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God does not play dice with the Universe!!

Everything we call real is made of things that cannot be
regarded as real. Niels Bohr.

If [quantum theory] is correct, it signifies the end of physics as

a science. Albert Einstein. A



Fundamentals of Quantum Mechanics?

It is a complete physical theory in its own right.

Applications software

Operating system
Specific rules

Quantum mechanics Quantum

electrodynamics (QED))

QM consists of which lay the
ground rules for our description of the world.

Newtonian gravitation

Newton’s laws of motion



Schrodinger’s CAT paradox!! (Superposition Principle)

P Can the cat be alive and dead
A | at the same time?
ol

If you are not completely confused by QM, you do not understand it. John Wheeler



Physics meet Computing Sciences - Moore’s Law

Price Performance of Computing
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Quantum Mechanics version of Information - Quantum Informatics

* The basis of information theory is discrete mathematics:
binary digits.

* Quantum information employs quantum states as basic
elements of information.

- Examples of quantum bits (qubits) are nuclear spin, motion
of trapped ions, photons in optical resonators: each offers
a future technology for future quantum information
processing.




Business Applications
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...you-eah utilize the power of gliahtum computing to
solve some of the world s toughest problems.
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Problem Domains: Quantum Computing Benefits

* Simulations to reduce carbon emissions: ESG

 Flow Optimization: optimal routing of commodity flow (liquid, gas)

» Scalability of experimentation and dramatic increase in modeling accuracy

» Enables order of magnitude faster iterations: scheduling nomination batch jobs

» The future market price prediction is an unknown random variable, but profitable
trades are possible using an estimate of its probability density function where QC has
unique advantage

« Large organizations which have footholds in several countries can waste a lot of

money trading between currencies sub-optimally. Cross border organizations routinely
exchanges vast amounts of USD for CAD and vice versa which can be optimized



Climate and Energy Crisis: Quantum Computing Application
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FOREMIAST

Massively Scalable Forecasts and
Predictions

Forecasting for the utility market

Quantum for Renewables °rice forecaster

Canada: Alberta Electric System

Operator (AESO) USA: PJM Interconnection

Advanced analytic
forecasting platform
for the energy market




Quantum Computing
Business Applications

/ * Increased Cost Savings through
Pipelines Capacity Optimization
* Financial Portfolio Optimization
* Logistics Route Planning
o « Manpower Optimization
Optimization



Quantum Approach Example: O
Portfolio Optimization

Portfolio Optimization
Efficient Frontier

IBM Researchers have used hybrid
quantum/classical variational algorithms to find
solutions for combinatorial optimization problems
Using classical simulation together with quantum
hardware can lead to faster and better convergence

.
>

Optimal
Portfolio

for combinatorial optimization problems

IBM researchers have provided analytical results to
explain the observed difference in performance
between different variational algorithms

oy \ Possible

Portfolio

Expected Return

Risk (volatility)
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Quantum Computing
Business Applications

« Market Simulations

* Risk Modelling

* Increased Revenue through Pipeline
Capacity Modelling

« Accurate Gas Distribution & Storage

Simulation Forecasting



Quantum Computing
Business Applications

Quantum Communication: secure, distributed
communication

* Opportunity: Testbed for q networks leveraging g communication
strengths today; growing quantum-device capability in Alberta

* Alberta:
* Ground station communicating with q satellite )
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Canadian Center of Cyber Security Update 315t Aug for Energy Sector

Informational

© Enhancing TLS Security: Google Adds Quantum-Resistant Encryption in Chrome 116
(LINK)

e (U//TLP:CLEAR) Google has announced plans to add support for quantum-resistant
encryption algorithms in its Chrome browser, starting with version 116.

e "Chrome will begin supporting X25519Kyber768 for establishing symmetric secrets in
TLS, starting in Chrome 116, and available behind a flag in Chrome 115," Devon O'Brien
said in a post published Thursday.

e Kyber was chosen by the U.S. Department of Commerce's National Institute of
Standards and Technology (NIST) as the candidate for general encryption in a bid to
tackle future cyber attacks posed by the advent of quantum computing. Kyber-768 is
roughly the security equivalent of AES-192.

Communications Centre de la s&curité ‘ d
Security Establishment  des télécommunications ,,aIla a

» CISA Post Quantum Cryptography Roadmap:
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Quantum Computing in Canada/Alberta

Supportive ecosystem

National Quantum Strategy :

From: Innovation, Science and Economic Development Canada P~ 7 ::;‘;EI:‘-::O{;:E;‘;:E[{;:L I[OSU S
*:2: CREATIVE®
DESTRUCTION a

offy Quantum-Safe Canada

Quantum Computing-as-a-Service
P ————

Frae ipnni st Bescs g

Applied Quantum Computing Challenge program

Internet of Things: Quantum Sensors Challenge program
g Quebec Quantum

Ecosystem ( p

Canadian Gas Association is working with to create guidance and framework documents
that can be used by CGA members to prepare for the risks that quantum computing will pose to cryptography,

cybersecurity and business continuity.
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Quantum City Proposal

» Addresses current gaps | Jason Kenney @ \
Fabrication e
* HQP growing.
* Training (

o e We think we can create up to 1,000
P lana ity jobs in the next two to three years,
* 250-500 jobs per year mostiythroligh loealdemand.”

* Training of HQP e
* 3-4 new graduate programs (starting with 1) Mphiasis, CEO
» 20-25% of gtech sector located in Calgary

* Inputs (over 5 years)
*» $25 million proposal with GoA
= §52.75 million from other external and UCalgary investment

* Federal funding to develop talent, R&D and infrastructure wiviRiity ar 0
CALGARY



Azure Quantum Open Cloud

&« (¢} 8 azure.microsoft.com/en-ca/solutions/quantum-computing/#cloud-ecosystem

2 Microsoft Azure | v

Quantum Quantum impact The Microsoft approach Open cloud ecosystem Getting started Learning News and blogs

The Microsoft approach to quantum

Microsoft takes a comprehensive approach to delivering all the technolegy needed to
enable commercial impact with quantum — encompassing everything from development
to deployment. This approach innovates in parallel at all layers of the computing stack,
including controls, software and development tools and services. It also includes a major
ongoing focus to develop the topological qubit to help make scalable, stable quantum
computing a reality.

Explore Microsoft quantum technology >

The Azure Quantum open cloud ecosystem

Find everything you need to accelerate your application development and quantum
computing growth in a single place: including quantum software, hardware and
solutions from Microsoft and partners, as well as learning resources for developers,
researchers and students. Find pre-built optimisation solvers that borrow from quantum
principles running on classical resources, and write quantum algorithms designed to run
on quantum hardware.

Explore Azure Quantum >

Start using Azure Quantum



Build your own web app on Azure Quantum

You can use Azure Quantum today to run hybrid applications on
guantum hardware

Azure Quantum
Workspace

QUANTUM JOB
PROGRAM \
B® Microsoft Azure
‘/ \ LI
| | RESULT |:|
L em— —

ITRNENI
TETLTT

.i-‘_g'__JQ# £33 Qiskit  Cirg ;Q ) IONG Honeywell @

My computer Quantum Hardware

https://github.com/vivanwin/QIO-TSP-Demo
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‘-_ Azure Explore s Producs - Sohdions  Pricing «  Prstners «

Build in the cloud with BB
an Azure free account BPDBE

.m.
y
Create, deploy, and manage applications across mulfiple elouds, on- =

I:rnmis;s‘ and at the edge

Try out Azure Quantum with the
Credits Program

- i ks

Popular services 25+ other services ¥ St:;t:lli'::_fi?o T Apply for the $10k Azure Quantum (;redits
free for 12 months free always e st e = B Program https://aka.ms/aq/credits
e
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ExxonMobil & IBM: Quantum Computing

ExxonMobil T

g T
Maritime Routing’s Mind-Boggling Math F !:5-'- :fl E-EH .'..

In 2021 more than 500 LNG (liquified natural
gas) ships are used to transport critical fuel
supplies across the oceans. Together, they
make thousands of journeys per year to
destination ports where the LNG is deployed to
power critical infrastructure.

Quantum computers take a new approach to
addressing this sort of complexity, with the potential
to find solutions that classical supercomputer alone
cannot handle. Industry leaders like Exxon are getting
involved now to explore how blending classical and . e e IBM Quantum
quantum computing techniques might solve big, ExxonMObll = ¥
complex, pressing global challenges.

Finding optimal routes for a fleet of such ships
can be a mind-bendingly complex optimization

problem.

Quantum Computing as a Tool for
Chemistry and Engineering

Working together, ExxonMobil and IBM recently
demonstrated advancements in using quantum

computers to accurately calculate
thermodynamic observables, demonstrating Accurate thermodynamic observables calculation circuit

how quantum can be the next generation tool
for chemists and chemical engineers developing

advanced energy solutions. 9 —:.—’7—}—'—[,7
» —— L HHe—{H




IBM Quantum Network

IBM Quantum Network
Industry: Banking & Financial Services

170 total

12

20

46

40

52

industry partners
hubs

members
startups

academic members
and partners

Goldman Sachs

JP Morgan Chase k
Mitsubishi UFJ Financial Group
Mizuho Bank

Sumitomo Mitsui Trust Bank Limited
Wells Fargo




orporate ris
management

Business imperative
More accurately reserve capital for risk-weighted assets
by optimizing allocation, freeing up capital for growth.

Current state

Imperfect models of risk exposure require conservative
capital buffers. Resource intensive simulations make

it necessary to introduce approximations to risk factors
requiring conservatism.

Future state

Quantum computers may accelerate simulation,
allowing for more risk factors to be considered
leading to more efficient capital allocation and profit
generation from new business.




D-WAVE Quantum Computing

Quantum computing

has arrived.

D-Wave offers the first commercial quantum
re looking for a

mputational problems,

ety cool option for you.




Appendix: Quantum Computing Resources

Al ~ | dancing with qubits

Hello Hello .
AMAZON-a  © scicct your address (UL RERCYSINII - dancing with python

= Al GinCads BestSelers DealsSiore NewReleases Prime ~  Cuslomer Service  Giflldeas  Elecironics  F

Home

Books Toys & Games Computers  Health & Household Gift: Card

BestSellers DealsStore  New Releases Prime ~  Customer Service  Giftideas  Electronics  Fachion Home Books Toys& Games Computers Health & Household

Books  Advanced Search  Todays Deals  New Releases  Amazon Charls  Best Sellers & More  The Giobe & Mail Best S

s NewYorkTimes Best Sellers  Best Books of the Month  Children's Books ~ Textbooks  Kindle Books ~ Books ~ Advanced Search  TodaysDeals  NewReleasss  AmazonCharts  BestSellers&More  The Globe & Mail Best Sellers  New Vork Times Best Sellers  Best Books of the Month  Children's Books

Get a Holiday head start.

Textbooks  Kindle Books

Get a Holiday head sta

Shop gift cards Shop gift cards

Books + Computers & Technology » Computer Science Books

hnology ! Programming

Dancing with Qubits: How quantum computing works and how it
can change the world Paperback — Nov. 28 2019

by Robert S_ Sutor ~ (Author)

Dancing with Python: Learn to code with Python and Quantum
Computing Paperback — Aug. 31 2021

by Robert S. Sutor * (Author)

Look inside ¥

Dancing with
Qubits

v 102 ratings

~  3ratings

See all formats and editions See all formats and editions

Paperback

Kindle Edition Kindle Edition Paperback
| 34599 $65.99 $39.99 $49.99
Readwith OurFree App 2 Used from $53.92

Read with Our Free App 1 Used from $67.79
6 New from §65.99

Explore the principles and practicalities of quantum computing Develop skills in Python and Quantum Computing by implementing exciting algorithms, mathematical functions, classical

searching, data analysis, plotting data, machine learning techniques, and quantum circuits.
Key Features

« Discover how quantum computing works and delve into the math behind it witn this quantum computing textbook

& R R n i Recoa ihe G RO e CoRPICT o tilog O oty « Create quantum circuits and algarithms using Qiskit and run them on quantum computing hardware and simulators
+ Expiore the inner ) i S d Gata-and soive protiems

ISBN-10 See all 2 images

Robert S. Sutor

i
Robert s. Sutor Packt>

Key Features

See all 2 images Print length Language Publisher Publication date

o ®

Print length Language Publisher Publication date Dimensions ISBN-10

1] 5 Follow the Author ] ® B 1]

Follow the Author

516 pages English Packt Nov. 28 2019 19.05x2.97 x 1838827266 744 pages English Packt Aug. 312021 19.05 x 4.27 x 1801077851

Publishiny 23.5¢em Robert S. Sutor + Follow e
¥ Robert S. Sutor + Follow ] o Publishing 23.5cm
Frequently bought together
Frequently bought together q Yy 9 g
5 oo Total price: $159.39 Dancing with ing wit Tobsl piice: $315.98
Dancing with Guantum Py ut Add oth to Cart
Qubits Comptars Add alhves to Cart
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