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The characterization of the channel including the entanglement and establishing the
foundation of the quantum channel coding theorem
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In this study, | carried out the following problem studies for the purpose of
mathematic basic construction to be necessary for proof of the quantum channel coding theorem based on
the study of entropy theory and the quantum channel theory of the quantum systems.

I characterize the quantum channel including the quantum entanglement such as quantum teleportations, (1)
I investigated a property of the quantum mutual entropy for the quantum interference channel.(2) Based on
formulation of the quantum mean mutual entropy, | calculated the quantum mean mutual entropy of the
various kinds of encoded quantum states. Furthermore, 1 extended the theorem of Ohya- Tsukada -Umegaki in
general quantum systems using transition expectation and conditional expectation and I carried out the
fundamental researches to be necessary for proof of the quantum channel coding theorem.



)

1)

)

®3)

1980

1)

®)

@
®
®
@D
1975
1987 -
- *_
(CNT dynamical
entropy)
1994
(AF dynamical
entropy)
* *

1997

(AOW dynamical entropy)

(KOW dynamical entropy)



1985 *-

@

®



N A~

(Complexity),
)

®

Noboru Watanabe, Note on Entropies of
Quantum Dynamical Systems, Foundation of
Physics, 2011,41, 549-563 DOl 10,
1007/s10701-010-9455-x

Noboru Watanabe, Entropy type
complexities in quantum systems, Americal
Institute of Physics, Vol.1327, 289-297,
2011

G. Adenier, Noboru Watanabe and A.
Khrennikov, lon trap experiments on




entanglement: The low visibility case,
American Institute of Physics, Vol. 1327,
311-315, 2011

A. Khrennikov, M. Ohya  and
Noboru  Watanabe, CLASSICAL SIGNAL
MODEL FOR QUANTUM CHANNELS, International
Journal of Quantum Information, Vol.9,
281-291, 2011

Entropy type complexities in quantum
dynamical processes, Noboru Watanabe, QP-
PQ Quantum Probability and White Noise
Analysis, Quantum Bio-Informatics 1v;
From Quantum Information to
Bio-Informatics, Vol .26, pp 387-401, 2011

A fair sampling test for Ekert protocol
G. Adenier and Noboru Watanabe, QP- PQ
Quantum Probability and White Noise
Analysis, Quantum Bio-Informatics 1v;
From Quantum Information to
Bio-Informatics, Vol .26, pp 403-412, 2011

Noboru Watanabe, On Treatment of
Communication Processes by Quantum
Entropies, Americal Institute of Physics,
Vol. 1424, pp.354-363, 2012

G. Adenier, M. Ohya, Noboru Watanabe,
I. Basieva and A. Yu. Khrennikov, Double
Blinding-Attack on Entanglement-Based
Quantum Key Distribution Protocols,
Americal Institute of Physics, Vol. 1424,
pp.9-16, 2012
G. Adenier, Noboru Watanabe,
I _Brasieva and A. Khrennikov, Multiple
Photon Absorption Attack on Entanglement
Based Quantum Key Distribution Protocols,
QP- PQ Quantum Probability and White Noise
Analysis, Vol. 30, pp. 171-185, 2013

Noboru Watanabe, On treatment of
Gaussian communication process by quantum
entropies, QP- PQ Quantum Probability and
White Noise Analysis, Vol. 30, pp.363-373,
2013

Noboru Watanabe, On complexity of
quantum communication processes, Americal
Institute of Physics, Vol. 1508,
pp.334-342, 2013

Note on complexities for Gaussian
communication processes, Noboru Watanabe,
QP- PQ Quantum Probability and White Noise
Analysis, Vol. 29, pp.261-269, 2013

Noboru Watanabe, An Entropy Based
Treatment of Gaussian Communication
Process for General Quantum Systems , Open
Systems and Information Dynamcs, Vol. 20,
No. 03, pp. 1340009-1 10, 2013

Noboru Watanabe, Note on Complexity of
Quantum Transmission Processes, the

proceedings of the 3rd International
Conference on Mathematical Physics and its
applications, Vestn. Sam. Gos. Techn.
Un-ta. Ser. Fiz.-mat. nauki. Issue 1,
Vol.30, pp.305-314, 2013

K. Mayuzumi, Noboru Watanabe and 1. V.
Volovich, On Construction of Quantum
Logical Gate by ESR, the proceedings of the
3rd International Conference on
Mathematical Physics and its applications,

Vestn. Sam. Gos. Techn. Un-ta. Ser.
Fiz.-mat. nauki. Issue 1, Vol.30,
pp-297-304, 2013

Noboru Watanabe, Entropy type

complexity of quantum processes, Physica
Scripta, Vol.2014, No.T163, DOl 10.
1088/0031-8949/2014/T163/014026, pp.1-6,
2014

Quantum transmission processes and
their entropies, Noboru Watanabe, Russian
Journal of Mathematical Physics, Vol. 21,
No. 3, pp.1-10, 2014

N. Watanabe, Note on Mathematical
Treatment of Communication System by
Quantum Entropies, 32nd International
Conference on Quantum Probability and
Related Topics, Levico, Italy,
2011-05-30-0604 (2011 5 30 6

4 )

N. Watanabe, On Treatment of
Communication Process by  Quantum
Entropies, The International Conference
on Foundations of Probability and Physics
- 6, Linnaeus University, Vaxjo, Sweden,
2011-06-13 06-16 (2011 6 13 6

16 )

N. Watanabe, Mathematical Treatment of
Communication System by Quantum Entropies,
43 Symposium on Mathematical Physics
Nicolaus Copernicus University Torun
Poland 2011-06-20 06-22 (2011 6
20 6 22 )

N. Watanabe, On complexity of Quantum
Communication Processes, The
International Conference on Quantum
Theory; Reconsideration of Foundations -
6, Linnaeus University, Vaxjo, Sweden,
2012-06-11 06-14 (2012 6 11 6

14 )

N. Watanabe, Note on Complexity of
Quantum Communication Processes, 44
Symposium on Mathematical Physics
Nicolaus Copernicus University  Torun
Poland 2012-06-20 06-24 (2012 6
20 6 24 )

N Watanabe Note on Complexity of
Quantum Transmission Processes 3rd
International Conference on Mathematical



Physics and Its Applications  Samara
Russia 2012-08-27 09-01 (2012 8
27 9 1 ) Plenary
K. Mayuzumi, N Watanabe and 1. Volovich
On Construction of Quantum Logical Gate by
ESR  3rd International Conference on
Mathematical Physics and Its Applications
Samara Russia 2012-08-27 09-01 (2012
8 27 9 1 )

N. Watanabe, Note on Complexity in
Quantum Transmission Processes,
International Workshop on IDAQP - White
Noise, Quantum Information and Statistics
-, Aichi Prefectural University, Nagoya,
Japan, 2013-01-07 01-09 (2013 1 7

1 9 )

N. Watanabe, On Complexities of Quantum
Transmission Process, 33nd International
Conference on Quantum Probability and

Related Fields, Marseille, France,
2012-10-01-10-05 (2012 10 1 10
5 )

N. Watanabe, Entropy Type Complexities
in Quantum Communication Processes, QBIC
Workshop 2013, Tokyo University of Science,
Noda, Japan, 2013-01-11 01-12 (2013 1

11 1 12 )

N. Watanabe, On Entropy Type Measures
in Quantum Transmission Processes, The 2nd
QBIC Workshop 2013, Tokyo University of
Science, Noda, Japan, 2013-03-4 04-5
(2013 3 4 3 5 )

N. Watanabe, On Entropy Type Complexity
for Quantum Processes, The International
Conference on Quantum Theory: Advances and
Problems - QTAP, Linnaeus University,
Vaxjo, Sweden, 2013-06-10 06-14 (2013
6 10 6 14 )

N. Watanabe, On Entropy - Type
Complexities for Communication Process,
45 Symposium on Mathematical Physics
Nicolaus Copernicus University Torun
Poland 2013-06-01 06-02 (2013 6
01 6 02 )

N Watanabe Note on Entropy Type
Complexities for Communication Channel
Quantum Probability, Statistics and
Control Nottingham the United Kingdom
2013-07-04 07-05 (2013 7 4 7

5 )

N Watanabe Note on entropy type
complexity of communication processes
The IMS Workshop on [IDAQP (Infinite
Dimensional Analysis and Quantum
Probability) and Their Applications
Institute for Mathematical Sciences,
Singapore, 2014-03-03 03-07 (2013 3

3 3 7 )

N. Watanabe, Note on Entropy Type
Complexity for Transmission Process, The

34th International Conference on Quantum

Probability and Related Topics, Steklov

Mathematical Institute, Moscow,

Russia, 2013-09-16-09-20 (2013 9 16
9 20 )

F. Konno, N. Watanabe, On construction
of CCNOT gate based on ESR, The 34th
International Conference on Quantum
Probability and Related Topics, Steklov
Mathematical Institute, Moscow,

Russia, 2013-09-16-09-20 (2013 9 16
9 20 )

N. Watanabe, On Entropy Type
Complexities of Gaussian Communication
Process, The 3rd QBIC Workshop 2013, Tokyo
University of Science, Noda, Japan,
2013-10-17 10-18 (2013 10 17
10 18 )

ON ENTROPY OF QUANTUM COMPOUND SYSTEMS,
N. Watanabe, The International Conference
on Quantum Theory: from Problems to
Advances - QTPA, Linnaeus University,
Vaxjo, Sweden, 2014-06-9 06-12 (2014
6 9 6 12 )

Note on Entropies for Compound Systems,

N. Watanabe, 46  Symposium  on

Mathematical Physics Nicolaus Copernicus

University Torun Poland 2014-06-15
06-17 (2014 6 15 6 17 )

@D NOTE ON ENTROPIES OF QUANTUM COMPOUND
SYSTEMS, N. Watanabe, Satellite
Conference of the International Congress
of Mathematicians 2014 35th International
Conference on Quantum Probability and

Related Topics, Chungbuk  National
University, Cheongju, Korea,
2014-08-22-08-26 (2014 8 22 8
26 )

@ On Entropies of Compound Systems, N.

Watanabe, The QBIC Workshop 2014, Tokyo

University of Science, Noda, Japan,

2014-10-23 10-25 (2014 10 23 10
25 )

Open Systems, Entanglement and Quantum
Optics, Edited by Andrzej Jamiolkowski,
Chaper: Quantum Communication Processes
and Their Complexity, Intech Book,
pp.65-92, 2013 138

o
WATANABE, Noboru



