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Abstract

The purpose of this project was to develop models for the accurate prediction of future
stock prices for short periods of time. To this end, we constructed four models which
were able to make these predictions with a reasonable margin of error. Using our best
model, we were able to make accurate predictions for 15 out of 20 stocks for 18 days or

more. These models can be used by small investors as a tool for investment decisions.



Executive Summary

This Interactive Qualifying Project is based on a three-term research about predicting the
price of traded on stocks exchanges in short-term. This tool can greatly help the users to
invest efficiently with precise prediction of the trend of the stocks. Nowadays, a lot of
people holds some extra storage of money that they might want to invest into the market
for higher or steadier rate of return, yet not all of them have the chance to invest in such
resources. This stock price predicting tool can actually helped those people to get a

better rate of return for their investments.

During the first term of this project, the team built the model taking in the autocorrelated
previous price of twelve stocks from different sectors of the US stock market and try to
make predictions over a period of 18 days. This model, however, doesn’t really give the
team satisfactory results. Although the volatility of the stocks were also take in at the end
of this term, which was the done by the error band model, there were still stocks whose

trend couldn’t be correctly predicted at all.

During the second term, the team tried out a new way to predict the price of stocks
taking in the market influence. The error band(volatility) was smaller with this model, yet
the predictions were still not 100% good. The team change the time period for the
prediction with same stocks. The predictions for several stocks were lying out of the error
band. The good day prediction rate, which means the predictions were accurate, was

around 50%.

In the third term, the team finalized the mathematical model of the price of a stock and
the value of the exchange upon it by doing research and tests. The team try to find the
relation between volatility of a certain stock and the accuration of prediction of the stock
and test the new model with 8 more stocks (that’s 20 stocks in total). The relation
between them, however, wasn’t as successful as expected. The model shall be
improved base on the current one in later research. Though the result of improvement on
volatility wasn’t satisfying, the model is still good enough to help the investors in stock

market to make decisions.



Introduction

The goal of this Interactive Qualifying Project is to produce a model which accurately
predicts the future prices of stocks traded on American exchanges. This model, which
was developed and tested over the three academic terms of WPI, is based on the daily
closing price of a stock, and it was a real-valued time signal system. It predicts the future
prices of stocks in the market and can allow investors to make concrete investment
decisions upon it. The development of such a model can be significantly beneficial to
new investors who don’t know much about the stock market and desire a method to

make a fortune by trading stocks.

The reason for building this IQP and putting so much effort into it is simple: a lot of
people are interested in the stock market but don’t know where to start and generate
profit. There are a lot of applications and platforms which offer the service of predicting
stock prices and helping make decisions. Many new investors, however, don’t know
where they can find such service and even though they find it, it can cost them so much
that they cannot afford it. This IQP sought to apply signal analysis techniques and try to
minimize the influence of the volatility of a stock to build a reliable system that would

support the small investors in the stock trading market to make profit.

Over the course of this project, the team researched and implemented a variety of signal
analysis techniques, which were used in the creation of several models. These models
were tested on a variety of stocks, ranging widely in both value and sector of American
industry. The forecasted stock price values produced by each model were compared to
the real prices of the stocks in order to determine the accuracy of the prediction. The
models became more and more complex as the development of the project went on, and

the team took more factors into account to improve its accuracy as much as possible.



4,

Background
41. Grand View

Stock represents one’s ownership of a company. Modern stock market could be dated
back since 17th century in Dutch. The financial innovation was a invention of
transferable government bond. The invention brought new relationship into financial
market.

Stock market contains millions of transactions every day. Stocks are transferred between
either individual investors or large traders, including banks, insurance companies and
funds.

Stock has been among major four ownership investment; the other three include:
business, real estate and precious objects. Literally, stocks certificate shareholders a
portion of a company. The net profit from stock comes from the difference between
starting stock price and closing stock price. Stock price reflects the relationship between
demand for that company stock and supply amount that would sell to investors. In
general, stock price is driven by demand in market.

In modern stock market, stock exchanges get more complicated. Stock is no longer
limited to exchange shares of company with monetary help. Investment in stocks could
either win or lose. Social movements, government policies, laws and company’s own
development can all affect the stock prices. These factors lead to much more risks for
investment. To better predict the future stock price, precise analytical model is highly
needed.

In the last term of this project, in order to test the scope of our prediction models, we
selected another 4 stocks in each sector. Most of the stocks within additional selection
belong to the relatively small companies (e.g. Boston Properties). The market capital of

each of them is between 10 billion dollars and 20 billion dollars.



4.2. Reasons for sector selection

4.2.1.

4.2.2.

Technology Sector

Technology is leading industry in American economy. Every year
technology sector devotes large amount of GDP to the United States.
This sector is quite stable and also increases steadily especially in last
five years. This stock sector performs amazing, which is shown in the
NASDAQ index.

Financial Sector

Technology is leading industry in American economy. Every year
technology sector devotes large amount of GDP to the United States.
This sector is quite stable and also increases steadily especially in last
five years. This stock sector performs amazing, which is shown in the
NASDAQ index.

4.3. Company Background

4.3.1.

4.3.2.

Broadcom Limited

Founded in 1961, with headquarters in Singapore and San Jose,
California, AVGO produces analog and semiconductors. According to the
survey in 2014, it is the ninth greatest semiconductor company. And after
AVGO claimed to combine with Broadcom, its total revenue in 2016 is
$13.24 billion and $5.94 for annual profit.(Cite Y1)

Facebook,Inc

The second one is is found in 2014 and has now become the most
famous and widely used all around the world. Facebook is one of the
most influential social media, which has 2 billion monthly users in 2017.
Also Facebook became became the fastest company in Standard &
Poor’s 500 index with market capture of $250 billion in 2015.(Cite Y2)



4.3.3.

4.3.4.

4.3.5.

4.3.6.

Microsoft Corporation

The third stock | chose is Microsoft Corporation. Microsoft’s is famous for
its software products: Microsoft Windows, Microsoft Office suite and Edge
web browser. Microsoft’s revenue is $88.95 billion and has become the
most profitable software maker in 2016. (Cite Y3,Y4)

Nvidia Corporation

Founded in 1993, Nvidia is based in Santa Clara, California.lts produces
GPU, semiconductors, consumer electronics and chip units. Nvidia has
10,000 employees and it is in NASDAQ 100-component. Its revenue
$6.91 billion in 2016. (Cite Y5)

Systems, Applications & Products in Data Processing

SAP is a German software and database enterprise to manage business
operations and customer relations with over 335,000 customers. Its
revenue, according to report in 2016, is $22 billion. And SAP is DAX

component (Cite Y6)

Texas Instrument Incorporated

Texas Instruments manufactures semiconductors, embedded processors,
and analog electronics. Based on its sale volume, Texas Instrument has
become top semiconductors company worldwide. It belongs to NASDAQ
100 component and its revenue is $13 billion in 2016.What's more, Texas

Instrument has more than 43,000 patents. (Cite Y7)



4.3.7.

4.3.8.

4.3.9.

4.3.10.

Consultants to Government and Industries(CGI Group Inc.)

Consultants to Government and Industries is a Canadian IT service and
IT consulting firm.The CGI Group Inc. is listed in Toronto Stock Exchange
and also is a constituent of S&P 60. The market capital is 15.804 billion.
In 2012, CGI became the fifth largest independent business process and
IT service provider in the world, and biggest tech firm in Canada. (Cite
Y12)

Harris Corporation

Harris Corporation belongs to telecommunications equipment industry
and also is a constituent of S&P 500. The market capital is 18.168 billion.
(Cite Y13) Harris Corporation is headquartered in Melbourne, Florida and

its annual revenue reaches 7 billion dollars.

IPG Photonics Corp

IPG Photonics is a internationally operated manufacturer in fiber lasers
and fiber amplifiers. IPG Photonics Corp is headquartered in
Massachusetts. In 2016, the revenue of IPG Photonics is 1 billion, and its

market capital is 12.462 billion. (Cite Y14)

NetApp Inc

NetApp Inc. is an American multinational storage and data management
company. It has ranked in the Fortune 500 since 2012. NetApp offers
software, systems and services to manage and store data. And NetApp
Inc. is both components of NASDAQ and S&P 500. (Cite Y15) The market

capital is 14.986 billion. (Cite Y16)


https://en.wikipedia.org/wiki/Multinational_corporation
https://en.wikipedia.org/wiki/Data_storage_device
https://en.wikipedia.org/wiki/Data_management
https://en.wikipedia.org/wiki/Fortune_500

4.3.11.

4.3.12.

Berkshire Hathaway Inc.

Berkshire Hathaway Inc. is an American multinational conglomerate
holding company headquartered in Omaha, Nebraska, United States. The
company wholly owns GEICO, Dairy Queen, BNSF Railway, Lubrizol,
Fruit of the Loom, Helzberg Diamonds, Long & Foster, FlightSafety
International, Pampered Chef, and NetJets, and also owns 38.6% of Pilot
Flying J; 26.7% of the Kraft Heinz Company, and significant minority
holdings in American Express (17.15%), The Coca-Cola Company
(9.4%), Wells Fargo (9.9%), IBM (6.9%), and Apple (2.5%). Since 2016,
the company has acquired large holdings in the major US airline carriers,
and is currently the largest shareholder in United Airlines and Delta Air
Lines, and a top three shareholder in Southwest Airlines and American
Airlines. Berkshire Hathaway has averaged an annual growth in book
value of 19.0% to its shareholders since 1965 (compared to 9.7% from
the S&P 500 with dividends included for the same period), while

employing large amounts of capital, and minimal debt. (Cite J8)

Boston Properties, Inc.

Boston Properties, Inc., a self-administered and self-managed American
real estate investment trust (REIT), is one of the largest owners,
managers and developers of Class A office properties in the United
States, with a significant presence in five markets: Boston, Los Angeles,
New York, San Francisco and Washington, DC. The Company was
founded in 1970 by Mortimer B. Zuckerman and Edward H. Linde in
Boston, Massachusetts, where it maintains its headquarters. Boston
Properties became a public company in June 1997 and is traded on the

New York Stock Exchange under the symbol “BXP.” (Cite J9)


https://en.wikipedia.org/wiki/Multinational_corporation
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4.3.13.

4.3.14.

Alexandria Real Estate Equities, Inc.

Alexandria Real Estate Equities is a major United States real estate
investment trust. Most of Alexandria's properties are offices and
laboratories, and it focuses on renting to science and technology
companies, especially in the life sciences. As of 2016, Alexandria had 20
million square feet of space located in 199 properties. Tenants include
Pfizer, Google, Eli Lilly and GlaxoSmithKline. It has properties in various
cities throughout the United States, including Boston, San Francisco, New
York City, San Diego, Seattle, and Research Triangle Park. As of 2016,
41% of rental revenue was from properties in the Boston Area, 19% was
from properties in the San Francisco area, and 17% was from properties
in the San Diego area. Alexandria tries to locate its properties around

universities, as opposed to more distant suburban locations. (Cite J10)

Nasdaq, Inc.

Nasdagq, Inc. is an American multinational financial services corporation
that owns and operates (and is listed on) the NASDAQ stock market and
eight European stock exchanges, namely Armenian Stock Exchange,
Copenhagen Stock Exchange, Helsinki Stock Exchange, Iceland Stock
Exchange, Riga Stock Exchange, Stockholm Stock Exchange, Tallinn
Stock Exchange, and NASDAQ OMX Vilnius. It is headquartered in New
York City, and its president and chief executive officer is Adena Friedman.

(Cite J11)

10


https://en.wikipedia.org/wiki/Real_estate_investment_trust
https://en.wikipedia.org/wiki/Real_estate_investment_trust
https://en.wikipedia.org/wiki/Pfizer
https://en.wikipedia.org/wiki/Google
https://en.wikipedia.org/wiki/Eli_Lilly_and_Company
https://en.wikipedia.org/wiki/GlaxoSmithKline
https://en.wikipedia.org/wiki/Research_Triangle_Park
https://en.wikipedia.org/wiki/Multinational_corporation
https://en.wikipedia.org/wiki/Financial_services
https://en.wikipedia.org/wiki/NASDAQ
https://en.wikipedia.org/wiki/Armenian_Stock_Exchange
https://en.wikipedia.org/wiki/Copenhagen_Stock_Exchange
https://en.wikipedia.org/wiki/Helsinki_Stock_Exchange
https://en.wikipedia.org/wiki/Iceland_Stock_Exchange
https://en.wikipedia.org/wiki/Iceland_Stock_Exchange
https://en.wikipedia.org/wiki/Riga_Stock_Exchange
https://en.wikipedia.org/wiki/Stockholm_Stock_Exchange
https://en.wikipedia.org/wiki/Tallinn_Stock_Exchange
https://en.wikipedia.org/wiki/Tallinn_Stock_Exchange
https://en.wikipedia.org/wiki/NASDAQ_OMX_Vilnius
https://en.wikipedia.org/wiki/Adena_Friedman

4.3.15.

4.3.16.

4.3.17.

Bank of America Corp.

Bank of America Corp. is a huge company. Every U.S. citizen has heard
of the well-deserved reputation and massive market share of the
company. By December 31, 2016, the company held 10.73% of all bank
deposits in the United States, and it is one of the Big Four banks in the
United States, along with Citigroup, JPMorgan Chase and Wells
Fargo—its main competitors. It has a retail banking footprint that serves
approximately 46 million consumer and small business relationships at
4,600 banking centers and 15,900 automated teller machines (ATMs).
(Cite J1)

BlackRock, Inc.

BlackRock, Inc. is not a very famous company, but it actually is the
world’s largest asset manager with $5.7 trillion in assets under
management as of July 2017. BlackRock operates globally with 70 offices
in 30 countries and clients in 100 countries. Due to its power, BlackRock

has been called the world’s largest shadow bank. (Cite J2)

Visa Inc.

Visa Inc is another huge company in the financial market. Aimost every
single person in this world has heard of its name. It is an American
multinational financial services corporation. It facilitates electronic funds
transfers throughout the world, most commonly through Visa-branded
credit cards and debit cards.In 2015, the Nilson Report, a publication that
tracks the credit card industry, found that Visa’s global network (known as
VisaNet) processed 100 billion transactions with a total volume of US$6.8

trillion. (Cite J5)
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4.3.18.

4.3.19.

4.3.20.

Morgan Stanley

Morgan Stanley is a leading global financial services firm providing
investment banking, securities, wealth management and investment
management services. With offices in more than 42 countries and more than
55,000 employees, the firm's clients include corporations, governments,
institutions and individuals. Morgan Stanley, formed by J.P.Morgan & Co.
partners Henry Sturgis Morgan(grandson of J.P. Morgan), Harold Stanley
and others, came into existence on September 16, 1935, in response to the
Glass-Steagall Act that required the splitting of commercial and investment

banking businesses. (Cite J6)

HSBC Holdings plc.

HSBC Holdings plc. is the world’s seventh largest bank by total assets
and the largest in Europe with total assets of US$2.374 trillion (as of
December 2016).HSBC has around 4,000 offices in 70 countries and
territories across Africa, Asia, Oceania, Europe, North America and South
America, and around 37 million customers. As of 2014, it was the world's
sixth-largest public company, according to a composite measure by Forbes

magazine. (Cite J3)

JPMorgan Chase & Co.

JPMorgan Chase & Co. is a U.S. multinational banking and financial
services holding company headquartered in New York City. It is the largest
bank in the United States, the world’s third largest bank by total assets, with
total assets of US$2.5 trillion, and the world's second most valuable bank by
market capitalization, after ICBC. It is a major provider of financial services,
and according to Forbes magazine is the world's sixth largest public company

based upon a composite ranking. (Cite J4)
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Research

Before making predictions on stock prices, the team has to be clear about what factors

have influence on future stock price and what the team did is utilizing historical data to

analyze correlated factors. By analyzing three year historical data (with time range from

September 2nd 2014 to September 1st 2017, the historical data included 12 stock prices

and two stock market index: NASDAQ Composite and Dow Jones Industrial Average),

the team gathered following information.

5.1.

Autocorrelation

Autocorrelation is a mathematical approach which examines similarity of data in
terms of time lag. In our analysis, autocorrelation is applied to total number of
historical data in previous three years (number of effective days is 757 total
days). The correlation formula states the number of lags until there is no more
correlation. Under this circumstance, autocorrelation formula figures out a new
time period, which provides better influence on current data. And we would use

this new period for future prediction model.

As the diagram below, this is a autocorrelation plot of Broadcom Limited(AVGO).
According to the diagram, last 301 days have strong correlation with current

prices.

autocorrelation of AVGO

Sample Autocorrelation

0 100 200 300 400 500 600 700 800
Lag
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Figure A-2

5.2. Least-Squares Linear Regression
Least-Square is widely used to analyze linear regression of data. One important
application is within the data fitting. The least-squares minimize the sum of
squared difference between fitted line value and observed historical values. In
the data fitting, there are linear least square and nonlinear least square. In our

project, we simply took the linear least square.

As the diagram below, this is a Least-Squares Linear Regression plot of
Broadcom Limited(AVGO). According to the diagram, the Least-Squares Linear
Regression of AVGO is y = 0.2*x + 78.

Prices of AVGO fitted curve
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5.3.  Fourier Series
Fourier series is a function describing infinite cosines and sines. The fourier
function is the sum of sine and cosine with different amplitude and harmonically
related frequencies. As we can see from the diagram above. The red curve is the
fourier of Broadcom prices. In our project, fourier function measures the

difference between fitting line and observed historical data. (Cite Y10,Y11)

Fx)= ._I—: ag + Zan cos (nx) + an sin (n x),

n=1 n=1

1
agp = )’r l:f (x)dx

1 :
Ay = — ff (x)cos (nx)dx
T Jom

1 T )
x-[:fLr)SI.n(n.r)d.r

where

b.’!
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5.4.

Relative Strength Index(RSI)

Relative Strength Index is a momentum oscillator, with range from 0 to 100. The
RSI index measures change and speed of price movement, whether stock is
overbought or oversold. When the RSI index is above 70, the stock is
overbought; when RSl is below 30, the stock is then oversold.(Cite Y17)
Moreover, RSI index can also demonstrate trend in both bull market and bear
market. In a bull market, it tends to be in 40 to 90 with support zone from 40 to

50. In contrast, in a bear market the RSl is between the 10 to 60 range with

the 50-60 zone acting as resistance.

The formula of RSI:
RSI =100 -[100/ ( 1 + (Average of Upward Price Change / Average of

Downward Price Change ) ) ]
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Relative Strength Index of Broadcom Limited(AVGO)
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5.5.

Volatility

Volatility is a measure of how much a signal is changing, and can be measured
by calculating the standard deviation of stock price data over the course of one
autocorrelation period.

There’s always a little difference between the model and the actual data. To
handle this little difference, which is also considered as the violation of the stock
price, the team implemented a method to calculate the biggest difference
between the model and the actual data. Then place this on the prediction to form
an “error band”, which indicates how much the actual future price is going to
violate with the prediction.

In the last term, the team improved this method to implement a better volatility
model with calculating the mean of the difference between the model and the
actual data. Several different approaches were implemented, including
calculating with maximum and minimum price in one day, closing price and
opening price in one day and closing prices of two adjacent days.

The basic idea is as follow:

More detailed analysis will be shown in later part of this paper.
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5.6. Correlation coefficient
Generally speaking, stock market is influenced by many different factors. In order
to check the relationship among these factors, association or dependence
between two or more factors is essential. In statistics, correlation measures
whether there is relationship between two random variables. The existence of
correlation could be identified by drawing a diagram: if there is clear pattern of
trend, correlation exists between two factors. However, we also need to keep in
mind that correlation does not necessarily determine one value could be
calculated by a function which takes another correlated value as parameter.

Correlation just shows a relationship between two factors.

Correlation coefficient , mostly known as “'Pearson's correlation coefficient”,

measures the statistical relationship between two values. (Cite Y9)

cov(X,Y) E[(X —px)(Y — py)]
pxy =corr(X,Y) = —— p— .

Correlation coefficient

> > L | > >
Perfect positive High positive Low positive No Low negative High negative Perfect negative
correlation correlation correlation correlation correlation correlation correlation
Correlation coefficient
1 0.8 0.3 0 -0.3 -0.8 -1
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The correlation coefficient formula takes in expected value and standard
deviation of variables X, Y. The interval of correlation coefficient is (-1,1). If
coefficient is 1, the correlation between two variables is perfect direct (increasing)
linear relationship; while if the coefficient is -1, the correlation of two variables
turn to be perfectly decreasing (inverse) relationship. And for correlation
coefficient equals 0, two variables are independent. The series of graphs below

represents correlation in descending order. (Cite picture)
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Methodology

6.1.  Model 1:Linear Regression and Fourier Series Analysis model

Take Broadcom Limited as example for our first model. First step in model one: Import

date and closing price of three year historical data into MATLAB. After the input, we

changed date into index and plot the historical data.
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Figure A-1

Secondly, our group plot autocorrelation of all the values in historical data by built-in

function.

figure

C_avgo= vard(:);

autocorr (c_avgo, 757)

title{'autocorrelation of AVGED')

grid
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According to the Figure A-2, latest 301 days have strong correlation with current prices.
The reason behind relative long correlation period is that AVGO is large company and its

stock price is relative stable in the long run.

. autocorrelation of AVGO
T T T T T

Sample Autocorrelation

0 100 200 300 400 500 600 700 800
Lag

Figure A-2

After we find out the autocorrelation period of each stock, we want to apply it to predict
the future prices. Autocorrelation shows time period which influences latest price. In
order to achieve that, only using autocorrelation is not enough. We also utilizes the
FourierThree function. As we mentioned above, FourierThree is the fitted curve about

difference between linear fitted curve and actual closing stock prices.

indexavgo2Z2=[1l:length (AVGO2var5)]';
f a2=fit (indexavgo2,AVGO2var5-(0.36*indexavgo2+1.5*1072), 'fourier3"):
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For Broadcom Limited, the fitted curve of difference of historical prices and fitted linear

curve is shown in A-3. We loaded Broadcom Limited with new length, according to the

autocorrelation.

Prices of AVGO
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Figure A-3
Generally, we use autocorrelation period plus 18 days(prediction period) as variable in
the FourierThree function and then combine the FourierThree with fitted line of prices
during the autocorrelation period. To visualize clearly about the 18 days prediction and

the relationship between prediction and late stock prices during autocorrelation period,

we used “hold on” function to plot the two curves in one single diagram. What’s more, we

plot each 18 days predictions and its actual prices to compare difference.

future 18 days

filename8 = 'D:\IQP\data\AVGOnew.csv';
datallll=importAvVGOnew (filename8) ;
AVGOnewb=datallll.VarName5;
AVGOnewl=datallll.VarNamel;

fileavgo = "D:\IQP\till Oct 5th\AVGO 30.csv';
$predict funture price of avgo
figure

indexavgonew=[1:length (AVGOnewb)]"';
plot (indexavgonew, AVGOnew5) ;xlabel ('indexavgonew') ;ylabel ('AVGOnew5')
hold on
for i=1:18
nprice (i)=(0.36* (i+301)+1.5%1072) +f a2 (i+301);
end
plot (nprice-E1)
plot (nprice+kl)
plot (nprice)
title('future price of avgo'
grid
hold off
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To examine whether Linear Regression and Fourier Series Analysis is a good prediction
model, we calculated the error band: subtract linear fitted line and fourier, taking 18 days
as parameter, from real historical data. This resulted in a column of numbers. After that,
chose the maximum among the column of numbers as error band. In order to improve
the prediction model, we plot the upper bound limit and the lower bound limit of predicted
prices to show the maximum and minimum prediction could be achieved by this model.
This error boundary is calculated based on the autocorrelation period of time, since the
prices of stock during this period are positively related to the current price. Therefore the
error range is the double maximum error of prediction.

d1 (indexavgo2)=AVGO2var5- (0.36*indexavgo2+1.5%1042) -f_a2 (indexavgo2) ;

El=max (abs (dl))

future price of avgo
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As we can see from the figure A-5, there are two days out of the error band. That means

16 out of 18 days are within prediction.

23



6.2.

Model2: Moving Average model

Moving average is a normal method to get rid of the influence of the daily
violation of the stock price. The curve of the price of a stock after modifying by
moving average is smoother than the original one. This helps the investors to get
a bigger view of the whole trend of stock price.

Moving average help us to get a steadier model, which means we could receive a
smaller error band with this method.

The basic equation of moving average model is as follow:

PM +PM-1+t  + PM—(n-1)

§SM =

If it's a 10-day moving average model, then n would equal to 10. If it’'s a 5-day

moving average model, then n equal to 5.

vl

$moving average of avgo 10 days
mv_a=tsmovavg (AVGOvar5 add, 's',10,1);
figure

plot (mv_a)
title('Moving average prices of AVGO (10 days) ')
grid

To calculate moving average, we used tsmovavg, which is a built-in function. The
tsmovavg takes-in correlation length of closing prices, 10 days as number of
previous data points used with the current data point when calculating the moving
average. (Cite MATLAB)
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load mv_aCopy:
index mv _a=[1:301]";
f mv a=fit(index mv a,mv_aCopy-(0.37*index mv a + 140), 'fourier3');
d a(index mv a)=mv aCopy-(0.37*index mv a+l.4*1072)-f mv a(index mv a):
E a=max(abs(d a))
$18 days prediction moving average
index n a=[1:18]";
plot (index n a,AVGOnew5) ;xlabel ("Num") ;ylabel ("18 prices");:
hold on
for a=1:14
price mv _a(i)=(0.37*(i+301)+1.4*1072)+f mv a(i+301);
enﬂ
plot (price mv_a)
plot (price mv_a+E a)
plot (price mv _a-E a)
title("18 days prediction based on moving average AVGO (10 days)"):
grid
hold off

After calculating the moving average, the prediction step follows Model 1(Linear
Regression and Fourier Series Analysis):

e Used correlation length to fit the moving average curve

e Error band is absolute value of maximum difference between actual

closing prices and future prediction based on fourier trend.

e Plot future prediction in 18 days, with error band
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6.3.

Model 3: Volatile Model

Volatility is a measure of how much a signal is changing, and can be measured
by calculating the standard deviation of stock price data over the course of one
autocorrelation period. There’s always a little difference between the model and
the actual data. To handle this little difference, which is also considered as the
violation of the stock price, the team implemented a method to calculate the
biggest difference between the model and the actual data. Then place this on the
prediction to form an “error band”, which indicates how much the actual future
price is going to violate with the prediction.

In the next term, the team will improve this method to implement a better volatility

model with calculating the mean of the difference between the model and the

actual data.
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The purple line stand for the upper boundary of the band, the lower one stand for

the lower boundary of the band.
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In term C, we added several extra methods to try to determine and quantify the

influence of volatility on the prediction:

a. Volatility 1: difference between closing price and opening price every day

To compare volatility of different stocks, we make all volatilities in

percentage. In Volatility 1, our team first found out absolute difference

between opening price and closing price of each stock within correlation

period. After that calculated the standard deviation of difference. Then
divided the standard deviation by mean of difference. So far, we

calculated the volatility of each stock and put them into an array called
Vol1. We used corrcoef() function to calculate the correlation between

GoodDay array (about good number in 44 days) and Vol1.

$method 1
AVGO2varZ=datalCopy.VarNameZ;
FBZvar2=datafbCopy.VarNameZ;
MSFT2varZ?=datamsftCopy.VarName?2;
NVDAZvarZ?=datanvdaCopy.VarName2;
SAPZvarZ=datasapCopy.VarNameZ;
T¥N2var2=datatznCopy.VarName?;

day_avgo=abs (AVGO2var5-AVGO2var?);
day fb=abs(FB2var5-FB2var?);

day msft=abs (MSFT2var5-MSFT2var?);
day nvda=abs (NVDA2var5-NVDAZvar2) ;
day_sap=abs (SAP2var5-5AP2var2);
day txn=abs (TXN2var5-TXN2var2);

mean avgo=mean (day avgo);
mean fb=mean(day fb);
mean_msft=mean(day msft):
mean nvda=mean (day nvda);
mean sap=mean(day sap);
mean txn=mean(day txn);
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