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Abstract

This thesis discusses the ability of using data mining and artificial intelligence techniques in
order to predict crypto currency exchange market prices. The prices of crypto currency are
virtual unpredictable and pose numerous liabilities and risks for its investors such as huge sums
of money lost in unforeseen variations of crypto currency prices. Furthermore, there are some
challenges when it comes to crypto currency prediction such as fake news. Cryptocurrency
exchange market have a lot of fake news articles which can affect the market prices by fooling
people either to buy or to sell. This research aims to tackle the unpredictability of fluctuating
crypto currency prices by researching peer-reviewed articles and determine the applicability of
Al algorithm and data mining and its implications for the cryptocurrency market. This thesis will
also apply the algorithms in order to determine how applicable it is to predict crypto currency
exchange market prices. Furthermore, this thesis discusses blockchain technology in general

since this will be the building block for the student research.

This thesis is trying to answer the following questions:
1. To which extend can we predict Cryptocurrency exchange market prices using well
known prediction algorithms?

2. How accurate is the prediction of the prices?

Crypto currency data has been downloaded from different sources and cleansing and
normalization methods were used on them. The thesis has examined different algorithms that can
be used for prediction such as Moving Average, Auto ARIMA, kNN, Linear Regression and
Long Short Term Memory (LSTM). One of the best algorithms in terms of the result is the Long
Short Term Memory (LSTM) since it is based on recurrent neural networks which uses loop as a
method to learn from heuristics data. For the future improvements can be done to this work by
integrating other related data such as social media news using sentimental analysis. Furthermore,

more advanced algorithms can be used such as Support Vector machine (SVM) and XGBoost.
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1. Chapter One: Introduction

The technology of artificial intelligence (Al) has the potential of transforming many aspects of
humanity’s life, including the existing financial operations. The emergence of digital currencies,
for instance, bitcoin in 2008 presented a question of analyzing this new financial market. This
paper aims to review the application of Al in the context of blockchain finance by examining
scholar articles to determine whether these digital currencies, best known for its volatile prices,

can actually be precisely predicted.

1.1. Overview

The concept of Cryptocurrency refers to the conducting of financial transactions by using
cryptographical functions. As opposed to other mediums of exchange, a cryptocurrency is based
on the internet and the blockchain technology (Berentsen and Schar, 2). Cryptocurrency was
introduced in 2009, the first digital currency to be used and released is Bitcoin which caught the
interest of the mainstream media only in 2012. According to N Gandal, H Halaburda (2014)
because of its unique characteristic such as decentralization and anonymity they picked up the
pace of development rapidly. One of the important characteristics of blockchain and
cryptocurrency is that it is not governed by any central authority. The blockchain is decentralized
which makes cryptocurrencies hypothetically immune to the old ways of prices control and
interference. The more the prices of Bitcoin get higher, the more we saw that other
cryptocurrencies follows its path and increase in value, and vice versa which means that the
prices of all the cryptocurrencies fluctuate in lockstep N Gandal, H Halaburda (2014). The
cryptocurrency market value exceeded the limit of $100 billion market value in June 2017

ElBahrawy, Abeer, et al. (2017).

The utilization of the blockchain technology allows cryptocurrencies to be immutable,
transparent and decentralized. A primary characteristic of the traditional payment mechanisms is

the existence of a central authority which is the central banks of many countries which regulate



the flow of money. In the case of Cryptocurrency, national governments cannot restrict their
functioning due to the decentralized operation of the blockchain. Internet-based transactions
allowed by cryptocurrencies are characterized by reduced charges compared to the conventional
banking fees. The lack of interference from centralized agencies creates the risk of double-
spending within any given economy. However, the peer-to-peer nature of cryptocurrencies curbs
the possibility of double-spending. While the concept of Cryptocurrency is relatively new, most
people are embracing the idea which has witnessed the increase in the exchange value of

cryptocurrencies such as the bitcoin.

Blockchain technology was initially developed and launched as the foundational
mechanism and structure of bitcoin (Al-Saqaf and Nicolas, 339). Blockchain technology is
established on the idea of an openly distributed ledger, openness, tamper-proof, and
informational transparency, which allow for the completion of cryptocurrency transactions (Xu
et al. 2). The technology was therefore developed primarily to facilitate internet-based mediums
of exchange. The recent developments regarding the blockchain technology include the adoption
of the concept in copyright protection, market monitoring, inventory chain management,
healthcare, and finance. The foundation of blockchain technology is marked by consensus
algorithms, smart contracts, cryptography, peer-to-peer networking, and distributed storage (Xu
et al. 3). The idea of blockchain is associated with the financial crisis witnessed in the year 2008,
and the reduced trust of the public on the normal banking systems. Contrary to the case where
transacting rely on the bank as a reference point, whether a contract of money exchange was
completed, Blockchain technology utilizes a digitally distributed ledger accessed by all members
to record the event through cryptography (Al-Saqaf and Nicolas, 341). The functioning and
design of blockchain technology prevent tampering by a single user (node), thus allowing the
system to maintain data immutable at the absence of a centralized agency. The advantages and
value of the blockchain technology are based on the transparency and credibility created by the
system to the users (Leible et al. 1). The users of a blockchain form a community based on the
needs of the involved people. The system is developed, allowing storage of information while

benefiting from decentralization and immutability.



The cryptocurrency market is significantly big, primarily due to the continued interest of
the system from the public, entrepreneurs, and investors (Giudici et al. 2). Since the introduction
of Bitcoin in the year 2009, the current cryptocurrency market has increased to 5397
cryptocurrencies, according to CoinMarketCap.com. Based on market capitalization, several of

the cryptocurrencies in the market have values running into millions of dollars.

A significant fact about the cryptocurrency market is the fact that the given digital
currencies are not backed by physical assets (Giudici et al. 3). The huge growth of the
Cryptocurrency and the lack of underlying security create the idea that digital currencies and the
blockchain technology represent an economic 'bubble' calling for increased regulatory
requirements from the market regulators such as governments and central banks (Giudici et al.
15). For Bitcoin, the Cryptocurrency recorded a 40% increase in price since the beginning of the
year 2020 as of February 2020 (Bambrough, 1). The growth of the cryptocurrency market is
proofed by the price of individual digital currencies. Taking the case of Ethereum, the
Cryptocurrency recorded an increase in price to $4800 in October 2017 from $616 in October
2016 (Kyriazis et al. 1). From the initial response of the investors and entrepreneurs to
cryptocurrencies to the current state, it is evident that the market size of the digital currencies is
bound to increase into the future. The continued acceptance of cryptocurrencies is bound to
spread beyond the developed economies and impact the operations of the global financial

systems in the future.

The prices of cryptocurrencies are volatile and responsive to the market trends that affect
investor decisions. The trading of the cryptocurrencies in the open market allows the intervention
of market forces, including the future demand, to determine current prices. In the research by
Kyriazis et al. (6), the price of cryptocurrencies is volatile to the whole outlook of the market,
thus allowing the direction of the major digital currencies such as Ethereum and bitcoin to guide
overall prices. In this case, the price of major currencies is directly related to those of the
unpopular cryptocurrencies. Fluctuation in the price of a cryptocurrency is marked by
exponentially descending or ascending line (Kyriazis et al. 6). The viewing of the
cryptocurrencies as crypto assets allows the given instruments to be susceptible to the forces of

demand and supply. The market system of cryptocurrencies is witnessed in the performances



between January and September 2018. Within the given period, the investors and entrepreneurs

within the digital currency sector experienced a falling performance (Kyriazis et al. 7).

Cryptocurrencies have indicated the historical change in prices over time arising from
specific events. On April 9, 2020, Toronto Stock Exchange made the initial list of public Bitcoin
Fund, and the Bitcoin value declined to $7170.65 from $7314.95 within ten days (Beigei, 1). the
event implied that the retail investors of Bitcoin would be subjected to the controlled stock
exchange prices. The event seemed unfavorable for the cryptocurrency community, and the
market response evidenced the volatility of prices to events. On April 1, 2020, CoinMarketCap
was acquired by Binance, and the price of bitcoin rose to $6814.05 from $6671.95 over ten days
(Beigei, 1). Binance is a big cryptocurrency exchange, and the retailers received the event as
good news. Here, it is imminent that the market uses the state of facts to predict the future
outlook of the cryptocurrency segment in making the sell or buy decisions. On March 23, 2020,
the Federal QE Bazooka was announced, which implied an easing of the bitcoin federal reserve
program. The event led to an increase in the price of the bitcoin to $6833.05 from $6492.94
(Beigei, 1). The examples provided allow for an in-depth understanding of the cryptocurrency
market and the drivers of individual currency prices. While speculations on the safety of
cryptocurrencies are bound to affect the long-term predictions and acceptance, the short-term
rates are volatile to current trends. The operations of Cryptocurrency resonate with the situation

in the case of the traditional currencies and other asset-backed instruments in the market.

Unlike traditional financial systems, blockchains and cryptocurrencies are not subject to
centralized regulations. Here, the ability of the system to be used for criminal activities is
imminent. According to Houben and Alexander (1), the cryptocurrency platform creates a
ground for illegal activities, including tax evasion, terrorist funding, and money laundering. The
non-regulation of the cryptocurrency trading and exchange prevents oversight and the
government tracking of actions to prevent crime. While the users of the blockchain economy
benefit from the immutability of data, the protection of the public from crime facilitated by
Cryptocurrency is not guaranteed. The relatively new concept of information technology-based

exchange mediums creates significant challenges for the legislators in most countries. As



opposed to the case of country-based currencies, the globalized nature of cryptocurrencies

prevents in-depth scrutiny and assessment of risks and the vulnerable members of the society.

The advancement in technology is providing individuals and societies new avenues of
creating efficiency and reducing business costs (Ghosh, 236). Cryptocurrency is enhancing social
standards by eradicating the increased transactional expenses associated with traditional banking.
Also, the control of the Cryptocurrency through cryptography guarantees individuals of
transparency and decentralization. High reliance on centralized systems in information control,
online surveillance, and censorship are explained as less productive as far as social wellbeing is
concerned (Al-Saqaf and Nicolas, 338). Here, Cryptocurrency creates a platform for the

realization of higher human rights as now as information sharing and access is concerned.

The widespread use of cryptocurrencies and the fact that they remained popular for over ten
years facilitates the need for developing prediction models that will allow one to use these
currencies as investments. Al technology has been developing for decades and has been a topic
of discussion for many. It has implications for presenting an efficient analysis and presenting one
with a practical evaluation of this financial market. However, the complexity of blockchain and
the nature of this technology makes it impossible to analyze and predict using the standard
financial analysis models. Therefore, behavioral factors and other elements should be accounted
for in the successful algorithm. In regard to cryptocurrencies, a variety of researches is states that
cryptocurrencies, such as bitcoin or altcoins, have a strong meaning for the developing
economies because they mitigate the issue of inflation Darlington (2014). According to Salviotti,
de Rossi, and Abbatemarco (2018), the current market of blockchain and cryptocurrencies is
affected to bias and hype, which does not allow one to accurately apply Al or data mining for

analysis.

1.2. Research Objectives
This research aims to examine peer-reviewed articles and determine the applicability of Al
algorithm and data mining and its implications for the cryptocurrency market. The amount of
data generated by exchange services and activities allow researchers to analyze behavior and

trends and come up with valid prediction models.



This research aims to tackle the unpredictability of fluctuating crypto currency prices by
researching peer-reviewed articles and determine the applicability of Al algorithm and data
mining and its implications for the cryptocurrency market. This thesis will also apply the
algorithms in order to determine how applicable it is to predict crypto currency exchange market
prices. Furthermore, this thesis discusses blockchain technology in general since this will be the
building block for the student research.

Additionally, the ability of Al to assess and evaluate this financial market in order to boost is one
of the objectives. Understanding different models of Al and their results in regards to
cryptocurrencies market predictions will be explored. Next, a test with the use of historical data
will be conducted and results as well as their implications will be presented. In general, this
paper should help develop an ethical tools and methodology for decision making in the context

of Al facilitated cryptocurrency market analysis.

1.3. Research Questions

As mentioned previously, there is no sufficient research could be found on the concept of crypto
currency exchange market prediction as comparison with the existing research done into fiscal
and commodity currency exchange market predictions. Furthermore, as channels for
cryptocurrency exchange became wide spread between end users, such as acting as a method of
payment or acting as a method of investing, any research on this topic can generate data and

findings that could be beneficial for all stakeholders.

In order to develop a structured research thesis, a set of research questions was compiled below
which summarized what this thesis is trying to achieve by answering.
1. QI: To which extend can we predict Cryptocurrency exchange market prices using well
known prediction algorithms?

2. Q2: How accurate is the prediction of the prices?



1.4. Research Methodology
In order to locate answers for the questions that this paper aims to answer peer-reviewed articles
from scholarly journals that focus on Al, finance, cryptocurrency, and blockchain were
examined. The reports present a large number of data including background information and
specific studied that use Al to make financial predictions. Thus, this paper will research the
concept of blockchain, bitcoin, Al and investigate the connection between these elements and
how that can be used for financial market purposes. The limitations of blockchain will be
investigated as well as other aspects of this technology. A variety of models and strategies of Al
application will be reviewed in order to determine a successful strategy for Al implementation.
This information should provide a cohesive understanding of the cryptocurrency market and the

implications of Al enabled forecasting.

1.5. Dissertation Structure
This dissertation is divided into six chapters. The first chapter gives an introduction about the
overall done work in this thesis. The second chapter gives a detailed literature review about
crypto currency in general and about prediction methods and previous existing work by other
researchers. The third chapter would elaborate in detail about the research methodology that the
student have followed and details about the used predicting algorithms. The fourth chapter would
be used to conduct the experiments in order to test the algorithms and obtain the prediction
results. The fifth chapter would give the conclusion and the suggested future work that the
student or his colleges can do in order to improve the thesis. The final chapter would list down

all references used by the student.



2. Chapter Two: Literature Review

The following paragraphs will focus on exploring the research works that examine on various
aspects of blockchain and Al. It should be noted that the development of a framework that can be
used to analyze the financial market of cryptocurrencies is critical due to significant impact of
the blockchain technology on the economic and social life of people globally. Machine learning
algorithms that will be discussed in this paper are an essential element of Al technology, and
some examples include neural networks and deep learning. Due to the current popularity of
cryptocurrencies and their impact on the economy on a global level, a need for forecasting the

trends and specifics of value changes has arisen.

2.1. Background and Related Works
Firstly, it is crucial to define Al as well as blockchain technology and describe the application of
the former in the financial markets. According to Zheng et al. (2018, p. 1), Al is “the core
technology of new technological revolution and industrial transformation, is transcending the
traditional means of simulating human intelligence by a computer.” The authors specifically
focus on describing Al 2.0 and its application within the financial market because of the
particular goals and suitability of this technology for the needs of the financial markets.
Coeckelbergh and Reijers (2015, p. 172) state that "technologies have a temporal and narrative
character: that they are made sense of by means of individual and collective narratives but also
themselves co-constitute those narratives and inter-human and social relations; configuring
events in a meaningful temporal whole." The third stage of Fintech development implies the
integration of big data with other elements such as the Internet and blockchain for the
achievement of better efficiency within the financial market. One example of an application that
describes the efficiency of using Al in finance is the assessment of an individual’s credit score.
Next, in order to understand blockchain one must have a sufficient knowledge of the information
centralization on the Internet. Zheng et al. (2018, p. 2) state that various barriers obstructing
individuals from free data sharing existed until blockchain was introduced, which is "a
distributed, publicly available, and immutable ledger." Blockchain and bitcoin cryptocurrency
are inseparable as they were simultaneously introduced in 2008 by Nakamoto (DeVries 2016). In

his paper, DeVries (2016) argues that cryptocurrencies, for example, bitcoin, do not have a



potential of fully replacing the existing financial structures, however, they can transform the
perception of market interactions. The conclusion made by the author suggests that due to the
fact that cryptocurrencies imply fewer barriers or regulators, they can impact the existing
approaches to currency exchange and national currencies perception.

Defining the concept of these currencies is crucial for understanding their application. DeVries
(2016, p. 1) describes cryptocurrency as “an encrypted, peer-to-peer network for facilitating
digital barter.” The author states that the primary advantage of this exchange model is the lack of
oversight from a third party, which allows internet users to exchange value more easily.
According to Jani (2018, p. 1), “as of March 18, 2018, there are 1564 Cryptocurrencies available
& traded in about 9422 exchanges.” Therefore, the current market of cryptocurrencies is large
and will continue to grow to provide investment opportunities for individuals. Miraz and Ali
(2018) focus on the prospects of blockchain technology and its prospective applications beyond
the cryptocurrencies described in this paper. According to the authors, “distributed storage
systems, proof-of-location, healthcare, decentralized voting and so forth” are the prospective
fields that can benefit from this technology in the future (Miraz & Ali 2018, p. 1). Therefore,
blockchain is not only applied in peer to peer value enhance through cryptocurrencies but can be

used in other fields as well.

A different perspective on the matter can help further improve the understanding of
cryptocurrencies. Farell (2015, p. 130) provides the following description for the concept of
cryptocurrencies — “virtual coinage system that functions much like a standard currency,
enabling users to provide virtual payment for goods and services free of a central trusted
authority.” The author argues that although the successful implementation of blockchain
occurred recently, the concept of cryptocurrencies was first explored in the 1980s.

The process of obtaining currencies is complex and requires one to solve an algorithm.
Narayanan et al. (2016) describe mining puzzles that allow one to mine bitcoin and thus receive
coins for the efforts. This is an essential element of the cryptocurrency market because as was
previously mentioned the difficulty of mining is one of the aspects that affect the market. Thus,
Narayanan et al. (2016) hypothesize that individuals will try to locate shortcuts for solving

puzzles, which will allow them to achieve higher monetary rewards. This article provides a better



understanding of the forces impacting the cryptocurrency market as well as implications for
developing Al and data mining algorithms for predictions regarding value fluctuations.

Other background information that can be useful for this research is the historic change of
bitcoin evaluation. Gandal and Halaburda (2016) examined the price changes and factors
impacting them in the early stages of cryptocurrency implementation. The findings suggest that
despite bitcoin being the most well-known and the most initial cryptocurrency introduced to the
market, the value of it is currently smaller than that of others. The authors applied the winner-
take-all framework to analyze bitcoin against other cryptocurrencies. The analysis presented by
the authors of this study suggests that further models and algorithms should not be based on the
implications of the new price trends of cryptocurrencies because those show little impact on the

future development of these coins.

The cryptocurrency market incorporates a variety of tokens or currencies. According to Lee,
Guo, and Wang (2018), apart from the popular bitcoin, several other cryptocurrencies were
developed based on the original blockchain technology, which is referred to as altcoins. Among
the reasoning for these actions is the limited of 21 million bitcoins and high demand for
electricity required to mine these coins. Additionally, these elements led to the increased interest
towards cryptocurrencies that affected the financial market and subsequently the perceived value

of these coins.

In regard to the prospects of bitcoin, blockchain, and cryptocurrencies, a variety of suggestions is
offered by scholars. For instance, Darlington (2014) states that cryptocurrencies, such as bitcoin
or altcoins, have a specific meaning for the developing economies because they mitigate the
issue of inflation. However, limitations in regard to access and applicability still exist, as well as
the possibility of uncovering problems with the mining algorithm in the future. Peters, Panayi,
and Chapelle (2015) provide their insight on the topic of cryptocurrencies and prospective
development trends while EIBahrawy et al. (2017) state that even though new cryptocurrencies
emerge and leave the market continuously, the overall development trend has remained stable
since 2013. This is consistent with the neutral evolution model that accounts for elements that

facilitate the development of this financial market.
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It is critical to understand the specifics of operations that distinguish bitcoin from other
cryptocurrencies. Delmolino et al. (2015) provide an understanding of smart contracts that were
applied by altcoins emerging after bitcoin. Those use specific user-generated rules for
transactions resulting in the ability to change the approaches to mining and currency exchange
introduced by bitcoin. Thus, this article provides valuable insight into the issue of smart

contracts, which can be used to enhance one’s knowledge of blockchain interactions.

2.2. Challenges and Limitations
Despite the overall benefits of cryptocurrencies, there are important issues that should be
considered with their application and use. In his article, DeVries (2016) argues that
contemporary in-state and international institutions are not tailored to the requirements of
blockchain technology. Therefore, no clear regulations and legislation exist, which is both a
challenge due to security and safety and an advantage due to the mitigation of unnecessary
oversight. Azouvi, Maller, and Meiklejohn (2019, p. 127) state that “in a decentralized system,
no one entity can act to censor transactions or prevent individuals from joining the network.”
Another issue that can significantly affect this financial market and Al-based predictions is the
need for user acceptance. DeVries (2016) argues that this is the only force that determines the
success and value of any cryptocurrency; thus, with a change in people's perception, the price of

any cryptocurrency can change significantly.

The actual price of specific cryptocurrencies is unknown due to the current popularity of this
technology. Salviotti, de Rossi, and Abbatemarco (2018) argue that due to the current demand
and discussion surrounding blockchain and cryptocurrencies the current market is subjected to
bias and hype, which does not allow one to adequately apply Al or data mining for analysis.
Many companies and venture capitalists invested in enterprises in this market and the actual
value of each cryptocurrency, including the most popular one, bitcoin will be seen over time.
Lindman, Rossi, and Tuunainen (2017) point out the limitation of blockchain — is the network
effect that impacts the cryptocurrencies and payment system limitations. More specifically, this
technology is especially crucial for the financial markets because it eliminates a variety of risks

associated with the industry. Additionally, blockchain can be applied in many governmental
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operations including issuing of certificates, which will allow additional accuracy and
transparency to this process.

Among the specific limitations that exist one should note that many countries, for instance, the
US, introduced legislation aimed at regulating the cryptocurrency market. This can lead to a
significant impact on the overall perception of the demand for coins. Hughes (2017) states that
despite the current efforts the decentralized nature of the blockchain technology makes it
impossible to enforce specific regulations. Delgado-Segura et al. (2018) state that P2P networks
are the primary feature of cryptocurrencies that distinguishes them from other digital money.
However, the issue is that no specific standard exists, which results in significant differenced

within the functionality of these networks.

2.3. How AI, Cryptocurrency and Blockchain are
Related

The following paragraph will explore the connection between the three technologies. Hassani,
Huang, and Silva (2018) state that currently the cryptocurrency market is valued at trillions of
US dollars, which showcases its significance in the context of global finance. The authors argue
that the primary connection between Al and cryptocurrencies is the fact that the latter requires
the application of Big Data analysis due to its complexity and incorporation of a large number of
users. This corresponds with the five features of big data — volume, variety, velocity, veracity,

and value.

The technology of blockchain is revolutionizing many elements of contemporary life, including
the financial markets. Salviotti, de Rossi, and Abbatemarco (2018) state that within this model,
users have a critical role because they need to continuously participate in the data exchange
process to ensure the functioning of blockchain. This allows individuals to be a part of the peer
to peer exchanges or transactions. In this regard, it should be noted that the connection between
blockchain and bitcoin is the fact that the former was the first known successful application of
blockchain technology. Therefore, cryptocurrencies emerged due to the development of the
technology in question and their further development as well as the functioning of this financial

market will depend on this concept.
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In regard to the application of Al and data mining, prior research suggests that information
gathered via the Internet can be used to make valid predictions regarding the changes in the
financial markets. Colianni, Rosales, and Signorotti (2015) present an example of Twitter and the
gathering of information from this social media platform that helped researchers make
predictions regarding the movement of securities. Subsequently, the authors argue that social
media can be used to gather information about cryptocurrencies that will enable one to develop
adequate trading strategies. Thus, one can say that based on the findings of the study by
Colianni, Rosales, and Signorotti (2015, p. 1), a conclusion regarding the successful use of
machine learning within the financial market of cryptocurrencies predictions can be made, more
specifically, the following algorithms were tested by the authors — “logistic regression, Naive
Bayes, and support vector machines.” The accuracy of such predictions was estimated at over
ninety percent, which provides implications for further development of similar strategies.
Cryptocurrencies are inevitably connected to blockchain as they are a result of a block exchange.
Thus, tokens that are received as part of this process have the potential of transforming the
economic system globally because they allow one to exchange value with others independently.
Laskowski and Kim (2016) explore the technology of text mining in the context of
cryptocurrencies. The authors created a framework that incorporates a number of information
streams from social media and messaging applications which allowed them to develop a
cohesive model representing the current financial market of cryptocurrencies. Therefore,
unarguably, the nature of cryptocurrencies implies a need for a different analysis of information

to make accurate predictions of market changes.

2.4. The Emergence of Cryptocurrency and
Blockchain
As was previously mentioned, most researches reviewed in this paper agree that the first
cryptocurrency introduced was bitcoin. It was created in 2008 and according to DeVries (2016)
to ensure rarity, there is a specified number of this currency that can be generated by users. An

unusual element of blockchain finance is explored by the author who points out that, unlike
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traditional currencies, cryptocurrencies exist due to perceived value that individuals are
accepting them as payments place on this technology. For instance, a vendor receiving bitcoins
has to believe that this currency has value since no institution can provide support for it. Due to
this reason, one can argue that the blockchain finance market is more complicated when
compared to traditional ones and requires a more advanced technology such as Al for proper

analysis and predictions.

2.5. Types of Blockchain
In order to understand the different kinds of blockchain one must have sufficient knowledge of
the mechanisms that underline the blockchain technology. Price (2017, p. 2) states that "a
blockchain database is a distributed ledger comprising transactions and blocks." This structure is
critical for ensuring the safety of data because each block incorporates a hash from a previous
block. Thus, it is highly unlikely that such data will be corrupted due to the integrity between
different blocks. The cryptocurrencies that are created as a result of such exchanges or through
the process called mining are intended to incentivize users to use the system and thus enable the

exchange of information between different parties.

It should be noted that a variety of blockchain types exists that differ in accordance with the use
of the algorithm. For instance, public blockchains use the proof of work model that can be seen
in bitcoin. Users have to verify each transaction in order for this system to work. This model is
open sourced and therefore can be used by anyone. Private blockchains, on the contrary, have

limited access to data and thus can be used by a specified number of users.

2.6. Cryptocurrency Market Analysis
The formation of value within the cryptocurrency market is an essential feature that shapes the
demand and price of each coin. Hayes (2015, p. 1308) argues that based on the empirical data
and cross-sectional analysis it can be concluded that “the difficulty in 'mining 'for coins; the rate
of unit production; and the cryptographic algorithm employed” are the critical elements. Kaplan,
Aslan, and Bulbul (2018) focused on examining the world of mouth effect established through

another social media platform Twitter and its prospective impact on the price of

14



cryptocurrencies. The regression analysis revealed that a correlation between rumors regarding
altcoins and price value exists. Yilmaz and Hazar (2018a) state that investors choose
cryptocurrencies based on five primary factors, which allows one to create a cryptocurrency that
would correspond to all these elements and make predictions regarding the market success of a
particular coin. DeVries (2016, p. 2) argues that “cryptocurrencies could possibly be the single
most disruptive technology to global financial and economic systems.” Thus, this technology is
essential for the global economy and should be analyzed carefully.

Firstly, the decentralized nature of blockchain mitigates the traditional disadvantages of other
online payment methods — including commissions, chargebacks, risks of doubles endings, or
possible fraud. Heid (2014) provides an assessment of this financial market and argues that
Bitcoin is a successful proof of concept for the blockchain technology. Despite the fact that the
cryptocurrency market is more secure when compared to traditional financial markets, it has
been subjected to various attackers. Heid (2014) provides examples of data breaches and
attempts to target end users, and other malicious actions that were possible due to the fact that
the protocol was experimental. The author presents the following explanation of the algorithm
that allows blockchain transactions to function — the encrypted algorithm generates precomputed
files each containing a pair of public and private keys and assigned to a specific owner. Next,
individuals engaged in transactions can send data stored in the file walled.dat on their hard drive
to other users. Dynamic wallet addresses contain information about the private keys while public

keys contain information about the destination of a payment.

One crucial element of the cryptocurrency market is that a specified number of coins for each
cryptocurrency exists. Therefore, the value of these elements is based on the supply and demand
laws, which are significant forces within the cryptocurrency market. Zheng et al. (2018)
conducted a study examining the existing articles that research the financial market and
application of Al. The authors introduced the concept of financial intelligence, which is critical
for this market. In addition, the level of difficulty in regard to mining a coin impacts the final
price because it fluctuates depending on the conditions. The nature of this protocol implies no
need for a third party because the open source protocol allows the transactions to be secure and
reliable. In general, cryptocurrencies can be purchased through exchange marketplaces using fiat

currencies. Thus, one can conclude that “the market is diverse and provides investors with many
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different products” (Alessandretti et al. 2018, p. 1). Thus, forecasting within this domain will

become increasingly important in the future.

To understand the specifics of the markets a study focusing on its functioning was explored.
Hitam and Ismall (n.d.) compare the performance of different machine learning algorithms in
regard to their ability for prediction changes in the cryptocurrencies market. The study uses
technical analysis strategies for time series data forecasting which implies an assessment of
information within the market such as price, the volume of sales, and future predictions. It
disregards other elements applied in the fundamental analysis including outside forces that may
impact the financial markets. In general, the algorithms proposed by the authors of the discussed

study is reasonably successful in making accurate cryptocurrency market predictions.

An article by Farell (2015) offers a comprehensive analysis of the cryptocurrency market, which
provides an understanding of the underlying forces guiding its development. Yamada and
Nakajima (2016) introduce the concept of micro pricing in blockchain to develop a framework
for understanding human behavior and its implications for the economy and financial markets.
Gandal and Halaburda (2014) present an article that examines competition in the cryptocurrency
marker using the network effect model. The findings suggest that currently cryptocurrencies are

viewed as financial assets, which provides implications for developing Al for market predictions.

2.7. Algorithms and Methods of Predictions

Application of Al in the context of analysis and prediction of the price is a valid strategy that can
be used to make investment recommendations in regards to cryptocurrencies. However, many
components should be considered. Another study that applies Al in the form of neural networks
for prediction of price fluctuation of cryptocurrencies was conducted by Gullapalli (2016), who
used this framework to make predictions regarding high and closing prices of bitcoin on a daily
basis. Both time delay and recurrent neural networks were used in this experiment to account for
a variety of factors that may impact the market. In order to train these neural networks, historical
data regarding the price of bitcoin as a reference. Components such as quarterly highest and the

lowest value, closing costs, and volume of demand were taken into account by Gullapalli (2016).
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In general, the algorithm developed by the author, more specifically the time-delay model was
successful at predicting the price.

The ethical element of Al analysis is an essential focus of this paper. Wallach (2010) explores
the question of ethics and decision-making the process that impacts the way humans choose to
act. This research is relevant to the question of Al analysis applied to cryptocurrencies because
as was previously mentioned, this market is based solely on the value perception that individuals
have. Cognitive mechanisms, such as reasoning, have an impact on this process an with an
appropriate model, Al can mirror this reasoning process, which will help make adequate
predictions regarding the cryptocurrencies. In his study, Wallac (2010) mainly focuses on
developing robots that can be applied in a variety of domains without posing a threat by applying

algorithms that allow them to use the ethical values of humans.

The emergence of blockchain and cryptocurrencies is a result of a need for improvement in some
aspects of financial operations. Jani (2018) explores the development and use of cryptocurrencies
in India to provide an understanding of the enhancements that the introduction of this technology
has as well as challenges that it poses. According to the author, approximately 21 countries
responded to the widespread use of cryptocurrencies by introducing regulations aimed at
protecting citizens from fraud. This affects the expectations of users and thus the ability to apply

Al algorithm for analyzing this market.

One can argue that the application of theories from traditional finance can be used to improve the
Al algorithm in regard to cryptocurrencies. Khuntia and Pattanayak (2018) claim that the
adaptive market hypothesis can be applied to cryptocurrencies and evaluate their theory using the
example of bitcoin. In this regard, new information that people obtain has an impact on the price
of their assets, in this case — cryptocurrencies, in accordance with the martingale difference

sequence.

However, Khuntia and Pattanayak (2018) state that over time, financial markets change and
adapt to new conditions and are subjected to behavioral bias, which may be the primary
limitation of the data mining and Al analysis. In order to prove this concept, several studies were

examined that focus on behavior. Krafft, Penna, and Pentland (2018) conducted an experiment
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that can provide important implications for the future development of Al and data mining
algorithms tailored to the analysis of cryptocurrencies. The authors acknowledge the fluctuations
of this market that are facilitated by bias and perception of the buyers and sellers and aim to
account for it in their study. Krafft, Penna, and Pentland (2018) created bots that purchased small
amounts of cryptocurrencies over a timeframe of six months to measure the impact of these
actions on the overall market. The findings suggest that such actions have a significant short term

effect, which can be used as an important element of algorithm design.

Several researchers examined the prospects of machine learning and plausibility of applying this
strategy for the cryptocurrency market. Misnik et al. (n.d., p. 96) studied the effect of applying
neural networks on the predictions made regarding bitcoin prices using “multilayer perceptron
(MLP) and Long short-term memory (LSTM) neural networks." The authors added social and
time elements to the standard model to improve precision. It was concluded that LSTM is more
efficient due to the fact that it considers more factors. It can be found that the inclusion of a
variety of factors that have a direct impact on the financial market, including behavioral
elements, can significantly increase the accuracy of the Al algorithm. Napiah (2018) applied
hybridization machine learning to facilitate the process of predicting changes in the
cryptocurrency market. Other researchers focused on used a variety of Al frameworks to design
a model that will accurately predict price fluctuations, For instance, Catania, Grassi, and
Ravazzolo (2018), McNally (2016), and Jiang and Liang (2016) used Al while Yilmaz and Hazar
(2018b) used conjoint analysis. This presents a variety of evidence suggesting that Al and data

mining can be used to make accurate predictions for cryptocurrencies.

Most researchers focus on applying traditional financial models when analyzing the market in
question, which leads to several difficulties. Alessandretti et al. (2018) conducted a study
targeting the machine learning algorithms that can be used to determine the market changes of
cryptocurrencies. The authors used gradient boosting decision trees as the primary strategy for
predicting the value of cryptocurrencies. The findings are based on the analysis of 1,681
currencies and suggest that similar models that apply Al can be used to produce a profit from
cryptocurrencies. Currently, Alessandretti et al. (2018, p. 2) state that the following algorithms

were used to analyze cryptocurrencies, more specifically bitcoin — "random forests, Bayesian
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neural network, long short-term memory neural network, and other algorithms." In general, from
2013 till 2017 the cryptocurrency market remained stable, showcasing its long-term properties.
Li et al. (n.d.) focused on determining the prospects of using deep learning strategies in the
prediction of cryptocurrency market fluctuations. The Python Library Keras was used for the
development of this model, and two neural networks were created for the purpose of this

experiment.

Different optimizers were used to adjust these models, and the findings suggest that it is
plausible to develop a working neural network model that makes successful predictions
regarding the value of cryptocurrencies, in this case, bitcoin, over short periods of time. Both
classification and regression problems were resolved by Lee et al. (2018). This study provides
implications for further development of deep learning networks that can be used to predict value
changes accurately, as the authors of the described experiment aimed at determining changes
within 3%. Pelletier (2018) uses Aylien API to make predictions regarding bitcoin, however, the
study occurred during the plateau period experienced by the cryptocurrency which was on the
peak of its popularity prior. The author argues that news regarding bitcoin can significantly
affect its price and suggests using Natural Language Toolkit as an Al model for analysis.
However, Pelletier (2018) states that according to the results of his studies such information
impacts only individual users and has little effect on investors. Similar findings are introduced by
Lamon, Nielsen, and Redondo (2017) who argue that both news and social media can be used to
predict the price fluctuations of the cryptocurrency market. More specifically, the authors focus

on the three popular currencies — bitcoin, litecoin, and etherum.

Phillips and Gorse (2017) improved the previously described algorithm that accounted for news
and social media rumors. This was done by applying epidemic modeling that can be used to
detect prospective cryptocurrency bubbles and thus avoid risky investments. Lee, Ulkuatam,
Beling, and Scherer (2018) used inverse reinforcement learning together with agent-based
modeling to design an algorithm that would allow one to make accurate predictions in the

cryptocurrencies market.
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The changes in the price that are prevalent for the market in question require additional attention.
Conrad, Custovic, and Ghysels (2018) examined the volatility of bitcoin over both short and long
timeframes using GARCH-MIDAS model. The findings suggest that in general changes in the
price of bitcoin do not correspond with the standard volatility frameworks which can be observed
in financial markets. However, the global economy and events affecting it have a direct impact
on bitcoin, which provides implications for further analysis of occurrences affecting
cryptocurrencies. Radityo, Munajat, and Budi (2017) used artificial neural networks, while
Karasu, Hacioglu, and Atlan (2018) applied time series machine learning. The results provide an

understanding of successful strategies that can be used to predicts volatility.

Accounting for social media impact is critical for accurate cryptocurrency forecasting. Islam et
al. (2018) used text mining for financial analysis and understanding the implication of news in
regard to market value. The study focuses on developing a variety of frameworks that can be
used to classify significant information, which can be used for improving the Al algorithm. The
authors suggest that “within the text mining techniques, stock predictive model (SPM) need to
improve by the rank search method with the inclusion of gains and ratios along with forwarding
selection methods by integrating dimensionality reduction techniques” (Islam et al. 2018, p.
770). Cocco, Concas, and Marchesi (2017) conducted an experiment in which the researchers
used an artificial model of the cryptocurrency market. This model is helpful due to its
recumbence with the actual cryptocurrency market and ability to showcase autocorrelation. This
study is useful because the model can be used to test different strategies of investment in the
cryptocurrencies market. Radityo, Munajat, and Budi (2017) conducted a study comparing
several Al algorithms in their ability to predict the fluctuations of bitcoin accurately. The authors
argue that Al was proven to have higher accuracy and efficiency than other strategies.
Additionally, one should note that features included in the process of designing an Al network.
Thierer and Castillo (2016) state that Al technology raises a variety of concerns from
policymakers, however, the prospects of this technology can bring enormous economic and
social benefits. When designing data mining and Al algorithms, some elements from the
traditional financial analysis can be used to understand the basics of trading. Jegadeesh and

Titman (1993) provide an assessment of the winners and losers framework that can be applied to
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the modern day blockchain. This assessment offers implications for understanding the traditional

financial market and buy-sell strategies that can be profitable.

Overall, this research paper explores the topic of Al and the application of the algorithm in the
blockchain. In general, the findings suggest that the emergence of Al 2.0 and the development of
the third Fintech stage can offer a variety of advantages for the financial industry. The studies
examined in this paper suggest that Al and data mining can be applied to making an accurate

prediction in regard to fluctuations in the financial market.
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3. Chapter Three: Research Methodology

3.1. Data Choosing & Collection
For the calculations and predictions that will be conducted in this research the daily crypto
currency data has been collected for Kraken crypto currency exchange market. Each crypto
currency exchange market has its own set of unique crypto currency. From the well-known
exchange cryptocurrency platform Kraken the following type of exchange values have been
chosen: BTC/EUR, BTC/USD, ETH/BTC, ETH/EUR, ETH/USD, LTC/BTC, LTC/EUR,
LTC/USD, XRP/USD.

All of the data were downloaded from CryptoDataDownload. CryptoDataDownload is a platform
that provides free historical cryptocurrency for people to use in research and analysis. All of the
data sets timespan are from the beginning of the first time that the cryptocurrency have been

added for exchange in the crypto currency market.

3.2. Data Cleansing and Representation
All of the above-mentioned data sets have been structured into a unified format for easy

processing. The format of the data consists of the following data sets:

Kraken_BTCEUR_d

Date Symbol Open High Low Close Volume BTC Volume EUR

2019-10-08 | BTCEUR  7484.2 7595 7423.3 7481.3 1053.79 7893982.15
2019-10-07  BTCEUR  7170.1 | 7574.8 7085 7484.2 5802.08 42800140.84
2019-10-06 | BTCEUR 7420 7448 7108 71701 3335.28 24184058.52
2019-10-05 | BTCEUR 7445 7470.7 7315.3 7420 2061.75 15227261.32
2019-10-04 | BTCEUR 7515.2 7521.3 7325 7445 2698.83 20053234.43
2019-10-03 | BTCEUR  7658.3  7688.5 7364.8 7515.2 3361.66 25183131.97
2019-10-02 | BTCEUR 7618.5 7664.3 7470.6 7658.3 3341.02 25237082.75
2019-10-01 | BTCEUR 7619 7820 7530.6 7618.5 4727.83  36347468.29

Figure 1: Crypto Currency Collected Data Format
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The date column indicates for the data of the sample. The Symbol column referred to the
exchange code that is being used in the market exchange, usually it indicates the two currencies
that are being used to buy and sell the crypto currency. The Open column refers to the opening
crypto currency value of the trade in that day. The High column refers to the highest crypto
currency value of the trade in that day. The Close column refers to the closing crypto currency

value of the trade in that day.

3.3. Processing Language
In order to be able to rapidly develop the algorithms the student have chosen to use Python as a
supporting programming language to develop the algorithms.
Python's is an easy to learn easy to read language meant to be understandable similar to the
human language Guttag, John V. (12 August 2016). Python have many modules and components
that can be used in conjunction for rapid development. Python is an open source project which
can be modified and developed for anyone, it also has two main version used by scientists,

Version 2.7 and Version 3.

3.4. Data Storage
For sake of simplicity and performance matters, the student has kept all data in CSV format and

did not integrate them in enterprise level databases such as MySQL Peter Zaitsev (10 April
2008).

3.5. Used Prediction Algorithms
Mainly six predicting algorithms has been used in this research, each one of the chosen
algorithms will be used to predict the crypto currency market value and will be validated using
another set of data. All of the prediction algorithms have been implemented using Python since
python enables the researcher to apply the algorithms rapidly using available modules. For all of
the below algorithm implementation the crypto currency exchange data set has been validated
into training data set and validation data set. The training data set would be used to train the

model and the validation data set would be used to calculate the accuracy of the algorithm. In
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order to understand the accuracy of the algorithm the Root Mean Square Error (RMSE) would be
used in order to verify the fit of the model to the data and to show how close the crypto currency
data are to the model's predicted values Hyndman, Rob J.; Koehler, Anne B. (2006). Root mean
square error is usually used in scientific researches and in regression analysis to validate

experimental calculations.

3.5.1. Moving Average

Moving average is a statistical calculation method used to analyze data by creating a series of
averages from different group of data. It has many other names such as rolling average, running
average. There are different variations and types of the algorithm such as simple moving

average, cumulative moving average and weighed forms moving average.

In the algorithm the data groups must be categorized in fixed subset size. The first group of the
moving average is taken by the average of the initial subset of data series. After that, the subset
of data is shifted forward by removing the first number from the calculation and including the

next values. The shifting goes on and on until it reaches the end of the series.

Usually moving average is used with time series data such in our case with crypto currency
exchange data where every day we have a record for the value of the crypto currency. Moving
average helps in smoothing out short term fluctuations and gives more focus into long term
predictions. Mainly Moving Average is used in analysis of financial data such as exchange
predictions or trading volumes. Moving average is also considered to be a type of convolution

thus it also can be seen used in signal and processing.

Simple moving average can be calculated is following:

Simple moving average = (P1 + P2 +P3+P4+ ...+ Pn)/n

In the student implementation data frames were used in order to conduct shifting and calculation

for the Moving Average.
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The student has developed the algorithm by using Python and open source available libraries that
helped in rapid development. The source code of the algorithm can be found in Appendix 7.1.1

3.5.2. Linear Regression
The second used and discussed algorithm is Linear Regression. Linear Regression is used to
model relationships between dependent and independent values. In case there is one dependent
value the algorithm is called Simple Linear Regression. In case more than one it is called
Multiple Linear Regression. It is considered to be one of the basic machine learning algorithms.

Furthermore, Linear regression was the first type of regression analysis to be researched heavily.

The Linear Predictor functions are used in conjunction to model the relationship of unknown
model parameters. The linear regression gives a model that decides the relationship between the

independent variables and the dependent variable.

Y=01X1+0:X:+ ... 0, X,

Figure 3: Linear Regression Equation

In the student implementation the imported data has been sorted by date and features has been
extracted from the dates in order to fit the model. Features were extracted using fastai library
which extracts features. These set of features will be used in the predictive model for the Linear

Regression.

The student has developed the algorithm by using Python and open source available libraries that
helped in rapid development. The source code of the algorithm can be found in Appendix 7.1.2
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3.5.3. Auto ARIMA

ARIMA is a time series forecasting method that stands for AutoRegressive Integrated
Moving Average. In ARIMA the data series does not move thus the mean and variance should
not have expanding gap with time. In ARIMA by using log transformation or differencing
method the time series can be made stationary.

On the other hand, Auto ARIMA is an enhanced method for prediction which eliminates the
need make the data frame stationary plus you do not need to specify autoregressive term and the

moving average term.

The student has developed the algorithm by using Python and open source available libraries that
helped in rapid development. The source code of the algorithm can be found in Appendix 7.1.3

3.5.4. k-Nearest Neighbors
k-nearest neighbors’ algorithm (k-NN) is a classification and regression supervised machine
learning algorithm used for prediction. Input is grouped into k closest training models since the
Knn assumed that similar data points are close to each other. One of the main features of KNN
algorithm is that its training is fast because it does not use the training data points to do any
generalization. However, some of the cons of the algorithm that it requires a high memory space

and it can be sensitive to irrelevant features.

The student has developed the algorithm by using Python and open source available libraries that
helped in rapid development. The source code of the algorithm can be found in Appendix 7.1.4

3.5.5. Long Short Term Memory (LSTM)
Long Short Term Memory is a recurrent neural network algorithm used in deep learning.
Recurrent neural networks are networks with loops in them, allowing data to sustain. With this
feature it can not only process single data source (such as voice recording), but also entire

sequences of data.
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The student has developed the algorithm by using Python and open source available libraries that
helped in rapid development. The source code of the algorithm can be found in Appendix 7.1.5
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4. Chapter Four: Experimental Analysis

For all of the below testing scenarios 80% of the data has been used to train the model, and
the remaining 20% were used to validate the result of the prediction. For all of below graphs that
represents the prediction results, the blue line represents the known data that were used for the
training model, the green line represents the predicted data and the orange line represents the

known data used for validation.

4.1. Cryptocurrency BTC/USD Exchange
Prediction

All of the above prediction algorithm was ran on the BTC/USD exchange data and the below is
the results of the tests. Long Short Term Memory (LSTM) gave out the best results with the best
RMS value.

4.1.1. Moving Average Result

loving Average Algorithm Prediction For BTC-USD, RMSE Value = 4126.975720049059
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Figure 8: Moving Average Algorithm Prediction Results

RMSE Value is: 4126.97
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4.1.2. Linear Regression Result

Linear Regression Algorithm Prediction For BTC-USD, RMSE Value = 2260.6102429635985
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Figure 9: Linear Regression Algorithm Prediction Results

RMSE Value is: 2260.6

4.1.3. Auto ARIMA Result

AutoARIMA Algorithm Prediction For BTC-USD, RMSE Value = 2845.1740708700827
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Figure 10: Auto ARIMA Algorithm Prediction Results

RMSE Value is: 2845.17
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4.1.4. k-Nearest Neighbours Result

kNN Al iction For BTC-USD, RMSE Value = 5307.84429180311
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Figure 11: k-Nearest Neighbors Algorithm Prediction Results

RMSE Value is: 5307.84

4.1.5. Long Short Term Memory (LSTM) Result
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LSTM Algorithm Prediction For BTC-USD, RMSE Value = 536.1557450603655
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Figure 12: Long Short Term Memory (LSTM) Algorithm Prediction Results

RMSE Value is: 536.155

4.2. Cryptocurrency ETH/BTC Exchange

Prediction

All of the above prediction algorithm were ran on the ETH/BTC exchange data and the below is
the results of the tests. Long Short Term Memory (LSTM) gave out the best results with the best
RMS value.
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4.2.1. Moving Average Result

Moving Average Algorithm Prediction For ETH-BTC, RMSE Value = 0.02162: 73
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Figure 13: Moving Average Algorithm Prediction Results

RMSE Value is: 0.021

4.2.2. Linear Regression Result

Linear Regression Algorithm Prediction For ETH-BTC, RMSE Value = 0.05675114760475989
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Figure 14: Linear Regression Algorithm Prediction Results

RMSE Value is: 0.056
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4.2.3. Auto ARIMA Result

AutoARIMA Algorithm Prediction For ETH-BTC, RMSE Value = 0.041859449486996256
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Figure 15: Auto ARIMA Algorithm Prediction Results

RMSE Value is: 0.041

4.2.4. k-Nearest Neighbors Result

KNN Algorithm Prediction For ETH-BTC, RMSE Value = 0.03924670685779745
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Figure 16: k-Nearest Neighbors Algorithm Prediction Results

RMSE Value is: 0.0392
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4.2.5. Long Short Term Memory (LSTM) Result

LSTM Algorithm Prediction For ETH-BTC, RMSE Value = 0.001970447495524835
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Figure 17: Long Short Term Memory (LSTM) Algorithm Prediction Results

RMSE Value is: 0.0019

4.3. Cryptocurrency ETH/USD Exchange
Prediction
All of the above prediction algorithm was ran on the ETH/USD exchange data and the below is
the results of the tests. Long Short Term Memory (LSTM) gave out the best results with the best
RMS value.
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4.3.1. Moving Average Result

Moving Average Algorithm Prediction For ETH-USD, RMSE Value = 170.22061123921932
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Figure 18: Moving Average Algorithm Prediction Results

RMSE Value is: 170.22

4.3.2. Linear Regression Result

Linear Regression Algorithm Prediction For ETH-USD, RMSE Value = 466.0476713952174

1000

800

value

600

400

600

1200

Figure 19: Linear Regression Algorithm Prediction Results

RMSE Value is: 466.0
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4.3.3. Auto ARIMA Result

AutoARIMA Algorithm Prediction For ETH-USD, RMSE Value = 217.89210655220415
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Figure 20: Auto ARIMA Algorithm Prediction Results

RMSE Value is:217.89

4.3.4. k-Nearest Neighbours Result

kNN Algorithm Prediction For ETH-USD, RMSE Value = 427.8502933344511
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Figure 21: k-Nearest Neighbors Algorithm Prediction Results

RMSE Value is:427.8
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4.3.5. Long Short Term Memory (LSTM) Result

LSTM Algorithm Prediction For ETH-USD, RMSE Value = 116.0102727818217
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Figure 22: Long Short Term Memory (LSTM) Algorithm Prediction Results

RMSE Value is: 116.01

4.4. Cryptocurrency LTC/BTC Exchange
Prediction
All of the above prediction algorithm was ran on the LTC/BTC exchange data and the below is
the results of the tests. Long Short Term Memory (LSTM) gave out the best results with the best
RMS value.
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4.4.1. Moving Average Result

Moving Average Algorithm Prediction For LTC-BTC, RMSE Value = 0.004010309762696715
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Figure 23: Moving Average Algorithm Prediction Results

RMSE Value is: 0.0040

4.4.2. Linear Regression Result

Linear Regression Algorithm Prediction For LTC-BTC, RMSE Value = 0.004507735483834064
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Figure 24: Linear Regression Algorithm Prediction Results

RMSE Value is: 0.0045
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4.4.3. Auto ARIMA Result

AutoARIMA Algorithm Prediction For LTC-BTC, RMSE Value = 0.0040912782524723836
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Figure 25: Auto ARIMA Algorithm Prediction Results

RMSE Value is: 0.0040

4.4.4. k-Nearest Neighbours Result

kNN Algorithm Prediction For LTC-BTC, RMSE Value = 0.
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Figure 26: k-Nearest Neighbors Algorithm Prediction Results

RMSE Value is: 0.005
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4.4.5. Long Short Term Memory (LSTM) Result

LSTM Algorithm Prediction For LTC-BTC, RMSE Value = 0.0007611384824829021
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Figure 27: Long Short Term Memory (LSTM) Algorithm Prediction Results

RMSE Value is: 0.00076

4.5. Cryptocurrency LTC/USD Exchange
Prediction
All of the above prediction algorithm was ran on the LTC/USD exchange data and the below is
the results of the tests. Long Short Term Memory (LSTM) gave out the best results with the best
RMS value.
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4.5.1. Moving Average Result

Moving Average Algorithm Prediction For LTC-USD, RMSE Value = 110.86460373722055
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Figure 28: Moving Average Algorithm Prediction Results

RMSE Value 1s:110.86

4.5.2. Linear Regression Result

Linear Regression Algorithm Prediction For LTC-USD, RMSE Value = 45.674311645129464
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Figure 29: Linear Regression Algorithm Prediction Results

RMSE Value is: 45.67
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4.5.3. Auto ARIMA Result

AutoARIMA Algorithm Prediction For LTC-USD, RMSE Value = 39.24721143948791
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Figure 30: Auto ARIMA Algorithm Prediction Results

RMSE Value is: 39.24

4.5.4. k-Nearest Neighbors Result

KNN Algorithm Prediction For LTC-USD, RMSE Value = 58.784239746543165
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Figure 31: k-Nearest Neighbors Algorithm Prediction Results

RMSE Value is: 58.78
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4.5.5. Long Short Term Memory (LSTM) Result

LSTM Algorithm Prediction For LTC-USD, RMSE Value = 8.203180134248893

Figure 32: Long Short Term Memory (LSTM) Algorithm Prediction Results

RMSE Value is: 8.203
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5. Chapter Five: Conclusion and Future Work

5.1. Conclusion

Cryptocurrency creates a globalized system for the realization of transparent and
accountable exchange mediums. Prevention of double spending and ensuring distributed storage
goes a long way in ensuring that individuals are protecting from fraud. However, there is a need
for regulation of cryptocurrencies to prevent the susceptibility of the platform to criminal misuse.
Ensuring acceptable transactions increase the social benefits associated with blockchain
technology, which has allowed entities to create communities and control the storage and access
of information. Prevention of unnecessary control, privacy intrusion, and censorship of

information increase societal creativity and optimize the benefits of business transactions.

Throughout the thesis it was found out that it is possible to predict the stock market prices of

crypto currency with some margin of error. There are different algorithms that can be used, in the
student experiment the most suitable one and less error prone was the Long Short Term Memory
(LSTM) algorithm. It showed less RMSE values since it takes into advantage its properties to use

previous historical data.

Going back to the research questions was put down previously, the research in conclusion have

answered each one of them by the following:

1. Q1: To which extend can we predict Cryptocurrency exchange market prices using
well known prediction algorithms?
A: It was found out that it is possible to predict the exchange market prices, however the
farer the period of the predicted cryptocurrency value the less accurate it would be due to
the other factors that the algorithms cannot predict such as events, news, hacktivism and
any even that can affect the investors. Solutions for increasing the accuracy has been
added to the Future Work section.

2. Q2: How accurate is the prediction of the prices?
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A: The RMSE value of the Long Short Term Memory (LSTM) Algorithm and the k-
Nearest Neighbors Algorithm showed very promising results. Their respective graphical
results of the algorithm in comparison with the real results showed similarities in terms of
the slope direction and in term of the prices. However, for both implementation there is a
loss in the accuracy due to neglecting other facts such as events and news which can

affect the investors decisions in the cryptocurrency community.

5.2. Future Work
For the future many things can be improved and added to the research. For a start the student can
explore further techniques and algorithms such as Support Vector Machine Regression and
XGBoost. Also, in order to enrich the set of features that are used in the algorithm the student
could integrate social media and news feeds into the data and corelate it with the changes in the
crypto currency stock market exchange. For example, a news that get released in the social
media of a crypto currency exchange market getting hacked could lead into huge selling requests
from the investors and lead to the price of the crypto currency to go down. Furthermore, the
student can build comprehensive graphical user interface for the prediction components in order

to make it easy to insert and predict crypto currency exchange data.
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