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ABSTRACT 

A significant slowdown affected the listed stocks of the Casablanca Stock Exchange (CSE) 

because of the health crisis, thing that caused an effect on the stability and liquidity of the 

market. As investors sometimes panic, volatility and uncertainty percentages get higher and due 

to this reason and to help investors discover the available interesting opportunities in the market 

this work was developed. The model created uses deep learning to allocate assets and portfolio 

optimization. Besides helping investors identifying combinations of assets giving a high return 

per unit risk, this model will also be determining weights of each stock that will be figuring in 

the final portfolio. The two models predict the performance of the stock or stocks for the future 

in order to build portfolios to predict risks for the investors. Python was the programming 

language used to develop the model, some functions and libraries that optimize and help in 

computing and analyzing do exist already. In order to forecast the movements of stocks in a 

certain scope, The Long Short-Term Memory (LSTM) and Autoregressive Integrated Moving 

Average (ARIMA) were used. For every stock, the covariance matrix and the expected returns 

are computed to build a portfolio with a high shape ratio or low volatility and then the futures 

prices of the stock are predicted. After analyzing the results, it was figured out that the LSTM 

model outputted some of the conventional methods like the mean variance analysis by 

Markowitz. Last but not least, the developed algorithm is providing interesting results 

regardless of the uncertainty and the volatility percentages. It also provides effective strategies 

for trading that will help all the investors and people willing to invest on stocks to earn 

promising profits. 
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RESUME 

Un ralentissement significatif a affecté les actions cotées de la Bourse de Casablanca (CSE) en 

raison de la crise sanitaire, chose qui a provoqué un effet sur la stabilité et la liquidité du marché. 

Comme les investisseurs paniquent parfois, les pourcentages de volatilité et d'incertitude 

deviennent plus élevés et pour cette raison et pour aider les investisseurs à découvrir les 

opportunités intéressantes disponibles sur le marché, ce travail a été développé. Le modèle créé 

utilise l'apprentissage profond pour allouer les actifs et optimiser le portefeuille. En plus d'aider 

les investisseurs à identifier les combinaisons d'actifs offrant un rendement élevé par unité de 

risque, ce modèle déterminera également les pondérations de chaque action qui figurera dans 

le portefeuille final. Les deux modèles prédisent la performance de l'action ou des actions dans 

le futur afin de construire des portefeuilles pour prédire les risques pour les investisseurs. 

Python est le langage de programmation utilisé pour développer le modèle, certaines fonctions 

et bibliothèques qui optimisent et aident le calcul et l'analyse existent déjà. Afin de prévoir les 

mouvements des actions dans un certain périmètre, la mémoire à long terme et à court terme 

(LSTM) et la moyenne mobile intégrée autorégressive (ARIMA) ont été utilisées. Pour chaque 

action, la matrice de covariance et les rendements attendus sont calculés pour construire un 

portefeuille avec un ratio de forme élevé ou une faible volatilité, puis les prix à terme de l'action 

sont prédits. Après avoir analysé les résultats, il a été constaté que le modèle LSTM a produit 

certaines des méthodes conventionnelles comme l'analyse de la variance moyenne de 

Markowitz. Enfin, l'algorithme développé fournit des résultats intéressants indépendamment de 

l'incertitude et des pourcentages de volatilité. Il fournit également des stratégies de négociation 

efficaces qui aideront tous les investisseurs et les personnes désireuses d'investir dans des 

actions à réaliser des bénéfices prometteurs. 
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I. CHAPTER 1: Introduction 

1. Context and Project Description : 

Stock market investors have different investing techniques depending on their personal 

or general limits. All investors, on the other hand, acknowledge the challenge of 

allocating assets in a way that would give them with the best results while also taking 

their preferences into consideration. The fundamental reason for this challenge is that 

markets are constantly changing, making essential factors like expected returns and risk 

difficult to calculate. Furthermore, the present financial crisis has taught us that it is 

critical to include in the risk of default when determining the true worth of your 

portfolio. Indeed, the financial system has become a network of multiple linkages as a 

result of the different exchanges of financial market actors, which must be identified in 

order to assess the risk of investing in a financial asset. As a result, various 

mathematicians and analysts have devised several mathematical models throughout the 

years that can best answer investors' issues concerning asset allocation. It's important to 

remember that most models are based on estimated variables, which leads to mistakes 

in the results. As a direct consequence, it is critical for investors to consider these 

inaccuracies while making investment decisions. 

For this reason, the objective of this capstone project is to allocate assets and manage 

the Moroccan market portfolios. The modelling techniques that will be used in the study 

are called ARIMA and LSTM.  

2. A Look at the Moroccan Stock Exchange: 
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The Moroccan financial market is not efficient and the players in this market, in 

particular financial analysts and investors, are not perfectly rational. These actors use 

heuristics and have many weaknesses.  

The use of heuristics by financial analysts and investors leads to behavioral bias. Of all 

the biases that financial analysts and investors fall victim to, optimism and 

overconfidence are the ones that have caught the most attention from researchers. These 

biases negatively impact analysts' forecasts and the decisions made by investors. In 

addition, the Moroccan market is well-known for its high levels of volatility and 

instability over very short periods of time. Morocco became one of the top performing 

developing markets as the market became increasingly connected with global 

economies, according to numerous sources and groups of experts, including S&P and 

Dow Jones [14]. 

The Casablanca stock exchange ended 2021 on a strong rise, after dropping 7% in 2020. 

The MASI indices thus closed the year on an increase of 18.35% to 13,358.32 points. It 

should be noted that this evolution was reached despite the fact that the variation 

thresholds were always limited, from March 2020 to October 2021. Note that the 

majority of listed stocks ended in the green this year. The 5 largest price variations were 

recorded by: Fenie Brossette (+254.1%), Sothema (+196%), Maghreb Oxygene 

(+112.6%), Sonasid (105%) and Stroc Industrie (+85.37%). Only 12 values are 

displayed in red: Lydec (-36,88%), SMI (-22,53%), Centrale Danone (-15,59%), 

Oulmes (-13,86%), Unimer (-12,17%) , Maroc Leasing (-7,81%), Maghrebail (-6,64%), 

Delta Holding (-5,44%), M2M (-3,97%), Maroc Telecom (-3,83%), Risma (-3,73%) et 

Auto Nejma (-2,22%). The most active stocks were Attijariwafa Bank (7.9 billion 

dirhams in transactions), Ciments du Maroc (3.95 billion dirhams) and Itissalat Al-

Maghrib. 
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3. Analysis of Herding Behavior in Moroccan Stock Market: 

The Moroccan financial market, in particular, is characterized by its narrowness, 

inability to absorb unpredictable price changes, and low asset liquidity, all of which 

push investors to herd and mimic those who have all of the market's information. PAP, 

IBC, and SNP are the first stocks with the largest dissimilarity from January 4, 2010 to 

December 29, 2017. In the Moroccan stock market, herding might be seen both upward 

and downward. Furthermore, the relationship between market success and CSAD 

measurement is non-linear. This might, because frontier stock markets have a low level 

of openness, has an impact on the quality of their information environment and 

encourages investors to behave rashly and draw knowledge from their peers' actions. 

[1]. 

4. The Moroccan Stock Exchange Indexes: 

 The MASI (Moroccan All Shares index) includes 75 companies and it is a 

capitalization index. It includes all equity-type values listed on the Casablanca 

Stock Exchange. It is thus a broad index, making it possible to optimally 

monitor the development of the entire population of stocks on the coast.  
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Figure1: The MASI Historical Graph  

 The MADEX (Moroccan Most Active shares Index), is a compact index, made 

up of the most active stocks on the coast, in terms of liquidity measured over 

the previous semester, thus integrating the stocks listed continuously on the 

Casablanca market. The latter thus proves to be an instrument particularly suited 

to portfolio management. 

 
Figure2: The MADEX Historical Graph 

 The MSI20 (Morocco Stock Index 20): launched in December 2020, is a new 

generation index that takes into account international best practices as well as 

the specificities of the Moroccan market. It was set up by the teams of the 

Casablanca Stock Exchange, in close collaboration with the Scientific 

Committee of the Indices. The success of the MSI20 since its launch has 

prompted the Casablanca Stock Exchange to continue the process of 

modernizing its range of indices by establishing it as a benchmark index for the 

Moroccan stock market, alongside the MASI. In order to measure the impact of 

this launch, a survey was carried out among market professionals (management 

companies, institutional investors and brokerage firms) as part of the work of 
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the Scientific Index Committee. This survey revealed that 85% of respondents 

are satisfied with the MSI20, and almost half plan to use it as a benchmark. In 

this context, the Casablanca Stock Exchange started to proceed, from January 

1, 2022, to the definitive cessation of the calculation of the MADEX index, 

which was created in 2002 and composed of continuously listed values. As a 

reminder, The MSI20 captures the price performance of the most liquid 

companies listed on the Casablanca Stock Exchange. It is made up of 20 stocks 

selected from the 40 largest free-float capitalizations, based on volume on the 

central market and listing frequency. The choice of these two indicators was 

made on the basis of a Principal Component Analysis (PCA), which made it 

possible to demonstrate that the liquidity of a stock can be explained by these 

two variables which synthesize 92% of the information [2]. 

 
Figure3: The MSI20 Historical Graph  

 

As previously announced, the Casablanca Stock Exchange proceeded to the final 

shutdown of the MADEX on January 1, 2022. It will be replaced by the MSI2o which 

becomes the reference index of the Casablanca Stock Exchange alongside the MASI. 

The decision to stop the MADEX was naturally imposed since the great success met by 
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the MSI20 with market professionals. Indeed, a survey of management companies, 

institutional investors and brokerage firms revealed that 85% of respondents are happy 

with the MSI2o, and over half of them want to use it as a benchmark [3]. 

5. The Impact of the Covid-19 Health Crisis on the Casablanca Stock 

Exchange 

Following the stock market crash of (-8.82%) on March 16, 2020, we would like to point 

out that this situation occurred at a time when the stock market is experiencing a 

significant recovery phase after the fall of the sub primes of 2008. The occurrence of 

this coronavirus has disrupted the activity of all stock exchanges worldwide. During the 

period of crisis and state of health emergency, the AMMC and the BVC ensured that 

the crisis passed through with the minimum possible damage. Among the measures 

taken to ensure the stability of stock market sector indices, the AMMC took decisions 

related to the limitation of the maximum thresholds of variations in financial property 

and debt securities, to the obligation of listed companies to publish ratings information 

containing all the important data on the effects of the pandemic on their results. Some 

companies have responded positively to the AMMC directives, however other 

companies have declared that they have given up a large part of their performance 

because of the extent of the damage caused by Covid-19 on their activities. 
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Figure4: Chart representing the monthly evolution of the MASI between 2019 and 2022 

 

Based on this study, we have been able to understand that Covid-19 has impacted companies 

listed on the BVC differently. Thus, we have noticed the existence of three categories of 

companies according to their sectors of membership, these are in particular the following 

companies: 

 Companies that have benefited from the pandemic, namely, companies in the ICT sector 

and the pharmaceutical industry. These companies must take into consideration that 

improving their business capacities depends on the extension and spread of the 

pandemic in time and space over the long term. Thus, they are obliged to find 

alternatives to ensure the continuity of the results (flows) recorded during this health 

crisis in the event of the decline of the current pandemic. All this is part of the objective 

of maintaining the same level of performance. 

 Companies affected at the start and which are in the recovery phase, they must develop 

new strategies, to align their objectives again with the basis of the current economic 

situation, while taking into consideration all the scenarios likely to appear because of 
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the persistence of this coronavirus. This comes as these companies have largely 

absorbed the second shock to investor confidence that occurred in July 2020. 

 Companies seriously affected by this health crisis, these companies must first measure 

the extent of the effects of Covid-19 on their results in order to detect the sources of 

underperformance. Then, they need to adjust their predictions based on current 

economic conditions to mitigate the impact of the crisis on their business. Finally, for 

the most affected sectors such as tourism and services, they must take advantage of the 

easing of protective measures, in order to prelaunch their activities, mainly that the 

Moroccan State has recently announced the resumption of the total capacity of hotels 

and travel relief measures for public transport. 

 

6. Background 

a. The difference between machine learning and deep learning: 

The following are the main distinctions between machine learning and deep learning: 

 Machine learning is a technique for parsing data, learning from it, and making 

intelligent judgments based on what it has learnt. 

 Deep learning creates an "artificial neural network" that can learn and make 

intelligent judgments on its own by layering algorithms. 

 Machine learning includes deep learning as a subset. While both lie under the 

umbrella of artificial intelligence, deep learning is the AI that is closest to human 

intellect. 
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Figure5: Difference between machine learning and deep learning 

b. What are their applications in the field of market finance? 

In the field of trading, the use of techniques, even very sophisticated ones, to predict 

short-term trends very quickly comes up against the principle of market efficiency. The 

position taken on the basis of this prediction affects the market and therefore the 

prediction is quickly incorporated into the price. It is therefore very difficult to generate 

risk-free short-term gains consistently over time. 

It is rather in the field of portfolio management, which concerns longer-term 

investments, that machine learning finds its most promising applications. Portfolio 

managers use machine learning to analyze all available corporate data (financial reports 

but also press releases, news and even transcribed sound recordings or videos) in order 

to identify the most interesting investments. The idea is to highlight the relevant 

relationships between the operational and financial history of a company and the 

performance of its securities on the stock market. In portfolio management as in all areas 

with high intellectual content, the expertise acquired through experience, is mainly 

based on the immediate recognition of schemas, "patterns". With machine learning, we 

are starting to have systems that incorporate real expertise. More and more asset 
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managers are thus using machine learning, either to make investment decisions, or at 

least to support these decisions, with the ambition of producing algorithms capable of 

adapting to a changing environment of faster than traditional solutions developed by 

quants. 

Machine learning solutions make it possible to continuously analyze the behavior of 

traders, using not only the history of orders placed but also exchanges on instant 

messaging. These solutions are much more effective than traditional methods, which 

proceed by polls and a posteriori, to quickly identify fraudulent behavior or 

unauthorized risk-taking. 

7. The Long Short-Term Memory Model (LSTM): 

There have been several variations of conventional RNNs produced. The LSTM, or 

Long Short-Term Memory, will be discussed here. In natural language processing, this 

form of RNN is commonly utilized. 

The goal of this neural network design is to divide the signal into two parts: what is 

relevant in the short term, which is represented by the hidden state, and what is 

significant in the long term, which is represented by the cell state, as stated below. 

Thus, an LSTM's whole operation may be stated in three steps: 

 Using the forget gate and the cell state, find essential information from the past. 

 Using the input gate, select those items from the present input that will be 

important in the long run. These will be stored in the cell's long-term memory. 

 Select the most significant short-term information from the new cell state to 

produce the next concealed state through the output gate. 

We can represent an LSTM cell as follows: 
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Figure6: LSTM cell 

The LSTM, like the RNN, specifies a recurrence relation, but adds a variable called the 

cell state c:  

ht , ct = f(xt, ht-1, ct-1) 

Two channels, h and c, carry the information from one cell to the next. At time t, the 

interaction between their past values ht-1 and ct-1 and the current element of the sequence 

xt updates these two channels. 

8. Autoregressive integrated moving average (ARIMA): 
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Figure7: ARIMA model steps. 

One of the most widely employed time series forecasting algorithms is the ARIMA 

technique. It is an abbreviation for Autoregressive Integrated Moving Average, which 

is a model that forecasts the upcoming values of a time series based on specific elements 

of the observed series' statistical structure. Furthermore, The ARIMA model is a non-

stationary version of the ARMA model, which is itself made up of the AR (auto-

regressive) and MA (Moving Average) models. 

 

 AR (auto regressive): 

This model is based on the series' auto-regressive nature. As a result, it can only be used 

with auto-regressive series. When the value of a series (or a process) at time t relies 

linearly on the n preceding values, it is said to be auto regressive of order n. 

 Let:  

Xt= c + ∈𝒕+ ∑ 𝒑𝒊𝒙𝒕−𝒊
𝒏
𝒊=𝟏  

Where c is a constant and ∈ is white noise. Finding the coefficients pi, as well as the 

noise variance ∈t and the constant c, is identical to using the AR model. 

For example, linear regression may be used to determine pi. 

Important: We will only use the auto-regressive model if we see a "correlation" between 

the series and a delayed version of itself (auto-correlation). 

 MA (Moving Average): 
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This approach assumes that the series (or variable) may be expressed as a linear 

combination of a stochastic process' present value and its n prior values. An MA of order 

n is what we're talking about. As a result, the series may be written as follows: 

Xt= 𝝁 + ∑ 𝜽𝒊𝝐𝒕−𝒊
𝒏
𝒊=𝟏  

The I in ARIMA refers ftoor "integrated," implying that the original series should be 

distinguished in order to rule out a non-stationary nature. 

 

 

 

 Model parameters 

The ARIMA model includes three parameters, one for each of the model's 

"components." It is defined as ARIMA (p, d, q), where p, d, and q are natural numbers 

that comprise the model's parameters. 

 

Figure8: ARIMA Formula 

 

Where: p: the order of the autoregressive term 

d: The order or number of differencing required to make the time series 

stationary  

q: the order of the moving average term 

NB: p or q can also be equal to 0. ARIMA(0, d, q) corresponds to a MA(q) and 

ARIMA(p, d, 0) corresponds to an AR(p) 
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a. What is the role of the autoregressive integrated moving average (ARIMA) in the 

analysis of time series (or time series)? 

As a reminder, a time or chronological series is a finite set of numerical values expressed 

from a time index. It could be a minute, a day or even a year. It is generally represented 

in the form of graphs in order to understand a context, as well as its evolution over the 

short, medium or long term. This concept is essentially found in mathematics, statistical 

analysis and econometrics. The autoregressive integrated moving average (ARIMA) 

makes it possible to determine a perspective of change or transformation. Machine 

learning models that use this process support specific calculations and algorithms.  

These are necessary for the expression of a prediction on the basis of previous values, 

their fluctuations (rise or fall), without forgetting the time scale used [4]. 

9. Portfolio Investment: 

A portfolio investment is a stock, bond, or other financial instrument that is acquired 

with the intention of profiting or rising in value over time, or both. Investing in a 

portfolio may be categorized into two categories: 

Strategic investing is the process of purchasing financial assets for their long-term 

growth potential, income yield, or both, with the intent of keeping them for a long time. 

Moreover, the tactical strategy necessitates aggressive buying and selling in order to 

achieve short-term returns [5]. 

a) Modern Portfolio Theory (MPT): 

Modern portfolio theory (MPT) is a realistic strategy for picking assets with the goal of 

maximizing total returns while maintaining a manageable degree of risk. Diversification 

is a critical part of the MPT hypothesis. The majority of investments are either high risk 
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or low risk. Investors might obtain the best returns, according to Markowitz, by selecting 

the appropriate blend of the two based on their particular risk tolerance. According to 

current portfolio theory, every investment's risk and return characteristics should not be 

judged on their own, but rather on how they impact the entire risk and return of the 

portfolio. That is, an investor can build a portfolio of several assets to generate larger 

returns without taking on more risk. Alternatively, an investor might start with a certain 

amount of expected return and build a portfolio with the lowest feasible risk that can 

provide that return. The success of a single investment is less relevant than how it affects 

the overall portfolio, according to statistical measurements like variance and correlation. 

Beta is the central term of current portfolio theory. The beta of a financial asset, such as 

a stock, is a measure of how much its price moves in relation to its market. This is also 

called its variance. In a broad sense, beta is a measure of investment risk; the higher the 

absolute value of beta, the riskier the investment. 

Modern portfolio theory builds portfolios by combining stocks with varying positive 

and negative betas to create a portfolio with the lowest beta for the entire group of 

equities. To choose assets for a portfolio, modern portfolio theory use the CAPM 

(Capital Asset Pricing Model) [6]. 

b) The past rate of return: 

The profitability of a financial security is measured from the flows generated by this 

asset during its holding period. To calculate the past rate of return of a share, noted Rt, 

it is necessary to integrate two elements [7]: 

 The capital gain, calculated at the end of the holding period between the sale 

price on date t, noted Pt, and the purchase price of the share on date t-1, noted  

Pt-1. 
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 The dividend, noted Dt, paid to shareholders during this period. 

 

Formula for calculating the profitability of a share between dates t and   t-1:  

 

c) Generalization to n periods 

We can generalize this formula by calculating the average rate of return of a stock stock 

i over n periods: 

 

 The average return (Ri) is equal to: 

 

d) Risk measures in finance: 

In finance, the risk of a stock i is generally evaluated by: 

The variance of the profitability of stock i over time n: 

 

The standard deviation of the return of stock i over a period n: 
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The risk of holding two risky assets i and j corresponds to the degree of dependence 

between the prices fluctuations of these two stocks. This risk is measured by the 

covariance of the returns between these two assets: 

 

e) Profitability and risk of a portfolio: 

The portfolio's profitability, noted Rp, is equal to the weighted profitability of each stock 

in the portfolio within the portfolio: 

Rp=∑ 𝑥𝑛 ∗ 𝑅𝑛 

The variance 𝜎𝑝
2  or the standard deviation 𝜎𝑝  of the portfolio's return is used to measure 

the risk of a portfolio. The risk itself depends on the correlation coefficient, noted ρAB, 

between the between the profitability of assets A and B. 

           

f) The impact of the correlation coefficient on the profitability/risk ratio: 

To measure the impact on portfolio risk, we must therefore consider different scenarios 

depending on the value of the correlation coefficient ρAB between stocks A and B. 

 1st case: Perfectly positive correlation between RA and RB:  ρAB =+1. 
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The increase in the profitability of share A is positively and perfectly correlated with 

the profitability of share B. If share A grows by +1%, then share B must grow by exactly 

the same in exactly the same proportions, i.e. by +1%. 

 2nd case: Perfectly negative correlation between RA et RB : ρAB = –1 

The increase in the profitability of stock A is negatively correlated with the profitability 

of stock B: their combination eliminates all risk from the portfolio. In other words, if 

share A increases by +1%, then share B must decrease by exactly the same amount of -

1%, and vice versa. 

 3rd case: Zero correlation between securities A et B : ρAB = 0: 

The increase in the profitability of share A has no impact on that of share B. The 

profitability of share A has no impact on that of share B. The profitability of the two 

shares varies in a completely independent way. 

 4th case. General case where ρAB is between 0 and 1 : 0 < ρAB < 1 

The profitability of stock A is not perfectly correlated with that of stock B. In this case, 

the variance of the portfolio is equal to: 

     

g) Portfolio Variance : 

Portfolio variance is a measure of the dispersion of a portfolio's returns. It is the sum of 

a portfolio's actual returns over a set period of time. Standard deviation of each asset in 

the portfolio as well as the correlation between securities in the portfolio are both used 

to calculate the portfolio variance. Portfolio variance can be decreased, according to 
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modern portfolio theory (MPT), by investing in securities with low or negative 

correlations, such as equities and bonds. 

 

Where: 

w1 = the portfolio weight of the first asset and w2 = the portfolio weight of the second 

asset 

σ1= the standard deviation of the first asset and σ2 = the standard deviation of the second 

asset 

Cov1,2 = the covariance of the two assets, which can thus be expressed as p(1,2)σ1σ2, 

where p(1,2) is the correlation coefficient between the two assets [8]. 

h) Portfolio Volatility: 

Volatility is a measure of the risks associated with a stock. The greater a stock's 

volatility, the larger its up and down movements. The volatility of a stock portfolio, on 

the other hand, is a measure of how rapidly the overall value of all the stocks in that 

portfolio rises or falls [9].  

σp = √σp
2 

The primary aim is to determine a combination of assets with a smaller standard 

deviation and, as a result, a reduced risk than the individual assets. 

i) The Sharpe ratio 
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The Sharpe ratio calculates the excess return on a portfolio over the risk-free rate as a 

percentage of its standard deviation. The 90-day Treasury bill rate is commonly used as 

a proxy for risk-free rates. 

Sharpe ratio=
𝑅𝑝−𝑅𝑓

𝜎𝑝
 

Where: 

Rp: Portfolio return 

Rf: Risk free rate of return 

𝜎𝑝: Standard deviation of the portfolio 

In general, the higher a portfolio's Sharpe ratio, the better its risk-adjusted return [10]. 

II. CHAPTER 2: Data and Methodology. 

1. General Approach and Data Description : 

The historical data was mostly obtained from investing.com, a financial website that 

offers a wide range of real-time statistics, market analysis, and news on financial 

instruments from across the world. To provide a diverse portfolio, the assets chosen are 

from firms that operate in several areas and are all traded on the Casablanca Stock 

Exchange as active shares. Diversification of assets was a major component that was 

carefully studied since a portfolio's risk may be reduced by having a variety of assets, 

such as shares that are not positively correlated or their correlation is near to 0. The 

historical time-series data was downloaded as a csv file, which included varied 

information about assets such as the open and closing price, volume, and percentage 

change on each trade day throughout the chosen time period (01-01-2016 and 12-31-

2021). After that, the downlowding of the file containing the historical records, 
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cleansing and filtering were performed as part of the data analysis. Before applying the 

LSTM and ARIMA model to forecast future prices, any outliers and irrelevancies in 

the data were removed [14]. 

2. Coding Framework : 

2.1 Python Language : 

Python is a coding language that is both strong and simple to learn. It contains high-

level data structures and enables for a straightforward yet effective object-oriented 

programming technique. Python is a high level language for scripting and quick 

application development in many fields and on most platforms because to its clean 

syntax, dynamic typing, and interpretability. Python has the benefit of being more 

intuitive than other programming languages for certain programmers. Different 

features, web frameworks, libraries, and Python functions that make apps easier to use 

are all beneficial. When numerous developers are working on a project, Python appears 

to be an ideal area to cooperate. It's a universal language capable of performing a wide 

range of machine learning tasks. Developers may create a prototype and test their 

products for machine learning objectives in a short amount of time. Python comes with 

a number of libraries, some of which are excellent visualization tools. However, AI 

developers must emphasize that in AI, deep learning, and machine learning, it is critical 

to describe data in a human-readable style. Data scientists may use libraries like 

Matplotlib to build histograms, graphs, and plots to better interpret, show, and visualize 

data. Various application programming interfaces make the visualization process easier 

and aid in the creation of clear reports. 

2.2 The “Anaconda” Platform : 

Anaconda will provide me with a solution that will allow me to install the entire data 

ecosystem, including python, data science packages such as numpy, pandas, scikit-
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learn, and last-generation IDEs like Jupyter (JupyterLab and Jupyter Notebooks). 

Furthermore, "Anaconda Prompt" is included in Anaconda's installation. To put it 

another way, it's just a console, similar to the IDLE that was previously accessible in 

Python. This has the advantage of allowing users to simply install libraries using conda 

and reuse them with other software. Finally, all of the packages required for deep 

learning are accessible for free download. 

2.3 The Machine Learning Library “Tensorflow”: 

TensorFlow enables me to generate data flow graphs, which are structures that 

represent how data flows via a graph or set of processing nodes. Each node in the graph 

symbolizes a mathematical process, and each link or edge between nodes is a tensor, 

which is a multidimensional data array. TensorFlow does all of this using the Python 

programming language. TensorFlow's major benefit for machine learning development 

is abstraction. Instead of getting bogged down in the specifics of implementing 

algorithms or figuring out how to transfer the result of one function to the input of 

another, I'll concentrate on the general logic of the program. ]TensorFlow handles the 

subtleties in the background [15]. 

2.4 Time Series : 

A time series could be defined as a collection of numeric values that are arranged in a 

logical order. A time series of a specific stock is used in the financial industry to follow 

its performance and activity over a specific time frame. The results are mostly 

determined by the data obtained, the methods utilized, and the time frame chosen for 

the study. Any pattern or periodicity in the time series data reviewed is collected and 

employed in the study and investigation of the stock's or any specific financial asset's 

future behavior or activity. Our concept is primarily reliant on the utilization of time 

series data from a particular Moroccan stock with a big dataset [14]. 
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2.5  Methodology : 

2.5.1. Portfolio Construction with Different Risk Levels: 

It's the rate at which the value or price of a security rises or falls in response to a series 

of returns. This metric is used by investors to forecast price swings over a short period 

of time [11].  

Volatility is an important issue to consider when determining pricing alternatives 

because the larger the standard deviation or variance, the greater the volatility and, as a 

result, the riskier the asset. The asset's volume and beta value are two main standard 

indicators used to assess the degree to which a certain stock is volatile. 

a. Assets Risk Measures : 

 The asset’s beta : 

Unlevered beta (also known as asset beta) is a measure of a company's market risk 

without accounting for debt. The financial impacts of leverage are removed when a beta 

is 'unleveraged,' isolating the risk owing purely to firm assets. To put it another way, 

how much did the company's equity play a role in its risk profile? 

To put it another way, the beta number indicates whether or if the security moves in the 

same way as the market. The stock must be tied to the market benchmark chosen to 

reflect the broader market. The MADEX is frequently used to indicate the overall 

performance of the Moroccan market because it contains the most active stocks 

constantly listed on the CSE. 

 The volume of a stock 
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The volatility of a traded stock is inversely proportional to its volume. If a stock is 

purchased in large quantities, its price increases suddenly; yet, when the stock is sold in 

large quantities a few moments later, its value lowers sharply [13].  

b. Portfolio Construction based on Volatility Levels: 

Classifying assets based on their risk was primarily set on beta value because it is a 

correct and precise way to evaluate the volatility. That data were obtained from the 

virtual financial portal Investing.com where we could foind the beta values of all 

Moroccan-traded companies at odds with the MADEX. The assets were mainly divided 

into three major groups that are the low-risk, the moderate-risk, and finally the high-risk 

portfolios. Each one of them possesses 3 assets that show the portfolio’s rate of risk. 

Here, in this specific section, we basically made use of traditional and basic approaches 

in order to make the different portfolios without applying any deep learning model.  

The main idea here is to utilize the effective frontier in order to point out the portfolio 

that has the inflated Sharpe ratio in every single category of the three we have. 

 Low Risk Portfolio: 

Here are the three stocks chosen for this portfolio, in addition to their specific beta 

values: 

Afriquia Gaz (GAZ)   => β= 0.54 

Label vie (LBV)   => β= 0.63 

AFMA SA (AFM)   => β= 0.28 

Portfolio’s average beta = 0.48 
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Figure9: Efficient frontier for the low-risk portfolio 

Asset Asett Weight 

Afriquia Gaz (GAZ) 0.19 

Label vie (LBV) 0.29 

AFMA SA (AFM) 0.59 

Table1: The low-risk portfolio's weights distribution 

Returns 0.299032 

Volatility 0.230096 

Sharpe Ratio 1.2996 

Table2: The low-risk portfolio's characteristics 

 Moderate Risk Portfolio: 

Here are the three stocks chosen for this portfolio, in addition to their specific beta 

values: 

Ciments Du Maroc (CMA)  => β= 0.91 

Atlanta (ATL)    => β=1.1 

HPS (HPS)     => β=0.93 

Portfolio’s average beta= 0.98 
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Figure10: Efficient frontier for the moderate risk portfolio 

Asset Asett Weight 

Ciments du Maroc (CMA) 0.35 

Atlanta (ATL) 0.34 

Hps (HPS 0.31 

Table3: The moderate risk portfolio's weights distribution 

Returns 0.462563 

Volatility 0.253908 

Sharpe Ratio 1.821774 

Table4: The moderate risk portfolio's characteristics 

 

 High Risk Portfolio: 

Here are the three stocks chosen for this portfolio, in addition to their specific beta 

values: 

Douja Prom Addoha (ADH)    => β=1.74 

LafargeHolcim Maroc (LHM)   => β=1.6 

Risma (RIS)      => β=1.7 

Portfolio’s average beta= 1.68 
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Figure11: Efficient frontier for the high risk portfolio 

Asset Asett Weight  

Douja Prom Addoha (ADH) 0.29 

LafargeHolcim Maroc (LHM) 0.44 

Risma (RIS) 0.27 

Table5: The high risk portfolio's weights distribution 

Returns 0.07772 

Volatility 0.291638 

Sharpe Ratio 0.266495 

Table6: The high risk portfolio's characteristics 

 

 Results and conclusion: 

As a conclusion, we can see that the perfect portfolio out of the ones that we have is the 

moderate risk one thanks to the effective frontier we used as well as the Sharpe ratio by 

making use of Python functions. That specific portfolio that was chosen provides the 

inflated Sharp ratio which equals to 1.821774 by taking into consideration the risk 

adjusted return. To illustrate, this means that in order to get the highest rate of excess 

return for the additional accepted risk, the chosen portfolio is the perfect one that an 

investor can take. 

2.5.2. The Construction of a Portfolio Using Deep Learning: 

In this section, I will create a diversified portfolio with six different assets. The stocks 

picked are from a variety of industries and were selected in such a way that there is a 
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negative or near to zero correlation between them. The reason why is that uncorrelated 

assets do not tend to collapse together, the portfolio is less likely to suffer severe losses. 

Furthermore, having a diverse portfolio of assets can help investors avoid huge losses 

while also exposing them to greater return chances. As a result, a sequential technique 

was designed to generate a portfolio with such features. 

First, the Casablanca Stock Exchange platform was used to choose nine assets from 

diverse industries at random. Following that, a correlation matrix was developed to 

show the degree of correlation between these securities. 

 

The table displaying the value of the correlation between the nine stocks was displayed 

after running this prompt. 

 

 

Furthermore, after executing this prompt, the plot exhibiting the correlation between the 

nine stocks was produced, where the darkest the color means that the correlation is low. 
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Figure12: The correlation matrix plot for nine assets listed in CSE 

 The following stocks were chosen to make up the final portfolio: 

               

Table7: The six stocks of my portfolio 

 Finding the Optimal Portfolio: 

The daily returns and covariance matrix of the assets were calculated after gathering all of the 

predicted prices into a new Python script. As a result, these six assets were used to construct 

two separate portfolios. The first has the smallest volatility, while the second has the greatest 

Sharpe ratio. The weights associated with each portfolio are shown in the table below [14]. 
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Stocks Minimum Volatility 

Portfolio Weights 

Maximum Sharpe Ratio 

Portfolio Weights 

GAZ 0.0537268858153483 0.1694157520888754 

ATL 0.3188457041456132 0.2420973522046896 

CMA 0. 1943396949861633 0.0542981224665907 

LBV 0. 18511625219340622 0.3734303724635652 

LHM 0. 15139722426983407 0.0826080616242844 

RIS 0.09657423858963475 0.0781503391519946 

Table8: Asset weights for portfolios with the lowest volatility and the highest Sharpe ratio 

Returns 0.178212 

Volatility 0.141971 

Sharpe Ratio 1.255271 

Table9: The minimum volatility portfolio's characteristics 

Returns 0.250939 

Volatility 0.175922 

Sharpe Ratio 1.426419 

Table10: The maximum Sharpe ratio portfolio's characteristics 

When the following weights are used, the minimum volatility has a Sharpe ratio of 

1.255271 and an annual volatility of 14 percent, while the maximum Sharpe portfolio has 

a Sharpe ratio of 1.426419 and a risk of 17 percent. As a consequence, the second is a 

more profitable investment option for an investor who is indifferent with the 3% risk 

level variance. 

a. Predicting my Portfolio Assets Prices Using LSTM model: 

First, we'll activate Tensorflow to ensure that our virtual environment is ready before 

we write any code. 
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Now that our platform is up and running, I will begin importing all of the necessary 

libraries for our implementation. 

 

 

 

Pandas: Pandas is a python library that allows to easily manipulate data to be analyzed: 

manipulate data tables with variable (columns) and individual (rows) labels (these tables 

are called DataFrames). You can also easily read and write these dataframes from or to 

a tabulated file. 

Numpy: NumPy helps a lot when working with arrays and matrices to perform 

scientific and analytical calculations. These operations are faster and more efficient with 

this tool than with Python lists. 

Os: Python's OS module provides access to system-specific functions to manage the file 

system, processes, scheduler, etc. 
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Matplotlib: Matplotlib is a Python library for making data visualizations that is free 

source. 

statsmodels.graphics.tsaplots: Statsmodels is a data analysis and modeling package 

for statistical data. It has a variety of capabilities that aren't available in more typical 

libraries like sklearn. 

Read the historical time-series data of Risma SA downloaded as a csv file, which 

included varied information about this asset (Open and Closing price, High, Low, 

Volume, and Percentage change) for each trading day for the given time period(01-01-

2016 and 12-31-2021). 

 

 

Dividing the data into training and testing set. 

 

I will drop the date and the change % from axis 1 in the training data since I will not 

need them. 
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I will get the training data into maximum value of 1 and minimum value of 0 using the 

MinMaxScaler(). 

 

After that the first sixty days I am loading into X-train and then the prediction price that 

I am going to predict will be loaded into Y_train. But for the next interation I will be 

again loading the first of the 358 days into X_train and the sixty second days I am 

loading into Y_train. 

 

I will convert this list into an numpy array.  

 

I will import keras’ layer that I will need. 
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Now I will create my LSTM model and call it regressor since it is continuous value 

prediction and then add four layers LSTM. Finally add a dense layer that is the output 

layer. 

 

I will use adam optimizers because it is the best in terms of generating less loss in order 

to compile of the previous created model. 

 

 

At this stage, all of the necessary preparations to begin training our model are 

completed. I will call the training set, select fifty epochs and 32 batch sizes, and wait 

for my model to be trained. 

 

Now since our model has been properly trained, we must generate a testing set in order 

to compare our predictions to the actual values. 

 

Now, I will need to scale this values from 1 to 0 using scaler.transform(). 
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I will prepare my test set similarly as I prepared my training set. 

 

I will convert the test set from a list to a numpy array. 

 

Now that I have my test set, I am going to predict it. 

 

Since I did the min/max scaler, now I will do the inverses scaling in order to bring y_pred and 

Y_test into a normal value. 

 

Finally, I will visualize my figure that contain two graphs. The blue one represent the predicted 

RIS stock price and the red one represent the real RIS stock price. 
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Figure13: Comparison between real and predicted RIS stock price graphs using LSTM. 

As seen in the graph, the LSTM seemed to perform well over time, and the model 

provided me with good results. However, we can still detect some slowness that has to 

be eliminated. 

Similarly, the same procedure was conducted for the remaining stocks in my portfolio 

and the graphs on the following page show both the actual and expected prices for each 

asset after using the Long-Short Term Memory model. 
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Figure14: The actual and predicted assets’ prices using the LSTM model 

 

 



 47 

b. Predicting my Portfolio Assets Prices Using ARIMA model: 

 

I will begin importing all of the necessary libraries for our implementation. 

 

I will read again the historical time-series data of Risma SA downloaded as a csv file. 

 

We'll use the Augumented Dickey Fuller (ADF) test to check if the price series is 

stationary. 

Since the p-value of the test is greater than the significance level (0.05) then we can say 

that our time series is non-stationary for this reason we'll need to find the order of 

differencing. 
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I'll use the pmdarima package, which offers an auto arima method that searches many 

combinations of p,d,q parameters and finds the optimal model with the lowest AIC using 

a stepwise approach. 

 

Now, I will move to the train test splitting step. I will give 80% of the data series for the 

training and 20% for the testing. 

 

Since I got my p d and q values, I will move to the Fitting the ARIMA model and print 

the result summary. 
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Finally, I will visualize my figure that contain two graphs. The blue one represent the predicted 

RIS stock price and the green one represent the real RIS stock price. 

 

. 

 

Figure15: Comparison between real and predicted RIS stock price graphs using ARIMA 

The same approach was followed for the remaining equities in my portfolio, and the 

graphs on the next figure illustrate the actual and predicted prices for each asset after 

using the ARIMA model.    
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Figure16: The actual and predicted assets’ prices of my portfolio using the ARIMA model 

c. Percentage accuracy of the LSTM & ARIMA models for each asset: 

 

The Root Mean Squared Percentage Error was used to calculate the accuracy of each 

stock forecast (RMSPE). This error measure is commonly used to quantify the 
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difference between a model's actual and projected values. The following table 

summarizes the accuracy of each asset's predictions. 

 Stocks LSTM accuracy % ARIMA accuracy % 

Afriquia Gaz (GAZ) 95.67% 84.79% 

Atlanta (ATL) 98.31% 89.09% 

Ciments Du Maroc (CMA) 98.84% 89.17% 

Label Vie (LBV) 93.16% 82.94% 

LafargeHolcim Maroc (LHM) 96.43% 87.49% 

Risma (RIS) 99.06% 91.15% 

Tableau11: Model’s accuracy 

d. Comparison between LSTM and ARIMA models results: 

Long short term memory model: 

 Large amounts of training data are required as input. 

 It leads to a great performance gives when conditions are right. 

 It takes long time to be run. 

 Deals with difficult situations and problems. 

 Capable of dealing with non-stationary data 

 Long-term forecasting has a high efficiency. 

 Large amounts of computing power. 

Autoregressive integrated moving average model: 

 With a minimal amount of data, it produces good results. 

 When the optimal fit is determined, performance is limited. 

 It takes short time to be run. 

 For basic problems, this model works better. 

 Implementation of stationary data is required. 

 When it comes to short-term forecasting, this model performs better. 

 Computing power is limited. 
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e. Predicting the future 30 days stock price using LSTM model: 

Since large amounts of training data are required as input in the Long Short-Term 

Memory (LSTM) model. Furthermore, this model has a high efficiency in comparison 

with Autoregressive Integrated Moving Average (ARIMA) model. I have decided to use 

LSTM model in order to predict the future thirty days stock price of each stock in my 

portfolio. 

 

Finally, I will plot the graph that shows the predicted future stock price of Risma SA 

Company. 
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Figure17: future 30 days RIS stock price graph. 

 

Figure18: The predicted assets’ prices of future 30 days of my portfolio using the LSTM model. 
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III. CHAPTER 3:  

3.1 Steeple Analysis 

 Societal Implications : 

The sector, particularly after the period of the crisis, is in desperate need of improved 

tools to analyze and evaluate the profitability and riskiness of projects. The deterioration 

of the economy needs the improvement of investment methods in order to maintain 

market liquidity. For this reason this capstone project has a social impact in that it 

encourages Moroccans to participate in the stock market since effective forecasting can 

predict how the market will react. 

 Technological Implications: 

The project's technological implication is to employ artificial intelligence in the 

financial industry to assist investors in making the best judgments possible. Deep 

learning algorithms and Python language are used to the programming part in this 

project. 

 Environmental Implications: 

The project's implementation will have no significant impact on the environment. 

 Economic Implications: 

Deep learning for asset allocation and portfolio optimization might encourage more 

investors to trade in the Moroccan market. This can only help to strengthen the economy 

by improving the stock market's liquidity. 

 Political Implications : 
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The model adheres to the government’s numerous rules and laws. Furthermore, the 

stock market's movement, which is inextricably linked to the country's political status, may be 

predicted using time series forecasting. 

 

 Legal and Ethical Implications: 

Each model that was utilized to create the final model was credited to its creator. 

Furthermore, all of the data that has been used is publicly available and represents 

common knowledge. Finally, the project's implementation does not break any laws. 

3.2 Limitations and Future Work : 

Many constraints and obstacles were faced over the duration of this capstone project. 

To begin with, the Moroccan market has been quite stable (not volatile) during the last 

two years. Choosing a Moroccan stock on which to perform a study was thus extremely 

challenging and necessitated much investigation. Moreover, it was the first time I had 

to deal with ARIMA and LSTM models, and I had to learn the fundamentals of both in 

order to apply them in my project. Learning about both models was not as simple as it 

seems, since I had to read a lot of material to understand the concepts and ideas that 

needed to be applied. Finally, the restricted availability to data was one of the most 

significant and early challenges encountered when constructing this model. The official 

website of the Casablanca Stock Exchange is the primary source of historical data for 

various Moroccan equities. However, neither a csv nor an Excel file can be downloaded 

using the information and data offered on the platform. Concerning the future work for 

this project, it will include a comparison of the findings obtained with those models with 

other ones, namely the GARCH model, since it is critical to understand the peculiarities 

of each algorithm before drawing any final conclusions. 
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3.3 Conclusion: 

Deep learning methods and approaches originated in the financial markets in response 

to major technical improvement and the concomitant increase in market volatility, with 

the goal of providing the most potentially accurate forecasts. Research on the Moroccan 

market utilizing six stock prices was effective in testing the performance of the LSTM 

model, a commonly used deep learning method for time series forecasting. To assess 

the correctness of the generated findings, we compared them to the outcomes of another 

conventional technique, which we decided to be the ARIMA model. After researching 

and comparing the benefits and drawbacks of the two techniques, we can conclude that 

the LSTM model produces outstanding outcomes. Furthermore, the LSTM model is 

said to have allowed us to build a high-yielding portfolio with a Sharpe ratio of 1.43. 

Different ratios, statistical metrics, and real-world simulators were used to evaluate the 

portfolio's efficiency. All of these techniques have proved the portfolio's good 

performance and durability in the aftermath of the COVID-19 disaster. However, 

further study and applications in the field are necessary to solve some of the model's 

shortcomings and improve its performance. 
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APPENDIX A: Python Code for Allocating the Optimal Portfolio 

Using the efficient frontier, this Python code was used to create portfolios with the 

lowest volatility and the highest Sharpe ratio. 

 



 60 

 

 



 61 

 

 
 

 
 
 

 



 62 

APPENDIX B: Python Code for creating the portfolio with the least correlation 
between stocks. 

 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 



 63 

APPENDIX C: Python Code for comparison between real and predicted 
stock price using ARIMA model 
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APPENDIX D: Python Code for comparison between real and predicted 
stock price using LSTM model 
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