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Classical bit: Quantum bit (qubit):
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State vector

on complex Hilbert
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It Is not yet determined whether the state is O or 1!




How guantum computer works
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‘Quantum” Moore’s law?
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‘Quantum” Moore’s law?

# of qublt
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NEWS . 23 OCTOBER 2019

Hello quantumworld! Google publishes
landmark quantum supremacy claim

The company says that its quantum computer is the first to performa
calculation that would be practically impossible for a classical machine.

Elizabeth Gibney




What Is quantum computing

supremacy by Google
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53 Qubits Random quantum circuit on qubit arrays
- 8x1015dimension
R
%

£ % S
3 5C € 5
03 3 X
iy
i

¥
b
b ¢

"
@,
&
9,
. g
e
&
9,
&

x, X

o

&
&
®,
&
9,
¢,
&

4
&
. 4
@,
. 4
&
&
®
4

&
g
%
4
®,
g
*
4
*

2Q gate 1Q g;até | Meésurem;nt Total fidelity
X (0.9938)430 x (0.9984)1113%(0.962)53=0.0015
b4

OxO
LR A ¥ AV A ¥

X
o %0 % %%

K
%o 0% o%0 0% 0%

OxQ OXQ OXQ OxQ OxQ

X X X X X X
x Gubit 0 Adjusrable coupler

\ g
®
g

@,
\ 4
@,

K

®
\

@,

yr>

LU millimeters

Google team, Nature 574 505 (2019)



What Is quantum computing
supremacy by Google

53 Qubits Random quantum circuit on qubit arrays
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rebuttal from IBM

200 econds
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The benchmark task is meaningless,
{ Just sampling random bit strings In a quantum way.

But enough to refute extended-
Church-Turing thesis! That is,

we have at least one task,

which cannot be done on classical
computers but can be done on the

quantum computer.
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rebuttal from IBM
200 seconds 1000years (2. 5 days)
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lity

The benchmark task is meaningless,
i Just sampling random bit strings in a quantum way.

But enough to refute extended-
Church-Turing thesis! That is,

we have at least one task,

which cannot be done on classical
computers but can be done on the

quantum COmpUter.
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‘Quantum” Moore’s law?

# of qubit
108

Fault-tolerant large scale quantum computer

107 with quantum error correction

| Quantum speedup by theoretlcally proven quantum algonthms
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# of qubit
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Fault-tolerant large scale quantum computer
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“Quantum” Moore’s law?

#1%);‘ gubit
Fault-tolerant large scale guantum computer
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Quantum speedup by theoretlcally proven quantum algonthms
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Toward fault-tolerant quantum computing
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In the near future...

Lifetime of “logical” quantum
Information is not limited by
physical life time!



Toward fault-tolerant quantum computing

Qubit For fully fledged fault-tolerant
”@ quantum computing...
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In the near future...

Lifetime of “logical” quantum
Information is not limited by
physical life time!
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It could be monolithic or
distributed...
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Quantum ICT society in 2050
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Quantum software (theory) stack

Physics, Machine learning, Material science,
Quantum chemistry, Biology/Life science
Data science, Network/Security etc

Applications
Quantum algorithms High
Mathematics Near and long terms performance
: computin
Quantum programing puting
_ SDK, API, Compiler Soft
Information oftware

Science Engineering

Computer

o _ R

Quantum computing devices
(superconducting qubits, ion trap, photons, spins tec)



Quantum software (theory) stack

Physics, Machine learning, Material science,
Quantum chemistry, Biology/Life science
Data science, Network/Security etc

Applications
Quantum algorithms High

Mathematics Near and long terms performance

: computin

Quantum programing puting

_ SDK, API, Compiler Soft

Information oftware
Science Engineering

Quantum architecture

Quantum computing would be a good
opportunity to meet researchers in different
disciplines together and explore our scientific
and engineering frontier!
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