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Quantum Technologies:

areas of improvement or how
not to slide into quantum
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Science for everybody
creating a diverse
academic environment
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Quantum Reality Check

What’s missing?

Why diversity is important and
how do we manage?




2019 - QC HYPE CYCLE
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The World is dreaming that Quantum Computing may solve these
applications exponentially faster than classical computers

Quantum Light Harvesting

* Chemistry Chamistry o
 New catalysts, batteries T e
» Materials P e T T
* Designing new materials i PCIONCS Ereeen
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« Shipping, routing, disruption management



History and Evolution of Quantum

The Foundations

1929: Dirac, one of the
founders of quantum physics
writes that physicists now
know all laws necessary to
simulate chemical systems

1965: Feynman’stheories of
quantum-electro-dynamics

From Theory to Praxis

1994: Shor’s Algorithm
for finding primefactors
sparks huge interestin
quantum computing

1984: Quantum

1998: First working
cryptography (1BM)

2-qubit quantum
computer
demonstrated

2004/5: Firstphoton
entanglement +first
quantum byte (qubyte)

Commercialization & Cloud

Jan 2017: D-Wave makes
2000Q system
commercially available

May 2017: IBM announces
16-qubit machine
availableinthecloud

2010: D-Wave announces
first commercially
available QC

I
Sep 2017: Microsoft
reveals quantum
programming language

2018: Intel confirms
development of 49-qubit
chip

1935: TheEPR paradoxisa
thought experiment
intended to demonstrate an
inherent paradox inthe early
formulations of quantum
theory;itisamong the best-
known examples of quantum
entanglement

1996: Grover's
database search
algorithm

1981: Feynman proposes
quantum phenomenonto
perform computations

2001: Usinga 7-qubit
computerresearchers at
IBM/Stanford factorthe

number15

2016: IBM makesa 5-
qubitQCavailableto
developers &researchers
for experimentation viaits
cloud portal

Oct 2017: Google
announces OpenFermion:
Open source chemistry
package for QC

Nov 2017: IBM announces
20-qubit machine available
incloud & firstworking 50-

qubit processor

A 4

2019: Googleclaimsto
have reached quantum

supremacy forthe first
time

2019: 1BM launches first
commercial 20-qubitQC



QT start-up investment activity surpassed $1.4 billion in

2021, more than double that of 2020...

b0 ST Raised start-up funding’ Announced and estimated start-up funding?

2,000

>65%

of total investment allocated
to hardware players
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1. Based on public investment data recorded in PitchBook; actual investment is likely higher. Source: McKinsey & Company

2. Public announcements of major deals; actual investment is likely higher as for 7 out of 20 deals done in 2H2021 the deal size was not disclosed.
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Global market participation is increasing « QT founding and investment The QT market is still concentrated in North
activity surpassed $1.4 billion America
While the United Kingdom began catching up in 2021, more than double that _ ,
to North America in the first half of 2021, it of 2020 Elf(;g] A;cmlerlca stlllclleads tgg‘VQTfmﬁrket’
made no new deals in the second half o of players and over 60% of all start-up
funding
China still has the most patents, which is « Major deals for 2021 extend to Ten out of the 12 biggest hardware players
conducive to rapid technology progress software and QComms players are based in North America

China has the broadest commercial

« China committed $15 billion implementation of QComms.

over five years for QT; Japan has the most players in the industry
- dopti Ti me part of their operations
« EU announced $7.2 billion adopting QT in some p P




MAJOR DEVELOPMENTS 2021/22

* While the United States and Canada have been market leaders for the last decade, China
and the European Union are determined to catch up and have announced significant
public funding

* More players across industries will move from precompetitive explorations of QC into
competitive research (partly in “stealth mode”)

* In QComms and QS, many products will move from the prototype stage to
commercialization; this will likely lead to an increase in application and services players

« Several large investment rounds have already been announced for 2021 (eg, lonQ,
~$650m; ArQit, ~$345m; Cambridge Quantum Computing, ~$300m; Xanadu, ~$100m),
suggesting that the investment activity around QC will continue to grow

* Chinese researchers made a claim to quantum supremacy (for a boson-sampling problem)
in December 2020, and local research is expected to yield more breakthrough results
backed by government funding for QC
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.of start-ups founded in past 3
‘years are in QC space ’
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CHALLENGES

ARCHITECTURE FOR A COMPLETELY NEW KIND OF COMPUTER

Control Electronics

Quantum Chip

—_—

Challenges at each level

* New execution model
 Error mitigation & resilience
e Scalability

* Interconnect complexity

* Qubit device design



f DHETTAL i

”/V«HH ON

o

N
"\

DIG T4,
aw>2mmomzmewo
TRANS FORp, &
pIGITAL ef&;

DO YOU HAVE ENOUGH BRAIN POWER TO TACKLE THE BEAST?
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CHALLENGES

TALENT GAP

The number of job postings outstrips ...but upskilling graduates in related
qualified talent by as much as three to one... disciplines can help close the gap.

350,000

290 graduates in quantum
technology—relevant fields?

Number of active job Number of quantum
postings as of Dec 2021 technology master’s-level
graduates yearly'

' Estimate based on the number of universities with such programs and how many students graduate per year.

‘Graduates of master's level or equivalent in biochemistry, chemistry, electronics and chemical engineering, information and communications technaology,
mathematics and statistics, and physics,
Source: OECD; Quantum Computing Report, quantumcomputingreport.com

7 new universities with
quantum research
groups

The European Union
has the highest
concentration of QT
talent.

Source: McKinsey & Company




INTERDISCIPLINARY FIELD
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Physics Social Sciences Engineering Computer Science Chemistry Biology Pharma




WHY DO WE NEED DIVERSITY?

Diversity is about recognizing and celebrating differences
Equity focuses on providing pathways to equal access

Inclusion focuses on making people accepted, valued and
empowered to be their full selves at work




Where are we
NOW?

Women STEM workers went from 8% in 1970
to 27% today

15% 48% 40%

computer science engineering Life sciences Physical Sciances
such as biological or such as astronomy,
agriculture sciences physics or chemistry),

jumping to 40 percent
in 2019, up from just 22
percent in 1990



Women representation
In STEM: Low

HPC & QC - Aniche
within STEM: Naturally,
even lower
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ISSUES

47% 17%

workplace culture is the
biggest barrier for
women embarking on a
STEM career.

lack of child care/maternity
leave

models

. 15% .
absence of female role models in the
workplace




NEXT STEPS

. Removing fear of

Create opportunities * : : l complexity
Provide visibility Qﬁ
Develop networks and :J

connect people

» Be a role model




STATISTICS

8 faculties
* 8429 students

e 41% international students

GERMANY CZECH REPUBLIC

e 182 professors

_ CHAM .
e 439 |lecturers & assistant lecturers
* 818 support staff A=

DEGGENDORF @

* Applied Economics (School of Management)
* Applied Healthcare Sciences PFARRKIRCHEN .
* Applied Natural Sciences and Industrial Engineering

*  Civil and Construction Engineering Munich w
o

* Computer Science

AUSTRIA

*  European Campus Rottal-Inn

* Electrical Engineering and Media Technology

- Salzburg
* Mechanical Engineering and Mechatronics M
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