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Lots of (potential) use cases
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forbes.com/sites/chuckbrooks/2021/03/21/the -emerging-paths-of-quantum-computing/?sh=66cac7936613

https://www.gartner.com/smarterwithgartner/the -cios-guide-to-quantum-computing



The origin



Classical computing and quantum computing 
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Colossus computer
1944

Quantum computer at TU Delft
       2019



Quantum computingdevelopment roadmap
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Development Roadmap

Quantum 
Computing

Classical 
Computing

1947 1958 1964 1971

Development of the 
first transistor

Development of the 
first integrated circuit

Use in the first 
commercial product

First semi-conductor based 
industrial computer

2012 2021 2025-2028 2030+

Development of the first 
single atom  transistor

Development of first 
integrated circuit at 

the atomic scale

Development of the 
first commercially 

useful device

Error-corrected 
quantum processor



Goal for today
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Entering the era of quantum computing,
what is the future of data management?

Data management 
problems

Quantum computer and 
quantum Internet

de.wikipedia.org/wiki/Trommelspeicher#/media/Datei:Pamiec_bebnowa_1.jpg
flaticon.com/de/kostenloses-icon/algorithmus_1119005

forbes.com/sites/tiriasresearch/2023/11/28/quantum -computing-is-coming-faster-than-you-think/

ȩ



Fundamentals of quantum computing 



What exactly is a quantum computer?

ωOften hidden behind a service
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en.wikipedia.org/wiki/Quantum_computing#/media/File:IBM_Q_system_(Fraunhofer_2).jpg



What exactly is a quantum computer?

ωLǘΨǎ ƴƻǘ ŀ ƳŀƎƛŎŀƭ ǿƻƴŘŜǊ ƳŀŎƘƛƴŜ
ωQuantum computing is turing-complete
ωQuantum bit (qubit), the main building block
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image.geo.de/30149980/t/UN/v3/w960/r0/ -/perpetuum-mobile-s-157382423-jpg--85551-.jpg

https://blog.acolyer.org/2018/02/02/polynomial-time-algorithms-for-prime-factorization-and-discrete-logarithms-on-a-quantum-computer/



What exactly is a quantum computer?

ωFull-stack quantum computation
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Different architectures to implement qubits

14Source: https://www.science.org/doi/10.1126/science.354.6316.1090#F2



Different architectures to implement qubits
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What is a qubit (for us)?

ωA qubit is a linear combination of basis states

‪ ‌π ‍ρ

‌ȟ‍ᶰᴇ with ‌ ‍ ρ
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en.wikipedia.org/wiki/Bloch_sphere



Measurement gives classical information

Ɇ‌ȟ‍ are called probability amplitudes
ωWhen measuring, ‌  is probability of finding qubit in state ȿπἃ

‪ ‌π ‍ρ

‌ȟ‍ᶰᴇ with ‌ ‍ ρ

‪ ‌π ‍ȿρἃ πÏÒȿρἃ
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en.wikipedia.org/wiki/Bloch_sphere
en.m.wikipedia.org/wiki/File:Qcircuit_measure-arrow.svg



Gates

ωQuantum gates operate on a quantum state
ωRotations around an axis, but also controlled operations

ὢ Ὄ
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Superposition

en.wikipedia.org/wiki/Bloch_sphere



Gates

ωQuantum gates operate on a quantum state
ωRotations around an axis, but also controlled operations
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Some highlights

ωtǊƻǾŜƴ ǎǳǇŜǊƛƻǊƛǘȅΣ ǎŜŜ ŦƻǊ ŜȄŀƳǇƭŜ αvǳŀƴǘǳƳ ŀŘǾŀƴǘŀƎŜ ƛƴ 
ƭŜŀǊƴƛƴƎ ŦǊƻƳ ŜȄǇŜǊƛƳŜƴǘǎά
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science.org/doi/10.1126/science.abn7293



Some highlights

ωaŀƴȅ ǎǳŎŎŜǎǎŦǳƭ ŜŦŦƻǊǘǎ ǊŜƎŀǊŘƛƴƎ ŀōǎǘǊŀŎǘƛƻƴΣ {5YǎΣ !tLǎΣ Χ
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thenewstack.io/classiq-brings-abstraction-layer-to-quantum-software-stack/



How can YOU start?

ω¢ƘŜ ŜƴǘǊŀƴŎŜ ōŀǊǊƛŜǊ ƛǎ ƭƻǿŜǊ ǘƘŀƴ ƻƴŜ ǘƘƛƴƪǎΧ

24é and many more!



How can WE start?

ωAt least three things need to come together
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No efficient 
classical 
solution

Efficient 
quantum 
solution

Valuable 
Problem

¢ƘŀǘΩǎ ǘƘŜ ƎƻŀƭΗ



Data Management using Quantum Computers
-- the Art of Encoding



LO and Assignment

ωLearning Objective
ÁExplain how to solve a data management problem on quantum computers

ωAssignment
ÁDesign an approach that solves a data management or data science 

problem using quantum computers
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Multiple Query Optimization

ωProblem: multiple query optimization (MQO) studies how to 

choose query plans given a set of queries

ÁGoal: minimize the total execution cost

ÁKey: shared computation between different queries

ÁValid solution

o A subset of plans selected for query execution

o 1:1 mapping between the query and the query plan

ÁOptimal solution

o A valid solution with minimal execution cost among all valid solutions
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T. K. Sellis, Multiple-query optimization, TODS 1988



Example
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Query Query plan Cost

ή ὴ 2

ὴ 4

ή ὴ 3

ὴ 1

ωTwo queries 

 z3ƘŀǊŜŘ ŎƻƳǇǳǘŀǘƛƻƴ ǎŀǾƛƴƎ ōŜǘǿŜŜƴ ὴ and ὴ is 5

Which query plans to choose for  ή ŀƴŘ ήȩ  



Quantum annealing

ωBasically one vendor of quantum annealing
ωBut also: quantum-inspired hardware
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techcrunch.com/2020/09/29/d -wave-launches-its-5000-qubit-advantage-system/
spectrum.ieee.org/fujitsus-cmos-digital-annealer-produces-quantum-computer-speeds


