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Multiplying is easy, 
but how about factoring?

15     =   3  x  5
91     =   .   x   .  ?
437   =   .   x   .  ?

. . .

200 digits 1 day (impossible today)
201 2 days
202 4 days
203 8 days
210 1024 days ~ 3 years
220 3.000 years
230 3.000.000 years

Factoring takes exponential effort, i.e. is intractable!
Used in cryptography!
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The physics of computation
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2500 BC 21st century

Classical bits (0 or 1)
Classical laws of physics 
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Exponential power of quantum bits

0             1
00       01       10   11& & &

000      001      010       011 100      101      110       111& & & & & & &

0000 & 0001 & 0010 & 0011 & 0100 & 0101 & 0110 & 0111 & 1000 & 1001 & 1010 & 1011 & 1100 & 1101 & 1110 & 1111

50 qubits (250 complex amplitudes) 
exceed memory of largest supercomputer

&



Based on idea BBC Science Documentary  The Fabric of The Cosmos Quantum Leap



5 Title and bulletpoints

6

Specialized quantum algorithms can have 
broad application

“The quantum computer may change our everyday lives in this 
century in the same radical way as the classical computer did in the 
last century.” (Nobel citation 2012)

Internet SecurityHealth Energy 

Financial services 
Weather forecast

Artificial intelligence
Supply chain logistic

s

OptimizationMachine learning
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Early quantum factoring 
experiment

15 = 3 x 57 qubit molecule

Vandersypen et al, Nature 2001
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When will quantum computers
outperform supercomputers?

When will they break encryption?
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My take (1):
An amazing technical achievement,
53 qubits under excellent control!



My take (2):
A quantum processor that outperforms 
classical computers in computing 
…  a random number.
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From quantum advantage to 
quantum practicality
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Quantum advantage: 
A programmable quantum device solves a problem 
that no classical computer can feasibly solve 

Quantum practicality:
A programmable quantum device solves a useful problem 
that no classical computer can feasibly solve 
James S. Clarke, https://newsroom.intel.com/editorials/what-it-will-take-make-quantum-computers-practical/#gs.j070ds

John Preskill, arXiv:1203.5813, Arute et al, Nature 2019





IBM Quantum Roadmap

For comparison:
1994 Shor’s quantum algorithm for prime factorization
1999 First superconducting qubit demonstrated
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Errors inevitably accumulate due to “decoherence”

A massive redundancy is required to correct those errors
(suddenly millions of qubits are needed rather than a few thousand)

Extreme engineering effort

Breakthough ideas (in hardware or software)

Simple problems: possibly 5 years
Breaking encryption: > 10 years 

14

What stands in between quantum 
advantage and practicality?
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Closing remark: From quantum code breaking to 
quantum key distribution and networks

The laws of quantum physics guarantee that

no one can read, intercept, copy a quantum bit without getting noticed.

New path to encryption, not based on 
hard mathematical problems 
but on laws of physics.
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Backup slides
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Physics Nobel Prize 2012 "for ground-breaking experimental methods that 
enable measuring and manipulation of individual quantum systems"

David Wineland (NIST)Serge Haroche (ENS Paris)

What it takes: controlling individual quanta

… in a scalable way
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Quantum entanglement
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Einstein: “No spooky action 
at a distance!”

A measurement HERE also changes the state THERE 
……instantaneously!
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It is how nature works!

Hensen et al., Nature 2015

+
A. Aspect (U Paris) J. Clauser (USA) A. Zeilinger (U Vienna)
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Beyond the surprise

Feynman: “Shut up and calculate!”

Quantum theory is useful!

Computing
Simulation

Communication
Sensing

. . . 


