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Where it all started

s2.smu.edu/~mitch/class/5395/papers/feynman -quantum-1981.pdf
en.wikipedia.org/wiki/Richard_Feynman#/media/File:Richard_Feynman_Nobel.jpg
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Back to the future
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en.wikipedia.org/wiki/ENIAC#/media/File:Glen_Beck_and_Betty_Snyder_program_the_ENIAC_in_building_328_at_the_Ballistic_Research_Laboratory.jpg



Lots of activities
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nature.com/articles/s41586-019-1666-5
journals.aps.org/pra/abstract/10.1103/PhysRevA.106.032428

writings.stephenwolfram.com/2018/04/buzzword -convergence-making-sense-of-quantum-neural-blockchain-ai/



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



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

Data management problem Algorithm Quantum computer

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/



Contents and instructors

Structure
ωIntroduction ώϤрΨϐ
ωFundamentals of quantum computing ώϤнлΨϐ
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Fundamentals of quantum computing 



Fundamentals of quantum computing

ωOverview

ωQuantum Gate Model

ωQuantum Annealing

ωConclusion
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What exactly is a quantum computer?

ωGolden chandelier plus VIP

11

twitter.com/IBMDACH/status/1189194971925975041
em-press.nl/image/I0000k6zUoyh5gdA

foreignpolicy.com/2023/07/31/us -quantum-technology-china-competition-security/



What exactly is a quantum computer?

ωJokes aside: what is included and what is not?
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quantumdelta.nl/catalyst -programs/quantum-computing-simulation



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?

ωFull-stack quantum computation
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What exactly is a quantum computer?

ωLǘΨǎ ƴƻǘ ŀ ƳŀƎƛŎŀƭ ǿƻƴŘŜǊ ƳŀŎƘƛƴŜ
ωQuantum computing is turing-complete
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image.geo.de/30149980/t/UN/v3/w960/r0/ -/perpetuum-mobile-s-157382423-jpg--85551-.jpg



Know your limits

ωvǳŀƴǘǳƳ ŎƻƳǇǳǘƛƴƎ ƛǎ ǇƻǿŜǊŦǳƭΣ ŀƴŘ ǿŜ ŘƻƴΨǘ ŜǾŜƴ ƪƴƻǿ ǘƘŜ 
boundaries

16

cs.virginia.edu/~robins/The_Limits_of_Quantum_Computers.pdf



The holy grail

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

Efficient 
quantum 
solution

Valuable 
Problem

¢ƘŀǘΩǎ ǘƘŜ ƎƻŀƭΗ



Two different flavors

Quantum Gate Model Quantum Annealing

é
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And what else?
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Quantum Sensing Quantum Internet

nature.com/articles/s42254-023-00558-3
link.springer.com/chapter/10.1007/978 -3-030-42664-4_2



Fundamentals of quantum computing

ωOverview

ωQuantum Gate Model

ωQuantum Annealing

ωConclusion
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Many different qubit technologies

ωQuantum bit (qubit), the main building block
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epj-conferences.org/articles/epjconf/pdf/2019/19/epjconf_chep2018_09010.pdf



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

25

ȿπἃ

ȿπἃ

Ὄ

Ὅ

ȿππἃ ρ

ς
π ȿρἃπ

ρ

ς
ππ ȿρπἃ

ȿπἃ

ȿπἃ

Ὄ

ρ

ς
ππ ȿρρἃ

ȿππἃ

ρ

ς
ππ ȿρπἃ

Entanglement



Circuits

ωBack to assembly programming ĄQuantum Assembly (QASM)
ωHigh-level programming languages available, though
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DŜƴŜǊŀƭ ƛŘŜŀ ƻŦ DǊƻǾŜǊΨǎ  ŀƭƎƻǊƛǘƘƳ

ωManipulate the amplitudes, such that the probability of our 
solution state is maximized
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en.wikipedia.org/wiki/Grover's_algorithm
learn.microsoft.com/en-us/azure/quantum/concepts-grovers



General idea of QAOA (and VQE)

ωMinimize a problem-specific quantum operator ὅby 
parametrizing ‍and ‎
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quantumai.google/cirq/experiments/qaoa/example_problems

Hybrid!



Main problems

ωHigh noise levels make extensive error correction protocols 
necessary
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research.google/blog/suppressing-quantum-errors-by-scaling-a-surface-code-logical-qubit/



Main problems

ωData loading, as we basically perform in-memory computing
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shafi-syed.medium.com/quantum-data-and-its-embeddings-1-3b022b2f1245
en.wikipedia.org/wiki/Quantum_machine_learning

science.org/doi/10.1126/science.abn7293



Main problems

ωFind the right solution AND the right problem

No efficient 
classical 
solution

Efficient 
quantum 
solution

Valuable 
Problem

31



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/


