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Abstract

Those that come up with commercially viable ideas are often not the best suited to
implement them. This can lead to allocation inefficacy in the deployment of good ideas.
The transfer or licensing of patents is a means of commercializing ideas. However, in the
current patent market, the idea seller and the idea buyer often don’t match which results
in the proliferation of adverse selection.

This thesis examines the existing patent market and finds many examples of opacity.
Pitfalls abound for both sellers and buyers which result in inefficiencies when attempting
to find the best fit for seller and buyer. Improvements in allocating ideas to the best
implementers would help inventors and companies alike.

Brilliant ideas are frequently generated from universities. This thesis presents a means
to commercialize these ideas by issuing licenses on the blockchain in an innovative mar-
ketplace for ideas. This commercialization of ideas generates funds that support the
institution that originally conceived the ideas and indirectly supports foundational re-
search.

The marketplace for ideas is based on sealed bid auctions which ensure that the company
that values the idea the most is allocated the license. An optional Harberger Tax system
is included to generate constant revenue for the universities from the licensed ideas. This
mechanism decreases information asymmetries, increases market liquidity and provides
representative license pricing.

Smart contracts deployed on the Ethereum blockchain are used to eliminate auction cor-
ruption through trustless sealed bid auctions. Smart contracts also automate license
issuance, payments and act as a public ledger of license ownership and provenance. A full
front-end web application is presented to interface with the marketplace for all users.
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Chapter 1

Introduction

New ideas, and the implementation thereof, lay the foundation for economic growth. Ideas
are however not always born to the best users. Commercialization of ideas requires tacit
industry knowledge, capital and labour investments (Love et al., 2019). Furthermore,
ideas and innovations are sometimes best utilized outside the contexts of their creation
(McClure, 2015). This creates an allocative efficiency problem: the ideas of one person
are in some cases best implemented by someone else.

This thesis presents the concept of a marketplace for ideas as a mechanism to improve
allocation efficiency between ideas and implementation. This marketplace for ideas lever-
ages sub-licensing of patents to create a legally permissible way to implement and protect
an idea. This facilitates the monetization and trade of ideas to third parties who intend to
implement them. A primary use case for this marketplace is commercially viable research
published from universities. In this context, the marketplace for ideas helps academics to
monetize their work while incentivizing open science and foundational research. Content
within the platform remains open and free for any non-commercial usage.

Patents were once seen as arcane legal instruments with little relevance to boardroom
strategies but have now emerged as a key asset that defines enterprise value (McClure,
2015). 2018 saw the highest number of patent applications of all time with 3.3 million
filed worldwide.! Patents form an important part of a company’s intangible assets with
84% of the SP 500 market value in 2015 consisting of intellectual capital, represented by
patents, trademarks and copyrights (Ocean Tomo, 2010). Within this intellectual capital,
the vast majority of value comes from the patents themselves.? These intangible assets are
growing at an ever increasing rate and so effective mechanisms to trade them is becoming
increasingly important.

The monetization of patents is, however, difficult due to their inherent complexity and the
specialized nature of each patent. This makes the process of due diligence expensive and
complicated for potential buyers (Kelleyf, 2019). The modern day patent market operates
without reliable quality and valuation benchmarks which makes it challenging to quantify
the usefulness of a patent McClure (2015). Added to this, patents are a probabilistic
right in that owning a patent does not necessarily guarantee absolute enforceability as
once a patent is granted the right might be subsequently eliminated without recourse or

YWIPO (2019) who found that 46.4% of applications came from China.
2Love et al. (2017) shows that patents are above 95% of this intangible asset value.



compensation.® In the sale of a patent, it may not be apparent who the potential buyers
and competing sellers are, especially in situations where companies want to keep their
strategies secret. This is because the vast majority of the market for licensing and buying
patent rights operates in near total darkness.* Parties to a patent transaction mostly opt
for confidentiality due to uncertainty about how the market and their competitors will
interpret both the sale and purchase. Resultantly, the majority of the market comprises
bilateral negotiations wherein the price and terms of the transaction are kept confidential.’
These difficulties make patent trade challenging, which results in a thin market. This
thesis aims to address some of these problems through a more transparent and efficient
market mechanism which emphasises allocation efficiency of ideas to companies that value
them the most.

A leading use case of this marketplace is the 2019 exclusive licence agreement between
Tesla and the University of Dalhousie, who created a new battery design that improved
upon the previous market best by more than two fold.® The university published the
paper openly enabling anyone to build on it non-commercially but issued an exclusive
licence agreement with Tesla, protected by a patent, enabling Tesla to use the ideas
commercially in their vehicles (Oberhaus, 2019). This open publication goes against the
standard practice in the electric vehicle industry where battery designs are normally kept
as a closely guarded secret. This licence issuance and paper publication could have been
run on the proposed marketplace for ideas which would have enabled the researchers to
reach a much wider pool of potential buyers and therefore would have enabled them to
generate more revenue from their intellectual property.

This thesis first examines the status quo of patent markets and analyzes the complexity
in selling ideas. A full implementation of the proposed marketplace is then conceptual-
ized, implemented and discussed. The marketplace presented aims to disrupt the current
opaque and inefficient market. The proposed market acts like an intellectual property
broker and achieves increased idea allocation efficiency through sealed bid auctions when
granting licenses to ideas. This mechanism preserves bidders valuation and ensures confi-
dentiality while enabling the bidder with the highest valuation to win the auction. Note
the thesis assumes the existence of a robust global legal framework that can fully defend
a patents exclusivity (i.e preventing non-patent holders from copying the ideas without
owning the patent).

Additional mechanisms are discussed and implemented including a Harberger Tax model.”
This provides a way for continuous re-sale and representative pricing of licences after an
auction is complete, thus ensuring that the owner of an idea is always the company that
values it the most, thereby improving allocation efficiency. The taxation imposed from the

3Enforceability depends the patent’s owner, the validity, and claim coverage. This can be changed by
subjective interpretation in a court of law and so a patent can be found to be invalid (McClure, 2015).

1Love et al. (2017) estimated that only 20% to 25% of patent trades happen on brokerage markets
with the rest happening privately with no public information available.

SLove et al. (2014) showed that brokered patent sales, which have publicly available information,
contribute less than one percent of all revenue earned annually worldwide from patent and licence sales.

60Oberhaus (2019) reports that the battery drives vehicles over 1 million miles before needing replace-
ment. This is revolutionary as electric cars now have a longer life before replacement than petrol.

"Harberger Tax aims to find a balance between pure private ownership and total commons ownership
to increase general society welfare and productivity through economic policy (Posner and Weyl, 2017).



Harberger Tax model is paid directly to the idea creator, creating a stream of recurring
income for valuable ideas. Additional restrictions to protect idea owners from exploitation
and system gaming are considered.

The implementation presented leverages the Ethereum blockchain and a series of custom
designed smart contracts to build a trustless, corruption free, peer to peer marketplace.
This removes any opportunity for the market operator to influence auctions, extract unfair
rent or manipulate licence issuance. Each of these components are discussed in detail along
with a design decisions rational.

The rest of this thesis is structured as follows: Chapter 2 examines related literature
and the background of patents and patent marketplaces. This lays the foundation for
the discussion and provides insight into where the market should be positioned. Chapter
3 examines the economics of pricing and selling patents and the complexities thereof.
This chapter builds the argument for how an improved marketplace for ideas should be
constructed. Chapter 4 introduces the proposed marketplace and mechanism design from
a conceptual level and examines the different use cases and considerations in building a
idea marketplace. Chapter 5 presents a blockchain solution for the market proposed in
the previous chapter. This starts with an introduction into blockchain and Ethereum
and is followed by technical implementation details on how the market proposed can be
built using a blockchain solution. Chapter 6 discusses the implementation details and
examines the market at all levels of the technology stack. This includes examining the
smart contracts, network design and front end. Chapter 7 critically analyzes the proposed
marketplace from a legal and regulatory perspective, market mechanism perspective and
implementation viability perspective. Chapter 8 concludes.

There is also a detailed Appendix attached at the end of of this thesis. It is referenced when
appropriate throughout. This includes detailed contract sequence diagrams in Appendix
F, application screenshots in Appendix I and future research in Appendix J.



Chapter 2

Background and related literature

The available literature on patents, patent markets and the history of trading ideas is
extremely broad. This chapter examines the mechanisms for transferring patents and
the actors within exchanges. Importantly, university involvement within this market is
also investigated to better understand how the proposed market will operate within the
existing environment.

2.1 The history of patents monetization

Exclusive patent rights have a long history. As early as 500 BC the Greek colony of
Sybaris granted exclusive rights for one year to creators of “unique culinary dishes”,
an early example of an exclusive right (Goldman, 2000). During the Ming Dynasty in
China, potters were required to mark their products to ensure quality so that people could
properly direct complaints (Bloch, 1960). In 1331 Edward III granted a letter patent to
John Kempe, a Flemish weaver, to entice skilled foreign labor to settle in England (Tim,
2012).

The modern notion of a patent is a temporary government granted monopoly right on an
idea. This gives the owner the legal right to exclude others from using the intellectual
property for a period thus enabling the owner to freely capitalize on their idea (Conway,
1956). The ideas within patents are public as an encouragement for further innovation.
Modern patents grant exclusive rights for 20 years after patent issuance (Harhoff et al.,
2007). Once the patent expires it becomes open and anyone can freely use the ideas
presented within.

The first example of a “patent” in the modern definition was granted to a 1421 Florentine
architect, Filippo Brunelleschi, who received a three year patent granting him exclusivity
on his invention, a barge with a hoisting device, to transport slabs of marble (Harhoff
et al., 2007).

Trading patents is not a new concept either with early sales dating back to the 18th
century. Walter Hunt invented and patented the safety pin in 1849 and later sold it to
W. R. Grace and Company for $10,000. W. R. Grace and Company went on to mass
produce the pin and make millions (Harhoff et al., 2007).

Intermediaries have also been around for a long time, in fact the market for patents has
been aided by trade intermediaries for almost as long as patents themselves (Abrams



et al., 2019). Due to the complexity of patents and information asymmetry the market
for patents suffers from internal and financial frictions that make it hard to match buyers
and sellers. Intermediaries can help decrease this friction by helping match buyers and
sellers(Lemley, 2011). Inventors with valuable ideas look for channels to sell their idea.
According to Lamoreaux et al. (2013) there were 550 intermediaries matching buyers and
sellers of patents in the 1880’s across the US.

2.2 Importance of patents in modern business

Over the past forty years company value has shifted from tangible to intangible assets
(Akeigit et al., 2016). In 1975 17% of the SP 500 market value consisted of intangible
assets like patents, trademarks and copyrights. In 2015 this had grown to 84% (Ocean
Tomo, 2010). Haigh (2018) reports that global intangible value had reached 57.3 trillion
USD at the beginning of 2018’s financial year, constituting 52% of all enterprise value of
all publicly traded companies world wide. Of these intangible assets, patents constitute
a key component.

2.2.1 Impact of patents on research and development

Innovation is expensive and risky. In order to generate new ideas companies must invest
in Research and Development (R&D) which is not guaranteed to generate a valuable idea
(Hansen and Birkinshaw, 2007). Companies often have to start dozens or even hundreds
of research projects in order to achieve one commercial success (for Europe, 2011). For
example, pharmaceutical companies will research hundreds of molecules to create one
marketable drug (Mestre-Ferrandiz et al., 2012). Added to this, once a new product
or service is on the market competitors will invariably try to mimic it. A patent gives
temporary exclusive rights to inventors, thereby increasing their chances to recover the
upfront investments made to generate innovations and to bring them to market (McClure,
2015).

The protection of an idea and the creation of a monopoly provides incentives for eco-
nomically efficient R&D (Olson, 2009). The 2018 EU Industrial R&D Investment Score-
board showed that worldwide, the total investment into R&D of the top 2500 companies
accounted for 90% of the world’s business-funded R&D, amounting to €736.4 billion
(Hernandez et al., 2018). Without proper patent laws it is difficult to justify financial
expenses into R&D. Legal protection is therefore necessary to give companies a chance to
fully exploit the idea after its creation to recoup expenses (Akcigit et al., 2016).

The environment surrounding R&D activities is also changing due to increasing technology
complexity (Love et al., 2017). It is increasingly difficult and inefficient for companies
to research and develop all the technology components of their products on their own
(Yanagisawa and Guellec, 2009). For example, modern cell phones can have thousands
of patented components and software (Akcigit et al., 2016). The ability to buy and sell
intellectual property in the form of patents has influenced how companies approach their
R&D and innovation in general (Akcigit et al., 2016). Company R&D sometimes generates
useful ideas and other times it does not. A useful idea increases a company’s productivity



if the idea is close to its technology class.! A company may choose to sell the idea if it is
not close to its class. Conversely, a company may choose to buy an idea if it has failed to
innovate (Akcigit et al., 2016). On the one hand, the ability for a company to sell ideas
provides an incentive to engage in R&D and on the other hand, the ability to buy an idea
reduces the reward from doing R&D.

2.2.2 Value of a patent to a company

A high-tech startup’s value is often tied to the idea that gave birth to the company
(Raffoul and Brion, 2011). The more important and impactful the idea, the higher the
potential valuation of the company. Resultantly, better protection around that idea may
also increase the viability of the company which adds measurable value (Raffoul and
Brion, 2011; Akcigit et al., 2016).

Patents provide companies with the freedom to operate as they know that they are pro-
tected from litigation when working on the specific product or idea (Yanagisawa and
Guellec, 2009). For example when a company brings an external idea or technology into
their business they must carefully examine if the idea can be used without infringing on
the legal rights of the idea creator’s patent (Yanagisawa and Guellec, 2009). If they al-
ready have the patents to an idea they are free to operate in that domain with decreased
litigation concerns.

2.3 The market for patents as an asset

Markets enable the exchange of goods and services, including intangible assets like patents.
The objective of a market is to establish a price, quantity and a set of rights that results
in the transfer of ownership from one party to another (Jarosz et al., 2010). Patents
are a complicated, nuanced and specialized asset which makes the exchange and price
discovery thereof complex (Akcigit et al., 2016). These complexities will be examined
once an overview of the market as a whole has been presented.

2.3.1 Actors in the patent marketplace

Patent sellers might sell their ideas if they are not aligned with their core business.
Akcigit et al. (2016) concludes that a patent contributes more to a company’s value if it
is closer in terms of "technological distance” and as such patents that are far from a com-
panies primary offering are more likely to be sold.? Alternatively, inventors, universities
or companies who do not have the means to commercialize an idea might want to sell it
(Akcigit et al., 2016). This is where the marketplace for ideas presented in this thesis
operates: ideas that are better suited to be implemented by other companies.

Patent brokers are the intellectual property equivalent of real estate agents and operate
on both the buy and sell side of a patent transaction (Love et al., 2017; Yanagisawa and

!Each company operates within a particular technology class, which is fixed over time. This defines
the domain within which they operate and will dictate if an idea is useful or not (Lemley, 2011).

2Technological distance is the length of technological space between two things. In this case a company
and an idea. If the idea is aligned with the companies core offering then the distance is lower.



Guellec, 2009). They help to market patents on the sellers behalf and attempt to find
and negotiate deals with buyers in exchange for a fee.?

The mechanism presented in this thesis operates within this brokered patent market,
aiming to decrease the friction between buyers and sellers and increase allocation efficiency
while minimizing the exploitation from intermediaries.

Buyers of patents, like sellers, either interact directly in the market or via an interme-
diary third party who represents them. McClure (2015) and Lamoreaux et al. (2013) find
that companies buy patents for three primary reasons:

1. to gain access to the underlying intellectual property (IP transfer),
2. as a defensive tactic to fend off litigation (defensive acquisition) or

3. with the intention of pursuing legal action against companies that are infringing on
the patent (offensive acquisition).

Patent aggregators indirectly represent buyers and facilitate coordination between mul-
tiple companies with aligned interests (Lemley and Myhrvold, 2009). For example the
Allied Security Trust acts as a defensive patent aggregator to represent its member compa-
nies. It charges a membership fee which is used to buy patents of interest to its members
(Love et al., 2017). Love et al. (2017) summarized patents purchased by an aggregator
tend to be in one of three categories:

1. patents that are being enforced against members,
2. patents that members suspect could be used against them in the future or
3. patents that members want to hold as defence to guard against competitors.

Non-practicing entities (NPEs) are companies whose primary source of revenue is
from patent licensing fees or patent litigation awards (Lemley and Myhrvold, 2009). The
complex nature of patents, lack of benchmarks, exchange and search friction and the
opaque nature of the market creates a perfect environment for the proliferation of uncer-
tainty (McClure, 2015). In this environment adverse selection thrives which has enabled
NPEs to emerge. NPEs encompases individual inventors who do not implement their in-
ventions, university IP licensing offices and shell companies that file hundreds of lawsuits
to patent aggregators whose revenue comes from licensing fees (Yanagisawa and Guellec,
2009). While some NPEs are legitimate licencing entities, such as universities, many are
exploitative and their sole aim is to extract value from infringing companies.

Patent assertion entity (PAEs) are a subset of NPEs and aggregators that hold a
portfolio of patents and monetize them through litigation and licencing fees rather than
supporting development or transfer of technology (Love, 2013). They can be seen as
speculators in the patent market (McClure, 2015). PAEs are known to execute a form
of “holdup”, by suing infringing companies on the patents they hold (Abrams et al.,
2019). PAEs do not compete with the companies that they sue and so they are able to
take advantage of several legal opportunities that are generally not available to operating

3Love et al. (2019) reports that on average these fees are 20% of the deal closed.



companies. For example, because PAEs do not sell products that compete with those
produced by alleged infringers, they are able to avoid countersuits (Love, 2013).

Added to this PAEs sue to recover monetary damages rather than injunctions to protect
market share (Love, 2013). Resultingly, PAEs can strategically delay suits until their
alleged infringers are locked in to using the allegedly infringing technology through man-
ufacturing a product and so can not easily switch to an alternative that does not infringe
on the patent (Abrams et al., 2019). PAEs are commonly referred to as “patent trolls”
and are seen as a burden on innovation in most settings (Abrams et al., 2019).

Love et al. (2017) estimates that 50% of patents sold wind up in the hands of PAEs
and aggregators, neither of which commercialize the technology. The activities of PAEs
has grown dramatically in the last 20 years. McClure (2015) found that in 2012 PAEs
brought over 2544 lawsuits in the US, which accounts for 61% of all patent suits. Bessen
and Meurer (2014) found that this litigation activity has a direct cost of $29 billion per
year on the world economy.

Patent services include self-operated software to help companies identify problem-
atic patents and patent management consultants (McClure, 2015). Consultants offer
patent and prior art search, infringement analysis, product teardowns, including reverse-
engineering and patent validation (McClure, 2015).* Ultimately these companies help
to identify a companies IP risk and better understand the uncertainty associated with
outstanding patents against their products and services (McClure, 2015). An extensive
list of self-operated software and consulting services can be seen in Appendix A.

2.3.2 Mechanisms for transferring patent rights

Today the market for patents is extremely fragmented and opaque. Most dealings hap-
pen in total secrecy due to uncertainty about how the market and their competitors will
interpret the sale (Love et al., 2017). Patent sales happen via a number of different mech-
anisms that can be split between the quasi-public brokered market and private bilateral
negotiations (Love et al., 2017).

The quasi-public brokered market encompasses all market mechanisms where a third
party matches patent buyers and sellers (Abrams et al., 2019). Some of this market is
public and open, enabling anyone to browse catalogs of patents, others require sign up
and registration fees and some are more exclusive and can be accessed via invitation only
(Yanagisawa and Guellec, 2009). This role was originally filled by companies who would
seek out buyers on sellers behalf, and is now filled by third party platforms who facilitate
matching (Love et al., 2017).

Patent clearing houses fall under the definition of patent brokers (Van Overwalle et al.,
2007). These act to bring buyers and sellers together with varying levels of involvement
in the exchange. There are three main types of clearing houses:

1. Information clearing houses which simply provide a mechanism to exchange tech-
nical and relevant patent information about a patent sale to potential buyers. This

4Prior art is a previously publicized version of a very similar technology which can impact a claim of
originality. Consulting services aid in finding similar patents that could have an overlap with an idea.



is a public, “for sale”, billboard for patents (Van Overwalle et al., 2007).

2. Technology exchange clearing house, which provides private information exchange
to potential buyers that the seller has deemed acceptable. This can involve a due
diligence process from the clearing house to vet the bidders (Love et al., 2017).

3. Royalty-collection clearing house who provide that defined in (1) and (2) but also
act to facilitate the actual patent exchange between buyers and sellers (Yanagisawa
and Guellec, 2009).

The market presented in this thesis encompasses much of the functionality described in
(3) while expanding the scope to include the issuance of blockchain based licences.

An example of a technology exchange clearing house is the Intellectual Asset Management
(IAM) market, which was started by the TAM magazine and now accounts for 25% of
all patents sold in the brokerage market (Yanagisawa and Guellec, 2009). Importantly,
no pricing information is listed in the IAM market; rather sellers list patents or patent
portfolios and buyers reach out to sellers through the platform and then negotiate listing
prices offline (Love et al., 2017). This mechanism therefore acts to bring buyers and
sellers together in a public form and enables private bilateral negotiations to occur once
the matching friction has been overcome.

The private patent market consists of secret bilateral negotiations directly between
buyers and sellers without the assistance of a broker (Love et al., 2017). These trades tend
to be of high value between large companies and consist of back and forth negotiations
between buyers and sellers until terms are reached (Jarosz et al., 2010). Love et al. (2019)
estimates that the private patent market is upwards of 10 times larger than the brokered
market. These private sale’s terms tend to be bespoke and are motivated by a wider set of
factors that include more than just the transfer of patents, such as strategic and business
relations (Abrams et al., 2019). Actual patent ownership transfer tends to occur only
after extensive due diligence is conducted on both sides (Jarosz et al., 2010). The details
of these dealings are mostly unknown unless they are brought to public light through a
court case or acquisition (McClure, 2015).

Private bilateral negotiations are often used by large companies due to uncertainty about
how the market and their competitors will interpret the sale (Love et al., 2017). Strategi-
cally choosing a limited number of negotiating partners, bound by non disclosure agree-
ments, enables patent sellers to reveal far less proprietary information regarding potential
patent value. Private negotiations also enable more bespoke agreements to be reached

that can accommodate buyers and sellers specific requirements and needs (Jarosz et al.,
2010).

The lack of information in the private patent market makes it difficult to quantify the
price of patents traded, the size of the market and the number of market participants
(McClure, 2015). Lemley and Myhrvold (2009) compares this private market to a stock
market in which buyers and sellers can’t find the price at which anyone else exchanged
a stock. If one wanted to buy or sell a stock they would have to guess its price. The
result of this is massive inefficiency. Willing buyers and sellers would miss each other, the
sale price would vary widely between sales and those with private or insider information



would be easily able to exploit others. Overall this market would be nowhere close to
what today’s stock market is in terms of volume and efficiency.

Due to the opacity in the private patent market this same inefficiency and ensuing ex-
ploitation flourishes. Willing buyers and sellers can’t find each other and prices are all
over the map. This results in companies often ignoring patent rights altogether because
they cannot make reasonable forecasts for the cost of obtaining a licence. This lack of
pricing information permits patent owners to exploit companies that make products by
demanding high royalties from a jury that has no way of quantifying the actual worth of a
patent. Lemley and Myhrvold (2009) suggests that the solution to this lack of information
is to require the publication of patent assignment and licencing terms.

Other than the lack of efficiency in the private market, bilateral negotiations have several
other drawbacks. Firstly, it is difficult for a seller to find an appropriate buyer without
incurring the cost of widely advertising the availability of their patents (Jarosz et al.,
2010). At the same time buyers don’t want to publicize the desire to buy patents as
this could reveal competitive or legal weaknesses in their patent portfolios to competitors
(McClure, 2015). Negotiations are time consuming and due diligence is expensive. Addi-
tionally, there is an opportunity cost associated with devoting a substantial portion of a
patent’s limited life to negotiation rather than patent exploitation (Jarosz et al., 2010).
If negotiations break down, these costs become particularly acute because negotiations
must start over again (Kelleyf, 2019).

These reasons ultimately mean that the private market for patents is thin, with little
opportunity for robust bidding and counter bidding resulting in poor pricing discovery.

2.4 The current status and size of patent trades

WIPO (2019) recorded 3.3 million patents registered worldwide in 2018. The patent
market as a whole (including private transactions and patent licencing) is estimated to
be between $35 and $100 billion a year (Love et al., 2017). This estimate range is so
large due to the opaque nature of the market and, as such, different estimates will look
at varying data sets and metrics. Akcigit et al. (2016) shows that on average 16% of all
patents registered in the United States Patent and Trademark Office(USPTO) are traded
and that new patents are sold within 5.48 years.

As of 2016 the largest buyers of patents are product producing technology companies
(Love et al., 2017). These companies also receive the highest number of litigations with
the top 5 being Google, Apple, Microsoft, Samsung and Cisco (Love et al., 2017). To
understand the scale of this market and the volume of trade between these larger tech
players, the Nortel and subsequent Motorola acquisitions are offered as primary examples
(Owen, 2012). In 2011 a consortium called Rockstar Bidco formed by Apple, Microsoft,
RIM, Sony, Ericsson and EMC bought 4000 patents from the recently bankrupt Nortel
Networks (Owen, 2012). This acquisition ran on an auction where Google and Rockstar
engaged in a sequential bidding war until Rockstar won out with a $4.5 billion bid (Akcigit
et al., 2016). After Nortel’s bankruptcy the companies assets were sold for approximately
$3 billion, yet the auction finished at $4.5 billion demonstrating how a company’s patents
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can be worth more than all of its other assets (Love et al., 2017).

Soon after the acquisition Rockstar Bidco engaged in multiple litigations against Google
for a number of patents that they were actively infringing (Mullin, 2013). To build a
defensive portfolio to protect against further litigation, Google proceeded to buy Motorola
to acquire 17,000 patents at $12.5 billion in cash (Johnston, 2011). They held the company
for only three years and sold them in 2014 for $2.91 billion to Lenovo (Johnston, 2011).

These two acquisitions show the scale of the patent market in single, private, bilateral
trades.

2.5 Monetization of IP from universities

As the primary use case for the market presented in this thesis is for commercially viable
research published from universities, it is apt to look at how universities view IP mone-
tization. Transferring research created within universities to companies is important in
promoting innovation (Yanagisawa and Guellec, 2009). This is a mutually beneficial situ-
ation wherein universities can raise funding from licencing and patent sales and companies
can access better ideas directly from academic institutions.

However market opaqueness makes it difficult to quantify university participation. On
the one hand (Love et al., 2019) found that between 1990 and 2017 more than 20,000 US
patents were transferred by universities. On the other hand, using raw transfer numbers
to quantify involvement is difficult as patent transfers by universities are often as a result
of diverse circumstances. For example, universities often transfer IP assets to spin out
companies started by universities who attempt to monetize the IP (Love et al., 2019).
Indeed Autm (2017) finds that over 1000 spin outs came from universities in 2017 alone
with over 10,000 startups being formed from 1995.

Universities also regularly collaborate with industry partners who fund and sometimes
actively participate in research. This is usually with the understanding that the industry
partner will receive rights to use the IP after the fact (Love et al., 2019). This kind of
collaboration was seen in the leading example of the Tesla and the University of Dalhousie
wherein Tesla funded part of the research in exchange for access to the produced IP
(Oberhaus, 2019).

One common theme amongst the literature examining universities in the IP market is that
it is comparatively rare for universities to transfer assets following negotiations with third
parties that are unrelated to the institution (Lemley and Myhrvold, 2009). For example,
universities seldom participate in the brokerage market. Between 2012 and 2016 only
fourteen patent packages were sold by universities or other research institutions, which
amounts to 3% of the total brokerage market in that period (Love et al., 2017; Levy,
2015).

Love et al. (2019) finds that of patents sold by universities, about two-thirds end up
in the hands of NPEs. They also found that 29% of patents transferred are used for
defensive or offensive acquisitions by operating companies hoping to avoid or impose
litigation risk. All in all Love et al. (2019) finds that roughly 90% of the patent market
from universities revolves around mitigating company litigation and risk. Resultantly,
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patent acquisition from universities closely mirrors that of the brokerage market with the
intention of mitigating litigation risk, not the transfer of technology.

Interestingly, Zuniga (2011) finds that the majority of patent transfers occur from public
universities. Similarly Love et al. (2019) concluded from their study that elite US research
universities almost entirely refrain from selling patents to third parties. This is partly a
result of US regulation around government funded institutions monetizing IP, in accor-
dance with the Bayh-Dole Act COGR (1999). Additionally, elite US universities are often
better positioned to litigate patent violations than NPEs with Love et al. (2019) finding
that US jurors view US universities more favourably than NPEs in court.

In terms of patent sales and litigations in the public domain, a number of high profile cases
have occurred in recent years. In 2010, Cornell University won a $184 million litigation
against Hewlett-Packard in a case that later settled on confidential terms. According to
Love et al. (2014) Carnegie Mellon University received a $1.5 billion judgment suit against
Marvell Semiconductors. Despite these large litigations it is estimated by Ryan and Frye
(2018) that on average university patent programs collectively earn a negative rate of
return with an overall loss of more than 3%.

2.5.1 University patent incentives

Ryan and Frye (2018) defines universities as charitable organizations which aim to promote
innovation for public good. Many academic institutions rely on significant government
investment to support research to promote the dissemination and growth of knowledge
which stimulates innovation. According to Ryan and Frye (2018) patents could, in theory,
do even more to encourage universities to invest additional resources into innovation.

However Ryan and Frye (2018) acknowledge that the monetization of patents is not nec-
essarily aligned with the goals of academic institutions. For one, the patent system uses
private economic incentives to promote innovation. This creates incentives for universi-
ties to invest in patentable innovation to maximize private economic value. Ultimately
this means that universities will utilize publicly funded research to generate patentable
innovations for private gain.

Love et al. (2014) conducted a series of interviews with academics at a number of US
universities and found that 85% of researchers did not think that patent rights are among
the top four factors motivating their research and that patents do not motivate their
research objectives. In fact Love et al. (2014) claims that university patent programs may
reduce the quality and quantity of university research by harming professors ability to
obtain funding, collaborate with others and disseminate their work as a result of legal
restrictions introduced by the patents. Additionally the authors finds that fewer than
50% of spin-off companies report that having a patent affirmatively helped their idea
commercialization.

Alumni (2006) argues that “universities would better serve the public interest by ensuring
appropriate use of their technology by requiring their licensees to operate under a business
model that encourages commercialization and does not rely primarily on threats of in-
fringement litigation to generate revenue”. This sentiment is echoed Love et al. (2019) in
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that the primary goal of university technology transfer is to facilitate university research
commercialization.

These insights are invaluable in defining the goals of the proposed marketplace for ideas:
Enable academic institutions to licence and monetize ideas while not interfering with the
normal academic processes. Monetization should support the foundational research and
institutions that made the research possible while not corrupting the incentives of research.
Additionally, in accordance with university sentiment and the Bayh-Dole Act, universities
should remain the owners of the patents and monetization should occur through a licencing
scheme. This will facilitate technology transfer while minimizing opportunity for NPEs
to exploit university patents through litigation.

2.6 Ocean Tomo patent auction marketplace

A core component of the mechanism presented in this thesis is a sealed bid auction used in
the initial allocation of licences after the publication of an idea. It is therefore appropriate
to examine the existing patent auction market more closely.

There are a number of patent marketplaces that use auctions as their main pricing mecha-
nism. One of the most well known is Ocean Tomo who offers intellectual property related
services and runs one of the worlds largest and most successful patent auction market-
places (Love et al., 2017). In 2006 Ocean Tomo held the world’s first “live” patent auction
employing an open-outcry format to generate maximum audience participation and buzz
(Jarosz et al., 2010).

Auctions are not new to the patent world with the first recorded auction dating back to
1993 where the IRS auctioned off patents to recover taxes (Jarosz et al., 2010). What
Ocean Tomo did differently was to build hype and excitement around the auction they
were holding through a live auction process (Jarosz et al., 2010). Ocean Tomo held a
total of 10 open-outcry English auctions covering patent rights before their acquisition by
ICAP Patent Brokerage in 2009 (Jarosz et al., 2010).

Ocean Tomo’s auctions facilitated the sale of both licences and outright patent transfer
(Jarosz et al., 2010). Auctions usually facilitate the sale of “lots” of patents; a bundle of
one or more patents sold at the same time. Bidders preregistered for auctions at which
point they were provided with a selection of curated information which aimed to decrease
the due diligence required (Stathis, 2009). Ocean Tomo employed their own proprietary
patent rating system which aimed to quantify an “objective” measure of patents value by
looking at a number of key metrics they defined. As part of this they tried to identify
patents that are suitable for a live auction (Ramer, 2006). Ocean Tomo takes a listing fee
of between $1,000 and $6,000 depending on the lot, sellers pay an additional 15% upon
conversion and buyers pay a 10% premium (Jarosz et al., 2010).

Ocean Tomo generated a total of $114.6 million in revenue selling a total of 282 lots of
patents between 2006 and 2009 (Jarosz et al., 2010). Ocean Tomo succeed in some ways
and failed in others.

They succeeded in reducing the seller’s search cost of marketing IP to buyers (Benassi
and Di Minin, 2009). They also reduced negotiation times as an auction facilitates faster
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price discovery than bilateral negotiations (Jarosz et al., 2010). Additionally, they of-
fered anonymity to their bidders through remote bidding, proxy bidding and even shell
corporations set up specifically for the auction (Jarosz et al., 2010).

Some of the shortcomings from OceanTomo’s auctions include the high listing and auction
fees which are significant enough to decrease transaction volume (Jarosz et al., 2010). A
number of lots received no bids at all, which makes listing in an auction risky. Had
the auction failed, it may have been better to not enter the auction at all, as potential
purchases or licensees will have observed that the perceived value of the technology is
low and will subsequently offer much less than their original valuation (Yanagisawa and
Guellec, 2009). Several auctions also experienced bids which did not meet the reserved
price which resulted in post-auction negotiation between buyers and sellers. In fact Ocean
Tomo encourages post-auction sales (Jarosz et al., 2010). The problem with this is that
it undermines the point of the auction as a mechanism to elicit bidders true valuation:
rather the auction acts as a means of limited price discovery which is then used in the
post-auction negotiations (Wang et al., 2016).

2.7 Chapter conclusion

This chapter outlined the history of patents and their importance in modern day business
as intangible assets. The market for patents was examined, along with its actors and
intermediaries. Importantly, the large size and scope of patent aggregates and third parties
was presented. These patent intermediaries often engage in defensive patent acquisition
with the primary goal of trading patents being risk transfer. This is relevant as the
contributions of this thesis aims to disrupt the patent intermediary acting as an open,
free and non-rent seeking substitute for the existing brokerage market.

The implications of idea monetization for universities was also discussed. The core take-
away from this is that the proposed market should aim to provide academics with a
means to monetize their research. The market should try to align with an academic insti-
tution’s core goals: meaningful knowledge contribution to the commons while providing
an environment for foundational research. University IP monetization should leverage a
licensing scheme wherein the university remains the owner of the underlying idea through
a patent. Monetization should encourage technology transfer from universities to compa-
nies to stimulate innovation and growth. Universities should in turn benefit financially
for their idea contribution to said company which will ultimately support the core goals
of the institution.

The next chapter examines the economics of pricing patents and the difficulties thereof.
This is built on the foundation laid within this chapter and later leads to the proposed
marketplace for ideas in the chapters that follow.
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Chapter 3

The Economics of selling patents

Quantifying and discovering the price of an asset is a key component in any exchange. This
chapter examines patents and the marketplace for ideas from an economics perspective.
The complexities in pricing ideas are explored, as well as the different mechanisms that
are used in today’s patent marketplace. Lastly, ideas as a subset of data is discussed as
well as an initial introduction into why blockchain is relevant in this context.

Economic theory justifies patents as a means to solve market failures that arise from
the free rider problem! (Ryan and Frye, 2018). Without patents the creation of new
ideas becomes a pure public good which is completely non-rivalrous? and non-excludable?
(Bator, 2012). Free riding prevents inventors from recovering the fixed and opportunity
cost of invention which results in market failure. Through this lens, patents solve market
failures in innovation by creating a temporary exclusive right for inventors which enables
them to reclaim their fixed costs thus incentivising innovation (Ryan and Frye, 2018).

Patents can, however, cause market failures through inefficient rights and high transaction
costs. Once a patent is granted the inventor’s costs are sunk meaning that any future
research and development will result in further costs which stifles marginal improvement
over what was patented (Chien, 2010). There are a number of other market and search
frictions which make it difficult to exchange patents which further cause market failures.
These are now explored.

3.1 Challenges in pricing patents

Finding a market clearing price to exchange a patent at is difficult due to a number of
reasons which make patents a unique, nuanced asset. Some of these challenges are now
discussed.

'Free riding is the burden on a shared resource from overuse by people who don’t pay their fair share.

2Non-rivalrous means that one’s consumption does not diminish the consumption of others. This
differs from a rival good that can only be consumed by one person at a time. Non-rivalrous goods tend
to have large fixed costs and low marginal costs (Hryshko, 2001).

3Non-executable means that non-paying consumers cannot be prevented from accessing the good.

4Market failure is a net loss in economic value when allocation by a free market is not Pareto efficient.
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3.1.1 Information asymmetry in the marketplace for patents

One of the core challenges in quantifying a patent price is information asymmetry between
buyers and sellers which results in market inefficiency (McClure, 2015). This inefficiency
results from uncertainty regarding patent scope, validity and value. Another element of
information asymmetry is patent complexity. By definition, patents are used to protect
new or novel ideas. This means that they have complex, cutting edge and highly technical
domain knowledge within them. This limits the individuals that can value them which
makes due diligence expensive and time consuming (Kelleyf, 2019). This exposes buyers
to adverse selection.

An additional complexity is that important information in quantifying the value of a
patent is often not disclosed by the seller due to legal restrictions, further compounding
the information asymmetry (Jarosz et al., 2010). This makes it difficult for buyers to know
how much to value a patent. For example, a patent might have an existing confidential
licencing agreement associated with it that is not publicly disclosed. This information
would alter a company’s valuation, if they knew about it.

3.1.2 The probabilistic nature of patents

A patent is an exclusive monopoly right, but not an absolute right (Akerlof, 1970). There-
fore, owning a patent does not necessarily guarantee absolute enforceability as a violation
claim has to be finalized and settled in court. The enforceability depends on the patent’s
owner, the validity, claim coverage and how the court interprets all these factors. Added
to this, litigation itself is very unpredictable due to different jurisdictions, length of court
cases and how the court interprets the law itself (Odasso et al., 2015).

3.1.3 Lack of reliable quality benchmarks and market opacity

Quantifying the usefulness of a patent and coming up with a probability of patent validity
(and subsequent success in possible litigation) is challenging due to the lack of discoverable
and useful information (Akerlof, 1970). There is no reliable way to quantify the value of
a patent or standard measure against which a patent can be compared (Lemley, 2011).
These reasons further add to the complexity in pricing patents.

The goal of a market is the “preservation and use of unique information contained in the
price” (Hayek, 2012). This is to say that the price of an asset in a market should fully
reflect all available information in the market, thereby making the market efficient. The
patent marketplace however lacks any form of transparency or benchmarks which makes
quantifying fair price challenging (Akerlof, 1970). Added to this, most companies have
secretive patent portfolios and most transaction information remains private. Without
knowing who owns what, how much they paid for it and how it is transferred, it is hard
to quantify price (Akerlof, 1970).

Bone (2010) draws a parallel to the real estate market, posing the question “if realtors
can value houses why can’t we value patents” In the case of real estate, however, you
can compare a property to any number of comparable houses in the same area to perform
relative benchmarking. You also have access to historic pricing information for similar
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houses in similar areas. Neither of these metrics are available for the sale of patents which
makes quantifying their relative value a real challenge.

3.1.4 The patent market is a “market for lemons”

A useful parallel in the complexity of quantifying an idea’s price can be drawn from a
“Market for Lemons”, applying the ideas of George Akerlof (winner of the Nobel Prize in
Economic Sciences). Akerlof (1970)’s classic article examined the car market and outlines
the reasons why only slightly used cars sell for measurably less than new cars. The model
introduced in the article assumes that some cars are high quality and others are “lemons”.
Two separate markets would exist if buyers could distinguish between the two classes.
However, buyers often can’t distinguish and so the car market experiences high levels of
information asymmetry with sellers knowing if their car is a lemon (or not) while the
buyer has no such information. As a result, the buyer does not know if she is buying a
lemon or a high quality car and ends up paying less (Akerlof, 1970). Additionally the cost
of discovering if the vehicle is a lemon or not is high because it involves buying the car
and driving it until it fails (Akerlof, 1970).

This ultimately means that an exchange that would benefit both the buyer and seller
fails to occur which reduces efficiency (Akerlof, 1970). Akerlof commented 30 years later
that “asymmetric information was potentially an issue in any market where the quality of
goods would be difficult to see by anything other than casual inspection” (Akerlof, 2001).

Indeed, the patent market involves the exchange of complex assets and as there is no
standard way of valuing them; there is certainly no way to quantify their value through
“casual inspection”. Additionally, as a result of the deterministic nature of a patent it’s
true value can only be discovered in court which makes the cost of finding true value
extremely high, like that of the used cars. Therefore the patent marketplace is a market
for lemons where some lemons are attributed value and some true high-quality patents
will be undervalued (McClure, 2015).

The main insight from these challenges in pricing is that the market mechanism needs to
focus on decreasing information asymmetries as far as possible. A buyer should know if
they are likely to buying a "lemon patent”, and if they do, the mechanism should provide
a means of recourse that decreases the total incurred cost of this mistake. This publication
of patent ownership information can’t directly address the probabilistic nature of patents,
nor can it help with the lack of reliable quality benchmarks, but it can help provide
relative pricing to compare ideas as well as provide increased market information.

3.2 Different patent sale configurations

An additional consideration in pricing an idea is how the actual transfer of the patent
occurs. The market for patent rights can be split into two main configurations:

1. sales that licence rights to use patents and

2. sales that lead to outright transfer of patents (Love et al., 2019).
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Each of these settings have different incentives and advantages which need to be considered
in how a market is designed and where the market operates (i.e. within the university
context).

Bessy et al. (2011) finds that a licencing and royalty model is preferred in many contexts
as it reduces the risk of buying a bad patent. If the licence holder no longer requires the
licence or deems it’s value lower than they had originally anticipated, it is easier to walk
away from the exchange than if you’'ve purchased the patent outright. Therefore lump sum
payments resulting in the transfer of a patent require much higher presale measurement
of the exact value of the technology through an extensive due diligence process (Abrams
et al., 2019).

An additional consideration in licencing vs selling of patents is the rights granted to the
buyer. A licencing arrangement can stipulate specific terms around how the licence can
be used whereas a patent sale forgoes all control from the seller. This has an impact on
the litigation opportunities for the buyer. A licence holder cannot use their licence to
seek litigation against infringers as the ownership of the patent remains with the original
idea creator, not the licensee.

Licencing versus patent transfer is particularly relevant in the context of university IP
monetization. Ayres and Ouellette (2017) argue that the transfer of exclusive patent rights
from a university to a commercialization third party makes little sense where numerous
firms are already eager to use the invention without exclusivity. The goal of a university
patent monetization system should be to generate revenue for the university while facili-
tating technology transfer, not to enable one company to gain exclusivity and opportunity
for exploitation by PAEs (Fusco et al., 2019). Hence a patent licencing structure is more
relevant in the case of university IP monetization.

It must be noted however that this is not strictly always the case and that a university
publisher should be given the opportunity to select how they want their publications to
be licenced. This design is discussed in 4.2.

3.3 Quantifying the value of a patent

Now that the complexity around patent pricing and rights is better understood, existing
frameworks that quantify the value of ideas can be explored. Due to the unique and highly
contextual nature of patents there are a wide array of methods of pricing. A patents value
is a function of a number of factors including: the breadth of claims, how widely it is being
used (or will be used in the future) and how easily it can be enforced. Ultimately how
much economic value can be generated from the rights granted by the patent will define
its value. Some additional considerations are now explored.

Kelleyf (2019) identifies 5 numerical indications of a patents value being: 1) the number
of third party citations 2) number of citations to prior art 3) the remaining duration of
the patent 4) the number of times the patent was traded and 5) the number of claims
contained within the patent. Other factors that influence value are the context of the
patent portfolio as many patents are complementary when used in conjunction with other
similar patents (Sadao and Yoichiro, 2014). Odasso et al. (2015) further identifies methods
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ranging from patent renewal metrics, market based estimations, surveys of addressable
markets and biographical indicators as indicators for patent quality.

Added to this, different buyers have different valuations for the same patent based on its
usefulness, legal implications and future applicability within their business domain. This
means that patents can have a high range of private valuations based on company and
context. Akcigit et al. (2016) concludes that the private valuation of a patent is inversely
proportional to the technological distance from the patent to the company. Technological
distance is how relevant and applicable technology is within a company’s business offering.
As a result, the more aligned an idea is to a company’s core offering the more the company
values the patent.

3.4 Brief introduction to blockchain

The details of how a blockchain works and its implementation for the marketplace for
ideas is outlined in later chapters. For the context of this chapter, a blockchain can be
thought of as an immutable ledger with universally agreed upon public state. Smart
contracts run within the blockchain substrate and enable the permissioned modification
of the ledger through the incorruptible enforcement of preprogrammed logic.

3.5 Ideas as a subset of data

Ideas within patents are non-rivalrous as they can be copied at zero marginal cost (Ryan
and Frye, 2018). At the same time, one company having access to a patent acts as a
negative externality to a competitor as there is a risk of potential litigation (Lemley,
2011). Patents are also inherently combinatorial as they often make up part of a larger
portfolio and their value is influenced by the other patents in the portfolio (McClure,
2015).

These three properties (non-rivalry, competitor ownership as a negative externality and
combinatorial value) makes ideas and patents fundamentally similar to another emergent
non-rivalrous asset class: data. Fundamentally a patent is a blueprint for how to imple-
ment a widget. Data is the physical embodiment of information which makes patents
(and therefore ideas) a subset of data. Any formal process or set of instructions like an
algorithm, patent or even code are simply stored information, making them all subsets of
data. In fact patents are nothing more than text and images, which is data itself.

Similarly, both data and ideas are time consuming to produce while being free to replicate,
creating infinite supply. Data and ideas can be copyrighted or licenced but it is difficult
to track their destinations and uses once publicly released. This makes the notion of
ownership fundamentally similar between between data and ideas.

As will be discussed in detail in later chapters, blockchain makes data unique as once data
is registered and recorded it can be traced to its origins. This occurs through sequential
hashed time stamping.

A similar principle can be applied to ideas through a blockchain based licensing scheme
that helps academics monetize their research, while maintaining ownership of it. In this
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scheme, the university remains the owner of their IP by keeping ownership of the un-
derlying patent. The blockchain is then used as a means to sell licences to implement
these ideas. This is analogous to selling permissioned access to data registered on a
blockchain. The blockchain provides a public and verifiable history of licence ownership
as all transactions involving the licence can be easily located, tracked and verified.

This public record of licence ownership increases market transparency and efficiencies
while decreasing adverse selection. The design details of this blockchain system are ex-
plored in the chapters that follow.

3.6 Chapter conclusion

This chapter examined the complexity in selling patents. Specifically, patents are a com-
plex nuanced asset which makes applying any kind of evaluation framework to them
challenging and expensive. A number of different sale mechanisms were also explored
with the key take away being that a sub-licensing system wherein universities remain the
owner of the idea in the form of a patent will be the most appropriate. How ideas, as a
non-rivalrous good, relates to data was also introduced. This is relevant when framing
the market and trying to find comparable models.

The next chapter takes these conclusions as an input and defines the desired properties of
an ideal idea market. From this, a proposed marketplace design is presented. After this,
the blockchain implementation is presented.

20



Chapter 4

Proposed marketplace for ideas

There are a number of market mechanisms that aim to find an optimal market clearing
price. This is the price at which the quantity supplied is equal to the quantity demanded.
As has been discussed, the vast majority of patent exchanges occur using private bilateral
negotiations which suffer from a number of core problems resulting in poor efficiency.
The quasi-public brokerage market offers an alternative but still suffers from inefficiencies
such as high fees, poor allocation efficiency and adverse selection. This chapter discusses a
number of desired properties in a marketplace for ideas and then proposes a market mech-
anism which aims to achieve them. This proposal starts at a mechanism and conceptual
level and becomes more technically specific in chapters that follow.

4.1 Desired marketplace properties

The desired market mechanism should reduce search frictions, break down information
asymmetries and increase allocation efficiencies. This mechanism should allocate licences
to buyers with the highest private valuation. The market should be inclusive thereby
providing sellers with the largest possible potential pool of buyers. Elements from the
current brokered market can be improved upon, while eliminating the inefficiencies and
exploitation that is sometimes present.

4.2 Proposed mechanism high level overview

To achieve these desired properties, this thesis proposes a peer to peer intellectual property
broker which acts as a marketplace for ideas, enabling the efficient trade and monetization
of patents. To reduce the scope of this problem, a subset of all patentable ideas is
explored: monetizable research published from universities. This marketplace provides a
brokerage service where researchers publish works onto the platform and then companies
and individuals buy licences to use the ideas in a derivative or commercial work.

These licences enable one of two main use cases:

1. A company wants to commercialize the ideas presented in a paper and buys a licence
to use the ideas. This licence can either be exclusive to one specific company or
co-exclusive, enabling multiple companies to simultaneously commercialize the idea.
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2. A non-commercial context in which an academic citing a paper acts to “buy” an
attribution of social capital. Commercialization of derivative works will share profits
generated with contributing academics.

Academic works within the platform remain open and free for anyone who wants to read
or build on top of them assuming they don’t commercialize their work. This commer-
cialization of ideas enables academics to monetize their work while incentivizing open
science.

The sections that follow focus specifically on the commercialization use case. The non-
commercial applications are explored later in this chapter.

4.3 Auctions as a price discovery mechanism

To price the initial sale of a licence, a mechanism is required to elicit the true private
valuations of prospective buyers and then allocate the licences to those that value them
most. To achieve this, a first-price sealed bid auction (FPSBA) is used to price the initial
sale of licences. Auctions are a useful mechanism for price discovery when the value of a
good being sold is not explicitly known beforehand by the seller (Roberts and Sweeting,
2013). An auction is then used to find the highest possible market clearing price, thereby
allocating the good to the buyer with the highest private valuation.

A first-price, sealed bid auction works by bidders submitting sealed bids, such that no
bidder knows anyone else’s bid. After a submission period, the auctioneer reveals all bids
publically and the highest bidder pays the price they submitted and wins the auction.
This is a strategy-proof mechanism which has been shown to effectively elicit the buyers’
true valuation which results in efficient allocation (Mendes, 2018).

A sealed bid auction is used because it prevents a number of possible auction manipula-
tion and collusion opportunities by bidders that are prevelent with auction mechanisms
with open information (eg English outcry auction). For example a FPSBA prevents bid
shilling, a practice where the seller in the auction (or people associated with the seller) ar-
tificially inflate the auction price by deceptively bidding on an item (Mamun and Sadaoui,
2013). Because bids are sealed a shill bidder can’t artificially inflate the price. A sealed
bid auction also preserves bidders private valuation as this information is valuable to com-
petitors (Ocean Tomo, 2010). A sealed bid auction prevents collusion between bidders as
whenever the identity of other bidders are known there is a risk that a ring of bidders can
be formed to manipulate the auction results (Roberts and Sweeting, 2013). A bidding
ring works by colluders agreeing only to bid against outsiders, and never against a ring
member. As a result, competition becomes measurably weaker which has been shown to
drastically affect the final closing price. If, however, all bids are sealed then this form
of collusion is not possible (Marshall and Meurer, 2005). Lastly, a first price sealed bid
auction also prevents bid sniping which is a prevalent problem in many online auction
mechanisms wherein an actor will add a winning bid right above the second highest bid
right before the close of the auction timer. For a detailed comparison into other bidding
mechanisms and further justification into why the FPSBA was chosen see Appendix C.

Ultimately an auction acts to overcome information barriers separating buyers while re-
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ducing transaction and search costs (Jarosz et al., 2010). This mechanism drastically
speeds up price discovery while eliciting true valuations from bidders.

4.3.1 Auctions with adversarial auctioneers

Sealed bid auctions are, however, susceptible to adversarial and corrupt auctioneers who
collude with bidders and manipulate auction outcomes. Corruption in auctions is a major
problem with the World Bank estimating a volume of US$200 billion per year spent on
bribes for public sector procurement auctions (Knack et al., 2019).

Auction corruption in sealed bid auctions takes the form of the auctioneer taking advan-
tage of their position of trust through leaking sellers preferences to other bidders for bribes
(Lengwiler and Wolfstetter, 2010). This information leakage occurs during the bid sub-
mission phase wherein the auctioneer opens the sealed bids and reveals the bids of others
to a favoured bidder. This means that the favoured bidder effectively plays a second-price
auction while the other bidders play their bids as if they win. This collusion enables the
favoured bidder to win auctions at the best possible price which breaks the mechanism
and destroys efficiency as the favored bidder might not have the highest valuation and
yet wins the auction.

The inefficiency cost of collusion is of the same order as the auctioneers manipulation
capacity (Burguet and Perry, 2007). The manipulation capacity is the degree to which
the auctioneer can manipulate the auction through exploiting their position of trust by
leaking seller preferences to other bidders. The cost of a corruptible sealed bid auction
mechanism is now explored.

Note that this description, and the analysis that follows, only refers to auctioneers that
collude with privileged bidders by leaking information about other bidders preference
before the auction has concluded, enabling the privileged bidders to modify their winning
bid downwards, thereby introducing an inefficiency. This framing assumes that the non-
colluding bidders are rational economic actors who bid up to their true evaluation.

4.3.2 Auctioneer manipulation inefficiency

The efficiency cost of corruption in a sealed bid auction is now explored by looking at an
example of a sealed bid auction with no reserve price for a single item. In this auction
there are N bidders whose valuations are v;(i = 1,... N) which are independent, private
and distributed on the interval [v,7]. The valuations are distributed identically and
independently according to a continuous distribution function F. Assume that before
the auction takes place the auctioneer has reached an agreement with one of the bidders
about leaking the bids of her rivals private valuation, and then allowing her to modify
her original bid either upwards or downwards if she wishes to do so. For the bidder who
bribes the auctioneer they effectively take part in a sequential auction where all her rivals
bid in the first stage and she can then bid in the section stage after seeing information
about her rivals.

For this setup, assume that only one dishonest bidder is colluding with the auctioneer
at a time. If a bidder is honest then she believes that one of her rivals is colluding with
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probability p. Therefore an honest bidder is facing one dishonest bidder and N — 2 honest
bidders in her same situation with probability p. As a result an honest bidder, with
probability 1 — p, believes they are facing N — 1 honest rivals in her exact same situation.

The possibility of corruption has a significant effect on the auction efficiency (Arozamena
and Weinschelbaum, 2009). Let d be the dishonest bidder with revised bid by, private
valuation v,. Let b, be the highest honest bid amongst the honest bidders defined by
by, = max;£qb;. At the conclusion of the auction there are a number of possible outcomes:

1. If d wins the auction with her original bid then she will revise her bid downwards and
set by = b, + € where epsilon is a small number ensuring that she wins the auction
but minimizes any additional expenses that would be allocated to the seller.

2. If d loses the auction with the original bid then she has two options:

(a) If vg > by then her private valuation is higher than the current highest honest
bid and she will set b; = by, + ¢ and win the auction.

(b) If, however, vy < by, then her private valuation is lower than the highest honest
bid and she will submit a revised bid by < by, or she leaves the original bid,
and will lose. This means that from an honest bidders perspective they will
be bidding against the dishonest rival’s private valuation instead of competing
against their bid.

Using this framework, one can quantify the inefficiency cost of a corrupt auction. Every
honest bidder will bid lower than her actual valuation because she knows she is bidding

with probability p against a dishonest rival with an unfair advantage. This is known as
shade bidding (Athey et al., 2011).

Next, the magnitude of this decrease in bids is quantified. Let v, = maw;.qv; be the
highest honest valuation. Honest bidders have an asymmetric increasing equilibrium
bidding strategy by(v) which defines the highest bid as b, = bp(vy). In this case the
dishonest bidder is allowed to examine bids and resubmit her own. If the dishonest
bidder’s valuation is higher than the highest bid as vy > b, but lower than the highest
true valuation as vy < v, then she wins the auction but introduces inefficiency into the
outcome. This inefficiency is ( = v, — b, which can be seen in the Figure 4.1 below.

vg < by:d loses vg > bj:d wins
T n ]
| —
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Ud
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¢ = inefficient outcome
Figure 4.1: Inefficiency cost due to decreased true bidder bid amount

The inefficiency introduced by this information leakage represents the auctioneers ma-
nipulation capacity and is directly proportional to the probability of a dishonest bidder
p (Arozamena and Weinschelbaum, 2009). Under a truly trusted auctioneer with no ma-
nipulation capacity p = 0 and the auction is efficient. This results in ( = 0 and the
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auction efficiently allocates the good to the bidder with the highest true valuation with
no deviation between bidder’s bids and their valuation.

An auction system should therefore aim to reduce the probability p of a corrupt auc-
tioneer to zero thereby making the auction efficient through the absolute elimination of
corruption. This makes the auction fair for all individuals and removes the ability for
leaked bids to extract value from the auction.

A secondary inefficiency that arises from the auctioneer revealing information to a favoured
bidder occurs in the case that the dishonest bidder wins the auction and then decreases
their bid to just above the highest true bid by. In this case all the surplus that would have
been allocated to the seller is lost due to the dishonest bidders ability to retroactively
reduce their bid. This inefficiency is ¢ = vq4 — (by, + €) where € can be a small amount
to ensure the dishonest bidder wins the auction over the highest honest bidder b,. This
inefficiency can be seen in Figure 4.2.

by =b, + €
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Figure 4.2: Inefficiency cost due to corrupt bidder decreasing submitted bid

If the ability for corruption or bid collusion is prevented this inefficiency cost can be
removed. This will ensure that the dishonest bidder has to pay their true valuation
when bidding. The goal of an auction mechanism needs to be to reduce the auctioneers
manipulation capacity to zero, which in turn removes any ability for auction corruption.

4.3.3 Preventing auctioneer corruption with smart contracts

Auctioneer manipulation capacity can be set to zero by running the auction using a smart
contract executed on a public blockchain. This enables the creation of trustless, sealed bid
auctions which removes any manipulation capacity by the auctioneer, thereby ensuring
optimal allocation efficiency (Xiong and Wang, 2019). How a blockchain operates and
the proposed implementation that removes auction manipulation capacity are outlined in
Section 5.2.1 which presents a case for blockchain within a marketplace for ideas.

4.3.4 Auction in University of Dalhousie and Tesla example

The Dalhaousie and Tesla example shows why an auction is an appropriate pricing mech-
anism: the owner of the exclusive battery licence should be the company that has the
highest valuation of it. This results in increased allocation efficiency and maximum fund-
ing raised for the idea creator.

This example also highlights the need for a trustless auction mechanism. Say, for the sake
of argument, that the University of Dalhousie listed their revolutionary battery technology
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for sale in a traditional sealed bid auction marketplace run by a normal auctioneer and
Tesla placed a bid for this licence. A corrupt auctioneer can look at Tesla’s bid and then
solicit Tesla’s competitor to outbid Tesla for a bribe. While the auction will then close
at a higher valuation, the surplus that would have been allocated to the university is
extracted by the corrupt auctioneer.

If, however, the mechanism prevented the auctioneer from knowing any private informa-
tion about bidders preference through a trustless sealed bid auction, then the auctioneer
would not have any ability to solicit bribes. As a result both Tesla and their competitor
would have to compete in the auction knowing that neither could have corrupted the
mechanism and both would therefore have to bid their true valuation. This trustless
mechanism would be efficient, allocating the licence to the bidder with the highest valu-
ation. This also ensures that the University of Dalhousie would generate the maximum
revenue possible.

4.3.5 A note on the revenue Equivalence theorem

The revenue equivalence theorem states that for certain economic environments, the ex-
pected revenue and bidder preferences for a number of difference auction mechanisms
will all produce the same outcome, for bidders that use equilibrium strategies(Jonathan
Levin, 2000). From this theorem, it could be argued that a simpler auction mechanism
(such as an English out-cry) would be economically equivalent to the first price sealed bit
auction proposed, while avoiding the problem of a corrupt auctioneer as all information
is public so no privileged information can be leaked. This would effectively side step all
inefficiencies introduced by a corrupt auctioneer.

In many regards, this is true. However, the problems with open auctions, as discussed in
4.3 (and further in appendix C) such as bid shilling, bidder collusion, bidder rings and bid
sniping are all only exist within the context of open auction structures, such as English
out-cry. If bidders don’t have any information around other bidders bids then these kinds
of manipulations become impossible. For this reason, a mechanism is required that can
not be manipulated by bidders (sealed bid auction) and is corrupt auctioneer proof (smart
contract based auctioneer).

4.4 Fixed rate payment structure

Auctions are just one way to price the allocation of licences. What is important is that the
idea seller should have optionality in picking the mechanism that they deem appropriate
for their specific sales. To this end, a fixed rate licencing scheme can also be chosen by
the seller wherein they define a fixed "take it or leave it” price for their patent licences.
This is appropriate when the seller wants to create an unlimited number of licences.

4.5 Harberger Tax for patent licences

As an extension to the marketplace for ideas the idea seller can choose to impose a
variant of Harberger Tax on the issued licence. This provides a continuous stream of
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revenue from ideas for idea sellers, while allocating the idea to the buyer with the highest
valuation. Harberger Tax is an economic policy that aims to find a balance between
pure private ownership and total commons ownership to increase general society welfare
and productivity. At its core Harberger Tax balances market power while reducing the
inefficiency in allocation (Posner and Weyl, 2017).

The mechanism works by introducing two principles:
1. The owner values the licence and pays tax on that value. This is a self-assessed tax.

2. At any point in time anyone can buy the licence from the owner at that price,
forcing a sale. The owner is given the right of first offer to increase their licence’s
valuation to continue owning it.

4.5.1 Harberger Tax allocation efficiency

Allocative efficiency in this context is defined as distributing licences to the most produc-
tive owners. In general, resources can be misallocated through prices being set too high
or too low which results in deadweight loss, which is a net economic inefficiency in society
(Posner and Weyl, 2017). In the case of property, for example, an owner can “hold out”
for a price that the buyer may not be able to pay, leading to delay or a failed transaction
even when the buyer can use the property more productively than the current owner can
(Posner et al., 2019). Added to this, it’s always in the interest for a seller to quote a higher
selling price than their lowest sell price while it’s always in the in the interest of the buyer
to quote a buy price less than the highest price they are willing to pay. These two forces
reduce allocation efficiency in normal bilateral exchanges (De la Rouviere, 2018).

Harberger Tax increases the allocation efficiency of exchange and removes the need for a
secondary market. Harberger Tax disincentivizes the seller from setting high, monopolistic
hold-out prices because they will have to pay an increased tax (Posner and Weyl, 2017).
At the same time it removes the additional costs due to bargaining as the seller always
sets the price. This means that if someone else values the asset being sold more than the
current owner they can buy it, thereby always allocating the asset to the owner that values
it the most. Therefore Harberger Tax reduces investment efficiency (hold-out pricing) for
a few, while increasing allocation efficiency of ownership which increases social welfare for
many (Posner and Weyl, 2017). Harberger Tax aims to achieve partial common ownership.
Posner et al. (2019) showed that this model achieves 70% to 90% of the maximum possible
allocation of welfare efficiency while eroding only 10% to 20% of investment efficiency.

4.5.2 Harberger Tax advantages

Harberger Tax offers a number of advantages over the increased allocation efficiency in
the context of patent licences. For one, it forces licence holders to self-assess the licence’s
worth, thereby providing the market with the most recent price information. The ability
for anyone to submit a buyout for the licence introduces liquidity to the marketplace for
ideas. This mechanism provides funding for the original scientific efforts that created the
idea through the continuous collection of tax. Additionally, patent trolls and PAEs are
financially disincentivized by being forced to pay tax on holding the patents.

27



Added to this, Fama (1970) introduces the notion of an “ideal market” as one that at any
point in time “fully reflects all available market information”. This enables companies to
make better product investment decisions as the price acts as a useful signal for resource
allocation. Harberger Tax aims to find an ideal price for the item being taxed, which
in turn should reflect as much market information as possible. This reduces information
asymmetry as the owner is setting the price.

4.5.3 Ideal Harberger Tax rate

The tax rate in Harberger Tax systems vary. Posner and Weyl (2017) proposed that
the optimal rate for Harberger Tax should be about half of the observed rate of asset
trade in an existing market. This insight can be used as a basis for an ideal rate for a
Harberger Tax model for ideas. Akcigit et al. (2016) analyzed a marketplace for ideas
wherein patents were openly traded. They concluded that across the available data about
16% of patents are sold and it takes about 5.5 years on average to sell them. Using this
as an input the observed rate of asset trade is ~3% per patent per year. Applying the
half asset trade rule from Posner and Weyl (2017) yields a yearly tax of 1.5% as a starting
basis for all ideas taxed with this model.

Due to the low asset trade rate of ideas, and because some ideas are traded far more
frequently than others, the tax rate should also be a function of how frequently that
specific idea has traded in the past. This results in frequently traded ideas paying more
tax which aligns the payments that idea sellers get, with the demand for those ideas. The
simple linear Equation 4.1 is used to define the tax charged per annum. n is the number
of times that the licence has traded in its lifetime.

r=0.015(n+ 1) (4.1)

This licence valuation starts at the sell price of the sealed bid auction. At any point in
time the licence can be bought from the current licence owner, at its current valuation,
assuming they raise the valuation by a minimum of 5%. The current licence owner has a
right of first offer to raise the current valuation of the licence as a response to hold onto
the licence. They will however have to pay more tax on the new valuation of the licence
if they choose to beat the new offer. Importantly Equation 4.1 can be modified by the
seller if they choose. It is set to 1.5% per year as a suggestion.

4.5.4 Buyout implications for seller

The risk of losing a licence is potentially devastating for a company who has built their
whole business around the idea. This potential loss can be mitigated by two factors:

1. The licence holder can always increase their private valuation in the event someone
tries to perform a buyout through the right of first offer.

2. After licence revocation, the previous holder is permitted to keep their licence for
a period of time. This serves as a grace period which enables the company to find
another way to licence their product, create a new product or buy back the licence.
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This grace period should be long enough that companies that have their licence revoked
are not immediately put out of business. It should be representative of how much time
the company had held the patent for. To keep the implementation simple the period of
validity after licence revocation is set to ¢, = %” where t, is the grace after revocation
and t, is how long the ex-licensee held the licence for. Alternative constructions for this

equation are also possible.

4.5.5 Tesla example with licence buyout

Say for example Tesla thinks that the battery idea from the University of Dalhousie is
worth $1 Billion. If they buy access to the licence from the proposed market there is an
operational risk to them of losing the licence equal to how much they think the licence
is worth. Say Tesla sets their valuation on the market to their private value and Toyota
successfully buys it out for $1.1 Billion, resulting in Tesla losing the licence. Tesla will in
fact generate more revenue from the buyout than the cost of losing the licence because
they were paid more than their private valuation of the licence. The buyout period comes
into play here in that Tesla can re-evaluate if they want to buy the licence back.

4.5.6 Harberger Tax on ideas and the commons

A key element of Harberger Tax is that it attempts to balance pure private ownership and
total commons ownership to increase the welfare of society at large (Fama, 1970). Patents
are seen as a temporary monopoly given to a company enabling them to recoup costs of
R&D, thus incentivising and protecting innovation. However, patents expire after 20 years
and then their ideas enter the public domain.! At this point the intellectual property can
be seen to be owned by the commons.

Harberger Tax therefore provides a taxation mechanism on this monopoly right until the
idea enters the commons. Additionally, because universities are seen as a common good,
sending tax to the institution that funded the idea directly benefits the commons until
the idea fully enters the public domain at patent expiration.

4.5.7 Disabled transferability

Items that have an applied Harberger Tax should not be able to be traded in secondary
markets. This is to ensure that all licences are traded through the Harberger buyout
process. Through the submission of buyout requests by bidders and potential subsequent
valuation raises by the current owner, the market for patent exchange is always maximally
efficient.

4.5.8 Unit licence exclusivity

Each licence can only be implemented by one company at a time (excluding during a
buyout). This is to prevent holding companies from sublicensing and charging fees. This
rent seeking behaviour would extract value from the marketplace and decrease the overall
welfare.

IThis is the case in South Africa (CIPC, 2019), US (Joe Runge, 2016) and worldwide (WIPO, 2019).
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4.5.9 Seller influence on market dynamics

The seller who publishes the idea can choose how many licences they want to issue into
the marketplace. This optionality coupled with the choice between an auction or fixed
rate sale and the ability to enable Harberger Tax provides the academic with an influence
over how the market will operate. As a result the seller can be strategic based on how
they perceive the market interest in their specific patent.

An example configuration is to set the max concurrent license to one and enable Harberger
Tax. This would create an artificial monopoly on the idea for whoever holds the licence. In
the case of the Tesla example this might be the situation that the University of Dalhousie
would want given their prior arrangement with Tesla. Alternatively, maximum concurrent
licences could be set to two and enable Harberger Tax to create a duopoly on the idea.

Multiple licences coupled with Harberger Tax results in all licence valuation tending to
the same average for that specific patent. This is a result of the lowest valued licence
always receiving the most bids. This will drive up this licence value as licence holders try
to prevent buyouts. At the same time the highest valued licence has an unnecessarily high
valuation as it won’t get attempted buyouts as these are all taken by the licence with a
lower valuation. This will drive down the price of the highest valuation.

4.5.10 Harberger Tax in the Tesla example

In the case of the Tesla example, at the conclusion of the auction Tesla would be issued a
licence which would have a Harberger Tax associated with it. This results in continuous
taxation of the licence which can be claimed by the University of Dalhousie. At any
point any other user can submit a buyout proposal. For this example say Toyota is the
competitor. After the buyout submission Tesla has two weeks to submit a counter offer
that exceeds Toyota’s buyout proposal.

Tesla will continue to increase their licence valuation until it exceeds their future private
valuation of the licence considering all costs and profits. If Toyota continue to bid past
Tesla’s private valuation then Tesla does not lose out from a monetary perspective as a
result of licence revocation because they make their future value at the conclusion of the
buyout.

One could argue that this mechanism enables Tesla to “lock in” the future valuation of the
licence while removing any uncertainty. If Tesla holds onto the licence there is a non-zero
chance that they can not ever achieve their self defined future valuation. However, if they
are bought out by Toyota they are guaranteed to receive that money in cash.

4.5.11 Implementing Harberger Tax with smart contracts

A complexity in dealing with Harberger Tax is enforcement as it considers both payments
for taxation and licence reallocation if the licence holder is insolvent. A centralized so-
lution results in high administrative overhead for paying taxes, and relocation after an
auction (Posner et al., 2019).

One solution to this is to automate the whole process using blockchain based smart

30



contracts. A smart contract system enables idea creators to claim outstanding tax at
any point in time without requiring any centralized administration. In the event that the
licence holder is not solvent, a smart contract system can automatically list the licence
for reauction. A smart contract system will also prevent any kind of manipulation of
the taxation system by the centralized provider. Lastly, smart contracts can be used
to prevent licence transfer thereby preventing secondary markets and enforcing that all
exchange occurs through the Harberger Tax mechanism. The full details for this design
and rational are discussed in Section 5.2.2 with implementation in Chapter 6.

4.6 Public record of patent licences

An additional component of the proposed design is a public record of all patent licences.
This is achieved using a blockchain as a publicly displayed history of all licences issued
from the market with full transparency and auditability on who owns them, how much
they paid for them and the ownership trail. Additionally all terms and conditions for
the licences are publicly shown. The full design and implementation details of this public
registry for licences issued from the market can be found in Section 5.2.3.

4.6.1 Increased market efficiency through market transparency

The primary reason for making the market as transparent as possible through publishing
patent ownership history is to decrease information asymmetries and enable relative pric-
ing. If this information is publicly accessible buyers will be more informed around the true
valuation of an idea. This transparency will aid in effective Harberger Tax price allocation
as licence owners will have additional information to inform their private valuations.

4.6.2 Licensee strategic implications from public information

One downside to publicising all licence holder information is the loss of strategic advantage
by licence holders. As soon as your competitors know about the licences you hold you
lose a strategic advantage. This can result in a reduction of the private valuation of
the licence. Additionally, this might make the proposed system a non-starter for some
industries. In others this marketplace transparency should not be a problem. Whether
or not this is an acceptable public display of information will depend on the industry and
business involved.

For one, the current quasi-public brokerage market is already mostly open and so there is
a large opportunity to disrupt this sector. Secondly, the advantages of reflective pricing,
market efficiency and liquidity brought about through public information outweigh the
disadvantages for loss of strategic advantage in most cases.

4.7 Automatic programmable payments

Payments in the proposed marketplace should automatically execute after auction con-
clusion and after Harberger Tax is claimed. Ideally this payment system should require
as little administration as possible while providing strong security guarantees to market
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participants. It should also be easy to transact in different currencies on the platform
enabling a wide range of market participants.

Blockchain enables low cost, trustless, cross border payments. Its applicability in the
context of payments is examined in section 5.2.4.

4.8 Platform fees and monetization

A core goal of the proposed marketplace is to provide value to the commons while an idea
is protected by a patent until the idea returns to the commons at expiry. The proposed
market aims to remove rent seeking behaviour from middlemen who provide limited value
to the inventor and other market participants. Rather, value generated from the market is
directed back to the creators thereby stimulating innovation and supporting the commons.
To this end, all transactions are free in the platform. This includes auction payment
settlement as well as Harberger Tax enforcement. This is vastly different to the majority
of existing brokerage services that offer a comparable scope of features who tend to charge
exorbitant feeds.

Platform monetization is not a direct consideration for the context of this thesis. Future
implementations of the marketplace could offer additional services on top of the provided
free exchange, such as professional due diligence and collation services which could be
charged for.

4.9 Attribution of social credit

Upon listing an academic work the author can choose to share a fraction of the proceeds
with their citation’s authors or co-authors. This enables value to be attributed to an
influential author or fellow contributors. This can be extended to sharing revenue with
the publisher’s institution.

As an extension, citation networks can be built by analyzing the papers referenced within
a publication and then a fraction of generated revenue can be shared with the most in-
fluential contributors. By identifying papers that have the highest number of references
as well as considering cross references, a papers “influence” score can define how much a
citation would get paid relative to other citations. This mechanism aims to indirectly sup-
port foundational science and research by giving back to the most influential contributors
to a specific idea. This thesis was born from an academic project called UniCoin which
implemented an initial version of the marketplace for ideas proposed. One of the original
goals of UniCoin was this notion of a citation network to distribute proportional revenue

among contributors. This concept of citation networks is being actively researched in
parallel with Meiklejohn (2020).

4.10 Licence for issued publications

The model presented grants patent rights through licences issued by the patent holder (the
university). After the sale, the university remains the patent holder which is congruent
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with the requirements of Bayh-Dole thereby making the marketplace legally permissible in
the US (COGR, 1999). The Bayh-Dole act defines the process that US universities must
follow if a federally funded publication is patented. This is relevant as the US has the
highest number of litigation cases out of any major patent issuing country and therefore
it is important that the market can operate in the US. This design decision also makes
the licencing process compliant with South African Copyright Guidelines and rules for
works published from universities (Wits, 2019).

Licences issued need to fit within the regulatory framework within which the patent was
filed. These non-exclusive licence agreements are bespoke documents signed between the
university and the licensee. WIPO (2019) has an example non-exclusive licence agreement
template generated from Harvard. The translation from this legally binding agreement
to a blockchain token is not unique to this thesis and is an area of active research for a
number of blockchain companies. Further discussion on the complexities of this process
are delegated to Section 7.1.3.

As has been mentioned, all papers within the market remain open and free for anyone to
download and read. Other researchers can read them and build further research around
them, assuming they do not commercialize the ideas presented within. This aims to break
down the current exploitative monetization framework that surrounds a lot of cutting edge
research, such as Elsevier’s paywall (Else, 2019). In the proposed model value flows from
the licence holder to the original researcher. this supports the institution and ultimately
supports open science.

4.11 Chapter conclusion

This chapter introduced the conceptual elements of the proposed marketplace for ideas.
This includes the use of a sealed bid auction for the initial allocation of licences to compa-
nies that value them the most. This is appropriate as a real world sale of ideas will most
likely have a number of competing companies who all have their own private valuation
of the idea which will inform their bidding price. An auction therefore ensures that the
maximum revenue can be generated for the idea seller. An auction decreases the match-
ing costs between a seller and buyer. This is important in the university context as the
process of selling an idea needs to be as simple and approachable as possible for an aca-
demic. However, auctions are susceptible to a corrupt auctioneer who can extract value
from a sale. As a result, this inefficiency was considered to find the impact of auctioneer
manipulation on auction efficiency. A Harberger Tax mechanism is also presented which
requires licence holders to define their own valuation of the licences they hold. This pro-
vides representative pricing and creates market liquidity for licences. Considerations and
examples associated with the Harberger Tax are also discussed, including the strategic
implications of buyouts. How payments are processed, the creation of a public licence
registry and platform minimization are also discussed.

The implementation details of each component at a theoretical and technical level are
explored in the next two chapters. This starts with a case for blockchain within the context
of the marketplace for ideas and is followed by a technical implementation discussion.
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Chapter 5

A case for blockchain

This chapter takes the conceptual elements presented in the previous chapter and discusses
how these can be built using a blockchain system. Importantly the rational into why
blockchain is an appropriate solution for the proposed market is identified.

5.1 Blockchain technology contextualization

A brief contextual understanding of blockchain is required to understand how it can be
used to create the proposed marketplace. This begins with an introduction into blockchain
and is followed by an overview of Ethereum and smart contracts.

5.1.1 Blockchain

A blockchain is a peer-to-peer, digital ledger, used to record transactions chronologically.
It represents an immutable, persistent record that can never be altered or changed by
anyone due to the distributed nature of the consensus algorithm. Miners, all around the
world, offer computational power to verify transactions (in blocks) to secure the network
in exchange for rewards. This is known as proof-of-work consensus. The distribution
of this consensus algorithm results in the inherent security of the network: if one wants
to alter the ledger, one would require more than half of the total computational power,
commonly known as a 51% attack. Note that there are other consensus algorithms, such
as proof-of-stake which are far more energy efficient, but the underlying immutability
concepts remain the same.

Blockchain was first proposed in 2008 by Satoshi Nakamoto. In his seminal white paper
he introduced a blockchain version of a “Peer-to-Peer Electronic Cash System” known
as Bitcoin (Nakamoto, 2008). Its invention was “hailed as a radical development in
money and currency, being the first example of a digital asset which simultaneously has
no backing or intrinsic value and no centralized issuer or controller” (Vitalik Buterin,
2018). Digital cash is, however, only one of hundreds of potential use cases of blockchain
technology.

Other uses of this technology include bespoke application specific blockchains to represent
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digital assets to create currencies!, proof of ownership?, and tokenization of non-fungible

assets like domain names 2.

5.1.2 Smart contracts

Other blockchain platforms use smart contracts which execute code in a Turing-complete
virtual environment*. Smart contract platforms act as a generic execution substrate,
enabling the implementation of arbitrary logic. Smart contracts can be used to create all
the above example implementations in a few lines of code. Smart contracts can make many
other complex systems like fungible® and non-fungible tokens® (including stablecoins’),
complex financial products (DeFi)®, governance mechanisms (DAOs)? and self sovereign
identity systems'?.

The immutable nature of the blockchain ensures that the logic defined within the smart
contracts is executed correctly while preventing all third parties from manipulating it. In
order to change the execution logic or outcome one would need to attack the Ethereum
blockchain itself which is prohibitively expensive as this would involve require buying and
maintaining 51% of the network hash rate to modify the execution or state of a smart
contract.

5.1.3 Ethereum

For this thesis, the Ethereum blockchain is used. For a full rational see appendix B.

Ethereum aims to create the ultimate protocol for building decentralised applications.
Ethereum implements a Turing-complete virtual machine called the Ethereum Virtual
Machine (EVM) which is built into its blockchain. This enables anyone to create and
deploy smart contracts to the public network (Vitalik Buterin, 2018). Ethereum can be
thought of as a “world computer” that enables arbitrary code and logic to be executed in

! Bitcoin is only one of many cryptocurrencies who aim to act as a ”digital cash”. Others include Zcash
for private transactions, Dash for scalable commercial payments.

2Proof of ownership, such as ”smart property” where ownership of an asset is defined by a blockchain
contract. Examples include wiki (2012) where a house is owned by Bitcoin script.

3Namecoin (2010) for example creates a blockchain representation of the ownership of a domain name.

4Turing-completeness defines the ability for a computational system to execute any arbitrary logic.

5A fungible token can be used to represent anything that is divisible.

6A non-fungible token(NFT) is used to represent something cryptographically unique and is non-
divisible. They introduce digital scarcity into applications. For example Cryptokitties lets you trade
digital cats. They reached impressive size and volume during their peak trading periods with 3.2 million
transactions and the most valuable cat being traded for 110 000 USD.

“Stablecoins have a fixed value against a reference currency. For example Dai is pegged 1 to 1 to the
USD. This is discussed in detail in section 5.2.4.1.

8DeFi is decentralized finance. DeFi implements complex financial products like bonds, swaps and
futures built on the blockchain without an intermediary. This decreases trust requirements and costs
while increasing market access to a world wide audience. For example UMA who are building a generic
substrate for running financial contracts on the blockchain.

9DAO is a Decentralized Autonomous Organization which represents an organization who’s deci-
sions are made through votes of its members. This system has hard coded rules programmed into the
blockchain. Example: Aragon who build a generic frameworks for deploying Daos in real world settings.

10Gelf Sovereign Identity describes systems wherein individuals are given ownership and control over
their digital identities without intervening administrative authorities. For example Uport who have
created a platform for issuing blockchain based identities and certificates which are owned by individuals.
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a trustless, immutable way. The network is public, enabling anyone to contribute to the
consensus, transact or interact with smart contracts.

5.1.4 Solidity

Smart contracts for Ethereum can be written in a multitude of languages that are all
compiled down to Ethereum bytecode, the stack-based language, executed by the EVM
(Solidity, 2018). The most popular language for writing smart contracts is Solidity,
a “high-level imperative statically typed language compiled to EVM” (Vitalik Buterin,
2018). Solidity is considered “contract-oriented” with semantics similar to C++ and
Javascript (Solidity, 2018).

For the purposes of this thesis, in an attempt to keep the conceptual elements of blockchain
simple, smart contracts can be thought of as automatically executing software that run
when specific predefined conditions are met (Vitalik Buterin, 2018).

5.2 Use of blockchain in the marketplace for ideas

Ethereum smart contracts enable the creation of tamper-proof, corruption free and veri-
fiable mechanisms. Smart contracts are censorship resistant in that no centralized entity
can control or modify their execution. Smart contracts are used to remove any trust
assumptions that would usually need to be placed into third party custodial services.

The four main components of the marketplace for ideas where blockchain is used are:
1. Running trustless, corruption proof sealed bid auctions,
2. Automatic and trustless enforcement of Harberger Tax,
3. Store of public record of tokenized patent licences and
4. Instantaneous, cheap and non-custodial payments.

The rest of this chapter discusses how blockchain is used to achieve these four components.

5.2.1 Building trustless auctions using smart contracts

There are a number of constructions available to create trustless sealed bid auctions using
smart contracts (Galal and Youssef, 2019). The simplest is a commit reveal scheme
wherein bidders submit a cryptographic hash of their bid to a smart contract during a
commit phase and then reveal them during the reveal phase.!! At the end the bidder
with the highest submitted value wins the auction. This mechanism guarantees that no
private information is leaked during the bidding phase, thereby preventing collusion. This
mechanism also enables any other bidder to validate the correctness of auction execution
by just observing the public blockchain.

A cryptographic hash is a one way deterministic function which maps an arbitrary length input to a
fixed length output. It effectively generates a unique digital fingerprint for the input. Because it is one
way, there is no way to infer the input data string (in this case the bid) from the hash.
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In relation to Section 4.3.2 which discussed the impact of a corrupt auctioneer on auction
efficiency, this commit reveal mechanism prevents any possibility of auctioneer manip-
ulation by building the auction protocol on trusted primitives (i.e. proven secure one
way hash functions and the blockchain itself). As a result, there is no need to place any
form of trust within the auctioneer or third party to run the auction. This means that
the probability p that the auctioneer is corrupt is set to zero which results removing all
inefficiency from corruption as ¢ = 0.

5.2.1.1 Trustless sealed bid auction mechanism

The process of running a trustless auction using smart contracts is now explored. Say a
single item is being sold at auction, with a reserve price R. In this auction there are N
bidders whose bids are b;(i = 1,... N) in the interval [b, b]. The auction is split into four
phases: pending, commit, reveal and finalized.

1. Pending phase: before the auction starts, potential bidders will conduct due dili-
gence and the seller can advertise the auction. This has a recommended duration of
upwards of 6 months but can be changed by the seller depending on their preference.

2. Commit phase: bidders submit sealed bids to the blockchain. No one can see the
valuations of other bidders at any point. This has a recommended duration of 2
weeks but can be changed by the seller depending on their preference.

This phase involves the bidder generating a random number, called a salt. This is
used to add entropy to their bidHash commitment. When generating the bidHash
commitment, the salt is concatenated with the bidder’s bidAmount before applying
the hash function. The bidder keeps their bidAmount and salt private until the
reveal phase.

The salt is used to prevent an adversary from guessing the bidAmount using the
bidHash through an iterative brute force attack. Without the added entropy an
attacker could generate thousands of hashes until they find the bidder bidAmount.
If the salt has sufficient entropy, say 256 bits, then this attack becomes infeasible.

Let bidder 2’s random salt be s; which is generated using a random number generator
with a large range running within the bidders browser.!'? The SHA3 hash function
is used to generate the bid hash, defined by H(x).!® The bid hash commitment h;
is therefore defined by Equation 5.1.

hi = H(b; —~ s;) (5.1)

b; —~ s; represents the concatenation of the values b; and s;. For example if the bid
was b; = 1234 and the salt was s; = 5678 then b; —~ s; = 12345678.

3. Reveal phase: after the auction has finished, bidders return to the platform to
reveal their bidAmount and salt to the blockchain smart contract for verification. If

12This random number generation process must occur in the bidders web browser such that it is shielded
from the outside world. If someone knows this salt they can brute force to find the bidder’s bid amount.
13SHA3 is implemented in the bidders browser using Javascript.
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a bidder does not reveal their bid it is forfeited. This has a one week recommended
duration.

This phase involves submitting the bidAmount and salt in a transaction to the
smart contract. The smart contract then checks if these match the bidHash h;
commitment from the commit phase. If they match, the bid is marked as valid and
is eligible to win the auction. If they don’t match, the bid is marked as invalid and
is removed from the auction.

Verification occurs within the smart contract through the implementation of the
predicate Function 5.2. Let the submitted bidAmount and salt presented to the
smart contract by the bidder be b; and ;. These are the values the bidder is claiming
to be the values they committed to during the commit phase. The predicate function
is defined as follows for bidder b;’s sealed bid and known captured bidHash h;.

"= {0 if H(bi~35)#h 52)

If the hash of the claimed bidAmount and salt b; and §; generate the hash originally
submitted by the bidder h; then the bid is valid. Otherwise it is not valid and is
rejected. After a bid is deemed valid the verified bidAmount and salt are stored
within the smart contract. This enables on-chain selection of the highest bid and
external validation of the correctness of the bidding process by any third party.!4

. Finalize phase: the auction is finalized by finding the winning bid and performing
payment from the winner to the seller. The auction remains in this phase henceforth
(it is forever finalized, assuming there is a winner).

The smart contract implementation of this function involves looping through all the
bids submitted to identify the highest bidAmount. The highest bid b, is defined by
Equation 5.3.

b, =max{b;:i=1...N} (5.3)

After identification of the highest bidder, this is checked against the reserve R. If
b, >= R then payment is made from the winner to seller.

This mechanism is used when initially auctioning off a licence on the platform as well as

for the resale of licences after the licence holder fails to pay their Harberger Taxes.

5.2.1.2 Commit reveal sealed bid auction liveness considerations

The mechanism presented guarantees that no private information is leaked from bidders

by the auctioneer and that no bids can be modified after they are committed. This in

turn, eliminates any opportunity for corruption making the auction maximally efficient.

This mechanism however introduces a liveness trade off due to the asynchronous nature

14An observer can check that the submitted bid matches that of the committed bid. As a result
the bidder and seller know that the auctioneer could not cheat because they trust and can observe the
mechanism. This enables them to verify the legitimacy of the auction without needing to trust anyone.
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of the commit reveal process. Specifically, a bidder can commit a bid and then not return
online during the reveal phase to reveal their bid. In this case the bid is lost, even if they
would have won the auction. This also gives the bidder the option to withhold revealing
their bid if they can see that other revealed bids would result in them losing the bid,
thereby enabling them to preserve their private valuation.

To deal with this liveness consideration, the auction phases are set to run over a long
period of time. The reveal phase, for example, is a full week. This gives the bidder ample
opportunity to come back to the platform during the reveal phase.

Additionally, an email service can be set up to direct the bidder back to the platform so
they can reveal their bid. This system would email the bidder periodically with a direct
link to reveal their bid. If the bidder does not reveal their bid promptly additional emails
can be sent until such time that the bidder reveals or the auction is over.

It is important to note that a centralized solution to the liveness problem is to get a
third party to store the bidAmount and salt for the bidder. This third party can then
perform the reveal on the bidders behalf and as such the bidder does not have to return
online. While this solution does solve the liveness consideration, it opens up the auction
to corruption wherein this third party leaks information to other bidders about the bids
they are responsible for revealing.

5.2.1.3 Alternative sealed bid auction mechanisms

There are a number of other mechanisms that have been presented in the literature to
run sealed bid auctions. Some of these use zero knowledge proofs or other complex cryp-
tography like time-locked encryption schemes (Galal and Youssef, 2019; Xiong and Wang,
2019; Sonnino et al., 2019). These methods are, however, far more complex and require
much more sophisticated trusted step ups, execution and implementation. Additionally,
some of these methods introduce other trust assumptions that degrade the overall system
security. For example many of the zero knowledge implementations require a trusted set
up and time-locked encryption requires a trusted time server.

A commit reveal mechanism, while having a liveness consideration, provides strong guar-
antees for correctness and security. With that said, the mechanism used in this thesis is
modular and therefore could be swapped out to a more sophisticated mechanism in the
future if wanted. For further details into alternative implementations see Appendix C.

5.2.2 Automatic and trustless enforcement of Harberger Tax

Harberger Tax collection can be built using smart contracts thereby enabling the licence
issuer to claim outstanding payments at any time. If a licence holder is insolvent, the smart
contracts automatically place the licence up for auction. This whole process can operate
without any administrative oversight in a completely decentralized and autonomous way.
This decreases cost and chance for human error. Any opportunity for a corrupt enforcer
is also removed.
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5.2.2.1 Outstanding tax calculation

The amount of tax owed is a function of the self assets price p, the tax rate r and the
duration from when the last payment was made. This duration is represented using unix
timestamps and is expressed as running from ¢; to to where ¢ is the last payment date
and ty is current time. The duration, as a fraction of a year, is therefore expressed as
60*5&%. The Function 5.4 below shows outstanding tax O to be paid from the
last payment until the current timestamp.

T =

O=p™-1) (5.4)

This expression enables the current outstanding tax to be calculated at any point in time.
This means the licence owner can claim their tax when they want as it does not have to
be restricted by a tax payment schedule.

5.2.2.2 Licence holder solvency

When the licence issuer calls to claim tax on an outstanding licence, the licence holder
must be solvent in order to make the payment. If they are not solvent then the licence
is revoked and placed for auction. Licence holder solvency is found by evaluating the
inequality shown in the predicate Function 5.5 where s; is either zero or one depending
on if bidder i’s balance b; is more than their outstanding debt O;.
5 = {1 i bi>0i (5.5)

0 if b<O;

At any point in time the licence holder can claim this tax and if Function 5.5 evaluates
to 0 then the licence is revoked and placed on auction. The auction process follows that
of initial licence allocation outlined in section 5.2.1.

5.2.3 Non-fungible tokenized patent licences

The blockchain acts as an excellent mechanism to store a public record of who owns what.
Ultimately this is the point of a ledger: a chronological list of asset ownership. In the
context of the marketplace for ideas, a non-fungible token(NFT) is created to represent
the ownership of a licence. A NFT is a special kind of token used to represent something
digitally scarce and unique. The prototypical example of NFTs is Cryptolitties. This
is an Ethereum application wherein NFTs are used to represent in-game digital cats. As
of late 2019 over 1 million Kitties were created and traded with totalling $80 million
in trades (Cryptostats, 2019)."> NFTs are implemented in Ethereum using the ERC721
token standard. This standard defines a number of common interfaces and type definitions
to create a compliant token.

NFTs are, by definition, not interchangeable. This is quite different from a traditional
cryptocurrency token such as Bitcoin or Ether which are fungible and therefore inter-
changeable: one Bitcoin is always equal to another Bitcoin. However, patent licences for

5The total traded volume was 57,668 Ether, with an all time high value of $1,400 per Ether equates
to $80 million in total volume traded for crypto kitties.
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one company are not interchangeable for another as they have different terms, conditions
and owners. These terms, details of trade and other information are embedded into the
NFT to give a unique, tokenized version of a licence.

5.2.3.1 Storing licence information within an NFT

A key part of an NFT is attaching metadata to a token. Each licence created from the
marketplace stores the purchase price, the licence owner, the unique licence number and
the licence status within the token. The status indicates if it is currently active or if it
has been revoked. The structure can be dynamic to enable future fields to be added.

5.2.4 Programmable payments using smart contracts

Smart contracts enable programmable money. This is powerful when complex payments
need to be performed between a number of recipients. In the marketplace for ideas, there
are two main situations in which payments are made:

1. At auction finalization, the winning bidder pays the issuer and all contributors.
2. When claiming Harberger Tax, the licencee pays the issuer and all contributors.

Both situations involve receiving one payment from the payer and splitting this into
multiple components for the respective recipients. This can involve quite a number of
payments in the case where a patent has many contributors to be paid. A traditional
centralized way to implement this would be to bundle payments for contributors over a
period of time and then perform one bulk payment for each contributor. For example,
payments could be processed once a month to all contributors. Using smart contracts
these payments can be processed automatically immediately following an auction.

5.2.4.1 Stablecoin payments

Ethereum has a number of stablecoins that are actively traded. A stablecoin is a blockchain
token that is pegged 1:1 with a fiat currency, such as the Dollar. They therefore have all
the benefits of a cryptocurrency (programmable, cheap & fast transactions, trustless own-
ership etc.) while not suffering from the volatility of the rest of the crypto market.!%17 In
this way a stablecoin brings reliability to crypto which makes them far more appropriate
for real world applications.

There are a number of stablecoin constructions on Ethereum. They differ primarily in
how token collateralization works. This thesis utilizes the Dai stablecoin to handle all
payments on the platform. For a full rational into this decision as well as a comparison
to other stablecoins available see appendix D.

Dai is an ERC20 token with all standard token functionality enabled.'® Dai is one of the
few truly decentralized and trustless stablecoins that is not controlled by any centralized

16 A fiat currency is any currency that is backed by a sovereign government (Rands, Dollars ect.)

1"Live Coin Watch (2019) shows that between 2016 and 2019 the price of Ether went from a low of $1
to over $1400 back down to less than $100.

BERC is the Ethereum Request for Comment which enables community members to propose standard
interfaces for common implementations within the Ethereum ecosystem. The ERC20 is the standard
interface for making fungible tokens on Ethereum. All major tokens issued today conform to this standard.
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issuer. It uses overcollateralized Ether deposits and incentive alignment to help bring
stability while maintaining decentralization (MakerDao, 2017). Importantly however, the
design of the system is not locked into exclusively using Dai and future iterations could
easily use another payment token if desired.

Running payments on the platform with Dai enables very low cost transactions. In late
2019 the cost of performing a Dai transaction was of the order of a fraction of a US cent

per transaction.'?

5.2.4.2 Payment splitting

Splitting the payment is done by multiplying a fraction to be paid to each contributor by
the total payment amount. Say a publication has N contributors. Let the total amount to
be paid for the interaction be T". Interactions are the sale of a licence or claiming Harberber
Tax. Let the fraction that each contributor receives be defined by «;(i = 1,...N) where
Zﬁil a; = 1 such that the total amount being paid is divided amongst the contributors.
Each contributor payment p; is therefore defined by Function 5.6 below. Each contributor
is transferred this amount of tokens p; at the conclusion of the payment splitting.

pi = o1 (5.6)

5.2.4.3 Permissioned payments

The ERC20 token standard enables a user to grant permission to another wallet to move
tokens on their behalf. This is useful as it enables the smart contract system to fulfil token
payments on the users behalf. For example when creating a bid the bidder will grant the
smart contract system permission to move tokens out of her wallet. At the conclusion of
the auction the smart contract can then automatically extract the required payment and
send it to the recipients without requiring any additional input from the bidder.

5.3 Chapter conclusion

This chapter contained a high level overview of what blockchain is, how it works and why
it is useful in building a marketplace for ideas. The four key mechanisms used (sealed
bid auctions, automatic Harberger Tax, non-fungible token licences and programmable
payments) were outlined from a theoretical perspective. This included a generic functional
definition of how to build these mechanisms.

One key takeaway is that blockchain enables the implementation of immutable, highly
tamper resistant mechanisms that can be used to construct marketplaces. Smart contracts
remove middleman from the construction and operation which reduces costs of operation.
This decreases the cost to the end user. Blockchains deterministic nature coupled with an
immutable history result in strong security guarantees to the robustness of mechanisms
deployed on them.

The next chapter examines the implementation details of the marketplace from a technical
and implementation perspective. This implements the ideas presented in this chapter.

O TransactionCost = gasU sed * gasPrice. For a standard ERC20 token transfer is = 0.001USD.
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Chapter 6

Marketplace implementation details

The implementation of the marketplace proposed in the previous chapters is now pre-
sented. This discussion starts with a high level overview of the different system compo-
nents and then each component is discussed in detail. Additionally, a number of design
considerations, risks and challenges and what was done to overcome them is discussed.

All code for this thesis’ implementation is open source, and is published on Github here.
This repo contains all code for all components discussed in this chapter. This Github
repository is a fork of the original Unicoin project, which can be found on Github here.
The final web dapp (decentralized app) can be found online at unicoin.win. Alternatively,
there are screenshots of key components presented later in this chapter.

The code contribution of this thesis is a full redesign of the smart contracts from the
original project wherein all implementation logic was rebuilt from the ground up to ac-
commodate the sealed bid auctions, Harberger Tax and a number of further improvements
are discussed later in this chapter. Additionally, the front end implementation was radi-
cally overhauled for the thesis implementation. All smart contracts have been deployed on
the Ethereum Kovan testnet. Deployment details can be found on Github here. Details on
how to run the code presented in this chapter can be found within the Github repository
here. Application screenshots for the implementation can be found in Appendix I.

6.1 High level system overview

There are three main layers to the technology stack:

1. Web3 layer consisting of a series of Solidity smart contracts which handle all core
platform functionality including registration of publications, operation of auctions,
settlement of payments, Harberger Tax enforcement and allocation of NFT licences.

2. Web2 layer front end application which runs in the users browser and acts as the
primary interface for all user interactions with web3. This includes connections
to academic profile validation services like ORCID, submitting transactions and
browsing ideas for sale.

3. Decentralized file hosting layer for publication and profile information stored on the
InterPlanetary File Storage (IPFS) network. This includes storage of PDF files for
publications.
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Each of these layers is examined in the sections that follow, along with how they inter-
connect. Supplementary system components, like user private key management are also
discussed when appropriate. Figure 6.1 shows a high level interconnection of these three
layers as well as all key technology components.

: Decentralized
ifile hosting
1layer

INFURA

Ethereum smart contracts for auctions, licencing, payments and Harberger Tax
Contracts are written in Solidity. Truffle is used as a testing and deployment
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Figure 6.1: Technology stack overview showing all the interconnected components used
to create the marketplace. Each dashed rectangle represents a component within the
application.

This Figure contains two other blocks which are not “layers” of the application: the client

and the content delivery network (CDN). The client is the users browser on either a
computer or mobile device and the CDN is a networking stack to provide access to the
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application over the internet. Both are discussed in the sections that follow.

6.2 Smart contracts

The smart contracts were designed to be simple, extensible and modular. To achieve these
properties a contract oriented design approach was followed which considers a strong focus
on separation of concerns. This is similar in principle to object oriented programming from
other domains. In this paradigm a large complex problem is broken down into multiple
smaller objects (or smart contracts) which have scoped domains of responsibility. These
contracts are interconnected to create a larger, more complex system.

A hub and spoke pattern was used to define the interconnection of contracts wherein a
central controller (hub) connects to external logic and data units (spokes). This pattern
enables all external connections to be directed to one central hub which then delegates
execution flow to a specific spoke based on the context. This makes the overall system
easier to understand as one can break the conceptual functions of the system into smaller,
isolated chunks. Integration from external systems also becomes easier as there is only
one integration point: the hub. This pattern enables extensibility as new functionality
can be added by adding new spokes.

The implementation consists of seven separate smart contracts. The hub and spoke design
along with all contract names and core functionality can be seen in Figure 6.2 below. The
relationship between the spokes and the base hub is a 1..1 relationship on both sides
because there is only ever one spoke of each kind for a hub.

This Figure uses the class Figure syntax. A filled diamond indicates composition (“has
a” relationship). Eg the UnicoinRegistry has a Vault. The 1..1 syntax indicates
the composition relationship between two contracts. For example the 1..1 between
the UnicoinRegistry and the Vault means that the UnicoinRegistry has exactly one
Vault. An open arrowhead with a solid line indicates inheritance (an “is a” relationship).
For example the LicenceManger is a ERC721. External libraries and their connections are
also shown, such as the connection to the ERC20 Dai stablecoin from the vault. This is
a <<use>> relationship, indicating that the vault uses the ERC20 token.

The caller of the UnicoinRegistry can be any externally owned account such as a user,
trader or publisher.! It can also be a smart contract if someone has created an integration
into the marketplace for ideas. Each contract is now briefly discussed:

1. UnicoinRegistry is the central hub of the hub and spoke. All contract calls that
happen to the marketplace for ideas are sent to this contract and then forwarded to
the spokes.

2. UserManager controls all user account related information and logic. This spoke stores
account details and authenticates user calls to check if a user is registered and the
account type of callers.

3. Vault is responsible for all token payments in the system. It is the only interface that

Externally owned account (EOA) is an Ethereum account that has a private key managed by a user.
This includes all accounts that are not smart contracts. For example Metamask is an EOA.
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Figure 6.2: Hub and spoke design pattern. All user calls are made to the UnicoinReg-
istry(hub) which then delegates to different domains of responsibility. When multiple
domains are required in a function call the registry takes care of cross-spoke communica-
tion. External libraries are indicated as well as external contracts such as the ERC721
and ERC20 contracts.

communicates with the Dai ERC20 token. It handles payments to an individual or
bulk payments to a collection of users. In order for the vault to transfer tokens on the
users behalf the user must first approve the vault. This is in accordance with section
5.2.4. This is done by the user calling the approve function on the Dai ERC20 contract
and specifies the vault contract address. Once this is done the vault can send user
tokens with the transferFrom function and automatically perform payments.

4. PublicationManager stores all information about publications, including pricing con-
figurations and contributors.

5. LicenceManager inherits from ERC721 and provides all logic and storage to facilitate
the creation of new licences. This inheritance means that the licence manager gains
the interfaces of a ERC721 token. To implement this the Openzeppelin Solidity library
was used. This provides a collection of audited contract definitions making building on
top of current standards more streamlined and minimizes risk. The standard ERC721
interface enables the transfer of tokens. This has been disabled in this implementation

by overriding the transfer and transferFrom functions in accordance with section
5.2.3.

6. AuctionManager operates the sealed bid auction system. This involves enabling users
to 1) submit hashed bid commitments 2) reveal and validate bids 3) finalize auctions.
As discussed in 5.2.1, revealing bids involves hashing the provided bidAmount with a
salt. This is done using the keccak256 function which is Solidity’s implementation
of SHA-3.
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7. Harberger TaxManager implements and enforces Harberger Tax on licences, if the
publisher chose to enable this for their listing. This includes the logic for calculating
outstanding tax on an issued licence. This is calculated as discussed in section 5.2.2.
Solidity is quite restricted in the numerical operations that can be performed. To
calculate the outstanding tax an exponent is taken as O = p(e"™ — 1). However solidity
does not have any notion of the natural number e and can’t take exponents with
fractions. To overcome this fundamental limitation in Solidity the optimalExp function
was taken from the Bancor bonding curve implementation.? This function enables
arbitrary natural exponentiation in Solidity using a set of precomputed constants.

6.2.1 Smart contract data structure

Each spoke contract stores data about its respective domain of responsibility. For example
the UserManager stores information about all users within the system. All spoke data
follows the same pattern: an array of struct where the struct stores structured data for
the spoke. An example of this structure can be seen in Figure 6.3. The internals of
the struct are defined to encompass all information needed for that specific entity. For
example Figure 6.3 shows the data required to create a user. Similar structs are defined
for other entities.

struct User {
address owned_address;
string profile_uri;

}

User[] public users;

Figure 6.3: Data structure used to store a user. Fach data structure is an array of structs
which impose strict structure on the data stored. Array index represents each entity’s ID.

Each instance of the struct within the array has a unique array index. This index acts as
an entity identifier (ID) and can be thought of as a unique "database” identifer for that
specific entity. In Figure 6.3 for example the array of users defines each User a unique
ID as the index of the User within the array users. This use of an index ID as an entity
ID enables interconnected data structures to be formed between different spoke contract
data structures. For example an issued licence could have an entity ID of 4. A publication
can “hold” this licence by storing this entity ID within an array.

Figure 6.4 shows all data objects and structures within the smart contracts. Each object
represents an array of struct of that specific type. The relationships between different
entities are also shown. Here an open diamond indicates an optional association. For
example a User can have a Publication. A closed diamond shows a required relation-
ship. For example a Bid must have an Auction. This Figure also shows the numerical
relationships between different entities. For example an Auction has 0. .* Bids, meaning

2Bancor implemented bonding curves in Solidity. This requires integral calculus to be defined within
a smart contract. Solidity does not contain enough mathematical operations to perform this on chain so
Bancor implemented a number of useful functions to overcome this which they published online.
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that an auction can have at least zero bids and at most an undefined upper bound of bids.
However, a Bid has 1..1 Auctions meaning that for every Bid there must be exactly one
Auction; a bid can’t exist without an auction and can’t be part of multiple auctions.

Bid TaxObject BuyOutOffer
t I
bytes32 commitBid; uint256 licenceld; 1int256 taxObject_Id;
uint256 revealedBid; uint256 ratePerBlock; 1..1 0..x% uint256 buyoutOwner_Id;
uint256 revealedSalt; uint256 lastPayment; 1int256 buyoutAmount;
BidStatus status; uint256 number0fOutBids; 1int256 buyOutExpiration;
uint256 publication_Id; uint256 currentAssignedValue; BuyoutStatus status;
uint256 auction_Id; uint256[] buyout_Ids; i
uint256 bidder_Id;
+ 0..1
0..%
1..1
1..1 ¢ Publication
Auction
{
{ PricingStrategy pricingStrategy;
uint256 publication_Id; string publication_uri;
uint256 auctionFloor; uint256 author_id;
uint256 starting_time; "*1"é uint256 sell_price;
uint256 duration; uint256 maxNumber(OfLicences;
uint256[] auction_bid_ids; uint256 licencesIssued;
uint256 winning_bid_Id; uint256 TaxObject_Id;
AuctionStatus status; uint256[] auction_ids;
i uint256[] contributors;
O"z uint256[] contributors_weightings;
uint256[] donations;
+
1..1
1..1 0..*
User Licences
I {
uint256 owned_address; -ITTI-_-_-___Bffg u%nt256 buyeF_Id§
1int256 profile_uri; uint256 publication_Id;
T A uint256 publicationLicenceNo;

Figure 6.4: Contract data structure. Data is stored in arrays of each type. This is linked
between different objects via IDs. For example, there is an array of Bid called bids which
assigns an array 1D to each bid. These IDs are stored within an array for each auction.

6.2.2 Smart contract functionality

As has been discussed, all function calls originate at the hub of the system, the UnicoinRegistry.
From here functions within the spokes are called. The hub has no state or logic other

than storing the addresses of the spokes and logic on how to connect the spokes together.

As a result all implementation state and logic is defined within the spokes.

The core functionality of the marketplace can be broken down into nine main functions.
Each of these functions are briefly discussed below. Each function has a full sequence
Figure as well as additional discussion in Appendix F for brevity.

1. registerUser creates a new user account. The _profile_uri is specified which is
a unique fingerprint created for each user when they register. Registration involves
storing profile information on IPFS. Upon adding the profile to IPFS a URI is auto-
matically created. See section 6.4 for IFPS details. Appendix Figure F.1.
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2. createPublication creates a new publication object in the marketplace. All key
information about the publication is specified such as the pricing strategy chosen by
the seller (auction or fixed rate), auction details like duration and start time and
publication contributor’s divisions. Appendix Figure F.2.

3. commitSealedBid adds a bidHash commitment to a specific publication for a specific
auction. This is the hashed concatenation of the bidAmount and the salt. The bidder
will store their bid and hash until the reveal phase. This bidHash is generated by
the user in their web browser before calling this function within the smart contract.
Appendix Figure F.3.

4. revealSealedBid is used by a bidder to reveal their bidAmount and salt. The values
specified are checked against the bidHash that was committed in (3). If the bid is valid
it is marked as such and is thus eligible to win the auction. The bid validation process
is in accordance with section 5.2.1. Appendix Figure F.4.

5. finalizeAuction loops through all valid bids and identifies the winner of the auction.
At the end, bulk payment is settled between the winner of the auction and all con-
tributors. This involves the transfer of Dai to a number of wallets, in accordance with
section 5.2.4. Appendix Figure F.5.

6. claimHarberger Tax enables the licence issuer to claim outstanding tax on a specific
publication. All tax from the previous payment accrued to the time of the call is paid
out, in accordance with section 5.2.2. Appendix Figure F.7.

7. updateLicenceHarbergerValuation enables the current owner to update their valu-
ation of the licence. The value that they define here will be the amount that they are
taxed. One would update their value if they believe the value has dropped and thus
they want to pay less tax or if someone has created a buyout request and they want
to raise their valuation above the buyout request. Appendix Figure F.6.

8. createHarbergerBuyOut creates a bid to buyout a licence based on the current Har-
berger Tax allocated price. The buyout offer must exceed the current valuation by at
least 5% or is rejected, as outlined in section 5.2.2. Appendix Figure F.8.

9. finalizeBuyOutOffer closes out a buyout request. This either results in the licence
being revoked from the previous owner and transferred to the user that created the
buyout or is rejected if the offer is below the threshold. Appendix Figure F.9.

6.2.3 Smart contract life cycle

Now that the core functions of the smart contract system have been introduced, a number
of usage life cycles can be discussed. This showcases the main functionality of the different
user groups interacting with the smart contract system. These figures show execution
steps which effectively models the contracts of the system as a state machine. The key
for the Figures are self explanatory and a detailed version can be found in appendix E.
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6.2.3.1 Publication listing and auction life cycle

Figure 6.5 shows the execution flow for creating a publication and subsequent bidding.
This life cycle flow mimics the principle Tesla and Dalhaousie example introduced earlier.
Here a competitor Toyota is also bidding in the auction for a licence. Tesla wins the
auction, pays the licence fee in Dai which is distributed amongst the contributors, and
the non-fungible licence is created.
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. . Reveal sealed bid. Specify the . uint266 _bid, //Id of bid being revealed
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Figure 6.5: Publication and bidding life cycle which involves four main steps: 1) An
academic lists a publication, 2) two companies bid in the auction, 3) the companies reveal
their bids, 4) auction finalization, licence allocation and the associated token transfers.

This Figure introduces a new user that has not been discussed up until now: a keeper. This
user is calling the finalizeAuction function in step 4. This function loops over all valid
bids and identifies the winner. This functionality does not require any special permissions;
in fact it can be called by a user that is not even registered on the platform. This is
different to other functions that require registration and user accounts. For example
createPublication requires that the caller is a registered academic (has created an
account with the createAccount function). In contrast, the finalization of an auction
does not require any special checks. As a result, a third party provider can call this
function such that no bidder or publisher needs to return online to finalize the auction.
This improves the user experience and flow for bidders and publishers by abstracting away
this step for them. Thus this should be called by the operator of the marketplace.

At the conclusion of step 4 there is a Dai token transfer from Tesla to the contributors.
This is facilitated by the permissioned payments introduced in section 5.2.4. This transfer
occurs by calling the transferFrom function within the Dai ERC20 token which transfers
tokens from the auction winner to the respective contributors. This is done iteratively for
each contributor as defined in the previous chapter.
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6.2.3.2 Claiming Harberger Tax life cycle

Figure 6.6 shows the claiming Harberger Tax life cycle. This has two possible outcomes

after Harberger Tax is claimed:

1. The current holder of the licence is solvent which results in a payment to the con-

tributors. This payment is similar process to that executed after an auction.

2. The licence holder is insolvent which results in the revocation of the licence and

the relisting of the licence in a new auction within the marketplace. After relisting

another bidder (Toyota), submits bids and wins the auction for the licence.
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Finalize auction and
payments

finalizeAuction(uint256

_auction_Id) T

I
Any user(lor keeper)

claimHarbergerTax(uint256 _publication_Id)

O,

Calculate the amount of Dai to pay
in tax from the last payment done.
After this the execution is finished until

someone calls to claim tax again.

Dai Transfer

«ERCE20»
Pay creator from
licence owner

10

Finalize the auction. Loops
through bids and finds
highest. Mints a NFT to the

winner.

Claim Harberger Tax on
publication. Contract
calculates exact payout
requirement.

Any user(or keeper)

revealSealedBid(
uint256 _bid,
uint256 _salt,
uint256 _publication_Id,
uint256 _bid_Id)

Validate
revealed bid

add to contract

state

and

P

Reveal seal bid on revoked

licence

—
TOYOTA

Patent Bidder2

A

Add bid to auction <«

on new licence.

commitSealedBid(

bytes32 _bidHash,

)
TOYOTA

1
PatentfidderQ @

uint256 _publication_Id)

Revoke licence. List
new auction for a
new licence.

!

«ERCT721»
Destroy old NFT
by burning it

!

Licence

Place bid on the revoked
licence in a new auction

revocation

4---%’

Figure 6.6: Process of claiming Harberger Tax. This results in the licence owner paying
the content creator in the case of solvency or licence revocation if the holder is insolvent.
In the case of the latter a new patent auction is created. Steps 2, 3 and 4 show a new
patent buyer bidding and winning in the resultant auction that follows the revocation.
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6.2.3.3 Harberger Tax buyout life cycle

Figure 6.7 shows the Harberger Tax buyout life cycle. This flow occurs when a bidder
tries to buy a licence from the current licence holder. This consists of three main steps:

1. The bidder creates a buyout request specifying the amount they are willing to pay.
2. The current licence holder can choose to update their licence valuation (or leave it).

3. If they increase it above the buyout request then the buyout will fail. Else if
they do not update it or update it to less than the threshold then the licence is
transferred away from them and to the bidder. In this Figure this is shown as the
NFT transferring from Tesla to Toyota. To pay for the buyout, a token transfer
then occurs from the user that submitted the buyout to the previous owner and
contributors.
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Figure 6.7: Buyout process where Bidder2 creates a buyout offer. Bidderl can choose to
outbid this offer by raising it a minimum of 5% in the time frame allocated. If Bidderl
does, then the offer is not successful and the execution ends. If Bidderl does not raise the
bid, then the licence is revoked and transferred to Bidder2. As a result of the purchase
Bidder2 pays Dai to Bidderl in exchange for the licence.

These life cycle shows a key advantage of smart contracts: the automatic ”if this then that”
of complex financial systems. This is in the form of a NFT licence coupled with automatic
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payments. Upon the revocation of the licence the NF'T is revoked which removes it from
circulation. Following this a new auction is created for the re-sale of this licence. This
automation decreases the administrative overhead by the platform operator. At the same
time the deterministic nature of the code execution and the public verification thereof
removes any opportunity for mistakes on the part of the platform operator.

Next, additional system design considerations are discussed.

6.2.4 Smart contract upgradability pattern

Smart contracts are by design immutable. However, modern software development relies
on the ability to upgrade and patch source code to produce iterative releases. Blockchain
systems rely on their immutabile design as a core property but some degree of mutability
is needed for bug fixing and product improvement.

The smart contracts created in the market are designed using a proxy pattern, utilizing an
unstructured storage mechanism to provide smart contract upgradability. This is achieved
in part by utilizing the OpenZeppelin SDK which provides wrappers for this functionality.

Upgradability using a proxy pattern works by directing all traffic to a proxy contract which
wraps the logic and functionality of the implementation contract. The proxy directs all
calls to the implementation contract which contains all contract logic. State, on the other
hand, is stored within the proxy. The key component is that the implementation contract
logic can be updated but the proxy access point is never changed. This ensures that
the state is kept during upgrades wherein the system logic can be swapped out without
loosing any system data. The system remains immutabile in the sense that the code or
state can’t be changed but the implementation logic can be swapped to another contract,
thereby updating it. The proxy access point will direct transactions to a different (newer)
implementation and in doing so, the software will have been upgraded. This is seen in
the Figure 6.8.

®)

——_transaction Proxy Contract Implementation V2

— P : .
/\ > (Storage Layer) \ > (logic layer) roduction version
Admin Stores address of logic contract

I
1
_w'Implementation V1,
(old logic layer) 1
1

— Previous versions

I

1
Tmplementation V0,
(old logic layer) 1

Figure 6.8: Upgradable smart contract pattern. Each smart contract deployed (including
all hubs and spokes) use this pattern. All traffic is forwarded from a proxy to an im-
plementation contract. The implementation contract can be updated between different
versions which keeps state such as token balances, NFTs issued or running auctions as
these are stored in the proxy contract.
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OpenZeppelin SDK is used to automatically create proxy forwarding contracts which act
to expose the full interface of the child contracts which are thus upgradable. This is done
using a fallback function, written in Solidity assembly. This mechanism acts to forward
all calls and state from the proxy to the implementation contracts such that from the
user’s perspective the proxy appears to be the implementation contract.

Ultimately this mechanism enables modular upgradability of each component of the hub
and spoke. This is useful because upgrades can be performed on one specific smart spoke
contract without having to effect the rest of the smart contracts. For example, say the
way that auctions are run is updated. The new logic is deployed as a new implementation
of AuctionManager, the auction state is inherited from the previous version due to un-
structured storage and the rest of the system remains functional without need for update
due to the proxy contract. After the upgrade the whole system continues to operate but
with the new section of logic for the AuctionManager.

Upgradability is performed by deploying a new implementation contract version then
updating the proxy to forward traffic to the new version. Because the proxy keeps its
address eternally the collection of smart contracts appear to not change from a callers
perspective, despite the internal logic upgrade. This can be seen in Figure 6.9 below.

Upgrade 0x1234
to 0x20

> Proxy contract

0x1234
/\ )

Logic contract 0x10 Current version

~ = Logic contract 0x20:
1

=

New version

Figure 6.9: Upgrade process. A new implementation version is first deployed and then
the proxy is instructed to forward all contract calls to the newly deployed contract. The
proxy then stores this new address and uses it until the admin updates the proxy again.

6.2.5 Meta transactions

Smart contracts that modify contract state cost gas. Gas is a payment in Ether made
by the caller of the function to pay for the state update. For example performing a
transaction that transfers ERC20 tokens costs gas. The cost is a function of the gas used
and the gas price. The gas used is dependent on the underlying op codes executed within
the EVM during the function call. The gas price is dependent on current demand on the
Ethereum network.

The need to pay gas for transactions significantly degrades the usability of blockchain
applications. A user needs to have set up a wallet and deposited Ether before they can
engage in a meaningful way with the application. In the case of an academic, for example,
they would need to have bought Ether from a crypto exchange and deposited this into
their wallet before creating a publication. This restriction drastically reduces the number
of users that could actually use the platform.
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A solution to this poor user experience (UX) is to abstract the wallet that pays for gas
away from the wallet that submits the transaction using meta transactions. Simply put,
get someone else to pay the gas for a transaction. In the case of an academic publishing a
listing in the market, the market operator could pay for their transactions on their behalf.
Meta transactions have far reaching consequences in the UX of blockchain applications:
a new user no longer needs to acquire cryptocurrency to use a blockchain application.

An important detail here is that the user who submits the transaction should still remain
the owner of their private keys. Ergo they will submit a signed transaction to someone else
(relayer) who will then execute it on their behalf. Because the user signed the transaction
the relayer paying for the gas cannot manipulate the contents of the transaction. This
makes meta transactions trustless. Figure 6.10 shows how meta transactions work.

4. Call UnicoinRegistry function
with User bytecode and signature
and pays gas on the users behalf

2. Sign transaction including 3. send user transaction
bytecode for UnicoinRegisrty to relay contract (GSN)

I 5. User watches and waits for events emitted from
I' blockchain for contract state change from UnicoinRegistry

1
1. serve front A 4 1 A 4
end app files
________ Relay UnicoinRegistry
contract contract

1

User App Server 1

A [

1

I

Figure 6.10: Meta transaction flow. Submitted transaction gas paid for by a relayer on
the users behalf thereby abstracting away the need for the user to have Ether.

The worst “attack” a malicious relayer can do is withhold a transaction from the blockchain.
This can be solved by creating a permissionless network of relayers who can all transmit
transactions and compete for submission fees. The relayer network chosen for this thesis
is the Gas Station Network (GSN). GSN provides a peer to peer network of relayers who
push transactions to the Ethereum blockchain in exchange for a fee.

Integration with the GSN involves inheriting from a library that has all the logic defined
to connect with the network. This library can be integrated directly into the Open-
Zeppelin upgradability SDK through the GSN provider. Secondly, define the function
acceptRelayedCall to indicate whose fees should be paid for. For this thesis’ imple-
mentation of this function will pay the gas for all wallets that call functions within the
UnicoinRegistry. More sophisticated curation of callers is possible in future versions
and would ensure that only registered users will have their gas sponsored.

6.2.6 Non-custodial wallets

A key element of building decentralized, trust minimized applications is private key man-
agement. Who owns and controls user private keys is important when considering how
centralized a solution is. This is ultimately affects the points of failure within a system.
For example, a traditional crypto currency exchange stores its users private keys on their
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behalf. In this setup users don’t “own” their crypto; rather they have an account with a
company that promises to grant access to their deposits. This creates a central point of
failure for attackers to target.

An alternative design principle is to build systems wherein the user is always in control of
their private keys; a decentralized, trustless system. This drastically reduces the risk of a
hack as a compromised key will only affect one user, rather than the whole application. It
is also more aligned with the ideology of decentralized trust minimized applications which
aim to put the user in control of their wallet, identity and data.

However there is a usability trade off in wanting users to manage their own private keys.
In order to have a wallet to interact with an Ethereum application a user normally needs
to install an extension into their browser, such as Metamask. This is intimidating and
foreign for new users.

Portis offers a non-custodial solution to this UX challenge. They create a wallet which
is stored in the local storage of the users browser which is encrypted with an email and
password. This encrypted wallet is then uploaded to IPFS. When a user signs in to a
new application or on a new device they download this encrypted wallet from IPFS and
decrypt it in their new browser. They then have access to their wallet from the browser
to sign transactions and access their funds. This whole process is automated for the user
and injected into the browser from the application. They simply need to type in an email
address and password and their wallet will be downloaded and unlocked on their behalf.

This drastically improves the UX as users no longer need to install a custom extension
and are presented with a login flow that they are already familiar with. At the same time
this mechanism keeps the user in total control of her account thereby making onboarding
easier.

6.2.7 Dai to fiat on and off ramping

As has been discussed, all payments done on the platform for auctions and Harberger Tax
are processed using the Dai stablecoin. One consideration is how users within the system
will convert from their native fiat currency into Dai. For example, how does Tesla convert
from USD into Dai and then how does the University of Dalhousie spend this Dai either
in USD or another currency (they are a Canadian university so they might like to spend
it in Canadian Dollars).

Conversion from fiat currencies to cryptocurrencies and back is a common problem for
many blockchain applications. Making this process as easy and approachable for users as
possible is important in achieving any kind of adoption. There are a number of solutions
that have entered the blockchain ecosystem in the last few years including Wyre, Limepay
and Moonpay who all provide approachable APIs enabling user application developers to
integrate fiat to crypto onramps directly into their applications.

Wyre was selected as the payment onramp for the marketplace as they provide low fees,
simple API and excellent documentation. It also offers the lowest fees out of the three
which makes it more economical. As with any external integration, the provided code
base is modular enabling easy exchange of this component to another API if desired.
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6.2.8 Upper bound on gas usage considerations

The Ethereum Virtual Machine (EVM) is Turing complete, assuming execution remains
within the block gas limit. The block gas limit is the maximum computation that can
be performed in one single block of the EVM. Any computations that exceed this are
reverted. This means that certain computations are not possible to be performed within
the EVM as they will exceed the gas limit.

This is relevant in the marketplace when specific high gas operations are performed, such
as transferring tokens. As a result, there is an upper bound on how many token transfers
can be safely performed within one block. For example at the conclusion of an auction (or
when paying Harberger Tax) each contributor receives a token transfer from the licence
holder. This requires gas to be spent for each transaction which in turn limits the number
of transactions that can be placed within each block. If there are too many transactions
attempted within a block then the function execution will exceed the gas limit and the
whole transaction will revert. This is commonly referred to as a gas limit denial of service
and is susceptible to contracts with unbounded operations. As a result, the function will
never be able to be executed which means that no contributor will get paid and funds will
be locked within the contract. This will put the system in a broken, irrecoverable state
requiring an upgrade to fix. There are two possible solutions to this problem:

1. Limit the number of contributors that can be added to a publication such that the
number added is always less than the number of transactions that can be performed
in one block.

2. Split token payments over multiple blocks so no single block exceeds the gas limit.

Option 1 is easier to implement and does not impose overly onerous restrictions on the
system as one block can still facilitate upwards of 65 transactions. The upper bound for
the number of contributors is therefore set to 50 to ensure consistent operation. Future
implementations can expand on this through splitting transactions over multiple blocks.

6.2.9 Security and testing

Testing is an important part of building any kind of software system. In the case of
blockchain applications, testing is vital to ensure that the smart contract behaves as
expected. These systems move around value and if programmable money has a bug,
money can be lost or stolen. Blockchain’s immutability makes the cost of failure very
high. If a contract is compromised there is no easy way to “roll back” the state to undo

the hack.

The smart contracts were thoroughly tested using the Javascript framework Mocha and
Chai. Truffle was used to deploy and interact with the smart contracts within the testing
environment. A total of 62 tests were written with a code coverage of 93%. A full list of
all the tests created and a coverage report can be seen in Appendix G.
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6.2.10 Smart contract deployment

Before smart contracts can be used on the blockchain they need to be deployed. A
migration script was created that deploys the smart contracts and then captures the
deployment addresses so the front end application knows where the contracts are located
on the blockchain (i.e the deployment addresses). The deployment process creates new
instances of the contracts on either a local test blockchain or a public test network. A local
test blockchain can be run with Ganache and acts as a high speed testing environment
for rapid development iteration. A test network, like Kovan acts as a public, free test
environment that mimics the main Ethereum blockchain for testing applications. As
soon as multiple users will test an application it is appropriate to put it on a public test
network. Additionally having the app on the test network means that one does not need
to start up a local test network every time to interact with the application. Additional
details on the the Kovan deployment addresses and how to recreate the deployment can
be found on Github here.

This migration script is first deployed on the hub and then all spoke contracts. Each spoke
contract needs to know the hub address before it can be deployed. This is because some
functions within spokes require to only be called by the hub. For example, permissioned
calls that modify system state should only originate from the hub, as this acts as the
central point of the system. This hub address is specified in the initialize function for
each spoke. This initialize function is similar to a constructor except it can be called
separately from deployment. Once all spokes are deployed the hub is initialized with
all spoke addresses. More details and flow Figures on the deployment process can be seen
in Appendix F.9.

6.2.11 Interface contracts

The last relevant design consideration was the use of interface contracts to define the
interconnection between the hub and spoke contracts. In order for the hub to communicate
with each spoke contract it requires to have an instance of said spoke contract instantiated
within it. The normal process for doing this is to import all spoke code into the hub and
then create an instance of it within the initalize function (or within the constructor, if
you are using constructors). The hub can then call functions within the instance of each
spoke.

This pattern however introduces bloat in the hub as importing all code of each spoke
into the hub results in the hub containing unnecessary logic which is independent of its
domain of responsibility (the hub should not need to know how the spokes work, only
how to connect to them). A secondary issue can arise wherein the byte code of the hub
can become so large that it can no longer be deployed.

A solution to these issues is to define an additional interface contract for each spoke con-
tract which has all function definitions associated with the spoke, but no implementation
logic. The hub contract then imports this interface contract and instantiates an instance
of it at the address of each respective spoke implementation. Because this interface has
the same function definitions as the implementation contract, it has the same Application
Binary Interface (ABI) and so the hub can communicate with the spoke in the exact same
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way as it would if the hub had imported all implementation details of each spoke. Because
the hub has only imported an interface and not the full contract definition the hub bloat
can be avoided which drastically reduces the hub contract size as no unnecessary logic is
included within the import.

6.3 Front end design and implementation

The next section examines the front end created for the marketplace. The front end is the
portal that all users use to access the marketplace. It performs two primary functions:

1. Enable the user to interact with smart contracts. This is for all core platform func-
tionality including issuing new publications, bidding on licences, creating buyout
requests ect.

2. View blockchain information for the marketplace such as listings and bids.

The user interacts directly with smart contracts from their browser in the front end. The
front end supports any injected web3 provider like Metamask or Portis. Portis is the
default as this is what most non-crypto users will feel the most comfortable with.

6.3.1 Javascript framework

Vuejs was selected as the javascript framework of choice to provide a mechanism to inter-
connect the application front end components to the smart contracts and decentralized
storage. For a full rational into why Vue was selected over other frameworks like Angular
or React, see Appendix H.

While a javascript framework is not strictly required to build a reactive, modern website,
it makes the underlying javascript complexities a lot simpler, such as state management,
routing and separation of concerns through component based design. Additionally, the
integration with third party libraries becomes easier. Moreover, the use of a framework
makes synchronization between the state and the user interface possible. This synchro-
nization is hard to achieve without the use of a framework. Lastly, the framework allows
for the creation of complex, yet efficient and easy to maintain user interface that would
not be realisable with vanilla javascript.

6.3.2 Javascript connection to Ethereum

Certain client interactions result in the submission of a transaction to the blockchain. For
example, creating a user account, creating a publication or submitting a bid all require
the user to submit a transaction. This is handled with the web3.js library. This library
submits transactions from the user’s wallet via their browser and enables direct interaction
with smart contracts. Figure 6.11 show this life cycle from calling data to it being returned
and rendered on the front end.
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Figure 6.11: Data flow from the user front end to smart contracts and back. Call originates
from user, is then processed by the store and submitted to the blockchain. From here the
transaction is processed by the network before being returned to the user.

6.3.3 Component based design

In order to make the front end as modular as possible to facilitate upgradability, easy
addition and modification, every element within the front end is a series of nested com-
ponents. This means that the front end can programmatically render selective elements
based on the users interaction. For example, if the user selects to create a new publication
this specific information is rendered within the front end Document Object Model (DOM).
Each component directly accesses the state. This state effectively acts as common storage
for all front end component’s rendered data. This can be seen in Figure 6.12a.

6.3.4 Javascript State Management

In order for the front end to display on-chain information it needs to read data from the
blockchain, process it and then store it in the client’s browser. To do this while ensuring
modularity and upgradability, a Vuex state management pattern was embodied to act as a
centralized store for all on-chain information in the client’s web browser. This means that
there is effectively a “database” that runs in the client’s web browser’s local storage which
stores the data retrieved on-chain. State access and mutation rules are used to ensure
that the state can only be mutated in a particular fashion. Resultingly, the mechanism
used to retrieve information is decoupled from how information is displayed on the front
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end. Figure 6.12a shows how the store is reused between different components, returning
specific information when required.

Figure 6.12b shows how Vuex state mutation operates within the front end application.
A front end component will Dispatch an Action to request some data. For example, the
user might want to view all publications listed within the marketplace. This action will in
turn execute a call to the blockchain or external API based on the context. The Commit
is then used to add data through a Mutate function to the State. The returned data is
Rendered in the front end component and shown to the user.

Smart

Or( id conLracL

API calls

Call external APIs
Dispatch Commit
{ actions

Vue Components

(a) Components based design Tender @4 Mutate

Component 1 Component 2 Component 3 [

(b) Front end state management

Figure 6.12: Front end component and state management. All components share the
same global state. This can be seen as a local database that runs within the users web
client. This state is updated in a predictable, reproducible and deterministic way. Any
Vue component can dispatch an action to update the state. For example clicking "create
publication” will result in an action being dispatched from the Vuex store.

6.3.5 Login with ORCID

All academics who publish on the platform need to verify their identity to enable buyers
to validate their claims of authenticity. This is achieved through integration with ORCID.
ORCID is a non-profit organization that provides persistent digital alphanumeric codes
to uniquely identify scientific and other academic authors and contributors (Orcid, 2019).
ORCID provides an OAuth.? delegated login API which enables academics to login to
the platform using their existing academic institution credentials. This is used specifi-
cally during the account creation process wherein an academic will login to their ORCID
account which will return their unique identifier which is then stored in their account
profile on IPFS. This IPFS account creation flow is shown in section 6.4. Screenshots for
this login flow can be found in Appendix I.

When a potential bidder is performing due diligence on a publication they can view

30Auth is a mechanism of delegated authentication. For example, login with Google will use Google’s
authentication system to generate a login token for the application.
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the publishers ORCID associated with their account. They can then view their ORCID
profile and verify that they are indeed the publisher of the paper they claim to be. This
verification works by ORCID linking to other publication services, like Arxiv.

6.3.6 Pending transaction steps

Blockchain based applications require consideration of additional user interface interac-
tions for blockchain specific process, like pending transactions. For example when an
academic creates a publication there is a multiple step process their web client will go
through including: 1) uploading file to IPFS 2) submitting transaction to blockchain 3)
listening for transaction mining confirmation 4) informing the user once the transaction
has been mined. Each of these steps can (and should) be abstracted away from the user
interacting with the application. However, some of these processes should provide feed-
back to the user as her client steps through these processes as they can take a while to
complete. For example, the submitting of a transaction to Ethereum will take a minimum
of 15 seconds and could be longer depending on the network congestion and gas price used
by the user. To this end, each step of the interaction should inform the user with modals
that update as the process progresses. Screenshots of this can be seen in Appendix I.

6.3.7 Front end devops, netops and application deployment

The Vuels front end application can be built to generate a set of static HTML, CSS and
Javascript files. These files can be served from a web server to put the website online.
One of the easiest and cheapest ways to achieve this is to use Netlify, a free static content
hosting website. Netlify also provides built in continuous integration pipelines which
will automatically deploy new content when developers push to Github. Once deployed,
Netlify provides a semi-usable domain name for a project as project-name.nelifty.com.

To get a custom domain name, Gandi was used to register unicoin.win. The Domain Name
Service (DNS) for Unicoin.win was configured to run using Cloudflare as well as a Content
Delivery Network (CDN). This CDN increases system responsiveness and decreases page
load times by hosting a copy of the website on a number of servers located around the
world.

Figure 6.13 shows the networking interconnection to get the web application online. When
a client loads the website, their traffic is routed via the cloudflare CDN to the Netlify
server. Cloudflare caches a copy of the website to achieve high speed loading times.
Importantly the users client interacts directly with the Ethereum blockchain via their web3
provider (Metamask or Portis). This is vital as this ensures that the application remains
trustless in that the platform operator cannot interfere with the blockchain element if the
user connects directly to the Ethereum network.

All traffic between the client, CDN and ultimately hosting on Netlify is encrypted using
SSL. Certificates are issued by Cloudflare and installed within Netlify who serves them
on page load. This enables the users web browser to validate the content loaded and
prevents anyone online from sniffing the content sent to and from the server.

This design pattern is simple, highly performant and scalable. The CDN enables low
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Figure 6.13: Network flow of application from web hosting via the CDN to the web client.

latency all around the world and Netlify’s CI pipeline integration with Github makes rapid
development possible with minimal setup overhead. However, this solution is inherently
centralized. If an attacker was able to compromise any of the three services here (Netlify,
Cloudflare or Gandi) they could inject malicious code which would then get served to the
user when they load the website. This could be used to get the user to sign a malicious
transaction in an attempt to steal their funds. Future improvements would involve the use
of IPFS as a file hosting mechanism. While this is ideologically aligned, it suffers from
poor developer experience and adds technical overhead to deployment and continuous
integration operations.

6.4 Decentralized file storage

The last layer in the technology stack is the decentralized file storage. Specifically, the
marketplace requires storage for:

1. Storing account profile information such as publisher name, institution and ORCID.
2. Storing papers published on the platform in the form of a PDF.

Neither of these should be stored directly on the blockchain as storing data on the
blockchain is prohibitively expensive. The easiest solution to this storage requirement
would be to use a centralized file storage solution like Amazon Web (AWS) services or
Google Cloud Compute (GCC). However, centralized solutions have a fundamentally dif-
ferent model which needs to be trusted when using the platform. All user and account
data on a centralized system like AWS or GCC is under the jurisdiction of the company

4The blockchain is not a database and should not be treated as such. Storing 1GB of data on the
Ethereum blockchain will cost &~ $ 500,000 based on the current gas cost. This is based off the yellow
paper which reports a fee of 20k gas to store a 256 bit word. A kilobyte is thus 640k gas. Based off
current gas costs, this is around 32,000 Ether for 1GB of storage.
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that runs the service. This means that users can be censored, data leaks occur and privacy
concerns are rampant.

An alternative approach, which is aligned with the ethos and ideology of a decentralized
application, is decentralized file storage. The Interplanetary File Storage System (IPFS)
is the most common way to attach decentralized file storage to a decentralized applica-
tion. IPFS works by chunking up files and then storing them on a decentralized network.
All files added to the network are uniquely identified by a hash of the file contents which
enables validation of the file integrity when retrieving it later. Whenever someone down-
loads a file from IPFS they act to support the network by hosting it for others for a
fixed period of time. Permanent storage on IPFS can be achieved by “pinning” the file,
indicating to your IPFS client that you want to continue to host this file indefinitely.

The hash of a file added to IPFS acts as a Unique Resource Identifier (URI). This URI is
stored within a smart contract to provide a reference to the file hosted on IPFS so that
the information can be accessed later on. For example, consider the process of creating a
user account within the marketplace for ideas. The process entails 1) creating the object
2) adding it to IPFS and 3) adding it to the Ethereum blockchain. This flow is shown in
Figure 6.14.

Any JSON object can be stored
within IPFS. The UserProfile

object emposes a structure to
define the contents of the object.

UserProfile JSON object

d
UserFirstName: "Jessica", @ Return profile URI which uniquely
UserSecondlame: "Jones", identifies the profile object
AccountType: "academic", User adds the -profile_uri =
ORCID: "0000000252729472"; object to IPFS.
TimeStamp: "1576476865" IPFS returns URI

[

User's client creates JSON
object to represent their profile

S O

User calls registerUser(string _profile_uri)
on the smart contract and specifies the profile URI

Figure 6.14: Decentralized file storage. The user first creates an account object which is
then added to IPFS. The returned URI is then added to the smart contract when adding
the user.

Later when retrieving profile information the URI is retrieved from the blockchain and
then information is requested from IPFS.
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PDFs of publications and patents are also stored on IPFS. The process to achieve this
is very similar to that laid out above for creating a user profile. The PDF is read in
by the users browser and converted into a data object. The data object is then parsed
into JavaScript Object Notation (JSON) which is then stored on IPFS as a storage blob.
Each file has a URI created for it which is stored within the smart contracts in the same
manner as the user profiles.

Upon retrieving information about a publication or a user, the client will retrieve infor-
mation from the blockchain, such as the object URI, and then get data from IPFS to
display the profile.

To connect to IPFS an IPFS client and IPFS gateway are required. This was achieved
through the use of ipfs.js as the client to run within the users browser and the Infura
IPFS gateway which removes the need for the market to host it’s own IPFS access point.

6.5 Chapter conclusion

This chapter outlined the technical implementation details of the marketplace for ideas.
This discussion included all core components developed as well as the interconnection
thereof. Ultimately this consists of three main application layers: 1) Smart contract layer
to operate the core marketplace logic. These smart contracts are written in Solidity, use
an upgradability pattern and leverage the gas station network to make transactions free
for users. 2) A front end application to enable users to interact with the platform. This
is written in Vue.js and leverages separation of concerns and Vuex state management. 3)
Decentralized file storage to store user profiles and publications. This also incorporated an
integration with Orcid for academic profile verification. Additional resources, screenshots
and deployment information can be found in the Appendix and on Github.

The next chapter critically analyses the model and implementation presented. This in-
cludes a number of recommendations and future improvements.
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Chapter 7

Market & implementation analysis

The marketplace for ideas has now been discussed at varying levels of detail. Next, the
market and its implementation are critically analyzed. This analysis is broken into three
main sections: 1) regulatory and legal, 2) market mechanisms and incentive design and
3) blockchain technical and implementation viability.

7.1 Regulatory and legal analysis

There are a number of regulatory obstacles that need to be overcome to make the proposed
market a reality. Some of these are now explored.

7.1.1 Validity of IP claim through non-fungible licences

One of the core premises of the marketplace for ideas is that the non-fungible token
represents permission from the content creator to monetize their work. This NFT acts as a
“non-fungible licence”, granting permission from the creator to the licence holder. For this
to be a valid legal construction in the real world, it would need to be defensible in a court of
law. This non-fungible licence, while cryptographically unique and guaranteed to originate
from the content creator, is not presently a legal construct within any jurisdiction. It is
therefore not trivial to use this as a valid claim of explicit consent granted from the licence
issuer to the licence holder. As a result, bespoke legal contracts would need to be drafted
and codified to make this construction legally permissible.

This problem is not unique to this thesis’ implementation. Indeed, there are many projects
that aim to link blockchain assets to real world defensible contracts. Projects like Open-
Law are leading the way in making legally defensible real world contractual agreements,
backed by smart contracts. A system similar to this would be applicable in future versions
of the marketplace for ideas.

7.1.2 Verification of publication authorship

A second premise of the marketplace is that only the author of an idea should be able
to publish it within the market. This means that a random user should not be able to
get someone else’s paper, claim it as their own, publish it, and ultimately profit from it.
The design presented enables a publisher to "prove” their identity through ORCID login
which associates a user with their academic profile. Additionally, patent documentation
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which contains details around whom the patent was issued to can be uploaded . This
enables potential bidders and other users to validate that a user is indeed who they say
they are by corroborating their claim with their ORCID and submitted patent. However
this mechanism is not bullet proof.

While this solution does help the problem of authorship validation, it is not full proof.
For one, this mechanism assumes that the bidder will conduct sufficient due diligence
when bidding based on the ORCID and the submitted patent. This leaves the onus on
the bidder, rather than the market, to protect the user. This is not ideal as the bidder
already has a high overhead of due diligence that they need to conduct on the value of the
patent they are bidding for. Secondly, this mechanism requires a sufficiently strong legal
framework that can legally prosecute individuals that break this assumption and steal
others IP on the platform. This assumption is almost impossible to make in practice due
to the exorbitant cost of international litigation. Future versions of the marketplace for
ideas presented in this thesis will require a more robust mechanism to prevent this kind
of behaviour.

7.1.3 Legal framework to pursue licence agreement violators

The marketplace has no meaningful way to legally pursue people that do not follow the
stipulated licence agreement. This means that someone can download the paper for open-
science usage and then commercialize the idea with limited repercussions. Ideas on the
platform are protected by patents and so it is the idea creators responsibility to pursue the
infringer of the patent in a court of law. This is not strictly a fault with the marketplace
but rather patents at large.

In the Tesla example, Toyota could take the idea presented in the Dalhousie paper and
implement it in their own battery design, never disclosing having done this. There is no
way for the marketplace to prevent this kind of behaviour as the information is in the
public domain already. It is then the university of Dalhousie’s responsibility to litigate
against Toyota for this infringement.

Ultimately with or without the marketplace for ideas plagiarism and idea theft will be
present whenever there is public information. This is not a fault of the marketplace or
the mechanism but rather IP protection at large.

As a result, the this thesis assumes the existence of a robust global legal framework that
can fully defend a patents exclusivity to enforce the correct "ownership” of patents. This
assumption is not tractable in real life and could arguably be the largest downfall of the
overall system due to the impracticality of this assumption.

7.2 Market mechanisms and incentive design analysis

Next, the market mechanism is critically analyzed. This analysis includes the proposed
sealed bid auction and Harberger Tax systems and their impact on user’s behavour and
incentives.
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7.2.1 Reduction in information asymmetry

The marketplace for ideas aims reduce information asymmetry between buyers and sellers
to decrease adverse selection. This is achieved through publicly displaying patent and
research information associated with the idea to give the buyer maximum information
about the patent they are bidding for. However, a paper and a patent alone in no way
quantifies sufficient due diligence for a potential buyer. A potential buyer would need to
conduct extensive research to value the idea. Additional third party services would still be
required to quantify any meaningful patent valuation. From a due diligence perspective,
the market for ideas provides little advantage over existing brokerage services.

With that said, the proposed marketplace for ideas does provide a meaningful decrease
in past pricing information asymmetry by storing a public record of historic ownership
and pricing information. Each idea in the marketplace stores information on who owned
it, when it was owned and how much was paid for it. This is in stark contrast to the
current patent market where it is extremely difficult to know the provenance of any
licence or patent. By publicizing this information potential buyers have considerably
more information at their disposal when trying to quantify a patent’s value as they can
compare to past trades for similar patents.

7.2.2 Market coordination inefficiencies

A problem with selling anything on auction is coordinating potential bidders to be present
during the auction. The market presented in this thesis, tries to decrease this inefficiency
by running long duration auctions, upwards of two weeks, thereby giving potential bidders
more time to participate. This also gives seller’s opportunity to advertise the auction.
While a long duration does give more time to find bidders it does not ensure that the
optimal bidder knows about the auction. This leaves the onus on the seller to sufficiently
advertise their auction to attract buyers.

As a counter measure, Harberger Tax effectively acts as a continuous auction mechanism
enabling bidding on licenses after the auction has closed. This helps to decrease coordi-
nation inefficiency as new bidders that missed the auction can still participate through
Harberger Tax buyout submission.

7.2.3 Failed auctions and post auction negotiations

If valid bids fail to reach the reserve price then the auction will not clear. In this case no
exchange occurs and the auction fails. This is not an ideal outcome for any participant.

As a point of comparison, Ocean Tommo’s auctions experience post-auction negotiation
when bids fail to meet the reserve price (Jarosz et al., 2010). These post auction nego-
tiations change the incentives of sellers and bidders. Sellers are incentived to set reserve
prices too high. Additionally bidders may use the auction as a means of limited price
discovery and then use the information in post-auction negotiations.

In the proposed marketplace post auction negotiation is difficult to perform because post
auction direct sales require coordination. A direct exchange from a seller to a predefined
buyer is possible through a cumbersome interaction between the buyer and seller. For
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example a post auction sale would require the seller to make a single licence fixed price
sale at the privately negotiated price. Then, the buyer buys the licence as soon as it is
listed on the market. If orchestrated correctly, this technique enables private bilateral
negotiations to occur offline and then the trade is settled within the market.

Whether this is a positive or negative result remains an open question. On the one
hand, there are situations in which private bilateral negotiations are required to protect
a sellers strategy. Say for example a patent holder is selling patent licences as a last ditch
effort to save their company. In this case they might not want to publicise that they
are selling and so a public auction is not appropriate. Rather, they want to negotiate
with buyers while protected by a non-disclosure agreement and behind closed doors. The
proposed marketplace still provides benefits like payment settlement and recording licence
information, even in this situation.

On the other hand, private bilateral negotiations result in a continuation of the current
market opacity and shallowness. One could argue, therefore, that ideally all sales should
be public for the betterment of the market. This defeats the purpose of having an auction
in the first place. To achieve true price discovery and improved allocation for ideas
within the market the seller should not set unrealistically high reserve prices and enable
Harberger Tax to ensure that the licence is always owned by the person that values it the
most.

7.2.4 Improvements in allocation efficiency

There are two stages of a patent sale process that have improved allocation efficiency as a
result of the proposed design. Firstly, the initial allocation of licences to bidders through
public sealed bid auctions ensures that the bidder who values the licence the most will
win the auction. Secondly, Harberger Tax acts as a continuous auction mechanism. If
after an auction concludes and a future company values the idea more they will be able
to purchase it.

These two points mean that ideas are always allocated to companies that value them the
most, even after a sale has concluded through Harberger Tax buyouts. Further research
would involve simulation and financial modeling to numerically validate these claims.

7.2.5 Public auctions and licence information disadvantages

Companies keep their patent portfolios and transactions private to protect strategic in-
formation from competitors (McClure, 2015). However the model proposed in this thesis
takes a strong stance that patent information, trades and ownership should be public.
Openness in this regard improves allocative efficiency, creates a more effective pricing
scheme and increases market liquidity overall. This is beneficial for patent buyers and
sellers but it might not be for existing patent holders who would want to keep their
portfolios private.

As a result, the marketplace proposed in this thesis will not work for all kinds of patents
and intellectual property. In fact, many patent holders will be actively against this design
because they would sacrifice the strategic advantage of obscurity in portfolio holdings.
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For this reason the design focuses primarily on works that should be kept in the public
domain; works that are published from universities. Licences issued within this platform
can form part of a larger private patent portfolio if need be, but the individual licences
and the owners thereof remain public if the ideas came from universities.

7.2.6 Implications of licence revocation through Harberger Tax

If a licence held by a company is revoked as a result of a Harberger Tax buyout then
the company that loses access to the licence could be significantly disadvantaged. This
is compounded if they have invested into infrastructure to capitalize on the licence. Say,
for example, Tesla invests billions into building a factory to build the battery patented by
the University of Dalhousie. Toyota submits a buyout request, which is successful. This
results in the transfer of the licence from Tesla to Toyota. This could be very detrimental
to Tesla who has invested vast sums of money into the manufacturing facilities. There
are two main considerations here in dealing with this situation which are now explored.

Firstly, as identified outlined in section 4.5.4, after a licence is revoked from Harberger
Tax the previous licence owner can continue using the licence for a calculated period of
time before it becomes invalid. This grace period is a function of how long the licence
holder held the licence for before revocation. This grace period of time will enable Tesla
to either:

1. try and buy the licence back from Toyota,
2. build batteries for the remaining duration of their licence then stop or

3. find another licence/patent that they can capitalize on in their production facility
or change their design.

None of these options are necessarily ideal. It is important to remember with Harberger
Tax that if Tesla had set their valuation of the licence equal to their true valuation then
they will not lose any future profit from having the licence revoked. Say Tesla calculates
their profit and costs of the factory and determines the value of the licence to be $1 billion.
If Toyota values the licence, at $2 billion and buys it off Tesla for $1.1 billion then Tesla
has not lost anything because they will have been paid the amount that they had valued
the licence at in the first place.

This ability to revoke a licence issued to a company who has invested in it could expose
companies to unpredictable litigation risk. For example a PAE could buy Tesla’s licence
from them with the intention of suing them for infringing on the patent. This risk would
make owning licences that are issued in this way risky for companies unless they knew that
they could protect against this risk. However, the licence validity period after revocation
mitigates this risk. Now, the PAE would need to hold the licence until their targets licence
expires. This makes this form of attack very expensive as they will need to pay tax on it
for the duration. Further research into the implications of Harberger Tax with intellectual
property and the implications for PAEs is required to better understand this particular
scenario.
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7.2.7 Harberger Tax and representative pricing

If an idea is listed in the marketplace with Harberger Tax then at all points a market
representative price can be attained. This is a significant improvement over the current
patent marketplace as each and every idea listed with Harberger Tax will have a current
asking price assessed by the current owner. This means that the price of the idea at any
point in time should fully reflect as much available market information as possible. Be-
cause the current owner must set this price, the pricing allocation becomes more reflective
of the true valuation. This results in an increased market efficiency.

7.2.8 Strategic implications of Harberger Tax right of first offer

The Harberger Tax model presented has a notion of right of first offer. This enables the
current licence owner to match a buyout offer submitted for a licence they own. For a
buyout offer to be successful it needs to submit a valuation of at least 5% more than the
current listed price. Once a buyout has been submitted the current licence holder has
two weeks to either increase their private valuation to match the buyout offer and keep
the licence or do nothing and choose to lose the licence.

This mechanism introduces an opportunity for licence holders to get away with unduly
low tax rates if the licence in question is not highly demanded. This works by the licence
holder setting an arbitrary low valuation for the licence. This can be a small fraction of
their true valuation. If the licence is not in high demand then the holder does not pay a
representative tax because no one will attempt a buyout. If at any point someone tries to
buyout the licence the licence holder increases their valuation until 1) the buyout offers
stop if the licence holders valuation is larger than the buyout bidders valuation or 2) the
buyout succeeds if the buyout bidders valuation is larger than the current licence holder.
In either case there is an inefficiency introduced due to the period of time wherein the
value was under reported by the licence holder and so the licence issuer misses out on
some potential revenue.

This means that the Herberger Tax model might be only appropriate in markets where
there is active demand for licences and where licence holders are incentivized to set true
valuations. An alternative solution is to remove the right of first offer for licence holders.
If this is removed then current holders are incentivized to more accurately report their
licence valuations as at any point the licence can be revoked through a buyout. As a
result, the current holder will set the value to their true valuation to ensure that even if
there is a buyout they will extract their valuation from the licence rather than getting
undercompensated. However, the removal of the right of first offer makes the Harberger
Tax system extremely risky for licence holders. It is for this reason that it was introduced
in the first place: to protect licence holders against opportunistic buyouts.

7.3 'Technical implementation viability analysis

Next, the presented marketplace’s implementation is analyzed in terms of usability, viabil-
ity and sustainability. A number of real world security considerations are also discussed.
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7.3.1 Application usability

Blockchain application user experience (UX) is notoriously difficult to get right. This
is primarily due to lack of tooling within the ecosystem which is constantly evolving
and changing. As a result, a lot of work is left up to the developer to make the UX
approachable. This is in contrast to the current web2.0 world of today where there is
a wealth of packages, libraries and tools at a developers disposal to make easy to use
applications.

An additional problem is that many applications make assumptions around their users
technical competency by targeting a specific user group of people already within the crypto
ecosystem. For example an application might assume that its users have a wallet and know
how to use it. However, this makes the application unapproachable by a “normal” user
who does not have this spesific skill set. While this is fine for crypto specific applications
it makes gaining any kind of real world traction difficult in broader contexts.

In an effort to make the application as usable as possible the marketplace presented in
this thesis aims to abstract as much complexity away from the user as possible. This is
done primarily by removing gas costs through meta transactions, offering non-custodial
web based wallet integration with Portis and ease Fiat onboarding with Wyre. While
these considerations help to simplify the application, they do not necessarily mitigate all
of the cognitive overhead associated with a blockchain application. Further development
and tooling is required to make the market as approachable as toady’s web2.0 application.

Ultimately any blockchain application should be simple enough that the user does not
even know they are using blockchain or how it works. You should not need to know how
TCP/IP works to use Facebook. The same mantra should apply to blockchain based
applications.

7.3.2 Need for a wallet and foreign nomenclature

Portis successfully abstracts away much of the complexity with having a wallet as the
user no longer needs to manage their private keys in a complex way. However it does
not completely remove the cognitive overhead for new users as you still need to interact
with a foreign interface, understand what a wallet is and how to interact with it. There
is a learning curve associated with this. In time, this will become more common place in
other applications but for now it is quite a foreign concept.

Many blockchain applications introduce a set of jargon which is difficult for new users to
pick up and understand. To try and mitigate this the proposed marketplace used as simple
terminology and wording as possible when describing the user interface and process to
the user. Future implementations should include a set of tutorial videos explaining every
part of the user interaction flow.

7.3.3 On and off boarding

Fiat on and off boarding complexity has been minimized through Wyre. However it is
still challenging for new users and this approach makes assumptions around the kinds of
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payment options companies have. For example Wyre requires the buyer to have access to
a credit card to buy Dai. This restriction might limit who can interact with the platform.

Ultimately the proposed UX improvements will help in bringing new users into the appli-
cation but real world testing is required to further validate these claims. Moreover, the
blockchain ecosystem as a whole needs time to mature further before wide scale adoption
is truly possible. This is not unique to the marketplace presented but any blockchain
based application in general.

7.3.4 Company registration verification

The registration process proposed does not restrict any user from signing up as a company
to participate in auctions. This openness is part of the design to try and increase the
number of bidders, thereby maximizing the sellers potential revenue. Additionally, open
registration does not discriminate against one user group, size or location.

Licence buyers are incentivised to correctly report their registration information as if this
is done incorrectly the licence may be invalid in a court of law. Say, for example, that Tesla
incorrectly registers on the platform before an auction as a different company. Even if
they win the auction and have a licence issued to them they will not be legally protected
by the licence as it was issued to a different company. Clearly holding and subsidiary
company configurations are posible involving sub licensing but even in these settings the
core premise remains: incorrectly reporting your company information runs a risk of not
being able to legally execute on the licence issued.

Future versions of the platform should incorporate a more robust mechanism of validating
company registration.

7.3.5 Auction gaming through multiple bid submissions

An adversarial bidder can game the proposed auction mechanism by submitting multiple
sealed bids and only choosing to reveal the bid that maximize their utility. During the
commit phase of the auction, all bids are kept secret and not shared between bidders.
However, during the reveal phase all bid information becomes public to all auction bidders.
As a result, a determined bidder could choose to submit many bids over a range of values
in the commit phase and then only reveal the bid that will guarantee the win. This means
that the bidder will underpay on what their true valuation of the licence is by winning
the auction with a bid that is lower than their maximum willingness to pay.

There are a number of ways to minimize this form of mechanism exploitation. Firstly,
all bidders on the platform must register before they can participate. Coupled with
this, all company accounts are limited to submit exactly one bid in each auction. Any
subsequent bid past their initial bid is rejected. Therefore a bidder must cancel and
re-submit to update their bid amount. This, however, does not prevent the auction
mechanism from sybil attack wherein an adversarial bidder creates multiple accounts
and chooses to only revel the bids on one of their accounts thereby achieving the same

1

mechanism exploitation.” This kind of attack is difficult to prevent against given the

LA sybil attack is an attack on an identity system where an attacker creates many pseudonymous
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company verification mechanism presented is not extremely robust, as discussed in point
7.3.4 above.

One proposed way to defend against this attack is to require all bids to be accompanied
by a refundable stake. Ideally, this stake should be proportional to the bidders bid but
this fundamentally defeats the point of a sealed bid auction as this will leak information.
Alternatively, the stake could be proportional to the auction price floor, thereby setting
the same monetary requirement for all bidders. This, however, does not prevent this
attack as a malicious bidder with a high budget can still create multiple accounts and
fund them accordingly to conduct this attack.

Further research into more robust company registration mechanisms and additional design
considerations are required to fully mitigate this attack vector.

7.3.6 Smart contract front running

Smart contract systems introduce a number of potential attack vectors and vulnerabili-
ties. For one, block mining and propagation time opens systems up to front running of
transactions. This occurs when someone monitors the blockchain for transactions they
can take advantage of and submits a transaction with a higher gas price which results
in the transaction being mined before the exploited transaction.? This kind of attack is
common in decentralized exchanges (Dexes) wherein front runners look for trades that
they can exploit through submitting an order before the legitimate order.

Auction front running is not possible due to the commit reveal bid process used. If the
bids were open then front running becomes a major problem: a bidder can simply wait
until the end of the auction and bid just above the highest bid, winning the auction.
This is commonly referred to as bid sniping in traditional auctions (Trevathan and Read,
2006). In this case the blockchain makes this behavour even easier to do due to the slow
block processing times. If multiple bidders are both attempting to snipe a bid then they
will engage in a gas bidding war wherein each progressively raises the gas associated with
their bid, not the bid amount, to ensure that their transaction is included in the block
and that their competitors is not. Sealed bids prevent this behavour as bidders have no
knowledge of their competitors bids.

The Harberger Tax mechanism however is vulnerable to a kind of front running attack.
Take the case of a licence buyout. Say Tesla owns a licence and Toyota has submitted
a buyout request with a sufficiently high proposed amount. Tesla can choose to increase
their private valuation, thereby making the Toyota buyout invalid. The front running
attack can come in where Toyota waits until just before the end of the buyout period
(defined as two weeks in section 5.2.1.1) and submits a transaction that will just beat
Tesla’s valuation. If this attack is done correctly this transaction should be included in
the last block before the end of the buyout period. Toyota can monitor the blockchain to
see if Tesla submits an increase and if they do they can immediately increase their buyout

identities to manipulate the system.

2Qas price acts as a mechanism to compensate miners and to prioritize transactions. If a transaction
has higher gas price than another then it will get mined first. This is effectively equivalent to a first-price
auction.
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request. This behavour will prevent Tesla from responding in a meaningful way as they
do not have time to respond to the buyout request.

To mitigate this problem a number of solutions could be introduced in further versions.
The simplest is to enforce that the buyout requests and price updates have a safe number
of blocks between them and the end of the buyout period. This ensures that both parties
have sufficiently long to respond in a buyout attempt. Another option is to place gas
limits on transactions submitted to the contract. This limits the ability for users to front
run to some extent as gas bidding wars become impossible by construction.

7.3.7 Front end security vulnerabilities

Due to the hosting setup used in the market the front end is susceptible to a number of
attacks. If an attacker was able to access the account details for any of the centralized
hosting services used (Gandi, Cloudflare or Netlify) they could upload a malicious front
end application in place of the existing application with the intention stealing users funds.
For example, the malicious website could replace all smart contract interactions with a
transaction that siphons users wallets to the attacker.

The provided defence against this is Secure Socket Layer (SSL) through Hypertext Trans-
fer Protocol Secure(HTTPS). This ensures that all web pages loaded by a user have a
signature and certificate and if either of these change the user is informed. This defence
works against some attack vectors but would not prevent others, such as a DNS takeover
wherein an attacker points the legitimate domain name to a malicious web server.

Furure implementations, as mentioned in Section 6.3.7, should host all website files di-
rectly on IPFS. When a user loads the page their browser will be able to validate that
the content loaded matches that claimed by the developer on IPFS. This prevents any
malicious code from being injected as the hashes will no longer match and the user will
be informed.

7.4 Chapter conclusion

This chapter critically analyzed the proposed design from three main points of view in-
cluding regulatory and legal, mechanism and incentives and technical design and imple-
mentation. The design presented improves in some ways the current brokerage market
and provides valuable visibility to the opaque market. Increased allocation efficiency
is achieved through the market making mechanisms and Harberger Tax system. How-
ever, there are still many legal considerations that need to be made as well as regulatory
clearance before the proposed marketplace for ideas could become a real world product in
today’s ecosystem. The technical implementation is robust and maintainable, but requires
additional development and tooling until the application is truly production ready. Ulti-
mately the proposed system requires extensive testing before it is appropriate to launch
in a real world setting.

Additionally, the mechanisms presented in this thesis are only one of many possible con-
structions. Appendix J presents a number of additional areas of research that were con-
sidered in the writing of this thesis.
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Chapter 8

Conclusion

Commercially viable ideas are not always born to their best users. This results in an
allocation efficiency problem between idea creators and implementors. As a subset of all
idea creators, academics often publish works that would be valuable to industry, but they
lack a simple monatization mechanism to allocate them to their best implementors. More
broadly, there are complexities in trading ideas such as information asymmetry, patent
complexity and regulation. This complexity is present in the current patent market which
results in the proliferation of adverse selection and poor market efficiency.

This thesis presented posible solutions to some of these problems by proposing a market-
place for ideas which enables academics to monetize valuable ideas through a blockchain
based patent licensing scheme. The main technical contribution of this paper is the au-
tomatic market mechanism including sealed bid auctions used in the initial allocation of
licenses. This auction leverages a privacy preserving, publicly verifiable commit reveal
scheme which runs on the Ethereum blockchain. Additionally, smart contract enforced
Harberger Tax is proposed to fairly tax ideas that generate commercial value for license
owners. These smart contracts also create cryptographically unique tokenized licenses.
This enables academics to retain ownership of their intellectual property, while issuing
licenses. Lastly, atomic, trustless and secure payments are performed without any ad-
ministrative intervention using smart contracts. Thanks to the blockchain, all operations
are publicly verifiable and trustless thereby preventing any possible manipulation from
the market operator or market participants.

The market mechanism is successful in publicising licensing and ownership information,
thereby decreasing information asymmetries. Additionally, the implemented auction and
Harberber Tax systems ensure that those that value the licences the most own them. This
improves allocation efficiency while increasing social welfare by funding the institutions
that supported the original research.
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Appendix A

Marketplace service providers

The tables A.1 and A.2 below show a number of popular software and consulting services
to aid companies in evaluating patents.

Self-use software | Website
Innography innography.com
Pantros IP ip.com
PatentRatings patentratings.com

Thomson Innovation

info.thomsoninnovation.com

Ambercite

ambercite.com

Google Patents

patents.google.com

MaxVal-1P maxval.com
Astamuse astamuse.co.jp/en
Sumobrain sumobrain.com
PatentBuddy patentbuddy.com
PetaPator petapator.com

Table A.1: Self-use software. They provide due diligence services that quantify patent
value. Primarily these self-use software products aggregate publicly available patent data
and run algorithms to produce useful patent search and evaluation outputs.

Consulting services | Website
IPVision ipvis.com
IP Capital Group ipcg.com
Evalueserve evalueserve.com

Red Oak TP, LLC
Ocean Tomo, LLC
Red Chalk Group, LLC

redoakip.com
oceantomo.com
redchalk.com

TAEUS taeus.com
IPGenix ipgenix.com
Black Stone IP blackstoneip.com
Chipworks chipworks.com

3LP Advisors
284 Partners
Questel

3lp.com
284partners.com
questel.com

Table A.2: Consulting companies. Services include due diligence, trade negotiations,
patent legal consulting, reverse-engineering and teardown services.
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Appendix B

Ethereum selection rational

There are a number of blockchains that could potentially be used in the marketplace for
ideas. Ultimately the primary consideration is a flexible smart contract platform that
can facilitate trustless execution of arbitrary logic. This is required to implement the
trustless sealed bid auctions, Harberger Tax, payment processing and licence registration.
The primary considerations when picking a blockchain for this application are:

o developer tooling to make the development approachable, maintainable and high
quality,

« ecosystem of libraries and standards such as standard interfaces and stablecoins,

o strong developer community to ensure the code base is maintained into the future
and

e high quality documentation and developer experience.

A number of popular blockchain platforms are considered below and compared to provide
a full rational into why Ethereum was chosen.

Bitcoin is the original and most well known use of blockchain. Bitcoin does enable
a scripting language, called Bitcoin script, that can be used to write basic logic into
the blockchain (wiki, 2019). Tt is, however, very limited and does not offer a Turing
complete programming environment capable of providing dynamic, autonomous execution
of contract code. It’s functionality is limited to the transfer of value from one party to
another. As a result, if the Bitcoin blockchain was used, heavy modification to the
underlying code base would be required. A relatively recent development is RSK for
Bitcoin (Rsk, 2019). This new technology enables the deployment of smart contracts on
a side chain that is tied to the Bitcoin network. However RKS is still in its very early
days, does not have a strong developer community and does not have extensive tooling
built around it.

Added to this, Bitcoin can only facilitate three transactions per second which results
in exorbitant transaction fees when network demand is high?. As a result, transactions
can be slow to process, sometimes taking up to twelve hours or more when the network
is under high load. This would make the user experience of the platform unacceptably
slow. A solution could be to build a payment channel system or to leverage the Lightning
Network. However this would add a lot of complexity to the development process which
ultimately makes it not worth it.
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Lastly, Bitcoin uses proof-of-work as its consensus algorithm making it inherently ineffi-
cient. To secure the Bitcoin network 22 terawatt-hours of energy per year are used (G.F,
2018). This is almost the same as Ireland’s yearly energy usage. This is unsustainable
and so a more energy efficient solution is required.

TOTA is designed to be more scalable than traditional blockchains, with no theoretical
maximum throughput. Additionally, it has no miner fees as there are no miners within
the IOTA network. Rather, each node within the network performs the action that a
traditional miner would do when processing a transaction. IOTA does not have blocks
and as a result, no chain. It is a stream of interlinked transactions that are distributed and
stored across the network through a data structure called a Tangle, a form of a directed
Directed Acyclic Graph (DAG).

Despite the apparent advantages of IOTA, it does not offer any platform to create smart
contracts and as such would require the use of extensive modification to accommodate
any form of complex licencing and token exchange settlements. As the marketplace aims
to be a proof of principal, IOTA is not considered appropriate due to the implementation
complexities associated with using it as the underlying blockchain.

NEO was formally known as Antshares and is seen as the Chinese version of Ethereum
by many. Fundamentally, it offers much of the same functionality as Ethereum with full
smart contract support. Moreover, NEO’s smart contract platform is language agnostic
meaning that any Turing complete programming language can compile down to NEQO’s
smart contract bytecode. For example, one can write C++, C# or Javascript smart
contracts that are then deployed to the NEO blockchain. NEO uses delegated byzantine
fault tolerance (ABFT) as its consensus algorithm. This makes it efficient and fast but this
results in the consensus becoming more centralised than other platforms and as such makes
it more susceptible to censorship. NEO has a limited English speaking developer base
making the interaction with the documentation cumbersome at times. NEQO’s platform is
still under active development and is not considered production ready. The lack of tooling,
documentation and community size make it unsuitable for the proposed marketplace.

Next generation blockchains are constructions that are set to launch in 2020 that
could in theory provide the required functionality needed for the proposed marketplace.
These include Algorand, Aergo, Insolar, Cardano and Nano. While these projects all show
promise at providing powerful scalable blockchain systems, none of them are in a state of
their development that is sufficiently mature to use for the proposed project. All of them
still need to prove themselves in the real world before being deemed appropriate.

Ethereum is a blockchain platform offering Turing complete smart contract execution.
It has the largest developer mindshare of all the blockchain platforms in the ecosystem
by an order of magnitude. Ethereum is currently used in more smart contract related
projects than any other blockchain, with 96 out of the top 100 token based applications
running on the Ethereum blockchain (Live Coin Watch, 2019).

Ethereum is currently using proof-of-work, but will soon move to proof-of-stake under the
Casper update with the launch of Eth 2.0 in the next 2 years (Vitalik Buterin, 2018).
This will make Ethereum far more scalable and efficient. Ethereum has extensive docu-
mentation and a wide range of community built and maintained tools.
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Due to the simplicity of implementation, the ability to write Turing complete smart
contracts, the future sustainability due to developer mind share, true decentralization
and current implemented standards, Ethereum is chosen as the blockchain of choice for
this thesis.

It is important to note that ideas discussed in this paper can be applied to using any
Distributed Ledger Technology(DLT) or blockchain; this does not have to be in the
form of Ethereum. However, many components would need to be rebuilt within another
blockchain framework. For example, having a native stablecoin within Ethereum (Dai)
makes building applications that use payments far easier. If built on another blockchain
this becomes considerably more difficult as every element of the application needs to be
built in-house.

86



Appendix C

Alternative sealed bid constructions

The proposed marketplaces uses sealed bid auctions over a public English outcry auction
to:

o prevent shill bidding,
o prevent bid sniping,

o prevent bidder collusion in the formation of bidding rings and

preserve bidders private valuation and strategy.

The mechanism proposed utilizes a commit reveal mechanism which has strong privacy
guarantees. However, this mechanism introduces a liveness trade off due to the asyn-
chronous nature of the reveal process which requires bidder interactivity. This means
that bidders could loose their bids if they do not return to the platform during the reveal
phase. Additionally, a user could loose their bid if they clear their web browser cache and
forget their bid amount and salt.

While these disadvantages are quite severe, the mechanism is simple to understand and
implement. There are a number of other mechanisms proposed in the literature that aim
to provide sealed bid auction mechanisms without the same liveness trade offs.

Galal and Youssef (2019) propose a mechanism that is private, verifiable, fair and non-
interactive based on zero knowledge cryptography and the Ethereum blockchain. All of
these properties are present in a commit reveal scheme, except for the interactive element
which is required in the reveal phase. Galal and Youssef (2019)’s mechanism involves
bidders submitting homomorphic commitments of their sealed bids to a smart contract.
Bidders then reveal their bids to an auctioneer via a public key encryption scheme. The
auctioneer then determines the winner of the auction. An interactive zero knowledge proof
protocol is then used between the smart contract and auctioneer to verify the correctness
of the auctioneer’s claim. This mechanism is partially privacy preserving in that no bidder
information leaked by the bidders but the auctioneer can still leak information to other
bidders during the bid phase. Additionally, this technique requires a trusted setup to be
performed to orchestrate the zero knowledge proof system.

Parkes et al. (2008) proposes a system that leverages Time-Lapse Cryptography (TLC)
which prevents ciphertext decryption until a set point in the future. This is used to keep
the bids sealed until the end of the auction, preventing any information leakage. In theory,
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this is an excellent way to achieve the goals of preventing any manipulation or corruption.
However, the TLC mechanism presented in their paper requires the use of a trusted time
server in the operation of the TLC. This introduces a trust assumption which could be
acceptable in some cases but, by its definition, is not trustless and outcome verification
becomes impossible; there is no way for an observer to know that the trusted time server
did not leak information to a competing bidder during the bidder phase. This trust
assumption therefore shifts the opportunity of manipulation away from the auctioneer
and to a third party.

Ultimately, the mechanism used in this thesis is simply a modular component to facilitate
trustless sealed bid auctions. Future implementations could exchange this mechanism for
a more robust, non-interactive process. However, for the case of this proof of concept, the
commit reveal mechanism is simple and can be easily implemented while having strong
security and privacy guarantees.

Sealed bid auctions with commit reveal encryption

Another option to replacing the commit reveal mechanism is to improve its downsides.
The primary downside is that the user looses their bid and salt amount if they clear their
browser which will make it impossible to reveal their bid. One solution to this is to encrypt
the users bid amount and salt and store the encrypted data on the blockchain. When
revealing their vote they first download the encrypted bid and salt, decrypt it and then use
it to vote. In this construction the bidder encrypts their bid and salt using a Pretty Good
privacy(PGP) encryption key paring. First, the bidder generates a private encryption key
using a signature generated from their Ethereum wallet. This uses their wallet private
key entropy to create the encryption key, without exposing the wallet private key to the
browser. This makes it far more secure and less invasive. Additionally, most wallets don’t
let the user expose their private key in any case as this is bad practice.

When the user comes to revealing they can simply rederive their encryption private key
from a fresh wallet signature. This keeps the private key safe at all times and enables the
user to recover their salt and bid amount.
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Appendix D

Dai stablecoin selection rational

Stablecoins are used as the defacto payment mechanism for all settlement within the
proposed marketplace. There are a number of different stablecoins that can be chosen
from and the design proposed by no means dictates which stablecoin must be used. In
fact any ERC20 token could be used as a payment token within the platform. However,
the use of a stablecoin is strongly recommended as other crypto tokens have been known
to be extremely volatile.

There are a number of different stablecoins within the Ethereum ecosystem. Their primary
differences are in how collateralization works to maintain token stability. Most stable-
coins can ultimately be broken up into two main kinds: fiat-collateralized and crypto
collateralized.

Fiat-collateralized stablecoins encompass most of the stablecoins on the market and
work by a company issuing a token which is backed 1:1 with an equal amount of fiat cur-
rency in a bank account. The issuing company is responsible for maintaining appropriate
reserves against their issued token. This means that users need to trust that the issuer
has not misreported their collateralization by claiming to have more currency in the bank
than what they actually have. In theory the stable crypto currency is redeemable for
underlying fiat currency from the issuer which helps maintain the peg.

Two of the most common fiat-collateralized stablecoins on Ethereum are:

o Tether ($USDT) is issued by a Hong Kong based company, Tether Limited. Tether
has been under a lot of scrutiny due to the lack of transparency of their fiat holdings
which has lead investors to believe that it has been undercollateralized. The lack of
clarity on Tether’s solvency removes it from the options for the payment token for
the marketplace.

o UDC Coin ($USDC) is issued by CENTRE, a joint venture between Circle and
Coinbase. It is fully collateralized and open source and operates within US money
transmission laws. It works exclusively with established banks and auditors. Be-
cause USDC is backed by large banks, open source and transparent and is commonly
viewed as safe within the crypto community it is a contender for the stablecoin of-
fered within the market.

Crypto-collateralized stablecoins work by locking cryptocurrency in a smart contract
as collateral when issuing the stablecoin. In the case of MakerDao’s Dai token, Ether and
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BAT tokens can be used as collateral to generate Dai by network participants. These
deposits are required to be over collatatralized by a minimum threshold of 150%, or a
position is liquidated.

For example if you want to generate 100 Dai you would need to collateralize the position
with a minimum of 150 USD worth of Ether, based on the current Ether price. For
example say that Ether is worth 100 USD. This means you would need to lock away a
miniumim of 1.5 Ether to generate the 100 Dai. If you lock away 2 Ether then your
position is 200% over collateralized and safe from liquidation. If at any point the price
of Ether drops such that the value of the Ether in the vault is less than 150% of the
outstanding debt of 100 Dai then the position is liquidated with a 13% penalty. i.e if the
2 Ether is worth less than $150 the position will be liquidated. This mechanism incentives
users that issue Dai to always keep their reserves sufficiently backed.

The main attraction to Dai is that there is no centralized point of failure that can take the
system offline. Other stablecoin systems, even those backed by credible institutions like
USDC, can be stopped, corrupted or shut down by government regulation or company
decisions. However, Dai is unstoppable in the sense that there is no regulatory oversight
that can impede its growth or usage and thus no one can stop it.

One Major criticism of crypto collateralized stablecoins is stabilitity. Dai was first launched
when the price of Ether was over 1400 USD and during its life it has withstood the price
of Ether falling all the way to 70 USD. During this time the Dai to USD peg has re-
mained fixed with deviations not exceeding more than 5 cents in either direction. This is
a remarkable achievement and is a testament to the Dai’s stable mechanism.

Due to its trustless nature and historic price stability Dai is the stablecoin of choice for
the marketplace for ideas. However, it is important to note that future implementations
can very easily incorporate multiple payment tokens. If there is a demand for USDC or
any other ERC20 token the market could offer users this option.

Lastly, front end integration with exchanges like Uniswap.io could enable direct atomic
swaps from one payment token to another such that users could use multiple tokens which
are then always converted to the same base currency in the backend.
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Appendix E

Sequence figure key

The Figure below is the key for the life cycles presented in Figure 6.5, 6.6 and 6.7.

Life Cycle Key
Execution step @

Pending between contract
state change and next interaction =~ T T 7 >

Call from externally owned account —
such as a publisher, bidder or keeper

State modification calls by the >

execution of contract logic

Execution of contract logic

Modification of contract state

) ) «ERCE20»
External contract interaction XXX

Dai Stable coin

. . i
NFT Token auctions, like ‘_(%Q

minting, burning transfer ect

Figure E.1: Sequence Figure key
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Appendix F

Smart contract sequence diagrams

Each of the primary functions discussed in Section 6.2.2 are now broken down with a
sequence Figure. These Figures showcase the interconnection of the 7 smart contracts
within the marketplace. At each point in the Figure a rectangle represents where the
contract logic is executing. For example in F.10 the NewUser calls the registerUser
function within the UnicoinRegistry. This function then calls another internal function
from the userManager, registerUser. Along this execution a rectangle represents where
the logic is being called from.

At appropriate points additional comment is shown next to rectangles notating the asso-
ciated state change or input validation. When needed, If statements are defined using an
"alt” block. These blocks encompass a block of code execution based on the if statement.

UniCoin User

Registry Manager
New
User

function regi T:erUser(string _prof:ile_uri)
Tl_registerUser(_p ofile_uri, msg.sender)

[
I validate input and

return user_Id; modify contract state
T

Figure F.1: User registration adds user account details to the user manager.
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UniCoin User Publication Auction
Registry Manager Manager Manager
Publisher
Account

createPublicationq
uint8 _pricing_Strategy,
string _publication_uri,
uint256 _auctionFloor,
uint256 _auctionétartTime,
uint256 _auctionburation,
uint256 _fixed_sell_price,
uint256 _maxNumberOfLicences,
uint256[] _contr&butors,
uint256[] _con Ebutors_weighting )

1
1
1
1
[
1
1
1
1
1
1

d
1
1
1

getCallerId()

[
1
Ireturn author_Id

_createPublication(

uint8 _pricing_.stratergy >
string memory Tpublication_uri,
uint256 _author_Id, Check input values
uint256 _fixed_sell_price, & add publication
uint256 _maxNumberOfLicences, to contract state
uint256[] _conéributors,
uint256[] _conéributors_weightings)

return publication_Id

______________________ i
1
1 1 9 g ope
, return publication_Id . Alt - if statement with 2 conditions| |
| &€ . I [if pricing strategy is private auction] |1
T T R S .
e el = A= === ————- F========- ===,
I createAuction( : | [else if pricing strategy is fixed price sale] |I
- L] L I
: uint8 _pricing_stratergy, T )" I
. string _publication_uri, ! 1
. uint256 _author_Id, : |
1 uint266 _fixed_sell_price, " Check auction input
: uint256 _maxNumberOfLicences, 1 & add auction
. uint256[] _contributors, I to contract state
1 uint256[] _contributors_weightings) 1
1 < ' ' return auctionId 1
L) L] L] I
: 1 1 1 .
. _addAuctionToPublication( )' : ]
1 uint256 _publication_Id, . . :
' 1int256 auction_Id) add auction to -
1 ] publication state I X
1 ( 1 1 1 1
! 1 1 1 .
1 return publication_Id 1 1 1 .
! <€ r 1 1 1 .
! ] 1 1

Figure F.2: Publication listing including a logical statement that conditionally creates an
auction in the case of a private auction pricing strategy.
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UniCoin
Registry
Bidder

Account

User
Manager

Publication
Manager

Auction
Manager

commitSealedBid(
bytes32 _bidHash,

uint256 _publication_Id)

T‘ getCallerId()

return author_Id

L
I
‘ ‘ getLatestAuctio

nId( publication_Id

1
[
[
1
1
1
1
1
1
1
1
1
1
1
1
)

return auction_Id

Get the Id of the
most recent auctio

‘ ‘ commltSealedBld(l

= e mm T e e e e e e e em M o o o

1 uint256

1 bytes32 _bidHash,
auction Id,
uint256 bldder Id)

Checks the bid is
in commit phase

return bidld and add bid to state

return bidId

Figure F.3: Committing sealed bid involves submitting the bid hash and publication Id.

The bid is added to the bid auction for the specific publication.
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UniCoin User Publication Auction
Registry Manager Manager Manager
Bidder
Account

revealSealedBid(
uint2566 _bid,
uint256 _salt,
uint256 _publication_

uint256 _bid_Id)
ﬂ getCallerId()

1
1
1
1
Id
1

Feturn author_Id

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
getLatestAuctlonId( publication_Id}

. Get the Id of the

return auction_Id most recent auctio
I

Checks the auction is in

the right state, that the
caller is the same as who
submitted the bid and then
hashes the bid and salt
together to find the commit.
If they match, add the bid to
the state for that bid.

- o e mm mm o mm mm m mm o e Em wm m mm mm o

revealSealedB1d(|
uint256
uint256 salt,I
uint256 _auction_Id,
uint256 _bid_Id,
uint256 _bidder.Id)

return true

return true

Figure F.4: Bid reveal involves the contract checking that the hash of the bid amount
and the salt equal the committed value specified during the commit phase. If they match
the bid value is added to the contract state.
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UniCoin Auction Publication User Vault HarbergerTax
Registry Manager Manager Manager Manager

Any account

1
. 1 ] : . [
. 1
finalizeAuction(uint256 _auction_Id) : 1 ! I
1 1 ! : !
1 1 ! . 1
_finalizeAuction(uint256 _auction_1id) : ' 1
1 ! 1 !
return winningBidAmount, Check the input params are : 1 :
! winningBiderId, valid then loop over all bids I 1 .
: publicationId in the auction to find the highest : : |
T 1 1
1 1 ! : 1
getAuthorId(uint256 _publication_Id) : 1 :
L
T 1
1 1
1 : . 1 .
! jreturn authorId ! : 1
1 T ! 1
1 1 ! : 1
getUserAddress(uint256 _user_Id) 1 : ' 1
1
1 T .
1 1 1 ' '
. 1
! : return authorAddress ! 1
1 1 . : 1
1
getUserAddress(uiﬁnt256 winningBideerd) )J'- : 1
\ 1 1 | :
X 1 1 .
1 1 ] 1
L€ ' : , '
1 1 1 1 1
\ 1
_getContributers(publicationId) ! : 1 '
T 1
! return contributorIds, Extracts all contributor ! :
' contributorWeightings| | ids for a specific publication : .
1 R 1 | !
1 o 1 I !
getAddressArray(uint256[] contributorIds) 1 B 1
: T t Convert the input array 1
] 1 1 of contributor ids to array !
. : return contlributorAddresses of contributor addresses. :
\ \ q These are used to make payments. ]
1 1 1 : !
settleBulkPayment( 1 1 ~ 1 1
'y address _sender, 1 ! 7~ !
1 address _authorAddress, : : Pay the author their full amount
I address[] _contributorAddresses,, ] and t_hen loop through each_ )
: uint256[] _contributorWeightings, 1 contributor address and weighting
X uint256 _paymentAmount) 1 1 and transfer Dai to Ithelrwallets.
1 1 1
L€ T T |
1 1 1 1
rerT-T~-~-~-""="°"|\r-°"-°-°~-°=-°=°=°=-° 2 e e T J.""l
: return true 1 1 Alt - if statement with 2 conditions | !
] < 1 1 [if the author did not selected to create a Harberger tax type licence] :
1 1 T T 1
ey R R R LTt == AT i i P R il i .
1 1 1 ) . .
] 1 1 | [else if the author did select to create a Harberger tax type licence | !
. createTaxObject(, ] 1 1 1
1 uint256 _licence_Id, 1 1 1 If the creator wants
! uint256 _currentAssignedvalue) ! ! ! Harberger tax then
1 ' 1 ! 1 Harberger tax manager
! : : : : : is called is called to create
: return true . . . . , ataxobject to store the info
1 1 1 1 1 1 .
1 1 1 1 1 1 1 .
1 1 1 1 1 1 1 .
e e e e e = = = e e e e e == e e e e e e e = = = e e e e e e e = = = e e e e e e = = = e e - - -

Figure F.5: Auction finalization involves looping through all revealed bids for the auction
and identifying the winner. The winner payment is then split amounts all contributors.
If the publisher chose to use a Harberger Tax model, this is added to the licence.
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UniCoin Licence HarbergerTa: Publication User Auction
. Vault
Registry Manager Manager Manager Manager Manager
Idea creator
Account
[0 T T
1 1 !
claimHarbergerTax(uint256 _publication_Id) !
| 1
1

1
getMostRecentPublicationLicence (uint266 _publicatiod_Id)

return publication_Id 1
1

1
getLicenceTax0ObjgctId(uint256 licence_Id)
a1

T >
1

return taxObject_Id
1

1
calculateDutstan(iingTax (uint256 taxObject_Id)

T
! 1
return outstandingTax

1
owner0f (uint256 licence_Id)
L

return licenceOwner
1
< :

- e memem el = == o

1
anAddressPay(uin§256 licenceOwner, uint256 outstandlingTax)
L

' ¥ ! Checks licence owner
! rallet balance and
: return licenceOwnerSolvent | [ !
S R N . ey ey, sy pvalletallowance v L ooeeoaaoa- .
T 1
1 1
. . ) 1
! getAuthorld(uintd56 publication_Id) ! ! Al - if statement with 2 conditions| ,
: " \ : [if the licence owner is solvent] | 1
1 1 ' T 1
: 1 1 1 :return author_Id 1 : 1
1 ! T T T 1 ; 1
1 ! 1 1 1 1 . 1
' getUserAddress (uint256 authorId) i 1 1 1 ; 1
1 1
1 T t 1
1 : 1 1 1 1 . :
\ '
1 1 Y : : return authorAddress ! 1
1 - 1
. [ ] 1 : ' 1 :
1 ' 1
: getAddressArray (uint256 contributorIds); 1 1 ! : 1
1 Ll T T T ' 1
' ! 1 1 1 1 . 1
1 : ! 1 1 return contributorAddresses 1 :
1 < : X . T X 1 '
1 . ! 1 1 '
1 settleBulkPayment (address _sender, : 1 : 1 1
. A H : 1
. : address _authorAddress, ] 1 1 loops through :
1 , address [1 _contributorAddresses, : 1 all wallet address 1
1 1 uint256[] _contributorWeightings, . ! and amounts and 1
: | £ 1int256 paymentAmount) 1 1 ! pays each !
< 1 1 1 " 1 1
1 1
1 - 1
! _updateTaxObjectLastPayment (uint256 taxObject_Id) : ! : 1
1 ' 1 .
1 T 1 1 1
. 1 N . \ 1
1 ' ) 1
1 1
1 ' ' 1
! 1 1 ! 1 !
1 ! 1
return outstandingTax| ! : 1 : 1
i
e mmmmmmm e e m = 1
I 1
1 1 1 1 1 = 1
' . : X :
1 revokeLicence(gint256 licence _Id) : : : l [ellse if the licence OWI:er i) miaii solvent]l :
! 1 1 1 1 1 1
I 1 1 1 1 ! 1 !
1 1 1 1 f 1 1 !
! n T 1 1 ' 1 1 1
1 1 1 1 1 1 1 1
: 1'(‘\'4)kt‘Li<'t‘u('(‘(uilln27)() 7})1ll)li(fi\ti0117.1d> : I Mark the licence : : 1
1 1 1 1 1 as revoked within 1 I :
! ! 1 1 1 the publication & i ' ]
: : P ! 1 1 decrement licenced 1 1
. - : : : 1 issued : : :
1
: revokeTaxObject(uint256 taxObject Id) ! 1 ! ! 1
. n . Delete the tax object 1 ! ! !
' | . and harberger tm?l 1 : : :
1 1 1 outstanding for the : ' ' .
1 T 1 previous licence owner 1 1 1 1
! 1 1 1 1 1 1 1
: ('1’(‘;\‘((‘Aurri<)11(11111{23(;’ publication . uint256 auctionFldor. 1 ! ! Create '),11('tion:
T T T sate auct
: : uint256 auctionStartTime, uint256 augtionDuration) 1 : 1 to sell off publitation's
1 1 : : : 1 return auction_Id revoked liccncc:.
1 1 1 1 : 1 1 Duration set tq 1 month.
1 1 ' ' 1 1 1
1 addAuctionToPublication(uint256 _publication Id, uint256 auctionId) : 1 1 1
1 T T T T Update publication info 1 1
: : ! 1 1 to store the newly kreate 1 1
' ! ! ! auction for the li(:(-,’lnce : :
T
! 1 1 1 1 1 1 1
! 1 1 1 1 1 1
1 return 0 ' . . : . ' .
L I R e e e - Lo m e e e m B e mm—————— l e e e m - [T 1

Figure F.7: Claiming Harberger Tax either involves: 1) the licence owner has enough Dai
and can pay (solvent) then all contributors are paid and Harberger object is updated or
2) the licence owner does not have enough Dai (not solvent) and the licence is taken away
from them and listed for public auction. The auction duration starts at 30 days.



UniCoin Licence [HarbergerTax]
Registry Manager Manager
Licence
Owner

Accunt I .
updateLicenceHarbergerValuation(,

uint256 _1ic_ence_Id,

1

1

1 1
i 1 1
uint256 _newValuation) I I
1 1 1

1

getLicenceOwnerIdzuint256 _licence_Id)
L]

T
1
return licenceOwner_Id

L]
check that the person
calling the function is
the current licence owner
1

getLicenceTax0ObjertId(uint256 _licence_Id)
L

)J.

1
1 return taxObject_Id

_updateTax0bjectValuation(
; uint256 taxObject_Id, >
1 uint256 _newValuation)

return _newValuation

Figure F.6: Updating licensee private valuation involves specifying the licence ID and
the new valuation. The registry calls the licence manager and Harberger Tax manager
accordingly to update the values. A licence holder would do this if they were updating in
the case of a buy out or if they deem the licence to be worth more or less.
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UniCoin HarbergerTax User
Registry Manager Manager
Another
Company or bidder

[
createHarbergerBuyOut (

uint256 _licence_Id,

uint256 _buyOutAmount)

getLicenceTaxObjectId(uint256 _licence_Id)

iy " \ 1
1
return licenceOwner_Id

getCallerId()

1
! return buyOutOwner_I
1
1

submitBuyOut ( !
uint256 _taxObject_Id, Add the buyout
uint256 _bouyOutAmount, object to the contract

uint256 buyOutOwner) state associated with
retyrn taxObject_IdI I a licence,
retgin _buyout_Id“

el
1
1
1

Figure F.8: Creating Harberger Tax buying can be done by anyone at any point in time.
To create this the user specifies the licence they want to buyout along with their buy out
amount. This amount is how much the buyer is willing to pay to take the licence.
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UniCoin HarbergerTax User Licence
. Vault
Registry Manager Manager Manager
Any
Account
: ! 1 1 1
' ! 1 1 1
finalizeBuyOutOffer (uint256 _buyOut_Id) 1 1 1
1 1 1
! 1 1 ]
finalizeBuyOutOffer(uint256 _buyOut_Id) 1 1
T checks if the amount 1 :
: spesified in the buyout : .
. object is enough to ' 1
1 settle the buyout based 1 1
return offerSucceeded| | off the minimum increase. ! :
- Ifitis,return,trup. : I
______________________ I L

getBquUtLicence:Id(Uint256 -buyOI:lt_Id) Alt - if statement with 2 conditions
[if the buyout offer succeeded|

return licence_Id

T

1
getBuyOutOwnerId(uint256 _buyOut_Id)

"

return buyOutOwner_Id

i
1 1
getUserAddress (uint256 buyOutOyner_Id)

-- I

return buyOutOwner_Address

L] 1
getLicenceOwnerId(uint256 licence_Id)
1
1
return previousOwner_I

getUserAddress (uint256 previousOwner_Id)

—

m—

1
return previousOwner_Address|
1
1
allocatelLicenceToNewOwner (

transfer the NF'T,
from the previoud
owner to the new!
owner. !

uint256 licence_Id,
uint256 buyOutOwner_Id,
address previousOwner_address

address buyOutOwner_address)
T
1
ettlePayment (
address buyOutOwner_address

address previousOwner_address
Lintona huvOutlimount)
1

Pay the previous
owner from the new
return true | |owner the amount

1 the new owner bid

return true

«— I

Figure F.9: Buyout finalization involves the validity of the buyout claim being checked to
ensure that the buyout is more than the minimum threshold for that specific licence. If
it is, then the licence is transferred away from the old owner and is allocated to the new
owner.
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UniCoin Publication Auction Licence Harbeger User
Regist Man: Manz Manag Tax Man: Vault
o egistry [anager [anager anager Manager [anager
UniCoin
Deployer

constructor ()

UniCoin Registry
instance

constructor ()

?ublication Manage
instanc

L
< 1
1
initialize(addyess _unicoinRegigtry)

constructor ()

Auction Manager
instanc

<€

initialize(addyess _unicoinRegisfry) !

T >

constructor ()

Licence Manager
instance

<€

T
1
initialize(string _name !
T

string | symbol, address _unicoinRegistry)

constructor ()

Harbeger Ta
Manager instance

<€

L il Rl

initialize(address _unicoinRegigtry) !

>

constructor ()

User Manager
instance

;

<€

initialize(address _unicoinRegigtry)

constructor ()

User Manage
instanc

<€

1
initialize(adgdress _unicoinRegiktry, address _daiContractAddress)

initialize(address _auctionManager, address _licenceManager, address _publicationManager, address _userManager address _vault)

Yo

Figure F.10: Deployment flow of the smart contracts involves deploying each spoke and
then initializing them with the UniCoin Registry address (hub). After all spokes are
deployed the Registry itself is initialized with all spoke addresses. Some spokes require
special parameters like the Dai contract address or additional information like the NF'T
token name and ticker for the Licence Manager.

101



Appendix G

Smart contract tests

The smart contracts were thoroughly tested in javascript using the Truffle framework.
Each core function has both a positive affirmation test to ensure that it does the correct
execution as well as a negative test to ensure that it rejects invalid inputs.

See the Github repo here to run the tests locally on your computer. The output of the
tests is shown below. Each section encompasses a set of functionality within the tests.

1 Contract: HarbergerTaxManager: Math ,{
2 Helper Maths l.'o 44 v Can finalize auction correctly (637ms)
3 v Exponentual calculation loop (494ms) 45 v Reverts if invalid reveal time: before auction (103ms)
4 v Can correctly find capatalization function (92ms) 46 v Reverts if invalid reveal time: during auction (149ms)
5 v/ Can correctly calculate future value of NACC position (72ms) 47 Auction Bidding: retrieve finalized bid information -
6 48 v Can get information about loosing bid (66ms)
7 Contract: Unicoin Registry Full system test / & 49 v Can get information about winning bid (76ms)
8 User Management 50 Licence Management: retrieve issued licence information
9 v Reverts if invalid user input (88ms) 5il v Can get information about issued licence (69ms)
10 v Can add new user (480ms) 52 v Can get licenses associated with a publication (59ms)
11 v Revert if user already added (76ms) 53 v Should be no licences associated with other publications (62ms)
12 v Can retrieve user profile information (116ms) 54 Licence Management: Interacting with NFT iy
13 Publication Management: Creation «%& 55 v Can get information about issued NFT (63ms)
14 v Can create a valid publication: FixedRate (115ms) 56 v Can get info about a publication's licence (91ms)
15 7 Can create a valid publication: Private Auction (142ms) 57 Harberger Tax: publication management W
16 Publication Management: Reject on negative input §«J e 58 v Can correctly create a licence with harberger tax enabled (259ms)
17 v Reverts if invalid publication: input non-registered user (ll2ms) °° v Can bid (and win) auction on harberger tax (765ms)
18 v Reverts if invalid publication: input URI too short (169ms) 60 v Can get taxObjects length (55ms)
19 v Reverts if invalid publication: invalid Fixed price call (163ms) 61 v Can get info about tax object (70ms)
20 v Reverts if invalid publication: invalid auction call (auction 62 v Can get licenses associated with harberger publication (95ms)
should not have fixed price) (161ms) 63 Harberger Tax: taxation calculations and payments &
21 v Reverts if invalid publication(auction): invalid start time 64 v Can correctly calculate outstanding tax (85ms)
(216ms) 65 v Can correctly calculate min buy out price (65ms)
22 v Reverts if invalid publication(auction): invalid duration time 66 Harberger Tax: claiming claimHarbergerTax z'd
(246ms) 67 v correctly distributes tax to recipients (488ms)
23 Publication Management: retrieve publication information 4~ 68 v correctly updates tax object after paying tax (95ms)
24 v Correctly get publication length (59ms) 69 Harberger Tax: buyout creation ==
25 v/ Correctly getPublication auctions (122ms) 70 v Can correctly check if a licence has harberger tax (88ms)
26 v/ Correctly get publication information (191ms) 71 v Can correctly create a valid buyout request (267ms)
Auction Bidding: Commit stage 72 v Reverts if not a harberger tax licence (92ms)
28 v Reverts if invalid bid time (86ms) 73 v Reverts if value sent less than min buyout price (117ms)
29 v/ Auction Status set correctly (236ms) 74 Harberger Tax: buyout finilization .
0 v Place bid in auction (381ms) 75 v reverts if invalid finilization time (119ms)
31 Auction Bidding: retrieve bid information 4 76 v can finalize buyout (291ms)
32 v Can retrieve bids for publication (73ms) 77 v reverts if buyout already finalized (108ms)
33 v Can retrieve bid Id information (173ms) 78 v correctly updates buyout information (62ms)
34 v Can retrieve bider information (78ms) 79 v correctly updates tax object information (78ms)
35 v Can retrieve the number of publication auction bids (62ms) 80 v correctly updates licence information (57ms)
36 v Can retrieve bid information (108ms) 81 Harberger Tax: solvent licence owner Z
37 Auction Bidding: Reveal stage [ 82 v places licence for auction if owner is underfunded (641ms)
38 v Can correctly reveal bid (21lms) 83 v can bid on auction and win new licence (926ms)
50 v Revert if wrong user tries to reveal bid (186ms) 84
40 v Revert if wrong bid committed (both bid and salt) (186ms) 85 62 passing (20s)
41 v Can correctly reveal 2nd bid (241lms) 86
42 v Revert if wrong time to reveal bid (238ms) 87 Done in 39.77s.
43 Auction Bidding: finalize auction &
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Appendix H

Vue selection rational

There are numerous Javascript frameworks available for building modern, responsive ap-

plications. Three of the most popular framworks (Angular, React and Vue) are compared

in Table H.1 below. Ultimately any Javascript framework would be able to build the

proposed marketplace. What ultimately matters is picking a framework that is:

1.

Type
Why Choose

Founders
Initial Release

Application Types

Ideal for
Learning Curve

Developer-friendly

Model
Written in

Community Support
Language Preference

Popularity

Companies Using

Future proof: the platform chosen should continue to be supported into the future

to ensure the application built continues to be supported.

Well documented, easy to use and has strong tooling: developer experience matters.

Picking a framework that is easy to understand and that has good developer tooling

will ensure that others can continue to build on the platform.

Open source and free: the ideology of the Javascript framework needs to align with

the overall application. Using a closed source framework is therefore inappropriate
in this context. This will also help to ensure that the framework is maintained into

the future as open source software attracts developers from all around the world.

Angular
A Framework

If you want to use TypeScript

Powered by Google

September 2016

If you want to develop Native apps,
hybrid apps, and web apps

If you want to focus on large-scale,
feature-rich applications

A steep learning curve

If you want to use the structure-based
framework

Based on Model-View-Controller
TypeScript

A large community of developers and
supporters

Recommends the use of TypeScript

Widely popular among developers

Used by Google, Forbes, Wix,
and weather.com

React
Library to build UI

If you want to go for “everything-is-JavaScript”

approach
Maintained by Facebook
March 2013

If you want to develop SPA and mobile apps

Suitable for modern web development and
native-rendered apps for iOS and Android
A little bit easier than Angular

If you want to have flexibility in the
development environment

Based on Virtual Document Object Model
JavaScript

Facebook developers community

Recommends the use of JSX — JavaScript XML

More than 27,000 stars added over the year
Used by Facebook, Uber, Netflix,

Twitter, Reddit, Paypal, Walmart, and others

Vue
A Framework

Easy JavaScript and HTML

Created by Former Google Employee
February 2014

Advanced SPA and started supporting
Native apps

Ideal for web development and
single-page applications

A small learning curve

If you want to have separation of concerns

Based on Virtual Document Object Model
JavaScript

open-source project sponsored

through crowd-sourcing

HTML templates and JavaScript

More than 40,000 stars added

on GitHub during the year

Used by Alibaba, Baidu, GitLab, and other

Table H.1: Table comparing diffrent properties of Angular, React and Vue
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Appendix 1

Marketplace screenshots

This appendix contains a number of screenshots that showcase the core functionality
of the Marketplace. The Marketplace can also be found online at unicoin.win. Each
screenshot has an accompanying description to outline what is being shown along a user
story. This user story encompases the full flow and interaction with the market from
loading the website, creating an account, publishing a paper to the market and finally
with a company bidding and winning in an auction.

Dapp home page. Provides high level information into operation of the marketplace

and briefly explains how the system works through a timeline.

= UniCoin - Home 0xB3c5. . . 782066

Unlock the value in
academic research

Introducing a new research marketplace to empower academics to benefit from
commercially viable work.
Connecting researchers and companies since 2019.

BEGIN LEARN MORE ~ GET IN TOUCH

il

LS
Researchers can share their work for free Researchers have the flexibility to choose how
download for non-commercial purposes. They can and when to licence their work - putting the
licence it to companies who want to implement power of their IP truly in their hands

their work commercially.

6 v

Companies wanting to fund research or purchase Companies can access world-class research and
rights to intellectual property now have one only licence it if it totally suits their
easily accessible marketplace. intended use-case. The open research movement

prevails, while ensuring research is justly
acknowledged.

Figure 1.1: Home page. Includes a short description of functionality. Notice that top
right has the users wallet address. This is automatically loaded from their web3 wallet.
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http://unicoin.win/

How does UniCoin work?

e Step 1

Researchers register on the platform, with their identities
attested to by ORCID, a digital identifier for academics

Step 2 e

Research is uploaded to the platform, available freely for
download, with a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0

e Step 3

Entities wishing to use any research for commercial purposes
can browse the platform and purchase a Creative Commons
Attribution 4.0 International licence, giving them permission
to utilize the research for commercial purposes

Step 4 o

Funds securely transferred to researchers through an Ethereum
smart contract can be automatically distrubuted to influential
works of research, ensuring foundational research is recognized
and compensated

e Step b

Researchers can use UniCoin as a platform for funding their
research! Institutions wanting to allocate funds towards
specific research topics can use UniCoin to fund research in
advance, ensuring that all the right parties receive an
allocation of that funding as well

Figure 1.2: Home page. Timeline of the life cycle of a publication on the platform.

The technology behind UniCoin

v

Ethereum smart InterPlanetary File Integration with MetaMask and Portis
contracts System ORCID web3 injection
Immutable fund processing and We utilize this peer-to-peer We leverage the de facto digital Both one-click access to the
issuing of non-fungible token network for distributed storage academic identifier to prove blockchain, and a frictionless
licences of accounts and research files researchers’ identity user experience

v v v v

Figure 1.3: Home page. Expandable description of the diffrent technologies used in the
market. When expanded, shows additional details about the technology stack.

Create an account. All users are required to register. This involves making a json
object in their web browser which is then uploaded to IPFS and registered in the smart
contract. For an academic, this registertration process includes fetching their ORCID
ID via OAuth. This is shown in the screenshots that follow. For a company a similar
process would be followed except they would specify company related information such as
company name, location, contact details and website (screenshot not shown for brevity).
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Welcome to UniCoin!

Create your profile here. Are you a researcher wanting to publish material, or do you represent a company wishing to licence a researcher's work?

@® Academic () Company

To verify your profile as a researcher, please login with ORCID below.

ORCID LOGIN

First Name Last Name

University

Email

CREATE USER

Figure 1.4: Create an account. Two main options are either for an academic who intends
to publish within the market or a company who wants to buy licences from the market.
The first name and last name fields are disabled as these must be populated from an
academics ORCID account.

Sign into ORCID or Register now

2 Personal account M Institutional account

Sign in with an institutional account @

Enter your organization's name

v
University of Cape Town

Figure 1.5: Once the user clicks on the "ORCID LOGIN” button they are re-routed to
the ORCID website where they are able to login using their institution username and
password. In this screenshot the University of Cape Town is selected. ORCID enables
any academic from any institution to create a profile. There is no additional on boarding
required from institutions to enable their academics to make an account as all major
universities are already set up with this system.
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UNIVERSITY OF CAPE TOWN Enter your usemame and password

IYUNIVESITHI YASEKAPA * UNIVERSITEIT VAN KAAPSTAD

A service has requested you to authenticate yourself. Please enter your username and password in the form below.

’J Username ' mrxchr013@myuct.ac

Y

0 Password seececesecees

Figure 1.6: After selecting the university of Cape Town the user is re-routed to a UCT
login page where they can enter their normal UCT Username and password.

Personal information transfer notice @ S A F I R E

Afrikaans | English | Sesotho | isiXhosa | IsiZulu

You are about to log into ORCID. This service is operated by ORCID, Inc.

This service describes itself as: ORCID’s vision is a world where all who participate in research, scholarship, and innovation
are uniquely identified and connected to their contributions and affiliations across disciplines, borders, and time. We
provide an identifier for these individuals to use with their name, and open tools that enable transparent and trustworthy
connections between researchers, their contributions, and affiliations.

o Kaopstoy
N

#.ORCID
Some of your personal information (see below) will be transferred from University of Cape Town to ORCID.
Privacy policy for the service ORCID.
Continue to Service (18)
Information that will be sent to ORCID
Surname Maree
Given name Chris
Display name Chris Maree
Person's principal name at home organization MRXCHRO013@uct.ac.za
Persistent service-specific pseudonym d6a7212013e448aad1d4eb38d2d8d72963ac1a29 [for https://orcid.org/saml2/sp/1]
/i If there are any errors in your personal information, please contact the administrator of your identity provider (University of Cape Town) or your
N2 IThelp desk.
Privacy statement SAFIRE - South African Identity Federation

Figure 1.7: As part of the UCT login the academic must grant ORCID permission to
access some credentials. This service is offered by an authentication as a service company
called SAFIRE who integrate directly with UCT.
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Welcome to UniCoin!

Create your profile here. Are you a researcher wanting to publish material, or do you represent a company wishing to licence a researcher's work?

@® Academic () Company

To verify your profile as a researcher, please login with ORCID below.

ORCID LOGIN
First Name ast Name

Christopher Maree

University

University of Cape Town

Email
mrxchr@l3amyuct.ac.za

CREATE USER

Figure 1.8: After granting permission to access account details the user is re-routed back
to the market. Their details are now automatically populated into the create account

page.

At this point the user has created an account. This has involved publishing a JSON
object onto IPFS which represents the users account profile and adding the URL for this
profile to the Ethereum smart contract. An example profile URI can be found here and
the Ethereum transaction used to register the user can be found here.

Publication listing involves the academic uploading their paper and additional informa-
tion such as title, abstract and key words. The academic can also specify contributors to
split the received revenue with. For this thesis this process is manual where the academic
selects how much to go to each person. An additional function is available to upload a
CSV which contains recipiants names, addresses and percentages attributed. It is at this
point where the work done by Meiklejohn (2020) would fit in to automatically attribute
social credit based off influence and impact of a paper.

@ 1tnfornation and setup @ Paper Collaborators

Add a new publication to the UniCoin marketplacedd

Add a new publication to the UniCoin marketplace. This onboarding flow will guide you though uploading your paper, linking other contributors and specifying the auction process used
for selling license.

Upload your paper Key paper information Paper key words
Add your Paper in PDF format. = Specify the key information about your paper. ™ Label your publication so others can find it easier.X
por PDF Paper title
) J. Electrochem. Soc.-2019-Harlow-A303L-44.pdf A Wide Range of Testing Results on an Excellent L Battery Technology Lithium-Ton
Battery Benchmark Electric Vehicles

Paper dbstract
We present a wide range of testing results on Extended Lifespan Nanotechnology. .
an excellent moderate-energy-density lithium-
ion pouch cell chemistry to serve as
benchmarks for academics and companies
developing advanced lithium-ion and other
“beyond lithium-ion” cell chemistries to
(hopefully) exceed. These results are far
superior to those that have been used by
researchers modelling cell failure mechanisms
and as such, these results are more
representative of modern Li-ion cells and

Figure 1.9: Create publication step 1. The academic uploads the PDF, which is previewed,
specifies the publication name, abstract and keywords.
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https://ipfs.io/ipfs/QmWaHydKMendQD2yBoCwiZQ4SWP9bFRTrYoLosyew5sNAv/
https://kovan.etherscan.io/tx/0x78726440abe3a4f9c4d9a53f7c03e14bea8b29f55e125586fd27bb0b4c21d50e

° Information and setup e Paper Collaborators e Market se

Specify paper contributors@®

Attribute a percentage of your total income from your research to your paper contributors. They will automatically recive a proportion of all
licencing fees you receive. The allocation is completely up to you.

. Your Allocation: 100.0%
Add contributors

Add contributors that were influential in helping develop your research. You can
choose what percentage allocation they will receive from the total funding pool.

Add your first
contributor

Add all the people that helped make
your research a reality.

ADD FIRST CONTRIBUTOR

@ Auto Attribute

Figure 1.10: Create publication step 2.a. The academic Then specifies who they want to
split the revenue with. This screenshot shows the empty state if the academic has not
selected anyone to share with.

@ 1nformation and setup @ Paper Collaborators ) vark

Specify paper contributors@®

Attribute a percentage of your total income from your research to your paper contributors. They will automatically recive a proportion of all licencing fees you receive. The
allocation is completely up to you.

Add contributors
Dr Frankenstein
Add contributors that were influential in helping develop your research. You can choose what percentage 5% B Helda Mandlade
. N . N Luke Meiklejohn
allocation they will receive from the total funding pool. 5
a Christoper Maree
Contributors nan

1) Helda Mandlade x @55 D Q
Contributors names a
2) Luke Meiklejohn x @1 —_— Q

Contributors names a
3) Christoper Maree X .3 -2 - — e 85%

Your Allocation: 85.0%

CONTINUE BACK

Figure 1.11: Create publication step 2.b. Ideally, the academic will want to share their
revenue with contributes. This figure shows 3 co-authors added to the publication. The
pie chart shows who the contribution will be split with and their respective amounts.

109



@ 1nformation and setup @ Paper Collaborators © narket settings

Choose how you want to sell licences to your research ™

You can choose to either list your research on an auction where buyers will submit bids and you can choose to accept or sell it at a fixed price per licence.

Research market type
(® sealed bid auction (O Fixed Price

Your publication will be listed using a sealed bid auction. All buyers will submit bids during a bidding phase. After this, the auction will close and the bidder with the highest bid
amount will win the auction. You can choose the auction floor, pre-auction period and bidding period. Additionally, you can choose how many licenses you want to issue in the auction.

Number of licences to issue Auction floor Pre-auction duration(days) Bidding duration(days)

1 10000 90 30

Harberger tax

Optionally, you can choose to enable Harberger tax on your issued licences. Harberger Tax is a mechanism which increases the allocation efficiency of your licences to companies that
value them the most. This process will generate a constant stream of revenue for you as a publisher but has implications for licence holders. See this article to learn more.

@ cnoble Harberger tax

CONTINUE BACK

Figure 1.12: Create publication step 3. The academic can choose how they want to sell
their licences. This is a choice between a sealed bid auction or a fixed price. If a sealed
bid auction is chosen, then they can also pick the number of licences to issue, the auction
floor, pre-auction duration and bidding duration. Optional Harberger Tax is also shown.

° Information and setup ° Paper Collaborators ° Market settings ° Deploy

Review your publication informationy

You can choose to either list your research on an auction where buyers will submit bids and you can choose to accept or sell it at a fixed price per licence.

Publication summary

A Wide Range of Testing Results on an Excellent Lithium-Ion Cell Chemistry to be used as Benchmarks for

Paper title New Battery Technologies

Battery Technology
Lithium-Ton

Paper keywords Battery Benchmark
Electric Vehicles
Extended Lifespan

Helda Mandlade: 5%

P

C:?iiibutors Luke Meiklejohn: 5%
Christoper Maree: 5%

Your allocation 85.0%

Sale type Sealed bid auction

Number of 1

Ticences sold

Auction floor 10 000

Pre-auction

duration 99 days

Auction duration 30 days

Harberger Tax Enabled

FINISH,” BACK

Figure 1.13: Create publication step 4. Publication listing summary enables the academic
to double check all provided information. Upon clicking "FINISH” their publication will
be uploaded to IPFS and the sale information will be added to the blockchain.

Transaction mining process is now shown. This steps the user through the 3 diffrent
stages while the transaction mines from 1) uploading files to IPFS including profile and
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PDF, 2) interacting with smart contract and submitting a transaction to the blockchain

and 3) waiting until the transaction mines and reporting back to the user when it has.
Uploading content to IPFS...

Your content is being uploaded to IPFS. This could take a few seconds.

Figure 1.14: Pending state while PDF and publication information upload to IPFS. This
can take up to 15 seconds depending on the size of the PDF.

[ XOX )} MetaMask Notification

@ Kovan Test Network

@ Account > @ onisisse2

.
Approve the transaction...
40
Y

DETAILS DATA

2

EDIT

GAS FEE 90.001 938

No Conversion Rate Available

AMOUNT + GAS FEE

TOTAL Q 0001 938 Approve the transaction in your web3 provider to submit it to the blockchain.
No Conversion Rate Available

o

Figure 1.15: Sign transaction modal with Metamask to submit a transaction to the
blockchain to list in the marketplace and store provided information.

Transaction mined!

Transaction has been mined! You can view the transaction info on EtherScan here.

CLOSE

Figure 1.16: Once a transaction has been processed and everything has complected the
user is informed. A hyperlink to the transaction hash is included.
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Publication marketplace lists all the publications that have been listed within the
marketplace. Each publication has it’s author, abstract and keywords listed along with
some details around it’s auction status. Based on the state of the publication auction
diffrent auctions can be performed.

View all publications on the marketplacedd

All publications on UniCoin are available freely for download for academic or personal use. Please see individual
publications for commercial licencing details.

A Wlide Range of Testing Results on an Excellent Lithium-Ion Cell Chemistry to be used as
Benchmarks for New Battery Technologies

Published by: Christopher Maree, University Of Capetown. https://orcid.org/0000-0002-5272-9472

Abstract: We present a wide range of testing results on an excellent moderate-energy-density lithium-ion pouch cell chemistry to serve as
benchmarks for academics and companies developing advanced lithium-ion and other “beyond lithium-ion” cell chemistries to (hopefully)
exceed. These results are far superior to those that have been used by researchers modelling cell failure mechanisms and as such, these
results are more representative of modern Li-ion cells and should be adopted by modellers. Up to three years of testing has been completed
for some of the tests. Tests include long-term charge-discharge cycling at 20, 40 and 55°C, long-term storage at 20, 4@ and 55°C, and high
precision coulometry at 40°C. Several different electrolytes are considered in this LiNi®.5Mn®.3Co0.202/graphite chemistry, including those
that can promote fast charging. The reasons for cell performance degradation and impedance growth are examined using several methods. We
conclude that cells of this tupe should be able to power an electric vehicle for over 1.6 million kilometers (1 million miles) and last at
least two decades in grid energy storage. The authors acknowledge that other cell format-dependent loss, if any, (e.g. cylindrical vs.
pouch) may not be captured in these experiments.

Keywords: Battery Technology,Lithium-Ton,Battery Benchmark,Electric Vehicles,Extended Lifespan

Commercial licencing details: The author has elected to sell commercial licences to their work through an auction.

DOWNLOAD FREE COPY  DONATE TO RESEARCHER

Figure 1.17: All publications within the market are shown in order of publication. Here, a
user can see the current status of the auction (currently "Pre-Auction”) and the licensing
terms.

A user can also download the paper for non-commercial usage, as shown in Figure 1.18a
or donate directly to the author of the paper, as shown in Figure 1.18b.

COPYRIGHT NOTICE

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
License. Thank you for supporting the open research community.

MAKE DONATION

The full terms of this licence can be accessed at the link provided above. Your funding will support this researcher, Christopher Maree, to conduct the research specified.
The following terms apply: Please specify the donation amount below.
1. Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were
made. You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you
oryour use. Donation amount (USD)
2. NonCommercial — You may not use the material for commercial purposes.
3. NoDerivatives — If you remix, transform, or build upon the material, you may not distribute the modified 100 °

material.
4. No additional restrictions — You may not apply legal terms or technological measures that legally restrict

others from doing anything the license permits.
CLOSE DONATE

o (b) Alternatively, you can choose to donate di-

(a) To download a paper with non-commercialrectly to the authors. This donation will be split
intentions you must agree to the licensing termsbased on the authors division defined when cre-

before the PDF will be downloaded. ating the listing.

Auction bidding starts once enough time has passed from the initial publication listing.
During the bidding phase any user can submit a sealed bid to the auction. This process is
outlined in section 5.2.1 and involves creating a bid salt which is submitted along with
the bidAmount. Figure 1.20 shows a publication that is ready for bidding, notated by
”Auction running” and the presence of a "BID IN AUCTION” button.

112



A llide Range of Testing Results on an Excellent Lithium-Ion Cell Chemistry to be used as
Benchmarks for New Battery Technologies

Published by: Christopher Maree, University Of Capetown. https orcid.org/0000-0002-5272-9472

Abstract: We present a wide range of testing results on an excellent moderate-energy-density lithium-ion pouch cell chemistry to serve as
benchmarks for academics and companies developing advanced lithium-ion and other “beyond lithium-ion” cell chemistries to (hopefully)
exceed. These results are far superior to those that have been used by researchers modelling cell failure mechanisms and as such, these
results are more representative of modern Li-ion cells and should be adopted by modellers. Up to three years of testing has been completed
for some of the tests. Tests include long-term charge-discharge cycling at 20, 40 and 55°C, long-term storage at 20, 40 and 55°C, and high
precision coulometry at 40°C. Several different electrolytes are considered in this LiNi®.5MnO.3Co0.202/graphite chemistry, including those
that can promote fast charging. The reasons for cell performance degradation and impedance growth are examined using several methods. We
conclude that cells of this type should be able to power an electric vehicle for over 1.6 million kilometers (1 million miles) and last at
least two decades in grid energy storage. The authors acknowledge that other cell format-dependent loss, if any, (e.g. cylindrical vs.
pouch) may not be captured in these experiments

Keymords: Battery Technology,Lithium-Ion,Battery Benchmark,Electric Vehicles,Extended Lifespan

Qlocs

Commercial licencing details: The author has elected to sell commercial licences to their work through an auction.

BID IN AUCTION DOWNLOAD FREE COPY  DONATE TO RESEARCHER

Figure 1.19: Once a transaction has been processed and everything has compleated the
user is informed. A hyperlink is included that will direct them to the blockchain if they
wish to see the processed transaction information.

MAKE BID

You can bid for the commerecial rights to this publication. In this auction you will place a sealed bid with a bid
amount. Later, you must return to the platform to reveal your bid. We will email you when it's time to reveal your bid.
The bid amount you commit to is in USD, paid in Dai.

(Cmom

If you win the auction, you will receive a license under a Creative Commons Attribution 4.0 International License.
The full terms of this licence can be accessed at the link provided above.

Under this licence, the following terms apply:

1. Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were
made. You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you
or your use.

2. No additional restrictions — You may not apply legal terms or technological measures that legally restrict
others from doing anything the license permits.

This licence is issued in the form of an NFT token that will be sent to your wallet.

Bid amount (USD)
15000

CLOSE

Figure 1.20: A user can bid on a licence by specifying the bid amount. After clicking BID
they will sign a transaction which will submit their bid commitment to the blockchain.

Auction finalization can occur by any user finding that an auction has entered the
finalization phase and then calling the finalizeAuction function. Users are incentivized
to call this function as it pays twice their spent gas back. For the initial implementation
presented in this thesis this function is called manually. This is not shown here for brevity
but was done using a web3 call directly from web3.js run within a shell.

The finalization process involves looping through all bids and identifying the winner.
Then, payment is automatically made from the winner to all contributors and a NFT is
automatically issued. An example issued NFT can be found on Kovan Etherscan here.
This is in accordance with section 5.2.1.1.

Figure .21 show the licence issued to auction winners profile. Figure 1.22 shows infor-
mation shown to the academic who created the publication. Here they can claim the
outstanding Harberger Tax associated with their publication at any point in time. The
tax paid is the amount accrued from the most recent payment to present block time.
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https://kovan.etherscan.io/token/0x718106be0137a8fa6b96bc53dd27a6607cd85562?a=4

A Wide Range of Testing Results on an Excellent Lithium-Ion Cell Chemistry to be used as
Benchmarks for New Battery Technologies

Published by: Christopher Maree, University Of Capetown () hitps://orcid.orq/0000-0002-5272-9472

Rbstract: We present a wide range of testing results on an excellent moderate-energy-density lithium-ion pouch cell chemistry to serve as
benchmarks for academics and companies developing advanced lithium-ion and other “beyond lithium-ion” cell chemistries to (hopefully) exceed.
These results are far superior to those that have been used by researchers modelling cell failure mechanisms and as such, these results are more
representative of modern Li-ion cells and should be adopted by modellers. Up to three years of testing has been completed for some of the tests.
Tests include long-term charge-discharge cycling at 20, 40 and 55°C, long-term storage at 20, 40 and 55°C, and high precision coulometry at
40°C. Several different electrolytes are considered in this LiNi0.5Mn®.3Co®.202/graphite chemistry, including those that can promote fast
charging. The reasons for cell performance degradation and impedance growth are examined using several methods. We conclude that cells of this
type should be able to power an electric vehicle for over 1.6 million kilometers (1 million miles) and last at least two decades in grid energy
storage. The authors acknowledge that other cell format-dependent loss, if any, (e.g. cylindrical vs. pouch) may not be captured in these
experiments.

Keymords: Battery Technology,Lithium-Ton,Battery Benchmark,Electric Vehicles,Extended Lifespan

[@JakElel - —
This licence has a Harberger tax associated with it! This means that at any point in time another user can submit a buyout request to try and DOWNLOAD PDF Jf DOWNLOAD LICENCE

buy the licence away from you. If a buyout request is submitted it will aper here. If one comes in we will email you so you can respond

appropriately. TRANSFER TOKEN

Because there is a Harberger tax, you will have to pay a recuring tax to continue to hold this licence. This tax is a function of your self Self assessed valuation UPDATE
assets valuation of the licence and the current tax rate. The current tax rate for this licence is: 1.5%. You can at any point update the 15000

valuation below. This is the amount that you will pay tax on and is the rate at which buyouts must exceed by a minimum of 5%.

Figure 1.21: Auction winners licence information associated with an issued licence. The
licence owner can transfer the NFT, download the paper’s PDF or their licence. Addi-
tionally, they can also update their Harberger Tax valuation.

A llide Range of Testing Results on an Excellent Lithium-Ion Cell Chemistry to be used as
Benchmarks for Newm Battery Technologies

Published by: Christopher Maree, University Of Capetown. https://orcid.org/0000-0002-5272-9472

Abstract: We present a wide range of testing results on an excellent moderate-energy-density lithium-ion pouch cell chemistry to serve as
benchmarks for academics and companies developing advanced lithium-ion and other “beyond lithium-ion” cell chemistries to (hopefully) exceed.
These results are far superior to those that have been used by researchers modelling cell failure mechanisms and as such, these results are more
representative of modern Li-ion cells and should be adopted by modellers. Up to three years of testing has been completed for some of the tests.
Tests include long-term charge-discharge cycling at 20, 40 and 55°C, long-term storage at 20, 40 and 55°C, and high precision coulometry at
40°C. Several different electrolytes are considered in this LiNi®@.5Mn0.3Co0.202/graphite chemistry, including those that can promote fast
charging. The reasons for cell performance degradation and impedance growth are examined using several methods. We conclude that cells of this
type should be able to power an electric vehicle for over 1.6 million kilometers (1 million miles) and last at least two decades in grid energy
storage. The authors acknowledge that other cell format-dependent loss, if any, (e.g. cylindrical vs. pouch) may not be captured in these
experiments.

Keywords: Battery Technology,Lithium-Ion,Battery Benchmark,Electric Vehicles,Extended Lifespan

Your publication auction finished 3 weeks ago. A licence was sold for $15 000 USD.

This licence includes a a Harberger Tax! There is currently $28.23 outstanding on this licence that you can claim at any point. You can claim it
now, if you want, or wait until the interest has grown.

IM HARBERGER TAX

Figure 1.22: Academic publishers information associated with the licence. They can view
when the auction completed, how much it settled for and what the current outstanding
Harberger Tax is. At any point they can choose to claim the tax. If they do, instant
settlement occurs via the smart contract.
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Appendix J

Areas of further research

There are a number of other interesting mechanisms that can be coupled with the sale of
ideas. These mechanisms could be offered as additional pricing options available to sellers
when listing their ideas. Some of these additional mechanisms are now discussed.

Bonding curve with unit licencing

Unit licensing rights (ULR) is a mechanism to sell licences to be used in exactly one
produced product (Jarosz et al., 2010). These are normally sold in bundles enabling the
buyer to produce a fixed number of items. For example a bundle of 1 million telephony
licences could be bought by a smartphone manufacturer, granting rights to make 1 mil-
lion smart phone units containing said licensed technology. This constriction enables
secondary markets by design.

This licencing scheme can be combined with a bonding curve to create an automatic
market maker for unit licences. Bonding curves are a kind of smart contract marketmaker
that enables the continuous sale of algorithmically priced tokens. In this implementation
these tokens are unit licences granting permission to use an idea in a commercial context.

A bonding curve works by issuing (minting) tokens in exchange for users bonding another
token. The exchange rate is defined by a mathematical function which relates the current
token price to the current circulating token supply. For example price = supply?. This
function is arbitrary and can be any function to relate the price of the issued token to
the supply of issued token. The bonded token in this case is Dai. Upon depositing Dai a
token is minted to the buyer.

Within this construction a company will deposit Dai into the smart contract which will
mint a licence for the exact number of items they would want to make. The process
of bonding Dai mints a publication specific token called the Uni token. Uni tokens are
non-fungible between different ideas; each idea therefore has its own unique Uni token
and as such its own Uni token market.

In order to “use” the licence, when constructing a product for example, they must “burn”
the token into the bonding curve. This acts to destroy the token and removes it from
supply. When a token is burnt the underling bonded Dai remains in the pool. This
acts to increase the price of all tokens because the total supply of tokens has decreased
for the same amount of bonded collateral. The burning process works by decreasing the
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supply by half of the tokens sent and sending the other half to the idea creator and all
contributors. This acts as a constant stream of revenue for the idea creator as every time
someone uses the idea, the idea creator can unbond their tokens for the Dai in the pool.

This mechanism also enables people to “stake” on a specific idea by buying tokens from
the idea’s curve but not burning them in manufacturing an item. As others buy tokens
and burn them while making products the investors token will appreciate in value enabling
them to sell at a profit later on. The investor being involved in the market is beneficial
to the idea creator as they push up the price along the bonding curve which will yield
higher return for every unit licence the idea creator gets from burnt tokens.

Note that an investor does not burn their tokens at any point. Rather, their act of
“selling” is done by unbonding their UNI tokens to get back Dai. The unbonding process
applies a sell tax which is sent directly to the idea creators. This is done to tax the
investors for profiting from someone else’s idea thus generating additional revenue for the
idea creator. This also prevents pump and dump schemes from affecting the bonding
curve. This effectively means that an investor has separate buy (bond) and sell (unbond)
curves. This is due to the fee between the two. An arbitrary example of this kind of
bonding curve is shown in Figure J.1.
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Figure J.1: Bonding curve with separate buy and sell functions

Mechanism advantages

This mechanism is useful because it creates a continuous, instantaneous market. This is
advantageous over the auction and Harberger Tax model which takes longer from a buyer
seeing an idea of interest, bidding, revealing and then finalizing an auction. The bonding
curve mechanism on the other hand enables instant purchases for implementers.

Additionally this mechanism does not exclude any particular individual or group. This
is not an artificial monopoly in the same way that an exclusive licence would be. This
can be said to democratize access to commercially viable ideas. Additionally, often a
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company will not require a monopoly licence but rather needs to build a fixed number
of products with a licence. Using a unit licence means that these companies only need
to buy the exact number of licenses required for their product. This decreases licensing
uncertainty and overhead cost versus acquiring a generic unlimited licence. In this way
the unit licencing mechanism can be seen as a more precise licencing technique.

The ability to “stake” on an idea by buying tokens with the intention of unbonding them
later at a higher price changes how investors interact with intellectual property and ideas.
This new mechanism enables an investor to directly benefit from the success of an idea
which effectively creates a new accessible asset class. Therefore you can “invest” into a
patented idea such that you get a share of future revenue generated from the idea.

This process of staking additionally acts as a signaling mechanism to identify the most
important ideas. This is a costly signaling mechanism due to the opportunity cost and
market risk of staking which makes it an effective way to curate content (Mcandrew and
College, 2019). Ideas that have a lot of value staked in them show that the community
of investors believe that it will be profitable into the future. This can be used to build
a token curated registry. At the same time, investors benefit inventors as their holding
tokens drives up the price of new minted ULRs which generates more revenue.

Mechanism disadvantages

There could be difficulty in corroborating the number of products produced with the
number of licenses purchased. For example, if the smartphone manufacturer buys 1
million licences but in fact creates 1.5 million devices it is hard to validate this without
trusting the phone manufacturer. If there is uncertainty here this will enable licence
buyers to under pay for their licences. Ultimately additional modeling and idea validation
is required before adding this mechanism to any real world system.

IP index funds through the tokenization of ideas

IP index funds have been around for over a decade with early implementations being
launched by Ocean Tomo in 2006 (Malackowski et al., 2007). The fund consisted of
a portfolio of 300 companies that own the most valuable patents as assessed by Ocean
Tomo, relative to the companies’ book value. Companies included in the fund were chosen
based off key metrics Ocean Tomo defined.

The tokenization of ideas presented in this thesis lends itself to a potential next evolution
of IP based index funds. A fund could simply own a portfolio of licences generated from
this platform and then sell a derivative token which represents fractional ownership in
the portfolio. The kind of licenses that the fund owns can be governed by a number of
different rules, including but not limited to a Decentralized Autonomous Organization
(DAO) which would choose what kind of tokens to include.

Alternatively, an index fund of different idea domains could be created. For example
patents relating to telecommunication could be owned by one specific fund and patents
relating to healthcare to another. This model interacts well with the bonding curve as the
fund owns bonding curve tokens to represent fractional investment into the ULR market.
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