                               COT6600 Quantum Computing
Credit: 3 units
Offered: Fall semester
Instructors:  Dan Marinescu and Pawel Wocjan

Class outline
· Linear Algebra & Dirac Notation
· Hilbert Spaces and Linear Operators
· Eigenvectors and Eigenvalues of Quantum Operators
· Spectral Decomposition of an Operator
· Elements of Quantum Mechanics
· Quantum State Postulate
· Dynamics Postulate
· Measurements Postulate
· Uncertainty Principle
· Density Operator
· Pure and Mixed States
· Entanglement; Monogamy of Entanglement

· Qubits and their Physical Implementation
· Quantum Gates and Quantum Circuits

· One-qubit gates: X, Y, Z, Hadamard, Phase-shift
· Two-qubit gates: CNOT

· Three-qubit gates: Fredkin and Toffoli  

· Universality of Quantum Circuits,  Solovay-Kitaev Theorem, Clifford Group
· Quantum Computational Models
· Introduction to Quantum Algorithms

· Deutsch Algorithm 

· Deutsch-Jozsa Algorithm

· Bernstein-Vazirani Algorithm

· Simon's Algorithm
· Algorithms with Superpolynomial Speed-up 

· Efficient Quantum Circuits for the Fourier Transform

· Quantum Phase Estimation Algorithm

· Shor's Algorithm for Factoring Integers and Determining Discrete Logarithms

· Algorithms for Hidden Subgroup Problems
· Algorithms for Hidden Nonlinear Structures

· Algorithms Based on Amplitude Amplification 

· Grover's quantum search algorithm

· Amplitude Amplification

· Quantum Counting

· Quantum Walks

· Quantum Computational Complexity Theory & Lower Bounds 

· Quantum Complexity Classes BQP (Bounded Quantum Polynomial Time) and QMA (Quantum Arthur Merlin)

· Complete Problems for QMA: local Hamiltonian problem, Compatibility of density matrices
· Polynomial method

· Adversary methods
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Grading policy: 
Homework   35%

Midterm       25%

Final exam   40%
