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QKD

The latest version of the Quantum Satellite Communication Simulator is available:
http://mcl.hu/quantum/simulator/
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POSTULATES OF QUANTUM MECHANICS
FROM ENGINEERING POINT OF VIEW

1th postulate: quantum bit

– Vector in Hilbert space

2th postulate : logic gates

– Unitary transform

– Elementary logic gates

3rd postulate : Q/C conversion

– Measurement statistics

– Post measurement state

4th postulate : registers

– Tensor product
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IMPORTANT CONSEQUENCES

• NO-cloning: only orthogonal and/or known states can be 
copied!
– Differentiation (measurability) and making perfect copies are twin 

brothers.

– Amplification=copying!

– NO universal COPY command!!!

• Entanglement – special resource
– Non tensor product states.

– Measuring one half of the pair will influence the measurement result 
of the other half.

– Information can not be delivered in this way between distant points!
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ENTANGLEMENT

1100 30  

11100100 3210  

• Upper wire: control

• Lower wire: data
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Application: Quantum Computing
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GENERAL MODEL OF QUANTUM 
ALGORITHMS 

Initialization
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Amplitude
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HISTORY OF DATA BASE SEARCHING V1

What was the basic problem
of the hunting/gathering
prehistoric men?

What is the reason?

How to solve it?



© Department of Networked Systems and Services 22

HISTORY OF DATA BASE SEARCHING V2
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HISTORY OF DATA BASE SEARCHING V3
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HISTORY OF DATA BASE SEARCHING V4

• Grover algorithm

• Unsorted date based with N different item. DB[x]

• Classical complexity?

• Quantum complexity:

• Application areas are not restericted to computing
– Optimal route selection in a large network

– Signal detection, stc.

 NO NO

x = ?

Lov Grover (1961-)
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PUBLIC (ASYMMETRIC) KEY CRYPTOGRAPHY

• Public key cryptography (RSA)

– Public key for encryption, secret key for decryption

– Key generation: using the product of two huge prime numbers

– Hacking: computing the prime factors

• There exists no efficient method for prime factorization. 

• At least classically.

• However Shor’s quantum order finding algorithm…

f()

f-1()
Alice Bob
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RSA BREAKING DEVICE
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POWER OF SHOR’S ALGORITHM

 )(log3 NO )(log3 NO 152 000
years

152 000
years

Peter Shor (1959-)
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152 000
years

Adam (~ 150 000 BC)

Starman (2018-2002018)
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EFFICIENCY OF HACKING

Brutal!

Arnold Schwarzenegger (1947-)
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D-WAVE

Jan 2017: D-Wave2000Q
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IBM QUANTUM COMPUTER ACCESS!

https://quantumexperience.ng.bluemix.net/

IBM Q Awards:

https://qx-awards.mybluemix.net/

2016: 5 qubit

2017: 16 qubit



© Department of Networked Systems and Services 33

MICROSOFT QUANTUM DEVELOPEMENT KIT

Quantum Programing language: Q#

https://docs.microsoft.com/en-us/quantum/index?view=qsharp-preview

News 2018 !!!
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INTEL

Intel Corporation’s 49-qubit quantum computing test chip, code-named 
“Tangle Lake,” is unveiled at 2018 CES in Las Vegas.

https://www.extremetech.com/computing/261734-intel-unveils-new-
quantum-computer-declares-quantum-breakthrough

News 
2018 !!!
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Application: Quantum Key Distribution
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BEHIND THE QKD
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SEVERAL PROTOCOLS

BB84

B92 S09

E91
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QKD IN PRACTICE
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DISTANCES

1989/91 0.3 m

1993 1100 m

1995 23 km

2007 67 km

2016 404 km

1991 0.3m

1996 75 m

1998 1 km

2002 10 km

2006/2007 144 km

2016 space



© Department of Networked Systems and Services 41

SUMMARY

• Quantum mechanics offers unique possibilities for 
engineering problems.

• Efficient quantum algorithms are available.

• Quantum computers in their childhood, but 
something is happening.

• Quantum communications is ready for technology
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USEFUL LINKS

Quantum Technology Flagship: http://qt.eu

Quantum Technology in Space: http://qtspace.eu

Hungarian Quantum Technology Flagship: 
https://wigner.mta.hu/quantumtechnology/en

Our website: http://mcl.hu/quantum
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