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About This Document

The Mad Scientist Fellows grared this document as a group Strategic Research Project
as partial requirement to complebe Master of Strategic Studies degree from the United
States Army War Colleg@JSAWC). The research, analysis, and production of this
product occurred over 24 weefrom October 2019 through March 2020 as part of the in
residence Army War College Senior Service College program. The team conersts of
US Air Force Colonel select (6) one US Navy Commander {®), two US Air Force
Lieutenant Colonels (8), and onétate Departmerioreign Service OfficerLouis

Duncan, Patrick Lancaster, Lance Vann, Nicholas E. Delcour, Stephen Frahm,
respectively.

Requirement

How, when, and where are
artificial intelligence,
biotechnology, quantum
technology, nanotechnology,
neurotechnology, autonomous
technology, robotics, and
information technology likely to
converge in ways relevant to the
United States Army over the next
15 years?

This product was produced in
multiple mediums, including

Image rendering by the Center for Disease Control

digitally (primary), PDFprinted,  jjjystrate the use of Microsoft bot to help screen COWA
and softbound book. Mulfple 19, otherwise known as the Coronavirus. The virus
methodologies were used to shutdown much of the US and the globe in Spring 2(

determine key findings and

convergences, including Eigenvector network anabsdthe Millhone analysis
technique. The results of this study were provideditoThomas F. Gregdeader of the
selfst y | ed #A Ma dndeSecutie magent ® hiteddStatedArmy Training and
Doctrine Command.

Analytic Confidence

The analytic confidence of convergences with@y Findingsis categorized as high.

Analytic confidenceof each reporis alsoindicated The questions asked were complex

and the timeline was relatively short due to competing academic requirements of the
USAWC core curriculum. Source reliability and corroboration were moderate to high. The
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analystgnon-subject matter expejtsrorked both individually and collaboratively to
answer the questions. They utilized a combination of structured analytic techniques
including nominal group technique and network analysis among others. The team
evaluated their analytic confidence utiliziRgtersots Analytic Confidence Factors
coupled with thé=riedman Corollaries

Words of Estimated Probability

Analysts leveraged theesselman List of Estimative Words their Words of Estimative
Probability (WEP) for determining ©Re I ikel:@
years.

Source Reliability

Source reliability is noted at the end of eatthtion as low(L), moderat€M), or high(H).
The citation is hyperlinked to the source. Source reliability is determined Sisindard
Primary Source Credibility Scafndthe Trust Scale and Website Evaluation Worksheet
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| mage rendering of UNDARKOGs deep | ear
Source:undark.org
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Motivation, vision, and treasure can create amazing results associated with
disruptive technology.
From fARi sk Taker:

AWe had someone | iteral Ay tebynlikelytha the Tesla
yellow pages book at us and tell us, investment is ever repaid to the
6you think youdl |l ev e taxpayerp Electievehicles ase reélly
and we thought this guy was crazy not possible in ways that would be
because not only were we going to effective for most ¢
replace this, but thatoés not o n/l Bric Noble
where it ended we keep going from President, the Car Lab
there. o
Kimbal Musk nlt really feels good
(Older brother of Elon Mugk the UStaxpayeT hat 6 s real |l y wh
| mportant here, and w
AEl on had this abil ity trepaythe grinclple; awé actaally
the world this is a real problem repaid it with interest and a bonus
thatds going to happen i payngf syultimatetythé US
Kimbal Musk taxpayer actually made a profit of
over $20 million doll al
AThere really wasndt a c¢ hwaqpai@nine years ahead of
we werendét going to do anyt hi ng. schedule)
It was what are we going to do Elon Musk
next?o0 Entrepreneur
Kimbal Musk
il could afford probakt
A T h iEdn dayeng he wants to go islands, but that, again,
and enable human civilization to was just not of inte
|l eave the planet Earth. I t 6s ElhroMuskMuslks
big a vision as you can possibly
i magine, and thatés going to require
funds, and he has enough funds to do
it, so heds going to do it.o
Kimbal Musk

From fARi sH
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A single technology is sometimes used to solve a single
problem, but this can entail certain risks for governments.
Instead, as technologies become more connected, their
convergence becomes crucial.

Deloitte Insights
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Introduction

How, when, and where aggtificial intelligence(Al), biotechnology, quantum
technologynanotechnology, neurotechnology, autonomous technology, robotics, and
information technologlikely to converge in ways relevant to the United States Army
over the next 15 years?

Based on 31 innovations likely to occur across all eight of the ndeeiglines, there
are at leassix distinct, substantial technology convergences also likely to occur that are
relevant to the United States Army over the next 15 years.

It did not escape the teamds not amtomshashat
the potential to produce 1.7069174e+46 possible outcomes. That said, based on analyses
using nominal group technique, time series analysis, network analysis, and intuition, the
team narrowed down the results to theeconvergencem which trey have the most
confidence and meet the three goals of being significant, militarily relevant, and

occurring on or before 2035.

A compelling metanalytic finding based in lang@t on viewing the disciplines and their
associated innovations in a network rather than in isolation, is that robotics, Al, and

Robot Blomigiicry by 2030
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autonomous systems will likely benefit the most from innovations in theirs and other
disciplines, followed closely by biotesblogy, information technology, and quantum
technology. The two remaining disciplines, neurotechnology and nanotechnology, did not
appear to benefit substantially from the identified innovations in the other disciplines;
however, they were mass enablerthef advancements in the other fields.

Of thesix identified convergences, those dealing with the architectures of specific
disciplines and information technology proved vital, followed by Al, virtual applications,
and physical devices or processes. RKéefindings are as follows:
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Quantum Internet and Passive Optic Networks (PON)

Researchers from Sussex University have found a way to offer super
fast and hyper-secure quantum internet all by exploring the
technology of Quantum Computing Entanglement.

Source: cybersecurity-insiders.com

It is highly likely innovations innformationtechnologyarchitecture Al, quantum

technology autonomougechnology, andianotechnology will enable decentralized Al
managenent of information processing and networking by 2035. RO swill

provide future data availabilitgnd qiantuminternet will provide network securitas

well as data confidentiality and datdegrity. Over the same timeframe, the processing
power d Internet of Things (IoT) devices will enable distributed and edge processing to
be decentralized and remotely managed by Al. Driving this convergence are a number of
research programs and recent accomplishm&pescifically:

China conducted quantumtanglement from space at a distance of 1R@0 as reported
by Lee Billings on June 15, 2017 in the Scientific American.

1 The Quantum Information Sciences (QIS) research center in Long Island, New York,
consisting of a partnership between Brookhaven National Laboratory (BNL), Stony
Brook University (SBU), and Mael Flament, CT®®Qunnect Inc., reported they can
consistently prform quantum entanglement over arbile fiber optic networkThey
arealsotesting a commercial quantum repeater and quantum memo+202ai
which they anticipate will be available on the market in 2022.



https://www.cybersecurity-insiders.com/highly-secure-quantum-internet-might-take-away-all-concerns-related-to-cyber-security/
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1 US PON is being upgraded from 2.5G PON to TIGN and the next upgrade will be
to 25G PON and possibly 50G PQ@N reported in Broadband Technology Report
March 20, 2019. In contrast, China Telecom Americas reported @hesdy has
100G links and is transitiamg to their Optical Network 2.0 whichilvdeliver 200G
and 400G.

Possible use case:

Quantum Internet delivers secure and protected data, delivering on Confidentiality,
Integrity, and Availability(CIA). A robust PON architecture provides the overmatch,
network agility, and network maneuuerconduct both offensive and defensive cyber
operations and win in the Cyber Warfare Domain between 2030 abd 203

10
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Human Machine Interfaces

It is highly likely that innovations in nanotechnologygurotechnologybiotechnology,
information technolog, quantum technology, and Al will allow for the mass production
of humanto-computer interfaces that will reduce or even eliminate the use of mobile
device visual/touch interfaces over the next 15 years. Over the same timeframe,
noninvasive devices suck Augmented Reality (AR) goggles and contact lenses, will
give way to invasive implants such as bionic corneal replacements and more advanced
noninvasive Brain Computer Interface (BCI) optiodsvariety of recent research

Mojo Vision's prototype smart contact lens with high resolution micro display.
Source: CNET.com

initiatives and new products sopgrt this finding. Specifically:

1 CNET Senior Editor Scott Stein personally tested working prototypes of smart
contact lenses that enable night vision and micro screen display capabilities early in
2020 as illustrated above.

1 French Engineering School IMT Atlantique developed a method to incorporate
transparent, flexible graphei@sed power sources into contact lenses that can power
LEDs for several hours according to a recent press release.

1 Researchers from the Shenzhen Biadyang Technological University propose that
6G with 1 terabit/second speeds and .1 millisecond latency will enable collaborative
Al that communicates, thinks, and reports changes faster than a human can react.

11


https://www.cnet.com/news/a-single-contact-lens-could-give-your-entire-life-a-head-up-display/

Estimation of Technology Convergence by 2035

Possible use case:

This convergence will permit advances l&physically integrated Headdp Display

(HUD) for automatic identification and marking of friends, foes and unknowns in a

sol dierés field of vision while squad and pl
allowing for the concentration of fires or waypoints for movement.

12
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Smart Cities

Large cities in technologically sophisticated countries are likely to integrate operations
through the convergence of decentralized artificial intelligence, edge computin
autonomous systems, and 5G, by 2025. As telecommunications continue to advance, 6G
will merge with these technologies, likely by 2035. While technical innovation is a
primary driver for this convergence, other business and social factors significantly

SMART GRID

Smart Grid Technology outlining interactions between city infrastructure
Source: engineering.electrical-equipment

influence this convergence as well. Specifically:

1T C40 Cities represent a pact made bet ween
path to reducing the global temperature by 1.5 degrees Celsius by 2030. C40 states
the creation of smart cities will ethem meet their goal. The list of smart cities
throughout the world continues to grow exponentially making it likely the C40 will
become the C100 before 2030.

T I BM6s Tririga artificial intelligence pl at

federateduilding data to provide companies with strategies for optimizing building
design, layout, usability, energy management, and maintenance. IBM states their Al
saves 2B0% in building energy costs through automation.

13
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1 Siemens technology provides a similar Iplatform and is attempting to capture
multiple city service marketSiemens has demonstrated the ease of plugging in
federated sensors from around a city into their platform within 10 minutes but state
their application requires low latency informatimnimprove timeliness and accuracy
of services. In 2017, Hong Kong adopted Si
City Hubo as a way t o chHongrKeng officialereperi c es wi t
saving over 20% in public transportation costs sineg #tarted using Smart City
Hub to manage its services

T NVI DI Ads EGX artificial intelligence chip,
optimizes data management by enabling machine learning to occur closest to the
sensor or suite of sensofish e y Bwimegrateddge computing with its city
services artificial intelligence platform,
hardware. Ericsson reports they have made 42 memoraudagreement
throughout the world to integrate this technology by 2025

Possible use case:

The flexibility inherent in a decentralized, skdarning intelligence across a complex

domain such as smart city could be leveraged to establish the-seskooter

architecture for multdomain operationandself-learning, decentraled intelligence

used to operate a smart <city could be engine
region/city with potential nokinetic effect.

14
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Advanced Robotic Employment into Austere Locations

The convergence of system capacity (Al, IT, anthputing), combined with
electromechanical advancements (robotics), and autonomy will lead to robotic colonies
employed for exploration, system management, and resource retrieval (e.g., mining, fossil
fuel drilling, aquafer discovery). As resource comipati and technology competition
increases, austere and hostile locations become rich environments for advanced robotics
employments. By 2035, these robotic colonies are likely to be employethoft, on

and under the open ocean, in desert and hostiieoaments, and even underground.
Specifically:

1 E c o p Rdardbstic system was cleaning solar panels in open terrain, without water,
in 2014, as seen in their YouTube capability demonstration.

According to CNN Business, the top images top are early renderings of shapeshifting
robotics, designed to alter shape to adapt to expedition and task requirements. The bottom
image is an actual prototype in NASA's robotics vard of it’s Jet Propulsion Laboratory.
Obtained from “This shapeshifting robot could explore other planets”

15
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1 In 2017 UC3M, a multinational partnership, was developing BADGER, an intelligent
underground robot for urban environm® according to EurekAlert!, an
Advancement of Science website. Solar panels are being built and maintained on the
surface of lakes and reservoirswter, a Korean Water Resources Corporation has
demonstrated that a floating 100kW and 500kW, emplay&buth Korea, is 11%
more efficient than overland capacity.

1 The Yara Berkshire, the first autonomous shipping vehicle, currently under
construction, is projected to run a precise inland water route in 2022.

1 Royal IHC Mining, a Dutch company, is develng commercialized mining of the
ocean floor, while NTNU, a Norwegian University research effort, introduced an
environmentally sounthethodology for the same efforts.

1 NASA continues to explore space exploration in orbit, or in open-tranigjation,
andMars research and study.

Possible use case:

Colonies of autonomous robots wadpidly in multiple domains to perhaps
decontaminate an area after a chemical attaglair damaged equipment while end
fire, or provide C2 nodes between soldiers and amdor terrestrial operations centers

16
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Stealthy Robotic Systems

The convergence
of artificial
intelligence, 5G (or
higher) information
technology and
fabrication
innovation (3D
printers) with
advances in batte
and navigation
approaches, bio
inspired robot
designs, nanotech
soft materials and

multi-robot

cooperative This swarm of search and rescue drones can explore
systems are likely new, potentially dangerous spaces without a human
to give rise to controller or even GPS.

small and Stea|thy Source: discovermagazine.com

robotic systems

that operate below detection thresholds by 2030. Expensive, and highly capable military

platforms will likely be refaced by many, cheap, and good enough systems that create
Abattlefield massodo. However, international a
robots make an international convention against deploying lethal autonomous weapon

systems highly likely. Drivig this convergence are a number of both technical and

political considerations. Specifically:

1 Battery technology evolution will be a key driver of robot capabilities according to
Dr. Henrik I. Christensen, Qualcomm Chancellor's Chair of Robot Systetes an
Professor of Comput&cience at Dept. of Computer Science and Engineering UC
San Diego. Competition between battery variations like graphene and Hibriuwill
drive down the costs of both, providing a variety of power solutions for untethered
robots by 2025.

1 Soft robots made from the convergence of rand bictechnology tissue
engineering are likely to result in bitybrid systems with unique sensing, dynamic
response, and mobility according to biomedical engineer Giada Gerboni, PhD,

17
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PostdoctorbFellow at Stanford University.

1 A Mu-lrobot cooperative systems that mimic animal group behavior is viable and a
cornerstone of unmanned aerial vehicles. Many applications could be done using a
large swarm of simpler, cheaper robots ratherthanaesingg 1 mi | | idon robot ,
Souma Chowdhury, assistant professor of mechanical and aerospace engineering at
University of Buffala

1 Pragmatic diplomacy from major states eager to lock in their relative advantages
while using collective power to lock out costfiors, will likely result in an
international agreement albeit with weakly enforceable provisions against combat
robots.

Possible use case:

Large numbe-Best s bhigivi®midof flexibility fabricated in realime
and on the spot (3printing), will perform garch and rescue missioi$ey will work
autonomoushandeasily adapt to changirepvironmentsvith unforeseen hazardsg.
natural disasterike hurricanes or earthquakewsllapsel buildings,and combatAl will
give them thability to work autonomously without any infrastructure or centralized
control system.

18
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Autonomous Field Deployable Additive Manufacturing

Innovations within the next ten years in nanotechnologyniaterials, Al enhanced
materials prototyping, edgetiicial intelligence chip computing, and sixth generation
telecommunications are likely to result in field deployable autonomous systems capable
of identifying, harvesting, and manufacturing rare earth materials for weapon system
parts in austere locatierby 2030. A number of products currently in development or
production along with several larggcale research initiatives support this convergence.
Specifically:

i Startup company, Cintrinénformatics, uses an artificial intelligence platform to
predict what materials would best be used in the design, as well as material
availability within the supply chain. Pana
platform and has acknowledged sigrafit improvements in the speed of material
discovery by 25%.

1 Australian
startup
company,
Earth Al,
demonstrated
the ability to
locate rare
earth materials
using
predictive
modeling
machine
learning built
from layers of
commercially
available
historical
terrain information and satellite imagery. To make this a reality, Earth Al is
developing a suite of Aénabled autonomous systems, such as swarming drones that
communicate site prospects to mobile autonomous drilling rigs to extract the
minerals.

DJI quadcopter for Earth Imaging, DJI image.
Source breakinedefense.com

1 Canadiarartificial intelligence mining staitip, Goldspot, has partnered with over
100 major mining companies to evolve their practices with machine learning.

19
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Goldspot anticipates exponential partnership growth within the RBxters
because of their abilitio drive down cost and schedule risk for traditional mining
companies.

1 In August 2018, respected tefdrecasting firm Gartner estimated widespread usage
of smart dust more than 10 years out, but on the path to commercialization. Smart
dust would providerevironmental data that makes this analysis possible.

Possible use case:
Long- and shorrange autonomous drones prospect, extract, and manufacture materials
for production for weapon system parts in austere locations by 2030.

20
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Additional Finding

In order to unlock
the potential of
autonomy,
robotics,
biotechnology,
and
neurotechnology
for the
Department of
Defense, likely
requires a greater

_ Artificial Intelligence Architecture pictorial representation.
understanding of Source: futurearchitectureplatform.org

how information

technology and artificial intelligence create the digital architecture. Restbwn
technologists and artificial intelligence experts have explicitly commented on this
requirement.

l

T

T

According to Michael Kanaan, Massachusetts Information Technology Artificial
IntelligenceAccelerator Air Force Director of Operations, digital interoperability
between weapon systems for midémain operations is limited. Verification of
interoperability is late in the weapon system development and results in design trades
to ensure product schedules anaintained. This includes computational hardware

and logic considerations.

According to Mr. Hunter Price, former Air Force Digital Services Director;tiesd
sensoito-shooter operations across multiple domains requires an understanding of
distribuion of bandwidth, location of computational power, and latency impact on
performance to weapon systems.

5G and 6G telecommunications offer significant opportunities in bandwidth to
operate autonomous and robotic systems; however, latency and cost etiosisler
must be considered if communicating to cloud infrastructure. Depending on the
amount of autonomy given to the system, bandwidth can be optimized by pushing
decisionmaking closer to the edge.

According to Dr. Thomas Longstaff, Carnegie Mellon Unsity Chief Technologist,
indicated decentralized and swarm intelligence coupled with edge computing offers
significant weapon system design flexibility.

21
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T

Dr. Thomas Longstaff also stated digital twins are required to improve the confidence
andtrustinthéd ar t i fi ci al intelligence black box.

Quantum sensing offers substantial position, navigation, and timing advantages for
reaktime communications, especially when provided at the edge.

Mr. Michael Kanaaralsostated théepartment of Defense (DoD) andditional

defense industrial does not have the technical expertise required to create the digital
architecture. They should consider evaluating their current military and civilian
workforce for precursor computer language skills that could be quickly acke to
create this digital architecture. He suggested the indivekraices treat computer
language like foreign language, providing an initial Defense Language Aptitude
Battery (DLAB) to screen candidates with selectees to attend-aedl8 artificial
intelligence and machine learning kistarter.

22
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Technology Convergence

The technology keeps moving forward, which makes it
easier for the artists to tell their stories and paint the
pictures they want.

George Lucas
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Quantum Internet and PON network-based convergence
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Human Machine Interface Time and Networked-Based

Convergence
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ASmart Cityo Convergence
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Autonomous Robotic Colony network-based convergence

By 2035, autonomous robotic colonies are likely to exist in austere, hostile, or otherwise
uninhabitable societies. Development in biomimicry, autonomous swarm navigation, and
scale development in undersurface and surface (water and land) autonomoues vehicl
combined with quantum sensing, graphene battery development, and navigational micro
chip development make unmanned civilization possible. Pughdgen technology

enables possible oceanic, or even interplanetary rescoiteetionand study. Finally,

Royal IHC mining, SpaceX, NASA, #vater, and UC3M Robotics are currently

investing in and studying those capabilities now.

With the emergence of multiple technologies within the next 15 years, unmanned, or
robotic colonies become possible. These rohmtitizations couldhave numerous

potential habitats and purposes. For example, distinct robotic colonies, again, ceuld self
navigate, selfearn, selsustain, and either transit under its own ability or maintain and
utilize autonomous transport. Multgphilestones that make this possible come together

A cvborg beetle, part of DARPA’s Micro Air Vehicles and Micro Electrical-Mechanical
Systems research. DARPA has demonstrated ability to control insects in flight.
Sources: digitaltrends.com and inverse.com
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within that timeframe. Moreover, the motivations and needs of humanity make this likely
by 2035.

The universal nature of some emerging technology applies to the broad spectrum of
machineenabled human smties and robotic colonies alike. Among these are the
technological capabilities like lithiuson or graphene battery development, machine
learning, and PNT navigation without the aid of GPS. Moreover, more nuanced
technology, like smart dust, swarm Aldaautonomous navigation increase reliability and
connectivity. Finally, the fiber back bone and wireless technology advancements, enabled
by advancements in quantum technology ensure seamless operations in a robust society.

Here are some applications fabotic colonies that make them likely:
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Land Surface

Commercially
deployed

Video ofEcoppi@ E4 robots maintaining and cleaning solar panel
without water

Source:ecoppia.com

Much of the Earthodés | and surface is uninhabi
these environments, while bringing and using their own life support systems. One of the
easiest examples is a desert environment; that desert environment could be the Sahar
Desert or the center of Antarctica. These parts of the planet may prove useful for various
applications, such as solar or wind power development, as well as scientific research of
planetary, weather, or any other field of study that uninhabitable, sppogrilated

areas could provide. The Office of Polar Programs requested $535 million dollars for
FY19, of which $420 million were for infrastructure support, including over $100 million
on logistics Finally, over $6 million was requested for Polar Environment, Health, and
Safety (PESHY The requirementof manned involvement in the polar regions, among
others, becomes clear.

With the advent of an autonomous shipping fleet likely by 2035, which will not require
human life support systems or requirements, logistical flow in and out of the polar
regions walld decrease. With the human error estimated as high as 96%, and with crew

36


https://www.nsf.gov/about/budget/fy2019/pdf/30_fy2019.pdf
https://www.nsf.gov/about/budget/fy2019/pdf/30_fy2019.pdf
https://youtu.be/ej0TcLi7smw
https://www.ecoppia.com/press-releases/400-mwp-in-india-developed-by-fortum/

Estimation of Technology Convergence by 2035

expenses for transport shipping vehicle support accounting for 30% of the budget,
eliminating these issues will bring down cost substantially.

The highly likely advancement in rotcs to create biomimicry, create locomotion, and

use both soft and hard material sciences can make robotic societies more than suitable for
harsh environments on the surface. Furthermore, with the highly likely advent of robot
navigation in disordered emgnments by 2035, the survivability increases substantially.

The likelihood of the availability of swarm artificial intelligence availability and high
likelihood of advanced PNT navigation and telecommunication availability by 2025

create onboard possiiyl for robotics. Finally, 6G availability (or localized 5G),

Quantum internet and 100 Qubit prototype quantum computers, all by 2035 (2035, 2025,
and 2030, respectively, for likely initial fielding) will ensure robotic connectivity,

updates, and guidan¢ié needed or desired.

UseCase

Robots of some shape and size, are likely to exist in a desert society to provide
maintenance support, logistical support, data collection, and protection (environmental)
in an effort to further science, energy production, while promoting green energy
concepts, utilizing Al and autonomous technology across highly advanced systems.
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Land Underground

As first world societies continue to advance, and developing societies lay the initial
architecture and foundation of advanced societies, subsurface applications have critical
implications. For example, China has 100 cities with over 1 million people, 8afdty

is of paramount concern, while daily disruption can cost time and resources to any
government or corporation and sew discontent among any inconvenienced by traffic, loss
of connectivity, or other currently readily available technology. Subsutéab@ology,
intricately linked in smart cities, or even fed by smart cities, likely by 2030, (i.e.,
originating in and disseminated by smart cities) to the urban or rural communities
surrounding them.

Robotic colonies, coupled with Al (possibly creating virtual Al colonies) can use antbot
and biomimicry technology, coupled with advanced navigation of the NOAC chip and Al
swarm navigation technology, while relying on smart dust technology and riding on
previously unrealized connectivity, and are likely to exist by 2035. Human society can
benefit from this technology in ways never before considered. These robotic colonies
couldlive in sewage system, gas piping system, and other underground, hostile
environments incapable of supporting human life. UC3M Robotics is currently
developing the Badger project, funded by Horizon 2020, is working on technology to 3

AND

NATURAL CAVE NETWORKS

DARPA Subterranean (SubT) Challergjfecting
development of the autonomy, perception, networking, and mobility
challenges necessary for underground exploration and mining.

Source:darpa.mil
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Rendeing of an intelligent underground robot for urban environments.
Scientists from Germany, Greece, Italy, and the United Kingdom
(UC3M Robotics participants) work on the BADGER (roBot for Autonomous
unDerGround trenchless opERations, mapping, and navigation)

Source:eurekalert.org

print, using specifically designed robots, within piping and around cable to reduce noise

and disruptiort! Furthermore, enabled by Al sd#farning, vehiclar autonomy, swarm

robotics and navigation in disordered environments coupling with advanced PNT, all

converging by 2030, these robotic societies could navigate subsurface on required

existing infrastructure for every society. Finally, these robotic 8esiean repair

damages, solve problems, discover sink holes before they become catastrophic, determine
un-sound structural anomalies, and detecting water contaminants, while not disrupting the

human society they support. Finally, this same technologusessfor discovery in

mining, fuels, ofreshwatema qu af er s . In fact, DARPAG6s 2019
underground purposeful autonomous robdtidsis is likely by 2035.

Use caseln Tokyo, Los Angeles, and Beijing, with current population of 38 million, 18
million, and 23 million, respectively (one source estimated Beijing may have 50 million
inhabitants by 2050), subsurface robots and Al, using biomimicry, composed of soft and
hard materials, monitor and maintain critical infrastructure of these megalopolis
societies?t Together, enabled by smart dust and incredible connectivity;vighght
materials and sophisticated battery technology, these robotics and Al ensure safe, fresh
water,sound energy, electricity, and structure, while monitoring to protect against fires,
contaminants or other seismic activity.
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Water Surface

Like some land surfaces, the surface of ep@ter ocean is uninhabitable, and tthrds

of the planet are covered in water. The open space and austere location create unique,
opportune environments. For example, the study of weather, or even solar energy
collection/management. There also may be other advantages and opportunity never
before considered due to the inability to inhabit and govern those areas, and rightly so.
Any oceanbased vessels are at the mercy of weather systems, including hurricanes and
typhoons. Robots, though, which can engage in biomimicry of sea life, use solar energy
and selfsustain without food, water, or temperature management issues, may open
untapped resources to aid humanity. Currentlyydter, based in South Korea, has
demorstrated open water solar enefgWhile not alone in this endeavor, they have

further demonstrated an greater than 11% effecianopen water photovoltaic solar
energy on 100kW and 500kW power managerfertiis potential increase in power
efficiency and clhection could couple with autonomous sea vehicles (currently under
construction for largescale shipping and development for srsathle applications),
advanced PNT, and robotic technology in biomimicry and energy management to create
autonomous open wateobotic colonies, likely, by 2035

As with land surface robotics, logistics, and autonomous vehicle technology, the same
opportunities, risks, and celenefit analytics apply. However, robotics and autonomous
vehicles can employ advanced technology. For example, robotics, Al, and autshomou

Photo of floating solar cells Geumjeon floating power plant in South Korea.
Source: medium.com
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systemscouldfold up solar panels, dive underwater several hundred feet, below
disruptive weather systems, and resurface after time. Connectivity and battery
capacitance, coupled with Atouldensure premptive actions, appropriate test
systems, andorrections of failed systems. It theould sustain sutsurface resilience,
before resurfacing and remploying its systems.

UseCase

Seasurface robotics, coupled with Al, and autonomous sea vehicles can utilize future
technology of robotics (biomimigrand material science) to sustain, maintain, and
completely manage searface solar farms in the open ocean. The increased connectivity
and computing will enable uninterrupted energy supply trains. This capability is likely,
based on emerging technologycreate nevepefore considered energy development.
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Water Undersurface

Photo from the Norwegian University of Science and Technology website,
touting “new solutions for evaluation, exploration, and extraction of sea-
based minerals under societal responsibility for the environment and the
international heritage of mankind.
Source: Norwegian University of Science and Technology

The undersurface of the sea holds considerable mysteries. Various motivations associated
with science and curiosity, like seeing a giant squid, for example, create significant global
interest. Governments, too, have interest undersea, but more at ti¢t@era Some of

those interests include mining and mapping, as well as managing fiber optics and
undersea warfare. Underwater is considered among the most difficult and hostile

Three-dimensional model of the Marianas Trench, the deepest part of the known ocean,
where only three-crewed expeditions have reached.
Source: The Atlantic
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environments to sustain life. It is similar to space exploration in that kghtauman

exploration of undersea environments, temperature and pressure management, as well as
crew sustainment of clothing, oxygen, food, and fresh water make logistics and
exploration untenable.

Robotics and autonomous undersea vehicles, however rasiience for these
environments. They can mine, record, explore, and report, using emerging
communication capability, while benefitting from biomimicry and other navigation
advancements. Through design perfections, robots and autonomous vehicleslgan ea
sustain pressurization management, as one example. Royal IHC Mining is currently
pursuing robotic extraction of polymetallic nodules, collections of rare earth metals
(inluding platinum and tellurium) that form at 350C and under the pressures efthe s

Rendering of subsea crawler
created by Roval IHC mining
to harvest polymetallic
nodules for the ocean floor:
Source: theconversation.com

floor at depths of 4 thousand to 6 thousand métdiisese environments are so hostile,
that only three manned crews have ventiméalthe Marianas Trench, the deepest part of
the ocean, where humanity may yet capitalize on rich resources. Furthermore, a full
undersea robotic colony can sustain itself and maintain a fleet of undersea vehicles and
robotics, while using lots of tech dulelivering on requirements. Emerging PNT, power
systems, and swarm and autonomous robotics, employing biomimicry enabled by
previously unknown connectivity, all likely by 2035, may enable humanity in previous
unreachable ways on this planet.

Use caseautonomous undersea robotics can explore deep caverns, study wildlife, mine
for rare earth minerals, and drill for fossil fuels. These vehicles are unhindered by surface
weather, and they would not require tethers to the surface for manned vehiclesaskpon t
completion, they could deploy air balloons, and sound a beacon, automating a surface
collective response. Furthermore, autonomous undersea vehicles can manage and lay
fiber optic sea cables, which are currently responsible for 99% of all communications
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Outer Space and Inter-Planetary Exploration

Like undersea environments, space exploration is dabbled in, at best. That is mostly due
to the extraordingr | ogi st i cal requirements to not
also to carry enough lifsustaining equipment and resources to make the journey. This
applies to travel and study to the moon, other surfaces, or into open space. However, if
the physgcal, physiological, and logistical constraints can be overcome, the potential for
space mining, biotechnological developments, cosmology, and communications
development, never fully considered, become possible. Furthermore, humanity may do it
just for theadvancement in human endeavor, or Manifest Destiny for a new world in a
new century.

Ve X T E :
e = e

Rendering of robotic automated systems conducting planetary research,
mining, and other task requirements, then relaying data and resources
to a spacebased manned vehicle
Source:spectrurieee.org

Recent capabilities in space exploration, like NASA emplacing the Mars rover with
advanced autonomous robotic capabilities or Space X demonstrating impressive
simultaneity in deploying 60 satellites at once or landing two shuttles on a bargeat
have not only demonstrated the possible, but also reinvigorated the pétémtih the
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emergence of autonomy, advanced material sciences, advanced navigation, and
unprecedented connectivity to unique robotic designs, space exploration becoraes less
thing of science fiction, and a more likely event (all these technologies are likely to
converge by 2035). The environmental limitations of space are less a roadblock and more
a hurdle. Aside from study, resource and energy retrieval, as well as biamate
development, may be the biggest benefactors (growing tissue in space without the burden
of gravity, or using available resources to build in spa¢&Robotic space colonies are

likely by 2035

UseCase

deployed robotics with swarm technology, navigate to asteroids, or other surfaces, mine,
and ship to building locations for space construction (as seen in Figure 9.), using
advanced, Al and IT enabled, distributed command and control with onboard learning
capabilities, thus creating unprecedented momentum toward a second space age from the
backbone of a virtual age.

Other Environments

It is important to consider the possibilities of this convergence, not only for the
possibilities listed here, but alsafieesponse to chemical, biological or nuclear events, as
well as forest or urban fires, to name but a few. With these emerging technologies,
robotic coloniesouldalter the safety requirements, and environmental controls, unlike
ever before. Shapghifting robotics, like those being explored by NASA currently, can
disrupt technology in all physical domaifs.

Analytic Confidence

The analytic confidence for this estimatéiigh. Sources were generally reliable and
corroborative. The analyst had adequate time for research but worked alone and did not
use a structured method, despite utilizing multiple technological convergerees ov
multiple time horizons, and in multiple enviornments. Furthermore, due to the significat
range of the possibilities for robotic colonies, this estimatéd change as emerging
technologies embrace unrealized potential and previously untenable envitenme

45


https://www.cnn.com/2019/09/25/tech/shapeshifting-robots-nasa-scn/index.html

Estimation of Technology Convergence by 2035

Stealthy Robotic System network-based convergence

Innovations in longelife, rapid charging batteries, navigation in a Gisied

environment, bianspired robot designs, nanotech soft materials and-noat

cooperative systems (Swarms) comyeg with artificial intelligence, 5G (or higher)
communication and advanced fabrication like 3D printing are likely to encourage the
development of small and/or stealthy robotic systems that operate below detection
thresholds by 2030. As industHstalerobotics manufacturing evolves, future warfare is
likely to see a rebalance away from militaries built around the few, expensive, and highly
capable platforms to many, cheap, and fAgood
mas s o. Ho we v e r interratmnahaetioncto lienik theacomibat role of military
robots will likely result in an international convention against deploying lethal
autonomous weapon systems (LAWS).

1 Longlife, quick charging battery research is advancing in a variety of ways (i.
enhanced fion and graphene) resulting from the high demand in commercial
markets. Tesla filed a patent in 2019 for a new breed of lithiumbatteries that
could last for a million miles in their cars. Innolith, a Swiss startup, says its new high

dersity lithium-i on batteries i s -df-theant for lithiumme s t he cu
ion... Roughly three times what is generally accepted as being the next improvement
in I'ithium. And itds two times the energy

US Department of Energy have set. o Vol kswac
battery manufacturers in Asia to max out current battery tech. A recent Bloomberg

New Energy Finance study estimated lith#on battery production capacity will

nearly quadrule by 2021. The graphene battery market will reach $115M by 2022,

with a 38.4 percent combined annual growth rate each year thereafter

1 The intrinsic properties of materials in soft robots created from the convergence of
naneand bietechnology allowfora fiembodi ed i ntelligenceodo tF
reduce the mechanical and algorithmic complexity in ways not possible with rigid
bodied robots. Soft robotics can be combined with tissue engineering and synthetic
biology to create bitnybrid systems with ugue sensing, dynamic response, and
mobility. Bioinspired soft robots can expedite the evolution efatmts that can
safely interact with humans.

1 Thomas Schmickl of the Atrtificial Life Laboratory at the University of Graz in
Austria says the possibilityp create swarms that mimic the way simple animals (like
the insect world) behave in ingenious ways as a group can provide some insight into
how to simulate intelligence. The US military has come to much the same conclusion
with respect to combat missior&wvarm robotics has become not just viable but a
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cornerstone of coming dronésinmanned aerial vehicles, in military parlance.

Souma Chowdhury, assistant professor of mechanical and aerospace engineering at
Buffalo" said: Al t 6 sreadldsafdiffaient gppliatioosvn t hat t
which could be done by not using a single $1 million robot, but rather a large swarm

of simpler, cheaper robots," he said. "These could be groaseld, atbased, or a

combination of those two approaches.”

1 Moral concermbout the use of robots by the military within the tech industry coupled
with pragmatic diplomacy from major states eager to lock in their relative advantages
while using collective power to lock out competitors, will likely result in an
international agrement with weakly enforceable provisions against combat robots.

Use Cases

1 Militaries are developing doctrine that moves away from emphasizing platforms with
greater capabilities, (i.e. the35 fighter jet) to the concept of saturating an enemy
with swarms of cheaper, more expendable robots.

9 Ash Carter, Director of the Belfer Center for Science & International Affairs at
Harvard Kennedy School and former defense
aut onomou $ the esddf grdatersyaumes afcaaft or ships in a conflict.

The emphasis in American military technology in recent decades has been on
developing weapons platforms that are deployed in fewer numbers but boast much

Russia is planning to use swarms of more than 100 drones. Each drone would pack an

explosive charge, and the swarms would be unleashed on convoys and other targets.

Source: Popular Mechanics
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greater capabilities, such as th@%-fighter jet. However, backed byw-cost
production techniques such as 3D printing, a different model that seeks to saturate an
enemy with swarms of cheaper, more expendable robots is viable.

Robert Work, former deputy secretary of defense, believes this will give the US an
advantage er its more authoritarian rivals, who are likely to place more emphasis

on completely automated solutions because they do not put so much trust in their

peopl e-savviipeepte who have grown up in a democracy, in the iWorld, will

kickthe crapoutop e opl e who grow up in the i World i
said.

Swarm robotics can
be used to tackle
dangerous tasks to
reduce or eliminate
the risk for humans.
They are flexible
and scalable which
permits adding or
removing robots as
needed to gie the
right amount of — - v > e S
resources according - &

to the evolving . -
requirements of the
job. Swarm robotics

The Robotics Institute's multi-jointed Snakebot robot, which
was deploved to search for survivors following the Mexico

City earthquake last fall, was been named Ground Rescue
are also useful when p s of the Year by the Center for Robot-Assisted Search

itds neces and Rescue (CRASAR)
accomplish tasks Source: cmu.edu
within very large or

informal

environments because of their ability to work autonomously without any
infrastructure or centralized control system. Certain environments change rapidly
over tim& natural disasters like hurricanes or earthquakes. Buildings may collapse,
altering the original layout of the environment and creating unforeseen hazards.
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Autonomous Field Deployable Additive Manufacturing time and
intuition-based convergence

|l nnovations within the nemxatt etreinalyse,arAsl ienn hnaann

materials prototyping, edge artificial i nt el
telecommunications are |likely to result in f
of i dentifying, harvesting, and manufacturin
parts in austere | ocations by 2030.

T Competition betweamd expwearsfiwle druapHaemertbatt
but heavy Lithium |l on batteries, wild.l I i ke
much wider variety of power solutions for

Artificial
Intelligence
transforms
brittle material
into
super-compressible
metamaterial

Phys.Org discussion of new material produced
through artificial intelligence.
Source phys.org.

T At approxi mately the s anaepptrionper,i aatdev af nocre smaik
weapon system parts and alternative mater.i
intelligence will enable autonomous system
|l ocati ons.

T Low cost commercially avaiplraobvliedisnnga ritd edauls ts
conditions needed for mineral extraction w
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T Swar ms of drones enabl ed

intelligence computing wi
tes for autonomous

tel ecommunpgrcagpent i ve si
2030.

by swarm artifici
[ communicate th

T I'nternational carcerm |laktouty telxd ruascea ionfg mi n
army coupled with pragmatic diplomacy from

rel ati wesadwharndtea using col

|l ective power to

result in an international agreement with
mi ner al extraction.

Us €ase

T Loragnd -s hmagutt onomopsodpenées extract, and ma

materials for producti on

for weapon system
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Technological Innovations

Just because something doesn’t do what you planned it to
do doesn’t mean it's useless.

Thomas Edison
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Introduction

According toa recent report published ieloitte Insightdy Joe MarianiAdam Routh

and Allan V. Cookleaders can easily fall into the traptbinking abouttechnoloy as
single-shot solution to a single probléiThemost difficult problemsn the future will

require multiple technologies workinggether seamlessly. The more complex

technoloy becomesthe mordalistincttechnologies wilkely on each other. As a result,
strategic leveleaders should pursthese technologies with an eye towsecdnvergence
Leadersat the strategic level mukgarnhow disparatéechnologydesigned to address
individual goalscanconvergencéo collectively build new opportunitie¥ Ignoring hat
convergence potentially risks duplicate programs, noninteroperable systems, and wasted
time and money. The future is out there, but it can only be seen together.

Brian Patrick Green, director téchnology ethics at the Markkula Center for Applied
Ethics asserts that new technological convergences allow access to paradigm shifting
innovationgto those who have never had the power toaith very few barriers to

access The emerging dilemma is that those who were once constrained by weakness,
are now somehow expected to constrain themselves through judgment of Sinidsr

issues have been faced throughout history concerning access to nuclear or chemical
weapons, but this issue is much different in nature. More specifically, cheap yet effective
technologies are proliferating at an exponentia taat threaten even the greatest of

world powers.

For example, industry leaders Elon Musk and Mustafa Suleyman, along with a large
contingent of United Nations members, have p
robotso; dr on e sughAwith litla to Bo henmam ibtérverdich Alkim o

Wilby, Vice President of research at Thalegarns that violent extremist organizations

will soon join the ranks of those with accessetbal artificial intelligencée! The

overarching problem is that as machines become fully autonomous, and they will, a

moral dilemma emerges that takes humans out of the kill chain de¢ighis would be

a great advantage for rogue regimes and terrorist organizations, and a huge quandary for

those working to prevent such actions.

Lethal autonomous terrorism is perhapsmiust predictable facet to this issue; however,
less than moral testing and development of such capabilities by China and Russia could
pose even greater threats. According to Sally Cole, Senior Editor at Military Embedded
Systems, this ian area of concerbecausgiChina is determined to become the global
leader in Al by 2030, and Russia is also focusing heavily od' Atlis concerning

becaue the Defense Innovation Board is pushing ethics principles on American
development of combat and noncombat Al systems; whereas, China and Russia are not

52


https://www2.deloitte.com/us/en/insights/industry/public-sector/convergence-of-technology-in-government.html
https://www2.deloitte.com/us/en/insights/industry/public-sector/convergence-of-technology-in-government.html
https://www2.deloitte.com/us/en/insights/industry/public-sector/convergence-of-technology-in-government.html
https://www.scu.edu/ethics/focus-areas/technology-ethics/
https://www.scu.edu/ethics/focus-areas/technology-ethics/
https://bernardmarr.com/default.asp?contentID=1421
https://bernardmarr.com/default.asp?contentID=1421
https://bernardmarr.com/default.asp?contentID=1421
http://mil-embedded.com/articles/as-military-robots-gain-traction-ethical-use-guidelines-emerge/

Estimation of Technology Convergence by 2035

constrained by similar globally accepted restrictiosme r i ca6s devel opment
defense of Al systems will be reactionary to the developments of other nations as a result
of our moral and ethical constraints on the mainstream use of theseltgpés.
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Artificial Intelligence
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| think artificial intelligence will likely change the character
of warfare, and | believe whoever masters it first will
dominate on the battlefield for many, many, many years.

Mark Esper
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Introduction

Artificial Intelligence

The Massachusetts Institute of Technology (
qguest to build machines thatiThemhasbeenason, | e
much dscussion on the progression of Artificial Intelligence (Al) in academia,

commercial industry, and even the military. Many see Al through three lenses, which

depending on your source of reference indicate some degree of overlap. These categories

are narrow(or weak) intelligence, general intelligence, and superintelligénce.

)
a

Narrow intelligence can be defined by machines that continue to improve their

performance for defined set of tasks when exposed rich sources of'détés machine

intelligence is built upon an intricate set of neural networks capable of continued learning

and rapid applicatin of solutions: Narrow intelligence is thought to be prevalent

through many industries at this time, such as finance, medicine, transportation,

agriculture, manufacturing, robosicand everyday home applicatioh$hese

environments are informatienich and provide multiple scenarios for learninglso,

l earning can be bot h Supevesedlearsng s ty@callgdonensuper v
in the context of classification, when we want to map input to output labels, or regression,

when we want to map input to a continuous outpiih simple terms, supervised

learning takes from observations or data structures to improve its understanding of the
domaint Unsupervised learning allowsforhe under st anding of dat a
explicitly-p r o v i d e 'dUndugetvisel lgarning is able to learn from unstructured

data? Under the guise of narrow intelligence, unsupervised learning is still occurring

within specific domainé!

General intelligence, on the other hand, goes well beyond predicting and takes the form
of human intelligencg™ This form of intelligence implies machines can understand
complex concepts such as emotion, rational and irrational beha¥igrsnore important
distinction from narrow intelligence, is the machine does not require supervised learning,
rather it teaches itsel!!

Many researchers are still attempting to understand how to achieve general
intelligence™ Cognitive scientists, computer scientists, computer engineers, and a
myriad of other disciplines have teamed up to understand how to emulaterteo
functions in a maching? In humans, the necortex is responsiblef executive

function, highetlevel cognition™™ To some degree, the coosition of the neaortex, as
well as how it interacts with the environment and the other parts of the brain is still a
mystery=" MIT highlighted this as the main challenge to creating a general intelligence
platformH
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Research Emphasis

Artificial intelligence has largely been used in society for decades but recent focus on
robotics often lead people to think of machines that act like humans Mdoweany do

not realize that artificial intelligence operates under the surface of the items we own.
Discussion with leaders in the field of artificial intelligence have indicated that most see
the physical item, such as a smartphone, that improves #tigyapf their lives but not

the artificial intelligence. Similarly, military leaders see the value of end items, like a
M1A1l AbrahamstankoraZ#2 Raptor, but fundamentally
architecture that could link these systems toge#tificial intelligence experts

interviewed during this study highlighted the importance of first creating a digital
roadmap, which includes machine learning, before acquiring major weapon systems. This
architecture allows for prototyping weapon systencepis and effectiveness against

threats by using digital twins.

With respect to this report, artificial intelligence enables and converges with all areas
requested by the decisionaker to investigate. In many instances, companies have
created physicalrahitecture software platforms for others to create application
programming interfaces (APIs) to conduct their research, development, productization,
and manufacturing. This allows for rapid innovation and potential disruption of your
competitor.
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Artificial Intelligence Will Enable Advanced Material
Development, Likely by 2025.

Executive Summary

Artificial intelligence (Al) will likely further accelerate material development by 2025.
Despite the concern for lack of transparemcil algorithms, the efficiency and cost
savings will drive broad acceptance in material development. This is due to the need to
accelerate delivergf new products to the market.

Discussion

Al is no stranger to material science. The us&loh material science to develop

products dates back to the early 19903uring this timeframe, machidearning

focused primarily on improving development and manufacturing technig8ewxe that
time, the two communities have continuectmlve their relationship and are now
focused on pioneering new materials that are cheaper, lighter, stronger, and may have
extremely versatile properties required for dynamic environnteatiditionally,

companies are looking for rapid discoveries of new material combinations in order to
maintain their competitive advantage in the world econ8iriry2018, the University of
Vancouver demonstrated the agility gained by ugingp drive down the material
discovery, testing, and production process from 9 months to 5/dBysfessor

Berlinguette, lead materials researcher at the University of Vancouver, said the key to
making rapid advancements is buildidbinto the entire process, rather than in certain
areas’ Despite the lack of broad acceptance of this approach in industry, the disruption
caused by staips will drive major corporations to adopt by 2025MVM

As a part of the materials development
process, material availability is one of the first
considerations in de
timeline for getting to the market.
Manufactures typically look for materials |
already in the supply chain. Machine learnin
has optimized the management of the-emd
end materials supply chain by predicting the
best supplier sources, as well as alternative
materials and designs with corresponding
suppiersM Startup company, Cintrine

Artificial oduct 6s
Intelligence

transforms
brittle material
into
super-compressible
metamaterial

Informatics, uses a sequential learniig Phys Org discussion of new materie
platform to predict what materials woulddve Produced through artificial intelligence
be used in the design, as well as material Source phys.org

availability within the supply chai.Ci nt r i neds machinitadly | ear ni ng r
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trained by the developer but continues to learn without human intervention, while

improving its accuracy through transfer learnthBanasonic was an early adopter of
Cintrineds platform and has acknowl edged sig
material discovery by 25%Panasoi 6 s success |l ed them to publ |
sequential learning methodology for material selection for product develofment.

Similarly, AGC Glass Europe, a global premier materials developer, recently partnered

with Cintrine to introduce agility into high performance glass development précess.

Marc Van Den Neste, AGC Chief Technology Off
devel opment is speedo and dartificial I nt el |
thescimt i sts design experiments or V¥alue dat a,

In cases where materials are reddily accessible, locating resources further upstream,
such as prospecting and extracting them from the earth may be required. This serves as a
high risk activity for traditional mining companies due to the cost and time to discover

new extraction site’s.The typical cost is $150 million to discover a new site and takes
approximately 510 years’ Despite rare earth materials becoming harder to find, mining
companies are beginning to uskto accelerate identification of new prospects and
extraction of these minerals.

Australian starup company, Earth Al, demonstrated the ability to locate rare earth
materials using predictive modeling machine learning built from layers of commercially
available historical terrain information and satellite imagehgeyllocated 17 new sites
over two years, spending approximately $136,000 dollars in exploration, compared to
major regional mining corporations spending $663 million to find 22 new'sEesh

Al stated innovation must be driven into the entire mining prdéebs.make this a

reality, Earth Al is developing a suite of-&habled autonomous systems, such as
swarming drones that conunicate site prospects to mobile autonomous drilling rigs to
extract the mineral$. Earth Al has already demonstrated this concept and is seeking
additional venture capital funding to make th@mpany fully operationaf. Venture
capitalists indicate Earth Al will likely receive financial backing from innovative product
development companies looking for agility and cost efficieh&urrently, Earth Al has
secured partnerships with five major Australian product companies that advertise
themselves as leadein areas such as electric vehicle technolbgy.

A recent report produced by Deloitte Ahin mining indicated companies such as Earth

Al have a significant advantage over these larger traditional mining companies that are
slow to adopt these techniqué3hey go on to say this is partly due to an aging
infrastructure that is managed by a culture that is resistant to modernize because of the
lack of trust in artificial intelligencé.Despite the hesitation by these major mining
conglomerations to change, Canadddrmmining startup, Goldspot, has partrezl with
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over 100 major mining companies to evolve their practices with machine le&rning.
Goldspot anticipates exponential partnership growth within the rR&xtears because of
their ability to drive down cost and schedule risk for traditional mining comp#nies.

In the world of advanced material development, the entire material ecosystem must be
understood. The use Al to link product design with material properties, availability,
suitable substitutesvhich can create more robust designs), as well as raw material
sources are the key to agility. Industry appears to be acknowledging the benefits of
partnerships witlAl startups makingAl commonplace in advanced material
development likely by 2025.

Analytic Confidence

The analytic confidence for this estimateriederate Sources were reliable and
corroborate one another. The analyst had adequate time for research but worked alone
and did not use a structured method. Furthermore, given the decademeline

associated with this estimate, this report is sensitive to changes based on new
information.

Author: Louis Duncan
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Fully Autonomous Air Transportation Enabled By Swarm
Artificial Intelligence In Metropolitan Cities Likely By 2025

Executive Summary

Aviation experts have set their target of employing fully autonomous air transportation
powered by swarm artificial intelligence in metropolitan cities, likely by 2025. Despite
the stringent regulations required for controlling unmaniedadt in commercial

airspace, industry will use artificial swarm intelligence to demonstrate safety.

Discussion

Autonomous air transportation
offers many advantages in
metropolitan cities. University
of Michigan researchers, Ford
Motor Company, and NASA
state that, with the correct
design, air transportation can
help curb climate change by
reducing the number of
cabon emitting cars on the
road Scientific American
reported electric vertical take
off and landing (VTOL)

Lilium autonomous transportation flying vehicles stand to reduce
aircraft startup test flight greenhouse emissions by
SourceLilium.com 52%™M Furthermore,

autonomous air taxis stand to
improve overall productivity of workers in metropolitan areas. As Jeff Holden, former
UberChief Product Officer and advocate fore r i a | ri ddrsthedJs,weng st at es,
have the honor of being home to 10 of the wo
approximately $300 billidn in Ilost income an

Major aircraft manufactures Boeing and Airbus are currently in a race to be the first to
commercialize fully autonomous air transportatiomhey have taken an interim step in
this process by prototyping autonomous air vehicles that are planned to operate in and
around metropolitan citiesuch as Dallas, Texas and Los Angeles, Califdfnizber has
partnered with Boeing in hopes to be the air taxi of choice in these cities by J023.
popularity of the autonomous air services has become a favorite with teelpstantith
major investors such as Toyota and Daimler backing them finan€iallgina and

Austria tech startip Ehang, demonstrated their two person autonomous flying taxi
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concept in 2016 and is now taking their companylgiic. Ehang received national
approval to operate a taxi service in Guangzhou, China; however, without additional
funding, risks bankruptcy Despite limited authorizations to operate in national
airspace, aviation companies will use artificial intelligence to demonstrate safe
autonomous delivery operations in controlled environments asagath approvals.

On April 23, 2019, Wing, an Alphabet Incorporated Google company, obtained the first

Federal Aviation Agency (FAA) approval to use autonomous drones for delivering

packages in certain locations, most of which do not involve delivenetnopolitan

areas’On Mar 2, 2020, Wing, along with 50,000 c
unmanned air vehicles be égirated into the national airspace with commercial air

traffic. Wing uses the artificial swarm intelligence approach by placing multiple assets

into the air at the same time and feeding these aircraft flight data from Google cloud over
commercial communication networksThese aircraft, in turn, provide information back

to Google cloud with information they have learned about the flight condifidinss

enabks the autonomous algorithm to continually be updated and shared with the rest of

the aircraf!Despi t e FAAOs unwillingness to expedit
Wing andother autonomous aircraft companies will seek endorsement in Ediiipis.

is due to the European Aviation Union SgfAgency establishing a goal of allowing

artificial intelligence enabled autonomous vehicles to fly in European airspace by} 2025.

The European Union states they have a significant shortage of air traffic management

personnel with an anticipated 53% increase in European flights looming by 2040; they

plan to institute artificial intelligence throughout aviation to improwverall efficiency™

German autonomous flying car stag company, Lilium, plans to satisfy regulators by
demonstratig a systematic commercial airworthiness approach; first starting with
manned flight then gradually transitioning to autonoméuslium has partnered with
Tesla to garner their technical expsetin demonstrating autonomous system product
safety™ L i | i u mbicde wil act as & sensor, collecting data as it flies, and will
likely provide performance feedback over a communication link to a server that will
update the autonomous flying algoriti.

Similar toTesla, Lilium indicated they will partner with NVIDIA to use their
neuromorphic computing chips to enable the air vehicle to update its own autonomous
model based on the changing environm&mlso, this would ensure the air vehicle

could fly without being tethered to a data cloud for decisi@king, which would be
important in the event the communication link was disrupgt€d As a part of the

artificial swarm intelligence model, the air vehicle would share its ilegmuith the other
vehicles to improve their autonomous algorithfffsit is unclea how these aircraft will
communicate with one another; however, given their operations will likely occur at low
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altitudes in and around cities, they could leverage-bgged wireless technologies.
Lilium anticipates their fully autonomous air taxi wikk in metropolitan cities by 2025.

Analytic Confidence

The analytic confidence for this estimateriederate Sources were reliable and
corroborate one another. The analyst &adelquate time for research but worked alone
and did not use a structured method. Furthermore, given the dengdeneline
associated with this estimate, this report is sensitive to changes based on new
information.

Author: Louis Duncan

62


https://www.youtube.com/watch?v=kv7w6wqR98Q

Estimation of Technology Convergence by 2035

Self-Learning Intelligence Will Enable Autonomous City Services
likely by 2030

Executive Summary

As cities become more technologically advanced, opportunities for automating essential
services become possible. Sleléirning artificial intelligence will orchestratied

automation of city services, likely by 2030. Despite most cities lacking integrated digital
infrastructure across services, leveraging the internet of things will enable artificial
intelligence to fasten them together. Due to radical changes in climatge,

metropolitan cities will use smart technologies to optimize energy management.

Discussion

The Al nternet of Thingso (AloTo) is often th
together and interact with a person via the intefridany modern machines, like cars,

smartwatches, smartphones, and traffic systems can communicate over networks other

than the internet, such as commercial cellular toWr&urthermore, Cisco reports by

NVI DI Abs Metropolis Smart City pl atf.
Source:NVIDIA.comandUniversity of Queensland Brain Institute

the end of 2020, approximately 50 billion devices will be connected over the irfernet.
The data sources coming from these devices follow similar communication protocols but
provide different pieces of informatidhThese pools of data are a target rich

environment for machinkearning systems, as they thrive on large amounts of complex
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information Despite the dissimilarities in information, artificial intelligence baslved
to learn from unstructured data.

| BM6s Watson artificial intelligence platfor
demonstrated the ability to sort through pools of data to identify patterns relevant to
specific domaind™® As an exampl e, | BM6s Tririga artifi

leverages the loT to harvest complerlérated building data to provide companies with
strategies for optimizing building design, layout, usability, energy management, and
maintenancé! IBM states their artificial itelligence saves 280% in building energy
costs through automaticéh.

IBM indicates the future of city management requires a good understanding of

unstructured daté.They go on to say 80% of the data available today is unstructured and

requires an applicationyar that enables the information to be quickly parsed into

meaningful detail${Comput er scientists often refer to
r e f i ¥ilespife.thé costly processing and storage overhead with creating and

maintaining data refineries, edge computing is beginning to push machine learning closer

to the source ahe sensot!

NVIDIA, Intel, and other computing chip companies have now developed chips that have
processing speeds and storage capacitivalgat to certain aspects of the human

bran™NV|I DI A6s edge compatsmmgp chidivinfeadsli ahs as e |
is being deployed around cities to support traffic management, public safety,

manufacturing, logistics, access control, and public trériSivV | DI A6s edge comput
chip has selfearning artificial intelligence resident on the device and sends specific

domain data to the cloud and other edge computing devices to improve the machine

learning algorithm& NV I DI A6s approach to making city au
requires the machine to teach itself through artificial swarm intelligence apptoach.

Due to the interest of curbing climate change, metropolitan cities around the world have

agreed to drive down carbon emissions by creating smatrt cities using tecesdogi

companies like NVIDIA and IBM!

C40 cities represent a pact made between the
to reducing the global temperature by 1.5 degrees Celsius by*2030.states the

creation of smart cities will help them meet their gbals a example, Tokyo partnered

with Panasonic to prototype the application of smart cities in the towns outside of the city

and notxe d ea uic40 on o FOt@CRies éolowisgs similarpathd

include Copenhagen, Glasgow, London, and New York'Eftgie range of automated

services enabled by sé#farning artificial intelligence are endless and include building

management, traffic magament, public safety, autonomous transit, intrusion detection,
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and local authority notificatioi.The list of smart cities throughout th@rld continues
to grow exponentially making it likely the C40 will become the C100 before 2838.

Analytic Confidence

The analytic confidete for this estimate imoderate Sources were reliable and
corroborate one another. The analyst had adequate time for research but worked alone
and did not use a structured method. Furthermore, given the dengdeneline

associated with this estiteq this report is sensitive to changes based on new
information.

Author: Louis Duncan
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Human Brain Models to Enable Unsupervised Artificial
Intelligence Likely by 2030

Executive Summary

Industry collaboration with neuroscientists, physicists, as well as many others, make
unsupervised learning in artificial intelligence likely by 2030. Despite the lack of
understanding of how the human brain works and the lack of computing power that
matcles the human brain, industry will rapidly iterate braspired computing chips
designs and architectures, making machines with human intelligence a reality.

Discussion

The term Aunsupervised | earningd means a mac
unstructured data and decide which content is applicable to th& tasiicial
intelligence applications cur egainedthey r el y on

machine to learn through structured data that has been ldb&egervised learning is
often reported as being time intensive becauseeofdtiuirement for humans to label the
data and place into bins for computers to Iéais a result, supervised learning is
considered more accurateiis performancé! Despite unsupervised learning being
inaccurate, researchers have recently experienced breakthroughs in computing
architectures thdtave led to improved performance.

Major technology companies IBM, Intel, and NVIDIA have partnered with renowned
artificial intelligence academic institutions such as Carnegie Mellon, MIT, and others to
create advanced unsupervised machine learning computing architectures capable of
enhaning the speed and accuracy of artificial intelligence similar to smaller mammalian
brain function, like mic&™MM This is due to combination of newly created machine
learning approaches and improved computing power. These areas combined are
beginning to revolutionize unsupervised X

learning architectures. For instance,
researchers have introduced concepth sisc t'
adversarial neural networks which pit one
artificial intelligence model against another
improve their accuracy.This approach
reinforces the machi
knowledge on tasks quilsk Industry has
coupled this learning model with wafsized

computing chips that have the equivalent of  \/iewzone discussion on microchips

one billion human neurons and are ability to miimic human brain function
approaching supercomputing spe&ds. Sourceviewzone.com
NVIDIA reports their machines can learn a

’%advance
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new compl ex task, |l i ke playing theé! Chinese ¢
Despite these computehips lacking another 85 billion neurons to match the entire adult

human brain, IBM is reportedly emack for achieving 10 billion neurons by 2030,

enough capacity to support neocortex functiéns.

Ray Kurzwell, futurist and renowned artificial intelligence expert, states computer chips
will express human intelligence by 202NVIDIA and Intel are attempting to make this

a reality by ollaborating with neuroscience organizations, such as the Human Brain
Project (HBP) to gather as much information about human brain architectures, as well as
gain feedback from these communities about the accuracy of the human learning
represented on thetomputer chips! HBP mapped the cerebellum and basal ganglia,
areas of the brain responsible for motor function, within a two yeasftange"

Additionally, Intel was able to apply this information to demonstrate 450 human

olfactory receptors on their neuromorphic computihgp They have moved on to the
hippocampus, the epicenter for leteym memory and how the brain interprets the

world™ Computer scientists have created a hippocampal algorithm but indicate
additional human brain model testing is requifethe interaction between the

hi ppocampus and the rest of the neocortex wi
intelligence architecturé.Once the neocortex is mapped and integrated with the
computer architecture, machines will have the capacity for human rea8owiitg.the
continued support of major technology companies; the hippocampus model will likely be
available for integration by 2022, with the remaining lobes (frontal, temporal, parietal,
and occipital) being mapped and integrated in two gpans, concluding in 2030.

Analytic Confidence

The analytic confidence for this estimatenederate Sources were reliable and
corroborate one another. The analyst had adequate time for research but worked alone
and did not use structured method. Furthermore, given the dedawig timeline

associated with this estimate, this report is sensitive to changes based on new
information.

Author: Louis Duncan
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Machine Learning Will Enable Innovative Graphene
Combinations by 2025, FDA Approval of Graphene as a
Biomaterial Likely by 2030.

Executive Summary

The medical community has long desired the ability to resolve chronic disease, illness,
and injuries as quickly as possible. The advances in machine learning converging with
mineral science, biology, and medicine offer this possibility by introducing graphene as
biomaterial, likely to receive FDA approval by 2030. Despite the lack of agility in the
FDA approval process, machine learning will accelerate the acceptance by rapidl
modeling the effects of biomaterials introduced into the body.

Discussion

The collaboration between materials development and machine learning dates back to the
early 19908’ Today, artificial intelligence is used to identify new material compounds
offering breakthroughs in applications in energy, aviation, computing, and medicine to
name a few!™ A common theme across these areas is the utilization of machine learning
to determine the wide range of graphene use cases. For example, graphene is an
extremely durable and adaptabtempound, to the extent it could be used to bolster the
resiliency of human cell§ Furthermore, the University of Missouri demonstrated the

utility of machine learning and graphene combinatigeserating over a billion useful
sequences in two days.

X Artificial intelligence has been
3 : integrated into medicine since the
T AT — o/ ear |y “2Advdn€esis .

understanding on how to apply
machine learning to accelerate clinical
care continues to evolve. The world of
l’ medicine is a data rich environment
which provides the ideal conditions
for machines that are able to quickly
L sort through volumes @omplex
74' .. data, whether constructed or
/ : /\ deconstructed, to derive solutiofis.

| BM6s Watson artifici
Cellink bioprinter: used for printing platform has been integrated into the
biomaterial cellular structures. Memorial SloarKettering Cancer
SourceCellink.com Center to accelerate cancer diagnosis

and treatmerit. In some cases,

68

al


https://www.sciencedirect.com/science/article/pii/S2352847817300515
https://www.ansys.com/blog/machine-learning-materials-science
https://www.youtube.com/watch?v=saeFQNThCGQ
https://www.fda.gov/media/96012/download
https://www.futurity.org/deep-learning-materials-science-2032872/
https://www.ibm.com/watson-health/learn/artificial-intelligence-medicine
https://www.ibm.com/watson-health/learn/artificial-intelligence-medicine
https://cellink.com/bioprinting/bio-x/

Estimation of Technology Convergence by 2035

Watson more accurately and quickly diagnosed cancer than the medicaltoctor.
addition, Watson was able to learn from pemiiewed medical literature and provide
immunotherapy options to treat the carlé®espite the destructive efforts of cancer, as
well as other diseases, atrtificial intelligence is being used for regenerative medicine to
someday counter these effects.

The National Institute dflealth (NIH) reported machine learning was used to identify
and model stem cell biomaterial combinations, which included graphene, to regenerate
damaged cardiac tisstfeResearcherseported it took & days to determine the

appropriate stem celliomaterial combination and three dimensionally pfint.

Furthermore, they stated the machine legymmodels quickly improved its accuracy for
modeling the preconditions requiring medical intervention, from 50% at the beginning to
72% by the end of the trialsDespite tissue engireing primarily being used in
laboratories, the market push to solve major medical issues will lead to clinical
integration by 2030.

According to the European tissue engineering community, tissue engineering is expected
to generate $60.9 billion from FlcYear (FY) 17 through FY20 and as is currently on

track to match these numbé&r3he United States forecast indicate tissue engineering

will grow from $13.4 billion in FY18 to $34.7 bitin by 2024F DA6s approval to
biomaterials for skin grafts has exponentially increased the number of biotech companies
entering into this markét.Cellink, a Sweden tissue engineering stgrtcompany that
combines three dimensional printing with biomaterials, is aggressively expanding
research into clinical settingsDue to Cellinkconnecting researchers with clinicians

through the democratization of biomaterial models and subsequent printing
methodologies, they are able to improve their machine learning algorithms for different
biomaterial combinations and precision of printthg.

Dr. Joseph Sector, head of University of Al a
technol ogy solves societiesd problem of nAdet
rationing of organé. The Federal Drug Administration (FDA) has recently

acknowledged the importance of advancing approvals for tissue engineering and printing

for clinical and public us¥.As a result of the interest for augmenting damaged organs,

Cellink has elevated graphene infused human cell printing to the top of the FDA approval

list.M Cellink, among many other companies across the globe, are racing to obtain

biomedical graphene patents as they see strong evidence that graphene is an extremely

versatile material the humaody accept$.The FDA stated the updates to their

regulatory framework coupled with modéet demonstrate human safety, graphene

approvals will be accelerat&dScott Gottlieb, FIB Commissioner, highlighted the

innovative steps his organization has taken since to rapidly bring technology to the
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consumer, such as incorporating artificial intelligence into clinical trials to bring 72

breakthrough technologies to the market in 2018.

Given the body of research demonstratingltioeompatibilityof graph@e, as well as the

mar ket demand to resolve chronic human di sea
graphene as a biomaterial is likely to occur by 2030.

Analytic Confidence

The analytic confidence for this estimateriederate Sources were liable and

corroborate one another. The analyst had adequate time for research but worked alone
and did not use a structured method. Furthermore, given the dengdeneline

associated with this estimate, this report is sensitive to changes bas®d on n

information.

Author: Louis Duncan
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Neuromorphic Artificial Intelligence Computer Chips Likely to
Demonstrate Episodic Human Memory by 2027

Executive Summary

Neuromorphic Artificial Intelligence (Al) computer chips are likelyd@monstrate

episodic human memory by 2027. For machines to more closely perform complex human
tasks, researchers and major tech companies are aggressively pursuing the development
of computing hardware and software that emulates human intelligence. Diespéek

of robust human brain models, industry will invest heavily in mapping human memory,

as this serves as the foundation for human cognition and has the potential for unlocking
unsupervised machirearning.

Discussion
Neuromorphic artificial
intelligence (Al) computer chips, §8
or Al chips, may be described as
silicon-based wafers that emulate
the human brain architecture,
relying on intricate synaptic
neural networks that evoke
responses when exposed to
certain stimul! Al chips are able
to do this because computationa
memory and processing are

resident on the same silicon Queensland Brain Instita demonstrating neuronal
wafer, compared to traditional networks firing together when exposed to a stimul
computing which separates the Source gbi.ug.edu

twoM Furthermore, the latency
of the synaptic signal transmission is significantly reduced because processing and
storage are intertwined, which is similar to human brain neuron netiwdike Davies,

Director of Intelds Neuromorphic Lab, highl:@
neuromorphic chips to process complex cognitive games faster than some

supercomputers.l nt el 6s Loi hi neuromorphic chip has
on complex games | i ke sudoku within 4 millis

supercomputer used for the HumaniBraroject Also, neuromorphic chips, like Loihi,
appear to be faster than the human brain for some tasks. The Massachusetts Institute of
Technology (MIT) reports the human brain processegé@savithin 13 milliseconds.

Researchers at the University of Milan suggest neuromorphic chips may have the ability
to process information faster than humans but lack the abiligata dynamic, complex
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tasks? Current neuromorphic chips learn through presentation of static information,
rather than observing its environment and inferring acticmra fvhat is rememberéé.
Neuropsychologists refer to this as episodic memory in the human brain, and requires
interactions between the hippocampus and temporal {8b&espite neuromorphic

chips lacking episodic memory, technology giants NVIDIA, Intel, and IBM are partnered
with neuroscientists to map the hippocampus, making this model available for integration
into neuromorphic chips likely by 2022.

The tech industry and neuroscientists have already demeuaistingt ability to map the

basal ganglia and cerebellum, key components for motor control, within twdyears.

The first hippocampus model was created in 2018 but researchers state additional
iterations are required to understand the interactions with the neocortex (temporal,
frontal, parietal, and occipital lobes) and have crowdsourceahdlde! development

through an international conglomeration of neuroscienti$t@nce scientists finish

mapping the hippocampus, unlocking the neocortex will likely follow the similar two

year timeline as the basal ganglia and cerebellum, making the model of the temporal lobe
likely by 2027. This is due to computer scientists already demonstrating hippocampal
algorithms that show rudimentary forms of episodic meméory.

In addition to neuromorphic chip developers being keenly interested in brain mapping,
Crunchbase reports 367 nedexh starup companies were created in 2019 and are

finding ways to map neural activitigs to cre
from braincomputer interfaces to neuropsychological pharmaceutidsisst of these

companies are targeting patients vatime form of neurodisorders. Society for Brain

Mapping and Therapeutics (SBMT) partnered with NASA to create the first Brain

Technology and Innovation Parkfacific Palisades, CAo map the path of

neurodiseases such as mental disorders, which thegggepall cost the world $16

trillion by 2030 Similarly, the G20 Summit recognized the financial strain
neurodisorders was havingonthew| d economy and created a AW
and TherapelThecslafforti weubd focus on mappi
disease process, which is often found within the hippocaffipus.

Regardless of the lack of robust human brain models, intersecting interests between tech
giants, neuroscientists, and government or ga
understanding of the br ai nosccraprdevblopergct ur e. |
they will be the benefactors of this momentum and will result in artificial intelligence

with human memory likely by 2027.
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https://www.humanbrainproject.eu/en/brain-simulation/basal-ganglia/
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https://medium.com/brainstartup/the-road-ahead-a-new-year-of-possibilities-for-brain-tech-startups-b3e9b2d76e40
https://calbizjournal.com/society-for-brain-mapping-therapeutics-and-brain-mapping-foundation/
https://www.worldbrainmapping.org/downloads/G20-Brain-Mapping-Initiative_Position_Paper_Sidhu-and-Kateb.pdf
https://www.worldbrainmapping.org/downloads/G20-Brain-Mapping-Initiative_Position_Paper_Sidhu-and-Kateb.pdf
https://www.nia.nih.gov/health/alzheimers-disease-fact-sheet
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Analytic Confidence

The analytic confidence for this estimatenederate Sources were reliable and
corrolorate one another. The analyst had adequate time for research but worked alone
and did not use a structured method. Furthermore, given the dengdeneline

associated with this estimate, this report is sensitive to changes based on new
information.

Author: Louis Duncan
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Initial Smart Cities Likely by 2025, Fully Realized by 2035.

Executive Summary

Cities will be digitally integrated with city operations through the convergence of
decentralized artifial intelligence, edge computing, autonomous systems, and 5G, likely
by 2025. As telecommunications continue to advance, 6G will merge with these
technologies likely by 2035. Despite current federated city operations, major technology
companies will evale city infrastructure to make this occur. This is due to metropolitan
cities wanting to harness technology to remain globally competitive.

NVI DI A6s Jarvis Multi modal Arti

Source: blogs.nvidiacom

Discussion

Command and control of current metropolitan infrastructure requires significant human
intervention to onduct daily operation$As a result, citizens are becoming frustrated

with the lack of the government progress in making their lives easier through the

seamless integration between tech and public se¥i€esthermore, researchers report

70% of the worldodés population will be Iiving
strain on infrastructur&. It is expected the daily dataeation will be approximately 21

zetabytes daily, which will require a well thought through architecture strategy that

includes machine learning logic, processing, and stétaespite the ché#nges in data

management in the future, machine learning logic and data storage will be moved closer
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https://www1.nyc.gov/jobs/get-started.page
https://www.ibm.com/industries/government/infrastructure-citizen-services
https://www.youtube.com/watch?v=Y-l87xwBD5g
https://www.youtube.com/watch?v=Y-l87xwBD5g
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to the edge to prevent disruption of servi€d3ue to the economic opportunities smart
citiesoffer, major tech firms and governments will be motivated to make this occur.
Researchers indicate smart cities stand to generate an additional $463.9 billion from 2020
to 2027 for city market¥. Again, they indicate cities that understand how to create the
digital infrastructure will be the most successful.

Singularity.netstates decentralized artificial intelligence is the key to accelerate delivery

of services to consumers across a complex dotHaidecentralized intelligence pushes
machne-learning to the edge of the device, resulting in low latency of autonomous

actions! Fundamentally this solves the delay s#ifiing cars experience when

communicating large volumes over a network to the cloN¥/IDIA reports similar

processing delays are often experienced vdoempanies attempt to update their artificial
intelligence in data centers through complex Internet of Things (IoT) environth&ots.
prevent | atency, Wal mar t Resw Yak Gity hsinadea | intell
significant investments in bandwidth to process 1.6 terabytes persétoads pi t e | 0T 6 s
intensive bandwidth requirements, advances in I0T software platforms and edgelartifi
intelligence computing chips coupled with 6G will create a meshed network of city

services.

Venture Beat reports NVIDIAG6Gs I oT platform s
50 cities around the worfThis is due to the growingumber of sensors distributed

around these citid$For instance, it is expected that there will be one billion traffic

cameras on city stredy the end of 2028.Siemens technology provides a similar 10T

platform and is attempting to capture multiple city service matk&ismens has

demonstrated the ease of plugging in federated sensors from around a city into their

platform within 10 minutes but state their application requires low latency information to

improve timeliness and accuracy of servitds.2017, Hong Kong adopted Siemens loT
platform to create a fASmart City HuUbo as a w
Hong Kong officials report saving over 20% in public transportation costs since they

started using Smart City Hub to manage its servicéitnam is also attempting to

follow a similar path as Hong Kong but anticipates the lack of digital infrastructure will

be a significant barri€e¥.
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https://www.youtube.com/watch?v=ENBUD7gXiyI
https://www.grandviewresearch.com/press-release/global-smart-cities-market
https://www.grandviewresearch.com/press-release/global-smart-cities-market
https://singularitynet.io/
https://singularitynet.io/
https://towardsdatascience.com/everything-you-need-to-know-about-decentralized-ai-3abdb052324b
https://www.youtube.com/watch?v=ENBUD7gXiyI
https://www.youtube.com/watch?v=ENBUD7gXiyI
https://www.youtube.com/watch?v=ENBUD7gXiyI
https://venturebeat.com/2017/05/08/nvidia-metropolis-video-analytics-paves-the-way-for-ai-cities/
https://venturebeat.com/2017/05/08/nvidia-metropolis-video-analytics-paves-the-way-for-ai-cities/
https://venturebeat.com/2017/05/08/nvidia-metropolis-video-analytics-paves-the-way-for-ai-cities/
https://www.youtube.com/watch?v=5Vfd1nlxKpc&t=210s
https://www.youtube.com/watch?v=5Vfd1nlxKpc&t=210s
https://assets.new.siemens.com/siemens/assets/api/uuid:28a55bd2-10ff-40c7-bc78-63c6a4597e9a/version:1559779248/pr20171207-launch-of-smart-city-digital-hub.pdf
https://www.youtube.com/watch?v=fXr18NyHemk
http://nangluongvietnam.vn/news/en/mechanical-project/siemens-supports-vietnam-digital-transformation.html
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NVI DI A6s EGX artit
chip, which is being used for edge
computing, optimizes data managemer
by enabling machine learning to occur
closest to the sensor or suite of sen¥org=
At 240 teraflops, EGX provides
supercomputer speeds and storage
capacity at the edgéAs a result, the

edge computingystem becomes more NVI DI A6s Aeri al R
efficient in communication with loT learning. Click on link to view article.
platforms¥ This concept is now being SourcetForbes.com

used in Las Vegas and San Francisco andwf _

track pedestrian and traffic to determin Queensland Brain Institute

optimal ecmomic zones for citie’.

Similarly, these cities among others, at

keenly interested in the use of edge comput.
managemenif.Smart energy grids are expected to harvest energy from green energy

sources and efficiently distribute to metropolitan cities around the W@tdart energy

grids are expected to generate $6.5 billion in profits by 20€@rrently, the United

States is reportedly leading the way with this technology, with over ten major cities using
advanced machirkearning tools and another 181 projects in the works across the

county MM

NVIDIA has partnered with 5G provider Ericsson, to enable city services through IoT.
Jensen Huang, NVIDIA CEO, stated this is natural relationship between both companies,
as ANVI DI A agwas lt os tthtee edl g e M NWiDifchasinte§r@edi s wai t i
its edge computing with its city services artificial intelligence platform, Metispas

wel |l as Er i cs¥n2013, ths Gndep wad fivsa de@ayed to Hong

Kong and Taiwan to support the traostation industry! Furthermore, NVIDIA has
integrated edge computing with legacy telecommunication architecture by bolting on
these artiftial intelligence chips to their radio access netwdrksicsson reports they

have made 4themorandum of agreements throughout the world to integrate this
technology by 2028MMM Although the digital infrastructure will benefit from a

significant increase in data bandwidth, autonomaarssfportation may not be adequately
supported due to the significant information processing requireffidtésearchers &
depending on how autonomous vehicles are architected to communicate with either edge
computing or the cloud data center and how many vehicles are communicating over the
network at the same time, significant latency may be experiéfit&kspite potential

5G bandwidth limitations, 6G will enable low latency data communications required for
autonomous transportatiéh.
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https://www.nvidia.com/en-us/industries/smart-cities/
https://www.designnews.com/electronics-test/nvidia-unveils-egx-its-supercomputer-5g-edge-processing/53669632161733
https://www.nvidia.com/en-us/industries/smart-cities/
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https://www.nvidia.com/en-us/industries/smart-cities/
https://www.smart-energy.com/industry-sectors/energy-grid-management/grid-edge-computing-distributed-intelligence-6-5-billion-2027/
https://www.smart-energy.com/industry-sectors/energy-grid-management/grid-edge-computing-distributed-intelligence-6-5-billion-2027/
https://www.greenbiz.com/article/10-smart-grid-cities-leading-way
https://www.smartgrid.gov/projects/
https://www.youtube.com/watch?v=ENBUD7gXiyI
https://www.nextplatform.com/2019/10/23/nvidia-pushes-ai-out-to-the-edge-where-5g-is-waiting/
https://www.nvidia.com/en-us/industries/smart-cities/
https://www.youtube.com/watch?v=ENBUD7gXiyI
https://www.ericsson.com/en/press-releases/2019/6/ericsson-launches-enhanced-5g-deployment-options
https://www.forbes.com/sites/janakirammsv/2019/10/24/nvidia-aerial-combines-gpus-with-5g-networks-to-accelerate-ai-at-the-edge/#6c97ff75d08b
https://www.lifewire.com/5g-availability-world-4156244
https://www.lifewire.com/5g-availability-world-4156244
https://www.youtube.com/watch?v=SWSCTekEbKU&t=1279s
https://www.youtube.com/watch?v=6xn4p_fIlqo&t=1354s
https://www.bloomberg.com/press-releases/2019-10-28/hyundai-mobis-increases-the-5g-connected-car-development-synergies
https://www.youtube.com/watch?v=6xn4p_fIlqo&t=1354s
https://www.youtube.com/watch?v=SWSCTekEbKU&t=1070s
https://www.bloomberg.com/press-releases/2019-10-28/hyundai-mobis-increases-the-5g-connected-car-development-synergies
https://www.forbes.com/sites/janakirammsv/2019/10/24/nvidia-aerial-combines-gpus-with-5g-networks-to-accelerate-ai-at-the-edge/#6c97ff75d08b
https://qbi.uq.edu.au/
https://qbi.uq.edu.au/
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6G frameworks are anticipated to follow a similar development path as 5G and are likely
to be available by 203% However, it will provide a significantly higher data rate,
approximately 1 Tbps, which is more conducive to a loT network operétions.
Researchers state that even though this network will be fast, it could quickly become
saturated by high bandwidth sensor requiremé&titsurthermore, they go on to say it

will be imperative for network engineers and application developers to work ctsely

optimizing data fl ow for their fAvertical o, s
latency”™ One researchermad t he comment, fARobots dondét un
means, wher e'alee 66 tesearchcomdonitythas made it abundantly clear

that because of the complexity of managing a highdspewavork of this magnitude,
unsupervised fino s h o'Despiteeegulatois nognecessdrily be r e qu
accepting this fAblack boxd apprnfrastutiuret 0 manag
the concept of #Adigital twinodo is being recon
safety of the artificial intelligence algorithri$.

The convergence of decentralized artificial intelligence, edge computing, and
advancements in telecommunications will create digital cities. Cities will need to
understand how to architect the digital infrastructure tigate the effects of latency that
could impact the reliability of the services to the provide to their citizens, as well as
compromise safety.

Analytic Confidence

The analytic confidence for this estimateriederate Sources were reliable and
corrobaate one another. The analyst had adequate time for research but worked alone
and did not use a structured method. Furthermore, given the dengdeneline

associated with this estimate, this report is sensitive to changes based on new
information.

Author. Nicholas E. Delcour and Louis Duncan
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Lightweight Real-time Training Systems Enabled by
Unsupervised Artificial Intelligence Likely by 2025

Executive Summary

The gaming industry is driving radical improvements in garhiaglware to improve the

user experience. As a result, lightweight, kiglelity training systems will be based off

unsupervised artificial intelligence gaming technology, likely by 2025. Despite the lack

of flexibility in the creation of training vignette computing tech giants will enable

mobile computing for training that easily adapts to changing environmental conditions.

Due to commerci al industryos interest in usi
performance, adoption of this technologyl be widely accepted as common practice

within the next five years.

Discussion

Magic Leapc | a i ThesHelid browse
brings the web to life in three
dimensions 0
Source:magicleap.com

Many commercial companies are beginning to

combine virtual reality goggles with realistic

training scenarios to accelerate the training of

their employees. The medical community has

begun to evaluate the implications of this

approach. UCLA school of medie documented a 230% performance improvement in

surgeons trained on a new, complex surgical technigue, learning the procedure 20% faster

than their peer. These taining systems leverage artificial intelligence capable of
adjusting the complexity of the training env
Updates to these artificial training models come at the expense of time and money,

requiring significant amous of manual labor to manipulate the architecture. Technology

giants, Intel and NVIDIA, recognized the need to revolutionize this industry by unveiling

computer chips, known as neuromorphic artificial intelligence chips, that enable artificial
intelligenceto rapidly teach itself with less human interventibfhis technology applied

to a training scenario would result in a machine that would think and act more like a
teacherandwouldquicl v t ai | or s c e n a Dasptstraining systenuss er 6 s |
relying on humans to generate individual training scenarios, the gaming industry will

pave the way for realistic training scenarios capable of adjusting to the changing

environment. Thisd due to the convergence of mobile, hghwered computing devices

and unsupervised artificial intelligence gaming engines.
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Realtime training systems offer many advantages in ra@dlycatinghew workforces

to handle complex tasks. Corporate Americanggeapproximately $130 billion annually
on digital training tool$" JenserHuang, NVIDIA Chief Executive Officeistates the

future of training is joined at the intersection of artificial intelligence and virtual réality
NVIDIA recently released an artificial intelligence enabled hologram for the gaming
industry to accelerate garpday learning” This is not surprising as NVIDIA, much &k
their competitor Intel, is using artificial intelligence to improve user experience. Intel
goes as far as to use virtual reality and artificial intelligence programs to train electrical
safety within its engineering communifyintel reported electrical safety is a major area
of concern, as OSHA reports A1/10 electrical
introduction of this trainingintel had 24 nonfatal electrical incidefits.

Gaming artificial intelligence continues to evolve, as computers learn and adapt to
changing condition¥.Recent gaming engines have demonstrateditieyao self-learn
and teach itself new strategies to win against expert gaming stratégRenowned
artificial intelligence university, Udacity, is instructing computer scientists to use these
advanced gaming engines to teach autonomous systems, such as cevaesYdT@sla

is leveraging this concept to accelerate machine learning in its autonomous car
programM

Similar machine learning architecture is now being adopted by mobile operating system
platforms, to provide redlme learning when coupled with virtual reality (VRMobile

VR trainingsystems are likely to be widely used in industries where safety practices must
be reinforced to prevent injutyTheNew York Police Departmeiig currently testing

mobile VR simulators as a part of realistic training environments experienced on the
jobM Additionally, Think Mobile states militaries are on the path to integrate VR
simulations by 2028.Booz Allen Hamilton indiated military mobile VR platforms

must incorporate deep learning to ensure operational environments keep pace with
changing battlefield condition.

UX Design reported that in the next five years, the convergence of augmented reality,
virtual reality, and artificial intelligence will give way to a mixed reality, blending both

the digital and physical world$ As a result, mobile training platforms will be capable of
quickly tailoring to new workspacésThis is de to emergence of mobile application

user experience designers leveraging the advancements of machine learning architectures
inherent on mobile devicésMagic Leap, a mixed reality stactp in Plantation, Florida,

spent the last five years developing this concept, making it commercially available for
$2,295" Since their roHout in 2018, Magic Leap appears to havade tremendous

progress in acquiring weknown industry customers, such as Lucas Films, the

Smithsonian, HBO, as well as many othéfEhis is due to the open software

79


https://www.forbes.com/sites/joshbersin/2014/02/04/the-recovery-arrives-corporate-training-spend-skyrockets/#64fcba1bc5a7
https://www.forbes.com/sites/joshbersin/2014/02/04/the-recovery-arrives-corporate-training-spend-skyrockets/#64fcba1bc5a7
https://www.nvidia.com/en-us/design-visualization/technologies/holodeck/
https://www.intel.com/content/www/us/en/virtual-reality/vr-corporate-training-case-study.html
https://www.intel.com/content/www/us/en/virtual-reality/vr-corporate-training-case-study.html
https://www.immersivelimit.com/blog/deep-learning-with-game-engines-a-self-driven-course
https://venturebeat.com/2019/07/15/how-video-game-engines-help-create-smarter-ai/
https://www.technologyreview.com/s/541276/deep-learning-machine-teaches-itself-chess-in-72-hours-plays-at-international-master/
https://venturebeat.com/2019/07/15/how-video-game-engines-help-create-smarter-ai/
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https://devblogs.nvidia.com/training-self-driving-vehicles-challenge-scale/
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https://thinkmobiles.com/blog/virtual-reality-military/
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development kit (SDK) architecture made available for companies to create their own
applications for their respective domaifs.

As advancements in gaming systems continue, high fidelity moheietpg training

systems will also improve. This will give rise to the growth of user experience designer
applications capable of rapidly adapting to new environments by leveraging unsupervised
artificial intelligence for those respective domains, likghy20625.

Analytic Confidence

The analytic confidence for this estimatenederate Sources were reliable and
corroborate one another. The analyst had adequate time for research but worked alone
and did not use a structured method. Furthermorengheedecadéong timeline

associated with this estimate, this report is sensitive to changes based on new
information.

Author: Louis Duncan
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Quantum Technology
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Trying to understand the way nature works involves a most
terrible test of human reasoning ability. It involves subtle
trickery, beautiful tightropes of logic on which one has to
walk in order not to make a mistake in predicting what will
happen. The quantum mechanical and the relativity ideas
are examples of this.

Richard P. Feynman
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Introduction

fiQuantum Technology is a class of technology that works by using the principles of
guantum mechanics (the physics of-sibmic particles), including quantum
entanglement and quantum superpositfoA. smart phone is a type of quantum
technologyi its semiconductors use quantum physics to wQtkantum technology
became part dife 50 yearsagothrough nuclear powet he latest feats of engineering
are harnessing more of thetpntial of quantum mechaniasd isstarting to control

entangl ement and dquantum superposition.

Quantum Entanglement

A A c c o r BauliMgrtn,tquantum technology expet PA Consulting Groupyhen
two atoms are connected, or entangled, despite being sepamdtbd properties of one
is changegdthe other changes instantly. In theory, this would be the case even if the entire
universe separates the entangled at@uantum mechanigsostulates thagimply
observing an atom changes its propertigsis offers the potential tenhane the
security of communication through quantum protected cipher keys. For example
interceptby an eavesdropper of a transmission witle clockwise and one
counterclockwisspinninge nt angl ed atoms causes a change
affecting the overall quantum state of the system and resulting in the detection of the

eavesdropping attempt.

Quantum Superposition

z = |0)

—a=|1)

Bloch Sphere, a geometric
representation of quantum

According toProfessor Alan Woodward from the
University of Surreyan expert in computer
S e C U rupdrppsjtionfissa system that has two

di fferent states that can

for it to exist in both. For example, in physical

terms, an electron has two possible quantum states:

spin up and spin down. When an electron is in
superposition,tiis both up and down at ontet is

a complex combination of both. Only when it is
measured does it drop out of superposition and
adopt one position or the other. If you build
algorithms in the right
effectively harness the power thiat

superpositiom® | t 6s t he crux of
Cat thought experimenta cat, a flask of poison

superposition. Each qubit state it and a radioactive source are in a sebled If a
point on the surface of the sphét  Geiger counter detects radioactivity, it shatters the
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flask, releasing the poison and killing the cat. Since the radioactivity detection is a
statistical process, the cat can be both alive and dead while the box is sealed, with the
outcome onlyconfirmed when you open the box and observe the cat to be in one state or
the other.The practical application of this midzending version of reality is most

obvious inquantumcomputersWhile digital computers store data as bits (the ones and
zeros of binary), quantum computers use qubits that exist as a one, zero or both at the
same time. This superposition state creates a practicahyténfange of possibilities,
allowing for incredibly fast simultaneous and parallel calculat@ns.

Research Emphasis

Developments itnformation Technology (IT) and Narexthnology are the primary
influence on Quantum Technology. More importantly, the four fundamental quantum
sciences (Quantum Communications, Quantum Computing, Quantum Simulation, and
Quantum Sensing) have shown strong convergence with the other technalegi
researched. Quantum Communication provides data Confidentiality, Integrity, and
Availability (CIA), which is essential to Cyber SecurityQuantum Information

Sciences (QIS) researchrautinely publishing successful reports on quantum
communications and quantum internet experimentation, testing, and demonstrations. (See
trip report in Appendix) Quantum Computing provides the processing power to solve
complex problems classical supergaters are unable to resolve. In 2020 QIS produced
a 5000qubit Annealing machine, a 8Qubit Analog machine, and aBibit Universal
machine! " 2 Quantum Simulation is valuable to increase the knowledge of QIS by
allowing researchers, scientists, and students to model large quantum systems and to test
algorithms. Also, the workforce is learning how to program quantum computers and
write software while they test and experiment with these powerful simulators. Further,
hybrid simulators like BNVave Leap 2 is being offered in 2020 to provide businesses
with reakworld solutions for optimization, run up to 10,000 variable probiéms.
Quantum Sensing and the development of-slEpd atomic clocks provide an alternative
Position, Navigation, and Timing (PNT) source as an alternative to the Global Position
Satellite (GPS) systeth. Efforts are underway to make GPS moreliesi and robust,

but the ability to place PNT sources, atomic clocks, onboard DoD systems for military
and Critical Infrastructure and Key Resources (CIKR) for US Government is key to
victory in a contested environment and can provide overniatch.
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Scalable Room-Temperature Quantum Repeater Highly Likely by
2022

Executive Summary

Brookhaven National Laboratory, Stony Brook University, and Qunnect Inc. are highly
likely to produce a single photon quantum repeater prototype by 2022 quantum
repeater components are being tested in the lab on a stanftertdx84-foot lab optics
table.Qunnect Inc., has reduced the size of some of the components to fit in standard server
chassis, and the components can operate at room temperature without environmental
controls. The summer of 2020 will be the first time some of the core comporieats o
guantum repeater of this design will be field deployed and tested in an operational
environment at room temperature.

Image 1on the left is a Quantum Bank where lasers pulse through the small polarization
encodingcomponents being pointed at in tlaek; the part entangles photons to create a
qubit. The individual qubits, illustrated Hynage 2 are transmitted from Brookhaven
National Laboratory over a 6nile fiber optic cable to Stony Brook Universitjpage 3

is the quantum memory device at StBngok, which stores the qubits and will eventually
connect to another 4file quantum internet connection extending the network to 100
miles.(Images provided with permission of Dr. Eden Figeruoa and Mael Flament)

Discussion

(Unless otherwise cited, thunderlying facts in this report have been verified by Dr. Noel
Goddard and Mael FlamenRead thecomplete trip report from the March 6, 2020 site
visit to Brookhaven National Laboratory, Stony Brook University Laboratory, and Qunnect

Inc.)

As server sized quantum repeater components test successfully summer of 2020, they are
highly likely to reach tB commercial market in early 202&t approximately $80,000 for

a portable quantum memory device, the components of a quantum repeater are relatively
inexpensive when compared to building a lab and the equivalent lab optics table and
devices required to péicate the device function$he quantum memories can be used as
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standalone devices, intended to synchronize and regulate data flow between nodes in a
network, similar to existing buffers in telecom netwokspresent, the memories store

and release sgle photons with high fidelity and storage times compatible with real
world networking (unique to Qunnectds produc
of addressable arrays to store more than one photon at a time, increasing efficiency and
capacity ofdata transfer over quantum networksparallel, the QIS research centers
continue to work, solve, and independently develop components to build the quantum
internet of the futureThe creation of portable devices that can operate at room
temperature wie utilizing existing fiber networks will allow for the rapid expansion of

the quantum internet once the key components are in plates testing contributes

directly toward the goal ofannecting the 17 US national laboratories via a quantum
internet by 2025.

Despite the quantum memories successfully testing at laboratory scale, some components
still need to be realized to perform the medium distance (50 mile)tfdwsbr

demonstration wigh will result in ~80% of the components necessary to complete the
guantum repeater produdbue to Brookhaven, Stony Brook, and Qunnect operating

with a lean team and budget the QIS research center is not moving as fast is it could.
However, all sites arexpanding, and development will accelerate with the arrival of
USDOE funds.

The realization of the Quantum repeater product has both basic R&D and engineering
challengesilf realized, the quantum repeater will enable a second generation of quantum
communication protocols utilizing entanglement swappinhis is the key to truly
guantumsecure networking.

The QIS research collaboration is reaching out to the US Professional Military Education
(PME) institutions seeking Computer Science and Engineetunigists needing thesis

work in quantum information sciences and photonics enginedfisigccessful, this

could help eliminate personnel resource restraint and even potentially lead to additional

funding from the Department of Defense (DoDiie DoD apprach appears to be a good

fit. The Department of the Navy (ONR) has funded several projects at SBU. Regardless

of the resource challenges the technology has been proven in the lab, and confidence is
high, the technology will successfully transfer to thelsmsackmounted cases.

Analytic Confidence
The analytic confidence for this estimatdigh. Sources were mostly reliable and tended
to corroborate one anoth@here was adequate time, but the analyst worked
independently using semistructured method.

Author: Patrick Lancaster
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United States Likely to Connect Multiple National Labs Using
Quantum Internet by 2025

Executive Summary

The Quantum Information Science Research Centers are likely to achieve a quantum
internet by 2025 due to receipt of funds and grants and the ability to leverage partnerships
with US National Laboratories, universities, and industry to accelerate quariermet
developmentThe ) Quantum Initiative Act directed the creation of ¢&dr plan to

, ' g —= g accelerate the
developmenof
guantum information
scienceand technology
and authorized $1.2B
over the next five years.
The US Department of
L. Energy (DOE)
~ commited up to $625M
on January 10, 2020, to
establish two to five QIS
Research Centers.

Department of Energy Under Secretary for Science Pa
Dabbar and Argonne and UChicago scientists and lead
di scuss quantum entangl e me Discussion
a 52mile fiberoptic testbed for quantum communication The DOE effort to
the Chicago suburb
Source:Argonne National Laboratory

connect all 17 National
Laboratories over a
secureguantum internet will create the first Wde quantum internet. The initial

guantum iternetdevelopmeneffort isa distributed efforted by QIS Research Centers

at Argonne National Laboratory, Brookhaven National Laboratory, and Pacific
Northwest Laboratory? TheUS tiad approach of partneringational Laboratdes,
universities and ndustryis deliveringtangible resultsis each location as they

individually focus on solving various challeng@sUS Quantum Internet is a crucial step
toward developing a way forward for protecting US Intellectual Property (IP) and Critical
Infrastructure and Key Resources (CIKRFigurelid eader shi p di scussing
guantum loopwhich is a testbed fdransmitting quanturentangled photons across a
52-mile reatworld environmentt!

Brookhaven National Laboratory hagunctional60-mile connection to Stony Brook
University Laboratory, where they are working on developing a quantum repeater that
can extend the distance of a quantum internet an infinite range through connecting
multiple network links using quantum mermgiof Quantum internet repeater testing will
begin in a few months using small commersiaed equipment which operates at room
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temperature?! Brookhaven, Stony Brook, and Quunect are developl@uIDNET
which will transmit quantum information over a 106les by connecting Stony Brook
Campus, Brookhaven Campus, Manhattan Landing (MANLA&NY New York Stee
Education and Research Network (NYSERNet).

In a parallekeffort, Brookhaven is working to establish apticalline of sightquantum
channel between Brookhaven and Stony Browdra 25mile openrair connection®
Further, Brookhaven has developed a portable quaehtanglement photon source and
successfully installed the system in server racks at the Scientific Data and Computing
Center (SDCGC)which is thenetworking hub.The geation of the portable sourcdoals

for rapid quantum network expansion over existing fiber netwérkehe Pacific
Northwest Laboratory is proving their partnership with Microsoft will be invaluable to
the US Quantum Iniditive Act goals. QIS Research Center work goes far beyond
quantum core competencisthe development and production of QIS materials

The path for Quantum Internet development is often descnibgid stages: -trusted

repeater, repare and measuregBtanglement distribution networksgdantum

memory networks, few qubit fault tolerances, andgiantum computing! However,

the QIS Research Center comprised of BNL, SBU and Qunnect speak in terms of the
three phases of Quantum Internet development where Phase 1 is personnalsmate
technology, standards, methods, and specifications. Phase 1.0 is driving Phase 2.0, which
is the design and development of quantum internet devices and components which
perform the functions of traditional internet devices but for a quantum ihtdPhase 3.0

is configuring the Phase 2.0 devices and components into systems and quantum internet
networks. The development of the three quantum internet phases is coinciding at each of
the QIS research centers, and testing and experimentation ig fdeimnse approaches to
solving QIS technical challenges.

As the QIS research centers build more Phase 2.0 devices and components and provide
Phase 3.0 proof of concept and use cases, the quantum internet effort will gain additional
funding and supportWith private and public financing for QIS already exceeding $13B,

it is apparent government and industry are highly motivated to establish a quantum
internet. Intelligence sharing, Intellectual Property, and CIKR are a few use cases
examples where quamtuinternet would provide the tampgroof network security

required to both detect and prevent network intrusion. Quantum entanglement hacking is
currently not possible by even the most powerful quantum computers. The first nation
with quantum internet iV enjoy security and reduced risk over those who do not have
secure networks. Especially if QIS delivers radically improved quantum computing as a
technology is shared and processing power capable of breaking RSA enctyption.
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Despite over $13B iglobal QIS funding many challengeand hurdles remajrand the
2016 roadmap lacks details is outdatéed’he US QIS research centers need to
collaborate and publish an updated roadmap that meets the requirement of the US
Quantum InitiativeAct to produce a 1§ear plan. Despite quantum internet testing and
experimentation is being performed using single photons QIS labs are experimenting
with using grids of photons of 100 and 1000 photons to increase the efficiency of
guantum internets. Nall QIS reportsareaccurate a€hinareported successfaR00

km photon entanglement transmisshart failed to say they only successfully transmitted
1 in 6million photons® However, current milestorachievementsthecombined US

triad partnershipppproach, ta US governmergupport, andOE commitment to success
will lead to the connection of all 17 National Labs over a quantum interrzQ2dy.

Analytic Confidence

The analytic confidence for this estimatdiigh. Sources were mostly reliable and
tended to corroborate one another. rehgas adequate time, but the analyst worked
independently using a sesiructured method.

Author: Patrick Lancaster

88


https://basicresearch.defense.gov/Portals/61/Documents/future-directions/Future_Directions_Quantum.pdf?ver=2017-09-20-003031-450
https://www.scientificamerican.com/article/china-shatters-ldquo-spooky-action-at-a-distance-rdquo-record-preps-for-quantum-internet/

Estimation of Technology Convergence by 2035

Universal Quantum Likely to Enable Artificial Intelligence by
2030

Executive Summary

Universal Quantum computers will likegxceed the capability of classical computers
which will enable Atrtificial Intelligence (Al) as well a®ice recognition, machine
translation, and advanced computer vision. The quantum computer industry is
developing rapidlyand experts agree that begimg in 2030 quantum computers will
start to outpace classical computers. Theseersalquantum computers will pave the
way for researchers to apply quantum algorithms to Artificial Intelligence (Al)
techniques to create a neveapline calledQuantum Machine Learning (QML). Al and
Machine Learning (ML) are two key research areas for quantum computing based on the
ability of quantum computing to represent several states simultangebgih pairs well
with techniques used in AlAlso, quantumalgorithms enable machines to answer
specific questions much faster by increasing the number of calculation variables a
machine can manage. Beginning in 2Q8tiversal quantum computers will surpass
classical computers and unlock the patmf powerfu Al and ML technologies

Discussion
Quantum annealer, simulation or analog quantum, and geneyase or universal
guantumare the three types of quantum computifge first typeof quantum anealing

The three known types of quantum computing and their applications, generality,

ceececeoce

Quantum Annealer Analog Quantum Universal Quantum

IBM Research

Comparison of three types of quantum computing and their applications, generali
computational power. Sourcgiedium.com
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is designeabnly to perform one specific function and lends itself towgptroization and

flows and is the least powerful of the quantum computer typeowever, quantum

annealing is proving to be important@dVave recently sold a 5,08fubit machine
AAdvantageo to Los Al amos National Laborator
applicatiors and designed to solve business optiniraproblems” The second type is

asimulation or analog quantum circuitetare moving the science forwartoutthere are

limitations to quantum simulats. For example, the practical full state limit for a quantum

simulator is 48qubits but experts believe methods can increase the capacity touli3.

Scientists are finding creatiwgays to overcome the limitatigand Agonne National

Laboratory,a Quantum Information Science (QIS) Research Center, recently achieved a
6lqubit simulation of Gr ov enasSiscomventonal um sear ct
supercomputer with .4 percent error. Argonne was able to overcome the practical full

state limit of48-qubits through data compression technigtide third type is universal

guantum computeyand Google is a leader in this spand auccessfully demonstrated

i Sy c a m&3qgebjt universal quantum computérThese are the most powerful type

of quantum computers and are the type with the capability and capacéintal

between 2030 and 203B8lost press on quantum is written about univergantumand

the race for quantusupremecywhich is wherdBM, Google, and Rigetti Computing

areleading

Universal quantum holds the most significant potentiatferfuture of computing, and

the current goal is to reach 128bits. Quantum computers need to exceed the capability

of current quantum simulators. IBM Research, in collaboration with-IAM Watson

Al Lab, describes the potential to enable ML on quantamputers soon. As quantum
computers become more powerful and their quantum volume increases, they will be able
to perform feature mapping, a key component of ML, on highly complex data structures at
a scale far beyond the capability of the most powetfigsical computer§. As universal
guantum reaches and 1g88bits with improvements in stability and noise reduction, Al

will be able to benefit from the quaim advantage for ML. Researchers are not yet ready
to simulate the quantum advantage using conventional computers.

Despitequantum annealing already produgia 5,00@qubit machine expert agree, the
technology can only produce the computational power to match conventional computers.
Due to simulators or analog quantum computers having a theoretical maximum capacity
of 100-qubits, they also do not have themqmutational power developers are seeking to
unlock from quantum computing. Universal quantum computing is the most powerful of
the three types of quantum computing but also holds thesanets technical barriers

like stable hardware, software developmeand distribution platforms that need to
materialize before achieving its potentidlhe downward trend in quantum computing
investment is also a challenge as there were 11 deals at $240M in 2017, 16 deals at
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$119M in 2018, and 7 deals at $82M in 2019However, the 2012019 investments

will be realized over the next few years as the industry experiments arestsuilds.

Although there has been a reduction in investment toward research and development in
guantum computing, the US Quantum Initiative Act has also authorized $1.2B toward the
acceleration of the Quantum Information Scienée$herefore, the industry will

continue to develop rapidly amxperts agree by 2030, we could se&/ersalquantum
computers outpace classicaimputers

Analytic Confidence

The analytic confidence for this estimatenederate Sources were mostly reliable and
corrolorated one anotheegarding the 6G roadmap. There was adequate time, but the
analyst worked independently using a seiniictured method.

Author: Patrick Lancaster
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Chinads Alibaba Quantum Laboratory (A«
100 Qubit Prototype by 2030

Executive Summary
Alibaba Quantum Laboratory (AQL) released an ambitiougeldy roadmapo develop
quantum computer prototypeapable up to 100 qubits by 203G urther, ly 2025

China expects to exceed the Google 53 qubit quantum computbuitththe fastest
guantum computers in the worldhina announced a $10B National Quantum
Information Science Research Facility located in Hefei, and China will open in 2020,
which will accelerate QIS
development. Furtherna
AQL cloud service subsidiary
Al i yun (AAliI Db
announced on February 23,
2018 they and the Chinese
Academy of Sciences jointly

computing service, which is
available to the public on the
Quantum Computing Cloud
Platform

Figurel1Chi nabés AC
subsidiary Aliyun uwmi 1t vawva
Cl oudo | a uQulithwadtumaecomputidg service.

(Image by WIRED)
Source:nextbigfuture.com

Discussion
Chinadés quantum focus has been on developing
intenetand quantum key distribution (QKD). How

guantum computing race and is prepared to leverage the new National Laboratory for

Quantum Information Science (NLQIS) to catch and even proclaims to be able to surpass

US efforts¥ Google developed a fQubit system in 2017 which proved too difficult to

control so Google had to go back to the drawing board. Howev@ctmier 23, 2019,

Google announced®3 Qubit Quantum computer fiSycamor e
3 min 20 seconds, which the worl dbés fastest
years to perform. | BM chall enged Googl ebs ¢
in 2.5 days after IBMlgered the traditional computer to manage the calculation b¥tter.

Google and IBM have both reached the 50 qubit benchmark while China is still working

at abaut half that qubit capability. Therefore, China has some catching up to do with

regards to quantum computing, while China enjoys a significant lead in quantum

communications and quantum key distribution (QKD).
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DespiteChina publishing a Fyear roadmap to achieving quantum computing supremacy

INTEL Chief Technology Officer (CTO) Mike Mayberry told WIRED he sees broad
commercialization of the technology a-{€ar project while IBM says quantum

computing can be mainstreamfive years?! The industry is running into fault tolerance

as the limiting factor in performance as they continue to inci@abés and Quantum

computing processing capability. Howeverhi nadés procl amati on that
breakthroughs in 2030, and the global leader by 20f8fetched Multiple countries

recently invested oveé$1B toaccelerate the development@IS technologies, and China

is lagging and only now shifting quantum efforts toward quantum complting.

Analytic Confidence

Analytic confidence in this estimatehgyh. Sources were mostly reliable and

corroborated one another. There was adequate time to gather information, but the analyst
worked independently and used a ssiniictured method.

Author: Patrick Lancaster
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Quantum Simulation Likely to Accelerate Quantum Computing
Between 2025 and 2030

Executive Summary

Direct access by businesses, students, researchers, and scientists to quantum simulation
provides a free platform for experimentation and testing. As diverse grouppearse
sourcequantum simulation to tesew and differenalgorithms, they will increase

knowledge and learning in the areas of quantum programming, comgtaghysics
Thereforethe quantum simulation will likely accelerate quantum computing between

2025 and2030.

Physicists have simulated the creation of elementary particle pairs
out of the vacuum by using a quantum computer.
Source:lQOQI/Harald Ritsch

Discussion

The history of classical computing reveals as hardware becomes available that simulates
and accelerates the development of new algorithms. One example is heuristics, which
worked much better than theorists could initia@kplain and were discovered
experimentally. We can expect the same with making quantum simulators open source
for public experimentation and testing.Deep learning is an example where researchers
lack a theoretical explanation of why deep learning works as well as it does. Quantum
simulation presents an opportunity to validate the performance of new algorithms where
we do not yet understand why they watk.
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D-Wave Systems Inc. signed an agreement with NEC Corpotatiorm D-Wa v e 06 s
Leap Quantum Cloud ServiceLeap uses NECOs cwawvedseohdel o
2000qubit annealer machine to providestomers with quantum annealing simulation
services? In the year since launching Leap, the number of customer applications build
using the BWave systems has grown from 80 to more than 200 across diverse
applications from protein folding, financial modeling, machine learning, materials
science, andlgistics." NEC anticipates it will offer the nexgeneration EWave 5000
qgubit machi ne -2020. dTvaditionaby,geaotunnanngaling machines

were unable to speed gplution timescompared to the best classical computers running
the best algorithsifor the same problemd.eap will be using &ybrid approach, and

which combinesnnealing and classical techniques. When they find the core of the
problem, then they send that off to the quantum processor, and using this approach they
believe they can sodviarge problems with the 50@ibit annealing maching. Another
simulator is théBM Qiskit, which is a free Quantum kit for programming in Python
where the customer can log in and program on Quantumputers. In March 2019,

Qiskit had 100,000 users that had run 5.5 million experimént8M also provides the
Quantum Experience where customers can create an account and have access to free
tutorials and YouTube videos, which teach them how to get started programming and
building quantum circuits! Multiple simulators willbenefit those experimenting, and
guantum will benefit from the multiple algorithms they are testing. Also, the process of
coding and using the algorithms will better educate the workforce on how quantum
computing works and will helpcaelerate the development of the technoldgy.

Despite the excitement surroundiggantum computing anQuantum Information
Sciences (QIS}the technology is full of formidable challenges. Tuantumcomputing
challengesnclude but are not limited to stability, noise, temperature usaieérstanding

of the algorithms. Makinguantum simulators and quantum computer simulatpsn
sourcewill increasedevelopment and accelerafeantum computing! Also, the

workforce which is using these simulators to research emsome casesolve real

world challengess becoming familiar with the power of quantum computing. This
familiarity will help bring the technology into the workplace and provide business leaders
and decisiormakers with tait knowledge of QIS.The opersource approach of

delivering new quanturhardware platforms where developers can write software and
experiment with new algorithms creates a symbiotic relationship where both hardware
and software development occutd herefore, as the industry is offered products like
ALeama N iQairvdsiment ithe opersource quantum simulation will lead to
software and algorithm innovation and learning, which will promote quantunmpuating.
Therefore, it is likelythe increased use in thggantum simulatiois likely to accelerate
guantum computing between 2025 and 2030.
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Analytic Confidence

The analytic confidence for this estimatdigh. Sources were mostly reliable and
corroborated one another. There was adequate time, but the analyst worked
independently using a sesiiructured method.

Author: Patrick Lancaster
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Highly Likely a PNT Alternative to GPS Available for Navigation
and Telecommunications Systems by 2025

Executive Summary

The Time and Frequency Division at the National Institute of Standards and Technology
(NIST), through collaboration with the Defense Advanced Research Projects Agency
(DARPA) has developed the Ch§rale Atomic Clock (CSACYhe latesi NI ST on a
Chipdo (NOAC) ef f orScae Opteal Elocks (CSAQQ) capattle Eh7 p

x 1013 at 4,000 seconds stability, which is about 100x better tharsciie microwave
clocks.The CSOC performance @a&curateenough to make it a potentiaptacement for
traditional oscillators used in navigation and telecommunications systems.

Discussion

Chip sized atomic clocks could hold the
key for alternative timing data in a GPS
denied environment and DARPA is
making highly accurate prototypés.
The goal of NOAC is to manufacture
and distribute these new technologies t
the public sector to increase technology
transfer and improve lato-market
opportunities to strengthen US econom
competitiveness through advanced
manufacturing! Further, the precision
of new Global Positioning Satellites
(GPS) has improved and the internal
atomic clocks which provide the timing The Heart egénerhtions T
work at a factor 100kigher than the miniature atomic clockicking at high
original nuclear clocks! The atomic ARopti cal o7 iétheevaporeai on
clocks used in new Global Positioning the chip, shown next to a ca#fbean for scal
Satellites are 100 times more accurate The glass cell (square window in the chil
than theatomic clocks in the first GPS contains rubidium atoms, and vibrations

satellite.The CSAC and CSOC provi de t he ~ l o c K
: . consists of three microfabricated chips pl
technology NOAC is developing

_ _ supporting electronics and optics.
produces a highly stable and precise Source HUmmnsKIST.gov
timing source that can meet this

requirement! For small portable devices which require PNT the chip sized atomic clock
provides benefits through reduced power, weight, reliability, andd&eg onboard

PNT eliminates the requirement for a GPS receiliee chipsized atomic clocks require
very little power to operatd.he onboard CSAC and CSOC atomic chips do not requiring
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an external GPS signal so the device using internal PNT is much harder to jam or spoof
with false GPS signal§.Beyond the economic impacts of losing GPS the SCAC and
SCOC PNT solutions also have application to include: Internet of Things, Networks,
Communicatios, Robotics, Medical, Autonomous Vebhicles, and the DoD.

The US Army isvants to bdess dependent on GP&my Futures Command recently
formed an Assured PNT Functional Team to focus on providing alternate trusted PNT
when GPS is denied or degradeédhe US economy also depends on GH®&

estimated financial impact of a-@ldy GPS outage is $1685B with an additional

$15B if the outage occurs during a critical planting season for US faiNwrscluding
farming, the economic loss would average $EB day” NOAC effortsto produce a
readily available and trustworthy commercial GPS alternative by 2025, which can
provide an alternate PNT source in the event GPS is |asiticsl. ©

DARPAGs Atomic Clock with Enhanced Stability
nextgeneration batterpowered ChigScale Atomic Clock (SCAC) witth000 times
i mproved performance. One team headed by NAS

has demonstrated a SCAC which meets the ACES Program target metrics with 100x
improvement over previous desigisARPA states the NIST NOAC SCOC in Figure 1
above ighe size of three small chips and uses far less power than the NASA JPL SCAC
and provides 50x improvement over the SCAC.

Despitethe successful guantum sensing tests, both NIST and DARPA are still working
on perfecting the SCAC and SCOC miniature atomic clock precision timing prototypes.
The GPS satellite constellation remains the gold standard forfIST on a Chip

(NOAC) and DARPAACES are just two possible GPS alternativwsltiple agencies

are working to find alternative GPS solutions and the Space Development Agency even
proposed fielding an alternate satellite constellatiohhe US Quantum Initiative Act
authorized $1.2B toward Quantum Information Sciences (QIS) research but that
investment includes all quantum research. With only a small portion of the §di2@
toward quantum sensing the US has not made a serious investment to solve this
challengeHowever,it is highly likely thatthe US will increase the quantum sensing
research investment if GPS is disrupted and the US economy starts losing $1B Per day.

Analytic Confidence

Analytic confidence in this estimatehggh. Sources were mostly reliable and

corroborated one another. There was adequate time to gather information, but the analyst
worked independently and used a ssiniictured method.

Author: Patrick Lancaster
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Nanotechnology

Nanotechnology is the idea that we can create devices and
machines all the way down to the nanometer scale, which
is a billionth of a meter, about half the width of a human
DNA molecule.

Paul McEuen
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Introduction

Nanotechnologys the study and application of extremely small thi(mse to 100
nanometersand can be used acragtherscience fields, such as chemistry, biology,
physics, materials science, and engine€fi@me nanometer is a billionth of a meter, or
10° of a meter?! Hence, mnoscience and nanotechnology involve the ability to see and
to control individual atoms and maiges"

Research Emphasis

Nanotechnology is a particularly compelling realm of science since it provides both
minimally and norinvasive means of augmenting other disciplines, and even the human
body, with emerging technologies. Commercial and military leaders alike recognize the
potential in this field and have invested billions of dollars in capital to advance many of
the innovations highlighted in this chapter. It is highly likely that emerging trends in this
discipline will improve industrial safety, reduce pollution, improvderials

development, anghorten warfare as we know With specific relevance to this research,
nanotechnology is changing how humans compile information, process mass amounts of
data, power nandevices, and even making it so the blind can see.

As notal in the key findings, nanotechnology is a mass enabler advances in the other
seven disciplines researched throughout this project. In many instances it provides a
means of powering, calibrating, strengthening, and shrinking devices and components we
rely on every day. More importantly, nanotechnology provides the glue at the atomic

level for the convergence of an almost infinite number of technological advances that
shape the future development of science, technology, and human affairs.
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Graphene Enhanced Battery Commercial Growth Throughout
2020s, Highly Likely to Replace Lithium lon by 2030

Executive Summary

A growing demand for graphene batteries and improved-srgle production methods

make it highly likely that graphene will replace lithium icatteries by 2030. Despite

subpar performance against lithium ion batteries and the inflated cost of processed
graphene, the material 6s strength, elasticit
ability to quickly deliver power are rapidly drivingp market demand for the emerging
nanotechnology.

Discussion

Graphene is simply a single layer of graphite, akin to a honeycomb, arrangaakein a

atom thick crystalline structuré.It wasfirst discovered in 2004 at the University of
Manchester, and rapidly gained popularity in the battery industry due to its high rate of
conductivity and ability to store an electrical charge without significant degradation.

For example, the physical structure of graphene offers decreased resistance, and allows
electricity to pass through it near the speed of lighhis far surpasses that of silver,
copper, or other commonly used conductive materials. Furthermore, graphene can be
used as a capacitor to physically store energy as a charge rather than through chemical
reaction methods utilized in modern day battefiés. a result, supercapacitors charge in

a matter of minutes rather than the hours it takes for conventional bafteries.

The graphene battery markeill reach $115M by 2022, with a 38.4 percent combined
annual growth rate each year theredft@iheelectric automobiléndustryis a

compelling use cagaaying a key role in this forecastvith transportation fuel cells
dominating the market 8030 As justification, he price of lithium ion batteries

cannot decrease much in the future due to the relatively high cost of lithium as a rare
earth material! However, the cost of graphend! drop as much as 80% with the onset

of commercial productio.Additionally, graphene batteries are moldable, printable,
lighter, and charge much faster than lithium ion battéti€se body and frame of the car
could house the battery and it could charge through simple contact with an electrode at
each stoplight

These qualities alone seemingly make graphene a suitable substitute for lithium ion
batteries, but several barmeturrently prevent widecale commercial adoptioRirst,

graphene supercapacitors have not replaced batteries in cars or electronic devices because
they require a much larger space to hold the same amount of energy as a lithium ion
battery® Modern day lithium ion batteries hold an average of @00kg (Watt

Hours/Kilogram) whereas graphene supercapacitors average only 28 ¥Whlegbest
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Seeker explores the evolution of graphene batteries.
Source:seeker.com

supercapacitor to date reached 18& Wh/kgmark, but that is far from surpassing
lithium ion and is not commercially viableSecond, in 203 graphene was the most
expensive material in the world at $1,000 per microrrsiterd flak€; however, the cost
dropped to $5Mg in 2020 Despite the sharp drop in price, it is still drastically more
expensive than lithium at $8.75/kg and must compete with a robust, proven namset b

Over the next decade, the battery industry seems poised to adopt a hybrid variant of
lithium-graphene batteries as a trade off until the market matures. In 2@B4oMm
Materials introduced battery anodes containing graphene that reduced the effects of
charge/discharge cyclésBy 2016 Huawei introduced a graphesighanced lithium ion
battery improvig heat dissipation and charge capacity of their cell phone battehies.
one year later, Samsung unveiled a graphene ball lithium ion battery with-fierty
percent better charge capgcnd five times faster charge ré&tall of these
advancements show steady increases in commercialization, and forecasts predict
increased investment and growth over the next decade (Pae H).

Analytic Confidence

The analytic confidence for this estimaténigh. Sources were reliable and corroborate
one another. The analyst had adequate time for research but worked alone and did not
use a structured methoéurthermore, given the decahbang timeline associated with

this estimate, this report is sensitive to changes based on new information.

Author: Lance Vann
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Graphene Plasmonics Highly Likely to Solve Quantum Computer
Scalability and Thermal Limitations by 2025

Executive Summary

Grapheneds electrical conductivity and thern
two-qubit logic gate, makes it highly likely that the cryogenic and vacuum limitations of

guantum computing will be solved byZ® Despite the relative newness of this

technology and the high cost of graphdx@sed nanotech, commercial demands for faster

processing speeds at nano scales, with stability surpassing industry standards for fault

tolerance, signals that graphene plasio® offers a path to scalable photonic quantum

computing by 2025.

Discussion
a) C)
Si/g;
/S|02
b) gate
Cina‘ dX
source T T CQ e

rdx Lgdx

Sketch of a graphene plasma resonance capacitor (PRC) made of encapsulated ¢
(blue/black) equipped with and edge contact and a top gate (golden). A thin lay
Al203 (brown) is used to isolate graphene from the top gate. (b) Distributed line n
of the graphene resonator. (c) Optical image of a typieahape encapsulated PRC
sample obtained by etching a broad-BhpheneBN stack.
Source:physicsworld.com

Traditional computing encodes data in a binary fashion of zeroes and ones, whereas

guantum computing uses qubits that can be in two states at the same time, allowing

photons to interact with one anothEfhe only feasible way to read the state of each

photon was through thousands of sirgl®ta detectors housed in a $12 million dollar

computer! Xian-Mi n  Ji n, research team | eader from Ch
Uni versity, asserts Alt is economically wunfe
thousands of modes simultaneously with sifgle 0t on det ect or sét hi s pr ¢
represents a desive bottleneck to realizing a largeale photonic quantum computér.”
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Traditional quantum computing also requires cryogenic and vacuum technology creating
limitations for scalability and widespread application.

Researchers at the University of Viemeaently found ways to overcome these problems
through the use of graphebased, twequbit quantum logic gates (See Figuré! T\wo-

gubit logic gates allow the interactiongihgle plasmons, similar to photons but in a
plasma, traveling on carbon nanoribbons made of graph&iev en gr apheneds st
the plasmons areesurely bound to their nanoribbons, but can achieve multiple
interactions with other plasmons through the newly designed logic'@tés.process
overcomes the need for singihoton detectors as outlined above by Jin, and allows for
multiple gates on each ribbon which is necessary for quantum compu@ivgn that
graphene conducts heat ten times better than copper and conducts electricity 250 times
better than silicon, graphetfiased logic circuits improve the speed of microprocessors

by a thousand times, require a hundredth of the power reduirsiticonbased

computers, and are much smaller than logic circuits that use silicon transistors.
Therefore, this technological advancement breaks tiee tb four gigahertz processing
speed upper limits, all on a nanoscale processor that operates at room temperature.
These qualities alone seemingly makaphene logic gates they key to scalable quantum
computing, but several barriers currently prevent veickle commercial adoptioRirst,

this process has only been proven twice in history by the independent research teams at
the University of Vienna an8hanghai Jiao Tong University. Furthermore, the science
behind this is mostly proven through calculations rather than actually constructing and
replicating working device’s.Secondjn 2013 graphene was the most expensive material
in the world at $1,000 per micrometsized flake; however, the cost droppéal $50/kg

in 2020 Electronic grade silicon currently trades at approximately $24q tre key

way for graphene to become affordable is widescale commercialization of production
methods and adoption by leading consumer industries.

For now the computing industry is poised to adopt a hybrid variant of silicon plasmonics,
including photonicswhile graphendased systems slowly assume market sharee
photonics market is expected to reach $929 million dollars by 2023, with a 7.84 percent
combined annual growth rate (CAGR) each year thereaf@M, Intel, and Kothura are

the most prominent industrial adopters of this technotogg.for graphene, the market

is expected to reach $552 million dollars by 2025 with a CAGR of 38 percent over the
forecast period!
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Analytic Confidence

The analytic confidence for this estim&enoderate Sources were generally reliable

and tended to corroborate one another. The analyst had adequate time for research but
worked alone and did not use a structured method. Furthermore, given the timeline
associated with this estimate, this regpe sensitive to changes based on new

information.

Author: Lance Vann
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FDA Approval for Smart Contact Lenses Highly Likely by 2025

Executive Summary

A growing demand for electronically enhanced vision, advancearatechnology and
increased commercial investment make it highly likely that smart contact lenses will be
approved for commercial use by 2025. Despite the lack of FDA clinical trial approval,
corporate investments, patents, and the demand for aesthegi@tion of human

machine interfaces will drive adoption of this technology.

Discussion

The term fismart contact | ensoO0O encompasses a
Contacts that treat Myopia or ones that addoken due to light stimulatiomeathe most

advanced commercially marketed products to datecording to the American

Academy of Opthamology, some of the most advanced pteduthe queue for FDA

approval include contacts that deliver medication, telescopic lenses, and Augmented

Reality (AR) contact§. Despite tle secrecy of the research and development process,

AR contact lenses are showing signs of a technological convergence due to the

application of multiple emerging nanotechnologfes.

The company Mojo Vision created a prototype AR contact lens that integrates nano
batteries, CPUs, displays, radio transmitters, wireless/ Bluetooth receivers, night vision,
cameras, and vision
correction on contact
lenses! At the most recent
Consumer Electronics Sho
in Las Vegas, Mojo Vision
was not part of the event,
but seized the opportunity tc
display their AR advances tc
a select few journalists.
Scott Stein, aaporter for
CNET, got to personally
experience night vision and
a micro screen display, who
reported that the experience
was much like a shrunken
down, advanced version of
Google Glas$.Aside from
the demonstrated operability
of the new technology, the

CNET tech review of Mojo Vision's AR contact len$e:
view videg dick on picture or go to:
SourceCNET.com
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largest barrier thus far is figuring out how to power the devidetil recently, AR lens
prototypes were powered using a device that was worn around the wrist, but recent
advances in flexible micro batteries and graphene based flexible electronics are bridging
that gap! Other methods under development include solar powepiazdelectric

sensors that harvest power from eye movements, but they are not as feasible as graphene
battery technology.

Despite the existence of working AR contact lens prototypes, FDA approval may provide

barriers to market entrfedical approval for new devices averages three to seven years

due to the varying length of clinical triglsAdditionally, any biocompatibility or safety

issues that come up during this processigarease thapprovalttimeline® A promising

sign is that the FDA recently granted Moj o V
deviceo designation which is |likely to fast
safety issues.

Regardless of market barriers, the argument for commercialization of smart contact
lenses is strong. Mojo Vision hold patents relate8R contact lenses dating back over

ten years and raised more than $100 million dollars in investments from tech giants such
as Motorola, LG, and HP Furthermore, ta company is made up of IT veterans from
Apple, Google, and Microsoft, along with ophthalmology industry experts from Johnson
& Johnson, Philips Healthcare, and Zéldsastly, Mojo Vision crafted a partnership

with theVista Center for the Blind and Visually Impairddliveringservices to more

than 3,000 children and adults with blindness or impaired vision each Jeaough this
mutually beneficial arrangement, Mojo Vision has a readily available test bed of patients
who can provide clinical trial feedback on the safety, operability, and even aesthetics of
this emerging technogry

Analytic Confidence

The analytic confidence for this estimaténigh. Sources were reliable and tend to
corroborate one another. The analyst adequate time for research but worked alone
and did not use a structured method. Furthermore, given thgdargimeline associated
with this estimate, this report is sensitive to changes based on new information.

Author: Lance Vann
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Smart Dust Likely to Achieve Mainstream Commercial Usage by
2028

Executive Summary

A growing demand for smaller medical sensors, industrial/agricultural monitoring,
Internet of Things (loT) sensing, and advances in hanotechnology make it likely that
smartdust,tiny computers designed to function together as a sensor netwitrk

achieve mainstream commercial usage by 2028. Manufacturing costs, privacy concerns,
and FDA approval for medical use cases are barriers to market entry, but growing capital
invedment from General Electric, IBM, and Cisco Systems, and previous FDA approval
of similar internal human monitoring devices, signal the likelihood of mass
commercialization within the next eight years.

Discussion

Penn Stateds Col lleg&®ciodn Eeag tdce fdilyde sMi snmarat du
computers that are designed to function together as a wireless sensor n&inwd@18

the common size of these devices were as small as a grain of rice, but have since been

reduced to 6.5 mithe size of a grain of saAdPotential use cases include the

monitoring ofcrops, mechanical equipment, supply chain inventories, industrial

structures, and medical monitoring/stimulation (See FigufeFby.example, smart dust

sensors could be distributed on crop fields to monitor water requirements or pest

control® Additionally, similar devices could be added to fluids and lubricants to monitor

machinery stresses, or even embedded in industrial structures to sense stress fractures or
material degradationSi mply put, smart dustos data gat he
have profound effectsonthe ITAccor di ng t o Forbeso6 Enteropris
Bernard Marr, smart dust holds the capacity to multiply 0T technologies up to a billion

times over what it was in 2018.

Despite the existence of workisgnart dusprototypesmanufacturing costs, privacy
concerns, anBDA approvalof medical applicationprovide barriers to market entry.

First, most smamlust applications require the sensors to be cheap and disposable in
nature. There are no cost estimates specifically for smart dust, but similar disposable
microelectromechanical systefMEMS) contain $.002 cents of silicon per device.
However, the pricef silicon would need to drop to $.0004 cents per device before they
meet affordability constraint$.Second, one smart dust is distributed, it is essentially
impossible to recover. In turn, corporations would have access to a multitude of sensors
capable of gathering audio and/or visual data without the consent of those being
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Dr. Kristofer Pister professor of electrical engineering and computer sciences fro
University of California Berkley, outlines the future of smart dust..
Source:Omnibus Forum

monitored- Third, medical approval for new devicaserages three to seven years due to

the varying length of clinical triafs Additionally, any biocompatibility or safety issues

that come up during this process can increase the approval tith@lhege is nalata on

clinical trials yet, but if the FDA granted smartdustAr eakt hr ough devi ceo
it could fast track approval to the shorter end of this timéline

Regardless of market barriers, the case for mainstream commercial usage of smart dust is
compelling. In August 208, respected tedorecasting firm Gartner estimated

widespread usage of smart dust more than 10 years out, but on the path to
commercializatiort Additionally, the inability to reduce the size of the power supply

greatly inhibited the size of each smart dust particle for many years. However, through
advances in solar, heat, and grapébased power sources, scientists are now shrinking
devices faster and smaller than ever thought possBlgthermore,r 2005 Paladin

Capital Group, an investment firm with more than $1B dollars backing and worldwide
access, acquired Crossbow Wireless Sensor Netwdrkss a positive indicator of
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market aceptance given that Crossbovai®p endto-end solutions supplidor wireless
sensor networks and one of the largest manufacturers of Smart Dust gsetis®rs
world.?

Analytic Confidence

The analytic confidence for this estimaterniederate Sources were generally reliable

and tended to corroborate one another. The analyst had adequate time for research but
worked alone and did not use a structured method. Furthermoretluygveightyear

timeline associated with this estimate, this report is sensitive to changes based on new
information.

Author: Lance Vann
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Neurotechnology

Moore's Law-based technology is so much easier than
neuroscience. The brain works in such a different way from
the way a computer does.

Paul Allen
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Introduction

According to Dr. Oliver Muller, Professor Gomputational Neuroscience at the

Uni ver si ty eurbtechnolegy ib defingd,as theMssembly of methods and
instruments that enable a direct connection of technical components with nervous
systens. These technical components are electrodes, cengyuir intelligent

prostheses: Neural signals are used to better understand how the brain communicates
through a synaptic network, and are translated into electrical inputs for@yaiputer
Interfaces (BCIs). BCls range from invasive to fully Anmasive in nature and direct

brain stimulation, prosthetics control, and brain mapping.

Research Emphasis

Neurotechnology is not a new science, but recent advances disttigine are paving

the way for the convergence of many additional technologies. Whether the brain is fully

or partially mapped, a greater understanding of neural pathways and synaptic connections
brings greater understanding of how the brain initiatescantrols bodily functions.
Additionally, as electrical impulses are correlated with specific movements or actions,
researchers discover better ways for technology to integrate and enhance the lives of
humans. As such, top tech medical research institsiinvest billions of dollars into this

field and integrate closely with the FDA in realizing the potential of emerging advances

in this field.

As noted earlier, neurotechnology does not directly benefit from the innovations
presented in this researchowever, the future of this science is compelling to the
Department of Defense and the commercial market alike since it likely holds the solution
to physical brain injury, neural disease, and even future computing methods built around
neural and synaptic @nitectures. As with nanotechnology, neurotechnology binds the
convergence of an almost infinite number of technological advances that shape the future
of medical, commercial, and military affairs.
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Neural Map of the Human Brain Highly Unlikely by 2035

Executive Summary

Though scientists have successfully mapped the brain of a nematode and portions of the

brains in fruit flies and mice, the neuroscience community is highly unlikely to map the

human brain in its entirety by 2033 he first step irmaking this a reality is data

collection; however, a single neural map of the brain would be the largest dataset ever
recordedFor exampl e, one millionth of the braint
than all the contents of the Library of Congré3sspite advances in microscopy and

supercomputing, algorithms used to interpret neural segmentation are limited at best,

making an accurate map of the brain is highly unlikely within the next fifteen years.

Discussion

In 1986, biologist SydneyBe nner created a draft neur al ma |
which subsequently took more than 20 additional years to finalize as thevirst
connectome (neural map)Over two decades, Brenner and his team mapped a network
of 302 neurons and 7,000 synaptic connections in this simpleldnmgrorganisni! The

next significant breakthrough in thelfiedid not occur until 2019 when tltoward

Hughes Medical Institutproduced a 1,000 neuron portion of a mouse brain, with an end
goal of mapping the full 70 milliomeuron orga#. (Fig 1) The process used by the team
took as little as a day to map a single neuron, but a few years ago it took up to two
weeks!! Earlier this year, the same organization announced that they had successfully
mapped 25,000 neurons and 20 million
connections in the core of a fruit fly
brain, as part of a partnership with
Google®! This landmark
accomplishment took more than 12
years to complete and came with a $40
million dollar price tag!

To put these three accomplishments in
perspective, brain mapping progress
jumped from 302 neurons and 7,000
connections over 20 years, to 25,000
Howard Hughes Medical Institute research neurons and 20 million connections

This is the most detailed map of the mouse brain
ever created.

demonstrate neural pathways over a span of 12 years. Given the
in a mouse brain. mog recent technological
Source: Youtibe (Howard Hughes Medica breakthroughs in this field and the case
Institute) studies provided above, it would still

take 48 million years to completely
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map the human brain using similar methodologies. Furthermore, the algorithms used to
interpret neural segmentationssibits of neurons or erroneously merge two into“one.

As a result, humans are still required to check all mapped segments to ensure validity,
greatly extending the timelines toward a legitimate brain fr@pewire is a

crowdsourcing effort tht enlists the help of over 290,000 volunteers to assist with these
efforts, but their work still falls far short the fiftegear period of this estimate.

Mapping the brain will only & a starting point for true application. According to Dr.

John Mazmwttaand Dr. ArthurTogaof theUCLA School of Medicine brdin imaging

will provide the bridge among the phenotypes, the genotypes, and the behaviors of the
human specie§! FurthermoreDr. Bobby Kasthuri believes that reading neural activity
and linking these actions to specific functions of the human body could eventually lead to
a cure for neurological sorders such as autism and schizophréniith regards to

military application, neural maps could likewise be used for precisely targeted non
invasive neural stimulationyhich is showing promise for accelerated motor skills
acquisition among pilot traineés.

Analytic Confidence

The analytic confidence for this estimatenederate Sources were generally reliable

and tended to corroborate one another. There was adequate time, but the analyst worked
alone and did not use a structured method. Furthermore, given the lengthatmaef

the estimate, this report is sensitive to change due to new information.

Author: Lance Vann
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FDA Approval for Non-Invasive Brain Computer Interface
Prosthetic Device Likely Between 2023-2027

Executive Summary

Demonstration of the first ever namvasive prosthetic Brain Computer Interface (BCI),

and the desire to wirelessly read neural stimulations, make it likely that manufacturers
will receive FDA approval for medical devices between 2023 and 2027. Despite p
signal quality and a lack of device portability, advances in electroencephalogram
technology, its supporting software, and the demand for mobile platforms will overcome
these barriers. Medical, commercial, and military applications will enter thercens

market upon FDA approval which will take up to seven years dependent on clinical trials.

Discussion

Surgically implanted BCls allow  Carnegie Mellon researchers demonstrate fil
physically impaired humarto ever noninvasive BCI controlled robotic arm.
control robotic prosthetic devices Click on picture or go to:

using electrodes imbedded in the  https://youtu.be/UkZquERzoQw view video.
brain® Despite the benefitshése Source: Engineering.cmu.edu (Carnegie Mel
implantspose substantially higher University College of Engineering)

risk to patients de to brain
fragility and the extremely precise
surgery to imbed and secure
electrode leads For example, wire R S :
strands must be rigid enough to
puncture the braiand provide 3
stability, but also minimize damagg (g / ~ 7N
shock, and inflammation to the -
surrounding tissué. Due to hazards
associated with invasive BCI
procedures, researchers at Carneg
Mellon University developed nen
invasive technologies and
successfully demonstrated the device in 20109.

Norrinvasive neurotechnology is not a new science, butrakbarriers exist preventing

widespread use in the field of prosthetics. Electroencephalograms and transcranial direct

current stimulation are examples of existing technologies, but they do not offer the

precision or portability required for prosthetigeuor patient mobility Furthermore,

nonri nvasive BCls receive Adirtiero readings t
scattering as inputs pass through bone and ti$simeAugust 2018, respected tech
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forecasting firm Gartner estimated heightened expectations for BCI devites o ten
years, but they did not delineate between invasive andnvasive applications.

Undeterred by these shortcomings, medical, commercial, and military interest in this field
are drivirg continued research and investment. All invasive andmasive BCls have

been experimental up to this point; however, the FDA released draft guidance in 2019
outlining the medical approval process for botFDA approval is the linchpin in the

success of widespread use and acceptance of this technology. Medical approval for new
devices averages three to seven years, but physical and technical limwgtthomnan

invasive methods will increase the timelihe.

Nonetheless, Transparency Market Research predicts 14.9% annual investment growth
until 2024, with the global maek reaching $1.2 billion dollars by th&nLikewise,

DARPA brought military applications into the fold by investing over $2 billion dollars in
its Al Next campaigrt As part of this program, DARPA awarded research funding to
six commercial and academic organizations as part dMi¢ixeGeneration Nonsurgical
NeurotechnologyN?®) program in 2018. The impetis for this project is rooted in
applications such as active cylmefense of networks and muléisking requirements
inherent in controlling drone swarrisThus far, effective military applican of BCI
technologies has been limited to invasive techniques and applied to handicapped
volunteers with clinical need.The N’ program is aimed at bridging that gap and
applying this scienc® healthy, abldodied individuals! The use cases are likely to
grow exponentially through not only medical applications, but also througinmasive

BCI educatbn, marketing, and entertainment platfofs.

Analytic Confidence

The analytic confidence for this estimateniederate Sources were generaligliable

and corroborate one another. The analyst had adequate time for research but worked
alone and did not use a structured method. Furthermore, given the long timeline
associated with this estimate, this report is sensitive to changes based on new
information.

Author: Lance Vann
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Biotechnology

The rewards for biotechnology are tremendous - to solve

disease, eliminate poverty, age gracefully. It sounds so
much cooler than Facebook.

George M. Church
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Introduction

According to the online Oxford Dictionary, biotechnology is the exploitation of

biological processes fandustrial and other purposes, especially the genetic manipulation

of microorganisms for the production of antibiotics, hormones! &lice best definition

is Atechnology based on biology, 0 as quoted
v i s i 0 n Totadvanbeebiotechn®logy innovation by promoting sound public policy

and fostering col |l abor ZFinaypBlO alsoseds thé valoea | | y an
in biotechnology to fiharnesses cellul ar and
technologies and products that help improvelioes and the health of our planet. We

have used the biological processes of microorganisms for more than 6,000 years to make
useful food products, such as br Erndlyand chee
according to the Khan Academy, biotechnology includes any biological aspect

manipulated for the benefit for anything else, including beer brewing, genetically

superior fruits, and larger beef cattle, for examiplénder this definition, and from other

sources, this broad subject matter, and these broad definitions, include présthesis.

A cvborg beetle, part of DARPA’s Micro Air Vehicles and Micro Electrical-Mechanical
Systems research. DARPA has demonstrated ability to control insects in flight.
Source: spetctrum.ieee.org

BIO drives the point, that humans have been cuitigdireeding pets and wildlife, and
altering their biological environment for their benefit for millenia. It is easy to forget that
every breed of dog is the same species of canine, all manipulated by humans. However,
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biotechnology has taken leaps. It sancommonplaceif still exciting to consider the

advent of renewable biomasses, biofuels and the biofuel refinement process, just to name
a few. Medicinally, biotechnology has led to advanced development in allergen, and anti
allergen technology, vaccinahs, and nottraditional medicines.

Focusing on the effort to move the science fiction to the reality, DARPA has fielded

cyborg insects, whoos f IHChgintatdespitaselhi t he sci ent
identifying as a nation who values ethics and regulation, has genetically modified and
fielded twin Adesigner babies, 0 resistant to
which may make the primate smarter than its geneticatjtered peerst Thisis

problematic because of current conventions against human DNA transferrance and

manipulation, aswellastCi naés stance, but also® gl obal i m
Nevertheless discover and science drive on.

Research Emphasis

The scope and framework of
biotechnology is so vast and large, tha
it was hard to remain scoped. Medical
research seemed persistent, but
noncommittal at best. While doing
specific research for
immunomodulation, anlergen, drug
development, the research becomes
very compartmented, where technique
practices, and mediaas will exist (or
already do in many cases), but timeling
and practices require no commitment
(best released when most needed
financially or otherwise) and medical
standards are of
than fieldwide requirements driven.
Research incided allergens, anti
allergens, noitraditional medicine, and
vaccination. No effective research was

deterministic by 2035 in this arena. A genetically altered feline, whose DNA is
splice with jellyfish DNA, making it glow in
the dark..

Source: livescience.com

Radically shifting, based on research,
toward genetical manipulation bore
fruit. CRISPR and the gene drive were affcular interest. Since gene drive has the
ability to annihilate pestilent species (which could include humans), the results were
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surprising, based on the need. The African Union badly wants the gene drive technology
in an effort to preserve life and ptthe spread of malariaMeanwhile, the creator

worried about implications, and developed the daisy drive to limit thedahing

possible effects of genocide-urthermore, crosgenetics, designer babies, and designer
pets have more apphtions. As Labradors and Shepherds are the primary working dogs,
breeding hip, joint, and cancers out of the breeds has many merits. With experimental
genetics, like splicing jellyfish into household pets, which may have future implications,
the noveltyis notable, but the obvious application is minifmal.

Finally, biomass and biofuels seemed unworthy of significant research. Initially, the
research in biotechnolgdgegan there, but biofuels and biofuel refinement are likely to
continue and not advance much beyond that capability in the next 15 years. The cost of
the fuels process is significant, and the population increases will drive more resources to
food and freh water for people and food for animals, vice ftelgithin the next 15

years, the environment will not likely shift significantly.

Tom Cruise in an advertisement poster for “Edge of Tomorrow”
wearing a “Fighting Exoskeleton”, enhancing the wearer while engaging
in combat operations using active Al to heighten mental acuity.
Alfred Molina as Spider-Man villain Dr. Octavius in
Spider-Man 2, wearing an AI, enabled, prosthetic.

While Both are impressive imaginative ideas for biotechnology,
neither are likely by 2035

EDGE or

X ,/‘g COMIC-CON 2013

= \
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Finally, any prosthesis and exoskeletons are especially relevant. These are relevant for
wounded warriors, laborers, amputees, or permanently injured or disabled personnel.
However, these technologies more closely align in robotics, neurotechnology,
nanotechnology, and some autonomy and Al. While biomaterials and the biological
connection drive them as biotechnology, there is nothing largely biological about them.
From discussins with the other Mad Scientists Fellows, neurosynapses and muscle
twitch responses fit more conveniently in other technologies, being affixed to biological
organisms post development. However, this technology is in continuous development,
mostly to repicate normal human (and pet) motion and behavior. It is highly likely this
will continue in a similar manner. Unfortunately, it is unlikely that humans will adopt
supethuman capabilities, even for those who ev
withoutlimbs, or with limbs amputated at young ages). The prospects, not at all likely by
2035, could, further down the road, look like appendages similar to Syidem 6 s
antagonist, Dr. Octavius. Despite this unlikely nature, it is not unlikely that othersation
or bad actors may experiment beyond standard ethical realms in human manipulation.
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Biopolymers Will Likely Remain Niche and Novel Well Beyond
2035

Executive Summary

Biopolymers, while possessing incredible potential, if application hype remains, will
likely not realize widespread commercial utilization by 2035. In fact, there seems to be
little-to-no commitment by industry to switch from petrochemibasigned to bio

designed polymers due to cost, and developmental constraints.

Discussion

At first blush, biopolymers seem to be the technological savior of the environment and alll
emerging technologies. Academia and environmentalists tout multiple benefits and ease
of manufacturing in applications from nanoscience and nanoparticle development to
bioplastic toys and novelties to drug delivery advancemertsvever, even in the most
environmentally conscience governments and companies, the reality falls short. While the
technology exists, the most likely commercial availability will not drive innovation or
largescale development byd35.

Biopolymers can be and are generated by numerous methods, including genetic

manipulation for multitudinous applications, most critically in tissue engineering, drug

delivery, and biodegradable plastic productidn.fact, Denimer Scientific has
developedaCanclaased plastic called polyhydroxyal kée
breakthrough in the productiofiplastic®d and t he heal t h MMf our envi
Furthermore, combinatory with other emerging technologies, like hanoscience, may

create great efficiency and environmental benefit.

A nanopatrticle that is less than two nanometers in size may require excessesldf ten
and thredfold of reducing agents and capping ligands, respectiV&lyose materials,

like hydrazine, Ndimethyl formaldehydeand sodium borohydride, are considered highly
environmentally toxic, rife with biological and environmental riSk&iopolymer

capping and reducing, performed with chitosan, soluble starches and cellulose, among
others, are easily bioregenerative and biodegradable, even if the same quantities are
used: Moreover, some agents are setirrecting to be reised-
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“BIOPLASTICS” ARE STILL PLASTICS
AND THE TERMITSELF IS AMBIGUOUS.
THERE ARE: ¢

( N\
Bio-based plastics

)

Made partly or fully from organic m:
often in combination

Bio-based plastics rely

on limited land resources
and chemical-intensive
industrial agriculture.

of

are designed tobe
biodegradable.

O—\
less than 4'00/D

X

atter fromplants and animals,
with fossil fuels.

bio-based plastics

.
Biodegradable plastics

ONESIZEDOE

S NOTFIT ALL!

There are different types
of biodegradable plastics

000 000
% -

INDUSTRIALLY COMPOSTABLE?
Onlyifyour area has industrial
compostinginfrastructure & you know
the right bin. If not, the plastic will
end up in landfill, incinerators
or the environment.

SOIL BIODEGRADABLE?
Current uses suchas covering
of crops still contribute
to plastic pollution.

N—e

HOME COMPOSTABLE?

It can take up to 1 year per item,
and only if you have access to ahome
or community composter
which is well managed.

@

—

MARINE BIODEGRADABLE?
No adequate scheme to proveiit.
Stillimpacts sealife.

Why would we design products
to end up in the ocean?

“Bioplastics” won't solve the plastic pollution crisis!

&reuse

Let’s prevent

instead!

Representation
challenge of biopolymer advanceme
With costs significantly higher than
petrochemical polymers, the main
advantage to biopolymers is
biodegradability But that is largely
unrealized.
Sourcezerowasteeurope.eu

Despite the daily applications of
biopolymers in the medical community:
coagulants and adhesivag the most
pervasive with tisue engineering in its
infancy, with no real sense of urgency
in biopolymer development or
advancemerntiH Furthermore, the
seeming boon of biopolymers in
nanoscience appears to not be worth the
investment, because currently,
biopolymer applications, here and in
plastics, to replace polglastics
(petrothemical bases), do not appear
worth the cost. With all indications that
cost will increase between 20% to
100% over already existing
petrochemical plastids! Finally, even
in applications like trash bags would
still require norbiodegradable
components, not easily separated from
those that are biodegradable, negating a
lot of environmental potential win$.

At best, one online article (one of few
or any referencing a timeline or date),
says that biopolymers could set a zero
emission, biodegradable plastics
infrastructure by 2050, well beyond
20354

Analytic Confidence
The analytic confidence for this
estimate isnoderate Sources were
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generally reliable and numerous, with academic sources corroborating eaglaoth

other sources more hopeful and visionary than substantive. The analyst had adequate time
for research but worked alone and did not use a structured method. Furthermore, due to
the niche potentials and largely unfielded nature of this technologiysaactessibility,

this estimate is likely to change due to unexpected consequences, like forced government
regulation.

Author: Nicholas E. Delcour
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Gene Drive Likely Fielded for Pestilent Species Control by 2025
With Successes Realized By 2030

Executive Summary

Gene drive, genetic biotechnology that targets specific DNA and carries to offspring, is
capable of being fielded currently; however, regulation, ethics, and fear keep the drive at
bay. Due to global, environmental uncertainties, deriffiogn unbounded unintended
consequences, all rational actors are actively studying gene drive technology, while not
fielding it, yet, despite a significant appetite émntrol. Despitesevere risky

consequences, benevolent actions will highly likely result in successful fielding by 2030.

Discussion

First order gene drive is naturally occurring in nature, creating the most resilient of

species. In science, since 2014, variations afh&ftit gene drive have been in

development by multiple laboratories and natétwh i | e t he ter mi nol ogy o
di veo refers to the genetic manipulation tha
offspring across generations, multiple variations and targeting exist. However, the

specific technology is not as important as the implications of the technology. For

exampe, in sophisticated species with long life spans, gene drive would take centuries to

take hold, but specific insect species, deemed pests, could be eliminated within éhe year.

This could Gene Drive Inheritance

include food
Altered Gene . Wild-Tvoe
sources, and + Gene Drive ¢ - o yp

naturally
occurring
flora and
fauna

pesp!terISkS’ Altered gene spreads over generations due to biased inheritance
significant

portions of the  vjsyal representation of gene dei permanence and modificatio

global Source:MIT MEDIA LAB.

population se

the benevolent quality of the technology worth that ¥iSKChe African Union pushes for

the gene drive to eliminate pestilent mosquito populations responsible for over 200
million cases of malaria, 400 thousand of which resuttéath, per yeat! Additionally,

two attemps at moratoriums have taken place within the UN to address regulations and
limits on the gene dre, and neither bore frult! Moreover, other nations see potential

in the gene drive to eradicate invasive species in an effort to preserve naturally occurring
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https://www.scientificamerican.com/article/gene-drive-moratorium-shot-down-at-un-meeting/
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Estimation of Technology Convergence by 2035

species. New Zealand specifically researched eliminating black rats, while North
America looks to eliminate other iast pests!

To meet both requirements, scientists developed the daisy drive to createtarsmort
genetically manipulad gene drive (the specific DNA coding will only last a few
generations of offspring). While seemingly safer andore benevolent, the same risks
exist: could the drive propagate beyond its specifications, could the drive unexpectedly
jump between species, and could other interaction between species create unknown
consequences/side effec¢tdhe daisy drive is expected to be possible and successful by
2024, with fielding successes realized by 2030, depending on totality of the initiative
(continuous introduction of altered species and other pesticides wileeateeand effect
better successes).

The inherent risk is the ease and availability of gene drive technologyeRagions and

actors can field and realize effects from th
Furthermore, the action is likely unattributable. Gene drive is inexpensive and has

benevolent benefits on continental scales. Nations like China that pr@videddence to

African nations in order to obtain their own interests can reap benefits in droves.

Furthermore, China operates outside the acceptable norms of ethical genetic Behavior.

Most recently, China used gene drive technology on embryos to generate twins with
genetic resistance to HIV, as well as fAunacc
human brain tissue in primates, that have superior memory to tladtienaal specie¥.

Within the next 10 years, gene drive is likely to be fielded, despite regulatory restrictions.
It can be fielded by ethical nations for benevoleatsons, or by rogue nations indifferent
to consequences. However, the likelihood increases as artificial intelligence and high
processing computation enables more precise targeting and sophisticated modelling.

Analytic Confidence

The analytic confidence for this estimateriederate Sources were generally reliable,
numerous, and corroborative. The analystdédeuate time for research but worked

alone and did not use a structured method. Furthermore, due to the highly experimental
nature of this technology and its accessibility, this estimate is likely to change as it
leverages other emerging technologies.

Author: Nicholas E. Delcour
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