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History of the metaverse

The metaverse is still emerging, but the concept of a 3D immersive internet where people
can socialize, play, shop and work dates back decades.

1938

French poet and playwright Antonin Artaud
uses the term virtual reality in his collection
of essays, The Theater and its Double.

1984

American computer scientist, musician and
VR pioneer Jaron Lanier founds VPL Research,
Inc., which developed one of the first virtual
reality headsets and data gloves.

1992

American sci-fi writer Neal Stephenson coins
the term metaverse in his book Snow Crash,
which depicts a dystopian future world
where rich people escape into an alternative
3D connected reality.

2003

Linden Lab unveils Second Life, a shared 3D
virtual space that allows users to explore,
interact with others, build things and
exchange virtual goods.

2007

Google augments Maps with Street View,
which allows people to explore avirtual
representation of the real world at scale.

2010

The gacha video game model is introduced.

2012

Israeli entrepreneur Yoni Assia introduces
colored coins in a 2012 blog post titled
“bitcoin 2.X (aka Colored Bitcoin)-

initial specs.”

2014
Facebook buys Oculus and helps scale the
3D infrastructure to support it.

2015

Canadian programmer Vitalik Buterin and
English computer scientist Gavin Wood
launch Ethereum, which includes features
for building decentralized apps on a
blockchain.

Pokémon GO introduces the world to
augmented reality games overlaid on the
real world.

2019

Epic Games's Fortnite becomes the most
popular shared virtual world ever, with over
250 million active users.

2021

Microsoft introduces Mesh as a new
platform that promises to synchronize
virtual collaboration.

= 1962

American filmmaker Morton Heilig builds the
Sensorama, a machine that simulated the
experience of riding a motorcycle through
New York City via a 3D movie, vibrating chair,
fan and smelis.

- 1989
English computer scientist Tim Berners-Lee
lays the groundwork for the World wide web
while at CERN.

1993

Israeli computer scientist Moni Naor and
American computer scientist Cynthia Dwork
invent proof-of-work techniques to deter
spam and denial-of-service attacks using
concepts that become the basis of Bitcoin.

2006

Roblox allows users to create and play
massively multiplayer games developed by
other users.

—— 2009
Satoshi Nakamoto (a pseudonym) mints the
first Bitcoin and launches the first public
blockechain, using a proof-of-work algorithm.

— 2011
Ernest Cline publishes futuristic novel Ready
Player One.

2012

American entrepreneur Palmer Luckey
launches the Oculus on Kickstarter as the
first low-cost 3D hardware for the masses.

2014

Americans Kevin McCoy, an artist, and
Anil Dash, a tech entrepreneur, create
the first non-fungible token, a unique
cryptographically secured virtual asset.

2016

The DAO, an early decentralized autonomous
organization for raising VC funds, launches
on top of the Ethereum blockchain.

2018

Video play-to-earn game Axie Infinity,
developed by Vietnamese studio Sky Mavis,
popularizes the use of NFTs integrated into
the Ethereum blockchain.

2021

Facebook’s parent company rebrands itself
as Meta and promulgates an upbeat and
expansive vision for the metaverse.

4 2022

Siemens and Nvidia partner on the industrial
metaverse.
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Exhibit 1 - The Metaverse Lies at the Intersection of Three Technologies
and User Bases

M-Worlds
_--® 300 million-500 million

active users

Metaverse

AR/VR/MR

30 million installed headsets i 30 million total NFT wallets
800 million mobile AR users @~ 1 million active NFT wallets
$16 billion market (hardware $40 billion in NFT assets
software, and advertising)

$50 billion in virtual
transactions (fiat currency)
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™ Accenture (2022). Technology Vision 2022, Meet me in the metaverse. Accenture.
https:/www.accenture.com/__acnmedia/Thought-l eadership-Assets/PDF-5/Accenture-Meet-Me-in

-the-Metaverse-Full-Report.pdf
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.
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Plateau will be reached:
) less than 2 years @ 2105 years @ 51010 years A More than 10 years (i) Obsolete before plateau As of August 2022
gartner.com
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2What's New in the 2022 Gartner Hype Cycle for Emerging Technologies
https:/www.gartner.com/en/articles/what-s-new-in-the-2022-gartner-hype-cycle-for-emerging-te

chnologies
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" Horgan, J. (2021). Should Big Tech'’s Plan for a Metaverse Scare Us? Scientific American.
https:/www.scientificamerican.com/article/should-big-techs-plan-for-a-metaverse-scare-us

“ Three Predlot|ons for 2023 in Augmented and Virtual Reahty

I real|ty(2814

https:/www.idtechex.com/en/research-report/optics-for-virtual-augmented-and-mixed-reality-202
2-2032-technologies-players-and-markets/870
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% qipna nioan:  much-more-refined and truly fully-immersive, well-functioning aspect of daily life
24 The Metaverse in 2040,
https:/www.pewresearch.org/internet/2022/06/30/the-metaverse-in-2040

% |-H Lee et al, All One Needs to Know about Metaverse: A Complete Survey on Technological
Singularity, Virtual Ecosystem, and Research Agenda, Nov 2021, https:/arxiv.org/abs/2110.05352
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26 Metaverse beyond the hype: Multidisciplinary perspectives on emerging challenges, opportunities,
and agenda for research, practice and policy https:/doi.org/10.1016/}.ijinfomgt.2022.102542
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Metaverse User

PC

Metaverse Platform
Metaverse Data
(-] Static Information
Metaverse Content =————— /— User information,

Avatar information,
Biometric,

AR/VR Device Login / Service Regquest /—1 Dynamic Information
Y . Behavior information,
|¥\ Biometric, ...
Metaverse System
h‘ Metaverse -
Mobile

Servers / Firmware

Hardware

Database Attack
« DB misconfigurations
* SQL injestions
+ Unmanaged sensitive data
*+ Weak authentication
* Privilege abuses
* Inadequate logging and
weak auditing

* Denial of service
* Phishing/Bomet
* Man-in-the-middle
R R * Sniffing/Spoofing
Diverse IoT device + Unsceured nerwork

8

SW & H/W Attack
+ Insccure system architecture
« Exploiting unpatched

services

+ Malware
* Ransomware

- Avatar copy ‘

I—‘ Device attack
* Exploiting unpatched firmware
* Vulnerabilities on memory,
physical interface Attacker
¢ Malware
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?’ Facebook's Metaverse is unsafe | CCDH,
https://www.iicsa.org.uk/key-documents/28534/view/INQ006707.pdf

28 Metaverse beyond the hype: Multidisciplinary perspectives on emerging challenges, opportunities,
and agenda for research, practice and policy https:/doi.org/10.1016/}.ijinfomgt.2022.102542
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2 Working in virtual reality for a week made people less productive, New Scientist, 16 June 2022
https:/www.newscientist.com/article/2323682-working-in-virtual-reality-for-a-week-made-people-|
ess-productive/

%0 why the fate of the metaverse could hang on its security
https://venturebeat.com/2022/01/26/why-the-fate-of-the-metaverse-could-hang-on-itssecurity

o Understandmg kids in the metaverse
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A, Technologies
Artificial Intelligence Automatic Digital Twin, Computer Agent, Autonomy of Avatar.
Blockchain Data storage, Data Interoperability, Data sharing.
Computer Vision Localization & mapping, Body & gaze tracking, Scene understanding, Image processing.
Network 5G/6G, QoS/Congestion control, QoE, Network slicing, Network-aware applications.
Edge Computing Edge Cloud, Distributed/ Federated learning, Fairness- and Privacy- preserved user presence.
User Interactivity Mobile input techniques, Mobile headsets, User feedback cues, Haptic devices, Telepresence.
Extended Reality Projection and Hologram, Augmented reality, Mixed reality, Virtual reality.
loT & Rohotics loT, Connected vehicles, human-robot interaction.

B. Ecosystems
Mvatar Appearance and Design, User perceptions, Human-avatar interaction, Avatars in-the-wild.
Content Creation Authoring, Multi-user collaboration, Creator culture, Censorship.
Virtual Economy Metaverse commerce, Virtual Objects Trading, Oligopoly, Economic governance, Ownership.
Social Acceptability Privacy threats, User diversity, Fairness, User addiction, Cyberbullying, Devices, Cultural diversity,
Security & Privacy Deep-fakes, Alternate representations, Ethical design, Protection of digital twins, Biometric data

Trust & Accountability Fairness and bias, Power and control, Opacity and transparency, Auditing, Governance.
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% Johnson, E. M., & Hepher, T. (2021). Boeing wants to build its next airplane in the 'metaverse.
REUTERS.
https:/www.reuters.com/technology/boeing-wants-build-its-next-airplane-metaverse-2021-12-17/
%4 Boeings GAMECHANGING Plan To Take Over The Metaverse https:/youtu.be/obXé16Z6Ecs

% Accenture (2022). Technology Vision 2022, Meet me in the metaverse. Accenture.
https:/www.accenture.com/_acnmedia/Thought-Leadership-Assets/PDF-5/Accenture-Meet-Me-in
-the-Metaverse-Full-Report.pdf

3 NVIDIA, BMW Blend Reality, Virtual Worlds to Demonstrate Factory of the Future,
https:/blogs.nvidia.com/blog/2021/04/13/nvidia-bmw-factory-future/

* |-H Lee et al, All One Needs to Know about Metaverse: A Complete Survey on Technological
Singularity, Virtual Ecosystem, and Research Agenda, Nov 2021, https:/arxiv.org/abs/2110.05352
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Singularity, Virtual Ecosystem, and Research Agenda, Nov 2021, https:/arxiv.org/abs/2110.05352
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% L-H Lee et al, All One Needs to Know about Metaverse: A Complete Survey on Technological
Singularity, Virtual Ecosystem, and Research Agenda, Nov 2021, https://arxiv.org/abs/2110.05352

40 -H Lee et al, All One Needs to Know about Metaverse: A Complete Survey on Technological
Singularity, Virtual Ecosystem, and Research Agenda, Nov 2021, https:/arxiv.org/abs/2110.05352
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“"How “GREEN" is the METAVERSE? The two sides of the environmental impact of the Metaverse,
https:/medium.com/geekculture/how-green-is-the-metaverse-the-two-sides-of-the-environmental
-impact-of-the-metaverse-6a35913fd329

“2Even though it's virtual, the metaverse does actually impact the environment,
https:/www.weforum.org/agenda/2022/02/how-metaverse-actually-impacts-the-environment
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4% Citizenship — Sovereign States in the Metaverse?
https:/www.hubbis.com/article/the-future-of-residence-and-citizenship-sovereign-states-in-the-m
etaverse
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L-H Lee et al, All One Needs to Know about Metaverse: A Complete Survey on
Technological Singularity, Virtual Ecosystem, and Research Agenda, Nov 2021,
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Metaverse beyond the hype: Multidisciplinary perspectives on emerging challenges,
opportunities, and agenda for research, practice and policy
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Working in virtual reality for a week made people less productive, New Scientist, 16 June
2022
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Why the fate of the metaverse could hang on its security
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Johnson, E. M., & Hepher, T. (2021). Boeing wants to build its next airplane in the
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