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What is quantum computing?
Classical computing:

● Move electrons around

● Copy objects around

● Python, Java, C++, Fortan


Quantum Computing

● Special rules

● Can we get something? 

https://en.wikipedia.org/wiki/Disaccharide



Old debate: Noise
Classical error correction

● Makes cellphone calls better


Quantum error correction

● Implementation of logical qubits

● Only early implementations

Toric codes

Holographic codes

P. W. Shor, PRA 52, R2493 (1995)



Quantum algorithms
Grover’s search algorithm

● Classical analogy with coupled oscillators


● Classical: O( ); Quantum: O( )N N

L. K. Grover, “From Schrödinger’s equation to the quantum  
search algorithm,” Pramana 56, 333 (2001)

L. K. Grover, “Quantum Mechanics Helps in Searching for a  
Needle in a Haystack,” Phys. Rev. Lett. 79, 325 (1997)
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Quantum algorithms run faster, but…
Tomography

● Copenhagen interpretation of measurement

● Many operations to measure



Some other algorithms
Shor’s algorithm

● Breaks encryption

● Prime factorization of an integer


Deutsch-Josza algorithm

● Good mathematical example


Broad categories

● Quantum machine learning

● Quantum chemistry



Quantum chemistry

e−iHΔt = e−iHAΔte−iHBΔt + O(Δt2)

O(N2) But a large prefactor!



Quantum machine learning



Quantum machine learning: HHL algorithm



Quantum machine learning: Shadow Tomography



Quantum machine learning: A way out



Another recent success: Qubitization

H |ψ⟩ = E |ψ⟩

A |ψ⟩ = α |ψ⟩ + β |ψ⊥⟩



Conclusion
● Quantum algorithms can be good


○ New perspective on algorithm development

○ Some algorithms have fallen…


● Quantum machine learning

○ How to learn data faster


● Some hope going forward

○ Qubitization

○ Shadow tomography


● Quantum chemistry

○ Some efficient algorithms, but they require error correction




