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Duantum Computing

Alexander Rothkopf (University of Stavanger]
@rothkopfAK, www.alexrothkopf.de


https://bit.ly/3MYUpWM

Why do we need a new way
to compute?



Disruptive computing

mputing

Really costly on

classical computer
apona

classical computer

To learn more about the computational challenges in P and NP- https://it.ly/3FwWIli


https://bit.ly/3FwWJli

[he building blocks:
DItS vs. qubits




craft  Industrial
ealization  Scale




The 1dea of classical bits

AN ARRow VN ALGORITHMS BUILT
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BITS REPRESENTED BY CURRENTS (ON/OFF ] - OPERATIONS (GATES ) BY ELECTRONIC CIRCUITS


https://youtu.be/gI-qXk7XojA
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Replica: UKAEA Harwell, Oxfordshire, England, Science Museum Group Collection

The first transistor made @M1 Ultra Anole Corp.

at Bell Labs (1947) Modern laptop processor with
114 BILLION transistors (2021)

Read more about the history of transistors: https://en.wikipedia.org/wiki/History of the transistor



https://en.wikipedia.org/wiki/History_of_the_transistor
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NATURE ELECTRONICS

S |reservoir | §

. =

Y. Nakamura, Yu. A. Paghkin and ) - S. Tsai, Nature 398, 786-788 (1999)

The first qubit made
of silicon NEC/JST (1999)

The first industrially manufactured
silicon qubit by INTEL (2022)

STATE F QBITS CHANGES (ROTATIONS) BY USING MICROWAVE SIGNALS


https://bit.ly/3MS9xVy

A quantum birthaay

100 year anniversary of
the Stern-Gerlach experiment


https://bit.ly/3yl1egZ

I Revolutionary insight:
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All elementary matter particles are qubits
they carry a little arrow called SPIN



2" Revolutionary insight:

COURCE OF How MUCH 0o You
PARTICLES PoINT UP or DOWN

Qubits are DISGRETE & flip RANDOMLY into up/down when asked



3 Revolutionary insight:  Quantum Holistics 1+1=2
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Two classical bits are Quantum bits can be made aware
unaware of each other of each other due to ENTANGLEMENT



https://bit.ly/3wanOq6

Three tenets of Quantum Machanics
discreteness randomness entanglement




Wwhere IS the quantum
advantage hiding?




Optimization: find the deepest valley

Classical computer:
follow steepest
slope locally

S Quantum computer
. ducloENTANGLEENT
WSS |][|]|]BS Mmany Vﬂ"ﬂys
simultaneously


https://en.wikipedia.org/wiki/Quantum_annealing

What prevents quantum advantage?
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Juantum Computing
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jal for disruptive computing

Based on three Quantum Tenets
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