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The information revolution,
And its quantum upgrade

Information technologies have transformed our 

world, and continue to transform it every day. 

Their foundation is built on the framework of classical 

physics. 
Claude Shannon Alan Turing

At the very bottom, Nature is not classical, it is quantum.

Information and computation need to be upgraded. 

Time to catch up with 20th century physics!



Take 1: the qubit



What is a qubit?

Bit: two perfectly distinguishable states.   

Qubit: two perfectly distinguishable states…

0 1

+ infinitely many other states in between 

them

“quantum superpositions”
“                 ”



Infinite information?

No. To extract information from a qubit, we must perform a measurement, and the 

basic measurement has only 2 outcomes. 

“                 ”

If we measure a particle in the superposition 

state

we find it in one of the classical positions

Quantum mechanics does not tell us

In which position. 

It only tells us the probability. 

E.g. “left” with 85% probability, “right” with 15% probability.  



No information without disturbance

Measurements introduce disturbance. 

“                 ”

If the particle was in a superposition state

after the measurement it will be in one of 

the classical states

The state has changed. 

This change can be detected.



Take 2: 

secure quantum communication



Quantum key distribution

Two parties can establish a secret key, even 

using a transmission line controlled by an 

attacker.  

Ev

Alice Bob
Eve

Charles Bennett Gilles Brassard

Wolf Prize 2018

Alice sends photons to Bob.

Bob measures them.

If Eve intercepts the photons

and measures them, 

Alice and Bob can detect her.

In this way, they can establish

a secret key.   

Security guaranteed by the laws of Nature. 

No danger from future technologies, as long as quantum mechanics is correct.

Artur Ekert

Maxwell Medal 

1995



Metropolitan quantum
networks

Beijing-Shanghai

Communication Backbone

DARPA QKD 

network Battelle QKD 

network

Technology: fiber optics + trusted repeaters

Limitation: commercial applications limited to

≈100Km distance



The Mozi

Quantum Satellite

量子科学实验卫星

New infrastructure

communicates 

over 1200Km

Goal: global 

quantum network

Satellite networks

https://en.wiktionary.org/wiki/%E9%87%8F%E5%AD%90
https://en.wiktionary.org/wiki/%E7%A7%91%E5%AD%A6
https://en.wiktionary.org/wiki/%E5%AE%9E%E9%AA%8C
https://en.wiktionary.org/wiki/%E5%8D%AB%E6%98%9F


Take 3: many qubits



Two qubits

4 classical states

+  all “quantum superpositions”

When we look, 

we find the two particles

in one of these 4 configurations.

Quantum mechanics tells us

the probabilities.



Three qubits

8 classical states

To specify the state of 3 qubits, we need (at least) 8 probabilities.

As the number of qubit grows, 

the number of probability grows exponentially:

Every time we add one qubit, the number of 

probabilities doubles. 



Large-scale quantum systems
are hard to simulate   

Richard Feynman

Nobel Prize in Physics

“And I am not happy with all those analyses 

that go with just the classical theory,

because nature is not classical, 

dammit, 

and if you want to make a simulation of nature,

you’d better make it quantum mechanical.”

From Simulating physics with computers, 1982.   

Simulating quantum systems is crucial for chemistry and design of new materials. 

In the long run, classical computers are inadequate for these tasks. 



Take 4: quantum computers



First breakthroughs

David Deutsch (1985, Oxford)

Introduces the quantum Turing machine

a general-purpose machine capable to 

approximate every computation 

allowed by quantum mechanics 

Peter Shor (1994, MIT)

Discovers fast quantum algorithm for factoring numbers

If implemented on a large enough quantum computer 

Shor’s algorithm would break RSA

Lov Grover (1996, Bell Labs)

Discovers fast quantum algorithm for searching in an 

Unstructured list. 

“Only” quadratic speedup, but very versatile. 



Quantum shortcuts

Intuition: The space of quantum states grows exponentially. 

This gives the computer “more space to maneuver.”  

Quantum computers can “cut the corners” and get to the output from a shorter path

Many quantum speedups discovered:

• simulating chemical reactions, simulating new materials

• doing linear algebra   

• solving complex optimisation problems

• AI applications (clustering, extracting patterns from data, etc).  



Quantum distributed 

computing

Small quantum computers

can be linked up, 

achieving superior 

computational power.

Quantum cloud computing

small quantum devices

can send data to a large 

quantum computer, 

serving as a 

data processing facility.

Wehner, Elkouss, and Hanson, Quantum Internet: a vision for the road ahead, 

Science 2018

Vision for the future: 
The quantum Internet 



Who is engaged to realise this vision

+a vibrant startup ecosystem



Quantum Centers

+a vibrant startup ecosystem

Caltech, USA

Singapore

@ all top universities around the world

MIT, Caltech, Harvard, Oxford, Cambridge, Vienna, Innsbruck, Jerusalem, U Maryland, 

Singapore…



Quantum Information 

At

HKU CS



QICi Quatum Information and Computation Initiative 
@ HKUCS

World-class research team

Strengths in quantum communication, 

quantum cryptography, 

quantum networks, 

quantum sensors

Mission

• to promote Hong Kong as an international hub 

for research in quantum information and computation

• to train the next generation of talents 

• to promote awareness of quantum information

to the general public and to businesses 



Alexander Holevo
Shannon Award 2016

Artur Ekert
Maxwell Medal 1995

Hong Kong Workshop on Quantum Information and Foundations, May 2016, HKU CS

Hong Kong-Shenzhen Workshop on Quantum Information Science, May 2018, SUSTEch

Gilles Brassard, 
Wolf Prize 2018



More information about QICi

Quantum Information and Computation Initiative 

@ HKUCS:

qift@weebly.com

New tools inspire new thinking, 

no less than new thinking inspires new tools.

Frank Wilczek, Nobel Prize in Physics

mailto:qift@weebly.com

