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Abstract 
Stock market is an important part of economy of a country. It is a complex and challenging system where people will either gain money 
or lose their entire life savings. Stock market price data is generated in huge volume and it changes every second. In this work, an attempt 
is made for prediction of stock market trend. Prediction of stock market prices is an important issue in finance as stock market prediction 
is the act of trying to determine the future value of a company stock or other financial instrument traded on an exchange. In stock price 
prediction the relationship between inputs and outputs are non-linear in nature, hence prediction is very difficult. In this paper we have 
proposed stock price prediction using financial analysis, which takes technology stocks and visualizes different aspects of it and gives the 
best prediction decision based on its previous performance history. Also, predicts the future of a stock for buy and sell decisions and 
impact of risk is displayed for better decision making under uncertainty. 

1. Introduction 

Stock market is a common platform for companies to raise funds for company by allowing customers to buy shares at an 
agreed price. It is a mechanism in which shares of publicly traded companies are issued, bought and sold. It is one of the 
most important parts of the free market economy. Stock market helps your small money grow into big sum and become 
wealthy without involving the risk of starting a business. With the value of trade money involved, improper investment 
could easily mean great losses to investors, especially if they keep making wrong decisions. Thus, we predict the stock price 
using relevant technical analysis (price trends) or fundamental analysis (buy and hold) methods, so that investors can make 
precise decisions for buying, selling or holding the stock. 
In this paper, we propose an approach where past data of technology stocks are taken and the daily closing price, returns, 
volume per day, exponential moving averages, fluctuations, correlation, value at risk and prediction of future prices from the 
current date is determined. The probable market prediction target can be the future stock price or the volatility of the prices 
or market trends. Real time Access for downloading log forms yahoo finance website is taken and stored in dataset. In the 
Real time prediction, compulsory used internet and current price of shares of companies is considered. The successful 
prediction of the stock will be a great asset for the stock market institutions and will provide real-life solutions to the 
problems that stock investors face. 
We will look at various aspects and trends like change in price of stock over time, Daily Returns, Moving Averages, 
Correlation, Risk Analysis of a stock, and Prediction of future prices using methods like EMH (Efficient Market 
Hypothesis), Moving Averages, Monte Carlo Method, GBM (Geometric Brownian motion) and Pearson's Correlation 
Coefficient. All these methods are used for visualizing different trends of a stock over a span of one year, analysis of the 
impact of risk for better decision making in order to avoid uncertainty, prediction of future stock prices and making buy-
sell-hold decisions. 
The overall aim of this project is to implement various methods - EMH (Efficient Market Hypothesis), Moving Averages, 
Monte Carlo Method, GBM (Geometric Brownian motion) and Pearson's Correlation Coefficient for predicting various 
aspects of a stock price and taking a best decision after predicting share market prices.  
The rest of paper is organized as follows: Section 2 contains Proposed System. Section 3 describes the Methodology. The 
Result Analysis is shown in the Section 4. Conclusion is shown in section 5, while References are mentioned in the last 
section. 
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2. Proposed System 

2.1 System Architecture 

The proposed model predicts the price movement by considering all the available historical data. 
 

         
 

Fig. 1 Proposed system model      Fig. 2 Architecture of System 
 
 

2.2 System Analysis 

2.2.1 Data Collection 

Data collection is a very basic module and the initial step towards the project. It generally deals with the collection of the 
right dataset. Dataset used in prediction is obtained from Yahoo Finance API. The API provides access to intraday time 
series, daily time series, weekly time series and monthly time series data. Since the domain of our problem is short-term 
prediction, we decided to proceed with daily time series data, which includes daily open price, daily high price, daily low 
price, daily closing price and the daily volume. Our data mainly consists of the previous year stock prices. Live data of 
technology stocks like Apple, Google, Microsoft, Amazon and IBM is collected and stored into csv file. 
 

2.2.2 Input Parameters 

Parameters are HIGH - which describes the highest value the stock had in previous year, LOW – which is quite the contrary 
to HIGH and resembles the lowest value the stock had in previous year, OPEN - is the opening price, which is the value of 
the stock at the beginning of the trading day, CLOSE PRICE- is the is the closing price, which is the price at which the stock 
is valued before the trading day closes, VOLUME- Number of stocks traded, ADJUSTED CLOSING PRICE- final closing 
price of the stock. It is tested on dataset of five companies - Apple, Google, Microsoft, Amazon and IBM. One of the 
statistical parameter considered is relationship between trend of a day and volume of stock traded on the same day. Volume 
traded feature in historical data will reflect both bought and sold stocks on a daily. Adjusted Closing Price of the stock is a 
stock's closing price which accurately reflects the stock's value after accounting for any corporate actions such as stock 
splits, dividends and distributions. Adjusted closing price is considered for examining historical returns, instead of closing 
price of the stock as it gives analysts an accurate representation of the firm's equity value. 
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Fig. 3 Raw Data 
 
 
2.2.3 Resampling Data 
 
Yahoo finance data is analyzed. The collected data is processed and resampled by removing fields containing null values or 
empty data. The empty fields and null values are noise which is totally removed from the dataset by using filtering 
techniques, hence the dataset will be available to predict the outcome much better with absence of noise. Further, during the 
process of data collection from stock API even though pandas does a little preprocessing of the data, the dates present will 
be in a random order for the specified year, so this column will be parsed and an index column will be added to the dataset. 
This gives the data a certain edge to the already present dataset making it robust and ready for further processing. 
 

2.2.4 Data Prediction Methods 

Data Prediction Methods like Moving Averages Method, Pearson's Correlation Coefficient, Monte Carlo Method, GBM 
(Geometric Brownian motion) are used for predicting various aspects of a stock price and taking a best decision after 
predicting the stock behavior. Analysis of the data is done by graphical representation. 
 

2.2.5 Stock Price Prediction 

The past information on the price of a stock is independent of where the stock price will be in the future, basically you can't 
perfectly predict the future solely based on the previous price of a stock. Using Monte Carlo Method and GBM, we will get 
insight into future possible stock prices. Also, risk factor involved in investment can be analyzed, using which an investor 
can decide whether to invest in a stock and buy-hold-sell decisions can be taken. 

 
2.2.6 Decision Making 
 
System gives decision in the following form  
a) Buy- Our system recommends customer to buy a stock so that customer will make profit. 
b) Hold- Our system recommends customer to hold a stock so that customer avoids his/her loss. 
c) Sale- Our system recommends customer to sell a stock so that customer does not lose the existing profit. 
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2.3 Tool Selection (Language): Python 

Python is and has been the best finance analytics tool that has wide range of libraries that help in gathering the data, 
performing analytics and representing the data. PANDAS provide a wide range of data assimilation tools making it easier to 
carry the data across the algorithm. MATPLOTLIB provides wide range of data representation tools and methods that help 
in making the results visually attractive to people. BEAUTIFUL SOUP is a part of natural language processing that helps in 
gathering the data from the web-servers. In this project, we are using the Pandas library to analyze the data. A time series 
plot is generated using the Matplotlib library. Pandas python library analytics is used to collect stored sticker stock data 
from 2018 to 2019 for further preprocessing. 

3. Methodology 

Prediction of future stock prices directly is difficult, so we started with a simplified problem: predicting whether the prices 
will increase or decrease in the next n days, using the stock prices and volumes in the past days. For this problem, we 
implemented Historical Price Analysis, Moving Averages Method, Pearson’s co-efficient Method, Heatmap, Monte Carlo, 
Geometric Brownian motion, calculated daily returns and volume surge. 
 
 
3.1 Historical View of Stock Price 
 
In this method, historical prices are used to predict the stock movement. One of the consistent term to predict such stock 
movements is Adjusted Closing Price. Adjusted closing price is considered to be a more technically accurate reflection of 
the true value of the stock. It is especially useful when examining historical returns because it gives analysts an accurate 
representation of the firm's equity value. When trendlines on the graph is on an upward trend, you can expect demand to 
increase as buyers anticipate a bounce higher from that point. Momentum traders and investors looking to capitalize on a 
trending stock might consider buying stocks near these levels. However, if the stock price does not bounce off and displays 
a downward trend on the graph, this is considered a sign of weakness. Lack of interest from buyers at this level is a sign that 
something is wrong and the stock may be headed lower. The trend of closing price of stock considered in this project is over 
a span of one year. Based on such reasoning we devised a logic that if today’s closing price is greater than yesterday's 
Closing Price, then we assign the value +1 to DEX or else we assign the value -1 to DEX. 
 

3.2 Volume Surge 

Volume is the most important characteristic used to evaluate a stock’s behavior around support and resistance levels, apart 
from price. As a stock’s price displays an upward trend, selling volume should dry up as it approaches the key level and 
buying volume should pick up as it moves upward. This is the confirmation that the price change is valid and the uptrend 
will continue. If the price displays a downward trend, you should check the volume before reacting. If volume is low, it isn’t 
as significant as if there were heavily selling below the support level. If volume picks up as price drops below the trendline 
that may be a sign the trend is over. If the stock is able to rise up through a resistance level on heavy volume, it should be 
looked at as a sign of strength. Many investors use this behavior as a buy signal, since it is displaying exceptional strength. 
In short, when the trend is UP, volume traded might indicate the sold shares, similarly when the trend is DOWN, volume 
traded might reflect shares bought by traders. Big number of volume traded has positive impact if and only if shares are 
purchased by the trader. Assumption for the shares purchased is stock transactions are more and trend is down. If volume 
traded is more and trend is up means, shares are sold to gain money. Unusually high volume is often a precursor to a new 
move in the market. In the future markets, for every buyer, there is a seller, and each transaction contributes to the count of 
total volume. That is, when buyers and sellers agree to make a transaction at a certain price, it is considered one transaction. 
It’s the number of transactions in a day. The higher the volume during the price move, the more significant the move. When 
buyers and sellers become particularly active at a certain price, it means there is a lot of volume. To summarize, if the 
volume is far below average, it could be a sign that the larger investors who really drive the market are not selling 
aggressively. If big investors were aggressively scooping up shares, you'd see a big spike in volume. 
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3.3 Daily Return of Stock 

Stock prices change on a daily basis, altering the value of your investments. The daily return measures the price change in a 
stock as a percentage of the previous day’s closing price. Daily return percentage means on any given day what was the 
percent return on your money. A positive return means the stock has grown in value, while a negative return means it has 
lost value. A stock with lower positive and negative daily returns is typically less risky than a stock with higher daily 
returns, which create larger swings in value. Intraday return and overnight return together constitute the total daily return 
from a stock, which is based on the price change of a stock from the close of one trading day to the close of the next trading 
day. Daily changes of the stock is generally used to analyse the risk of the stock.  
 

3.4 Moving Average 

A moving average (MA) is a widely used indicator in technical analysis that helps smooth out price action by filtering out 
the “noise” from random short-term price fluctuations. They’re used to identify the trend direction and to determine support 
and resistance levels and to analyze data points by creating a series of averages of different subsets of the full data set. It is 
also called a MM or rolling mean and is a type of finite impulse response filter.  
Moving averages lag behind current price action because they are based on past prices. The longer the time period for the 
moving average, the greater the lag. Thus, a 200-day MA will have a much greater degree of lag than a 20-day MA because 
it contains prices for the past 200 days. In short, average of 20 days is better than 200 days because the shorter the time span 
used to create the average, the more sensitive it will be to price changes. Thus, a 20-day moving average will provide many 
more "reversal" signals. 
The length of the moving average to use, depends on the trading objectives, with shorter moving averages used for short-
term trading and longer-term moving averages more suited for long-term investors. The 50-day and 200-day MAs are 
widely followed by investors and traders, with breaks above and below this moving average considered to be important 
trading signals. A rising moving average indicates that the security is in an uptrend, while a declining moving average 
indicates that it is in a downtrend. In an uptrend, a 50-day, 100-day or 200-day moving average may act as a support level, 
as the average acts like a floor (support), so the price bounces up off of it. In a downtrend, a moving average may act as 
resistance; like a ceiling, the price hits the level and then starts to drop again.  
Another strategy is to apply two moving averages to a chart: one longer and one shorter. When the shorter-term MA crosses 
above the longer-term MA, it's a buy signal, as it indicates that the trend is shifting up. This is known as a "golden cross." 
Meanwhile, when the shorter-term MA crosses below the longer-term MA, it's a sell signal, as it indicates that the trend is 
shifting down. This is known as a "dead/death cross. MA may work better in a stock or financial market and the may be of 
analytical benefit to a shorter-term trader than the longer-term moving average. 
The two basic and commonly used moving averages are the simple moving average (SMA), which is the simple average of a 
security over a defined number of time periods, and the exponential moving average (EMA), which gives greater weight to 
more recent prices. Exponential moving averages react quicker to price changes than simple moving averages. 
 

3.5 Correlation 

Correlation refers to how close two variables are to having a linear relationship with each other. Correlation coefficient is a 
statistical measurement of the relationship between how two stocks move in tandem with each other, as well as of the 
strength of that relationship. Investors often use the correlation coefficient to diversify assets in the construction of 
portfolios. The correlation coefficient is measured on a scale from -1 to 1. A correlation coefficient of 1 indicates a perfect 
positive correlation between two stocks, meaning the stocks always move the same direction by the same amount. A 
coefficient of -1 indicates a perfect negative correlation, meaning that the stocks have historically always moved in the 
opposite way direction. If two stocks have a correlation coefficient of 0, it means there is no correlation and therefore no 
relationship between the stocks. It is unusual to have either a perfect positive or negative correlation. Investors can use the 
correlation coefficient to select assets with negative correlations for inclusion in their portfolios. The calculation of the 
correlation coefficient takes the covariance of the stocks against the mean returns for each stock divided by the product of 
the standard deviation of the returns of each stock. 
 
(i) Pearson co-efficient 
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The Pearson r value or product-moment correlation coefficient can give you a sense of how correlated the stock is. In this 
project, we use Pearson co-efficient to find the correlation between two stocks. We take the adjacent closing price of two 
stocks and convert it to percent change. For this analysis, we take the daily returns of all the stocks where, if Pearson co-
efficient(r) =1, it means they’re very correlated. It is basically a linear regression performed on each stock's returns against 
the other. If mapped graphically, a positive correlation would show an upward-sloping line. A negative correlation would 
show a downward-sloping line. While the correlation coefficient is a measure of the historical relationship between two 
stocks, it may provide a guide to the future relationship between the assets. High correlation means a good indicator. For 
correlation between all the stocks, we use sns.PairGrid() for full control of the figure, including what kind of plots go in the 
diagonal, the upper triangle, and the lower triangle. The strength of the relationship varies in degree based on the value of 
the correlation coefficient. For example, a value of 0.2 shows there is a positive correlation between two variables, but it is 
weak and likely insignificant. Experts do not consider correlations significant until the value surpasses at least 0.8. 
However, a correlation coefficient with an absolute value of 0.9 or greater would represent a very strong relationship. 
 
(ii) HeatMap 
 
Heat map works with correlation coefficient derived from the data sets collected. It is achieved using predefined correlation 
function from the python libraries. This gives an output of 4 company’s correlation values with one other creating a one 4 * 
4 matrix in a dataset. After we have the correlation matrix, we can build a heat map using it, in order to represent the entire 
matrix and to differentiate it color coding is given to the matrix. The color coding is such that Negative correlation gives 
Blue color, Positive correlation gives Red color, and Neutral correlation gives Pink color. Color coding gives it a sense of 
visual acceptance by the end user. Thus, by using this technique it will be easy to understand the trend. Analysis is such that 
if a company heat map gives a major red coding, it would be the company that a user should consider for buying the stock. 
The strength of the relationship varies in degree based on the value of the correlation coefficient. For example, a value of 
0.2 shows there is a positive correlation between two variables, but it is weak and likely insignificant. Experts do not 
consider correlations significant until the value surpasses at least 0.8. However, a correlation coefficient with an absolute 
value of 0.9 or greater would represent a very strong relationship. 
 

3.6 Risk Analysis 

There are many ways we can quantify risk, one of the most basic ways using the information we've gathered on daily 
percentage returns is by comparing the expected return with the standard deviation of the daily returns. In this project, we 
started with defining the value at risk parameter for our stocks, where we treat the value at risk as the amount of money we 
could expect to lose (aka putting at risk) for a given confidence interval. One way of estimating a value at risk is using the 
"bootstrap" method, for which we will calculate the empirical quantiles from a histogram of daily returns and use the 
quantiles to get the risk value for the stock.  
 

3.7 Prediction of Future Stock Behavior 

(i) Monte Carlo Method 
 
Monte Carlo simulations are used to model the probability of different outcomes in a process that cannot easily be predicted 
due to the intervention of random variables. It is a technique used to understand the impact of risk and uncertainty in 
prediction and forecasting models. A Monte Carlo simulation applies a selected model to a large set of random trials in an 
attempt to produce a plausible set of possible future outcomes. In regard to simulating stock prices, the most common model 
is geometric Brownian motion (GBM). In this project, we have demonstrated a basic Monte Carlo method with just a few 
simulations using the Google DataFrame. 
 
 
 
 
(ii) Specify a Model (e.g. GBM) 
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To predict the future behavior of stock, we have used the geometric Brownian motion (GBM), which is technically known 
as a Markov process. The equation for geometric Brownian motion is given by the following equation: 
 

 
 
  
Where S is the stock price, mu is the expected return (which we calculated earlier), sigma is the standard deviation of the 
returns, t is time, and epsilon is the random variable. The change in the stock price is the current stock price multiplied by 
two terms. The first term is known as "drift", which is the average daily return multiplied by the change of time. The second 
term is known as "shock", for each time period the stock will "drift" and then experience a "shock" which will randomly 
push the stock price up or down. By simulating this series of steps of drift and shock thousands of times, we can begin to do 
a simulation of where we might expect the stock price to be. 
The stock price follows a series of steps, where each step is a drift plus or minus a random shock. GBM assumes that a 
constant drift is accompanied by random shocks. 
 

 
 

 
 
 
(iii) Future Stock Behavior 
 
After GBM, we proceed to run random trials. For the Monte Carlo simulation, we perform a Monte Carlo Analysis for 
Google, where we assume that the stock begins on day zero with a certain price. The outcome is such that each time step (or 
interval) is one day and the series runs for the total number of days that is considered for simulation.  
The result is many simulated stock prices at the end of the number of days considered for simulation along with the lowest 
price point and highest price point. Monte Carlo simulation produces a distribution of hypothetical future outcomes. We 
could do several things with the output like estimation of Value at Risk and prediction of how much one can invest in a 
certain company, so that there is minimal loss if the market goes down. 
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4. Result Analysis  

Technical Analysis of stock market is the forecasting of future financial price movements based on examination of past 
price movements. Technical analysis uses a wide variety of charts that show price over time. Analysis of financial market is 
applicable to stocks where the price is influenced by forces of supply and demand, where price data refers to any 
combination of the open, high, low, close, volume over a specific timeframe.  
We all know that share prices go up and down every day. But it's only by using charts that you can keep those fluctuations in 
perspective and understand whether it's time to buy, sell or hold. It also helps smooth out the daily price fluctuations so you 
can stay grounded and not get overly swayed by day-to-day volatility. 
 

4.1 Historical Data Analysis 

 

             
Fig. 4 Closing Price of APPLE stock         Fig. 5 Volume of APPLE stock over 1 year 

 
 
 

 
Fig. 6 Daily Return of Stock 

 
 
• The stock considered for analyzing the Adjusting Closing price, Volume Surge and Daily Return is Apple Stock. The 

trend of closing price of stock considered is over a span of one year.  
• The analysis of closing price of Apple stock for one year is shown in Fig 4. Since trendlines on the graph is on an 

upward trend, one can expect demand to increase further as traders and investors looking to capitalize on a trending 
stock might consider buying stocks near these levels. 

• Analysis of volume of Apple stock for one year is shown in Fig 5. The trendlines for volume is constantly changing 
from low to high and vice versa and in the end of the one year, the volume was on a Low, which indicates a selling 
signal to investors. 

• Analysis of Daily Return of Apple stock for one year is shown in Fig 6. Since the fluctuations in the daily return of the 
stock is less, we can conclude that the stock has neither grown in value, nor lost much value, which indicates that the 
stock is less risky. 
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4.2 Moving Average  

 
Fig. 7 Moving Average of APPLE stock 

 
The stock considered for analyzing the Moving Average is Apple Stock and data of one year is considered. The trend of 
closing price of stock considered is over a span of one year. Since average of 20 days is better than 200 days, so we have 
considered a Moving Average for 10,20 and 50 days compared with the Adjusted Closing Price. Also since it’s for a span of 
one year, that is for short-term trading, shorter moving averages are used. 
 
 
4.3 Correlation 

   
  Fig. 8 Correlation between MSFT and GOOG       Fig. 9 Correlation between all stocks 
 

 
Fig. 10 HEATMAP 
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• In Fig. 8, we can see that correlation between the Daily returns of Google and Microsoft stocks is 0.42, which indicates 

that they’re not highly correlated.  
• In Fig. 9, correlation between stocks of Apple, Amazon, Google, Microsoft is calculated to see the relationship of one 

stock with another. Command sns.PairGrid() is used for full control of the figure, including what kind of plots go in the 
diagonal, the upper triangle, and the lower triangle. As per the graph, there is an interesting relationship between 
Microsoft and Apple and the highest correlation is seen between Amazon and Google. 

• In Fig. 10, correlation is seen using a Heatmap, where all the 4 companies are represented in a correlation table and has 
color coding that suggest red-buy, blue-sell and pink-hold making it easier to compare with respect to other companies 
for a better understanding of the stock. We see here numerically and visually that Amazon and Google has the strongest 
correlation of daily stock return. 

 

4.4 Risk Analysis 

 

 
Fig. 11  Risk Analysis 

 
• From Fig. 11, we can conclude that as anyone would want a stock with a strong Expected Return and a lower Risk 

(Standard deviation), therefore, APPLE is the best stock. A negative return means a loss on the stock, thus a high risk 
(Standard deviation) is bad.  

 
 
 
 

 
Fig. 12 Average Daily Return 

 
• In Fig. 12, we consider the Daily Returns histogram for APPLE stock. The 0.05 empirical quantile of daily returns is at 

-0.019. That means that with 95% confidence, our worst daily loss will not exceed 1.9%. Thus, if one has a 1 million 
dollar investment, our one-day 5% Value at Risk is 0.019 * 1,000,000 = $19,000. 
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4.5 Prediction of Future Stock Prices 

 
 

 
Fig. 13 Monte Carlo Analysis 

 
• In Fig. 13, we assume that the stock begins on day zero with a price of $569.85. The outcome is such that each time 

step (or interval) is one day and the series runs for 365 days. The result is many simulated stock prices at the end of one 
year (365 days). None has happened to fall below $550, and rise above $590. 

 
 
 
 
 

 
Fig. 14 Prediction of Future Price 

 
In Fig. 14, the risk parameter that is considered is the amount of money we could expect to lose (aka putting at risk) for a 
given confidence interval. Thus, since the start price is close to mean price, it shows that there is not much return on that 
stock and it’s stable. The quartile line is at $549, means if the starting price at $569.85, the maximum low that the stock 
price will be 99% of the times, is $549. That is one will lose at most 19$ from the initial investment. Thus, value at risk is 
19$. 
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5. Conclusion and Future Scope 

In the past few years, it has been observed that most of the people are investing in the stock market to make money easily. 
At the same time investor has high chance of losing all money invested. So effective predictive methods are required for the 
user to understand future market trend. Based on the results shown in fig (4-14) and experiments performed, it is evident 
that input data plays an important role in prediction along with right prediction techniques. The study determines the factors 
that significantly affect the performance of a company in the stock market and helps the investor to form an opinion about 
the shares to be invested. Thus, concluding from our results, we see that using only past price data and prediction indicators 
which are calculated based on past price data, we can achieve a correct prediction of the price trends. These methods will be 
a great asset for brokers and investors for investing money in the stock market since it is trained on a huge collection of 
historical data and has been chosen after being tested on a sample data. The project demonstrates the prediction techniques 
to predict the stock value with more accuracy as compared to previously implemented methods. Despite of a lot of research 
efforts, current stock prediction studies still have many limitations and margins for improvement. We finally conclude that 
stock prediction is very complex task and various factors should be considered for forecasting the market more accurately 
and efficiently. Successful prediction of future stock prices using the historical data is implemented along with the risk 
involved while investing in a stock, making it easier for brokers and investors for accurate buy-hold-sell decisions. 
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