d
e

z/
1

5

m
ar

/1
6

ju
n

/1
6

se
t/

1
6

d
e

z/
1

6

m
ar

/1
7

ju
n

/1
7

se
t/

1
7

d
e

z/
1

7

m
ar

/1
8

ju
n

/1
8

se
t/

1
8

d
e

z/
1

8

m
ar

/1
9

ju
n

/1
9

se
t/

1
9

d
e

z/
1

9

m
ar

/2
0

ju
n

/2
0

se
t/

2
0

d
e

z/
2

0

m
ar

/2
1

Profitability comparison

 Selic Rate  Joel Greenblatt Graham



25 
 

Another strategy is to invest in index, in this work we make a backtest using the 2 main index, the 

Ibovespa represented by code BOVA11 and the S&P500, the index of the most important stocks in the 

USA. In Brazil, it’s possible to invest in the S&P500 through an ETF, the IVVB11.  

We can see in Figure 5.6 that IVVB11 had a performance close to the Joel strategy and both Joel and 

Graham strategies are better than the Ibovespa index. The python code used to this simulation is 

presented in the appendix 9.5. 

 

Figure 5-6. Index’s profitability compared with other strategies. 

If we delete the Graham line, Figure 5.7 we can see better the comparison of performances.  We can 

observe that in Mar/2020, there was a drop in the Ibovespa index caused by covid. Although American 

stocks also fell, the IVVB11 did not fall because there was a devaluation of the real against the dollar. 

 

Figure 5-7. Index’s profitability compared to other strategies. 

307,688 

642,960 

2,099,704 

454,006 
591,658 

 -

 500,000

 1,000,000

 1,500,000

 2,000,000

m
ar

/1
5

ju
n

/1
5

se
t/

1
5

d
e

z/
1

5

m
ar

/1
6

ju
n

/1
6

se
t/

1
6

d
e

z/
1

6

m
ar

/1
7

ju
n

/1
7

se
t/

1
7

d
e

z/
1

7

m
ar

/1
8

ju
n

/1
8

se
t/

1
8

d
e

z/
1

8

m
ar

/1
9

ju
n

/1
9

se
t/

1
9

d
e

z/
1

9

m
ar

/2
0

ju
n

/2
0

se
t/

2
0

d
e

z/
2

0

m
ar

/2
1

Profitability comparison

 Selic Rate  Joel Greenblatt Graham BOVA11  IVVB11

307,688 

642,960 

454,006 

591,658 

 -

 100,000

 200,000

 300,000

 400,000

 500,000

 600,000

 700,000

m
ar

/1
5

ju
n

/1
5

se
t/

1
5

d
e

z/
1

5

m
ar

/1
6

ju
n

/1
6

se
t/

1
6

d
e

z/
1

6

m
ar

/1
7

ju
n

/1
7

se
t/

1
7

d
e

z/
1

7

m
ar

/1
8

ju
n

/1
8

se
t/

1
8

d
e

z/
1

8

m
ar

/1
9

ju
n

/1
9

se
t/

1
9

d
e

z/
1

9

m
ar

/2
0

ju
n

/2
0

se
t/

2
0

d
e

z/
2

0

m
ar

/2
1

Profitability comparison

 Selic Rate  Joel Greenblatt BOVA11  IVVB11



26 
 

The last strategy used in this project is the stock selection model using machine learning. In this model, 

we used the Facebook time series to forecast the stock price. For example, in Mar/2015, we needed 

to decide in which stock we wanted to invest. So, we used the data from Mar/2014 until Mar/2015 to 

predict the stocks prices on Jun/2015, data of portfolio rebalancing. This prediction along with 

fundamentalist variables of Mar/2015 is used in a linear regression that aims to predict the return. 

Then, we select the 10 first companies to invest our money as soon as the Joel and Graham simulation 

was made.  At each round of contribution, the model's betas are updated with the information we 

have so far.  

The first model was trained using data of 2014 and as we can see on the Table 5.3, only the variable 

net_profit and net_margin was significant to predict the return. Unfortunately, the variable prediction 

created using the Facebook Profet was not good to predict the return. The code and more results of 

this model is shown in the appendix 9.6 and 9.7.   

 

Table 5-3. OLS Linear Regression  

After selecting the stocks and running the backtest simulation of 5 years, the model selected 37 

companies, as presented in the Table 5.4.  The final performance is presented in the Figure 5.8, 

unfortunately, the model did not defeat the formula of Graham and Joel, it was very close to BOVA11's 

performance.  
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Figure 5-8. Machine Learning profitability compared with other strategies. 

 

 

Table 5-4. Companies selected using the Machine Learning and its Profit and Loss 
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6. CONCLUSIONS 

After analysing the results obtained with the backtests, we can conclude that investments in variable 

income, although they are riskier, in the long run they give a greater return in comparison to the 

investments in fixed income.   

Although Graham's methodology is considered outdated by some analysts, we could observe that for 

the Brazilian market, the model still performs very well. Furthermore, this model has the best 

performance.   

Joel's model and indexes had similar results most of the time. The results became different after covid 

when the scenario changed. There was a rise in the dollar exchange rate, fall in the quote of some 

companies and rise in others.  

Regarding to the fixed income investments, in the long run, it had a worse performance in comparison 

to the variable income. The great difficulty in variable investments is the selection of assets and the 

backtest showed that the Joel and Graham model are good for the selection of assets. 

Unfortunately, the time series model was not efficient for forecasting stock prices, and the machine 

Learning model did not defeat the formula of graham and Joel. But as described in the next chapter, 

there is still opportunity for future work. 

The ideal is to build a balanced portfolio, that is, a portfolio that contains a little fixed income strategy 

and a little variable income. Although fixed income has a lower income, it also has a lower risk and, 

therefore, it would be interesting to keep part of the assets in fixed income. 

Nowadays, Brazil is in a scenario of high inflation (high IPCA) and the government is raising the Selic 

rate to control it. This has caused the share price to fall.   

It is worth noting that past earnings are no guarantee of future earnings and that this work is not 

intended to indicate any type of asset purchase.  
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7. LIMITATIONS AND RECOMMENDATIONS FOR FUTURE WORKS 

There are several types of investment strategies and predictive models. In this work, only a few were 

tested.  To find intrinsic value, other models can be tested like:  

• Weighted average cost of capital (WACC) 

• Discounted Cash Flow Analysis (DCF) 

• Gordon Model 

• Valuation based on the company's assets and liabilities. 

We work just with the Brazilian market, and this work could be extended to other countries’ markets, 

then we could avoid the country risk using a diversification strategy in other markets. 

For price prediction, we could test other models like Arima, AutoArima, LSTM, AdaBoost, CastBoost 

and so on.  

Instead of using the regression multiple, we could try using other techniques like decision tree, 

xgboost, neural network and so on.   
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9. APPENDIX  

9.1. LIST OF COMPANIES DELETED 

AFLT3 BRGE7 CEPE3 EEEL4 LINX3 NAFG3 PTNT3 SOND3 VSPT3 

AMIL3 BSLI3 COCE6 ELEK3 LUXM3 NAFG4 PTNT4 SPRI3 VSPT4 

APTI4 BSLI3  CORR3 ELEK4 MEND5 NATU3 RANI4 SPRI5   

BAHI11 BSLI4 CORR4 ELPL3 MGEL3 ODER3 RLOG3 SPRI6   

BBSE3 BTTL3 CPRE3 FIGE3 MMAQ3 ODER4 SAPR11 TIET11   

BMGB11 CALI3 CRUZ3 FIGE4 MMAQ4 PCAR4 SAPR3 TIET3   

BOBR3 CALI4 CTSA8 IDVL3 MRSA5B PINE3 SAPR4 TIET4   

BPAR3 CCXC3 EEEL3 IDVL4 MRSA6B POWE3 SMLS3 VIVT4   

 

9.2.  IMPORT USED IN MOST OF THE CODES.  

 

9.3. CODES USED TO EXTRACT DATA FROM PYTHON FUNDAMENTOS PACKAGE  

This code extract data of several companies and it takes so long to run.  
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9.4. PRICE EXTRACTION   

 

 

9.5. MODELS  
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9.5.1. Magic Formula of Joel 
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9.5.2. Graham Formula 
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9.5.3. Selic 
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9.6. TIMES SERIES: FACEBOOK PROFET 
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9.7. MACHINE LEARNING MODEL 
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