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"Anyone who claims to understand quantum s Z Q(\%
M l.:-|'5.r is either ling or crazy?
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What 1s Quantum Computing?
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O L1 ILO]LT] Electrical Signals : Quantum State

1][o][1][0][o] Electrical Signais: Measurement

T : Results
Gates | Gates
(classical) E (quantum)
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Classical Computer Quantum Computer
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Where did this idea come from?
A Recent History 1994 2000

Peter Shor develops Eddie Farhi at MIT

1982 algorithm that could be  develops ideafor 2013

Richard Eavrmian used for quantum code- adiabatic quantum
. O-Wawve Two,

envisions guantum bre aking computing J
: : g1z qubits
computing

b3

1985 1999 2010

David Deutsch describes D-Wave Systems D-Wave One:

universal guantum founded by Geordie first commercial

com puter Rose quantum computer, ]
128 qubits
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Classical bit Vs Qubit:

= (Classical bit: {o, 1}
= Qubit: {o, 1, superposed states of o and 1}
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Classical bits Vs Quantum bits
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HOW™S YOUR THE PROJECT EXISTS

QUANTUM COMPUTER IN A STMULTANEDOUS CANT THAT'S
PROTOTYPE COMING STATE OF BEING BOTH OBSERVE pa TRICKY

ALONGY TOTALLY SUCCESSFUL 1ir QUESTION.
AND NOT EVEN -
GREAT! STARTED. ]
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qubits can be in a superposition of all the
classically allowed states

—

G-







Quanktum coherewnce
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T'VE INVENTED A QUANTUM ACCORDIMNG TO CHAOS
COMPUTER, CAPABLE OF THEQRY, YOUR TINY
TNTERACTING WITH MATTER CHANGE TO ANOTHER
FROM OTHER UNIVERSES UNIVERSE WILL SHIFT
TO SOLVE COMPLER 1TS DESTINY,
Eaunnﬂmﬁ POSSIBLY KILLING
EVERY
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Attenuation is applied e 7~

at each stage in

the refrigerator in 9 j — 3

order to protect
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QUBIT SIGNAL
AMPLIFIER

One of two
amplifying
stages is cooled
to a temperature
of 4 Kelvin.

precess of sending
control and readout

INPUT
MICROWAVE
LINES

signals
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Inside Look:
Quantum Computer

Harnessing the power of a quantum processor
requires maintaining constant temperatures near
absolute zero. Here's a look at how a dilution
refrigerator, made from more than 2,000 compo-
nents, exploits the mixing properties of two helium
isotopes to create such an environment.

The mixing chamber

- | } i l i ey at the lowest part of
[} ALK A — 1 the refrigerator pro- a 1 ‘j
SUPERCONDUCTING ! vides the necessary Kl/ 4,
COAXIAL LINES LI cooling power to bring < \L QL

nents down to a tem-

perature of 15 mK - o <
- r
colder than outer -

apecs. _ ! G .
(raars] [ l L ‘ y b)>>
% . ;

Cryogenic isolators 5
enable qubit signals to :
go forward while

preventing noise

from compromising '

qubit quality. [IV -
4

In order to mini-
mize energy loss,
the coaxial lines
that direct signals
between the first
and second
amplifying stages
are made out of
superconductors.

the processor and = \ X
associated compo- Dy <

CRYOGENIC
ISOLATORS

MIXING
CHAMBER

)

QUANTUM
AMPLIFIERS

M-

gl CRYOPERM
SHIELD

Quantum amplifiers inside
of a magnetic shield cap- The quantum processor sits
ture and amplify processor inside a shield that protects it

readout signals while mini- from electromagnetic radiation
mizing noise. in order to preserve its guality.
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# OF ARTICLES ( GOOGLE SCHOLAR)

# (UANTUM COMPUTING AND QUANTUM INFORMATION
ARTICLES PER YEAR

5000
. ENGINEERING

B THEORY
4 000

J 000

2000

1000 «

L j 1 )L J L
1930-1338% 1333 -2002 2003 - 2003 2010-2014



ONLY GOD CAN COUNT THAT FAST -
THE WORLD OF QUANTUM
COMPUTING

The progress seen in IT over the last few years is truly mind-beggling. And yet the
computational power of classical computers appears to be limited. Therefore everyone
whose sights are set on boundless technological advances turns their attention to a
technology promising to deliver another big breakthrough — gquantum computing.

ONLY GOD CAN COUNT THAT
FAST - THE WORLD OF THE INVISIBLE WEB THAT ACCORDING TO OUR

QUANTUM COMPUTING MACHINE LEARNING. SURROUNDS US, L.E. THE COMPUTERS... YOU DONT
COMPUTERS COMING OF AGE INTERNET OF THINGS EXIST




Light Harvesting

QUANTUM e

CHEMISTRY / \\ QUANTUM

N\\ \ / anals SIMULATION

Hoom Temperature S/C
cHEMISTRY

___— Bio-molecules

PHYSICS
/ leferentlal EN

SCIENCE QUANTUM
COMMUNICATION

Pharma

QUANTUM
ALGORITHMS

QUANTUM
MACHINE LEARNING
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Age of Miniaturization ca. 1386 - 2017 ;" /

Moore’s Law
_*_ 1 _/'Singularity

=
We are here — >
-
r
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. . Integrated Circuit
— ca. 1973 - 2017
T

L /' Transistor
Y ca. 1959 - 1973
A Vacuum Tube
Y ca. 19421959
Relay
ca, 1935 - 1942
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Expectations

Emerging Technology Hype Cycle

) ] Autonomous Vehicles
Advanced Analytics With 1 ’_ l_ Internet of Things

Self-Service Delivery ‘..

Speech-to-Speech Translation

@ Machine Learning

Smart Advisors @

Wearables

-
I Cryptocurrencies
Micro Data Centers . .\ yp
Digital Dexterity
Software-Defined Security .. @ Consumer 3D Printing
. Natural-Language Question Answering

Neurobusiness .’
Citizen Data Science @@
Biochips .
IST Platform @@
Connected Home @
Affective Computing .
Smart Robots @@
3D Bioprinting Systems &
for Organ Transplant _,.
Volumetric Displays @
Human Augmentation @
Brain-Computer Interface .

Quantum Computing ‘

@ Biocacoustic Sensing
. People-Literate Technology
. Digital Security

. Virtual Personal Assistants
. Smart Dust

\

Hybrid Cloud Computing

@ Augmented Reality

{
/ L Enterprise 3D Printing

/.
.. L Gesture Control

L virtual Realit
.—/ |_ Y

Autonomous Field Vehicles

L

Cryptocurrency Exchange

7”7 As of July 2015
Innovation Peak of Trough of Slope of Plateau of
Tri er Inflated Disillusi t Enlightenment Productivi
g9 Expectations iIstiiusionmen g ty
) . Time
Years to mainstream adoption:
less than 2 years @ 2to 5 years @ 5 to 10 years @ more than 10 years 9 obsolete before plateau
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Projected Probability of General Purpose
Quantum Computers Arriving By Year

The green graph is based on data from
the IQC (Institute for Quantum
Computing) provided earlier in 2015. _ 5 | | |
The red graph is based on data after 80 L R I A . S N S - S
significant breakthroughs were achieved
(Microsoft, UNSW, IBM, Google, etc.)

100
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Critical infrastructure and S 40r » -
industries with fiduciary : ‘
responsibilities MUST be re- b 0 [ TN SRS S— . !QCproje::tlan s ..a R
tooled when the threat @ T DA A )

e i o i i i i i I I
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Estimated annual spending on non-classified

quantum-technology research, 2015, €m National

European Union* spending
Netherlands 27 550

0

Denmark 22
Britai - i
r aan\‘__/} . Ilr,.-- \\JRLISSIEI 30

France [
52 '\\

Korea 13

Singapore

44
75 )
World 1,500 A

(estimate) *Combined estimated budget of EU countriesj




Excited states
Patent applications to 2015, in:

Quantum computing Quantum cryptography Quantum sensors

United States 295 N China 367 I — United States 105 [N

Canada 79 e United States 233 D China 104 I
Japan 78 e Japan 100 ] Germany 25 [
Britain 36 B Britain 50 N Japan 18 B
China 29 B Malaysia 31 ] Britain 12 [ |
Australia 26 B South Korea 27 B Canada 6 |
Germany 22 B Germany 24 | Israel 6 |
South Korea 11 | France 15 | France 5 |
Israel 9 [ Australia 14 | Australia 3 |
Finland 7 | Canada 11 i South Korea 2 |

Italy 11 i Russia 2 |

Taiwan 2 |

Quantu m-lj:ey ‘distribution ‘ 5 10 20
Patent applications by country™ Patents issued = [ |:|

China g«
United States S —*—-——-——-

Japan e —
Europe B e
South Korea —
Malaysia e
T T T I T T T T T T T T T T T T T T l T T T T
1992 95 2000 05 10 14

Sources: UK Intellectual Property Office; European Commission *By location of corporate headquarters



Foreigh entanglements

Authorship of papers on quantum computing
by nationality of authors*, top 6 nations
2004-13

International
‘ collaboration

4,511 4,125 1,683 1,543 1,443 1,057

I | |
USA | Germany Japan
4,886 China 1,884 Britain 1,535 Canada
4,232 1,719 1,205

’Internal Total papers
collaboration

Sources: Digital *Collaborations between more than two
ENMScience; Clarivate countries may be counted multiple times
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HOW™S YOUR
QUANTUM COMPUTER
PROTOTYPE COMING
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THE PROJECT EXISTS
IN A STMULTANEOUS CAN I THATS
STATE OF BEING BOTH
ALONGY TOTALLY SUCCESSFUL 1ir
AND NOT EVEN
STARTED.

OBSERVE p TRICKY
{IUE'&TIDH.
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Alice's Bit Sequence 1 00 1 0 'l.'l 1 0 1 0
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a‘tiun—al Securlty Agency |

Report: NSA looking to crack
all encryption with quantum
computer

2 encryptlon but doe naggxet kno
0 about that problem
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