t
r

C D)

d
U

;
C

)

2022

Photo from IBM Research




1. Status on quantum computing
2. Use Case examples

3. Platforms

4. Q&A




KPMG'

Status on quantum
Computing




[nere are three possioie roads (o quantum computing

Gate Based Quantum Computing

* The ultimate goal of quantum .
computing

* Promises exponential .
Improvement

* Hardware still in the early stages

KPMG

Quantum Annealing

Fewer vendors are supplying this
hardware

Brings advantage to a very
specific set of problems (QUBO)

More mature hardware, good for
optimization, algorithms are
used in production
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Quantum Inspired Optimization

e C(Classical hardware simulates
gquantum annealing

» Exploits the maturity of classical
hardware and cleverness of
guantum algorithms

 Ready to use



(xale based Quantum tomputer

* Exchanges the classical bit for qubits (quantum bits) —
computation power doubles for every qubit

* Exploits quantum mechanical effects to for more
efficient computations - promises exponential
iImprovement compared to classical computersin some

cases

« Hardware is still in early stages - the largest quantum
computers has 127 qubits

» Faces engineering challenges due to noise
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U TNk

Investments

* TJech-giants such as |IBM,

Google, Microsoft and
Honeywell are investing
heavily in Quantum
Computing.
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Juaﬂ UM GOmpUters are coming Sooner

NOt Justbigder, but

. Detier
Rapid Growtn
Honeywell has made

IBM has increased the size significant progress in 2021
of their Quantum demonstrating real-time

Computer from 27 to 127 guantum errorcorrection and

qubits over the last two achieved §igﬂificant
years — and are aiming for computational advantages.

1000 qubits in 2023. [2]3] [4115]

References:
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https://research.ibm.com/blog/127-qubit-quantum-processor-eagle
https://research.ibm.com/blog/ibm-quantum-roadmap
Realization%20of%20real-time%20fault-tolerant%20quantum%20error%20correction,%20Ryan-Anderson,C.%20(2021)
https://arxiv.org/abs/2105.09324
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Juantum Anneaiers Soive QUBU optimization probiems

. QA can solve problems such as
Quadratic p

» Traveling salesman problems and
vehicle routing problems

- * Job-shop scheduling
U nCOnStralned * Portfolio optimization
 And many other highly
combinatorial optimization

B |nary problems...

Optimization

KPMG
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INere are three possinie roads to quantum computing

Quantum Annealing

 Fewervendors are supplying this
hardware

* Brings advantage to a very
specific set of problems

 More mature hardware, good for
optimization, algorithms are
used in production

© 2022 KPMG P/S, a Danish limited liahility partnership and a member firm of the KPMG global organisation of independent member firms affiliated with KPMG International Limited, a private English company limited by
guarantee. All rights reserved.
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UnD-wave you embed problems on guantum hardware

Chimera (old) Pegasus (new)
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2000 Qubits 5000 Qubits
Nominal Length 4 Nominal Length 12
Degree 6 Degree 15
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and slowly [etthe Systemdiscover the minimum vaiue

High Energy (a)

Low Energy
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[nere are three possioie roads (o quantum computing
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Quantum Inspired Optimization

 C(Classical hardware simulates
guantum annealing

» Exploits the maturity of classical
hardware and cleverness of
guantum algorithms

 Ready to use
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Traffic Route Optimization D:waveGoogle

* Projects for Volkswagen using D:Wave as hardware
provider through Google optimizing routes for
public transport and minimize traffic congestion.

 Traffic flow optimization for taxis in Beijing and real-
time fleet-optimization for busses in Lisbon.

* App and algorithm currently being developed to
market maturity

« KPMG is currently exploring business opportunities
MS Azures demo fleet optimization tool

Source: Volkswagen

© 2022 KPMG P/S, a Danish limited liability partnership and a member firm of the KPMG global organisation of independent member firms affiliated with KPMG International Limited, a private English company limited by 15
guarantee. All rights reserved.
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P0rtiolo Optimization

» Testing portfolio selection with guantum annealers
on a portfolio with 65 shares

icrosoft Azure B3*:\a/ U2

The Quantum Computing Company™

« Showed advantages compared to classical “brute
force” computing methods for portfolios of up to
25 stocks

» Result are from 2000 qubit annealer and could be
iImproved on newer hardware.

« KPMG is exploring this in a current financial service Number og Asseta
project

Thiz figure compares the time uzed from D-Wawve to solve the optimization compared to
brute force. We can clearly zee the exponential separation as the number of assets grows

repe :

Document Classification: KPMG Confidential



MRNA Codonoptimization  BawWave

» Reverse translation of polypeptide sequences to
expressible mRNA constructs is a NP-hard
combinatorial optimization problem.

* Quantum annealing shown to be competitive with
genetic algorithm.

« Solutions to this problem are highly useful within
drug discovery.

kPG 17
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The Quantum Computing Company™

T | D:\WaUR

[IMImproved 4G/aG NELWOrkS

* Optimizing parameters on TIM's 4G and 5G
network using gquantum annealing.

« Showed to perform tasks 10x faster than
conventional methods.

« Part of a close to real-time network configuration
project.

« KPMG has a current project with a major provider
optimizing placements of antennas

© 2022 KPMG P/S, a Danish limited liahility partnership and a member firm of the KPMG global organisation of independent member firms affiliated with KPMG International Limited, a private English company limited by 18
guarantee. All rights reserved.

Document Classification: KPMG Confidential



Datforme |

,A{ %- 3 : 1 T
== 1 _r.{‘\,“\‘ : v ~
| - AASE 1= =
| L(A sz = ';.f\'!
| / g = > i,
y | % s
| & 2l
‘ / [,l ;

: 4; T : 3 Vr:i‘-'-: | ] -
AR _ - Vi
{ (1 i
=\ : |
A\ﬂ ',“1 | - i
-..' .\\. 3 / ]
g
[= > s

Photo from IBM Research



Juantum platforms avalanie for expernmenting

» )
/A Microsoft Azure aWS SR GOOg|€ Al @ Q-CTRL r'gEttl
Q#, Cirg Braket, . Cqufi Qiskit, Cirq, Forest SDK
PennyLane, OenSI(:)r AL Pyquil, Qutip (PyQuil, QVM,
Ocean B mion quilc)

=== G)XANADU D:\WaUR %
Qiskit Strawberry Ocean Singularity SDK
Fields,
PennylLane
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RIGNTNOW @ quantum Strategy IS beind made by the danish
government.

Lompanies like JP Morgan, Goldman sachs, Novo Nordisk, Vodalone and
VolkSwagenare curmently experimenting with guantum computing..

Are you’
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