Hybrid quantum computing problems and algorithms

Ansis Zvirbulis (4th year)
Supervisor: prof., Dr. Sc. Comp. Andris Ambainis

Faculty of Science and Technology
University of Latvia

February 19, 2026

1/14



Quantum query algorithm 1
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Quantum query algorithm 2
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Hybrid Quantum query algorithms

Hybrid Quantum query algorithm

Classical algorithm that can call a quantum algorithm, which spends < g queries.
Complexity is the total number of queries algorithm has used in the worst case.
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Hybrid Quantum query algorithms - motivation

Current quantum computers are not stable - one of the problems is the maximum
circuit depth.

Cannot run Grover's search: O(v/N) and find solutions for many other problems.

— Natural restriction is the circuit depth: gq.

How does this affect complexity of problems?
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Hybrid Quantum query algorithms - results (Other authors)

We can find marked elements in an unstructured list with a hybrid quantum algorithm
using - @(% + v/N) queries ([Sun and Zheng., 2019])

v

Collision lower bounds

Lower bounds for the collision finding problem is Q(\/g—i- N1/3) ([Hamoudi et al., 2024]).

v
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Hybrid Quantum query algorithms: AND-OR

We can solve ANDy o ORp problem in the hybrid setting using:
o O(% + v/NM) queries, if ¢ > v/M.
o O(%\/Iog N + v NM), else.
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Hybrid Quantum query algorithms: Collision

Collision problem - we are given N numbers and a promise, that either all are different or
every number have 2 copies. For example: {101,23,89,12,42,97} or
{101,97,23,23,101,97}. We need to decide which one of the two cases we have.

We can solve collision problem in the hybrid setting using G)(\/gjt N1/3) queries. Follows

from a result of our group and [Hamoudi et al., 2024].
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Hybrid Quantum query algorithms: Distinguish k and k+1

We are given N elements and a promise that either k of them are marked or k + 1. We
need to distinguish both cases.

We have the following 2 algorithm that are based on combinatorial proofs:

® \We can solve this problem in the hybrid setting by using O(% Iog’ﬁ)g,\, + vV Nk).

® There is also O(%\/g—i— V' Nk) algorithm, where k < N1~¢.

We have proven lower bounds Q(% + v/ Nk). We also have hypothesis that there is an
O(%\/Iog log N) algorithm (complicated to prove).
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High probability Grover's search

Reduced depth &-Grover
Another topic of our interest was Grover's search with with error . There is an algorithm

of complexity O(y/Nlog1) and depth € O(V/N). Can we reduce the depth without
sacrificing overall complexity? Maybe do sacrifice something, but get a favorable tradeoff?
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Small quantum circuits on Quantinuum hardware

e Work with quantum hardware using Qiskit, Pytket libraries.
e Testing simple yet essential circuits on hardware.

® Results - to be determined....
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Improve upper bounds for k vs k+1

Lower bounds? (Very complicated...)

Another computing model?

Change of topic?
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The End



