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overview
• quantum computing theory overview 

• quantum hardware/simulators, software 

• applications: entanglement, chemistry, 
grover, optimization, graphs, neural 
networks 

• quantum supremacy, future



quantum mechanics

• schrödinger: EΨ = ĤΨ 

• wavefunctions: state (Ψ) + conjugate (Ψ*) 

• <bra|ket>:  < Ψ | H | Ψ > 

• linear operators: Ĥ == A • (Ψ • Ψ* == [I])



self study
• Quantum Physics 130 (ucsd) 

• Quantum Mechanics in Simple Matrix Form / 
Linear Operators for Quantum Mechanics 
(Jordan) 

• Differential Forms with Applications to the 
Physical Sciences (Flanders) / Linear and 
Geometric Algebra / Vector and Geometric 
Calculus (Macdonald)



quantum computing

• scott aaronson: arXiv:1607.05256 
(chapter 1+2) 

• np complete problems 

• sat solvers vs oracles 

• linear vs exponential complexity



aws braket

• rigetti: 30 qubits 

• ion trap: 11 qubits 

• simulator: sv1: 34 qubits, tn1: 50 'qubits' 

• dwave: quantum annealing, 2k/5k 
'qubits'



cirq + qsim



entanglement

• bell's theorem 

• entanglement 

• rigetti demo



quantum chemistry

• physical chemistry 

• simulate hydrogen atoms 

• measure hartree-fock energy directly 

• pennylane vqe demo: h2



variational quantum eigensolver

• arxiv:2004.04174



grover's algorithm

• ion trap demo



qubo/ising

• arxiv:1803.03372 
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optimization
• quantum annealing linear optimization 

• quadratic unconstrained binary optimization 

• quantum approximate optimization 
algorithm 

• traveling salesman problem dwave demo 

• quantum algorithms, arxiv: 1804.03719
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quantum convolutional 
neural networks
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• tensorflow quantum mnist demo



sycamore: 53 qubit
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gaussian boson sampling

• 43 qubit average, demoed 76 qubit
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frontier



recap

• theory of quantum computing 

• different applications 

• demos of different hardware and 
software approaches 

• future is you


