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We developed the improvement of photonic reservoir computing as a new
machine-learning paradigm for easy training. We achieved better performance of time-series
prediction and classification tasks using parallel and deep reservoir configurations, compared with
conventional techniques. We fabricated a photonic integrated circuit based on silicon photonics
technology and realized fast, low-latency, and energy-efficient photonic reservoir computing.
Finally, we published a Japanese textbook of photonic reservoir computing as a compilation of our
comprehensive work.
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A. Uchida

Photonic artificial intelligence using complex photonics: Reservoir computing and decision making

The 26th Optoelectronics and Communications Conference (OECC 2021)

2021 2022

R. lwami, T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Decision making based on mode competition dynamics in a multimode semiconductor laser with optical feedback

Dynamics Days Europe 2021

2021 2022

S. Inoue, T. Mihana, S. Ohara, K. Kanno, and A. Uchida

Prediction of intermittent chaos in a semiconductor laser with short external cavity

Proceedings of International Symposium on Physics and Applications of Laser Dynamics 2021 (IS-PALD 2021)

2021 2022




T. Urushibara, N. Chauvet, A. Roehm, S. Kochi, S. Sunada, K. Kanno, A. Uchida, R. Horisaki, and M. Naruse

Parallel bandit architecture for reinforcement learning using chaotic laser time series

Proceedings of International Symposium on Physics and Applications of Laser Dynamics 2021 (IS-PALD 2021)

2021 2022

M. Naruse, A. Uchida, K. Uchiyama, and K. Akahane

Reinforcement learning by photonics

Proceedings of International Symposium on Physics and Applications of Laser Dynamics 2021 (IS-PALD 2021)

2021 2022

K. Morijiri, T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Decision making in the multi-armed bandit problem using chaotic temporal waveforms

Proceedings of International Symposium on Physics and Applications of Laser Dynamics 2021 (IS-PALD 2021)

2021 2022

T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Photonic decision making for competitive multi-armed bandit problem using synchronized laser network

Proceedings of International Symposium on Physics and Applications of Laser Dynamics 2021 (IS-PALD 2021)

2021 2022




T. Okuma, K. Kanno, and A. Uchida

Entropy estimation in chaotic semiconductor lasers with time-delayed optical feedback for random number generation

Proceedings of International Symposium on Physics and Applications of Laser Dynamics 2021 (IS-PALD 2021)

2021 2022

R. lwami, T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Photonic decision making using chaotic dynamics in a multi-mode semiconductor laser with optical feedback

Proceedings of International Symposium on Physics and Applications of Laser Dynamics 2021 (IS-PALD 2021)

2021 2022

N. Asuke, N. Chauvet, A. Roehm, K. Kanno, A. Uchida, R. Horisaki, and M. Naruse

Analysis of the temporal structure of laser chaos by Allan variance

Proceedings of International Symposium on Physics and Applications of Laser Dynamics 2021 (IS-PALD 2021)

2021 2022

S. Kudo, R. Funabashi, K. Kanno, and A. Uchida

Random number generation using complex electric-field dynamics in a chaotic semiconductor laser by coherent detection

Proceedings of International Symposium on Physics and Applications of Laser Dynamics 2021 (IS-PALD 2021)

2021 2022




C.-H. Tseng, R. Funabashi, K. Kanno, A. Uchida, C.-C. Wei, and S.-K. Hwang

160 Gb/s true physical random bit generation using broad-band, high-entropy semiconductor laser chaos

Optics & Photonics Taiwan International Conference 2021 (OPTIC 2021)

2021 2022

K. Kanno

Complex dynamics based on photonics and its applications to machine learning

The 16th International Workshop on Optical Signal Processing and Optical Switching (IWOO 2021)

2021 2022

S. Sunada and A. Uchida

Scalable neuro-inspired photonic computing on a silicon chip

The 6th International Workshop on Microcavities and Their Applications (WOMA2022)

2021 2022

A. Uchida

Photonic accelerator based on optical chaos

SPIE Photonics West On Demand 2022

2021 2022
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2021 2022

A. Uchida, K. Kanno, S. Sunada, and M. Naruse

Photonic accelerator: reservoir computing and decision making for artificial intelligence

IEEE Photonics Society Summer Topicals Meeting Series 2020

2020

A. Uchida and K. Kanno

Reservoir computing with laser dynamics: Applications of photonic artificial intelligence

Optics and Photonics Japan 2020, 0SJ-0SA-O0SK Joint Symposia on Optics

2020

R. lwami, T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Mode competition dynamics and decision making using a chaotic multimode semiconductor laser

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020




K. Morijiri, T. Mihana, A. Oda, R. lwami, K. Kanno, M. Naruse, and A. Uchida

Decision making using comparison of chaotic temporal waveforms in semiconductor lasers

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020

M. Takabayashi, T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Experiment on spontaneous switching of leader-laggard relationship in coupled three semiconductor lasers for decision making

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020

T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Decision making for solving competitive multi-armed bandit problem using scalable laser network

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020

K. Saito, K. Kanno, and A. Uchida

Memory capacity and nonlinearity in electro-optic delay-based reservoir computing

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020




H. Hasegawa, K. Kanno, and A. Uchida

Architectures of photonic deep reservoir computing using a semiconductor laser with optical feedback and injection

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020

R. Mito, K. Kanno, M. Naruse, and A. Uchida

Experiment on adaptive model selection using reinforcement learning in electro-optic delay-based reservoir computing

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020

K. Kanno and A. Uchida

Reinforcement learning based on electro-optic delay-based reservoir computing

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020

R. Funabashi, K. Kanno, and A. Uchida

Evaluation of optical frequency dynamics in a semiconductor laser with timedelayed optical feedback

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020




T. Okuma, Y. Kawaguchi, K. Kanno, and A. Uchida

Comparison between (epsilon, tau) entropy and sample entropy in a chaotic semiconductor laser

Proceedings of 2020 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2020)

2020

A. Uchida and K. Kanno

Photonic reservoir computing using complex laser dynamics

The 10th International Symposium on Photonics and Electronics Convergence (ISPEC2020)
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M. Naruse, N. Chauvet, A. Uchida, S. Huant, and H. Hori

Decision Making by Photons

Conference Proceedings of the 1st International Conference on Multimedia Information Technology and Applications (MITA2019)

2019

N. Chauvet, M.Corny, G. Laurent, A. Drezet, G. Nogues, G. Dantelle, T.Gacoin, A. Uchida, H. Hori, S. Huant, G. Bachelier,
and M. Naruse

Single hybrid plasmonic structures for efficient photon pair production at the nanoscale

10th International Conference on Metamaterials, Photonic Crystals and Plasmonics (META2019)

2019




A. A. Haya, C. Sugano, K. Kanno, and A. Uchida

Implementation of optical feedback modulation in photonic reservoir computing

Frontiers in Optics 2019

2019

T. Mihana, Y. Mitsui, M. Takabayashi, K. Kanno, M. Naruse, and A. Uchida

Decision making using lag synchronization of chaos in mutually-coupled semiconductor lasers

Frontiers in Optics 2019

2019

K. Saito, K. Kanno, and A. Uchida

Parallelization in reservoir computing based on a mutually coupled electro-optic delay system

Frontiers in Optics 2019

2019

K. Yamasaki, K. Kanno, A. Matsumoto, M. Naruse, N. Yamamoto, and A. Uchida

Experimental investigation of nonlinear dynamics and bifurcation in a quantum-dot laser with optical feedback

Frontiers in Optics 2019

2019




A. A. Haya, C. Sugano, K. Kanno, and A. Uchida

Characteristics of optical feedback modulation in delay-based photonic reservoir computing with a semiconductor laser

Proceedings of 2019 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019)

2019

K. Kanno, M. Naruse, and A. Uchida

Adaptive selection of dynamical models based on decision making in laser-based reservoir computing

Proceedings of 2019 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019)

2019

S. Takeuchi, M. Naruse, K. Kanno, A. Uchida, M. Jing, and M. Hasegawa

Dynamical channel selection in wireless communications by multi-armed bandit algorithm using chaotic time series

Proceedings of 2019 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019)

2019

S. Kochi, T. Niiyama, A. Uchida, M. Naruse, and S. Sunada

Optimal complex dynamics for solving multi-armed bandit problems using chaotic time series

Proceedings of 2019 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019)

2019




A. Oda, T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Decision making for multi-armed bandit problem with variable hit probabilities using chaotic laser signals

Proceedings of 2019 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019)

2019

M. Takabayashi, Y. Mitsui, T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Experiment on decision making using lag synchronization of chaos in mutually-coupled semiconductor lasers with time delay

Proceedings of 2019 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019)

2019

T. Mihana, K. Kanno, M. Naruse, and A. Uchida

Laser network for lag synchronization of chaos and decision making

Proceedings of 2019 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019)

2019

Y. Kawaguchi, K. Kanno, and A. Uchida

Evaluation of entropy rate from chaotic time series in semiconductor lasers

Proceedings of 2019 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019)

2019




R. Funabashi, K. Kanno, and A. Uchida

Extraction of optical frequency dynamics in a semiconductor laser with optical delayed feedback

Proceedings of 2019 International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019)

2019

M. Naruse, N. Chauvet, S.Huant, S. Sunada, A. Uchida, and H. Hori

Decision making using classical and quantum light

Al and Optical Data Science conference, SPIE Photonics West

2020
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258
K. Kanno and A. Uchida 2021
458

Springer Verlag

Reservoir Computing: Theory, Physical Implementations, and Applications (Chapter 16,
Performance improvement of delay-based photonic reservoir computing)

http://www.au.ics.saitama-u.ac.jp
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