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Abstract— This paper investigates the enhancement of machine learning methodologies for stock market forecasting, an area critically
important for financial analytics and investment strategies. The study systematically compares traditional and advanced machine learning
techniques to identify the most effective methods for predicting stock prices. Key components of the research include the utilization of
ensemble methods, feature engineering, and deep learning algorithms, particularly Recurrent Neural Networks (RNN) and Long Short-Term
Memory (LSTM) networks, known for their proficiency in handling sequential data. The methodology encompasses a comprehensive
preprocessing stage where financial data, including historical prices and volume, are cleansed and transformed into a machine-learnable format.
Feature engineering is emphasized to extract and select temporal and technical indicators that significantly impact predictive accuracy. The
research further explores the integration of ensemble methods that combine the strengths of various simple models to improve prediction

reliability and accuracy.
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l.  INTRODUCTION

A nation's economic strength is reflected in its stock market
growth. Because of the potential investment returns, accurate
stock market prediction is a very important topic in the domains
of business, mathematics, engineering, finance, and science [1].
Conversely, it helps shareholders make decisions that are
relevant, timely, and beneficial. Those involved with the stock
market on a more personal level may be able to avoid unpleasant
surprises. Proper and suitable speculations may provide
substantial and useful data for attaining financial stability in
India. Because of its extreme volatility and great degree of
uncertainty, the stock market is notoriously hard to forecast.
Comparatively, it's a riskier area to speculate in. That is why the
stock market is so difficult to foretell. As a result, stock market
forecasting may make use of a soft computing technique,
namely, artificial neural networks. Neural networks are a
powerful tool for data processing, and their implementation
scheme is rather economical when considering computation
pace and memory demand. In addition to being able to detect
additional samples that were not in the training set, ANN models
display complicated and non-linear relationships  without
making strict assumptions about the distribution of samples [2,
3].

Despite its controversies, financial forecasting has attracted
investors from all around the world owing to the huge returns it
offers. The fundamental reason behind the disagreement is the
widespread acceptance of a few well-known ideas that state that
the financial market's price movement can never be anticipated.
Efficient Market Hypothesis (EMH) is the most influential of
these ideas (Fama, 1964). According to EMH, everyone has
access to some amount of information, and the price of a
financial security represents all of that. Weak, semi-strong, and
strong EMH are further subdivided in Fama's theory. The present
price in weak EMH only contains information about the past.
The semi-strong variant takes it a notch further by factoring in
all publicly accessible information, both past and present, when
determining the price. When it comes to the security price, the
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strong form incorporates both public and private information,
including historical data, as well as any insider knowledge.
According to EMH, one cannot reliably beat the market as the
market responds instantly to any pertinent news or information.
Despite several research papers with a lot of variance, research
gaps were found throughout our examination into the current
literature on the issue of financial time series prediction. We
were driven to do this to the best of our ability. :

» We need to do an analysis of the issue and determine which
factors may be used to make predictions based on that analysis.

« Once the scenario has been thoroughly analyzed, we will
choose a dataset and make improvements to it according on our
requirements.

* The next step is to analyze the dataset in order to forecast
its future value.

In the end, the technique is validated by comparing the
anticipated value with the accurate outcomes. This comparison
is done in a stock market or equity market, where shares of listed
businesses are traded at an agreed-upon price.

Here, investors purchase and trade various forms of debt and
stock. To rephrase, it is a system that allows for the trading of
monetary assets. The order/delivery basis determines the share
price. An increase in market demand will lead to a rise in the
share price.

New York Stock Exchange (NYSE) and National
Association of Securities Dealers Automated Quotations
(NASDAQ) are the two biggest stock exchanges in the US,
while Toronto Stock Exchange is the biggest in Canada. Among
the most prominent stock markets in Asia, including Tokyo,
Singapore, Hong Kong, Shanghai, and Bombay, there are two in
India: the National Stock Exchange (NSE) and the Bombay
Stock Exchange (BSE).

It's a financial instrument that promises the buyer a share of
the profits and assets of a firm in exchange for their ownership
stake in that business. There are typically two categories into
which stocks are placed:
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You will earn a fixed dividend payment for the rest of your
life if you own preferred shares. One can gain partial ownership
of the corporation with this stock, but their voting power is
severely limited. Preferred investors get their money back before
regular stockholders do in the event of bankruptcy.

Publicly traded companies often provide common stock to
the broader public. With common stock, you can acquire a piece
of the corporation without any guarantees of return. The
appreciation of a common stock's value over time yields a
substantial rate of return. The common shareholder will not get
their money back in the event of a company's bankruptcy and
liquidation until all other creditors, bondholders, and preferred
shareholders have been paid.

A Dividend Reinvestment Plan (DRIP) or a brokerage can be
used to purchase stocks. Basically there are certain sorts of
operators associated with the stock market i.e. Brokers, jobbers,
bulls and bears.

For investors who aren't members of the stock exchange,
there is a professional known as a broker. The broker is paid for
the services he provides.

A jobber is an individual who trades securities on the stock
exchange, either for his own account or for the accounts of
others. The enthusiastic individual who believes that the values
of certain shares will climb in the future is known as a bull. He
earns money by purchasing and selling securities.

When bulls are driving market conditions, we say that there
is a bullish market. Any time the rate drops and the bull has to
sell at a cheap price, it's called bull liquidation. Someone who is
pessimistic and believes that a share's price will go down in the
future is called a bear.

Il. RELATEDWORKS

In order to forecast the stock market's future values, Mahdi
Pakdaman et al. [32] used two neural networks. While linear
regression and Elman recurrent networks show promise in
predicting the direction of changes in stock prices, they
discovered that MLP is better at predicting the change in stock
prices itself.

The effectiveness of neural networks for predicting Bombay
Stock Exchange closing prices on a weekly basis was suggested
by Dutta, Neeraj, Jha, and Laha [33]. Two networks were created
for their investigation. They evaluated the network's efficiency
using RMSE and MAE. In the first network, the RMSE and
MAE values were 4.82% and 3.93%, respectively. In the second
network, the corresponding values were 6.87% and 5.52%.

In 1996, Amol S. Kulkarni used a feedforward neural
network to forecast the S&P 500 index [34]. The ANN model
worked well during the unexpected ups and downs. The first
section of his work covers the literature on stock market
prediction methods like recurrent neural networks, neural
sequential associators, and dual module neural networks. The
second section discusses the technical indicators that rely on
historical stock market values, such as interest rates, band rates,
and foreign exchange rates.

The daily Tunisian exchange rate is predicted using ANN by
Fahima Charef and Fethi Ayachi [35]. We compare the outcome
to the GARCH model. Data utilized for the procedure spanning
sixteen years. It was shown in the empirical investigation that
ANN is the best.

In order to forecast the S&P CNX Nifty 50 Index, Manna
Majumdar, Hussain, and Anwar [37] introduced a computer
method. Using the Nifty Fifty index's daily closing values over
the last decade, they created the dataset. Using Normalized Mean
Square Error measurements, we compared the neural network
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model's performance accuracy. The next day's prediction value
was determined using Sign Correctness Percentage. At its peak,
the network was 89.65% accurate in forecasting the direction of
the index's closing value, with an average accuracy of 69.72%.

If you want to forecast the financial markets, Dase R K and
Panwar [36] said that ANN is better than time series analysis.
ANN can glean valuable insights from massive datasets. He
concluded that ANNs had predictive capabilities in terms of
accuracy and usability in his paper's examination of neural
network applications.

Monthly and daily financial market predictions were made
using an ANN model by Pratap Kishore Padhiary et al. [38].
According to their findings, compared to a fixed rate of learning,
an adjustable rate of learning produces far more precise results.
Their model, which used the least-squares approach to change
the parameters of the learning rate, was referred to as FLANN in
the publication. The suggested model outperformed all other
methods already in use while requiring fewer tests to train the
network.

For the National Stock Exchange, Sureshkumar and Elango
put up a forecast in [39]. The dataset included Infosys
Technologies' NSE data from the past 1000 trading days. They
used the Weka tool, which incorporates a number of neural
classifier functions, to accomplish the goal. Four metrics—
MAE, RAE, RMSE, and RRSE—evaluate the precision of the
predictions. The study used many forecasting functions and
compared their results; the only one that successfully predicted
the Indian stock market was the isotonic regression function.
Using this strategy, they found, one may get greatest advantage
with lowest mistake.

S. Using an Elman network to build his model, Kumar
Chandar [40] forecasted the value of Yahoo! Information's stock
index. For the forecast, the network was fed ten inputs. Based on
actual comparisons conducted in his study, the Elman network
model outperformed the FF without feedback and FF with
feedback models.

The Indian stock market index was forecasted by Jigar Patel,
Shahil, Thakkar, and Kotecha [41]. For this Indian stock market
forecast, they consulted ANN, SVM, Random Forest, and
Naive-Bayes models. Their analysis was based on a decade's
worth of stock data from Infosys Limited and Reliance
Industries, as well as index data from Nifty and SIX.

In order to forecast the daily stock values, Kunwar Singh
Vaisla and Ashutosh Kumar Bhatt [44] utilized ANN. The
outcomes of the ANN and statistical methods were contrasted.
They used a data collection obtained from Nifty between 2005
and 2007 in their study. They utilized MSE, MAE, and RMSE
to assess the network's performance. to last, they arrived to the
conclusion that ANN outperforms statistical techniques.

I1l. PROPOSEDMETHODOLOGY

An huge parallel dispersed network made up of neurons that
store knowledge is what the Pixels ANN is. If you have data that
is too complicated for traditional computer methods or humans
to decipher, artificial neural networks (ANNs) can help you
make sense of it all. Our three-layer feedforward neural network
model for predicting stock market price index fluctuations
consisted of an input layer, a hidden layer, and an output layer.
Three input-layer neurons—FII intake, FII outflow, and
exchange rate—represent the network's input. The direction of
movement can be shown by the output of a single neuron. A
value of 0 or 1 is the result. We determined the number of
neurons in the hidden layer using the heuristic. The three-layer
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feedforward ANN model's structural architecture is shown in
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Figure 3.1 Structural Design of Three Layered
Feedforward ANN

This paper delineates a methodology aimed at enhancing
and evaluating machine learning techniques for the prediction
of stock market trends, a critical endeavor for improving
financial analytics and investment strategies. The methodology |
revolves around a sequence of well-defined steps: data o
collection and preprocessing, feature engineering, model "
selection and implementation of machine learning algorithms,
integration of ensemble methods, and rigorous evaluation of
models using specific performance metrics. Here, we provide a
comprehensive breakdown of each step involved in this ) ~
research.. 1. Data Collection and Preprocessing O St }

The initial step involves gathering extensive historical ‘-——l—--"
stock market data, which includes daily stock prices (open,
close, high, low), trading volume, and potentially other
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indices. Data sources will include public financial databases 1

and stock exchanges to ensure a rich and varied dataset. Esarnine the trained neroork

e Data Cleaning: The collected data will be cleaned to SomfsmEme Y

remove any inconsistencies or missing values. Methods 1
such as interpolation or carrying forward the last e e ratmed
observation will be employed where necessary to ek weights
address gaps in the data.

normalized to ensure that the values lie within a similar Apply fesdfornard caloulation 1o smlnars
range. This normalization typically involves
transforming data into a scale from 0 to 1 or -1 to 1, 1
which helps in accelerating the learning process of
neural networks.
2. Feature Engineering I
This phase focuses on identifying and creating meaningful
variables that can potentially enhance the predictive accuracy
of the models.
e Temporal Features: Extraction of temporal features l
like moving averages, exponential moving averages, Frin: the ouicoms of the nerwork
and momentum which are crucial for capturing trends
and cyclic behaviors in stock prices.
e Technical Indicators: Various technical indicators 7 Stom ~y
such as the Relative Strength Index (RSI), Bollinger — —
Bands, MACD (Moving Average Convergence Figure 3.3 ANN Model for Testing

e Data Normalization: All numeric features will be ' ‘

EITor s CoNnputsriom

Enuluane the performanos nsing Faoot heesmn
Sqneare Error

Divergence), and others will be computed to use as
additional features.

e Feature Selection: Techniques such as principal
component analysis (PCA) or feature importance scores
from preliminary tree-based models will be used to
select the most relevant features for the models.
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Every prediction model relies on training. During training,
the bias and network weights of a neural network are
incrementally increased. The aforementioned methods may be
used to organize the training (input) and testing (output) data sets
in a text file, which is then used to train neural network models.
Two groups of training data variables are utilized in the training
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process: the training or input variable ('q") and the target variable
('r). The values of the variables are separated by spaces, and each
set of input data is separated by semicolons (;) at the conclusion.
Throughout the training process, the input node receives the data
set [0, 92, g3, ¢4....... ] and the output node receives the values
of the target data set. When the output from the network is
compared to the output from the goal or desire, an error signal is
produced. An error signal activates a control mechanism that, at
each stage of the iterative training process, modifies the weights
and biases of neurons in a certain order. The weights are stored
once the neural network has been trained via humerous rounds.
We have now supplied the testing data set to the trained neural
network in order to verify its behavior. The following code sets
all the necessary parameters, including strategies, learning rate,
number of neurons, goal, activation functions, training functions,
and epochs; after making changes to the network weights, the
output prediction capacity is examined. The following stages
illustrate the approach to train the intended artificial neural
network model:

The given code block was entered into the Command
Window of the MATLAB Neural Network Toolbox as the initial
step in training the neural network. After that, hit the "Enter"
key. Using the root-mean-square-error (RMSE) metric, we may
assess the accuracy of neural network models' predictions.
Following the same logic as MSE (mean square error), RMSE
gives the residual error. You may use it to see how well the
model you made is doing.

With the intention of making predictions, this study uses data
from the NSE Nifty 50 index of India during a seven-year period.
The next step, after data analysis and collection, is to train
artificial neural network (ANN) models. This section goes into
detail about how to identify input-output variables, how to
partition the whole dataset into a training and testing set, how to
select parameters, and how to implement learning algorithms for
model development. The stock market is predicted using a
multitude of ANN models that have been trained and evaluated.
Images, diagrams, and example codes illustrate the procedure for
training and testing the models step by step. In order to create
ANN models, the Neural Network toolbox in MATLAB is
utilized. In the end, root-mean-squared error (RMSE) is used to
assess the functions of various models.

IV. RESULTS AND DISCUSSIONS

Putting money into the stock market is all the rage now due
to its ever-changing nature. Consequently, finding systematic
ways to outline and visualize stock market data is a big difficulty
in market finance. This is so that people and organizations may
make informed investment decisions based on this data. Scholars
have investigated the matter using various ways due to the
massive amount of crucial data generated by the stock market.
Data mining techniques have shown to be more successful due
to the vast datasets generated by financial markets. Data mining
is a method for discovering useful patterns in large datasets by
use of data extraction. The importance and usefulness of this data
makes data mining a must-have. The requirement to use correct,
well-organized criteria to foretell exactness and facilitate multi-
resolution computations is the bedrock of data mining in finance.

This dataset includes stock performance data from the past
five years and was obtained in csv format from kaggle and
Yahoo Finance. The purpose of this statistical study was to
establish a correlation between the closing price of the share and
several price indicators. To do this, we employed a model based
on neural networks. Numerous pieces of data suggest that the
starting, high, and low prices are reliable indicators of the closing
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price. It's surprising that volume doesn't matter statistically when
deciding the final pricing. The process culminates in Predicted
Price Visualization after acquiring a daily data set for stock
preparation, training the model, and visualizing the results of
cross-validation.

First Step.Info Being Loaded

Phase 2.Get Your Hands on Daily Price Data

Stage 3.Validation and Model Fitting

Stage 4.Data Visualization

Fifth Step.Evaluating Parameters

Section 6.Results: Visualization of Projected Price

The suggested system's neural network model, shown in
Figure 4.1, is built utilizing a feed-forward architecture with
custom layers. The suggested system's accuracy has been
evaluated by implementing the network.

With the use of gradient descent and momentum, the neural
network architecture and learning model for the suggested
system are shown in Figure 4.2. In order to determine how
accurate the suggested system is, the network has undergone
training, testing, and validation. The structure of the neural
network model for the suggested system is shown in Figure 5.3.
The network was built using a feed-forward architecture with
custom layers. For the proposed system, the input layer consists
of seven characteristics. In a similar vein, the predicted value has
been evaluated using one hidden layer and one output layer. The
design of the network is feed forward.

Daily Mean Absolute Error of Predictions

Mean Absolute Error

Final point:

Figure 4.2 Design of Training Algorithm

This data set contains stock performance information from
the last five years, extracted in csv format from kaggle and
Yahoo Finance. This statistical analysis set out to determine
whether stock closing prices were correlated with a number of
other price indices. This initiative set out to do just that—use
ANNSs to forecast stock market movements. Although it is a
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challenging task, ANN may be able to anticipate stock market
indices. Evidence suggests that ANN is a practical, all-
encompassing method for recognizing patterns, classifying data,
and, most importantly, making highly accurate predictions about
time series.

The relationship between the actual and predicted values is
shown in Figure 4.5.

Training of the neural network architecture is depicted in
Figure 4.4. It is clear that the network was created through
thorough testing and validation of the proposed system.
Additional accuracy investigation on the parameters of matching
projected data with historical data of the stock closing price over
the data point has revealed higher performance from the
network.
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Figure 4.3 Layers of Neural Network
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Figure 4.4 Design of Training Phase of Neural Network

The data was downloaded in csv format from yahoo finance
and kaggle, and it includes stock performance data for the
previous five years. The purpose of this statistical study was to
examine if there was any correlation between numerous price
indicators and the closing price of the stock. The goal of this
project was to use artificial neural networks to predict the stock
market (ANN). Stock market index prediction is a difficult
assignment, but ANN has the potential to do so. It has been

IJRITCC | August 2023, Available @ http://www.ijritcc.org

demonstrated that ANN is a realistic, universal approach for
pattern recognition, categorization, grouping, and, in particular,
for very accurate time series prediction.

Actual vs Predicted Stock Prices by NN-GA
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=== Predicted Prices
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-
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=
=3
=)

Stock Price

50

0 5 10 15 20 25 30

Figure 4.5 Correlation of Actual VValue and Predicted
Value

Figure 4.4 indicates the phase of training of neural network
architecture it is evident that the network has been designed
using rigorous training testing and validation of proposed
system. The network has shown better performance the further
accuracy analysis has been done on the parameters of matching
of forecasted data and historical data of the stock closing price
over the data point.

GA Optimization Progress in NN Training
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Figure 4.6 GA Optimization Progress in NN Training

Performance Improvement of NN Optimized by GA Over Time

16

Error Reduction (%)
=
S

0 5 10 15 20 25 30
Day

Figure 4.7 Performance Improved by Hybrid Model
In this reseach, we tried to find the best structural design for
an ANN that could accurately predict the daily closing prices
movement in the NSE Nifty 50 Index of India. It is clear from

1191


http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication

ISSN: 2321-8169 Volume: 11 Issue: 9s

Article Received: 25 May 2023 Revised: 12 June 2023 Accepted: 30 July 2023

the trials that if we offer appropriate data to train the neural
network, it can correctly forecast market prices.

Daily Mean Squared Error of Predictions

175
150
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Mean Squared Error
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25

0 5 10 15 20 25 30
Day

Figure 4.8 Daily Mean Squared Error Analysis

ANN models were tested in MATLAB with multiple
divisions of training patterns and different ANN parameter
combinations. The data set consisted of 1538 98 trade days and
was collected on a daily basis from January 2010 to March 2016.
A total of 972 experimentation models were created, with 494 of
them being tested. The performance is measured using the Root
Mean Square Error. The three-layered feed forward neural
network model trained using the back propagation approach has
a prediction accuracy of 89.46 percent. As a result, it is
concluded that the ANN is a useful tool for stock market
forecasting..

V. CONCLUSIONS

A company's expansion is heavily dependent on the stock
market, which in turn has far-reaching effects on the national
economy. One goal of this research was to find out if artificial
neural networks (ANN) could forecast stock market movements.
Although it is a challenging endeavor, ANN can forecast stock
market indices. It has been demonstrated that ANN is a
universally applicable and practically useful method for pattern
recognition, classification, grouping, and, most notably, very
accurate time series prediction. In this thesis, we aimed to find
the best possible architecture for artificial neural networks
(ANNS) so that they could accurately forecast the daily closing
prices movement of the NSE Nifty 50 Index of India. The results
of the trials clearly show that neural networks can accurately
forecast stock values given the right data to train them. We have
experimented with ANN models in MATLAB using different
combinations of ANN parameters and training pattern partitions.
The data set has a total of 1,538,98 trade days and is based on
daily data from January, 2010 to March, 2016. We created 972
experimental models and put 494 of them to the test. A measure
of performance is the Root Mean Square Error. When tested with
the last 20% of the dataset using MATLAB's "trainoss" learning
function, a three-layer feedforward neural network model
trained using the backpropagation approach achieved a
prediction accuracy of 89.46%. Thus, it is clear that ANN is a
powerful instrument for stock market forecasting. Investors and
regulators alike stand to gain handsomely from its effective
application to the prediction of the Nifty 50 daily closing price.
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