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ABSTRACT

Stock price forecasting is a popular and important topic in financial and academic studies. Share Market is an 
untidy place for predicting since there are no significant rules to estimate or predict the price of share in the 
share market. Many methods like technical analysis, fundamental analysis, time series analysis and 
statistical analysis, etc. are all used to attempt to predict the price in the share market.

In this project we attempt to implement a Predictive Modeling and Technical Indicators Analysis approach to 
predict stock market prices by developing an automated stock data collection and predictive analysis tool. 
Predictive Modeling is very effectively implemented in forecasting stock prices, returns, and stock modeling 
and the most frequent methodologies are the Decision Tree algorithm and the Regression Algorithm. This 
project is for Indian users as the prediction is done on the listed companies of National Stock Exchange of 
India’s NIFTY index. We outline the design of the Predictive models with its salient features and 
customizable parameters, and design visually interactive trend charts for stock technical indicators analysis. 
We select a certain group of parameters with relatively significant impact on the share price of a company. 
With the help of statistical analysis, the relation between the selected factors and share price is formulated 
which can help in forecasting accurate results. Although, share market can never be predicted, due to its 
vague domain, this project aims at applying Predictive Modeling Machine Learning techniques and stock 
indicator concepts in forecasting the stock prices.
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INTRODUCTION

Stock Market prediction and analysis is the act of trying to determine the future value of a company stock or 
other financial instrument traded on an exchange. Stock market is the important part of economy of the 
country and plays a vital role in the growth of the industry and commerce of the country that eventually 
affects the economy of the country. Both investors and industry are involved in stock market and wants to 
know whether some stock will rise or fall over certain period of time. The stock market is the primary source 
for any company to raise funds for business expansions. It is based on the concept of demand and supply. If 
the demand for a company's stock is higher, then the company share price increases and if the demand for 
company's stock is low then the company share price decrease.

The National Stock Exchange of India Limited (NSE) is the leading stock exchange of India, located 
in Mumbai. The NSE was established in 1992 as the first demutualized electronic exchange in the country. 
NSE was the first exchange in the country to provide a modern, fully automated screen-based electronic 
trading system which offered easy trading facility to the investors spread across the length and breadth of 
the country.

The NIFTY 50 index is National Stock Exchange of India's benchmark broad based stock market index for the 
Indian equity market. It represents the weighted average of 50 Indian company stocks in 12 sectors and is 
one of the two main stock indices used in India, the other being the BSE Sensex.

Due to involvement of many number of industries and companies, it contain very large sets of data from 
which it is difficult to extract information and analyze their trend of work manually. The application 
developed in this project, not only helps in prediction the future movement if the stock in the market, but 
also automate the data retrieval, trend analysis, predictive analysis and insights generation of a stock, just at 
the click of a button. Stock market analysis and prediction will reveal the market patterns and predict the 
time to purchase stock. The successful prediction of a stock's future price could yield significant profit. This is 
done using large historic market data of 12 months in this project, to represent varying conditions and 
confirming that the time series patterns have statistically significant predictive power for high probability of 
profitable trades and high profitable returns for the competitive business investment.

Statement about the problem
The Stock Market is a complex and dynamical system, & is influenced by many factors that are subject to 
uncertainty. So, it is a difficult task to forecast stock price movements. Due to technology and globalization 
of business & financial markets it is important to predict the stock prices more quickly & accurately. 
Automated User friendly Trading application can be developed based on financial predictive indicator 
algorithms & machine learning techniques to predict the performance of stocks in NSE’s Nifty 50 Index.

My role in the Project

I will be involved in the end to end activities for the creation of this project under the guidance of my 
supervisor and serve as an “Individual Contributor” for this project fulfilling the following roles:

 Idea Generation – Research on Indian Stock Market and Prediction Analysis of the NIFTY stocks
 Planning – Design blueprint of the methodology for Stock Data Retrieval & Buy/Sell Prediction
 Design and Development – Developing prediction models based on the planned methodology 

and designing the prediction application tool for stock data retrieval and stock movements 
analysis

 Testing & Documentation – Validating the accuracy of prediction models, reducing the error 
rate and documenting the results
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What contribution would the Project make?
 Making predictions is an interesting exercise, but the real fun is looking at how well these 

forecasts would play out in the actual market. Using the Stock Movement Predictor 
application, developed in this project, an investor can “play” the stock market using our in-built 
prediction models (Decision Tree & Regression Analysis) over an evaluation period. The 
investors will use a strategy informed by our model which they can then compare to the simple 
strategy of buying and holding the stock over an entire period.

 Movement of Stock Market can also be predicted by Technical Analysis. The main two 
component of Technical Analysis are price and volume and on these two data whole stock 
market can predicted. Stock Market movement is nothing but a mix and match of Mathematics 
and Human psychology and Technical Analysis is all about these two attributes.

o When market moves positive people invest expecting a further positive movement but 
when small downtrend is seen people book profits expecting, small generated profits 
would be lost.

o When market goes down, people hold thinking that they would exit if the market falls 
further. They average it out and thus increase their losses.

o The correct way is to cut the losses by placing correct stop loss and add up more 
stocks with the profits with maintaining trailing stop losses but unfortunately 97% 
traders and investors do it exactly opposite. Only 3% people do it in correct way and 
hence they are called as smart investors

This project aims to contribute to the smart investors by easing out their market movement analysis. 
The tool developed in this project generates trend charts and prediction models using latest data for a 
NIFTY stock at the click of a button, thus speeding up their investing analysis and decision making 
process.

Limitations:

Following are some of the limitations of this project:
 A piece of data which is missing in this project is the intraday prices, i.e. the prices minute by 

minute. However, intraday prices are not as freely available as interday prices and are 
considered a commodity in themselves. To get hold of such a dataset would incur a large cost, 
one that is not within the budget of a project such as this. 

 Another important piece of missing data is the order book. The order book is a record of live 
buy and sell orders for a particular stock. Successful orders are matched off against the order 
book by the exchange. It is easy to imagine that the order book contains useful data. For 
instance, the weighted average of orders might be predictive of the price. However access to 
this data is extremely costly and far beyond what most casual investors can afford, let alone 
the budget for this project.

 We are trying to quantify the true value of a company when almost every company has in 
some way or another some purely qualitative value. Fundamental Analysis methods do not 
attempt to capture these qualitative values. For example, it is not possible to quantify the 
value of a brand, the size of its customer base, or a competitive advantage. Until these values 
are quantified, it leaves a large gap in what an algorithmic style approach can achieve. For 
instance, what algorithm, would have valued WhatsApp at $22 billion while still making an 
year-on-year loss? In fundamental analysis we are limited to purely quantitative company 
metrics.
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Objective and Scope of the Project:
Objective:

 To add to the academic understanding of stock market prediction:
o With a greater understanding of how the market moves, investors will be better 

equipped to prevent another financial crisis. 
o Evaluate some existing strategies from a rigorous scientific perspective and provide a 

quantitative evaluation of new strategies. 
 Provide an automated Stock Prediction Tool to Traders to:

o Make Buy/Sell Decisions
o Distinguish between conservative and risky stocks

Scope:
 No attempt is made in this project at portfolio management. Portfolio management is largely 

an extra step done after an investor has made a prediction on which direction any particular 
stock will move. The investor may choose to allocate funds across a range of stocks in such a 
way to minimize his or her risk. For instance, the investor may choose not to invest all of their 
funds into a single company lest that company takes unexpected turn. A more common 
approach would be for an investor to invest across a broad range of stocks based on some 
criteria he has decided on before. This project will focus exclusively on predicting the daily 
trend (price movement) of individual stocks. The project will make no attempt to deciding 
how much money to allocate to each prediction. More so, the project will analyze the 
accuracies of these predictions. 

 A distinction must be made between the trading algorithms studied in this project and high 
frequency trading (HFT) algorithms. HFT algorithms make little use of intelligent prediction and 
instead rely on being the fastest algorithm in the market. These algorithms operate in fractions 
of a second. The algorithms presented in this report will operate on the order of days and will 
attempt to be truly predictive of the market.
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Theoretical background
In the last few decades forecasting of stock returns has become an important field of research. In most of 
the cases the researchers had attempted to establish a linear relationship between the input 
macroeconomic variables and the stock returns. After the discovery of nonlinearity in the stock market index 
returns, many literatures have come up in nonlinear statistical modeling of the stock returns, most of them 
required that the nonlinear model be specified before the estimation is done. But since stock market return 
is noisy, uncertain, chaotic and nonlinear in nature, Predictive Modeling & Machine Learning has evolved in 
capturing the structural relationship between a stock’s performance and its determinant factors more 
accurately than many other statistical techniques.

In literature, different sets of input variables are used to predict stock returns. In fact, different input 
variables are used to predict the same set of stock return data. Some researchers used input data from a 
single time series where others considered the inclusion of heterogeneous market information and macro-
economic variables. Some researchers even preprocessed these input data sets before feeding it to the 
Predictive Model for forecasting.

Min and Lee were doing prediction of bankruptcy using machine learning. They evaluated methods based on 
Support Vector Machine, multiple discriminant analysis, logistic regression analysis, and three-layer fully 
connected back-propagation neural networks. Their results indicated that support vector machines 
outperformed other approaches.

A Decision Tree is a useful and popular classification technique that inductively learns a model from a given 
set of data. One reason for its popularity stems from the availability of existing algorithms that can be used 
to build decision trees, such as CART (Breiman et al., 1984), ID3 (Quinlan, 1986), and C4.5 (Quinlan, 1993). 
These algorithms all learn decision trees from a supplied set of training data, but do so in slightly different 
ways. As discussed in the introduction, a classifier is built by analyzing training data. That is to say, a 
classifier is built by analyzing a collection of instances where each instance is composed of a set of attribute 
values and a known class value. These decision tree algorithms build top down structures that partition 
instances into separate classes, and it is hoped that these structures generalize well to instances with 
unknown class values. This would mean that the decision trees have fulfilled their objectives and have 
indeed discovered some underlying property of the data (Quinlan, 1986).

Tsai and Wang did a research where they tried to predict stock prices by using ensemble learning, composed 
of decision trees and artificial neural networks. They created dataset from Taiwanese stock market data, 
taking into account fundamental indexes, technical indexes, and macroeconomic indexes. The performance 
of Decision Tree + Artificial Neural Network trained on Taiwan stock exchange data showed Fscore 
performance of 77%. Single algorithms showed F-score performance up to 67%.

Josip Arneric, Elza Jurun, Snjezana pivac describes that technical analysis is done to find out the price 
movements whereas fundamental analysis is done to predict values by looking at the fundamentals of a 
particular company. They focuse on technical analysis and define that trend can be of two types on the basis 
of either time structure or general direction.

Professor Veroljub says that the way of investing is to sell when prices are at top and to buy when prices are 
at lower whatever the patterns are. In his articles he has discussed the market efficiency theory, Classical 
theory, confidence theory and Dow Theory. He also differentiates between the Classical and Confidence 
theory.

Wing-Keung Wong, Meher Manzur and Boon-Kiat Chew (2002) article discuss that the helpful principle of 
technical analysis is to identify trends and then go with the trend whether it is occurring randomly or due to 
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fundamental factors. He also discussed the techniques of moving averages and relative strength index (RSI) 
by applying it on Singapore stock exchanges.

There are many tools and software available out there that provide forecasting of stock market entities, 
share quantity and share value for a given financial organization. Most of them claim to predict the stock 
market with near to 100% accuracy but the opinions from the users vary. Some of the popular tools and 
software with their methodologies are mentioned as follows.

 inteliCharts Predictive Stock Market Analytics:
It is a quantitative modeling tool used for financial time series forecasting. The system is 
adaptive in its core as it learns the patterns and geometrical relationships defined by historical 
time series data points, which are unique for each individual stock, index, or another financial 
instrument.

 Markettrak
Its stock market forecast system consists of two major parts: an extensive database and a 
forecast model. The forecast model reads the database and then makes a prediction of where 
the market is headed. From this prediction, it determines a trading position for the Dow 
Diamonds or the SP500 Spiders. The database and forecast are updated daily at the close of 
trading.

 Stock-Forecasting.com
www.stock- forecasting.com (Center of Mathematics & Science, Inc., Chicago, United States of 
America) provides innovative price-prediction technology for active Day Traders, Short- and 
Long-term Investors. They develop web-based software for stock market forecasting and 
analysis.

The Stock-Forecasting software predicts stock prices, generates trading "Buy-Hold-Sell" signals, 
computes the most profitable company to invest in and analyzes the accuracy of predictions.
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Definition of problem
The Stock Market is a complex and dynamical system, & is influenced by many factors that are subject to 
uncertainty. So, it is a difficult task to forecast stock price movements. Due to technology and globalization 
of business & financial markets it is important to predict the stock prices more quickly & accurately. 
Automated User friendly Trading application can be developed based on financial predictive indicator 
algorithms & machine learning techniques to predict the performance of stocks in NSE’s Nifty 50 Index.

Investors prefer stock market investments as they have the opportunity of highest return over other 
schemes. Nifty (benchmark of NSE India) is a well diversified index consisting of 50 major stocks from 21 
sectors of the Indian economy. However, trading through Stock buy/sell prediction computer algorithms is 
still in its nascent stage in the Indian stock market. The need of an automated user friendly trading predictor 
system, which predicts stock price upward/downward movements, is necessary in the Indian stock market, 
given the explosion of algorithmic trading, being one of the most prominent trends in the global financial 
industry over recent decade.  A Stock Prediction Application will be developed in this project using Nifty 
data, keeping in mind the following three steps:

1. The system has to have some models generating Stock Market predictions using Financial Stock 
Predictor Functions (E.g.: Williams %R) and Machine Learning Techniques (E.g.: Decision Trees)

2. Back testing of the Prediction Models is essential to evaluate the trading system’s performance on 
historical market data and thus determine the viability of the system 

3. An analytical insight has to be provided, of whether the stock is: “Bullish” or “Bearish”
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Project Lifecycle - Waterfall Model
The Project Lifecycle Model used for this project is Waterfall Model. The Waterfall Model was the first 
Process Model to be introduced. It is very simple to understand and use. In a Waterfall model, each phase 
must be completed before the next phase can begin and there is no overlapping in the 
phases. Waterfall model is the earliest SDLC approach that was used for software development.

In “The Waterfall” approach, the whole process of project application development is divided into separate 
phases. The outcome of one phase acts as the input for the next phase sequentially. This means that any 
phase in the development process begins only if the previous phase is complete. The waterfall model is a 
sequential design process in which progress is seen as flowing steadily downwards (like a waterfall) through 
the phases of Conception, Initiation, Analysis, Design, Construction, Testing, Production/Implementation 
and Maintenance.

As the Waterfall Model illustrates the application development process in a linear sequential flow; hence it 
is also referred to as a Linear-Sequential Life Cycle Model.

a) System Analysis:

i. User Requirement Analysis:

 System Overview:

This system named “Stock Buy/Sell Predictive Analytics For Trading Of Nifty Stocks Using Predictive 
Algorithms & Machine Learning Techniques” is a web application that aims to predict stock market value 
using Technical stock indicators and Prediction models: Decision Tree & Multiple Linear Regression. This 
project is intended to solve the economic dilemma created in individuals who want to invest in Stock 
Market.

 System Features:

System analysis & design vis-ŕ-vis user requirements 
& Feasibility Study

Methodology adopted & Process involved

Testing Methods used & Test Validation Results

User/ operational manual (including security 
aspects, access rights, back up, controls etc.,   
System Maintenance & Evaluation
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1. Stock market prediction:

Stock price movements are in somewhat repetitive in nature in the time series of stock values. The 
prediction feature of this system tries to predict the stock return in the time series value by training the 
Decision Tree/Regression model or analyzing the trend charts of technical indicators, which involves 
producing an output and correcting the error.

2. Automated Prediction & Analysis Application:

The system tries to automate the stock analysis for the user by downloading latest data, analyzing technical 
indicator trends, creating prediction models, validating the prediction models and giving the end results to 
the users as to whether the stock should be bought/sold or whether the stock is stable/risky, just at the 
click of a button.

After the extensive analysis of the problems in the system, we are familiarized with the requirement that 
the current system needs. The requirement that the system needs is categorized into the functional and 
non-functional requirements. These requirements are listed below:

a. Functional Requirements:

Functional requirement are the functions or features that must be included in any system to satisfy the 
business needs and be acceptable to the users. Based on this, the functional requirements that the system 
must require are as follows:

i. The system should be able to predict the approximate share price movement.
ii. The system should collect accurate data from the Yahoo Finance website in consistent manner.

b. Non-Functional Requirements:

Non-functional requirement is a description of features, characteristics and attribute of the system as well 
as any constraints that may limit the boundaries of the proposed system. The non- functional requirements 
are essentially based on the performance, information, economy, control and security efficiency and 
services. Based on these the non-functional requirements are as follows:

i. The system should provide better accuracy.
ii. The system should have simple interface for users to use.
iii. To perform efficiently in short amount of time.

ii. Feasibility Analysis:

Stock market cannot be accurately predicted. The future, like any complex problem, has far too many 
variables to be predicted. The stock market is a place where buyers and sellers converge. When there are 
more buyers than sellers, the price increases. When there are more sellers than buyers, the price 
decreases. So, there is a factor which causes people to buy and sell. It has more to do with emotion than 
logic. Because emotion is unpredictable, stock market movements will be unpredictable. It’s futile to try to 
predict where markets are going. They are designed to be unpredictable.

The proposed system will not always produce accurate results since it does not account for the human 
behaviors. Factors like change in company’s leadership, internal matters, strikes, protests, natural disasters, 
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and change in the authority cannot be taken into account for relating it to the change in Stock market by 
the machine.

The objective of the system is to give a approximate idea of where the stock market might be headed. It 
does not give a long term forecasting of a stock value. There are way too many reasons to acknowledge for 
the long term output of a current stock. Many things and parameters may affect it on the way due to which 
long term forecasting is just not feasible.

Feasibility studies undergo four major analyses to predict the system to be success and they are as follows:

 Operational Feasibility
 Technical Feasibility
 Schedule Feasibility
 Economic Feasibility

 Operational Feasibility:

Operational feasibility is a measure of how well a proposed system solves the problems, and takes 
advantage of the opportunities identified during scope definition and how it satisfies the requirements 
identified in the requirements analysis phase of system development. Operational feasibility reviews the 
willingness of the organization to support the proposed system. This is probably the most difficult of the 
feasibilities to gauge. In order to determine this feasibility, it is important to understand the management 
commitment to the proposed project. If the request was initiated by management, it is likely that there is 
management support and the system will be accepted and used. However, it is also important that the 
employee base will be accepting of the change. The operational feasibility is the one that will be used 
effectively after it has been developed. If users have difficulty with a new system, it will not produce the 
expected benefits. It measures the viability of a system in terms of the PIECES framework. The PIECES 
framework can help in identifying operational problems to be solved, and their urgency:

1. Performance: Does current mode of operation provide adequate throughput and response time?

As compared to traditional methods of manually retrieving the stock data from the web and forecasting the 
stock prices with large number of manual calculations, this system plays a very important role in designing 
an application that automates the process of data retrieval and stock movement/price prediction with the 
help of a user-friendly dashboard, thus making the process easier and faster. 

2. Information: Does current mode provide end users and managers with timely, pertinent, accurate and 
usefully formatted information?

System provides end users with timely, pertinent, accurate and usefully formatted information. Since all 
the stock related information is being pulled from Yahoo Finance against a unique NSE Stock Symbol, it will 
provide for meaningful and accurate data to the investor. The investing decisions are made by the 
traditional investors manually. This results in loss of validity of data due to human error. The information 
handling and the investing decision in the proposed system will be driven by computerized and 
automatically updated prediction and validation of stock data. The human errors will be minimal. The data 
will be automatically updated from time to time and will be validated before the data is processed into the 
system.

3. Economy: Does current mode of operation provide cost-effective information services to the business? 
Could there be a reduction in costs and/or an increase in benefits?
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Determines whether the system offers adequate service level and capacity to reduce the cost of the 
business or increase the profit of the business. The deployment of the proposed system, manual work will 
be reduced and will be replaced by an IT savvy approach. Moreover, it has also been shown in the 
economic feasibility report that the recommended solution is definitely going to benefit economically in 
the long run. The system is built on Excel, R and JavaScript. Excel and Javascript do not need any additional 
installation; they are in-built in every system. R needs installation but it is free software. So, overall the 
application is very economically feasible.

4. Control: Does current mode of operation offer effective controls to protect against fraud and to guarantee 
accuracy and security of data and information?

As all the data is pulled from Yahoo Finance, which is a public stock data provider, it does not contain any 
confidential information which can be misused, so on that contrast there should be no use of any security 
corner for this system.

5. Efficiency: Does current mode of operation makes maximum use of available resources, including people, 
time, and flow of forms?

Efficiency work is to ensure a proper workflow structure to store patient data; we can ensure the proper 
utilization of all the resources. It determines whether the system makes maximum use of available 
resources including time, people, flow of forms, minimum processing delay. In the current system a lot of 
time is wasted as the investing decisions are made by the traditional investors manually. The proposed 
system will be a lot efficient as it will be driven by computerized and automatically updated prediction and 
validation of stock data. The data will be automatically updated from time to time and will be validated 
before the data is processed into the system.

6. Services: Does current mode of operation provide reliable service? Is it flexible and expandable?

The system is desirable and reliable services to those who need it and also whether the system is flexible 
and expandable or not. The proposed system is very much flexible for better efficiency and performance of 
the organization. The scalability of the proposed system will be inexhaustible as the storage capacity of the 
system can be increased as per requirement. This will provide a strong base for expansion. The new system 
will provide a high level of flexibility.

 Technical Feasibility:

A large part of determining resources has to do with assessing technical feasibility. It considers the 
technical requirements of the proposed project. The technical requirements are then compared to the 
technical capability of the organization. The systems project is considered technically feasible if the internal 
technical capability is sufficient to support the project requirements.

The analyst must find out whether current technical resources can be upgraded or added to in a manner 
that fulfils the request under consideration. This is where the expertise of system analysts is beneficial, 
since using their own experience and their contact with vendors they will be able to answer the question of 
technical feasibility. The essential questions that help in testing the technical feasibility of a system include 
the following:

1. Is the project feasible within the limits of current technology?
2. Does the technology exist at all?
3. Is it available within given resource constraints?
4. Is it a practical proposition?
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5. Manpower- programmers, testers & debuggers
6. Software and hardware
7. Are the current technical resources sufficient for the new system?
8. Can they be upgraded to provide to provide the level of technology necessary for the new system?
9. Do we possess the necessary technical expertise, and is the schedule reasonable?

10.Can the technology be easily applied to current problems?
11.Does the technology have the capacity to handle the solution?
12.Do we currently possess the necessary technology?

Automated Stock Prediction system deals with the modern technology system that needs the well efficient 
technical system to run this project. All the resource constrains must be in the favor of the better influence 
of the system. Keeping all this facts in mind we had selected the favorable hardware and software utilities to 
make it more feasible.

1. Details of Hardware and Software Used:

 Hardware:

o Processor: Intel ® Core ™ i5-6440HQ CPU @ 2.60GHz 2.59GHz
o Installed Memory (RAM): 8.00 GB (7.64 GB Usable)
o System type: 64-bit Operating System

 Software

o Back-end Data Service Provider: Yahoo! Finance
o Operating System: Windows 7
o Front-end Tool: Microsoft Excel 2007 (with VBA and Analysis Toolpak VBA configuration)

o Back-end Tools: 

 IIS Server local host configuration
 Phantom JS Server
 R for Windows 3.4.4

o Markup Languages: HTML, XHTML
o Scripts: D3.JS (Javascript Library based on Angular JS), VBA
o Style Sheets: CSS

2. Why Yahoo! Finance:

Yahoo! Finance is a media property that is part of Yahoo!'s network. It provides financial news, 
data and commentary including stock quotes, press releases, financial reports, and original 
content.

The application needs latest stock OHLVC (Open Price, High Price, Low Price, Volume, Close Price) data for 
each NIFTY stock. Since most Finance sites tend to be overloaded with advertising and tetchy about 
scrapers, this can be a little challenging at first. 
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As the purpose of this project is to develop an automated data fetch application, the stock data should be 
automatically retrieved from the web, which can be done through Web scraping R. In such a case, Yahoo 
Finance is a good source for extracting financial data as the format of the data is mostly consistent for this 
source and is easily accessible through the R packages like “Rvest”

3. Why Microsoft Excel (VBA):

Microsoft excel has been used in this project to design the front end dashboard for the user. Few macros 
have also been coded using VBA for running data models and integrating the front end and backend with R 
and D3.JS. As Microsoft Excel is a most common platform and easily accessible to all kinds of users, an effort 
has been made in this project to enhance the features of Excel by adding D3 visuals and R models into it, to 
fulfill all the needs of a stock investor in a simple and flexible platform.

VBA (Visual Basic Applications) is a programming language which is developed by Microsoft to be used for 
the Microsoft office package such as Word, Access, Excel and others. It is used to customize the applications 
to meet the needs of the business. It is a powerful and convenient tool to perform an operation repeatedly 
and also helps in analyzing the data. VBA is used to access the functions of applications and controls them 
within some other applications. Marketing Sales reporting and analysis is done in an effective and efficient 
way using VBA.

VBA in excel is used to generate, format and print reports using graphical representations like charts. The 
reports are generated with ease and it is simple with the help of VBA. The reports are generated using 
various options as per the need of the management.

4. Why R?

R is a programming language and free software environment for statistical computing and graphics that is 
supported by the R Foundation for Statistical Computing.

One of the great advantages of using R for data analysis is the amount of data that can be imported over 
the web. This is practical because a database can be downloaded or updated with a simple command, 
avoiding all the manual and tedious work of collecting data manually. It is also easy to share code, as 
anyone can download the exact same dataset with a single line of code.

Importation of stock data from Yahoo Finance can be performed using specific packages in CRAN 
(Comprehensive R Archive Network) and web scraping techniques.

R Programming also gives a broad variety of statistical (direct and nonlinear modeling), techniques, which 
can be used for Decision Tree analysis for the purpose of this project.

5. Why D3.JS?

D3.JS is a JavaScript library for producing dynamic, interactive data visualizations in web browsers. It makes 
use of the widely implemented SVG, HTML5, and CSS standards. Techan JS is a visual, stock charting 
(Candlestick, OHLC, indicators) and technical analysis library built on D3. 

For the purpose of this project, an attempt has been made to enhance the visuals Technical Trend Charts’ 
visuals in Excel by integrating Excel with D3 and presenting the D3 visuals on Excel dashboard with user 
friendly tooltips and labels.

 Economical Feasibility:

Economic analysis could also be referred to as cost/benefit analysis. It is the most frequently used method 
for evaluating the effectiveness of a new system. In economic analysis the procedure is to determine the 
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benefits and savings that are expected from a candidate system and compare them with costs. If benefits 
outweigh costs, then the decision is made to design and implement the system. An entrepreneur must 
accurately weigh the cost versus benefits before taking an action.

Possible questions raised in economic analysis are:

1. Is the system cost effective?
2. Do benefits outweigh costs?
3. The cost of doing full system study
4. The cost of business employee time
5. Estimated cost of hardware
6. Estimated cost of software/software development
7. Is the project possible, given the resource constraints?
8. What are the savings that will result from the system?
9. Cost of employees' time for study

10.Cost of packaged software/software development
11.Selection among alternative financing arrangements (rent/lease/purchase)

The concerned business must be able to see the value of the investment it is pondering before committing 
to an entire system study. If short-term costs are not overshadowed by long-term gains or produce no 
immediate reduction in operating costs, then the system is not economically feasible, and the project should 
not proceed any further. If the expected benefits equal or exceed costs, the system can be judged to be 
economically feasible. Economic analysis is used for evaluating the effectiveness of the Proposed System. 
The economical feasibility will review the expected costs to see if they are in-line with the projected budget 
or if the project has an acceptable return on investment. At this point, the projected costs will only be a 
rough estimate. The exact costs are not required to determine economic feasibility. It is only required to 
determine if it is feasible that the project costs will fall within the target budget or return on investment. A 
rough estimate of the project schedule is required to determine if it would be feasible to complete the 
systems project within a required timeframe. The required timeframe would need to be set by the 
organization.

Costs & Benefit Analysis:

It is the process of analyzing the financial facts associated with the system development projects performed 
when conducting a preliminary investigation. The purpose of a cost/benefit analysis is to answer questions 
such as:

- Is the project justified (because benefits outweigh costs)?
- Can the project be done, within given cost constraints?
- What is the minimal cost to attain a certain system?
- What is the preferred alternative, among solutions?

Following is the figure showing the approx. amount of cost and benefit to the system:

Tangible Cost:-

DEVELOPMENT COSTS
Windows 7 INR 1500
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MS Office INR     -
R Studio INR     -
Phantom JS INR     -
Monitor INR 4000
Key Board INR 450
Mouse INR 200
Hard Drive INR 2000
RAM INR 600
Graphics INR 1500
Processor INR 2000
TOTAL DEVELOPMENT COST INR 15000

Intangible Cost:-

OPERATIONAL COSTS
Software Upgrades INR 1000
Hardware Upgrades (1 PCs) INR 1000
User Training INR 1000
Network Technician + 
Computer Operator INR 50000

TOTAL OPERATIONAL COSTS INR 53000

 Schedule Feasibility:

We may have the technology, but we may not have the skills required to properly apply that technology. All 
information systems professionals can learn new technologies, but that learning curve will impact the 
schedule of the project.

System Planning (PERT & Gantt Chart):

PERT (program evaluation and review technique) and CPM (critical path method), are available to assist the 
the management of a large-scale project that requires coordinating numerous activities. A myriad of details 
must be considered in planning how to coordinate all these activities, in developing a realistic schedule, and 
then in monitoring the progress of the project. These techniques make heavy use of networks to help plan 
and display the coordination of all the activities. 

The original versions of PERT and CPM had some important differences. However, they also had a great deal 
in common, and the two techniques have gradually merged further over the years.

A Gantt Chart is a timeline that is used as a project management tool to illustrate how the project will run. 
You can view individual tasks, their durations and the sequencing of these tasks. View the overall timeline of 
the project and the expected completion date.

The Gantt chart and the PERT chart are probably the two best known charts in project management. Each of 
these can be used for scheduling, but because Gantt charts don't illustrate task dependencies and PERT 
charts can be confusing, PMs often use both.

1. Activity List for the project:
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Following is the Activity List for this project:

Activity Activity Description Immediate 
Predecessors

Estimated 
Duration

A Research on Application of Stock market prediction and automated 
trading in the international stock market

- 20 days

B Plan and design an excel application product blueprint to perform 
automated stock market prediction of NSE India - NIFTY stocks

A 40 days

C Requirements Analysis and Feasibility study of the application B 5 days

D Design implementation methodology of creating the application C 5 days

E Decide the Hardware & Software to be used D 5 days

F Retrieve latest Nifty stocks' list from NSE E 1 day

G Retrieve latest 12 months' data for each Nifty stock from Yahoo 
Finance

F 1 day

H Set up IIS localhost server on system to develop D3.JS web pages E 1 day

I Develop Dummy Stock Technical Indicators Trend Charts using 
retrieved data using D3.Js

H 10 days

J R for Windows installation E 1 day

K Develop Decision Tree Stock Price Movement Prediction Model in R J 5 days

L Develop Multiple Linear Regression - Stock Close Price Prediction 
Model in Excel

E 5 days

M Automate data retrieval from NSE and Yahoo Finance using R Web 
Scraping

G 5 days

N Phantom JS Installation E 1 day

O Develop code to Integrate R, Excel and D3.JS using Phantom JS and VBA 
shell code

I,K,L,M,N 10 days

P Develop Code to Render Decision tree Model and Related Analysis on 
Excel Dahsboard using integration code

O 10 days

Q Develop Code to Render Technical Indicators Trend Charts and Related 
Analysis on Excel Dashboard using integration code

O 30 days

R Develop Code to Automate Regression Model Generation and Related 
Analysis on Excel Dashboard using Analysis Toolpak – VBA

O 10 days

S Design interactive Excel dashboard integrating all the codes P,Q,R 5 days

T Develop VBA automation code to download latest stock data, develop 
prediction models, develop technical indicator charts, analyze the 
results and conclude findings at the click of a button

S 5 days

U Validate the results of the prediction models and calculate accuracy 
percentage in Excel

S 10 days

V Modify the variables used in the models as per the validation to 
increase accuracy percentage

U 3 days

W Include the results validation automation in the VBA automation code 
and reframe the concluded findings as per the accuracy results

T,V 3 days

2. Using A Network To Visually Display A Project:
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a. The Basic Network Diagram:

Activity Code:
A. Research on Application of Stock market prediction and automated trading in the international stock market

B. Plan and design an excel application product blueprint to perform automated stock market prediction of NSE India - NIFTY stocks

C. Requirements Analysis and Feasibility study of the application

D. Design implementation methodology of creating the application

E. Decide the Hardware & Software to be used

F. Retrieve latest Nifty stocks' list from NSE

G. Retrieve latest 12 months' data for each Nifty stock from Yahoo Finance

H. Set up IIS localhost server on system to develop D3.JS web pages

I. Develop Dummy Stock Technical Indicators Trend Charts using retrieved data using D3.Js

J. R for Windows installation

K. Develop Decision Tree Stock Price Movement Prediction Model in R

L. Develop Multiple Linear Regression - Stock Close Price Prediction Model in Excel
M
. Automate data retrieval from NSE and Yahoo Finance using R Web Scraping

N. Phantom JS Installation

O. Develop code to Integrate R, Excel and D3.JS using Phantom JS and VBA shell code

P. Develop Code to Render Decision tree Model and Related Analysis on Excel Dahsboard using integration code

Q. Develop Code to Render Technical Indicators Trend Charts and Related Analysis on Excel Dashboard using integration code

R. Develop Code to Automate Regression Model Generation and Related Analysis on Excel Dahsboard using Analysis Toolpak - VBA

S. Design interactive Excel dashboard integrating all the codes

T. Develop VBA automation code to download latest stock data, develop prediction models, develop technical indicator charts, analyze the 
results and conclude findings at the click of a button

U. Validate the results of the prediction models and calculate accuracy percentage in Excel

V. Modify the variables used in the models as per the validation to increase accuracy percentage
W
. Include the results validation automation in the VBA automation code and reframe the concluded findings as per the accuracy results



Page 20 of 76

b.PERT Chart:

 

c. GANTT Chart:
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b) System Design & Architecture:

i. Use Case Diagram for the system:

Use case index:

Use 
case ID

Use case name Primary actor Scope Complexity Priority

1 Collect data Automated UI Appln 
Backend

In High 1

2 Compute result & 
prepare

Automated UI Appln 
Backend

In High 1

3 System update Automated UI Appln 
Backend

In High 1

4 View trade exchange User In Medium 2
5 Company stock User In Medium 1
6 View predicted outcome User In High 1
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Use case description:

Use case ID: 1
Use case name: Collect data
Description: Every required stock data of NSE will be available in Yahoo Finance. Automated User Interface 
Application Backend will be able to collect the data for system.

Use case ID: 2
Use case name: Compute result and performance
Description: Prediction result will be handled and generated by Automated User Interface Application 
Backend. The system will be built, through which the result of prediction and system performance will be 
analyzed.

Use case ID: 3
Use case name: System update
Description: With the change of market and technology regular update of system is required.  The predicted 
result of stock exchange and their actual price will be auto-updated by the Automated User Interface 
Application Backend on regular basis.

Use case ID: 4
Use case name: View traded exchange
Description: Company trading which is held at NSE India can be viewed by user.

Use Case ID: 5
Use Case Name: Company Stock
Description: It is extended feature of view traded exchange. This includes the stock value of particular 
company.

Use Case ID: 6
Use Case Name: View predicted outcome
Description: This use case is the most important in whole project. The key feature of this project is to predict 
the value of Nifty stocks. Thus, this will be available in user interface and viewer can observe them.

ii. System Flow diagram:
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iii. Data Flow Diagram:

A data flow diagram shows the way information flows through a process or system. It includes data inputs 
and outputs, data stores, and the various sub processes the data moves through. DFDs are built using 
standardized symbols and notation to describe various entities and their relationships. 

Data flow diagram levels:

Data flow diagrams are also categorized by level. Starting with the most basic, level 0, DFDs get increasingly 
complex as the level increases.

Context Diagrams/Level 0 DFDs are the most basic data flow diagrams. They provide a broad view that is 
easily digestible but offers little detail.

Context Diagram:

Level – 0 DFD:
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Level 1 DFDs go into more detail than a Level 0 DFD. In a level 1 data flow diagram, the single process node 
from the context diagram is broken down into sub processes. As these processes are added, the diagram will 
need additional data flows and data stores to link them together. 

Level – 1 DFD (Data Retrieval & Transformation):

Level – 1 DFD (Decision Tree):

Level – 1 DFD (Technical Indicators Trend Charts Generation):
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Level – 1 DFD (Regression Analysis):

Entity Relationship Diagram:

An entity–relationship model describes interrelated things of interest in a specific domain of knowledge. A 
basic ER model is composed of entity types and specifies relationships that can exist between instances of 
those entity types.
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c) System Implementation:

i. Methodology adopted: 

I. Automated Extraction of Latest Nifty stocks’ Data using R:

Following are the Data extraction steps that would be followed to ensure that relevant data is available for 
performing Predictive Analysis. Data extraction can be done using Data scraping techniques in R:

a. Download Latest Nifty 50 stocks List from Yahoo Finance

b.Download Last One Year of data effective till Today’s date from Yahoo Finance for each Nifty 50 stock. 
Downloaded data will include the following information for each stock for last 1 year:

i. Date of Trading
ii. Open, High, Low, Close Price & Volume on the given date

II. Decision Tree Analysis of Nifty Stocks using R:

For the purpose of this project, we want to predict which way stocks will go using decision trees. We will 
download stock data from Yahoo Finance. We will add some technical indicators such as RSI (Relative 
Strength Index), SMA (Simple Moving Average), LMA (Linearly Weighted Moving Average) and ADX (Average 
Directional Index) to this dataset. Technical indicators will be calculated using basic stock values (OHLCV) in 
our case which will help us predict stock movements.  Our machine learning algorithm will make use of the 
values from the technical indicators to make more accurate predictions. We will predict the daily change 
(Up/Down) using these technical indicators, by applying a machine learning decision tree algorithm on this 
dataset using R.

The root node is the main node in a decision tree. After the root node, each test node splits the data into 
further parts according to some set criteria. The data is split based on the indicators which are the test nodes.

The final node is the leaf node. In the decision tree diagram, the nodes containing the Up/Down class along 
with the probability value indicating the probability of the target attribute are the leaf nodes. The left of any 
node is considered as ‘yes’, meaning the question asked at the node (e.g. RSI >50 if answered yes, the 
algorithm navigates to left side of the tree and if not then right). So for example, this stock on a given day 
had its RSI at 39 then, so travel to the right of the tree check if the SMA is > 80, if yes then travel to the leaf 
which says, ‘the stock has a 0.52 probability of going down’.
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III. Linear Regression Analysis using Advanced Excel Tools and VBA:

Linear Regression is an approach for modeling the relationship between a scalar dependent variable y and 
one or more explanatory variables (or independent variables) denoted X. Calculation is done based on the 
equation below, also called as regression expression:

For the purpose of this project, we would be predicting close price of stock on a daily basis, which would be 
our Dependent Variable and following would be the Dependent Variables:

a) Open, High, Low Price & Stock Volume
b) ADX (Average Directional Index)
c) SMA (Simple Moving Average)
d) LMA (Linearly Weighted Moving Average)
e) RSI (Relative Strength Index)

IV. Technical Indicators Trend Analysis for Stock Prediction using D3.JS:

Technical indicators are focused on historical trading data, such as price, volume, and open interest, rather 
than the fundamentals of a business, like earnings, revenue, or profit margins.

There are two basic types of technical indicators:

 Overlays - Technical indicators that use the same scale as prices. Example: Moving averages.

 Oscillators - Technical indicators that oscillate between a local minimum and maximum are plotted 
above or below a price chart. Examples include the MACD or RSI.

For the purpose of this project, we will be viewing and analyzing the trend of the following technical 
indicators, to predict whether a stock is “Bullish” or “Bearish”:

a) Average Directional Index (ADX):

The Average Directional Index (ADX) represents a group of directional movement indicators that form a 
trading system. The Plus Directional Indicator (+DI) and Minus Directional Indicator (-DI) are derived 
from smoothed averages of these differences, and measure trend direction over time. The Average 
Directional Index (ADX) is in turn derived from the smoothed averages of the difference between +DI 
and -DI, and measures the strength of the trend (regardless of direction) over time. In general, the bulls 
have the edge when +DI is greater than -DI, while the bears have the edge when -DI is greater.

Independent Variables (X)

Dependent Variable (Y) => Close Price
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b) Aroon Indicator:

The Aroon indicator is a technical indicator that is used to identify when trends change direction. In 
essence, the indicator measures the time that it takes for the price to reach the highest and lowest 
points over a given timeframe as a percentage of total time.

c) Average True Range (ATR):

The average true range indicator is an oscillator, meaning the ATR will oscillate between peaks and 
valleys.  The key ways through which the traders use the indicator are “Gauging a stock's volatility” and 
“Stop Loss/Exiting a Trade”.

d) Heikin Ashi:

Heikin-Ashi Candlesticks use the open-close data from the prior period and the open-high-low-close data 
from the current period to create a combo candlestick. Heikin-Ashi Candlesticks can be used to identify 
trending periods, potential reversal points and classic technical analysis patterns.

e) Ichimoku Cloud:

The Ichimoku Cloud defines support and resistance, identifies trend direction, gauges momentum and 
provides trading signals. The Ichimoku Cloud consists of five plots:

a. Tenkan-sen (Conversion Line): (9-period high + 9-period low)/2))
On a daily chart, this line is the midpoint of the 9-day high-low range.

b. Kijun-sen (Base Line): (26-period high + 26-period low)/2))
On a daily chart, this line is the midpoint of the 26-day high-low range.

c. Senkou Span A (Leading Span A): (Conversion Line + Base Line)/2))
This is the midpoint between the Conversion Line and the Base Line.

d. Senkou Span B (Leading Span B): (52-period high + 52-period low)/2))
 

On the daily chart, this line is the midpoint of the 52-day high-low range.

e. Chikou Span (Lagging Span): Close plotted 26 days in the past.

f) Moving Average Convergence/Divergence oscillator (MACD):

The Moving Average Convergence/Divergence oscillator (MACD) turns two trend-following indicators, 
moving averages, into a momentum oscillator by subtracting the longer moving average from the shorter 
moving average. MACD Line is the 12-day Exponential Moving Average (EMA) less the 26-day EMA. The 
MACD histogram is positive when the MACD Line is above its Signal line & negative when the MACD Line 
is below its Signal line. Convergence occurs when the moving averages move towards each other. 
Divergence occurs when the moving averages move away from each other. 

g) Relative Strength Index (RSI):

The Relative Strength Index (RSI) is a momentum oscillator that measures the speed and change of price 
movements. The RSI oscillates between zero and 100.
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h) Stochastic Oscillator:

The stochastic oscillator is a momentum indicator comparing the closing price of a security to the range 
of its prices over a certain period of time. For this indicator, in a market trending upward, prices close 
near the high, & in a market trending downward, prices close near the low.

i) Williams %R:

Williams %R is a momentum indicator that is the inverse of the Fast Stochastic Oscillator. Williams %R 
reflects the level of the close relative to the highest high for the look-back period. %R corrects for the 
inversion by multiplying the raw value by -100. As a result, the Fast Stochastic Oscillator and Williams %R 
produce the exact same lines, only the scaling is different.

V. Develop Front-end Dashboard for Visualization & Validation of Predictive Analysis in Excel:
 

a. Provide User Friendly options and tools for the front end user to select any of the Nifty stocks from a 
given list

b.Allow the Users to Download latest data for these stocks and View their overall analysis on the click of 
a button

c. Integrate Excel with R and D3.JS using VBA to project the output of Decision Tree and Technical 
Indicator charts on excel

d.Perform Data Validation of the Prediction models generated by Decision Tree and Linear Regression 
and validate the results to test the accuracy of the data

e. Perform a “Bullish/Bearish” analysis on each Prediction model & Technical Indicator Trends

f. Provide a Summary View to show the results of each indicator/model’s results and give an overall 
picture of a particular stock, answering the following questions for the investor for a stock:

 Is the stock Bullish or Bearish? Or, in other words, is the stock ideal to be bought or to be sold on 
the next day?

 Is the stock a stable or a risky stock? Is the frequency of change in the upward and downward 
movement of the stocks high or low? This will help the conservative users to be aware of the risky 
stocks, and would also give an idea to the investors who are ready to take risks and make higher 
profits, as to which stock is better for them.
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ii. Process Involved: 

Process Implementation Flow Diagram:

10**Data Validation will be performed simultaneously with each predictive model generation

A. Stock Data Retrieval:

1. Web scraping code is written in R using the Rvest package to extract the NIFTY list and the OHLVC data 
for latest 12 months for a stock to be chosen and selected by the User in the Excel Dashboard.

2. This R code is integrated with VBA using Shell scripts in order to download the data on User’s request.

3. In the downloaded stock data, the independent variables and the dependent variables are identified in 
order to develop the “Decision Tree” & “Regression” prediction models:

Variable Decision Tree Model Regression Model
Open Price Independent Independent
High Price Independent Independent
Low Price Independent Independent
Volume Independent Independent
RSI (Relative Strength Index) Independent Independent
SMA (Simple Moving Average) Independent Independent
LMA (Linearly Weighted Moving Average) Independent Independent
ADX (Average Directional Index) Independent Independent
Close Price Independent Dependent
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Close Price Movement (Upward/Downward) Dependent -
B. Decision Tree Model:

4. Generate a Decision Tree in R with the help of the “Quantmod” and “Rpart” package, using the 
Independent and Dependent variables of the stock selected by the User. 

C. Regression Analysis:

5. Generate a Regression Equation with the help of “Analysis Toolpak” in VBA using the Independent and 
Dependent variables of the stock selected by the User. 

D. Technical Indicator Trend Charts:

6. Set up a Local IIS website for the project directory. Using IIS server, generate Technical indicator trend 
charts using D3.JS TechanJS library on an HTML local webpage.

E. Front End Excel Dashboard:

7. Use Phantom JS to connect R with VBA. VBA will send User’s requested stock data to R and R will send 
the Decision Tree image to VBA 

8. Use R to connect D3 with VBA. VBA will send User’s requested stock data to D3.JS and D3.JS will send 
the Trend Chart images to VBA 

9. Prepare an interactive Front-end Excel Dashboard in VBA to show the results of Decision Tree 
image/validation, Regression Analysis results, and Technical indicator trend chart images with 
interactive data hover tooltips. Provide interactive User-friendly drop down options and buttons in the 
dashboard so that the User can get the desired results.   

F. Data Validation & Final Results: Data Validation will be performed simultaneously with each predictive 
model generation.

10. Validate the Prediction Models in VBA and Trend Chart observations and check the accuracy level by 
predicting historical data:

a. Decision Tree: Validate by checking if the predicted movement is equal to the actual movement for 
last 12 months. Get the accuracy % as Number of days of accurate movement divided by Number of 
days of Total Movement. Ideally the accuracy % benchmark should be 65 to 70%.

b. Regression Analysis: Check the error rate % of predicted close price vs actual close price for last 12 
months and get the average error rate. The ideal average error rate should be less than 0.1%.

c. Technical Indicator Trend Charts: Observe and Compare the Trend of Price/Price movement over 6 
months and derive conclusions based on similar results from most of the charts. Also view the trend 
of stable/risky movement of price.

Summarize the final results of the prediction. 
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 Back-end System Implementation: 

1. Data Sources:

a. NSE (National Stock Exchange): The National Stock Exchange of India Limited is the leading stock 
exchange of India, located in Mumbai. The NIFTY 50 index is National Stock Exchange of India's 
benchmark broad based stock market index for the Indian equity market. The latest NIFTY stocks list is 
retrieved on User’s request from NSE’s website using R Web scraping. Following is the link to get the 
latest NIFTY list:
https://www.nseindia.com/content/indices/ind_nifty50list.csv

Below is a snapshot of the R Code to scrape and download NIFTY list from NSE’s website:

Following is the Data Table generated from this data:

NIFTY_LIST

STOCK_SYMBOL    

SERIAL_NUM

COMPANY_NAME

INDUSTRY

SERIES

ISIN_CODE

Following is a snapshot of the downloaded list:
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b. Yahoo! Finance: Yahoo! Finance is a media property that is part of Yahoo!'s network. It provides financial 

news, data and commentary including stock quotes, press releases, financial reports, and original 
content. The NIFTY stocks list downloaded from NSE is provided to the end User. The end User chooses a 
stock from this list and requests for latest 12 months’ OHLVC (Open, High, Low, Volume, Close Price) data 
for the chosen stock. This data is downloaded from Yahoo! Finance using R Web scraping. Below is an 
example of a link to download the stock: GAIL’s data from Yahoo! Finance:
https://in.finance.yahoo.com/quote/GAIL.NS/history?p=GAIL.NS

Below is a snapshot of the R Code to scrape and download stock OHLVC data from Yahoo! Finance:
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2. Data Transformation:

a. R:

R is a programming language and free software environment for statistical computing and graphics 
that is supported by the R Foundation for Statistical Computing.

i. Stock Data Transformation:

In the same code, calculate Return, Class (Price Movement – Up/Down), RSI, SMA, LMA and ADX, for 
each date and append to the existing dataset. Below is the code snapshot:

Following is the Data Table generated after download and transformation of the stock data:
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OHLVC_DATA
STOCK_SYMBOL
DATE    
OPEN_PRICE
HIGH_PRICE
LOW_PRICE
CLOSE_PRICE
ADJUSTED_CLOSE_PRICE
VOLUME
RETURN
CLASS
RSI
SMA
LMA
ADX

Following is a snapshot of the final stock dataset:

ii. Decision Tree Model:
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The R code developed for the Decision tree model uses packages like “Quantmod”, “RPart” , 
“RVest”, “DPlyr”, etc. and generates a decision tree based on the identified Independent and 
Dependent variables.

Following is a snapshot of the R Code:

Below are the data tables generated at this step:

Below is a snapshot of the related dataset generated in R:
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Related Dataset:

iii. Integration of R and D3.JS using Phantom JS:

The technical indicator trend charts are generated on a local HTML webpage using D3.JS. In order 
to produce these charts on the dashboard, the D3.JS webpage is rendered in R using PhantomJs. 
Then, using the “Webshot” package in R, the chart images are exported and downloaded from the 
webpage.

Following are the code snapshots:

R code to render D3.JS webpage in R using PhantomJS:

R Code to export D3 chart images using Webshot package:
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b. D3.JS:

D3.js is an AngularJS based JavaScript library for producing dynamic, interactive data visualizations 
in web browsers. It makes use of the widely implemented SVG, HTML5, and CSS standards. It is the 
successor to the earlier Protovis framework. TechanJS is a visual, stock charting (Candlestick, OHLC, 
indicators) and technical analysis library built on D3.

Using the OHLVC stock data, trend charts and related back-end datasets for last 6 months are 
developed on a local IIS server based HTML webpage.

Following is a snapshot of the D3 Techan JS Code:

Following are the data tables generated related to the charts:
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c. VBA (Excel):

VBA stands for Visual Basic for Applications. It is a combination of the Microsoft's event-driven 
programming language Visual Basic with Microsoft Office Applications such as Microsoft Excel.

i. Regression Analysis:

Regression Analysis has been done using the “Analysis Toolpak – VBA” add-in in Excel as per the 
identified independent and dependent variables.

Following is the VBA code snapshot for generating Regression analysis model and performing 
model validation:
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Following are the Data Tables generated for Regression Analysis:

ii. Decision Tree Model Validation:
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Below is a snapshot of the VBA code which is used in the Dashboard to validate the Decision Tree 
model:

iii. Integrating R codes with VBA:

The Shell scripts are used to call R scripts from VBA (including the scripts that use Phantom JS to 
integrate D3.JS with R). The Shell script send Stock Symbol chosen by the user to R and R 
accordingly retrieves and transforms the data for that stock. Following is a sample of Shell scripts 
VBA snapshot:

iv. Copying Trend Charts and Decision Tree images on the Excel Dashboard:
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Below is the code to copy the exported D3 Trend Charts and R Decision Tree images on the Excel 
Dashboard:

v. D3 Trend Charts Hover Data Tooltips:

The D3 Trend Charts exported and copied on the dashboard are just images. To make these charts 
interactive, the data labels related to each point in the chart are displayed as a tooltip. Below is the 
code to generate the hover tooltips:

 Frontend System Implementation:
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1. Decision Tree Model Design:

The R code developed for the Decision tree model uses packages like “Quantmod”, “RPart” , 
“RVest”, “DPlyr”, etc. and generates a decision tree based on the identified Independent and 
Dependent variables.

Following is a snapshot of a sample Decision Tree generated in R for the stock “ADANIPORTS”:

The logic of the tree goes like this:

IF Volume of stock < 2 million Then
There is an 83% probability that the price of the stock will go Down

Else
If Simple Moving Average (SMA) of stock >= 414 Then

There is a 67% probability that the price of the stock will go Down
Else

If Adjusted Close Price of stock <  387 Then
There is a 70% probability that the price of stock will go Down

Else
If Open Price of stock >=  395 Then

If Adjusted Close Price of stock <  407 Then
58% probability that price will go Down

Else
93% probability that price will go Up

Else
There is a 100% probability that price will go Up

2. Predictive Technical Indicators Trend Charts Design:
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D3.js is an AngularJS based JavaScript library for producing dynamic, interactive data visualizations 
in web browsers. It makes use of the widely implemented SVG, HTML5, and CSS standards. It is the 
successor to the earlier Protovis framework. TechanJS is a visual, stock charting (Candlestick, OHLC, 
indicators) and technical analysis library built on D3.

Using the OHLVC stock data, trend charts and related back-end datasets for last 6 months are 
developed on a local IIS server based HTML webpage.

Following are sample snapshots of the D3 charts generated for different Technical Predictive 
Indicators for different stocks:

Sample Average Directional Index (ADX) trend chart for the stock “ASIANPAINT”:

The green represents the Positive Directional Index (DI). The red line represents the Negative 
Directional Index (DI). The black line is the Average Directional Index (ADX), which is derived from 
smoothed average of the difference between +DI and –DI.

Average Postive DI for this stock: 20.2963

Average Negative DI for this stock: 17.8993

Difference: 2.3970

Bullish Trend: Ideal to buy the stock now as stock price will increase in future

Sample Aroon trend chart for the stock “AXISBANK”:
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The green line measures the strength of the uptrend. The red line measures the strength of the 
downtrend.

Average Postive Aroon for this stock: 54.761
9

Average Negative Aroon for this stock: 56.926
4

Difference: -2.1645

The Aroon Up is low, suggesting that the stock has a Bearish Bias:
Ideal to sell the stock now for more profits as price will decrease in future

Sample ATR (Average True Range) trend chart for the stock “BAJAJ-AUTO”:

The average true range indicator is a volatility measure of a stock's performance. Below are the key 
ways traders use the indicator:

1. Gauging a stock's volatility
2. Stop Loss/Exiting a Trade

Gauging a stock's volatility:
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Average ATR: 63.0159

Average Close Price of stock: 3006.563
9

Volatility Ratio: 0.0210

Stable Stock: Stock does not have many ups and downs. Can trade if you want to be more 
conservative.

Stop Loss/Exiting Trade (Assuming multiplier of 3x for target price & 1x for ATR stop):

Average ATR: 63.0159

Average Close Price of stock: 3006.5639

Target Price:  $   3,195.61 

Stop Loss:  $   2,943.55 

Note: Applying a multiplier to the average true range during a dull trading period will limit you in 
the potential gains as your profit targets are relative to the most recent trading volatility.

Sample Heikin Ashi trend chart for the stock “BAJFINANCE”:

* Green sticks indicate strong advance - buying pressure
* Red sticks indicate strong decline - selling pressure

Looking at this chart, Strong Advances are greater than Strong Declines
Ideal to buy stock now

Sample Ichimoku Cloud trend chart for the stock “BAJAJFINSV”:
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There are two ways to identify the overall trend using the Cloud. First, the trend is up when prices are above 
the Cloud, down when prices are below the Cloud and flat when prices are in the Cloud. Second, the uptrend 
is strengthened when the Leading Span A (green cloud line) is rising and above the Leading Span B (red cloud 
line). This situation produces a green Cloud. Conversely, a downtrend is reinforced when the Leading Span A 
(green cloud line) is falling and below the Leading Span B (red cloud line). This situation produces a red Cloud. 
Because the Cloud is shifted forward 26 days, it also provides a glimpse of future support or resistance.

Chikou Span: 5302.724
5

(Average value less than most of the values) Bearish Trend

Kijun Sen: 5251.898
3

(Average value less than most of the values) Bearish Trend

Senkou Span A: 5264.906
6

(Average value less than most of the values) Bearish Trend

Senkou Span B: 5218.725
0

(Average value less than most of the values) Bearish Trend

Tenkan Sen: 5277.915
0

(Average value less than most of the values) Bearish Trend

Ideal to sell the stock before further price downfall 

Sample MACD (Moving Average Convergence/Divergence Oscillator) trend chart for the stock 
“BPCL”:
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MACD is about the convergence and divergence of the two moving averages. Convergence occurs 
when the moving averages move towards each other. Divergence occurs when the moving averages 
move away from each other.

1. Signal Line Crossovers:

The signal line is a 9-day EMA of the MACD Line. As a moving average of the indicator, it trails the 
MACD and makes it easier to spot MACD turns. A bullish crossover occurs when the MACD turns 
up and crosses above the signal line. A bearish crossover occurs when the MACD turns down and 
crosses below the signal line. Crossovers can last a few days or a few weeks, it all depends on the 
strength of the move.

Number of occurrences with MACD above the signal line: 101

Number of occurrences with MACD below the signal line: 116

More occurrences of Bearish crossover

2. Centerline Crossovers:

Centerline crossovers are the next most common MACD signals. A bullish centerline crossover 
occurs when the MACD Line moves above the zero line to turn positive. This happens when the 12-
day EMA of the underlying security moves above the 26-day EMA. A bearish centerline crossover 
occurs when the MACD moves below the zero line to turn negative. This happens when the 12-day 
EMA moves below the 26-day EMA.

Number of occurrences with MACD above the zero line: 74

Number of occurrences with MACD below the zero line: 143

More occurrences of Bearish crossover

3. Divergences:

A situation that occurs when two lines on a chart move in opposite directions vertically. There are 
two kinds of divergences: positive and negative. A positive divergence occurs when the indicator 
moves higher while the stock is declining. A negative divergence occurs when the indicator moves 
lower while the stock is rising. 

Positive Divergence: 54 Positive Convergence: 54 More occurrences of 
Bullish DivergenceNegative Divergence: 54 Negative Convergence: 54

Ideal to sell the stock



Page 50 of 76

Sample RSI (Relative Strength Index) trend chart for the stock “BHARTIARTL”:

RSI - considered overbought when above 70, oversold when below 30 and stable when around 50.
 

Average RSI for last one year as per current time period: 46.8983
This stock is stable, neither overbought nor oversold
 
Don’t buy/sell the stock now! Ideal to wait and observe for further price increase/decrease
 
Note: Stock does not have many ups and downs. Can trade if you want to be more 
conservative!

Sample Stochastic Oscillator trend chart for the stock “INFRATEL”:
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The stochastic oscillator is calculated using the following formula:

%K = 100(C - L14)/(H14 - L14) (Green line in the chart)   
Where:  
C = the most recent closing price  
L14 = the low of the 14 previous trading sessions  
H14 = the highest price traded during the same 14-day period  
%K= the current market rate for the currency pair (Green line in the chart)
%D = 3-period moving average of %K (Red line in the chart)  

Considering the most traditional settings for the oscillator, 20 is typically considered the oversold 
threshold and 80 is considered the overbought threshold. Readings above 80 indicate a security is 
trading near the top of its high-low range; readings below 20 indicate the security is trading near 
the bottom of its high-low range.

Average Stochastic "K" for last one year as per current time period: 37.6980
Average Stochastic "D" for last one year as per current time period: 37.4156
This stock is stable, neither overbought nor oversold
 
Don’t buy/sell the stock now! Ideal to wait and observe for further price increase/decrease
 
Note: Stock does not have many ups and downs. Can trade if you want to be more 
conservative!

Sample Williams %R trend chart for the stock “CIPLA”:

Williams %R oscillates from 0 to -100. Readings from 0 to -20 are considered overbought. Readings 
from -80 to -100 are considered oversold.

%R = (Highest High - Close)/(Highest High - Lowest Low) * -100
  
Lowest Low = lowest low for the look-back period  
Highest High = highest high for the look-back period  
%R is multiplied by -100 correct the inversion and move the decimal.
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Average Williams % R for last one year as per current time period: -53.2946
This stock is stable, neither overbought nor oversold  

 
Don’t buy/sell the stock now! Ideal to wait and observe for further price increase/decrease
 
Note: Stock does not have many ups and downs. Can trade if you want to be more 
conservative!

3. Regression Analysis Model Design:

Regression Analysis has been done using the “Analysis Toolpak – VBA” add-in in Excel as per the 
identified independent and dependent variables.

Following is a sample Regression Analysis model Results snapshot for the stock: “COALINDIA” – 

Regression Equation: 
Close Price = 11.75 + 0.06*Open Price + 0.49*High Price + 0.37*Low Price + 0.00*Volume + 0.37*Return + 
0.00*RSI + 0.09*SMA + -0.10*LMA + -0.05*ADX

Average 
Error Rate: 

5.8%

Predicted price for next trading 
day: 253.28 Bearish Trend: Sell the stock

Training 
Data: 9/18/2017 To 3/8/2018

Test Data: 3/9/2018 To 7/5/2018
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 Input & Output Screen Design:

The final steps in the Implementation phase were integrating the front-end and the back-end and 
prepare a User Interface Excel Dashboard with the following pages:

 
1.  Index:

The Index page entails the steps and procedure to be followed before running the application, with 
step by step explanation of the installations and system setup. The page also provides a Master 
Button to the user, which gives the user the privilege to download all the back-end data for all the 
NIFTY stocks at a click. Using this button will take approximately 1 hour 15 min of time to download 
all the data. However, this will ensure smoother navigation and faster trend views across the 
various Analysis tabs on this tool. The page also gives an Index with links to other pages in the 
application. Following is a snapshot of the page:
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2. Decision Tree:

The Decision Tree page provides a dropdown list to the user listing all the NIFTY stock name, from 
which a user can select one of the stock and view the analysis related to the stock. The page will 
show when the data was last refreshed and at what time. If the Date of refresh exceeds from the 
current date, the application fetches current data from Yahoo! Finance server and re-processes the 
images and validation model. However, if the Date of Refresh does not exceed the current date, the 
application just refreshes the existing model analysis image and validation on the local drive. The 
page also provides two buttons. The “Refresh Latest Data” button fetches current data from Yahoo! 
Finance server, even if the last refreshed date does not exceed the current date. The “Populate 
Latest Nifty List” button fetches the current NIFTY stocks list from NSE website, as few stocks may 
move in or out of NSE’s Top 50 from time to time. The tree image generated by the Decision Tree 
model R code is displayed below the dropdown and the buttons. Adjacent to the Image, a short 
explanation of Decision Tree is mentioned, along with the interpretation of the tree traversal and 
the final prediction results. On the top of the page, also is a link, which takes the user to the model 
validation test report and the accuracy percentage. The model validation is done by comparing the 
Actual Price Movement versus the Predicted Price movement on the historical data.

Following is a snapshot of the page showing Decision Tree Analysis for the stock: “DRREDDY” –

Model Results:

As per the model, there is a 69.23% probability that the price of the stock will go Up on the next 
trading day. The accuracy level of the model is 64%.
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Model Validation:

3. Predictive Indicator:

The Predictive Indicator page provides a dropdown list to the user listing all the NIFTY stock name, 
from which a user can select one of the stock and view the analysis related to the stock. The page 
will show when the data was last refreshed and at what time. If the Date of refresh exceeds from 
the current date, the application fetches current data from Yahoo! Finance server and re-processes 
the images and validation model. However, if the Date of Refresh does not exceed the current date, 
the application just refreshes the existing model analysis image and validation on the local drive. 
The page also provides two buttons. The “Refresh Latest Data” button fetches current data from 
Yahoo! Finance server, even if the last refreshed date does not exceed the current date. The 
“Populate Latest Nifty List” button fetches the current NIFTY stocks list from NSE website, as few 
stocks may move in or out of NSE’s Top 50 from time to time. Below the dropdown and the buttons 
is another dropdown which gives a list of the predictive indicators to the user. The user can choose 
an indicator from this dropdown, and accordingly the corresponding trend chart image for the 
indicator will be displayed below the dropdown. On hover over the images, the data points/labels 
will be displayed as per the region of the hover, both over the chart as a tooltip and values will keep 
changing in the cells above the chart based on the hover region. Adjacent to the Image, a short 
explanation of the chosen Predictive Indicator is mentioned, along with the interpretation of the 
trend chart and the final prediction results.
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Following is a snapshot of the page showing Predictive Indicator Analysis for the stock: 
“EICHERMOT” for the Technical Indicator: ADX (Average Directional Index) –

Looking at the trend chart, the stock has a Bearish trend.

Following is a snapshot of the page showing Predictive Indicator Analysis for the stock: “GAIL” for 
the Technical Indicator: Aroon –

Looking at the trend chart, the stock has a Bullish bias.
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Following is a snapshot of the page showing Predictive Indicator Analysis for the stock: “GRASIM” 
for the Technical Indicator: ATR (Average True Range) –

Looking at the trend chart, the stock does not have many ups and downs. The stock can be traded 
by conservative investors.

Following is a snapshot of the page showing Predictive Indicator Analysis for the stock: “HCLTECH” 
for the Technical Indicator: Heikin Ashi –

Looking at the trend chart, the stock has a Bullish trend.
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Following is a snapshot of the page showing Predictive Indicator Analysis for the stock: 
“HDFCBANK” for the Technical Indicator: Icimoku Cloud –

Looking at the trend chart, the stock has a Bearish trend.

Following is a snapshot of the page showing Predictive Indicator Analysis for the stock: 
“HEROMOTOCO” for the Technical Indicator: MACD (Moving Average Convergence/Divergence 
Oscillator) –

Looking at the trend chart, the stock has a Bearish trend.
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Following is a snapshot of the page showing Predictive Indicator Analysis for the stock: 
“HINDALCO” for the Technical Indicator: RSI (Relative Strength Index) –

Looking at the trend chart, the stock is stable, neither overbought nor oversold.

Following is a snapshot of the page showing Predictive Indicator Analysis for the stock: 
“HINDPETRO” for the Technical Indicator: Stochastic Oscillator –

Looking at the trend chart, the stock is stable, neither overbought nor oversold.
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Following is a snapshot of the page showing Predictive Indicator Analysis for the stock: 
“HINDUNILVR” for the Technical Indicator: Williams %R –

Looking at the trend chart, the stock is stable, neither overbought nor oversold.

4. Regression Analysis:

The Regression Analysis page provides a dropdown list to the user listing all the NIFTY stock name, 
from which a user can select one of the stock and view the analysis related to the stock. The page 
will show when the data was last refreshed and at what time. If the Date of refresh exceeds from 
the current date, the application fetches current data from Yahoo! Finance server and re-processes 
the images and validation model. However, if the Date of Refresh does not exceed the current date, 
the application just refreshes the existing model analysis image and validation on the local drive. 
The page also provides two buttons. The “Refresh Latest Data” button fetches current data from 
Yahoo! Finance server, even if the last refreshed date does not exceed the current date. The 
“Populate Latest Nifty List” button fetches the current NIFTY stocks list from NSE website, as few 
stocks may move in or out of NSE’s Top 50 from time to time. Below the dropdown and the buttons 
are shown the Training and the Test Datasets. The Datasets show the Dependent and the 
Independent Variables and the Predicted Close Price of the stock derived using the Regression 
equation generated by the model. Adjacent to the Image, the average error rate percentage along 
with the date intervals of the training and the test datasets are shown. Below this is shown the 
Summary output of the Regression Model. On the top of the page, also is shown the Regression 
Equation used for calculating the Predicted close price of the stock and the prediction results.



Page 61 of 76

Following is a snapshot of the page showing Regression Analysis for the stock: “HDFC” –

Model Validation:

As per the model, price of the stock will go Down on the next trading day. However, the average 
error is very high: +1.0%.

Model Results Summary Output:

5. Summary_Conclusion:

This is the final page which gives the analysis output of each model/indicator in a summarized form. 
The page also gives a final decision to the user as to whether to buy or sell the stock, and if the 
stock is stable or risky, considering the following:

a) If the Accuracy % of the Decision Tree Model is more than 69%, then the predictive result of the 
Decision Tree Analysis is considered as the final result

b) Else, If the Error Rate % of the Regression Model is less than 0.2%, then the predictive results of 
the Regression Analysis is considered as the final result

c) Else, All the results are considered, and the final results is based on majority of similar results. 
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Following is a snapshot of the page showing Summary of Predictive Analysis for the stock: “ITC” –
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d) System Integration & Testing: Test Report
Testing Plan:

Type of Test Will Test be 
Performed

Comments/Explanation Software Component

Requirements 
Testing

Yes Needs to be done to cope up 
with changing environment

Fluctuation in the share 
market

Unit Yes Maximum number of
defects are found. Each
component of code was
tested or analyzed
accordingly not only to
ensure the best quality of 
the developed software but 
also to make sure that code 
behaves in the same way as 
it was intended to. Unit 
testing was performed as 
and when the component 
was developed.

 User Interface Code
 Decision Tree Code
 Regression Analysis 

Code
 Predictive Indicators 

Trend Charts 
Generation Code

 NIFTY stocks list and 
stock latest data 
download Code

 Prediction of Day Code

Integration Yes All the well-developed sub-
system are integrated 
together and tested called as 
integration testing.

 Decision Tree 
Algorithm in R

 Regression Analysis 
Algorithm in Excel

 Predictive Indicator 
Charts Algorithm in 
D3.JS

Performance Yes Performance is the major 
criteria for evaluating any 
type of the system. It holds 
importance and is tested 
likewise.

Performance of different 
models and algorithms is 
measured in combination 
using the following two 
approaches:

 True Rates for 
Individual 
Approach 
(prediction model 
trained on the first 
60 percent and test 
on the rest 40 
percent)

 Statistical Testing
(Model validations: 
Accuracy % of 
Decision Tree 
Model and Error 
rate of Regression 
Model)

Stress No - -
Compliance No - -
Security No - -
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Test Environment:

Software Items:

 Windows 7
 IIS Server
 Internet connection
 Microsoft Excel
 R for Windows 3.4.3

Hardware Items:

 Personal Computer/Laptop
 Wireless connection or connecting cable

Component Decomposition & Identification of Tests Required:

S.No Components that require 
Testing

Type of Testing Required Technique for writing 
Test Case

1 Decision Tree Code Unit Testing White Box Testing
2 Regression Analysis Code Unit Testing White Box Testing
3 Predictive Indicators Trend 

Charts Generation Code
Unit Testing White Box Testing

4 NIFTY Stocks List & Stock Latest 
Data Download Code

Unit Testing White Box Testing

5 Prediction of Day Code Unit Testing White Box Testing
6 User Interface Code Performance Testing Black Box Testing
7 Destination System Testing Black Box Testing
8 Source System Testing Black Box Testing

Test Cases:

Test ID T1
Input Enter the Stock Symbol to update the data
Expected Output Data fetched from Yahoo! Finance
Status Pass

Test ID T2
Input Predict the stock rate for the very next trading day
Expected Output We get Close Price and Price movement for the next trading day
Status Pass

Test ID T3
Input Check the precision of output by predicting the data on a date whose values 

are already known
Expected Output Outputs are partially precise
Status Pass
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Error & Exception Handling:

Test Case ID Test Case Debugging Technique
T1 Fetching data from Yahoo! Finance Debug the R Code and check for errors due to 

format change in Yahoo! Finance website or 
incorrect date calculations 

Limitation of the Solution:

 The precision of the output sometimes is not even near to the actual value
 System might stop running in between if connection to the internet is lost, as data is 

fetched from Yahoo! Finance

e) Deployment of System: User/Operational Manual
Pre-requisites before running the Application:

1. Setting up IIS Local host Server on your system: (This is required to generate the D3 charts)

a. Go To Windows Start and type "Internet Information Services" in the search box

b. Click on "Internet Information Services (IIS) Manager"

c. Click on the arrow besides the system user name under "Connections" to expand the list

d. Right-click on "Sites" and click on "Add Web Site"

e. Put a Site Name of your choice and set the Physical path to the location of the 
"DissertationII" folder (DissertationII folder available in the Soft Copy – to be extracted, 
unzipped and saved the in the local drive)

f. Click on "Pass through Authentication"

g. Click on "Specific User:"

h. Click on "Set"

i. Enter your system user name (along with workgroup name, if any) and your system 
password
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j. Click "OK"

k. Click "OK" again

l. Click on "Test Settings" and ensure the connection is successful before proceeding

m. Assign Port number as "81" and click on OK

n. Now go to your browser (preferably Chrome) and type "localhost:81" in the address bar

o. Ensure you do not get any error message & all sub-folders in the DissertationII folder are 
listed on the page

2. Installing R for Windows 3.4.3: (This is required to generate Decision Tree model and Web 
scraping of Yahoo! Finance)

a. Download the setup of "R for Windows 3.4.3" from the following link:
https://cran.r-project.org/bin/windows/base/old/3.4.3/

b. Install R by opening the setup file and following the instructions

3. Setting up PhantomJS: (This is required to integrate D3 and R with Excel VBA)

a. Download the  "phantomjs.exe" file for windows from the following link:
http://phantomjs.org/download.html

b. Extract the contents of the downloaded zip file

c. Create a folder in C:\ drive called "PhantomJs"
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d. Copy the contents of the downloaded extracted folder in the C:\PhantomJs folder:

4. Setting up Environment Variables: (This is required to run R and PhantomJS scripts using Excel 
VBA Shell Scripts)

a. Go To Windows Start and type "Environment Variables" in the search box

b. Click on "Edit environment variables for your account"

c. Click on the "New" button in the "Environment Variables" Dialog box

d. Mention "Variable Name" as: "PATH"

e. Mention "Variable Value" as: the path of the exe files for R and PhantomJS like this:
C:\Program Files\R\R-3.4.3\bin;C:\PhantomJs\bin

 
5. Open the “Stock Analysis.xlsm – Shortcut” file available in the soft copy to use the 

Application
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f) System Maintenance & Evaluation:
System Upgrades:

The current application uses the following software versions:

 Microsoft Office 2007
 R for Windows 3.4.3

Upgrade of Microsoft Office would not give any problems in the future as Microsoft Office 2007 is 
compatible with the higher versions of Microsoft Office.

However, if R for Windows is upgraded to a higher version, the admin might need to test if the 
system is still functioning properly and accordingly make changes to the R Scripts. This is because R 
might change certain packages and the coding syntax in the higher versions.

Limitations of the Application:

 The results of the application might not be 100% accurate as the Decision Tree model 
shows an average accuracy % of 65 to 70%, and the Regression Model has quite a high 
error rate of 1% for many stocks. Also, the trend analysis is just a cognitive analysis of 
more Upward vs More Downward Price movements
 

 The Independent variables used for Prediction can be increased which have a significant 
impact and relation to the price fluctuations. Example: Competitors, Mergers and 
Acquisitions etc. However, as this is just a dummy application, such real time variable are 
not readily available, and so haven’t been used

 A piece of data which is missing in this project is the intraday prices, i.e. the prices minute 
by minute. However, intraday prices are not as freely available as interday prices and are 
considered a commodity in themselves. To get hold of such a dataset would incur a large 
cost, one that is not within the budget of a project such as this. 

 Another important piece of missing data is the order book. The order book is a record of 
live buy and sell orders for a particular stock. Successful orders are matched off against the 
order book by the exchange. It is easy to imagine that the order book contains useful data. 
For instance, the weighted average of orders might be predictive of the price. However 
access to this data is extremely costly and far beyond what most casual investors can 
afford, let alone the budget for this project.

 We are trying to quantify the true value of a company when almost every company has in 
some way or another some purely qualitative value. Fundamental Analysis methods do not 
attempt to capture these qualitative values. For example, it is not possible to quantify the 
value of a brand, the size of its customer base, or a competitive advantage. Until these 
values are quantified, it leaves a large gap in what an algorithmic style approach can 
achieve. For instance, what algorithm, would have valued WhatsApp at $22 billion while 
still making an year-on-year loss? In fundamental analysis we are limited to purely 
quantitative company metrics.

Future Enhancements
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 More mutually affecting Independent variables can be added for better prediction results 

 More advanced prediction algorithms such as Logistic Regression, Neural Networks, etc. 
can be use to enhance the quality of the Prediction

 Portfolio management can be added to our existing analysis. Portfolio management is 
largely an extra step done after an investor has made a prediction on which direction any 
particular stock will move. For instance, the investor may choose not to invest all of their 
funds into a single company lest that company takes unexpected turn. 

FINDINGS & CONCLUSION
To summarize, in this project, we attempt to build an automated trading system based on Machine 
Learning algorithms. Based on historical price information, the machine learning models will forecast 
next day returns of the target stock. A customized trading strategy will then take the model prediction 
as input and generate actual buy/sell orders and send them to a market simulator where the orders are 
executed. After training on available data at a particular time interval, our application will back test on 
out of sample data at a future time interval. 

Following are some of the important Findings that were discovered after building this project:

 We found that only looking at a company’s past stock price itself is not sufficient enough to 
predict its future returns. Better ways to do so is to look at the entire sector which the target 
company is part of, and use historical price information of all companies within the sector to 
predict the target’s next day return. 

 The Decision Tree model has achieved approximately 66 – 70 percent accuracy for most of the 
stocks with statistical significance. 

 The Regression Model has achieved a high error rate close to 1% for many stocks, and so steps 
should be taken in the real time environment to increase the Independent variables for this 
analysis For future works, Variables about company fundamentals such as revenues and 
earnings and about macroeconomic issues such as interest rates, exchange rates and 
unemployment reports should also help predicting stock prices. 

 Automated trading should not be just about algorithms, programming and mathematics: an 
awareness of fundamental market and macroeconomic issues is also needed to help us decide 
whether the back test is predictive and the automated trading system will continue to be 
predictive.
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APPENDIX

a)Brief Background of my Organization:

Thomson Reuters is the world’s leading source of intelligent information for businesses and 
professionals. Intelligent information is a unique synthesis of human intelligence, industry expertise 
and innovative technology that provides decision-makers with the knowledge to act, enabling them 
to make better decisions faster. Through our Financial & Risk (F&R) unit, we provide solutions to 
the global financial community - delivering critical news, information and analytics, enabling 
transactions and connecting communities of trading, investing, financial and corporate 
professionals.

The Customer Analytics function sits within the F&R business unit and provides actionable insights 
about our business and customers. Our goal is to develop analytical frameworks that enable our 
business to achieve its growth, customer engagement and retention objectives. The hired person 
will not only develop the frameworks but also play a key role in collaborating with business 
partners and stakeholders to translate the insight into actionable strategies and initiatives.

My role in the Organization:

Job Role: Senior Customer Analyst
Role Definition: Eikon Platform Customer Predictive Analytics
Responsibilities:

 Learn and understand Thomson Reuters’ business strategy – our customers, products, 
competition, market position and the key challenges facing the organization

 Mine customer and market data to generate actionable insights that are used by our internal 
business partners to improve business results

o Complex data extraction, integration & manipulation using Oracle and R
o Advanced statistics, data science & algorithm development; predictive analytics, etc. 
o Analytical techniques include logistic regression, clustering, etc. 
o Data visualization & insight generation using Tableau and Excel
o Consultative approach to informing decision making
o Operationalization of data driven strategies

 Demonstrate thought leadership when understanding end-to-end business objectives and 
develop appropriate analytical frameworks to facilitate achievement of objectives

 Gain insight or develop analytical frameworks from large, disparate datasets
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b) Data Dictionary:
NIFTY Stocks List:

Field Name Data Type Data Format Field Size Description Example
Serial Num Integer NNNNNN 6 Unique number ID for stock 24
Company String - 100 Name of the stock’s Company ICICI Bank Ltd.
Industry String - 100 Industry of stock’s company Financial
Symbol String - 100 Stock’s NSE Trading Symbol ICICIBANK
Series String - 2 Type of Trading: Equity EQ
ISIN Code String - 30 International Securities 

Identification Number
INE090A01021

Stock Daily Trading Data:

Field Name Data Type Data Format Field Size Description Example
Stock Symbol String - 100 Stock’s NSE Trading Symbol ICICIBANK
Date Date/Time DD-MMM-YY 9 Date of Trading 31-May-18
Open Price Floating 

(Currency)
$NNN.NN 7 Open Price of the stock at the 

beginning of the trading day
$285.00

High Price Floating 
(Currency)

$NNN.NN 7 Highest Price of the stock on the 
trading day

$288.95

Low Price Floating 
(Currency)

$NNN.NN 7 Lowest Price of the stock on the 
trading day

$279.30

Close Price Floating 
(Currency)

$NNN.NN 7 Close Price of the stock at the 
end of the trading day

$285.80

Adjusted 
Close Price

Floating 
(Currency)

$NNN.NN 7 *Adjusted Close Price of stock at 
the end of the trading day

$285.80

Volume Integer NNNNNNNN 8 Trading Volume for the trading 
day

23698686

Return Floating 
(Number)

N.N 3 Returns (Increase/Decrease in 
Close Price) for the trading day 

0.9

Class String - 4 Class (Upward/Downward 
movement of Close Price) for the 
trading day

Up

RSI Floating 
(Number)

NN.N 4 Relative Strength Index on the 
trading day

31.2

SMA Floating 
(Number)

NNN.N 5 Simple Moving Average on the 
trading day

296.3

LMA Floating 
(Number)

NNN.N 5 Linearly Weighted Moving 
Average on the trading day

288.1

ADX Floating 
(Number)

NN.N 4 Average Directional Index on the 
trading day

15.0

* The adjusted closing price uses the closing price as a starting point, but it takes into account 
    factors such as dividends, stock splits and new stock offerings to determine a value.
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c)List of Abbreviations, Figures, Tables:
List of Abbreviations:

S.No. Abbreviation Expansion
1 +DI Plus Directional Indicator
2 ADX Average Directional Index
3 ATR Average True Range
4 CPM Critical Path Method
5 CPU Central Processing Unit
6 CRAN Comprehensive R Archive Network
7 CSS Cascading Style sheets
8 CSV Comma Separated Values
9 DFD Data Flow Diagram
10 -DI Minus Directional Indicator
11 F&R Finance & Risk
12 GB Gigabytes
13 GHz Gigahertz
14 HFT High Frequency Trading
15 HTML Hypertext Markup Language
16 IIS Internet Information Services
17 ISIN International Securities Identification Number
18 JS JavaScript
19 LMA Linearly Weighted Moving Average
20 MACD Moving Average Convergence/Divergence Oscillator
21 NIFTY National Stock Exchange’s Top 50 Stocks
22 NSE National Stock Exchange of India Ltd.
23 OHLC Open, High, Low, Close Price of stock
24 OHLVC Open, High, Low, Volume, Close
25 PERT Program Evaluation & Review Technique
26 PIECES Framework Performance, Information, Economy, Control, Efficiency, Services Framework
27 RAM Random Access Memory
28 RSI Relative Strength Index
29 SMA Simple Moving Average
30 SP500 Standard & Poor's 500
31 SVG Scalable Vector Graphics
32 VBA Visual Basic for Applications
33 XHTML Extensible Hypertext Markup Language

List of Figures:

Figure Name Page Figure Name Page 
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Number Num Number Num
Figure 1 Linear Sequential Life-Cycle Model 14 Figure 34 Sample Decision Tree Model 48
Figure 2 Project Network Diagram 23 Figure 35 Sample ADX Trend Chart 49

Figure 3 PERT Chart 24 Figure 36 Sample Aroon Trend Chart 50

Figure 4 GANTT Chart 25 Figure 37 Sample ATR Trend Chart 50

Figure 5 Use Case Diagram 26 Figure 38 Sample Heikin Ashi Trend Chart 51

Figure 6 System Flow Diagram 27 Figure 39 Sample Ichimoku Cloud Chart 52

Figure 7 Context Diagram 28 Figure 40 Sample MACD Trend Chart 52

Figure 8 Level - 0 DFD 28 Figure 41 Sample RSI Trend Chart 54

Figure 9 Level - 1 DFD (Data Retrieval & 
Transformation)

29 Figure 42 Sample Stochastic Oscillator Trend 
Chart

54

Figure 10 Level - 1 DFD (Decision Tree) 29 Figure 43 Sample Williams %R Trend Chart 55

Figure 11 Level - 1 DFD (Technical Indicators) 29 Figure 44 Sample Regression Model 56

Figure 12 Level - 1 DFD (Regression Analysis) 30 Figure 45 Sample Regression Summary 57

Figure 13 Entity Relationship Diagram 30 Figure 46 Index Page of Excel Dashboard 57

Figure 14 Decision Tree Example 31 Figure 47 UI - Decision Tree - Model Results 58

Figure 15 Regression Equation 32 Figure 48 UI - Decision Tree - Model 
Validation

59

Figure 16 Process Implementation Flow Diag 35 Figure 49 UI - Predictive Indicator – ADX 60

Figure 17 R Code to download NIFTY List 37 Figure 50 UI - Predictive Indicator – Aroon 60

Figure 18 NIFTY List Snapshot 38 Figure 51 UI - Predictive Indicator – ATR 61

Figure 19 R Code Snippet to download stock 
data from Yahoo! Finance

39 Figure 52 UI - Predictive Indicator – Heikin 
Ashi

61

Figure 20 R Code Snippet to download stock 
data transformation

39 Figure 53 UI - Predictive Indicator – Ichimoku 
Cloud

62

Figure 21 Stock OHLVC Data Snapshot 40 Figure 54 UI - Predictive Indicator – MACD 62

Figure 22 R code to run Decision Tree Model 41 Figure 55 UI - Predictive Indicator – RSI 63

Figure 23 Decision Tree Dataset 42 Figure 56 UI - Predictive Indicator – 
Stochastic Oscillator

63

Figure 24 R Code Snippet to render D3.JS 
webpage in R using PhantomJS

43 Figure 57 UI - Predictive Indicator - Williams 
%R

64

Figure 25 R Code to export D3 chart images 43 Figure 58 UI – Regression Model Validation 65

Figure 26 D3 Code Snippet Techan JS Code 43 Figure 59 Regression Analysis Page of Excel 
Dashboard - Model Results

65

Figure 27 Technical Indicator Tables 44 Figure 60 Summary Page of Excel Dashboard 66

Figure 28 VBA Code to run Regression Model 45 Figure 61 IIS Manager Set Credentials 69

Figure 29 Regression Tables 45 Figure 62 IIS Manager Add Website 70

Figure 30 VBA Code to validate Decision Tree 46 Figure 63 PhantomJS folder in Windows 71

Figure 31 VBA Shell Scripts to run R Code 46 Figure 64 Setting Up Environment Variables 71

Figure 32 VBA Code Snippet to copy trend 
charts and decision tree images on 
the Excel Dashboard

47 Figure 65 Thomson Reuters (My 
organization) Logo

74

Figure 33 VBA Code Snippet to produce hover 
data tooltips on D3 Trend Charts

47
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