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http://www.economist.com/technology-quarterly/2016-03-12/after-moores-law







pÿU§-�%��

§Ü?fÞE�+?�_ë-xÿ�ñÒ�¬
�Y¥�*õ-ªÇ

§Ü?fÞ4Åâ�-J�°-';�

§ÜfÞ4ÅÌØ�>Ì÷�[ßK�VÌ
�q-V«T

§Ü?±Îor-��¶u����Ð£æj
�f�-Àk.s%�



pÿU§-�%��

§Ü?fÞE�+?�_ë-xÿ�ñÒ�¬
�Y¥�*õ-ªÇ
§pÿT�ÔÃ

§Ü?fÞ4Åâ�-J�°-';�
§pÿô}�pÿ;ã

§ÜfÞ4ÅÌØ�>Ì÷�[ßK�VÌ
�q-V«T
§pÿV«T�pÿ~��

§Ü?±Îor-��¶u����Ð£æj
�f�-Àk.s%�
§pÿ±Î



pÿkt-®ÐÜ

���� indeterminism



pÿkt-®ÐÜ

���� indeterminism

ãä�NÎÂ��

zï84�



Bennett & Brassard (BB) 84Êá
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1. pÿ~��
Quantum simulator

2. Sçpÿ-åQ-65
Quantum-assisted optimization

3. pÿ�×
Quantum Sampling

“… we plan to provide access to our quantum 
processors through cloud services …”
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"For example, algorithms are already known (such as the 
'quantum variational eigensolver' approach) that seem to 
be immune to qubit control errors.”
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“One of the first and most promising applications
for quantum computing will be in the area of
chemistry and could lead to the discovery of new
medicines and materials”

06 Mar 2017
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Science. 339: 794
Science. 339: 798
Nature Photonics. 7: 540
Nature Photonics. 7: 545

Science. 349: 711
Nature Photonics. 8: 615
Nature Photonics. 8: 621
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“Among promising applications of quantum 
sampling are inference and pattern 
recognition in machine learning.”
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1. pÿ~�
2. Sçpÿ-åQ-65
3. pÿ�×
4. pÿT�ÔÃ
5. pÿ�nÔ
6. ADS/CFT, L/ÎÂ»¯�







ENTROPIES

Statistical Physics

S = kB lnΩ

S = −kB
1
Ω∑ ln 1

Ω

Quantum
Information theory

S = −trρ lnρ

Information theory

S = − pk ln pk
k
∑

ρ = e−βH

tre−βH

Quantum
Thermodynamics

Maxwell’s demon

quantum entanglement
(?)



SHORT PROOF 2ND LAW 
IN THE LANGUAGE OF QUANTUM INFORMATION

Assumptions:

S = −trρ lnρρSB
int = ρS

int ⊗ρB
int , ρSB

fin =UρS
int ⊗ρB

intU †
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