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Quantum computation (superposition)

Classical bit: fundamental unit of classical Probability interpretation Four qubit
information, having a value of either 0 or 1. (16 d vector)

State of the qubit (superposition)
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Quantum computation (
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Entangled coins: two coins,
held by individuals on Earth
and the Moon, are connected
in such a way that observing
one coin instantly determines
the state of the other.
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Quantum computation (interference)

How does it work?

Destructive interference Constructive interference
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Quantum computation power

How hard is prime factorization and why it is important?

7212277X5040533=36353720223641

Quantum computer can break RSA
(o) — exponentially faster than classical
000 computers (Shor algorithm)

RSA decryption: || Theory: approximately 4000 qubits to

factorize this number
Hardness of factoring a very

large number (600-digit) In practice: 4,000,000 qubits due to error
correction




Quantum computing for seismic modeling

Quantum linear system solver for seismic wave modeling
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Quantum computing for energy

Quantum algorithm for Quantum algorithms for carbon
battery simulation capture strategies
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Quantum computing fo
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Hydrogen atom (one electron ) _
ydrog ( ) Atomic orbitals of the electron
O in a hydrogen atom at different
energy levels (https://en.wikipedia.org/)
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Quantum computing for chemistry

Variational Quantum Eigensolver (VQE)
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Quantum computing for chemistry

The ground state energy of the hydrogen molecule H,
https://pennylane.ai

Quantum circuit

Optimization E@) = (W(O)|H|Y(O))
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Conclusions: quantum landscape

Seismic modeling and inversion:

Algorithm: significant speed-up not attainable with classical computers.
Implementation: requires a fault-tolerant quantum computer (>10 yrs.)
Quantum chemistry, battery design, and CCUS:

Algorithm: exploring hybrid solvers, such as VQE.

Implementation: on noisy quantum devices with a few thousand qubits (< 5 yrs.)
Quantum computation in Canada: National Quantum Strategy:

* 5139 billion industry

e 200,000 jobs

* S42 billion in returns by 2045.
Quantum computation in Calgary:

e Transformation of Calgary into a quantum city.

* Leadership of University of Calgary's in advancing quantum science and

technology. ®
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Professional Masters in Quantum Computing
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Internship options
for every student

S
20-25

Person cohorts for small-
group experience

]

Instructors are global
leaders in their fields
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Options — Certificate,
Diploma, or Master’s

%R

Part of Alberta’s nation-
leading quantum ecosystem _
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Professional Masters in Quantum Computing

Master of

Quantum Computing

Graduate Diploma in

) - Current Issues in Quantum
Quantum Computing Computing + Professional

Internship or Research

Certificate in Internship
Quantum Computing

\ (Quantum Software II;
Quantum Hardware;
Practical Quantum
Computing; Business of
Quantum Computing Il)

(Essentials of Quantum
Computing; Quantum
Software I; Application of
Quantum Computing;
Business of Quantum
Computing)
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