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Abstract

The stock market has been a source of income for many for
the past 200 years and will continue to do so in the years to
come. Predicting the rise and fall of the stock market has been
the intention of many financial analysts and they have been
trying to tackle that issue but with limited success. With the
meteoric improvement in technology leading to higher
processing power, increased storage and better algorithms it is
now more possible than ever to do so. But to shatter the taboo
that stock market is meant only for people well versed in
finance, it is required that a new solution is developed to tell
the interested user what is the risk associated and expected
increase or decrease in value with respect to his or her
investment. The proposed solution is an end product which is
easy to use and understand. It uses the stock market dataset
for training the model, sentiment analysis on tweets and risk
calculation to overcome the existing barrier and making the
riches of stock market investment available for all.
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l. INTRODUCTION

Investing in the stock market is one of the most risky
decisions made by a person as it may yield in complete loss or
tremendous profit and it is upto the investor’s skills to judge
whether or not the investment will provide the desired results.
It is important that the scope of human error in such decision
making scenarios is reduced so that profit is maximized[2].
The chartist theories say there is some hidden information in
the historical prices of a security that gives a clue to future
price of that security. In [4], the researchers have used
historical data to predict the position of stock market. The
results of [4] prove that historical data has strong predictive
ability. It is essential to understand that the stock value
doesn’t solely depend upon the historical values but also on
the organisation’s current proceedings and public sentiment of
that organisation. Application of technologies like machine
learning and sentiment analysis on a cloud platform decreases
the risk quotient by informing the investor about the
intricacies of the decision he or she is about to make[3][4].

Machine learning is the branch of technology which has
become necessary in almost each and every field of science
and by using this concept as an advantage the stock opening
prices for a future date can be predicted by training the
machine learning model by giving the stock prices for
previous dates.

Sentiment analysis refers to parsing a given text and finding
out the sentiment of the text in terms of score and magnitude,

that is, if it’s positive or negative and also the intensity of the
statement in the text. When sentiment analysis is applied on
tweets obtained from twitter regarding an organisation, public
opinion on that organisation becomes evident which is an
important factor in deciding whether to invest or not.

These aforementioned procedures when applied require
processing power and due to the recent advances in cloud
infrastructure, usage of services such as Google Cloud
Services on the Google Cloud Platform results in optimal
performance at low cost[5].

On the user end, the information which is obtained after
processing all the data is to be displayed in a well defined and
visually pleasing manner. To attain this, a mobile application
was created which takes in the user input which are number of
days of investment and amount to be invested, and gives out
the sentiment regarding the organisations, the trend of the
stock values in a graphical representation and also the risk and
dollar amount associated with that company.

The proposed system inculcates all the previously mentioned
functionalities in a compact and efficient manner. The usage
of machine learning, sentiment analysis, cloud platform and a
mobile application in a novel and ingenious way makes the
system scalable and viable for practical implementation.

1. RELATED WORK

Extensive research has been done in the field of stock market
analysis but required levels of accuracy have never been
attained. Machine learning has been applied not only on the
previous stock values but also on various other features such
as volume of stock traded, average variance etc to boost the
efficiency in predicting the values[3],[7]. There have been
attempts to include sentiment analysis as well to improve the
viability of the readings[13]. A lot of work has also been done
in the field of making these predictors in a portable version for
ensuring ease of access. Neural networks and sentiment
analysis libraries are used in collaboration to obtain more
accurate readings[3][8]. Very little research has been done to
assign a risk to the investment as major focus is given to try
and predict the precise value of the stock rather than
associating risk based on trend and public sentiment. The
system proposed in this paper assigns a risk value on the
investment along with various other functionalities on a
portable platform.

1. MOTIVATION

The existing systems cater to huge finance organisations and
not to the common people[10]. The common man who is not
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well equipped with the knowledge of the stock market
deserves a solution which not only informs the investor
regarding the historic and predicted trend of the company
along with the public opinion but also suggests him or her
investments by placing a risk percentage on each investment.
There is a lack of compact and simple mobile platforms to
view information regarding the stock market. The system
proposed in this paper provides all of these functionalities at
zero cost and is available easily. Any individual can make an
informed decision with the help of this product which is ready
for consumer use and easy to understand.

V. IMPLEMENTATION

The implementation is based on a client-server architecture
model. The client in this case is the mobile application which
sends a request to the server whenever a user uploads an input
to the firebase using the mobile application. The server
continuously listens for requests from the user with the help of
an event listener function which records any change in the
firebase and performs the necessary operations after the
change is recorded[14]. The mobile application was built
using Android Studio[20] and it contains a Google sign in for
the user as shown in Fig 1. No additional sign in information
is required which reduces the possibility of data theft. The
computation was performed on a remote VM instance set up
on the Google Cloud Platform from the Singapore region[15].
This Compute Engine performs all the necessary
computations required. By using a remote VM instance it was
possible to reduce the size of the mobile application and avoid
excessive resource utilization of the mobile device. Firebase
was used as an intermediary between the mobile application
and the server[16]. JSON parsing was used to traverse the
firebase tree to obtain the required child and parent values in
the firebase.

Choose account for Stock

@® PASA4WP3HFBBOMGVD4IQDPP
@ VTM-0O1@cloudtestlabaccounts

.com
PASA4WP3HFBB! 1QDPPVTM
01@ idtestlab: m

Use another account

Fig 1: Google sign for the user

The implementation can be divided into three modules as they
are sequential in nature.

Module 1: Prediction of stock values using polynomial
regression

The first module corresponds to predicting the stock market
values for future dates. This was done with the help of a
machine learning model.

Stock market dataset

v

Extraction of features

k.

Conversion of dates to ordinal numbers

v

Training using bi-quadratic regression

Predicting stock values

v

Creation of graphical representation

Display on mobile application

Fig 2: Block diagram for module 1 (Stock value prediction)

The training data was obtained from Kaggle where the
opening stock prices were from the dates 2006-01-01 till 29-
12-2017 for over 30 companies in the format YYYY-MM-
DD. The dates and the stock opening values were chosen as
the variables for the machine learning algorithm. To use the
dates as a feature, it had to be converted into ordinal numbers
which was done using python library datetime and the
function toordinal. The ordinal numbers obtained as a result
of these operations were then used as the independent variable
and the stock value corresponding to the ordinal number as
the dependent variable. Bi-quadratic regression was used as
the model since it doesn’t overfit or underfit the training data.
2000 days were taken as the training data for the regression
model. This process is shown in Fig 2. The machine learning
function was made available through Python’s sklearn and
numpy libraries[11],[12]. The trained model was then used to
find the stock value for any date required. The formula used
for bi-quadratic regression is shown in equation (1).

yi = Bo + Bizx} + fox + sz} + Baz] )
1=1,2,3,...n
y : dependent variable

X : independent variable

i : number of independent variables
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B0 : is the regression constant

B1, p2,......... , Pi : is the partial regression coefficient for the
independent variables, 1, 2,...., i respectively.

The obtained graph after performing the curve fitting on the
training data is plotted using Python’s matplotlib library[11].
This computation was performed on a remote backend Google
Cloud Server from Singapore region. The graphs produced
were stored in the Google Cloud Storage Bucket which can be
viewed from the app dynamically by making calls to the API.
These graphs depict the trend of the stock value increase or
decrease for the company in an easily comprehensible manner
which allows the user to make an informed decision[21].

Module 2: Sentiment analysis of twitter data

Using Twitter API, all tweets related to the specific company
were obtained. The call to the Twitter API results in an
accumulation of 10,000 tweets related to that company in
realtime. To perform sentiment analysis the obtained data
must be pre-processed. The tweets were first checked for
diacritics and all non-ascii characters were removed[6]. The
removal of tweets from the official twitter handle of that
respective company was then performed in order for the
sentiment analysis results to be unbiased[4].

| Twitter Data |

Removal of diacritics/
non-ascii characters

I

| Removal of tweets from company|

I

| Redundant character removal |

Pre Processing

Machine
Abbreviations and Learning
acronym expansion to undersatnd
l abbreviations
- T /acronyms
| Uniform text capitalization | Y
I Subjectivity classification I
OUTPUT l Sentiment
Score and Magnitude | Semantic Association | Analysis

I

I Polarity classification |

I

I Statement in mobile application |

Fig 3: Block diagram for module 2 (sentiment analysis)

The subsequent steps in pre-processing include removal of
hashtags, removal of redundant characters, expansion of
abbreviations and uniform text capitalizations. The resultant
file was then given to Google’s Natural Language API where
the subjectivity classification, semantic association and

polarity classification was performed[10]. The output of this
API was score and magnitude. The score reflects how positive
or negative a set of tweets are and the magnitude refers to how
opinionated the text is[17]. The score was then multiplied
with the magnitude to obtain the sentiment as shown in
equation 2. Based on the result of this operation there were
statements displayed on the mobile application to inform the
user about the public sentiment for that company. This
process is shown in Fig 3. The statement was sent through
firebase to the mobile application. The sentiment analysis is
performed on live tweets so the sentiment obtained is very
much up to date in terms of public opinion which leads to
more accurate results. All of these steps were performed on a
remote compute engine on the Google Cloud Platform[15].

Sentiment = Score * Magnitude @)

Module 3: Risk and change in stock price calculation

Risk calculation is performed for each of the 5 companies and
the result is displayed on the mobile application. The number
of days for the investment and also the amount to be invested
are obtained as user inputs through the mobile application as
shown in Fig 5.

User Inputs |

I Predicted stotck values J,
Risk calculation I

’ Score and magnitute

¥
Assigning risk % and
increase/decrease
in dollar value

l

Display on mobile application

Fig 4: Block diagram for module 3 (Risk calculation)

The date for the current day, which is the day the investment
period starts was obtained by using the python library
arrow[11]. This date was converted into an ordinal number
and the trained regression model was used to find the stock
values for all days starting from this day till the investment
period ends. These values were then compared with the stock
value for the present day and a count was kept for each, the
number of days where the stock value of the current day, was
greater and lesser than the predicted values for the rest of the
days. This operation was performed for all 5 companies. The
previously calculated product of the score and magnitude
values which were obtained by performing sentiment analysis
on each of the 5 companies was found. These values when
taken along with the count values formed an accurate metric
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for risk prediction. Based on these two values a risk

. Bi-Quadratic regression
percentage range was assigned. 35.0

—— Bi-quadratic model
o Data
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In order to find the dollar increase or decrease in value for
each stock, mean of the predicted values was taken and
subtracted with the present day value which will be the price
of the stock the investor will be investing at. This difference if
negative shows the decrease in the stock value or if positive
shows the increase in the stock value. These values along with
the risk percentage range are uploaded to the firebase from
which the mobile application fetches the information to
display to the user. This process is shown in Fig 4. These
calculations are done on the google cloud server by creating a
VM instance[15]. 15.0
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Fig 5: User input page for risk calculation

BN = .4 23% @ 20:16

V. RESULTS rerry T
The results of the 3 modules can observed separately for AAPL
clearer understanding. s

First the machine learning aspect produces a graphical

representation with the stock values on the y axis and the Cisco CALCULATE
dates converted into ordinal numbers on the x axis. The red

line depicts the curve fitting result obtained by performing bi-

quadratic regression as shown in Fig 6 and 7. This graph is AMZN AL CULATE
strictly to be used for observing the trend of the stock values
over a period of time. This graph can be viewed by the user on
the home screen of the mobile application by pressing the
calculate button as shown in Fig 8.

MICROSOFT

CALCULATE

GOOGLE
@ .

Home Sentiment Risk F to|

_CALCIUATE

Fig 8: Home page where user can view the stock trends
for a company
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The next part involves the sentiment analysis of the tweets
regarding the company. The user can view the public
sentiment for a particular company by pressing the calculate
button on the sentiment screen on the mobile application as
shown in Fig 9. The sentiment calculated is displayed in terms
of a statement in the mobile application along with some
information regarding the company as shown in Fig 10.

BN =il 23% @20:17

Company Sentiment

AAPL

CALCULATE

CISCO

CALCULATE

AMZN

CALCULATE

MICROSOFT

CALCULATE

GOOGLE
_ CALCULATE _

~ s P

Sentiment Risk Facto About U etting

Fig 9: Sentiment page where user can choose to view the
sentiment of required company

BN =1l 22% @ 20:17

GOOGLE

There is a moderately negative
sentiment for this company and stock
values might increase a bit more than
the predicted value

Google LLC is an American multinational technology
company that specializes in Internet-related services
and products, which include online advertising tech-
nologies, search engine, cloud computing, software,
and hardware. Google was founded in 1998 by Larry
Page and Sergey Brin while they were Ph.D. students
at Stanford University, California. Together, they own
about 14 percent of its shares and control 56 percent
of the stockholder voting power through supervoting
stock. They incorporated Google as a privately held
company on September 4, 1998. An Initial public offer-
ing (IPO) took place on August 19, 2004, and Google
moved to its new headquarters in Mountain View,
California, nicknamed the Googleplex. In August 2015,
Google announced plans to reorganize its various
interests as a conglomerate called Alphabet Inc.

Fig 10: Predicted sentiment of Google as displayed in the
mobile application

Module 3 results include risk calculation and increase or
decrease in dollar value. These values are calculated after the
user gives his or her inputs and are displayed as shown in Fig
11. The risk percentage is divided into 8 ranges where 100 is
the highest and 0 is the least amount of risk involved in the
investment. Since the risk calculation depends on the number
of days it changes with each distinct user input. Also the
predicted increase in value is displayed for each company in
terms of dollars so that the investor can get an idea on his or
her returns. This can be repeated any number of times to view
the various returns on the investment.

Stability tests for the mobile application were run on the
Google Cloud Platform using the service Test lab and the app
passed all the required tests providing the users with a crash
free experience.

N © = .4 7%02:03 PM
Company Risk
0-16%
AA P L incre/ase($)=0.1 628203116
5124522
0-16%
ciIsCO increase($)=0.00537744010

2165565

0-16%

AMZN increase($)=0.7206995331
993085
0-16%

M S FT incre/;se($)=004356698959
6001804
41-529%

GOOG LE increa/;e(s)=0.8947171 53
1617641

P RF t o

Home Sentiment Risk Factor About Us Settings

Fig 11: Risk associated with each company

VI. CONCLUSION

From the obtained results, we can say that the risk factor
calculated considering twitter data gives us a risk percentage
range along with the growth per stock in dollar value
instantaneously and with reasonable accuracy upon the user
providing input.

In conclusion it can be confidently said that the proposed
system differs from the existing system in the sense that,
unlike other systems, it does not try to predict the accurate
stock value of the company but rather assigns a risk
percentage corresponding to each company based on
sentiment analysis and machine learning results.

The stock value predictions varied within a range of plus or
minus 2 dollars when bi-quadratic regression was used. But
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these variations do not affect the risk percentage assignment
by much since the risk also depends on the sentiment analysis
aspect.

The final product created is a solid end product which is fully
functional and ready to be used by the consumers. This
product can be used by any common man who has very
limited knowledge on the workings of the stock market and
still make an informed decision.

VIl.  FUTURE WORK

Current implementation is restricted in terms of speed and
efficiency due to constraints on computation power but to
handle concurrent users and massive requests to the server,
better hardware or processors can be used. The system can be
made such that it can learn over time the habits of the user
such as his or her investing schedule, preferences and
willingness to take risk and then provide suggestions which
are more suitable to his or her needs[18]. The 5 companies
can be increased to all the companies registered on the stock
exchange to provide more options to the user. The interface
can be developed in vernacular languages so that people from
all regions can fully utilize the benefits of the app.
Localization of the processing can be done by performing
machine learning and calculation on the local device itself by
using the software Tensorflow lite[19]. This will enable the
user to enjoy benefits of the app without internet connection
as well.
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