Appenaix

¢ Quantum Supremacy

¢ Quantum Fourier transformation

¢ Quantum Teleportation

¢ Error-tolerable quantum computing

¢ Quantum Random numbers



A1. Quantum supremacy
¢ Speed of Computation

Quantum computer >> Ordinary computer

In 2015, Google and NASA reported that D-Wave quantum
computer works 1076 faster than a regular computer chip !

In 2019, Google publishes the quantum supremacy claim.
Nature, vol. 574, no. 7779, Oct. 2019, pp. 461+

In 2020, University of Science and Technology
of China (RERIZZMIAZE) announced they

realized Quantum supremacy by B |

(Jiuzhang). J1&E2% was announced (2020)



A2. Quantum Fourier Transform
using Qiskit

https://qiskit.org/textbook/ja/ch-algorithms/quantum-
fourier-transform.html 3

What is Qiskit ?  https:/ja.wikipedia.org/wiki/Qiskit
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https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#%E7%9B%AE%E6%AC%A1
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#introduction
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#intuition
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#counting-fourier
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#example1
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#qfteqn
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#circuit
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#example2
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#formnote
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#implementation
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#threeqft
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#generalqft
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#implementationdev
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#problems
https://qiskit.org/textbook/ja/ch-algorithms/quantum-fourier-transform.html#references
https://qiskit.org/textbook/ja/ch-algorithms/

A3. Quantum Teleportation

1. Alice has a qubit, Qwith state | W>.

Alice wishes to transmit the state Y
_ to Bob
Alice ﬁ BOD |5 Ajice starts with two additional qubits,
which we label R and S.

S will be sent to Bob, and the other
will stay with Alice.

Alice will transmit

Receive
the state of a qubit,Q Vel s

Alice prepares an entangle state with
qubits R and S.

Alice’s qubit Bob’s qubit|4. Alice sends quibit S to Bob

Assist qubit . Alice perform a measurement
5 on her original qubit Q and half of R



A4. Error-tolerable guantum computing

BROMEEFETH)

¢ 1995, Shor et al shows that quantum error
correction is possible, in spite of the no-cloning
theorem.

No-cloning theorem: (EFEZE T AIgEEEIE)
The theorem forbids the creation of identical copies

of an arbitrary unknown quantum state.

W. Wootters and W. Zurek,
"A Single Quantum Cannot be Cloned” Nature 299: 802-803.
D. Dieks,
"Communication by EPR devices” Physics Letters A 92: 271




. Important for Monte Carlo simulations

. But old pseudo-random number such as

‘Linear congruential method”, "Mersenne
twister” are not enough 7

. |If Quantum computers run very fast, we need
lots of Random numbers --:

Stefan Rass
Benjamin Rainer Editors

Quantum

Random
Number
Generation

Theory and Practice

https://read.amazon.co.jp/sample/3319725947?f=4&I=ja_JP&rid=XBNGG3JM8KXH4NQZNZR3&sid=356-3879328-3928547&ref_=litb_d



A6.Comparison of R/D among
Japan, US, Europe, China

from JST CRDS "R/D and industry trends”

Japan US Europe China

Hardware
© — © — © — o —
oO—s ©— ©— o0~

Software O ., @ / @ / O /
o~ o~ o7



Entropy

Entropy Is important quantity.
S=-Trpuln py

But it 1Is non-trivial to calculate it on the Lattice.

Fig. 1.

In the previous analysis, we got reasonable results.
But we suffered from large errors especially near the phase transition point.

Simulations with the renormalization-group improved action will improve
this situation.




Quantum annealing
Developped by D-Wave Systems

1. Backgroud
* In2013 IT consumed around 10 % of the world power generation

Big I'T companied construct their data-center at cool areas, for reducing
power for the cooling

- Quantum anneaaling machines using the super-conductivity quantum bits is

around 20kW:
corresponding ca. §0 houses in Japan

(in case of Super computer, K, around 300,000 houses)



What is Quantum Annealing
(D-Wave System Documentation documentation.pdf)

What is Quantum Annealing?

This section explains what quantum annealing is and how it works, and introduces the underlying
quantum physics that governs its behavior. For more in-depth information on quantum annealing in D-

Wave guantum computers, see QPU Solver Datasheet.

Applicable Problems

Quantum annealing processors naturally return low-energy solutions; some applications require the real
minimum energy (optimization problems) and others require good low-energy samples (probabilistic

sampling problems).



What is Quantum Annealing (contin.)

Intuitive explanation by D-Wave In youtube
https://youtu.be/zvfkXjzzYOo
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https://youtu.be/zvfkXjzzYOo

Big Difficulty of Quantum Computers

Quantum Computers will run much faster
than super-computers.

But Noise problem!

Noise due to decoherence and other quantum noise

For the perfect coherence,
the system should be perfectly
iIsolated.

Quantum error correction is inevitable, but not so easy.
13


https://en.wikipedia.org/wiki/Decoherence
https://en.wikipedia.org/wiki/Quantum_noise

