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Sammanfattning
Det har föreslagits att kryptovalutor har potential att fungera som ett globalt digitalt betalmedel. Den bakomliggande tekniken medför dock att alla kryptovalutor har brister. Dessa brister är växande när parametrar skalas
upp. Detta understryker vikten av snabba och pålitliga överföringar av data och passande val vid implementering
av protokoll för att hantera transaktionerna. Forskning inom området för effektiv dataöverföring inom kryptovalutor
tillåter fler möjligheter i betraktande av lösningar till storskaliga nätverk. Dessvärre har en begränsad mängd forskning
bedrivits som specifikt understödjer utvecklingen av kryptovalutor genom jämförelse av protokollprestanda.
Denna studie medverkar i utvecklingen av en ny kryptovaluta, föreslagen av HAJ Enterprise. Rapporten använder
ett teoretiskt ramverk av ekonomiska perspektiv på kryptovalutor för att undersöka om den föreslagna kryptovalutan
kan klassas som good money. Vidare är det huvudsakliga syftet med studien att identifiera vilka befintliga
transportprotokoll, med tillhörande parametrar, som skulle vara mest lämpade att implementera i den föreslagna
kryptovalutan. För att besvara dessa frågor mäts fördröjning, genomströmning och tillförlitlighet av protokoll i en
testmiljö som simulerar ett verkligt fall med dataöverföring mellan långa avstånd. Dessa resultat jämförs därefter med
resultat från liknande studier. Från resultaten kunde rapporten visa att den föreslagna kryptovalutan kan klassificeras
som en form av pengar, då inneboende värde kunde identifieras genom kryptovalutans monetära policy. Det var också
visat att TCP IPv6 hade bäst prestanda gällande dataöverföring. Men med hänsyn till den globala etablering av av
IPv6 föreslås TCP IPv4 med en paketstorlek inom en räckvidd mellan 1024 till 2048 byte som mest fördelaktig.
Fortsatt forskning inom området och utökade tester inom olika miljöer krävs för ett mer nyanserat resultat.
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Abstract—It has been suggested that some cryptocurrencies
have potential to take the role as a global digital payment system.
However, as the current technology stands, all cryptocurrencies
have shortcomings which are growing when scaling parameters. This emphasizes the importance of fast and reliable data
transmissions when implementing network protocols to handle
the transactions. However, little research has been conducted to
specifically support the development of cryptocurrencies regarding protocol performance comparison.
This study will be assisting the development of a new cryptocurrency, proposed by HAJ Enterprise. The report uses a
theoretical framework of economic perspectives to investigate
if the proposed cryptocurrency could take the role as a form
of good money. Furthermore, the main purpose of the study is
to identify which existing transport protocol with appurtenant
parameters would be the most suitable in an implementation
of the proposed cryptocurrency. To answer these questions, the
study measures latency, throughput and reliability of protocols in
a test simulating a real case of long distance data transmission.
These results are then compared to findings from similar studies.
From the results, it was suggested that proposed cryptocurrency
satisfies the requirements of good money, as intrinsic value was
found through the monetary policy. Moreover, it was found
that TCP IPv6 showed the best performance regarding data
transmission. However, considering the current state of the
IPv6 adoption rate into consideration, it is suggested that TCP
IPv4 with a packet size in the range of 1024-2048 would be
beneficial. Further research in different settings is required for
more nuanced results.
Index Terms—Cryptocurrency, Good money, Transport, Network, Protocol, Performance, Comparison, Simulation, KTH,
OSI, TCP, UDP, IPv6, IPv4, HAJ Enterprise.

I. I NTRODUCTION
RYPTOGRAPHIC currencies (or cryptocurrencies) are
technological innovations gaining astonishing popularity
in recent time. Some of the distinguishable features of these
innovations is the ability to transfer currency pseudonymously
and without a central authority regulating these transactions.
Unlike traditional currencies, these are maintained by anonymous users in a distributed decentralized peer-to-peer network.
The security within this field is primarily based on underlying cryptographic hash functions, mathematical identities and
global user behaviour assumptions. [1]
Cryptocurrencies have shown potential to solve many issues
of today’s monetary systems. By some, it is argued that digital
currencies could serve as a rational substitute for central banks
and act as a monetary authority in short future. Researchers
suggest that Bitcoin could successfully take the role as a digital
payment system, but is considered to be flawed in regards to
being adopted as a true economic currency. In order for a
digital currency to operate as a monetary authority, researchers
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mean that it must at the very least satisfy the requirements of
being money. [2]
From the launch of the first cryptocurrency in 2008, Bitcoin
has dominated the cryptocurrency market; holding 85 % of
market shares in a $3 billion-dollar industry in March 2017.
As of May 20018, there exists over 1600 unique cryptocurrencies, creating an industry with a total market capitalization
of around $400 billion dollars. [3] However, as the current
technology stands, all cryptocurrencies have shortcomings
which may evolve to problems. The extent of these problems
vary but are a growing factor when scaling parameters such
as numbers of transactions, nodes and block size in the
decentralized networks. This emphasizes the importance of
reliable network connection and suitable choices of transport
protocols to handle the transactions.
Cryptocurrencies are commonly run over distributed networks, where the importance of reliability and speed is great.
The data packets are sent over the the network according
to a set of rules described by a transport protocol. These
types of protocols are standardized according to RFC (Request
For Comment). In large scale networks, packet loss and time
delays are particularly costly. Protocols with high transaction
speeds are more prone to packet loss, while protocols with
higher reliability may suffer from latency and low transaction
speeds. Because of this, the trade-off between data delivery reliability and transmission speed is essential. The ideal trade-off
in this implementation is not certain, as many cryptocurrencies
have adopted systems relying on different transport protocols.
For example, Bitcoin makes use of TCP (Transmission Control
Protocol) [4], whilst Raiblocks uses UDP (User Datagram
Protocol) [5].
HAJ Enterprise is a company seeking to launch a new
cryptocurrency which aims to bring together benefits from
different existing blockchain technology and attempt to solve
some of the scaling issues. [6] This study will support the
development of the proposed cryptocurrency with research,
working together with HAJ Enterprise and other research
groups in the cryptocurrency project.
In order to conclude if the proposed cryptocurrency has
potential to be globally adopted as a digital currency, this
report will be investigating if the cryptocurrency could be
classified as a good form of money. The report will analyze
the findings through a framework of economic perspectives on
cryptocurrencies.
Moreover, research in the area of efficient data transmission allows for more possibilities when considering solutions to large scale networks. However, little research has
been conducted to specifically support the development of
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cryptocurrencies regarding protocol performance comparisons.
Therefore, this study will attempt to support future research
in this area. Explicitly, this report will be assisting the development of the proposed cryptocurrency regarding choosing
suitable protocols with appurtenant parameters. Furthermore,
this work will provide a better understanding of the underlying
technology behind cryptocurrencies in relation to network and
transport protocols.
A. Purpose
HAJ Enterprise is a company attempting to develop a
cryptocurrency with high performance data transmissions, low
transaction costs and a relatively stable monetary policy. [6]
First and foremost, this study will attempt to answer the
foundational economic question regarding whether the proposed cryptocurrency could satisfy the requirements of being
classified as good money. This section will have its standpoint
in relevant models to help analyze the attributes of the cryptocurrency through different perspectives. The purpose of this
analysis is to investigate the potential of the cryptocurrency
to act as a globally adopted digital currency. This work also
aims to support future studies researching the possibilities of
cryptocurrencies substituting the monetary authority.
Moreover, this study will support the development of the
proposed cryptocurrency by conducting research in the area
of efficiency over network boundaries. The main purpose of
the study is to analyze the performance of common transport
and network protocols in order to conclude which parameters
would be ideal to implement in the proposed cryptocurrency.
This study will focus on the implementation of transport
protocols in similar cryptocurrencies, but also on the global
adoption rate of certain network protocols. The goal is that
the research will provide answer to questions regarding performance, latency and reliability, as well as establishing a helpful
foundation for further research in this area. This work could
also prove helpful for other actors attempting to implement
protocols in similar applications.
B. Research question
This study will answer the following research questions:
• To which extent could the proposed cryptocurrency satisfy the requirements of being classified as a good money?
• How can performance in existing network and transport protocols be measured and which protocol, with
appurtenant parameters, would be the most suitable as
an implementation in the proposed cryptocurrency?
C. Delimitations
To maintain a clear line of argument throughout the study,
this report will solely compare relevant protocols in the
network layer and the transport layer of the Open System
Interconnection (OSI) model. Specifically, the study will only
be analyzing UDP (User Datagram Protocol) and TCP (Transmission Control Protocol) connections, as these are some of
the most used and relevant transport protocols within the
desired implementation. There are other existing transport

protocols which are applicable in certain circumstances but fail
to perform over the broad application desired. For instance,
some countries inhibit transmission of certain protocols [7].
Since the cryptocurrency in question aims to be applicable
globally, and giving the extent of this report, further research
in these protocols will not be conducted.
Additionally, this report will be delimited according to a
set of parameters. The parameters are chosen based on their
relevance in the desired cryptocurrency implementation. From
these parameters, the results of key metrics such as throughput,
latency and reliability are chosen as the most relevant ones
within this specific implementation.
II. T HEORETICAL F RAMEWORK
A. Monetary Framework
In this section, a theoretical framework regarding economic
perspectives on cryptocurrencies is presented. The walkthrough of this framework is important in order to understand
on which grounds the proposed cryptocurrency can be
classified as a form of money.
1) Economic Perspectives on Cryptocurrencies: In an article investigating the boundaries of self-organized economies
[8], it is suggested that there are two main economic perspectives from which you can observe the prominent rise of
blockchain and cryptocurrencies.
The first perspective identifies the adoption and diffusion of
cryptocurrencies in society as a breakthrough in Information
and Communications Technology (ICT), which is an extensional term for IT. This view is commonly applied in sectors
of finance and banking.
The second perspective surrounds reasoning and governance
in the form of institutional technologies and markets. This
view focuses on the fundamentals behind this particular type
of technology.
2) Aristotle’s definition of money: Many of today’s definitions of money show similarities since they originate from
explanations stated long time ago. The Greek philosopher
Aristotle, in ancient times, proposed four characteristic requirements needed to classify something as a ”good form”
of money [2]:
• It must be durable; money must stand the test of time
and element. Therefore, it cannot be altered in any way
through time.
• It must be portable; money must be able to contain a high
amount of worth relative to its portability.
• It must be divisible; money must be relatively easy to
separate and combine, without altering its fundamental
characteristics. Therefore, it must freely exchangeable in
whole or in part.
• It must have intrinsic value; money must be independent
of all other objects and be contained in the money itself.
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3) Fiat money: Fiat money can be described as currencies
without intrinsic value, often established as money by government regulation. National currencies typically do not have use
value (the utility of consuming a good) [9], but simply has
value because government maintains its value and because the
parties engaged in exchange agree on its value.[10]
B. OSI Layers
The OSI model is a reference tool and a standard for
representing data communications in networking systems. The
theoretical framework of this model is highly relevant in order
to understand the structure of networking systems in regards
to how data transmission is being handled.
The OSI framework was developed by the International
Standards Organization (ISO) and characterizes the communication functions of computer systems and telecommunication
without taking the underlying internal structure and technology
into consideration. The model divides network communications into seven different abstraction layers, each layer serving
the layer above it and served by the layer below. [11] The
seven layers are illustrated in Fig. 1.

Routing: predicting and selecting the optimal path for
data transmission
All devices connected to the internet are assigned unique IP
addresses for identification purposes. The first version of the
internet protocol (IPv4) dates back to 1981 and only enables
approximately 4 billion unique device addresses. This shortage
of IPv4 addresses has risen the importance of a new version
of the Internet Protocol that supports more unique addresses.
•

Fig. 2. The IPv4 header is belongs to the Network layer and can be described
as a container for rules how on to forward a packet. [14]

To combat the long anticipated issue of IPv4 exhaustion, the
IEFT developed a new version of the Internet Protocol referred
to as IPv6. This protocol enables more device addresses in
an ever growing network community, supporting a total of
2128 (340 trillion trillion trillion) addresses as opposed to 232
(4 billion) for IPv4 addresses [28]. This protocol became a
Draft Standard in 1998, but was in 2017 announced as the
new Internet Standard. [15]

Fig. 3. The IPv6 header has the same function as IPv4 header with the main
difference of greater address size. [14]

Fig. 1. The OSI Model consist of seven layers. This report will examine parts
of the Network layer and the Transport layer. [12]

C. Network layer
The network layer, commonly referred to at layer 3 in
the OSI model, is where packet switching occurs. Packet
switching is the primary basis for data communications in
computer networks worldwide. This is a method of grouping
data transmitted over a digital network into packets which
are composed of a header and a payload. The data in the
header is used by networking hardware to direct the packet
to its destination where the payload is extracted and used by
application software. [13]
The Internet Protocol (IP) dictates the header format of a
datagram or a packet, similar to the label on a package, to
improve efficiency. It mainly serves two purposes:
• Addressing hosts: the rules for labelling messages

D. Transport layer
The purpose of the transport layer, commonly referred to as
layer 4 in the OSI model, is to let multiple applications use
one network connection simultaneously. The protocols of the
transport layer provide host-to-host communication services in
applications and provides services such as connection-oriented
communication, flow control and reliability. The transport
layer acts as an intermediate between the application layer
and the physical layers and prevent issues related to network
congestion, traffic load balancing and other unpredictable
behaviours. [16]
UDP and TCP both belong to the transport layer and
are known as two of the major transport protocols. The
Transmission Control Protocol (TCP) is used for connectionoriented transmissions and the User Datagram Protocol (UDP)
is primarily used for simpler messaging transmissions.
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1) User Datagram Protocol (UDP): The main attributes of
UDP are [17]:
• Small header size (8 bytes)
• No connection to create or maintain
• More control over when data is sent
• Does not compensate for packet loss
• Does not consider the order of packets sent
• No congestion control
To combat corrupted data, UDP has a primitive form of error
detection which is mandatory only on IPv6 packets. Packets
carry a 16-bit checksum, but is not reliable. When UDP detects
a corrupted packet, it will not try to recover it but simply
discard it. UDP is lightweight and message-oriented, sending
packets in distinct chunks. [17]

Fig. 4. The UDP header is lightweight in regard to how the transport of a
packet should be handled. [14]

2) Transmission Control Protocol (TCP): The main attributes of TCP are [17]:
• Connection is required
– We first have to negotiate a connection through the
three-way-handshake (question, reply, confirm)
– Every data packet sent will be acknowledged being
received (using the TCP number)
• Bigger header (20 bytes)
• Bigger overhead; re-transmission of packets and acknowledgements requires more data to be trancieved
• Congestion control; delays transmission when network is
congested
• Re-transmission when delivery acknowledgement is missing for some time
• Reorders messages before sending them
TCP is fften referred to TCP/IP since it originated in the
initial network implementation where it was complementing
the Internet Protocol (IP). TCP is used by the big internet applications as World Wide Web, email and file transfers. TCP is
reliable due to the three-way handshake which is taking place
during a connected session. TCP has certain features that make
it more reliable than UDP, but with bigger communication
overhead. TCP premieres reliability over latency. [17]
The reason for TCP to be chosen as a standard protocol in
many applications includes the fact that it delivers a reliable
stream delivery service which will guarantee the bytes sent
will be identical with the bytes received.
To combat corrupted data, TCP uses a mandatory error
detection for IPv4 and IPv6. When TCP detects corrupted data,
it will try to resend the message.

Fig. 5. The TCP header has parameters that makes the transport more reliable
than UDP. [14]

E. Other Cryptocurrencies
In order to unravel relevant aspects of this work in an
efficient and prevailing manner, this section investigates
previous work of well-known cryptocurrencies and their
protocol implementations.
1) Consensus Algorithms: A consensus algorithm can be
described as a process in computer science designed to achieve
agreement on some data among distributed systems [18].
Consensus algorithms are implemented in cryptocurrencies
and dictate how transactions are confirmed in the distributed
networks.
Proof of Work (PoW) is a consensus algorithm created
to give the decision-making power to entities who perform
computational tasks. This is the first consensus algorithm to
be developed for cryptocurrencies and was first implemented
by Bitcoin. [19]
Proof of Stake (PoS) is a consensus algorithm created to
give the decision-making power to entities who hold stake
in a system. The POS consensus was developed to offer
consequential advantages such as less required computing
power and increased security in comparison to its predecessor.
[19]
2) Bitcoin: The network is withheld by nodes and the
incentive for them to confirm transactions to the Blockchain is
by being rewarded with Bitcoins. [20] Due to its architecture,
Bitcoin has a hard cap of 21 million coins [3].
The Bitcoin network uses a simple broadcast network to
propagate transactions and blocks. The communications are
conducted over TCP and supports both IPv4 and IPv6. The
Bitcoin P2P network is a randomly wired network. [4] This
means all nodes create arbitrary connections to other peers,
using a custom TCP protocol. Typical nodes create 8 outgoing
connections. If these are publicly reachable, the nodes can
accept up to a few hundred incoming connections. [21]
3) Bitcoin Fibre: Bitcoin Fibre (Fast Internet Bitcoin
Relay Engine) is a protocol which attempts to deliver Bitcoin
blocks around the world with minimal delays. Traditional
transmission protocols like TCP do a poor job of achieving
link capacity when delays are high, especially if packet loss
occurs. All of the communication is conducted over UDP with
pre-programmed transmission rates, meaning the connection
won’t need to ramp up slowly or wait for lost packets. This
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process avoids any duplicated data being sent and is highly
robust to packet loss as well as link and node failures and
achieves very consistent delay. At every step Fibre trades
off bandwidth for latency and can send several times the
size of the block data in order to achieve the low latencies. [22]
4) Ethereum: The Ethereum network serves as a platform
for decentralized blockchain applications. Ether, as the token
for Ethereum is called is not intended as a currency, but
more importantly in the purpose to pay for computation. The
Ethereum network uses RLPx as a cryptographic peer-to-peer
network and protocol suite. RLPx is an encrypted and
authenticated transport protocol and the peers on the network
are free to use any TCP port they wish. TCP is used as
the main protocol and UDP is only used in the discovery
protocol. [23]
5) Raiblocks: Raiblocks is designed to combat issues such
as transaction times and transaction fees in other cryptocurrencies (such as Bitcoin) [5]. The Raiblocks protocol is extremely
lightweight; all transactions in the system are stateless and fit
within a single UDP packet, enabling lite peers with intermittent connectivity to participate without establishing shortterm TCP connections. The perk of using two transactions
for each transaction is that when a packet is lost (which
sometimes occur on UDP connections) there is only a sender
transaction on one account but no receiver transaction on the
other account. This will leave a conflict in the transaction
where the network will perform a balance-weighted vote on
the transaction. This make the reliability issues of the UDP
protocol to not matter. [5]
III. M ETHOD
As shown in the theoretical framework presented, different
there is no predominant transport protocol for administrating
data transmission in cryptocurrencies. For this reason, this
report will investigate different protocol choices and analyze
their effects in regards to the proposed cryptocurrency and its
desired attributes.
This paper will conduct a technological walkthrough and
comparison of network and transport protocols using research
found through databanks such as KTH Primo, Google Scholar
and Sciencedirect. This study will then conduct tests in order
to simulate a real case scenario of data transmission between
long distances. The results from these simulations will then
be analyzed and compared to findings from similar studies.
Furthermore, this study will discuss the extent to which the
proposed cryptocurrency can be classified as ”good money”
and present economic perspectives on cryptocurrencies in this
context.
A. Setting up a Test Environment
This study will set up tests with the aim to either confirm
literature findings or to extract new discoveries of interest.
Since the cryptocurrency project is being developed in a
Python 3.7 [25] environment, this is the environment the
simulations will be conducted in.

The program to set up this test network is split up in three
parts, a server, a client and a packet. The purpose of the
server is to simply wait for receiving packets from a client
and immediately send the same data back. The packets data
message (or payload) that is being created is of a randomized
bytecode that we apply a sequence number, a time stamp and
finally a checksum to. With these attributes we can measure
round trip time (RTT) but also if the data has been altered
during its transportation in some way (e.g. corrupt or lost).
The server is running on Amazon Web Services in Sydney,
Australia. This location was chosen because it was measured
to be one of the locations in the world with highest latencies
in regards to Stockholm. The tests are split up into three
main parts; latency, reliability and throughput tests. Latency
measures the RTT for a each packet. If the packet is lost or
corrupted it is being marked as a packet loss, thus affecting
the reliability. The throughput test measures the maximum
bandwidth transmission speed. This test is intended to measure
how the protocols work when using maximum bandwidth.
These tests will be conducted on two IP versions (IPv4/IPv6)
and two protocol types (UDP/TCP). In addition to these
parameters, we will, in the TCP case, turn on and off the Nagle
algorithm, which is described below, to look at performance
changes. A total of six unique server sockets is set to all run
on different ports (60003-60009).
To avoid conflict between the clients and minimize the effect
of variations in connection speed, the client is set up to run
these tests in a shuffled order. Since throughput uses maximum
bandwidth it is necessary to alternate between throughput and
latency test to let the network interface to cool down. All tests
are being run with different data message sizes, in order to be
able to look at potential performance differences. Furthermore,
the tests are being run ten times each to prevent anomalies in
the network that could give us incorrect measurement data.
B. Parameters
The performance and comparison of UDP and TCP in
different settings will be conducted from a set of parameters.
These parameters are chosen according to their relevance to
the cryptocurrency implementation and are used as the base
for the findings. The following parameters will be variable in
the simulation:
1) Transport Protocols: The different protocol types is a
changing parameter in the conducted tests. UDP is in theory
the faster protocol, while TCP is more reliable in general.
2) Network Protocols: By changing the parameter between
the two standard IP-protocols (IPv4 and IPv6), one can
observe the performance differences as well as analyze how
more old-fashioned networking environments support these
protocols. Together the adoption rate of these protocols, this
could give indication of what protocol would be the best fit
in an implementation of the application studied.
3) Nagle’s Algorithm: Nagles algorithm was first proposed
by John Nagle in the 80’s due to the arising problems with
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congestion control [26]. This presents itself when IP, a simple
datagram protocol and TCP, the transport layer protocol, are
used together. The particular problem addressed is a phenomenon called Congestion collapse which happens in IP
gateways when the connecting networks are of widely different
bandwidth.
Nagles algorithm addresses these problems by inhibit the
sending of new TCP segments when new outgoing data
arrives from the user if any of the data previously transmitted
remains unacknowledged. It also sends a source quench
which tells the client sending packets to a host to slow
down its pace sending packets. It therefore takes account
for how bandwidth is being distributed in large scale networks.
4) Packet size: All over the Internet there exists different
support for what packet size a specific entity can handle (e.g.
a router). TCP uses the maximum transmission unit to handle
what the maximum size of a packet in each transmission. This
varies in different routers, internet service providers as well as
networking interfaces. There is a trade-off between using small
packets versus large packets. Small packets typically create a
large overhead since the datagram:header-ratio grows smaller
while large packets can be denied at different networking
nodes in a large scale network.
C. Performance measurements
In the results, the main areas of interest for the performance
measurement are latency (RTT), packet loss and throughput in
the protocols under the conditions specified by the parameters.
1) Latency: The latency refers to the time it takes for a
packet to travel back and forth between the client and the
host one by one (meaning packets are sent one at a time).
The test is run for 10 packets. The average latency as well as
standard deviation is calculated, in order to be able to detect
anomalies in test runs.
2) Throughput: Throughput refers to the time it takes for
a number of data units to successfully transfer to the server
and back, without waiting for packets to be received. To get
accurate results in a high-speed network it is of importance
to have sufficient amount of data to send (e.g. in the case of
a fluctuating network bandwidth load can be more or less
high). For this reason, 1000 packets are sent for each run.
3) Reliability: The reliability refers to the amount of packets that were being correctly received back to the client. If
a packet is lost or corrupted in the transmission, it will be
recorded as packet loss. The reliability measurement only
applies to UDP, since it is assumed TCP has a 0 % packet
loss rate.
IV. R ESULTS
In the following first two sections, the most interesting
findings regarding the literature findings is presented. The third
section presents the results from our simulations and the last
section handles the question regarding cryptocurrencies and
good money.

A. Network Layer
The global scale deployment of IPv6 networks is increasing.
Institutions all over the world have already started the migration to IPv6. Major organizations in fast-growing markets of
Europe and Asia, together with world wise mobile service
providers, are dealing with increasing pressure to transition to
IPv6. [24]
Some of the benefits of this transition includes more efficient routing, more efficient packet processing, and higher
security. The IPv6 header also allows a simplified processing
on routers in comparison to its predecessor. [27] However,
the complete transition from IPv4 to IPv6 will take time as
every website and Internet Service Provider must make the
switch [28]. Since this migration is slow, the first step is the
coexistence of the two protocols (IPv4 and IPv6) for some
years. In order for IPv6 to gain further acceptance, it is of
high importance that research can present its performance in
end-user applications. This should be conducted by comparing
aspects of IPv6 to the ones shown by IPv4, both in regards
to different operating systems but also on a variety of IPv6
implementations such as peer-to-peer distributed networks
[14].
As of january the 1st 2018, the worldwide adoption rate
for the IPv6 technology is 22.6% [29]. Among the top ten
countries the adoption rate varies from 38% to 13%, with
Belgium in the lead [30]. These numbers suggest that the
technology has a long road ahead before the transition from
IPv4 to IPv6 is finished.
However, statistics from Google and Akamai suggest the
IPv6 adoption rates are growing fast. In the last three years
alone, the global IPv6 adoption has increased by approximately 400% (5.69% to 22.6%). According to a press release
published at the IPv6 Business Conference 2016, the IPv6
traffic of the network provider Swisscom is predicted to
increase until fully transitioned in 2025 [31].
B. Protocols
Miroslav Dulik concludes in an article from 2012 that in
a scenario of packets being sent over long distances, it is
implied that there will be some sort of transmission delay [32].
When dealing with high latency, such as 580 ms or above, it is
shown that throughput is drastically decreased over TCP. When
tested on UDP, the throughput was not drastically affected.
This research shows that TCP is more sensible to high delays
and latencies than UDP is.
Furthermore, it is shown that packet loss rates are different
depending on the type of environments. In the study published
by Dulik, a comparison was made between TCP and a modified UDP protocol [32]. The modified protocol was found
relatively similar to TCP in the regards to having data divided
into smaller blocks and sent continuously until received and
confirmed, with no requirements on packet order. Surprisingly, TCP loses its performance significantly while UDP is
relatively stable in regards to transfer speed dependency on
packet loss rate. The proposed solution in this study was to
encapsulate TCP header and data into UDP packets.
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One article conducted performance comparisons between
IPv4/IPv6 as well as UDP/TCP [33]. The tests were conducted
in both in peer-to-peer connection but also in a client-server
local area network. The packet sizes ranged from 128 to
1408 bytes over the two network environments. The test
was extensive in the way that they were run many times
which produced average latencies and throughput. The results
produced were that throughput increased with larger packet
sizes, they although concluded that this likely was due to
amortization of overheads associated with larger payloads
(message sizes). From the diagrams presented one can notate
that UDP is the quicker protocol in regards to round trip time,
which is as expected. The tests conducted showed a higher
throughput for IPv4 compared to IPv6 which was explained by
the larger overhead and increased address space. Throughput
for UDP were significantly lower than for TCP.

Fig. 7. This figure illustrates the packet loss rate as a function of the packet
size (in logarithmic form) on UDP in the latency test. The staples present
average packet loss rates on different packet sizes and the lines represent
squared trend lines.

C. Simulations
The simulations were conducted in Stockholm at KTH.
The networks provided at KTH are large capacity networking
entities with high bandwidth and support for all protocols. The
test was performed via personal laptops running a 802.11n
WiFi networking interface (Windows 10).
As shown in the diagrams, depending how the parameters
were set different trends can be observed. Packet loss only
exists for UDP, since the TCP protocol handles packet loss
by default. The different parameter settings are presented in
different series and trendlines were applied to their series as
a simple polynomial of degree two.

From Fig. 7, UDP IPv4 performed slightly better than UDP
IPv6 with a the packet size of (213 ) while the opposite occurs
with a packet size of (212 ) and (214 ). From these results,
no significant findings are made in the latency test. In the
throughput test however, the trends suggest a significantly
higher throughput using IPv6 in comparison to IPv4 with large
packet sizes.

Fig. 6. This figure illustrstates the packet loss rate as a function of the packet
size (in logarithmic form) on UDP in the throughput test. The staples present
average packet loss rate on different packet sizes and the lines represent
squared trend lines.

Fig. 8. This figure illustrates the maximal throughput in Mbit/second as a
function of the packet size (in logarithmic form) in the throughput test. The
staples for the six different parameter combinations are presented and the lines
represent squared trend lines.

As shown in Fig. 6 and 7, UDP occasionally showed packet
loss. The packet loss rate was shown to increase with larger
packet sizes. From this data, a comparison between the two
different IP-versions can be made. From the diagrams, it is
shown that UDP IPv6 with large packet sizes (214 byte) seem
to significantly outperform UDP IPv4 in term of packet loss.

Throughput in regards to packet size were measured in the
different settings as shown in Fig. 8. TCP IPv6, both with Nagle’s on and Nagle’s off, outperforms all other configurations
with relatively the same results.
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Fig. 9. This figure illustrates the average latency in seconds as a function
of the packet size (in logarithmic form) in the latency test. The staples for
the six different parameter combinations are presented and the lines represent
squared trend lines. 8

Finally, latency vs. packet size was measured. As figured
in Fig. 9 one can, as expected, see that UDP is the faster
protocol. The best performing TCP packet size with Nagle on
is in the range of 29 - 210 and with NagleOff it is in the same
range together with smaller packets. IPv6 is better performing
overall against IPv4.
D. The proposed cryptocurrency and good money
In an article published in 2016, it is discussed whether
digital currency systems could become a rational substitute
for central banks [2]. In the report it is concluded that the
current function of Bitcoin is inadequate to satisfy the role of
the monetary authority. One of the reasons behind this is that
a limit of 21 million bitcoins in an economy with increasing
growth deflation will continue being a rampant problem. However, it does not necessarily conflict with Aristotle’s definition
of good money [2].
From the first three staples in Aristotle’s definition of ”good
money”, we find the criteria of durability, portability and
divisibility. The cryptocurrency technology is fundamentally
built the blockchain technology, which is immutable and
seemly impossible to alter through time.
Furthermore, since the cryptocurrency is a type of digital
currency, available to anyone in the world with internet access,
it could also be portable. The currency can also be transported
physically since it can be stored on simple storage units such
as portable memory drives.
The proposed cryptocurrency must also meet the requirement of being divisible. The concern regarding set numbers
of coins, in a world where the adoption of cryptocurrencies are
growing and the world’s population is steadily increasing, has
been risen. However, it is shown that most cryptocurrencies
are highly divisible. One Bitcoin, for instance, can be divided
into one hundred million units.
In these regards, the proposed cryptocurrency is arguably
highly durable, portable and divisible.
The fourth and final point in Aristotle’s criteria shows to
be one of the most debated ones. Some researchers mean
that cryptocurrencies such as Bitcoin has no intrinsic value
at all, and that the market price simply is a result of ”social

popularity” and the hopes of speculators. The effects of social
popularity can for example be found in the Gartner Hype Cycle
[34].
Other researchers debate that certain cryptocurrencies do
in fact have intrinsic value associated with the general cost
of production. One study [2] suggests that the prices of
these cryptocurrencies behaves like a commodity produced
in competitive markets. In this case, if the average cost of
production decreases it will lead to producers offering their
products at a decreased price. This process will continue,
in competition between the actors of the market, until the
marginal cost approaches the marginal product.
However, this effect does not apply when observing the
proposed cryptocurrency since it does not relate to cost of
production in the same manner as Bitcoin. Since the consensus
algorithm is built upon a proof-of-stake type of algorithm, the
costs of validating a transaction is significantly lower than in
the case of Bitcoin. [19]
Therefore, another way of identifying intrinsic value is
through the cryptocurrency’s built-in monetary policy. In a
report analyzing approaches of implementing a price stable
monetary system of a price-stable collateral backed cryptocurrency, several solutions were found [35]. The purpose
of this monetary system is to stabilize its price on the market
using many different factors. However, it was concluded that
the most feasible approach is a monetary policy where in
critical events, the price is allowed to collapse under controlled
circumstances. This would not classify the currency as a true
”stablecoin” (a cryptocurrency with price stable characteristics). However, it would allow the currency to reach healthy
states and therefore achieve intrinsic value through locked
in assets. From this perspective, one could argue that the
cryptocurrency could act both as a medium of exchange and
as a store of value. More specifically, the intrinsic value is
expected be close to the V/S-ratio, where V is the velocity of
money and S is the supply. The behavior of the market price
corridor is illustrated in Fig. 10.

Fig. 10. Illustration of the behavior of the market price corridor [35]

From these standpoints it is shown that the proposed cryptocurrency has the potential to be classified as a good form
of money, using the framework presented by Aristotle. Future
research investigating the possibility of introducing cryptocurrencies as the monetary authority is highly encouraged.
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V. D ISCUSSION
A. Protocol Performance
1) Methodological approach: This study was conducted
specifically to support the development of the new cryptocurrency proposed by HAJ Enterprise. Since the study was
conducted in a collaboration with a company, it is likely
that this affected the general methodological approach of the
report. Moreover, one could find ethical issues in this type
of research. Since parts of the work is protected by a nondisclosure agreement with HAJ Enterprise, the program used
to run the simulations as well as the White paper of the
proposed cryptocurrency can not be shared in this report,
making it difficult for other researchers to replicate the study.
The methodological approach chosen to extract results
does not represent a real implementation of the proposed
cryptocurrency. The foundations of this study is built upon
the parameters chosen for testing. Based on the background
research, together with the project manager, it was concluded
that the most suitable approach was to conduct the simulations
according to a set of parameters. These were used as basis in
our findings and affects the results of this report. To delimit
the study, the primary parameters packet size and network
protocols were used, as these in a sense form the baseline
for networking layers. To further investigate the effect of
fragmentation in the congestion collapse control of TCP,
Nagle’s algorithm was used. Majors differences were shown
while using Nagle’s algorithm, emphasizing its importance in
the TCP protocol.
2) Limitations: Differences in networking quality and
bandwidth all over the world means that it is very difficult
to determine which transport protocol is best suited for the
implementation in the proposed cryptocurrency. In an ideal
scenario, the results would display the actual performance
when running a distributed network across the globe. This is
not the case, as we are only able to measure the performance
in specific environments. Because of this, the results should
be seen as an attempted simulation of a hypotheoretical case.
More specifically, the simulations conducted in this study only
analyses the performance of the standard version of these
protocols from Stockholm to Sydney back and forth. If one
were to use modified versions of the UDP protocol, the results
would likely show UDP relatively stable regarding packet loss.
This was also concluded by Dulik[32]. Furthermore, sending
the data between locations with shorter distances would likely
favour UDP, since the packet loss rate would not be as
significant. In this regard, it is important to also realize that the
same tests conducted at a different location could give entirely
different results.
Moreover, the network speed used to run these tests are
crucial to the measurements. In the case of this report,
tests were only run over relatively reliable connections that
supported IPv6 over long distances. It is very likely that
tests run over less reliable connections would result in higher
packet loss rates, increased latencies and reduced throughputs.
In these cases, the comparison of UDP in contrast to TCP
could have a slightly different outcome. According to Dulik,

tests run over high latencies tend to affect the throughput of
TCP more than the one of UDP [32].
3) Network protocol adoption rate: The world adoption
for IPv6 has reached around 20% with a significantly increase
the last three years. This could imply that IPv4 addresses are
running towards depletion. Due to new technological artefacts
such as IoT more devices will require an IP-addresses and
therefore put more pressure on the transition from IPv4 to
IPv6. The findings in our tests suggest that IPv6 should
be used since it outperformed IPv4. However, in a global
community were only one fifth of devices connected will
accept IPv6 it is necessary to have an alternative. If one
were to implement a hybrid where an IP-version check for
connecting clients both IPv4 and IPv6 could be used. This
would both ramp up the systems speed against only using
IPv4 with the perk of being more accessible.
4) Simulations: As shown in Fig. 6 and Fig. 7 we achieve
different absolute values in packet loss between the test runs.
This is due to the fact that the latency test sends only oneby-one comparing to the throughput test were packets are
being pushed to the socket and the network at the fastest rate
possible. Since UDP has no congestion control we will lose
more packets when running the throughput test than on the
latency test.
Fig. 6 shows the packet loss for the UDP throughput test. In
IPv4 one can see that packet loss increases with larger packet
size, whereas in the IPv6 case no conclusions can really be
made. Further testing is required to give indication in which
direction one should research further.
In the throughput test between different protocol settings it
stood clear that IPv6 outperformed all other protocols, both
with Nagle on and off. The highest speeds were obtained at
packet size 212 and therefore this would be the best choice if
one were to optimize throughput. In the latency test Fig. 9 on
the other hand there were insignificant differences between all
different protocols at packet size 210 . If choosing any other
packet size above 210 UDP will produce the lowest latencies,
with the drawback of exhibit packet loss. If comparing the
diagrams in Fig. 8 and Fig. 9 we can try to figure out what
the best tradeoff between throughput and latency would be.
5) Comparison to literature findings: According to Dulik,
TCP Throughput is decreased with high latencies such as 580
ms and above [32]. In Fig. 8 one can see that throughput
for TCP is decreasing from packet sizes 212 to 214 . With
this compared to the results in Fig. 9 it can be seen that
latencies for the same packet range in TCP runs are above
580 ms. The breaking point lies somewhere between 211 and
212 . This amplifies our tests significance as well as giving
us indication on what packet sizes to prefer. A good tradeoff
between latency and throughput would therefore be by using
packet sizes in the range 210 - 211 , where the best latencies
are obtained but also with respectable throughput speeds. And
since the best performing protocol on throughput were TCP
IPv6-Nagle on, this would be the best fit.
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In the report which conducted quite similar tests as we
did, although in another networking environment (Local area
network) and a previous Windows operating system, it was
found that IPv4 outperformed IPv6 in throughput performance
[33]. This is the exact opposite to our findings. If one
were to discuss freely, one explanation could be that there
exist optimization differences for the newer transport protocol
in different operating systems. However, this would require
further research. Another explanation could be that of the
different test environments. Our findings were based on a longdistance packet travel and since IPv6 has higher performance
in router-handling this could give it advantages in distant
travels.
B. Economic Perspectives on Cryptocurrencies
1) Methodological approach: From the results we were
able to conclude that the proposed cryptocurrency could be
treated as a good form of money. This kind of money was
defined by Aristotle but is not the only definition available.
However, as most modern definitions seem to stem from
this ancient framework, we concluded this definition to be
relevant and humble enough to answer.
2) Intrinsic value: From the results, we also found
that the primary debated criteria is the intrinsic value of
cryptocurrencies. For the proposed cryptocurrency, this value
could be shown through its monetary system supported as a
medium of exchange and a store of value, while also allowing
price-stability. This raises the question regarding if the
proposed cryptocurrency could see its intrinsic value through
other means. To investigate this area, further perspectives
have to be assessed.
3) Cryptocurrencies as a breakthrough in ICT: As presented in the theoretical framework, some researchers suggest
that there are two main economic perspectives from which one
can observe cryptocurrencies. [8] These could be summarized
into cryptocurrencies as a breakthrough in ICT, and as an
institutional technology.
Since the first perspective is commonly applied in the
banking and finance sector, we could argue that the technology
behind blockchain and cryptocurrencies will be adopted differently among banks. This will lead to further technological
competition in the banking sector. In the long run, the consequences of this perspective conclude that the technological
introduction will lead to a diversity of competitive strategies
among companies. Taking this perspective one step further,
we could observe cryptocurrencies as a part of a new generalpurpose technology supporting institutional innovation. In this
instance, the general-purpose technology behind cryptocurrencies is the blockchain technology. We could argue that
most of the applications stemming from this technological
innovation are specific innovations. These are typically innovations created and driven by entrepreneurs on top of the
blockchain to seize the wide possibilities of these innovations. This innovative space in the industry arguably stimulate
growth and employment. However, one of the main issues

regarding the blockchain innovations is the entrepreneurial
problem of discovering market applications. This issue involves the incompatibility between concurrent institutional
innovations such as governance. As a result, cryptocurrencies
would receive intrinsic value through innovation, employment,
growth, and general acceptance in social contexts enabling
these features.
To elaborate on this perspective, we can put this area in
contrast with the technological development. If we were to
observe the technology of cryptocurrencies as a new generalpurpose technology, there would be small incentives for using
old and outdated technologies. The newer technology would
be safer regarding the future. This can be applied to the
discussion of network protocols, as the IPv6 technology has a
greater potential in the future than IPv4. Maybe we will even
see the development of new transport protocols regarding this
general-purpose technology.
4) Cryptocurrencies as an institutional technology: The
second perspective surrounds reasoning and governance. From
this perspective, we would observe cryptocurrencies as an
institutional technology of decentralization. In this case, the
institutional technology focuses on coordinating people and
making economic transactions. From this perspective, we can
argue that the institutional technology will compete with firms
and markets. It also opens up the evolutionary argument
about dynamic efficiency. Complex systems are commonly
developing from centralization to decentralization. This could
be explained through centralized systems bringing efficient
structures of establishing and enforcing rules and hierarchy.
However, centralized systems have costs that are accumulating
over time. From an economic point of view, this can be
presented in the form of inflation, rent seeking, corruption
and inequality. As the costs of decentralization decrease due
to technological progress, these factors drive the technological
innovations toward decentralization. In this manner, cryptocurrencies are results from innovative technologies pushing the
governance of economic activity toward decentralized markets.
This categorizes cryptocurrencies as a platform alongside
markets and creates intrinsic value through reduced inequality
by decentralizing governance.
To elaborate further in the context of network protocols, it
would be of high importance to implement these cryptocurrencies with technologies supported by the vast majority of
the market. As shown in the results, less than a quarter has
adopted the IPv6 technology. In this regard, an IPv4 protocol
implementation would be beneficial since it targets the entire
market and therefore increases the intrinsic value.
VI. C ONSLUSION
This thesis has investigated economic perspectives on cryptocurrencies and analyzed relevant network protocol implementations in a new cryptocurrency. From the results, the study
concluded that the proposed cryptocurrency could be treated
as a form of money, as intrinsic value was found through the
monetary policy. Indirectly, it could also be found through
perspectives treating the cryptocurrency as a general-purpose
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technology and as an institutional technology. Continued development, research and adoption in society is required in
order to investigate the future possibilities of cryptocurrencies
as a monetary authority.
When measuring performance of network protocols with
different packet sizes, the latency, throughput and reliability
was considered. From the results, it was found that TCP IPv6
is the ideal network protocol for implementation in a largescale network. However, it was also found that TCP with large
packet sizes resulted in high latencies. In the case of UDP, the
latency was not significantly affected by the packet size, but
instead had drawbacks such as significant packet loss rates.
Furthermore, the research concluded that the adoption of
IPv6 is accelerating and therefore favorable with regards to
future technologies. As of today, the adoption rate of IPv6
is relatively low, with only one fifth of the worlds connecting
devices are running on IPv6. This acts as a bottleneck towards
the implementation of the ideal protocol suggested. Taking
all aspects into consideration, it is suggested that TCP IPv4
with a packet size in the range of 1024-2048 byte would be
beneficial. However, if one was to implement support for both
IPv6 and IPv4, this would perform even better. These results
also suggest that further research in this area is required.
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