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Breaking News! 

FINANCIAL TIMES: Google claims to have reached
quantum supremacy!

So, what all the fuss is about?!
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NASA: Google has achieved Quantum Supremacy!

September 2019

NewScientist: Google has reached quantum supremacy:
here's what it should do next



What Is a Quantum Computer?

A Quick Answer: A quantum computer operates by using
quantum mechanical phenomena and by controlling the behavior of the
fundamental particles, and we need it because by its help we can
approach problems that classical computers can never solve.
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A Little Elaboration:

Size of a Typical Transistor = 14 nm
For comparison consider the size of the HIV Virus and a red blood cell 
that is 120 nm and 7 μm

Our technologies in some manner are reaching its physical limitation, 
and on the other hand there are a lot of problems to solve!

For more processing power we need to go Quantum!
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To make a Quantum Computer,
you need experts from many
fields, because everything in
the quantum realm is very
delicate and hard to handle!
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So, What kind of problems need Quantum Computer?

A Quick Answer: Really Hard Problems! :)

e.g. Simulation, Cryptography and Security, Database Searching, etc.

0 5



Seminal Ideas 
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“I want to talk about the possibility that there is to be an exact
simulation, that the computer will do exactly the same as nature. If this is
to be proved, then it is going to be necessary that everything that
happens in a finite volume of space and time would have to be exactly
analyzable with a finite number of logical operations.”

Richard P. Feynman 1981

Paul Benioff Richard Feynman Peter ShorDavid Deutsch



One upon a time…

…a theory was born
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Quantum Mechanics in one shot
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Classical computers work with units of data called bits. A bit can 
only be 0 or 1 at one moment of time. But the fuzziness of 
Quantum world can help us to break this limitation.

0

1

Classical bit
Qubit
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Our Building Blocks

𝛼𝛼| ⟩↑ + 𝛽𝛽| ⟩↓0101110100001011
1010100100010001
0111100101010001
0100111101010101
1101001001011101 | ⟩0110001110



Define Computation…
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Initial State
(Input)

Final State
(Output)

Any evolution of the system can be conceived as
quantum computation.



What about Logical Gates?
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We have Quantum Gates now!
(We’re just putting the word “quantum” in front of everything)
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Dynamical evolution of a quantum system is
now equivalent to a quantum circuit.



An Example:  Shor’s Algorithm
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First we need to know about RSA!
So here we go; RSA for Dummies!...

Alice Bob

Eavesdropper

Public Key

Private Key

Just use  to encrypt 
the massage

Just use  to decrypt 
the massage

1. Sharing the public key to encrypt the massage
2. Send the scrambled data
3. Decrypt the massage with private key

y69I*3d#rV!2c?u5



An Example:  Shor’s Algorithm
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Our privacy on the internet relies immensely on one simple
numerical phenomenon; it’s really hard to find the prime factors of
big numbers. But, Shor’s algorithm with the help of a quantum
computer will do the job!

𝑁𝑁 = ____ × ____

Start with a guess. It doesn’t need to be a good guess.
The algorithm transforms it into a better guess. This
transformation part takes a long time on a classical
computer.

𝑔𝑔 ≡ a crappy guess

𝑁𝑁 = 𝑔𝑔 × ℎ

a factor of N or a number that shares a factor with N



An Example:  Shor’s Algorithm
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Consider two integer numbers that have no common factor

𝐴𝐴,𝐵𝐵 ∈ ℤ ; gcd 𝐴𝐴,𝐵𝐵 = 1
Math Fact:

𝐴𝐴𝑝𝑝 = 𝑚𝑚 � 𝐵𝐵 + 1

𝑁𝑁,𝑔𝑔 𝑔𝑔
𝑝𝑝
2 + 1 𝑔𝑔

𝑝𝑝
2 − 1 = 𝑚𝑚 � 𝑁𝑁

e.g.   5, 9 → 56 = 1736 � 9 + 1
2,7 → 23 = 1 � 7 + 1

𝑔𝑔
𝑝𝑝
2 ± 1 better guesses!

We find better guesses, but there are some catches!

About 3
8

of our guesses will end up useful…and it’s okay for us!



An Example:  Shor’s Algorithm
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Finding the number P is HARD!𝑔𝑔
𝑝𝑝
2 + 1 𝑔𝑔

𝑝𝑝
2 − 1 = 𝑚𝑚 � 𝑁𝑁

…so here comes the Quantum part of the story.

| ⟩𝑥𝑥 𝑔𝑔𝑥𝑥 | ⟩𝑥𝑥,𝑔𝑔𝑥𝑥 𝑚𝑚𝑚𝑚𝑚𝑚( 𝑔𝑔 �𝑥𝑥 2 ± 1 ,𝑚𝑚 � 𝑁𝑁) | ⟩𝑥𝑥, 𝑟𝑟

We can use Superposition here!

| ⟩𝑥𝑥1 + | ⟩𝑥𝑥2 + | ⟩𝑥𝑥3 + ⋯ → | ⟩𝑥𝑥1, 𝑟𝑟1 + | ⟩𝑥𝑥2, 𝑟𝑟2 + | ⟩𝑥𝑥3, 𝑟𝑟3 + ⋯



An Example:  Shor’s Algorithm
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We should measure the remainder part of the state.

| ⟩𝑥𝑥1, 𝑟𝑟1 + | ⟩𝑥𝑥2, 𝑟𝑟2 + | ⟩𝑥𝑥3, 𝑟𝑟3 + ⋯

| ⟩𝑥𝑥1, 𝑟𝑟 + | ⟩𝑥𝑥2, 𝑟𝑟 + | ⟩𝑥𝑥3, 𝑟𝑟 + ⋯

Another Math Fact: 𝑖𝑖𝑖𝑖 𝑔𝑔𝑥𝑥 = 𝑚𝑚1 � 𝑁𝑁 + 𝑟𝑟 𝑡𝑡ℎ𝑡𝑡𝑡𝑡 𝑔𝑔𝑥𝑥±𝑛𝑛𝑝𝑝 = 𝑚𝑚2 � 𝑁𝑁 + 𝑟𝑟

| ⟩𝑥𝑥1, 𝑟𝑟 + | ⟩𝑥𝑥2, 𝑟𝑟 + | ⟩𝑥𝑥3, 𝑟𝑟 + | ⟩𝑥𝑥4, 𝑟𝑟 + ⋯

𝑃𝑃 𝑃𝑃 𝑃𝑃

Define frequency  𝑖𝑖 = 1
𝑝𝑝



An Example:  Shor’s Algorithm
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- So, what is the best tool to find frequency?
+ Fourier Transform!
- Yes, but in this case Quantum Fourier Transform.

Thanks to this man

As we expect Quantum Fourier Transform can be consider as unitary gate
We don’t need more detail about its function now.

Don Coppersmith

| ⟩𝑥𝑥1, 𝑟𝑟 + | ⟩𝑥𝑥2, 𝑟𝑟 + | ⟩𝑥𝑥3, 𝑟𝑟 + ⋯ QFT � �𝑖𝑖 = �1 𝑝𝑝

In conclusion, RSA is Doomed!



Quantum Cryptography
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Yes, RSA is Doomed, but once again Quantum Mechanics saves the day.

Instead of bits now we send Qubits.

The true heroes here are the principles of measurement in QM and No-cloning theorem

Stated by Wootters, Zurek, 
and Dieks in 1982



Okay, Back to Supremacy!
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Quantum Supremacy is simply the potential to solve problems faster.
The term was coined by John Preskill. In the theory of computational
complexity, this generally means providing a superpolynomial speedup
over the best known or possible classical algorithm.



Back to Google
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Realization of Qubits:

Superconductor Circuit
Qubit

Sycamore Quantum chip



2 2

Back to Google

A random algorithm
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“The quantum supremacy milestone allegedly achieved by Google is a pivotal step in the
quest for practical quantum computers. I thought it would be useful to have a word for
the era that is now dawning, so I recently made one up: NISQ. (It rhymes with risk.)
This stands for “noisy intermediate-scale quantum.” Here “intermediate-scale” refers to
the size of quantum computers that are now becoming available: potentially large
enough to perform certain highly specialized tasks beyond the reach of today’s
supercomputers. “Noisy” emphasizes that we have imperfect control over the qubits,
resulting in small errors that accumulate over time; if we attempt too long a
computation, we’re not likely to get the right answer.”

A New Era, A New Name
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• Optimization
• Forecasting
• Financial modeling
• Drug design and discovery
• Cybersecurity and cryptography
• Molecular modeling
• Chemistry modeling, computational chemistry
• Material design and modeling
• Quantum simulation

Potential Applications

A list just to impress you:
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There will always be a Quantum Computer
somewhere up above the clouds, that cares
for your problems.

A Prospect for the Future

technology
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www.quantumexperience.ng.bluemix.net

let you access a real 
Quantum Computer for 

free!
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If you can’t build a quantum computer, learn how to program it.

<>uantum
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In case you’re interested…
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