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State of computing

» “Normal” computing (laptops, PCs,
servers)

» Machine learning
» Supercomputers
»



State of computing — Quantum
computing

Next step in evolution:
» Rondom number generation

» Cryptography (breaking of RSA, new
protocols)

» Search problems
X



State of computing — Quantum
computing

Issues:
» We need much more qubits!!!
>



Quantum computing query model

» Quantum state: |y)

» Unitary transformations: Uy, Uy, ..., Ut

» Quantum query transformation: Q on iNput x4, xo, ..., Xy
> Q |x;) - (15 aEE
> Q |x;) |a) = |x)a D x;)

» |[Yena) = UrQUr_10Q ... U1 QU |Ystart)

» U; - doesn’t depend on input

» Counting the number of queries



Quantum computing: algorithms

» Grover's search: © (\/%)

2
» Element distinctness: @(n§)



Quantum computing 7

Issues = Restrictions = New model?¢



Hybrid-computing

» Classic computing as main
» Quantum computing for smaller subtasks



Hybrid computing ?

X. Sun and Y. Zheng. Hybrid Decision Trees:
Longer Quantum Time is Strictly More Powerful.
arXiv:19211.13091 [cs.CC]. 2019



Hybrid computing

Q(n,q), n —Input size, g — max depth of guantum
circuit
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Prior results

> Q(n; ) = (=L + fbs(F))

=4
»R(f) = Q(f;9) = Q(f)
» Q(OR; q) = @(§+ \/ﬁ)
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Current resulis

Q(Collision problem; q):
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Current resulis

Counting problem (k vs. k+1):
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Further work — with this model

» Find lower bounds!

» Algorithms for other problems, e.qg.,
element distinctness?
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Further work

» Other models (already 2-3 papers waiting
to be studied)

» Implementation on real guantum
computer
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Thank you!

16



	Slide 1: “Hybrid quantum computing problems and algorithms”
	Slide 2: State of computing
	Slide 3: State of computing – Quantum computing
	Slide 4: State of computing – Quantum computing
	Slide 5: Quantum computing query model
	Slide 6: Quantum computing: algorithms
	Slide 7: Quantum computing
	Slide 8: Hybrid-computing
	Slide 9: Hybrid computing
	Slide 10: Hybrid computing
	Slide 11: Prior results
	Slide 12: Current results
	Slide 13: Current results
	Slide 14: Further work – with this model
	Slide 15: Further work 
	Slide 16

