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What is quantum computing?

• Quantum computing is a type of computing that uses the principles of 
quantum mechanics to perform calculations.

• Classical computers use bits: 0 or 1

• Quantum computers use qubits: 0, 1 or a linear combination of 0 and 1



The quantum bit (qubit)



The quantum bit (qubit)

∣ψ⟩=α∣0⟩+β∣1⟩

where
∣α∣2+∣β∣2=1
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•Superposition
•Measurement



Quantum gates
•Classical logic gates (AND, OR, NOT) → manipulate bits

•Quantum gates → manipulate qubits using rotations



Quantum gates
Examples:

•X gate (like NOT): flips |0⟩ ↔ |1⟩

•Hadamard gate (H): creates superposition

H∣0⟩=
∣#⟩$∣%⟩
√'



Quantum circuit model
A quantum circuit = sequence of quantum gates acting on qubits
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Hybrid benchmarking
of quantum algorithms



WHAT?
What does this even mean?



A framework for going beyond the asymptotic
complexity of quantum algorithms



WHY?
Why should we even care?



General Linear Programming

Max Flow: Sending the maximum amount of water through a system of 
connected pipes from a reservoir to a city.

Vertex Cover: Placing the fewest security cameras on intersections so 
every road is monitored.

Independent Set: Choosing a group of employees for a task such that no 
two of them have a conflict (no edge between them).

Clique: Finding a group of researchers where every pair has co-authored 
a paper together.



Realistic runtime analysis for quantum simplex 
computation
Sabrina Ammann, Sándor P. Fekete, Paulina L. A. Goedicke, David Gross, Maximilian Hess, Andreea Lefterovici, 
Tobias J. Osborne, Michael Perk, Debora Ramacciotti, Antonio Rotundo, S. E. Skelton, Sebastian Stiller, Timo de Wolff



Gate Count



How many instances would be solved faster?



Beyond asymptotic scaling: Comparing functional 
quantum linear solvers
Andreea-Iulia Lefterovici, Michael Perk, Debora Ramacciotti, Antonio F. Rotundo, 
S. E. Skelton, Martin Steinbach



Query Count



And… which QLS looks promising (on well-conditioned and 
sparse problem instances)?



A quantum algorithm for solving 0-1 knapsack 
problems
Sören Wilkening, Andreea-Iulia Lefterovici, Lennart Binkowski, Michael Perk,
Sándor P. Fekete, Tobias J. Osborne



0-1-knapsack problem
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QTG for 0-1-knapsack problem



Could that be a speed-up?



What do you do with these results?

• A start-up?
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• A start-up?
• But not the kind you might think of




