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What is a Quantum Computer?
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why the Hype”

,<Quantum® makes everything

sound advanced

INncreasing success in actually 140 AT Sy

"""/

constructing gquantum computers [M

Achievement of ,guantum supremacy”



Quantum and H
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PC Motivation

ubles every two years

Moore's law can't be
sustained indefinitely
because of physical barriers to
transistor miniaturization

Need for new approaches!

Supercomputer Power (FLOPS)

The growth of supercomputer power, measured as the number of floating-point operations carried out per second
(FLOPS) by the largest supercomputer in any given year. (FLOPS) is a measure of calculations per second for
floating-point operations. Floating-point operations are needed for very large or very small real numbers, or
computations that require a large dynamic range. It is therefore a more accurate measured than simply instructions
per second.
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Source: TOP500 Supercomputer Database
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Quantum Intuition



What is a Qubit?
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Important Properties of Qubits

No measurement without disturbance
No copying of qubits

True randommness

A qubit cannot store more than one classical bit



Quantum Computing

Use qguantum effects like superposition, interference
and entanglement to process qubits



INnterference

INterference is a wave

ohenomenon that can be
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exploited in computations



Cntanglement

Qubits can show non-local (and thus non-classical)

correlations when measured

No entanglement = computation is completely classicall




Cntanglement

Entanglement between superconducting qubits and a tardigrade

K. S. Lee,’ Y. P. Tan,! L. H. Nguyen,! R. P. Budoyo,? K. H. Park,? C. Hufnagel,?
Y. S. Yap,®? N. Mgbjerg,* V. Vedral,”># % T. Paterek,” and R. Dumke?!:?

ISchool of Physical and Mathematical Sciences, Nanyang Technological University, Singapore
“Centre for Quantum Technologies, National University of Singapore, Singapore
YFaculty of Science and Centre for Sustainable Nanomaterials (CSNano),
Universiti Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia
4 Department of Biology, University of Copenhagen, Denmark
?Department of Physics, University of Ozford, United Kingdom
°Department of Physics, National University of Singapore, Singapore
"Institute of Theoretical Physics and Astrophysics, University of Gdarisk, Poland
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Quantum Computing Facts



.. a faster computer




he Facts

Generic quadratic speedup for unstructured problems

via Grover's algorithm

PRX QUANTUM

a Physical Review journal

Highlights Recent Authors Referees

Focus beyond Quadratic Speedups for Error-Corrected Quantum
Advantage

Ry Babbush, Jarrod R. McClean, Michael Newman, Craig Gidney, Sergio Boixo, and Hartmut Neven
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he Facts

Suspected exponential speedup for Factoring via Shor's

algorithm
gﬁg;ua,_ Dtu.m , PAPERS PERSPECTIVES
How to factor 2048 bit RSA integers in 8 hours using 20 ¢ e
million noisy qubits sy \

Craig Gidney' and Martin Ekera?>




The :a CtS Quantum computing only

orovides strong advantages for
highly specialized problems!

/AII Problems \

Classically efficiently solvable Exponential speedup

— N4
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\ Quantumly efficiently solvable /




Quantum computers are
not faster because they can
perform all possible
calculations in parallel




Status Quo




Not a
quantum computer




31ggest Obstacle: Noise

Unwanted interactions with the environment disturb

gquantum effects and introduce noise

nature physics

Explore content v About the journal v Publish with us v

nature > nature physics > articles > article

Article | Published: 13 December 2021

Resolving catastrophic error bursts from cosmic raysin
large arrays of superconducting qubits

Matt McEwen, Lara Faoro, ... Rami Barends & <+ Show authors

Nature Physics 18, 107-111 (2022) \ Cite this article

2935 Accesses | 6 Citations | 116 Altmetric | Metrics



Current Quantum Computers

Input/Output
wiring

Actual chip

IBM Quantum

System One

Really cold fridge
Photos: IBM



Scaling Up
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Also Many Other Approaches

Quantum computers based on Remember:
THE DEEP ARIDING GOAL
p h OtO ns QF EVERY ENGINEER IS
TO TAKE A THING AND
Lasers MAKE IT DO A THING IT
. WASN'T SUPPOSED TO
rapped lons >0

rapped Neutral Atoms

Electrons on Helium
Semiconductors

..and many more



Hard Facts

Current guantum computers have between 2 and

250 gubits of varying guality

Quantum operations can usually only be conducted

between neighboring qubits

Qubits are relatively noisy and quantum operations

not reliable



Quantum Error Correction

We need to correct errors in order to salvage our

gquantum computations

Need to encode computation redudantly
This causes overheads in the number of qubits

Also causes stronger hardware
requirements

How to factor 2048 bit RSA integers in 8 hours using 20

First experiments have million noisy qubts
already been performed! S



Useful Applications Without Error Correction?

Can noisy guantum devices still be useful?

Yes, for very contrived problems nature

Explore content v About the journal v  Publish with us v

Completely open for practically

Quantum supremacy using a programmable
superconducting processor

relevant problems

905k Accesse 1859



The Future




Scaling IBM Quantum technology

IBM Q System One (Released) (In development) Next family of IBM Quantum systems

2019 2020 2021 2022 2023 and beyond

27 qubits 65 qubits 127 qubits 433 qubits 1,121 qubits Path to 1 million qubits
Falcon Hummingbird Eagle Osprey Condor and beyond

Large scale systems

Key advancement Key advancement Key advancement Key advancement Key advancement Key advancement

Optimized lattice Scalable readout Novel packaging and controls Miniaturization of components Integration Build new infrastructure,

quantum error correction
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Quantum computers can help us regulate the climate,

PSI Q U a ntu m iS b u I | d I n g make new medicines and solve the energy problem.

Australian Jeremy O'Brien hopes to create ‘the first

useful quantum computer' by the end of the decade

| ﬁ rSt u S efu | q u a nt u m with his company PsiQuantum.

computer’

Read More —

Sep 16 2021 - De Tijd

Source: PsiQ



Judging Quantum Advantage

Quantum advantage can come in many flavors:

Solving problems faster
Solving problems cheaper

Solving problems using less energy

Depending how advantages are judged, they can
mMaterialize sooner or later



Likely Outcome

Quantum computers will be used as accelerators, like GPUs

Access through the gloud (no kidding) or data-center

INntegration

First applications in guantum-native problems

Timeline until large-scale impact hard to predict



Summary




Summary

Quantum computing is weird and hard to explain, popular
explanations are often oversimplified and misleading

Quantum computers are not faster computers but very
specialized tools that only help for very specific problems

Quantum computers will likely be used as accelerators

Time to practical advantage is hard to predict, relies on
breakthroughs in quantum computer engineering

Adoption in HPC is even farther away



Thank you for your attention!

/ﬁ\ WWW. johannesjakobmeyer.com YW @jj_xyz


http://www.johannesjakobmeyer.com/talks/

Superposition and Computation



det reset(self):
super().reset()

self. state
self. probs

Mone
MNone

mov eax,l

mov ebx,1 ; will store answer
dtoa sum , eax

output resultLbl , sum

def init state vector(self, state, context): dtoa sum ,ebx

: wlE > ~Eh >
state = reorder_state(state) output resultlbl ,sum v __H:m=% v _j[>ﬁ=$

m,
pqc.cheat.initstateFromamps()( mov: ecx ,5
context.qureg, reals=np.real(state), il _for:
) mov edx , eax

add edx , ebx uE .
DD DD

dtoa sum ,edx

def extract_information(self, context):
self. state = reorder state(pqc.cheat.gets output resultLbl ,sum
self. probs = np.abs(self. state) ** 2 mov eax ,ebx

mov ebx ,edx

dec ecx iE [:ﬂ:$[> '.
cmp ecx , ©
:5;11; jne _for
mov eax , ©
ret A I: ; 5
53_’ D

g

def qureg context(self):
return QuregContext(self.num wires)
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L ogic Gates

Exklusive Or:
1 if exactly one of the inputsis 1.

XOR [—

— O —= O

o — = 0O



Quantum Gates

CNOT
b — — D’

Controlled NOT:
Change bit b ifa =1, else do nothing
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Quantum Gates and Superposition

0) +11) —

CNOT




Quantum Parallelism
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