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Lecture 11: Course Review

0 Review

e Introduction & Complex
Number

e Complex Vector Space

e The Leap from Classic to
Quantum

e Basic Quantum Theory

e Composite System

e Quantum Gates

e Quantum Algorithm

e Quantum Cryptography

e Quantum Information Retrieval
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Lecture 1: Introduction and
Complex Number

m Introduction to quantum computing

e History
e Particle-wave duality
e Superposition

e Quantum computer vs. classic computer
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Lecture 1: Introduction and
Complex Number

m Complex number

e Motivation and definition

e The algebra property

Ordered pair representation

Addition and multiplication

Commutativity, associativity and distributive law
Subtraction and division

Modulus

Conjugate

YVVVVVYVY

e The Geometry property

» Cartesian and polar representation
» Benefits of polar representation
» Cartesian-to-polar and polar-to-Cartesian representation
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Lecture 2: Complex Vector Space

m Complex number
e Transpose, conjugate, adjoint
e Matrix multiplication
e Linear map

m Basis and dimension

e Change of basis

m Inner product and Hilbert space

e Inner product, norm and distance
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Lecture 2: Complex Vector Space

m Hermitian matrix

e Properties and physical meaning
> {Av,w) = <{v,Aw)
» For a Hermitian matrix, its all eigenvalues are real

» For a Hermitian matrix, distinct eigenvectors that have distinct
eigenvalues are orthogonal

» Every self-adjoint operator can be represented as a diagonal
matrix
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Lecture 2: Complex Vector Space

m Unitary matrix

e Properties and physical meaning

2024/6/12

>

vV V V V

Unitary matrices preserve inner products <Uv»,Uw) = <{v,w)
Unitary matrices preserve norm |Uwv| = |v|

Unitary matrices preserve distance d(Uv,Uw) =d(v,w)
The modulus of eigenvalues of unitary matrix is 1

Unitary matrix is the transition matrix from a orthonormal basis
to another orthonormal basis
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Lecture 3: The Leap from Classic to
Quantum

m Classic deterministic systems

e Deterministic state
e Deterministic dynamic: Boolean adjacency matrix

m Probabilistic systems

e Probabilistic state
e Stochastic dynamics: (doubly) stochastic matrix
e Example 1: the stochastic billiard ball

e Example 2: probabilistic double-slit
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Lecture 3: The Leap from Classic to

Quantum

m Quantum systems

2024/6/12

Interference

Quantum state

Quantum dynamics: unitary matrix
Example 1: the quantum billiard ball
Example 2: double-slit experiment
Particle-wave duality

Superposition and measurement
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Lecture 3: The Leap from Classic to
Quantum

m Comparisons of three systems

Classical Deterministic
system

Probabilistic System

Quantum System

State

T — [3317$27$3] g

z, €N

= [p1,ps,03]"

Graph

exactly one arrow
leaving each vertex

several arrows shooting
out of each vertex with
probabilistic weights

several arrows shooting
out of each vertex with
complex weights

Dynamics

Matrix

Boolean adjacency
matrix

Doubly stochastic matrix

Unitary matrix whose
modulus squares is a
doubly stochastic matrix

2024/6/12

{Quantum Computing)

12




Lecture 4: Basic Quantum Theory

@ Quantum states

e Quantum superposition states
e Case 1: position on a line

e (Case 2: single-particle spin system (source: QMTM)

» Stern-Gerlach experiment
» Two SG apparatus (Flipped 18009, 909, arbitrary angle)
» Representing spin states (along z-, x-, and y-axis)

e Complex/probability/transition amplitudes
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Lecture 4: Basic Quantum Theory

m Observables & measuring

e Observable & Measuring
e Classic physics vs. quantum physics

e The principles (source: QMTM)
> The observable or measurable quantities of quantum mechanics
are represented by linear operators Q.

» The possible results of a measurement are the eigenvalues of the
operator that represents the observable

» Unambiguously distinguishable states are represented by
orthogonal vectors

> If |¢) is the state-vector of a system, and the observable Q2 is
measured, the probability to observe value ) is

p()‘z) — |<>\1W> ‘ 2= <¢|)\z> <Az|¢>
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m Observables & measuring (cont.)

e Expected value of observing
e Multiple step observing
m Dynamics

e The principle (cont.)

» The evolution of a quantum system (that is not a measurement) is
given by a unitary operator or transformation

e Features of quantum dynamics
e Preview of quantum computation

e Schrodinger equation
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Lecture 5: Composite System

m Tensor product of vector space
e Definition

e Properties
» Tensor product allows “parallel action” :

(AXv) @ (BXw) =(AXB) X (v®@w)
m Assembling systems

e Assembling classical probabilistic system
e Tensor product of state vectors

e Operator matrices
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Lecture 5: Composite System

m Assembling quantum system
e The principle

> two independent quantum systems Q and @', represented
respectively by the vector spaces V and V'. The quantum system
obtained by merging @ and Q' will have the tensor product V@ V'
as a state space.

e Entanglement and entangled states
n HEEZS

o EPR{FiZ

o Bell&RZ=: |P.—P,l<1+P,
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Lecture 6: Quantum Gates

m Bits and qubits
e Definitions: bit and qubit

e Relation between bit and qubit
e Definitions: byte and qubyte
e \ector representation of qubits

m Classical gates
e NOT gate, AND gate, OR gate, NAND gate

o INREcERSEAI]
e Sequential and Parallel Operations

2024/6/12 {Quantum Computing) 18



Lecture 6: Quantum Gates

m Reversible Gates

e Motivation
e Controlled-NOT gate, Toffoli gate, Fredkin gate

@ Quantum Gates

e Definition
e (Geometric representation
e Phase shift gate, Controlled-U gate, Deutsch gate

e No-Clone Theorem
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Lecture 7: Quantum Algorithm

m Deutsch's algorithm

e The Deutsch oracle problem
e Reversible and irreversible operators
e Deutsch's algorithm

e Discussion

> Why efficient? Superposition
» Why effective? Within/between differences

m Deutsch-Jozsa algorithm
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Lecture 8: Quantum Cryptography

m Classic cryptography

e Basic concepts

e Symmetric cryptography
> Diffie-Hellman Key distribution

e Asymmetric cryptography

m Quantum key exchange
e The BB84 protocol

e The B92 protocol
e The EPR protocol
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Lecture 8: Quantum Cryptography

m Quantum teleportation

e Definition
e Bell basis and its quantum circuit

e Quantum teleportation protocol

o BIEBRFALT
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Remind

m Course project

e Time sensitive (strict DDL)
e Contribution/novelty

e Properly use ChatGPT
m Teaching evaluation

e True opinions & suggestions

» Teaching, TA, homework, project, rules, ....
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e DDL: 2 weeks from now
o =FR/5EIR1Z: Word

o IREIR?R: Word + video (Buh)
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2024/6/12

{Quantum Computing)



Thanks

m Thanks to ...
o My TAs

e Every student

m Contact
e Phone: 151-0278-2502

e E-mail: ciang@whu.edu.cn

e Office: South 606, Undergraduate building
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