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“Machine learning 
has become 

Alchemy.”

Ali Rahimi (Google) at NIPS 2017
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Statistical Sequence Modeling

Many-body Quantum Physics

Next word prediction I LOVE ?

1-D Spin Chain
 

MPS, DMRG

Sequence Modeling and Many-body Quantum Physics

P(xn |xn−1, …, x1)

Sentiment Analysis P(σ |xn, …, x1)“This is a great movie!!” σ = + 1
“This is a boring movie…” σ = − 1

In Deep Learning era, typically parametrised

by Recurrent Neural Networks (RNNs).

Classification of Phase of Matters “Ferromagnets” 

Lack explainability!

Relatively well developed
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Shallow Recurrent Neural Networks (RNNs) Architecture for Sentiment Analysis

f(a, b) is typically a highly non-linear function, which makes the analysis of iterated non-linear map in RNNs difficult.

ht = f (WHht−1, WIΦ (xt))
c = σ(WOhT)

P(c |xT, …, x1)≈

f(a, b) ≡ f RAC(a, b) = a ⊙ b

However, for a specific type of activation function called Recurrent Arithmetic Circuits (RACs), there’s a mapping to a 
translational invariant Matrix Product State (MPS)

Levine, Y., et. al. On the Long-Term Memory of Deep Recurrent Networks, ICRL, 2018.
Levine, Y., et. al. Quantum Entanglement in Deep Learning Architecture, PRL, 2019.
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Levine, Y., et. al. On the Long-Term Memory of Deep Recurrent Networks, ICRL, 2018.
Levine, Y., et. al. Quantum Entanglement in Deep Learning Architecture, PRL, 2019.
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Entanglement Entropy

If , then    does not possess long-range correlation.


Thus  can be a good proxy to test whether the learned RACs has long-range

information propagation.

r ≪ χ |ψMPS⟩

S
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Sentiment Analysis for IMDB dataset: fixed word embedding
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Sentiment Analysis for IMDB dataset: fixed word embedding

fixed

Collapse of entanglement spectrum determines model bias



Sentiment Analysis for IMDB dataset: trainable word embedding

trainable 



Sentiment Analysis for IMDB dataset: trainable word embedding

trainable 

Word embedding becomes more meaningful!



Summary 

Mapping RACs to MPS allows one to exploit entanglement entropy as a measure of 

long-range correlation in natural language modeling.


Machine learning model bias in sentiment analysis is closely related to the saturation of 
information propagation, arising from the collapse of MPS’s entanglement spectrum. 
 
Word embedding plays a very crucial role in expressing data. Although long-range  
information propagation is limited by the area law of MPS, the expressiveness of model 
is boosted by more meaningful word embeddings. 

Tangpanitanon, J., Mangkang, C., Bhadola, P., Minato, Y., Angelakis, D., Chotibut, T. Explainable Natural Language 
Processing with Matrix Product States, New Journal of Physics 2022 (arxiv:2112.08628)

https://arxiv.org/abs/2112.08628
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xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

Reservoir Computing (RC) in a nutshell

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear



<latexit sha1_base64="jS/4axstuY3mjQdOqx9pomK+Nj8="></latexit>

xk = r(sk, r(sk�1, . . . , r(s1,x0 ) . . . ))| {z }
k

The current state of the reservoir is influenced by the past inputs

<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

Reservoir Computing (RC) in a nutshell

G. Tanaka et. al. Recent advances in physical reservoir computing: a review, Neural Networks, (115) 100-123, 2019

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear



<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k <latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

Reservoir Computing (RC) in a nutshell

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear



<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout
<latexit sha1_base64="egWgWmlbm1rx3/xGqyKbtbNic7Y=">AAAB8XicbZDLSsNAFIZP6q3WW9Wlm2ARXJWk4GVZdOOygr1gG8pkctIOnUzCzEQooW/hxoUibn0bd76NkzYLbf1h4OM/5zDn/H7CmdKO822V1tY3NrfK25Wd3b39g+rhUUfFqaTYpjGPZc8nCjkT2NZMc+wlEknkc+z6k9u83n1CqVgsHvQ0QS8iI8FCRok21mNLYsBojsNqzak7c9mr4BZQg0KtYfVrEMQ0jVBoyolSfddJtJcRqRnlOKsMUoUJoRMywr5BQSJUXjbfeGafGSeww1iaJ7Q9d39PZCRSahr5pjMieqyWa7n5X62f6vDay5hIUo2CLj4KU27r2M7PtwMmkWo+NUCoZGZXm46JJFSbkComBHf55FXoNOruZf3ivlFr3hRxlOEETuEcXLiCJtxBC9pAQcAzvMKbpawX6936WLSWrGLmGP7I+vwBuyOQ9w==</latexit>

Prediction

<latexit sha1_base64="mzNWf2BndDAhUhj2UOvnzOeiVeI=">AAACHnicbVDLSgMxFM34rPVVdekmWIS6KTNi1Y1QdOOygn1AOw6ZNNOGZh4kd8QyzJe48VfcuFBEcKV/Y9pOQVsPBE7OuZd773EjwRWY5rexsLi0vLKaW8uvb2xubRd2dhsqjCVldRqKULZcopjgAasDB8FakWTEdwVruoOrkd+8Z1LxMLiFYcRsn/QC7nFKQEtOodLpE0g6PoG+6yXDNHUG+AJP//20NKUP6V0SxpA6ySA9cgpFs2yOgeeJlZEiylBzCp+dbkhjnwVABVGqbZkR2AmRwKlgab4TKxYROiA91tY0ID5TdjI+L8WHWuliL5T6BYDH6u+OhPhKDX1XV46WVbPeSPzPa8fgndsJD6IYWEAng7xYYAjxKCvc5ZJREENNCJVc74ppn0hCQSea1yFYsyfPk8Zx2TotV25OitXLLI4c2kcHqIQsdIaq6BrVUB1R9Iie0St6M56MF+Pd+JiULhhZzx76A+PrB5nApAs=</latexit>

ŷk = h(xout
k )

<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

Reservoir Computing (RC) in a nutshell

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear

<latexit sha1_base64="U/gOnX2XcB1nPcTRXCQWCUIJR9Y="></latexit>

h is trainable
<latexit sha1_base64="fqwO7h12FcC005n0H+mpcft1x4o=">AAACHHicdVDLSgMxFM3UV62vqks3wSK4kCFTrWN3RTcuK9gHTIeSSdM2NJMZkoxQhn6IG3/FjQtF3LgQ/BvTaQsqeiBwOPfcR04Qc6Y0Qp9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYyupvXWHZWKReJWj2Pqh3ggWJ8RrI3ULZ6mnWyIJweBnyLbKbsuQifIrlarrluZEXTmTrDowekSLCfdYmlhhAsjXBihY6MMJTBHvVt87/QikoRUaMKxUp6DYu2nWGpGOJ0UOomiMSYjPKCeoQKHVPlpdtcEHhmlB/uRNE9omKnfO1IcKjUOA+MMsR6q37Wp+FfNS3T/wk+ZiBNNBZkt6icc6ghOk4I9JinRfGwIJpKZWyEZYomJNnkWTAiLn8L/SbNsO+d25aZcql3O48iDA3AIjoEDXFAD16AOGoCAe/AInsGL9WA9Wa/W28yas+Y9++AHrI8vWHCeeQ==</latexit>

and linear



<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update
<latexit sha1_base64="X4g0i0CG25Aoh1tciysZ+rWXhtg=">AAAB/XicbVDLSgMxFL3js9ZXfezcBItQN2Wm4GNZdOOyQl/QDiWTybShmcyQZIRxKP6KGxeKuPU/3Pk3pu0stPVA4OSce8jN8WLOlLbtb2tldW19Y7OwVdze2d3bLx0ctlWUSEJbJOKR7HpYUc4EbWmmOe3GkuLQ47TjjW+nfueBSsUi0dRpTN0QDwULGMHaSIPScaWZxubGz5HJ+YzM5bJdtWdAy8TJSRlyNAalr74fkSSkQhOOleo5dqzdDEvNCKeTYj9RNMZkjIe0Z6jAIVVuNtt+gs6M4qMgkuYIjWbq70SGQ6XS0DOTIdYjtehNxf+8XqKDazdjIk40FWT+UJBwpCM0rQL5TFKieWoIJpKZXREZYYmJNoUVTQnO4peXSbtWdS6rF/e1cv0mr6MAJ3AKFXDgCupwBw1oAYFHeIZXeLOerBfr3fqYj65YeeYI/sD6/AH/iJTz</latexit>

(Typical) prediction

<latexit sha1_base64="s7CaxEKhQ4B6CMOVZEdeuHWDyuI="></latexit>

sk+1 ⌘ ŷk

= Wxout
k

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="WH5fz4NdA4GJ3mvuKayUH0+4QaE=">AAAB6nicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOyon1AG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gdDP1W49UKhaLBz1OqB/hgWAhI1gb6X504faKJcd2ZkCO7VW8atlD7lJZkhIsUO8VP7v9mKQRFZpwrFTHdRLtZ1hqRjidFLqpogkmIzygHUMFjqjys9mpE3RmlD4KY2lKaDRTf05kOFJqHAWmM8J6qP56U/E/r5PqsOpnTCSppoLMF4UpRzpG079Rn0lKNB8bgolk5lZEhlhiok06BRPCysurpOnZ7pV9eVcu1a4XceThBE7hHFyoQA1uoQ4NIDCAJ3iBV4tbz9ab9T5vzVmLmWP4BevjG9GtjYM=</latexit>

k + 1<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k
<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

Reservoir Computing (RC) in a nutshell

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear
<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable



<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k
<latexit sha1_base64="4JwWJNu9s/uRW5tjiu4WDyPP6Us=">AAAB7XicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOygn1AG8pkOmnHTjJhZiKU0H9w40IRt/6PO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqUQqCW0QwYVsB1hRzmLa0Exz2k4kxVHAaSsY3Uz91iOVion4Xo8T6kd4ELOQEayN1BxddDVOe8WSYzszIMf2Kl617CF3qSxJCRao94qf3b4gaURjTThWquM6ifYzLDUjnE4K3VTRBJMRHtCOoTGOqPKz2bUTdGaUPgqFNBVrNFN/TmQ4UmocBaYzwnqo/npT8T+vk+qw6mcsTlJNYzJfFKYcaYGmr6M+k5RoPjYEE8nMrYgMscREm4AKJoSVl1dJ07PdK/vyrlyqXS/iyMMJnMI5uFCBGtxCHRpA4AGe4AVeLWE9W2/W+7w1Zy1mjuEXrI9veguPFg==</latexit>

k + ⌧

<latexit sha1_base64="9Apd6Fb07rTKSUs+TcOoVuvtt5M=">AAACAnicbVDLSgMxFM3UV62vqitxEyyCG4eZQW2XRTcuK9oHtEPJZDJtaCYTkoxQhuLGX3HjQhG3foU7/8b0BWo9EDiccw839wSCUaUd58vKLS2vrK7l1wsbm1vbO8XdvYZKUolJHScska0AKcIoJ3VNNSMtIQmKA0aaweBq7DfviVQ04Xd6KIgfox6nEcVIG6lbPLgdUCEo752iPkEhNOGQ4qlXcmxnAujYXtmrnHnQnStzUgIz1LrFz06Y4DQmXGOGlGq7jtB+hqSmmJFRoZMqIhAeoB5pG8pRTJSfTU4YwWOjhDBKpHlcw4n6M5GhWKlhHJjJGOm++uuNxf+8dqqjip9RLlJNOJ4uilIGdQLHfcCQSoI1GxqCsKTmrxD3kURYm9YKpoSFkxdJw7PdC/v8xitVL2d15MEhOAInwAVlUAXXoAbqAIMH8ARewKv1aD1bb9b7dDRnzTL74Besj2908Zd9</latexit>

Skipping-ahead prediction

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="BhXpObtW6t2RHF8wdNZsyiVP3OA=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL1vZW9OKxgrWFdinZNNuGJtklmRVK6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5YSKFBUI+vNzK6tr6Rn6zsLW9s7tX3D+4s3FqGG+xWMamE1LLpdC8BQIk7ySGUxVK3g7HV5nfvufGiljfwiThgaJDLSLBKGRSD2jaL5ZImThUqzgjfo34jtTrtUqljv25RUgJLdHsF997g5ilimtgklrb9UkCwZQaEEzyWaGXWp5QNqZD3nVUU8VtMJ3fOsMnThngKDauNOC5+n1iSpW1ExW6TkVhZH97mfiX100hqgVToZMUuGaLRVEqMcQ4exwPhOEM5MQRyoxwt2I2ooYycPEUXAhfn+L/yV2l7FfL5zdnpcblMo48OkLH6BT56AI10DVqohZiaIQe0BN69pT36L14r4vWnLecOUQ/4L19Anuyjo8=</latexit>⌧

<latexit sha1_base64="v46Enw/yVcGcoOKHYez6l4utiKU="></latexit>

sk+⌧ ⌘ ŷk

= Wxout
k

Reservoir Computing (RC) in a nutshell

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear
<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable



<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k
<latexit sha1_base64="4JwWJNu9s/uRW5tjiu4WDyPP6Us=">AAAB7XicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOygn1AG8pkOmnHTjJhZiKU0H9w40IRt/6PO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqUQqCW0QwYVsB1hRzmLa0Exz2k4kxVHAaSsY3Uz91iOVion4Xo8T6kd4ELOQEayN1BxddDVOe8WSYzszIMf2Kl617CF3qSxJCRao94qf3b4gaURjTThWquM6ifYzLDUjnE4K3VTRBJMRHtCOoTGOqPKz2bUTdGaUPgqFNBVrNFN/TmQ4UmocBaYzwnqo/npT8T+vk+qw6mcsTlJNYzJfFKYcaYGmr6M+k5RoPjYEE8nMrYgMscREm4AKJoSVl1dJ07PdK/vyrlyqXS/iyMMJnMI5uFCBGtxCHRpA4AGe4AVeLWE9W2/W+7w1Zy1mjuEXrI9veguPFg==</latexit>

k + ⌧

<latexit sha1_base64="9Apd6Fb07rTKSUs+TcOoVuvtt5M=">AAACAnicbVDLSgMxFM3UV62vqitxEyyCG4eZQW2XRTcuK9oHtEPJZDJtaCYTkoxQhuLGX3HjQhG3foU7/8b0BWo9EDiccw839wSCUaUd58vKLS2vrK7l1wsbm1vbO8XdvYZKUolJHScska0AKcIoJ3VNNSMtIQmKA0aaweBq7DfviVQ04Xd6KIgfox6nEcVIG6lbPLgdUCEo752iPkEhNOGQ4qlXcmxnAujYXtmrnHnQnStzUgIz1LrFz06Y4DQmXGOGlGq7jtB+hqSmmJFRoZMqIhAeoB5pG8pRTJSfTU4YwWOjhDBKpHlcw4n6M5GhWKlhHJjJGOm++uuNxf+8dqqjip9RLlJNOJ4uilIGdQLHfcCQSoI1GxqCsKTmrxD3kURYm9YKpoSFkxdJw7PdC/v8xitVL2d15MEhOAInwAVlUAXXoAbqAIMH8ARewKv1aD1bb9b7dDRnzTL74Besj2908Zd9</latexit>

Skipping-ahead prediction

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="BhXpObtW6t2RHF8wdNZsyiVP3OA=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL1vZW9OKxgrWFdinZNNuGJtklmRVK6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5YSKFBUI+vNzK6tr6Rn6zsLW9s7tX3D+4s3FqGG+xWMamE1LLpdC8BQIk7ySGUxVK3g7HV5nfvufGiljfwiThgaJDLSLBKGRSD2jaL5ZImThUqzgjfo34jtTrtUqljv25RUgJLdHsF997g5ilimtgklrb9UkCwZQaEEzyWaGXWp5QNqZD3nVUU8VtMJ3fOsMnThngKDauNOC5+n1iSpW1ExW6TkVhZH97mfiX100hqgVToZMUuGaLRVEqMcQ4exwPhOEM5MQRyoxwt2I2ooYycPEUXAhfn+L/yV2l7FfL5zdnpcblMo48OkLH6BT56AI10DVqohZiaIQe0BN69pT36L14r4vWnLecOUQ/4L19Anuyjo8=</latexit>⌧

<latexit sha1_base64="v46Enw/yVcGcoOKHYez6l4utiKU="></latexit>

sk+⌧ ⌘ ŷk

= Wxout
k

Reservoir Computing (RC) in a nutshell

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear
<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable

W is “trained” by minimizing
<latexit sha1_base64="WxqOig9LlrJkVsDupTG6NG+sHiA="></latexit>
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||ŷk �Wxout
k ||22 + �||W ||2

Training



<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k
<latexit sha1_base64="4JwWJNu9s/uRW5tjiu4WDyPP6Us=">AAAB7XicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOygn1AG8pkOmnHTjJhZiKU0H9w40IRt/6PO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqUQqCW0QwYVsB1hRzmLa0Exz2k4kxVHAaSsY3Uz91iOVion4Xo8T6kd4ELOQEayN1BxddDVOe8WSYzszIMf2Kl617CF3qSxJCRao94qf3b4gaURjTThWquM6ifYzLDUjnE4K3VTRBJMRHtCOoTGOqPKz2bUTdGaUPgqFNBVrNFN/TmQ4UmocBaYzwnqo/npT8T+vk+qw6mcsTlJNYzJfFKYcaYGmr6M+k5RoPjYEE8nMrYgMscREm4AKJoSVl1dJ07PdK/vyrlyqXS/iyMMJnMI5uFCBGtxCHRpA4AGe4AVeLWE9W2/W+7w1Zy1mjuEXrI9veguPFg==</latexit>

k + ⌧

<latexit sha1_base64="9Apd6Fb07rTKSUs+TcOoVuvtt5M=">AAACAnicbVDLSgMxFM3UV62vqitxEyyCG4eZQW2XRTcuK9oHtEPJZDJtaCYTkoxQhuLGX3HjQhG3foU7/8b0BWo9EDiccw839wSCUaUd58vKLS2vrK7l1wsbm1vbO8XdvYZKUolJHScska0AKcIoJ3VNNSMtIQmKA0aaweBq7DfviVQ04Xd6KIgfox6nEcVIG6lbPLgdUCEo752iPkEhNOGQ4qlXcmxnAujYXtmrnHnQnStzUgIz1LrFz06Y4DQmXGOGlGq7jtB+hqSmmJFRoZMqIhAeoB5pG8pRTJSfTU4YwWOjhDBKpHlcw4n6M5GhWKlhHJjJGOm++uuNxf+8dqqjip9RLlJNOJ4uilIGdQLHfcCQSoI1GxqCsKTmrxD3kURYm9YKpoSFkxdJw7PdC/v8xitVL2d15MEhOAInwAVlUAXXoAbqAIMH8ARewKv1aD1bb9b7dDRnzTL74Besj2908Zd9</latexit>

Skipping-ahead prediction

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="BhXpObtW6t2RHF8wdNZsyiVP3OA=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqWSL1vZW9OKxgrWFdinZNNuGJtklmRVK6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5YSKFBUI+vNzK6tr6Rn6zsLW9s7tX3D+4s3FqGG+xWMamE1LLpdC8BQIk7ySGUxVK3g7HV5nfvufGiljfwiThgaJDLSLBKGRSD2jaL5ZImThUqzgjfo34jtTrtUqljv25RUgJLdHsF997g5ilimtgklrb9UkCwZQaEEzyWaGXWp5QNqZD3nVUU8VtMJ3fOsMnThngKDauNOC5+n1iSpW1ExW6TkVhZH97mfiX100hqgVToZMUuGaLRVEqMcQ4exwPhOEM5MQRyoxwt2I2ooYycPEUXAhfn+L/yV2l7FfL5zdnpcblMo48OkLH6BT56AI10DVqohZiaIQe0BN69pT36L14r4vWnLecOUQ/4L19Anuyjo8=</latexit>⌧

Reservoir Computing (RC) in a nutshell

W is “trained” by minimizing
<latexit sha1_base64="WxqOig9LlrJkVsDupTG6NG+sHiA="></latexit>
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||ŷk �Wxout
k ||22 + �||W ||2

<latexit sha1_base64="Lp0Vot5B+Yun2dIgjAQjDJqlK4U="></latexit>

Y = (ŷ0, . . . , ŷT�1) 2 RDP⇥T

Training

<latexit sha1_base64="DK65h00gdfhJ/IGO5QTPnlivTQg="></latexit>

X = (xout
0 , . . . ,xout

T�1) 2 RDO⇥T

target matrix
feature matrix

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear

<latexit sha1_base64="v46Enw/yVcGcoOKHYez6l4utiKU="></latexit>

sk+⌧ ⌘ ŷk

= Wxout
k

<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable

<latexit sha1_base64="c9kVd+EZcUl5cslWVZSR6MOmAP8=">AAACJ3icbVDJSgNBFOxxN25Rj14ag6CIYUbcLkrQi94iGBPJxNDT85I09ix0vxHDMH/jxV/xIqiIHv0TOzGIW0FDUfW2Li+WQqNtv1lDwyOjY+MTk7mp6ZnZufz8wrmOEsWhwiMZqZrHNEgRQgUFSqjFCljgSah6V0c9v3oNSosoPMNuDI2AtUPREpyhkZr5AxfhBvtzUk8mkKXVjO7Ti9ql67N2G9Rq7YvSdepKM9pn9GTtMt1wslwzX7CLdh/0L3EGpEAGKDfzj64f8SSAELlkWtcdO8ZGyhQKLiHLuYmGmPEr1oa6oSELQDfS/n0ZXTGKT1uRMi9E2le/d6Qs0LobeKYyYNjRv72e+J9XT7C110hFGCcIIf9c1EokxYj2QqO+UMBRdg1hXAlzK+UdphhHE20vBOf3l/+S882is1PcPt0qlA4HcUyQJbJMVolDdkmJHJMyqRBObsk9eSLP1p31YL1Yr5+lQ9agZ5H8gPX+AaJ9pRY=</latexit>

W = Y X†(XX† + �I)�1



<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k
<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

Reservoir Computing (RC) in a nutshell

Typical Prediction

<latexit sha1_base64="X4g0i0CG25Aoh1tciysZ+rWXhtg=">AAAB/XicbVDLSgMxFL3js9ZXfezcBItQN2Wm4GNZdOOyQl/QDiWTybShmcyQZIRxKP6KGxeKuPU/3Pk3pu0stPVA4OSce8jN8WLOlLbtb2tldW19Y7OwVdze2d3bLx0ctlWUSEJbJOKR7HpYUc4EbWmmOe3GkuLQ47TjjW+nfueBSsUi0dRpTN0QDwULGMHaSIPScaWZxubGz5HJ+YzM5bJdtWdAy8TJSRlyNAalr74fkSSkQhOOleo5dqzdDEvNCKeTYj9RNMZkjIe0Z6jAIVVuNtt+gs6M4qMgkuYIjWbq70SGQ6XS0DOTIdYjtehNxf+8XqKDazdjIk40FWT+UJBwpCM0rQL5TFKieWoIJpKZXREZYYmJNoUVTQnO4peXSbtWdS6rF/e1cv0mr6MAJ3AKFXDgCupwBw1oAYFHeIZXeLOerBfr3fqYj65YeeYI/sD6/AH/iJTz</latexit>

(Typical) prediction

<latexit sha1_base64="WH5fz4NdA4GJ3mvuKayUH0+4QaE=">AAAB6nicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOyon1AG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gdDP1W49UKhaLBz1OqB/hgWAhI1gb6X504faKJcd2ZkCO7VW8atlD7lJZkhIsUO8VP7v9mKQRFZpwrFTHdRLtZ1hqRjidFLqpogkmIzygHUMFjqjys9mpE3RmlD4KY2lKaDRTf05kOFJqHAWmM8J6qP56U/E/r5PqsOpnTCSppoLMF4UpRzpG079Rn0lKNB8bgolk5lZEhlhiok06BRPCysurpOnZ7pV9eVcu1a4XceThBE7hHFyoQA1uoQ4NIDCAJ3iBV4tbz9ab9T5vzVmLmWP4BevjG9GtjYM=</latexit>

k + 1
<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="mBUAFQL6EoSHibieC74j7AtQn4o=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZ8bYRim5cVrAXaMeSSTNtaCYZkoxYhnkFN76KGxeKuHXnzrcx0w6orT8Efr5zDjnn9yNGlXacL2tufmFxabmwUlxdW9/YtLe2G0rEEpM6FkzIlo8UYZSTuqaakVYkCQp9Rpr+8DKrN++IVFTwGz2KiBeiPqcBxUgb1LXL5U6I9MAPkvv0NhGxTrvJMIXn8Adn4KDYtUtOxRkLzho3NyWQq9a1Pzs9geOQcI0ZUqrtOpH2EiQ1xYykxU6sSITwEPVJ21iOQqK8ZHxRCvcN6cFASPO4hmP6eyJBoVKj0Ded2Z5qupbB/2rtWAdnXkJ5FGvC8eSjIGZQC5jFA3tUEqzZyBiEJTW7QjxAEmFtQsxCcKdPnjWNw4p7Ujm+PipVL/I4CmAX7IEycMEpqIIrUAN1gMEDeAIv4NV6tJ6tN+t90jpn5TM74I+sj28RJ53L</latexit>

(xout
k = xk)

<latexit sha1_base64="LLw2s6lebtCqoK4PDSaIKF8ZBko="></latexit>

s0k+1 = Wxk = Wr(s0k,xk�1)
<latexit sha1_base64="ci46OB7x3W96gRHvCvjB9aAXQfc="></latexit>

s0k+2 = Wr(s0k+1,xk) = Wr(Wr(s0k,xk�1),xk)

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear

<latexit sha1_base64="s7CaxEKhQ4B6CMOVZEdeuHWDyuI="></latexit>

sk+1 ⌘ ŷk

= Wxout
k

<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable



J. Pathak et. al. Model-Free Prediction of Large Spatiotemporally Chaotic Systems from Data: A Reservoir Computing Approach, Phys. Rev. Lett. 120, 024102, 2018

kuramoto-sivashinsky spatiotemporal chaos

Target

Prediction

Error

<latexit sha1_base64="9PMyscO75ktDFwpVM9nVB3fcLFo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oFtKZk004ZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx1IYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3fWq4FIo3UKDk7VhzGvqSt/zxbea3nrg2IlIPOIl5L6RDJQLBKFrpsRtSHPlBaqb9csWtujOQZeLlpAI56v3yV3cQsSTkCpmkxnQ8N8ZeSjUKJvm01E0Mjykb0yHvWKpoyE0vnSWekhOrDEgQafsUkpn6eyOloTGT0LeTWUKz6GXif14nweC6lwoVJ8gVm38UJJJgRLLzyUBozlBOLKFMC5uVsBHVlKEtqWRL8BZPXibNs6p3Wb24P6/UbvI6inAEx3AKHlxBDe6gDg1goOAZXuHNMc6L8+58zEcLTr5zCH/gfP4A+OCRIQ==</latexit>s

<latexit sha1_base64="HwmAKhhk44yOgYNq0SoDYatlow0=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvoqmSK1nZXdOOygn3AtJRMmmlDM5khyQhl6Ge4caGIW7/GnX9jpq2gogcCh3PuJecePxZcG4w/nNzK6tr6Rn6zsLW9s7tX3D9o6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMefXGd+554pzSN5Z6Yx64dkJHnAKTFW8nohMWM/SPXsdFAs4TK2qFZRRtwadi2p12uVSh25cwvjEizRHBTfe8OIJiGThgqitefi2PRTogyngs0KvUSzmNAJGTHPUklCpvvpPPIMnVhliIJI2ScNmqvfN1ISaj0NfTuZRdS/vUz8y/MSE9T6KZdxYpiki4+CRCAToex+NOSKUSOmlhCquM2K6JgoQo1tqWBL+LoU/U/albJbLV/cnpcaV8s68nAEx3AGLlxCA26gCS2gEMEDPMGzY5xH58V5XYzmnOXOIfyA8/YJtH+Rjw==</latexit>

s0
reservoir 

RNN



J. Pathak et. al. Model-Free Prediction of Large Spatiotemporally Chaotic Systems from Data: A Reservoir Computing Approach, Phys. Rev. Lett. 120, 024102, 2018

kuramoto-sivashinsky spatiotemporal chaos

Target

Prediction

Error

<latexit sha1_base64="9PMyscO75ktDFwpVM9nVB3fcLFo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oFtKZk004ZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx1IYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3fWq4FIo3UKDk7VhzGvqSt/zxbea3nrg2IlIPOIl5L6RDJQLBKFrpsRtSHPlBaqb9csWtujOQZeLlpAI56v3yV3cQsSTkCpmkxnQ8N8ZeSjUKJvm01E0Mjykb0yHvWKpoyE0vnSWekhOrDEgQafsUkpn6eyOloTGT0LeTWUKz6GXif14nweC6lwoVJ8gVm38UJJJgRLLzyUBozlBOLKFMC5uVsBHVlKEtqWRL8BZPXibNs6p3Wb24P6/UbvI6inAEx3AKHlxBDe6gDg1goOAZXuHNMc6L8+58zEcLTr5zCH/gfP4A+OCRIQ==</latexit>s

<latexit sha1_base64="HwmAKhhk44yOgYNq0SoDYatlow0=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvoqmSK1nZXdOOygn3AtJRMmmlDM5khyQhl6Ge4caGIW7/GnX9jpq2gogcCh3PuJecePxZcG4w/nNzK6tr6Rn6zsLW9s7tX3D9o6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMefXGd+554pzSN5Z6Yx64dkJHnAKTFW8nohMWM/SPXsdFAs4TK2qFZRRtwadi2p12uVSh25cwvjEizRHBTfe8OIJiGThgqitefi2PRTogyngs0KvUSzmNAJGTHPUklCpvvpPPIMnVhliIJI2ScNmqvfN1ISaj0NfTuZRdS/vUz8y/MSE9T6KZdxYpiki4+CRCAToex+NOSKUSOmlhCquM2K6JgoQo1tqWBL+LoU/U/albJbLV/cnpcaV8s68nAEx3AGLlxCA26gCS2gEMEDPMGzY5xH58V5XYzmnOXOIfyA8/YJtH+Rjw==</latexit>

s0

K. Fujii, K. Navajoma Quantum Reservoir Computing: A Reservoir Approach Toward Quantum Machine Learning Near-Term Devices, Reservoir Computing 423-450, 2021

reservoir 

quantum 
Ising 

reservoir 

RNN



<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k
<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="X4g0i0CG25Aoh1tciysZ+rWXhtg=">AAAB/XicbVDLSgMxFL3js9ZXfezcBItQN2Wm4GNZdOOyQl/QDiWTybShmcyQZIRxKP6KGxeKuPU/3Pk3pu0stPVA4OSce8jN8WLOlLbtb2tldW19Y7OwVdze2d3bLx0ctlWUSEJbJOKR7HpYUc4EbWmmOe3GkuLQ47TjjW+nfueBSsUi0dRpTN0QDwULGMHaSIPScaWZxubGz5HJ+YzM5bJdtWdAy8TJSRlyNAalr74fkSSkQhOOleo5dqzdDEvNCKeTYj9RNMZkjIe0Z6jAIVVuNtt+gs6M4qMgkuYIjWbq70SGQ6XS0DOTIdYjtehNxf+8XqKDazdjIk40FWT+UJBwpCM0rQL5TFKieWoIJpKZXREZYYmJNoUVTQnO4peXSbtWdS6rF/e1cv0mr6MAJ3AKFXDgCupwBw1oAYFHeIZXeLOerBfr3fqYj65YeeYI/sD6/AH/iJTz</latexit>

(Typical) prediction

<latexit sha1_base64="WH5fz4NdA4GJ3mvuKayUH0+4QaE=">AAAB6nicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOyon1AG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gdDP1W49UKhaLBz1OqB/hgWAhI1gb6X504faKJcd2ZkCO7VW8atlD7lJZkhIsUO8VP7v9mKQRFZpwrFTHdRLtZ1hqRjidFLqpogkmIzygHUMFjqjys9mpE3RmlD4KY2lKaDRTf05kOFJqHAWmM8J6qP56U/E/r5PqsOpnTCSppoLMF4UpRzpG079Rn0lKNB8bgolk5lZEhlhiok06BRPCysurpOnZ7pV9eVcu1a4XceThBE7hHFyoQA1uoQ4NIDCAJ3iBV4tbz9ab9T5vzVmLmWP4BevjG9GtjYM=</latexit>

k + 1
<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

! No clear strategy on how to initialize different types of reservoir !

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear

<latexit sha1_base64="s7CaxEKhQ4B6CMOVZEdeuHWDyuI="></latexit>

sk+1 ⌘ ŷk

= Wxout
k

<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable

Reservoir Computing (RC) in a nutshell



<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)
<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk

<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout
<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state update

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

Next Generation Reservoir Computing (NG-RC) in a nutshell
Next Generation Reservoir 

= 
NO Reservoir 

D. J. Gauthier et. al. Next generation reservoir computing Nature Communications 12:5564 (2021)

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

?

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="X4g0i0CG25Aoh1tciysZ+rWXhtg=">AAAB/XicbVDLSgMxFL3js9ZXfezcBItQN2Wm4GNZdOOyQl/QDiWTybShmcyQZIRxKP6KGxeKuPU/3Pk3pu0stPVA4OSce8jN8WLOlLbtb2tldW19Y7OwVdze2d3bLx0ctlWUSEJbJOKR7HpYUc4EbWmmOe3GkuLQ47TjjW+nfueBSsUi0dRpTN0QDwULGMHaSIPScaWZxubGz5HJ+YzM5bJdtWdAy8TJSRlyNAalr74fkSSkQhOOleo5dqzdDEvNCKeTYj9RNMZkjIe0Z6jAIVVuNtt+gs6M4qMgkuYIjWbq70SGQ6XS0DOTIdYjtehNxf+8XqKDazdjIk40FWT+UJBwpCM0rQL5TFKieWoIJpKZXREZYYmJNoUVTQnO4peXSbtWdS6rF/e1cv0mr6MAJ3AKFXDgCupwBw1oAYFHeIZXeLOerBfr3fqYj65YeeYI/sD6/AH/iJTz</latexit>

(Typical) prediction

<latexit sha1_base64="WH5fz4NdA4GJ3mvuKayUH0+4QaE=">AAAB6nicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOyon1AG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gdDP1W49UKhaLBz1OqB/hgWAhI1gb6X504faKJcd2ZkCO7VW8atlD7lJZkhIsUO8VP7v9mKQRFZpwrFTHdRLtZ1hqRjidFLqpogkmIzygHUMFjqjys9mpE3RmlD4KY2lKaDRTf05kOFJqHAWmM8J6qP56U/E/r5PqsOpnTCSppoLMF4UpRzpG079Rn0lKNB8bgolk5lZEhlhiok06BRPCysurpOnZ7pV9eVcu1a4XceThBE7hHFyoQA1uoQ4NIDCAJ3iBV4tbz9ab9T5vzVmLmWP4BevjG9GtjYM=</latexit>

k + 1
<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="s7CaxEKhQ4B6CMOVZEdeuHWDyuI="></latexit>

sk+1 ⌘ ŷk

= Wxout
k

<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear
?

??

?



<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk
<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

Next Generation Reservoir Computing (NG-RC) in a nutshell

D. J. Gauthier et. al. Next generation reservoir computing Nature Communications 12:5564 (2021)

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

Non-linear feature map with “memory” of the past data

(non-linear for p > 1)

In some limit, equivalent to nonlinear vector autoregression (NVAR) with universal approximation property for dynamical systems

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="X4g0i0CG25Aoh1tciysZ+rWXhtg=">AAAB/XicbVDLSgMxFL3js9ZXfezcBItQN2Wm4GNZdOOyQl/QDiWTybShmcyQZIRxKP6KGxeKuPU/3Pk3pu0stPVA4OSce8jN8WLOlLbtb2tldW19Y7OwVdze2d3bLx0ctlWUSEJbJOKR7HpYUc4EbWmmOe3GkuLQ47TjjW+nfueBSsUi0dRpTN0QDwULGMHaSIPScaWZxubGz5HJ+YzM5bJdtWdAy8TJSRlyNAalr74fkSSkQhOOleo5dqzdDEvNCKeTYj9RNMZkjIe0Z6jAIVVuNtt+gs6M4qMgkuYIjWbq70SGQ6XS0DOTIdYjtehNxf+8XqKDazdjIk40FWT+UJBwpCM0rQL5TFKieWoIJpKZXREZYYmJNoUVTQnO4peXSbtWdS6rF/e1cv0mr6MAJ3AKFXDgCupwBw1oAYFHeIZXeLOerBfr3fqYj65YeeYI/sD6/AH/iJTz</latexit>

(Typical) prediction

<latexit sha1_base64="WH5fz4NdA4GJ3mvuKayUH0+4QaE=">AAAB6nicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOyon1AG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gdDP1W49UKhaLBz1OqB/hgWAhI1gb6X504faKJcd2ZkCO7VW8atlD7lJZkhIsUO8VP7v9mKQRFZpwrFTHdRLtZ1hqRjidFLqpogkmIzygHUMFjqjys9mpE3RmlD4KY2lKaDRTf05kOFJqHAWmM8J6qP56U/E/r5PqsOpnTCSppoLMF4UpRzpG079Rn0lKNB8bgolk5lZEhlhiok06BRPCysurpOnZ7pV9eVcu1a4XceThBE7hHFyoQA1uoQ4NIDCAJ3iBV4tbz9ab9T5vzVmLmWP4BevjG9GtjYM=</latexit>

k + 1
<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="s7CaxEKhQ4B6CMOVZEdeuHWDyuI="></latexit>

sk+1 ⌘ ŷk

= Wxout
k

<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable

<latexit sha1_base64="XFNop88C48INFX7mqWaTQwXAl4c=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgTPn3Mu99zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJMvTysTKpRzAKfqEu/QTPdtvWxUjRHgX2LmpAxy1G39o9sLceyTQGKGhOiYRiStBHFJMSNpqRsLEiHsoT7pKBognwgrGZ2Ywj2l9KAbcvUCCUfqdEeCfCGGvqMqs0XFrJeJ/3mdWLrnVkKDKJYkwONBbsygDGGWF+xRTrBkQ0UQ5lTtCvEAcYSlSrWkQjBnT/5LmkdV87R6cntcrl3lcRTBDtgFFWCCM1ADN6AOGgCDR/AMXsGb9qS9aO/a57i0oOU92+AXtO8fJ86kqg==</latexit>

xk = r(sk,xk�1)

<latexit sha1_base64="TIAL48gtSxdneWY3Sn9XZ+V1Vio=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMwOUY9OIxilkgGUJPT03SpGehuyYQxhz8FS8eFPHqb3jzb+wsB018UNTjvSq6+nmJFBpt+9vKrayurW/kNwtb2zu7e8X9g4aOU8WhzmMZq5bHNEgRQR0FSmglCljoSWh6g5uJ3xyC0iKOHnCUgBuyXiQCwRkaqVs8ugcNahgLRTUyBJomvmndYsku21PQZeLMSYnMUesWvzp+zNMQIuSSad127ATdjCkUXMK40Ek1JIwPWA/ahkYsBO1m0/vH9NQoPg1iZSpCOlV/b2Qs1HoUemYyZNjXi95E/M9rpxhcuZmIkhQh4rOHglRSjOkkDOoLBRzlyBDGlTC3Ut5ninE0kRVMCM7il5dJo1J2Lsrnd5VS9XoeR54ckxNyRhxySarkltRInXDySJ7JK3mznqwX6936mI3mrPnOIfkD6/MHKh6WNA==</latexit>

Reservoir state updateNext Generation Reservoir 
= 

NO Reservoir 

?

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear
?

<latexit sha1_base64="Zgd0xjpQdGlCF7KPYzgHZbT7r48="></latexit>

ok = sk � sk�� � sk�2� � . . .� sk�(m�1)�
<latexit sha1_base64="+45rJnX0azQomSmuYlYq08wGZXo="></latexit>

xk = ok � (ok)
⌦p



<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk
<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout

Next Generation Reservoir Computing (NG-RC) in a nutshell

D. J. Gauthier et. al. Next generation reservoir computing Nature Communications 12:5564 (2021)

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

For example

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="X4g0i0CG25Aoh1tciysZ+rWXhtg=">AAAB/XicbVDLSgMxFL3js9ZXfezcBItQN2Wm4GNZdOOyQl/QDiWTybShmcyQZIRxKP6KGxeKuPU/3Pk3pu0stPVA4OSce8jN8WLOlLbtb2tldW19Y7OwVdze2d3bLx0ctlWUSEJbJOKR7HpYUc4EbWmmOe3GkuLQ47TjjW+nfueBSsUi0dRpTN0QDwULGMHaSIPScaWZxubGz5HJ+YzM5bJdtWdAy8TJSRlyNAalr74fkSSkQhOOleo5dqzdDEvNCKeTYj9RNMZkjIe0Z6jAIVVuNtt+gs6M4qMgkuYIjWbq70SGQ6XS0DOTIdYjtehNxf+8XqKDazdjIk40FWT+UJBwpCM0rQL5TFKieWoIJpKZXREZYYmJNoUVTQnO4peXSbtWdS6rF/e1cv0mr6MAJ3AKFXDgCupwBw1oAYFHeIZXeLOerBfr3fqYj65YeeYI/sD6/AH/iJTz</latexit>

(Typical) prediction

<latexit sha1_base64="WH5fz4NdA4GJ3mvuKayUH0+4QaE=">AAAB6nicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOyon1AG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gdDP1W49UKhaLBz1OqB/hgWAhI1gb6X504faKJcd2ZkCO7VW8atlD7lJZkhIsUO8VP7v9mKQRFZpwrFTHdRLtZ1hqRjidFLqpogkmIzygHUMFjqjys9mpE3RmlD4KY2lKaDRTf05kOFJqHAWmM8J6qP56U/E/r5PqsOpnTCSppoLMF4UpRzpG079Rn0lKNB8bgolk5lZEhlhiok06BRPCysurpOnZ7pV9eVcu1a4XceThBE7hHFyoQA1uoQ4NIDCAJ3iBV4tbz9ab9T5vzVmLmWP4BevjG9GtjYM=</latexit>

k + 1
<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="FhTqUcAr5OBGmA6vmwrnKR/jbgA=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclJIUX5tCURcuK9gHtKFMppN26EwSZm7EEvorblwo4tYfceffOG2z0NYDFw7n3Mu99/ix4Boc59taWV1b39jMbeW3d3b39u2DQlNHiaKsQSMRqbZPNBM8ZA3gIFg7VoxIX7CWP7qZ+q1HpjSPwgcYx8yTZBDygFMCRurZhe4tE0CqbgnLaqWE42qlZxedsjMDXiZuRoooQ71nf3X7EU0kC4EKonXHdWLwUqKAU8Em+W6iWUzoiAxYx9CQSKa9dHb7BJ8YpY+DSJkKAc/U3xMpkVqPpW86JYGhXvSm4n9eJ4Hgykt5GCfAQjpfFCQCQ4SnQeA+V4yCGBtCqOLmVkyHRBEKJq68CcFdfHmZNCtl96J8fn9WrF1nceTQETpGp8hFl6iG7lAdNRBFT+gZvaI3a2K9WO/Wx7x1xcpmDtEfWJ8/7lWScA==</latexit>

� = 1,m = 2, p = 2

<latexit sha1_base64="wEmcMKBe8UMWr+QxvR7oQJlyfuM="></latexit>

xk = sk � sk�1 � [(sk � sk�1)⌦ (sk � sk�1)]

⌘ r(sk, sk�1)

<latexit sha1_base64="Z2WLtPLxPXaUd5TGPqbn+ZI1BJ4=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgXPPuZe59zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJOSp5UJFco5gFNV4h2a6b6tl42qMQL8S8yclEGOuq1/dHshjn0SSMyQEB3TiKSVIC4pZiQtdWNBIoQ91CcdRQPkE2EloxNTuKeUHnRDrl4g4UidnkiQL8TQd1RntqiY9TLxP68TS/fcSmgQxZIEePyRGzMoQ5jlBXuUEyzZUBGEOVW7QjxAHGGpUi2pEMzZk/+S5lHVPK2e3B6Xa1d5HEWwA3ZBBZjgDNTADaiDBsDgETyDV/CmPWkv2rv2OW4taPnMNvgF7fsHIBKkpQ==</latexit>

xk = r(sk, sk�1)

<latexit sha1_base64="M2omOWgSjgXJpsAGQKrJCW7LnX4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHcWJKCj2WxC11JFfuANpTJ9KYdOpOEmYlSYj/FjQtF3Pol7vwbp20W2nrgwuGce7n3Hj/mTGnH+baWlldW19ZzG/nNre2dXbuw11BRIinUacQj2fKJAs5CqGumObRiCUT4HJr+sDrxmw8gFYvCez2KwROkH7KAUaKN1LULN1cnd1UcANGJBCxI3LWLTsmZAi8SNyNFlKHWtb86vYgmAkJNOVGq7Tqx9lIiNaMcxvlOoiAmdEj60DY0JAKUl05PH+Mjo/RwEElTocZT9fdESoRSI+GbTkH0QM17E/E/r53o4MJLWRgnGkI6WxQkHOsIT3LAPSaBaj4yhFDJzK2YDogkVJu08iYEd/7lRdIol9yz0ultuVi5zOLIoQN0iI6Ri85RBV2jGqojih7RM3pFb9aT9WK9Wx+z1iUrm9lHf2B9/gDdVpMe</latexit>

NG-RC feature map

<latexit sha1_base64="rQ0UxgVvBCuWRQDsjKWjaN+fER8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSTia1l047KCfUAbymQ6aYdOJmFmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxY86Udpxva2l5ZXVtvbRR3tza3tm1K3stFSWS0CaJeCQ7PlaUM0GbmmlOO7GkOPQ5bfvjm9xvP1CpWCTu9SSmXoiHggWMYG2kvl3phViP/CBVWT8dn7gZ6ttVp+ZMgRaJW5AqFGj07a/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjqNnqEjowxQEEnzhEZT9fdGikOlJqFvJvOgat7Lxf+8bqKDKy9lIk40FWR2KEg40hHKe0ADJinRfGIIJpKZrIiMsMREm7bKpgR3/suLpHVacy9q53dn1fp1UUcJDuAQjsGFS6jDLTSgCQQe4Rle4c16sl6sd+tjNrpkFTv78AfW5w8CU5PY</latexit>sk�1

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k
<latexit sha1_base64="QRH+27Kf9m2VPeqC3dXz30Z+32w=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHbF1zHoxWNE84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4O/GbT6g0j+WjGSXoR7QvecgZNVZ6GJ563VLZrbhTkEXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzguNhJNSaUDWkf25ZKGqH2s+mpY3JslR4JY2VLGjJVf09kNNJ6FAW2M6JmoOe9ifif105NeO1nXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZtO0Ybgzb+8SBpnFe+ycnF/Xq7e5HEU4BCO4AQ8uIIq3EEN6sCgD8/wCm+OcF6cd+dj1rrk5DMH8AfO5w+vGY1r</latexit>

k � 1

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear

<latexit sha1_base64="s7CaxEKhQ4B6CMOVZEdeuHWDyuI="></latexit>

sk+1 ⌘ ŷk

= Wxout
k

<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable



<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk
<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout

Next Generation Reservoir Computing (NG-RC) in a nutshell

D. J. Gauthier et. al. Next generation reservoir computing Nature Communications 12:5564 (2021)

<latexit sha1_base64="jp7bFNRVV0fimzhVPG0eCDxeg+Y=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHOBWEF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH07ClSY=</latexit>

2 RDI
<latexit sha1_base64="uhNvY6V7LaeNRa2jJ+DbbsHDVaI=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHDiWii5SEyLHdVqrjhPZDlKJIn6FCwcQ4sp/cONvcNocoGUkS6OZ9/TG48eMSmVZ30ZpYXFpeaW8Wllb39jcMrd32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1e533kgQtKI36lxTNwQDTgNKEZKS56551AOnRCpoe+nzew+vfaamWdWrZo1AZwndkGqoEDDM7+cfoSTkHCFGZKyZ1uxclMkFMWMZBUnkSRGeIQGpKcpRyGRbjpJn8FDrfRhEAn9uIIT9fdGikIpx6GvJ/OcctbLxf+8XqKCCzelPE4U4Xh6KEgYVBHMq4B9KghWbKwJwoLqrBAPkUBY6cIqugR79svzpH1cs89qp7cn1fplUUcZ7IMDcARscA7q4AY0QAtg8AiewSt4M56MF+Pd+JiOloxiZxf8gfH5A1xvlS8=</latexit>

2 RDR
<latexit sha1_base64="EbMu0B3rYD/8p3s/16mKXIInCN0=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFHLhREF2kJkSO67RWHSeyHaQSRfwKFw4gxJX/4Mbf4LQ5QMtIlkYz7+mNx48Zlcqyvo3S3PzC4lJ5ubKyura+YW5utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtDy9yv/1AhKQRv1OjmLgh6nMaUIyUljxzx6EcOiFSA99Pb7P79NK7zjyzatWsMeAssQtSBQUanvnl9CKchIQrzJCUXduKlZsioShmJKs4iSQxwkPUJ11NOQqJdNNx+gzua6UHg0joxxUcq783UhRKOQp9PZnnlNNeLv7ndRMVnLkp5XGiCMeTQ0HCoIpgXgXsUUGwYiNNEBZUZ4V4gATCShdW0SXY01+eJa3Dmn1SO745qtbPizrKYBfsgQNgg1NQB1egAZoAg0fwDF7Bm/FkvBjvxsdktGQUO9vgD4zPH1fglSw=</latexit>

2 RDO

<latexit sha1_base64="MUU4Hg+Dt227C8K2UV7Y2LYeiok=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiPeitiv2AJoTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRjdTv/NEpWKxeNTjhHoRHggWMoK1kdyGf4dczlHDf0B+uWJX7RnQMnFyUoEcTb/85fZjkkZUaMKxUj3HTrSXYakZ4XRSclNFE0xGeEB7hgocUeVls5sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T+vl+rwysuYSFJNBZkvClOOdIymAaA+k5RoPjYEE8nMrYgMscREm5hKJgRn8eVl0j6rOhfV2v15pX6dx1GEIziGU3DgEupwC01oAYEEnuEV3qzUerHerY95a8HKZw7hD6zPHxtHkHE=</latexit>

DI ⌧ DR
<latexit sha1_base64="u8jIVwQN5MIomeLjQCWt73Refb8=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQHLwZxTxgsyyzk04yZHZmmZkVwpLP8OJBEa9+jTf/xkmyB40WNBRV3XR3RQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LS1TRaFJJZeqExENnAloGmY4dBIFJI44tKPR9dRvP4LSTIoHM04giMlAsD6jxFjJr4f3uDsAXA9vw3LFrboz4L/Ey0kF5WiE5c9uT9I0BmEoJ1r7npuYICPKMMphUuqmGhJCR2QAvqWCxKCDbHbyBB9ZpYf7UtkSBs/UnxMZibUex5HtjIkZ6kVvKv7n+anpXwYZE0lqQND5on7KsZF4+j/uMQXU8LElhCpmb8V0SBShxqZUsiF4iy//Ja2TqndePbs7rdSu8jiK6AAdomPkoQtUQzeogZqIIome0At6dYzz7Lw57/PWgpPP7KNfcD6+AblmkEE=</latexit>

DR � DO

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="X4g0i0CG25Aoh1tciysZ+rWXhtg=">AAAB/XicbVDLSgMxFL3js9ZXfezcBItQN2Wm4GNZdOOyQl/QDiWTybShmcyQZIRxKP6KGxeKuPU/3Pk3pu0stPVA4OSce8jN8WLOlLbtb2tldW19Y7OwVdze2d3bLx0ctlWUSEJbJOKR7HpYUc4EbWmmOe3GkuLQ47TjjW+nfueBSsUi0dRpTN0QDwULGMHaSIPScaWZxubGz5HJ+YzM5bJdtWdAy8TJSRlyNAalr74fkSSkQhOOleo5dqzdDEvNCKeTYj9RNMZkjIe0Z6jAIVVuNtt+gs6M4qMgkuYIjWbq70SGQ6XS0DOTIdYjtehNxf+8XqKDazdjIk40FWT+UJBwpCM0rQL5TFKieWoIJpKZXREZYYmJNoUVTQnO4peXSbtWdS6rF/e1cv0mr6MAJ3AKFXDgCupwBw1oAYFHeIZXeLOerBfr3fqYj65YeeYI/sD6/AH/iJTz</latexit>

(Typical) prediction

<latexit sha1_base64="WH5fz4NdA4GJ3mvuKayUH0+4QaE=">AAAB6nicbVDLSsNAFL2pr1pfVZduBosgCCEJ1XZZdOOyon1AG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6QvUeuDC4Zx7ufeeIOFMacf5snJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gdDP1W49UKhaLBz1OqB/hgWAhI1gb6X504faKJcd2ZkCO7VW8atlD7lJZkhIsUO8VP7v9mKQRFZpwrFTHdRLtZ1hqRjidFLqpogkmIzygHUMFjqjys9mpE3RmlD4KY2lKaDRTf05kOFJqHAWmM8J6qP56U/E/r5PqsOpnTCSppoLMF4UpRzpG079Rn0lKNB8bgolk5lZEhlhiok06BRPCysurpOnZ7pV9eVcu1a4XceThBE7hHFyoQA1uoQ4NIDCAJ3iBV4tbz9ab9T5vzVmLmWP4BevjG9GtjYM=</latexit>

k + 1
<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k

<latexit sha1_base64="YEpebev9C589or9qJn8eblqZR5g=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiTiayMU7UJ3FewD0hAm00k7dJIJMxOhhH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W0tLa+srq0XNoqbW9s7u6W9/ZYSqSS0SQQXshNgRTmLaVMzzWknkRRHAaftYHg78dtPVCom4kc9SqgX4X7MQkawNpJbqfsNdI3q/v2JXyrbVXsKtEicnJQhR8MvfXV7gqQRjTXhWCnXsRPtZVhqRjgdF7upogkmQ9ynrqExjqjysunJY3RslB4KhTQVazRVf09kOFJqFAWmM8J6oOa9ifif56Y6vPIyFieppjGZLQpTjrRAk/9Rj0lKNB8Zgolk5lZEBlhiok1KRROCM//yImmdVp2L6vnDWbl2k8dRgEM4ggo4cAk1uIMGNIGAgGd4hTdLWy/Wu/Uxa12y8pkD+APr8wfAuo+f</latexit>

(DP = DI)

<latexit sha1_base64="/P24EmO26iw97/FpNMEdkrVqqDA=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiTia1nUhcsq9gFNDJPptB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgpgzpW3725qbX1hcWi6sFFfX1jc2S1vbDRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gg8uR33ygUrFI3OlhTL0Q9wTrMoK1kfzSrssEckOs+0GQ3mb36ZVfy/xS2a7YY6BZ4uSkDDlqfunL7UQkCanQhGOl2o4day/FUjPCaVZ0E0VjTAa4R9uGChxS5aXj9Bk6MEoHdSNpntBorP7eSHGo1DAMzOQop5r2RuJ/XjvR3XMvZSJONBVkcqibcKQjNKoCdZikRPOhIZhIZrIi0scSE20KK5oSnOkvz5LGUcU5rZzcHJerF3kdBdiDfTgEB86gCtdQgzoQeIRneIU368l6sd6tj8nonJXv7MAfWJ8/WWWVLQ==</latexit>

2 RDP

<latexit sha1_base64="S6ytI3Brn5NszURJEcNlnRD1qVM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1m0C3dWsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8xbWehrQcCh3POJfeeMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR7dRvPzFtuJKPME5YEJOB5BGnBKzk13v3uDsY4Hqv0StX3Ko7A14mXk4qKIfNf3X7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzVae4BOr9HGktH0S8Ez9PZGR2JhxHNpkTGBoFr2p+J/npxBdBxmXSQpM0vlHUSowKDy9H/e5ZhTE2BJCNbe7YjokmlCwLZVsCd7iycukdVb1LqsXD+eV2k1eRxEdoWN0ijx0hWroDjVQE1Gk0DN6RW8OOC/Ou/MxjxacfOYQ/YHz+QO5VpBB</latexit>

DO � DP

<latexit sha1_base64="Z2WLtPLxPXaUd5TGPqbn+ZI1BJ4=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgXPPuZe59zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJOSp5UJFco5gFNV4h2a6b6tl42qMQL8S8yclEGOuq1/dHshjn0SSMyQEB3TiKSVIC4pZiQtdWNBIoQ91CcdRQPkE2EloxNTuKeUHnRDrl4g4UidnkiQL8TQd1RntqiY9TLxP68TS/fcSmgQxZIEePyRGzMoQ5jlBXuUEyzZUBGEOVW7QjxAHGGpUi2pEMzZk/+S5lHVPK2e3B6Xa1d5HEWwA3ZBBZjgDNTADaiDBsDgETyDV/CmPWkv2rv2OW4taPnMNvgF7fsHIBKkpQ==</latexit>

xk = r(sk, sk�1)

<latexit sha1_base64="M2omOWgSjgXJpsAGQKrJCW7LnX4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHcWJKCj2WxC11JFfuANpTJ9KYdOpOEmYlSYj/FjQtF3Pol7vwbp20W2nrgwuGce7n3Hj/mTGnH+baWlldW19ZzG/nNre2dXbuw11BRIinUacQj2fKJAs5CqGumObRiCUT4HJr+sDrxmw8gFYvCez2KwROkH7KAUaKN1LULN1cnd1UcANGJBCxI3LWLTsmZAi8SNyNFlKHWtb86vYgmAkJNOVGq7Tqx9lIiNaMcxvlOoiAmdEj60DY0JAKUl05PH+Mjo/RwEElTocZT9fdESoRSI+GbTkH0QM17E/E/r53o4MJLWRgnGkI6WxQkHOsIT3LAPSaBaj4yhFDJzK2YDogkVJu08iYEd/7lRdIol9yz0ultuVi5zOLIoQN0iI6Ri85RBV2jGqojih7RM3pFb9aT9WK9Wx+z1iUrm9lHf2B9/gDdVpMe</latexit>

NG-RC feature map

<latexit sha1_base64="rQ0UxgVvBCuWRQDsjKWjaN+fER8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSTia1l047KCfUAbymQ6aYdOJmFmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxY86Udpxva2l5ZXVtvbRR3tza3tm1K3stFSWS0CaJeCQ7PlaUM0GbmmlOO7GkOPQ5bfvjm9xvP1CpWCTu9SSmXoiHggWMYG2kvl3phViP/CBVWT8dn7gZ6ttVp+ZMgRaJW5AqFGj07a/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjqNnqEjowxQEEnzhEZT9fdGikOlJqFvJvOgat7Lxf+8bqKDKy9lIk40FWR2KEg40hHKe0ADJinRfGIIJpKZrIiMsMREm7bKpgR3/suLpHVacy9q53dn1fp1UUcJDuAQjsGFS6jDLTSgCQQe4Rle4c16sl6sd+tjNrpkFTv78AfW5w8CU5PY</latexit>sk�1

<latexit sha1_base64="L8AMpUDBWR7Uiv7sQXoLFSjp6Ao=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0PWM6Q==</latexit>

k
<latexit sha1_base64="QRH+27Kf9m2VPeqC3dXz30Z+32w=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHbF1zHoxWNE84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4O/GbT6g0j+WjGSXoR7QvecgZNVZ6GJ563VLZrbhTkEXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzguNhJNSaUDWkf25ZKGqH2s+mpY3JslR4JY2VLGjJVf09kNNJ6FAW2M6JmoOe9ifif105NeO1nXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZtO0Ybgzb+8SBpnFe+ycnF/Xq7e5HEU4BCO4AQ8uIIq3EEN6sCgD8/wCm+OcF6cd+dj1rrk5DMH8AfO5w+vGY1r</latexit>

k � 1

<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear

<latexit sha1_base64="s7CaxEKhQ4B6CMOVZEdeuHWDyuI="></latexit>

sk+1 ⌘ ŷk

= Wxout
k

<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable

Typical prediction
<latexit sha1_base64="mBUAFQL6EoSHibieC74j7AtQn4o=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZ8bYRim5cVrAXaMeSSTNtaCYZkoxYhnkFN76KGxeKuHXnzrcx0w6orT8Efr5zDjnn9yNGlXacL2tufmFxabmwUlxdW9/YtLe2G0rEEpM6FkzIlo8UYZSTuqaakVYkCQp9Rpr+8DKrN++IVFTwGz2KiBeiPqcBxUgb1LXL5U6I9MAPkvv0NhGxTrvJMIXn8Adn4KDYtUtOxRkLzho3NyWQq9a1Pzs9geOQcI0ZUqrtOpH2EiQ1xYykxU6sSITwEPVJ21iOQqK8ZHxRCvcN6cFASPO4hmP6eyJBoVKj0Ded2Z5qupbB/2rtWAdnXkJ5FGvC8eSjIGZQC5jFA3tUEqzZyBiEJTW7QjxAEmFtQsxCcKdPnjWNw4p7Ujm+PipVL/I4CmAX7IEycMEpqIIrUAN1gMEDeAIv4NV6tJ6tN+t90jpn5TM74I+sj28RJ53L</latexit>

(xout
k = xk)

<latexit sha1_base64="WMfEDPUZeNqBdlT0zoNDPtgSST4="></latexit>

s0k+1 = Wxk = Wr(s0k, s
0
k�1)

Training
<latexit sha1_base64="c9kVd+EZcUl5cslWVZSR6MOmAP8=">AAACJ3icbVDJSgNBFOxxN25Rj14ag6CIYUbcLkrQi94iGBPJxNDT85I09ix0vxHDMH/jxV/xIqiIHv0TOzGIW0FDUfW2Li+WQqNtv1lDwyOjY+MTk7mp6ZnZufz8wrmOEsWhwiMZqZrHNEgRQgUFSqjFCljgSah6V0c9v3oNSosoPMNuDI2AtUPREpyhkZr5AxfhBvtzUk8mkKXVjO7Ti9ql67N2G9Rq7YvSdepKM9pn9GTtMt1wslwzX7CLdh/0L3EGpEAGKDfzj64f8SSAELlkWtcdO8ZGyhQKLiHLuYmGmPEr1oa6oSELQDfS/n0ZXTGKT1uRMi9E2le/d6Qs0LobeKYyYNjRv72e+J9XT7C110hFGCcIIf9c1EokxYj2QqO+UMBRdg1hXAlzK+UdphhHE20vBOf3l/+S882is1PcPt0qlA4HcUyQJbJMVolDdkmJHJMyqRBObsk9eSLP1p31YL1Yr5+lQ9agZ5H8gPX+AaJ9pRY=</latexit>

W = Y X†(XX† + �I)�1



<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk
<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout

NG-RC for forecasting quantum dynamics

<latexit sha1_base64="Z2WLtPLxPXaUd5TGPqbn+ZI1BJ4=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgXPPuZe59zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJOSp5UJFco5gFNV4h2a6b6tl42qMQL8S8yclEGOuq1/dHshjn0SSMyQEB3TiKSVIC4pZiQtdWNBIoQ91CcdRQPkE2EloxNTuKeUHnRDrl4g4UidnkiQL8TQd1RntqiY9TLxP68TS/fcSmgQxZIEePyRGzMoQ5jlBXuUEyzZUBGEOVW7QjxAHGGpUi2pEMzZk/+S5lHVPK2e3B6Xa1d5HEWwA3ZBBZjgDNTADaiDBsDgETyDV/CmPWkv2rv2OW4taPnMNvgF7fsHIBKkpQ==</latexit>

xk = r(sk, sk�1)

<latexit sha1_base64="M2omOWgSjgXJpsAGQKrJCW7LnX4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHcWJKCj2WxC11JFfuANpTJ9KYdOpOEmYlSYj/FjQtF3Pol7vwbp20W2nrgwuGce7n3Hj/mTGnH+baWlldW19ZzG/nNre2dXbuw11BRIinUacQj2fKJAs5CqGumObRiCUT4HJr+sDrxmw8gFYvCez2KwROkH7KAUaKN1LULN1cnd1UcANGJBCxI3LWLTsmZAi8SNyNFlKHWtb86vYgmAkJNOVGq7Tqx9lIiNaMcxvlOoiAmdEj60DY0JAKUl05PH+Mjo/RwEElTocZT9fdESoRSI+GbTkH0QM17E/E/r53o4MJLWRgnGkI6WxQkHOsIT3LAPSaBaj4yhFDJzK2YDogkVJu08iYEd/7lRdIol9yz0ultuVi5zOLIoQN0iI6Ri85RBV2jGqojih7RM3pFb9aT9WK9Wx+z1iUrm9lHf2B9/gDdVpMe</latexit>

NG-RC feature map

<latexit sha1_base64="rQ0UxgVvBCuWRQDsjKWjaN+fER8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSTia1l047KCfUAbymQ6aYdOJmFmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxY86Udpxva2l5ZXVtvbRR3tza3tm1K3stFSWS0CaJeCQ7PlaUM0GbmmlOO7GkOPQ5bfvjm9xvP1CpWCTu9SSmXoiHggWMYG2kvl3phViP/CBVWT8dn7gZ6ttVp+ZMgRaJW5AqFGj07a/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjqNnqEjowxQEEnzhEZT9fdGikOlJqFvJvOgat7Lxf+8bqKDKy9lIk40FWR2KEg40hHKe0ADJinRfGIIJpKZrIiMsMREm7bKpgR3/suLpHVacy9q53dn1fp1UUcJDuAQjsGFS6jDLTSgCQQe4Rle4c16sl6sd+tjNrpkFTv78AfW5w8CU5PY</latexit>sk�1
<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear

<latexit sha1_base64="9Apd6Fb07rTKSUs+TcOoVuvtt5M=">AAACAnicbVDLSgMxFM3UV62vqitxEyyCG4eZQW2XRTcuK9oHtEPJZDJtaCYTkoxQhuLGX3HjQhG3foU7/8b0BWo9EDiccw839wSCUaUd58vKLS2vrK7l1wsbm1vbO8XdvYZKUolJHScska0AKcIoJ3VNNSMtIQmKA0aaweBq7DfviVQ04Xd6KIgfox6nEcVIG6lbPLgdUCEo752iPkEhNOGQ4qlXcmxnAujYXtmrnHnQnStzUgIz1LrFz06Y4DQmXGOGlGq7jtB+hqSmmJFRoZMqIhAeoB5pG8pRTJSfTU4YwWOjhDBKpHlcw4n6M5GhWKlhHJjJGOm++uuNxf+8dqqjip9RLlJNOJ4uilIGdQLHfcCQSoI1GxqCsKTmrxD3kURYm9YKpoSFkxdJw7PdC/v8xitVL2d15MEhOAInwAVlUAXXoAbqAIMH8ARewKv1aD1bb9b7dDRnzTL74Besj2908Zd9</latexit>

Skipping-ahead prediction

<latexit sha1_base64="v46Enw/yVcGcoOKHYez6l4utiKU="></latexit>

sk+⌧ ⌘ ŷk

= Wxout
k

<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable

Training

<latexit sha1_base64="mBUAFQL6EoSHibieC74j7AtQn4o=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZ8bYRim5cVrAXaMeSSTNtaCYZkoxYhnkFN76KGxeKuHXnzrcx0w6orT8Efr5zDjnn9yNGlXacL2tufmFxabmwUlxdW9/YtLe2G0rEEpM6FkzIlo8UYZSTuqaakVYkCQp9Rpr+8DKrN++IVFTwGz2KiBeiPqcBxUgb1LXL5U6I9MAPkvv0NhGxTrvJMIXn8Adn4KDYtUtOxRkLzho3NyWQq9a1Pzs9geOQcI0ZUqrtOpH2EiQ1xYykxU6sSITwEPVJ21iOQqK8ZHxRCvcN6cFASPO4hmP6eyJBoVKj0Ded2Z5qupbB/2rtWAdnXkJ5FGvC8eSjIGZQC5jFA3tUEqzZyBiEJTW7QjxAEmFtQsxCcKdPnjWNw4p7Ujm+PipVL/I4CmAX7IEycMEpqIIrUAN1gMEDeAIv4NV6tJ6tN+t90jpn5TM74I+sj28RJ53L</latexit>

(xout
k = xk)

Skipping-ahead  
prediction

<latexit sha1_base64="IRuGpgEHkyQJTCWVaDvTs2r41Xk="></latexit>

s0k+⌧ = Wxk = Wr(s0k, s
0
k�1)

<latexit sha1_base64="R0mDlNxE5oeTs3yOxrx/MUnORO4=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzKdPt0V60J3FewDOrVk0rQNzWSGJCPUYfBX3LhQxK3/4c6/MdNWUNEDgcM593JPjhswKpVlfRippeWV1bX0emZjc2t7x9zda0k/FJg0sc980XGRJIxy0lRUMdIJBEGey0jbndQTv31LhKQ+v1bTgPQ8NOJ0SDFSWuqbBw7l0PGQGrtuVI9vovP+Zdw3s1butFq2Sza0cpZVsQvlhNiVol2Aea0kyIIFGn3z3Rn4OPQIV5ghKbt5K1C9CAlFMSNxxgklCRCeoBHpasqRR2QvmqWP4bFWBnDoC/24gjP1+0aEPCmnnqsnk5zyt5eIf3ndUA2rvYjyIFSE4/mhYcig8mFSBRxQQbBiU00QFlRnhXiMBMJKF5bRJXz9FP5PWnYuX86VrorZ2tmijjQ4BEfgBORBBdTABWiAJsDgDjyAJ/Bs3BuPxovxOh9NGYudffADxtsnmoaVWw==</latexit>

2 CDI
<latexit sha1_base64="SwbDievrswERfHMCu6JYGaSll1c=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzKdPt0V68JlFfuATi2ZNG1DM5khyQh1GPwVNy4Ucet/uPNvzLQVVPRA4HDOvdyT4waMSmVZH0ZqaXlldS29ntnY3NreMXf3WtIPBSZN7DNfdFwkCaOcNBVVjHQCQZDnMtJ2J/XEb98SIanPr9U0ID0PjTgdUoyUlvrmgUM5dDykxq4b1eOb6Lx/FffNrJU7rZbtkg2tnGVV7EI5IXalaBdgXisJsmCBRt98dwY+Dj3CFWZIym7eClQvQkJRzEiccUJJAoQnaES6mnLkEdmLZuljeKyVARz6Qj+u4Ez9vhEhT8qp5+rJJKf87SXiX143VMNqL6I8CBXheH5oGDKofJhUAQdUEKzYVBOEBdVZIR4jgbDShWV0CV8/hf+Tlp3Ll3Oly2K2draoIw0OwRE4AXlQATVwARqgCTC4Aw/gCTwb98aj8WK8zkdTxmJnH/yA8fYJqDOVZA==</latexit>

2 CDR

<latexit sha1_base64="97lvSS00y4U7JIY4HYqSe1PkuIg=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzKdPt0V68KdFewDOrVk0rQNzWSGJCPUYfBX3LhQxK3/4c6/MdNWUNEDgcM593JPjhswKpVlfRippeWV1bX0emZjc2t7x9zda0k/FJg0sc980XGRJIxy0lRUMdIJBEGey0jbndQTv31LhKQ+v1bTgPQ8NOJ0SDFSWuqbBw7l0PGQGrtuVI9vovP+Zdw3s1butFq2Sza0cpZVsQvlhNiVol2Aea0kyIIFGn3z3Rn4OPQIV5ghKbt5K1C9CAlFMSNxxgklCRCeoBHpasqRR2QvmqWP4bFWBnDoC/24gjP1+0aEPCmnnqsnk5zyt5eIf3ndUA2rvYjyIFSE4/mhYcig8mFSBRxQQbBiU00QFlRnhXiMBMJKF5bRJXz9FP5PWnYuX86VrorZ2tmijjQ4BEfgBORBBdTABWiAJsDgDjyAJ/Bs3BuPxovxOh9NGYudffADxtsno6SVYQ==</latexit>

2 CDO

<latexit sha1_base64="o80Mejd9eUdXANSq7gORtFIDOy8=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRbB1TAzfbor1oXLCrYV2nHIpGkbmskMSUaoQ/FX3LhQxK3/4c6/MdNWUNEDgcM593JPjh8xKpVlfRiZpeWV1bXsem5jc2t7J7+715ZhLDBp4ZCF4tpHkjDKSUtRxch1JAgKfEY6/riR+p1bIiQN+ZWaRMQN0JDTAcVIacnLH/Qoh70AqZHvJ43pTXLuNadevmCZp7WKU3agZVpW1SlWUuJUS04R2lpJUQALNL38e68f4jggXGGGpOzaVqTcBAlFMSPTXC+WJEJ4jIakqylHAZFuMks/hcda6cNBKPTjCs7U7xsJCqScBL6eTHPK314q/uV1YzWouQnlUawIx/NDg5hBFcK0CtingmDFJpogLKjOCvEICYSVLiynS/j6KfyftB3Trpjly1KhfraoIwsOwRE4ATaogjq4AE3QAhjcgQfwBJ6Ne+PReDFe56MZY7GzD37AePsEpSmVYg==</latexit>

2 CDP

<latexit sha1_base64="c9kVd+EZcUl5cslWVZSR6MOmAP8=">AAACJ3icbVDJSgNBFOxxN25Rj14ag6CIYUbcLkrQi94iGBPJxNDT85I09ix0vxHDMH/jxV/xIqiIHv0TOzGIW0FDUfW2Li+WQqNtv1lDwyOjY+MTk7mp6ZnZufz8wrmOEsWhwiMZqZrHNEgRQgUFSqjFCljgSah6V0c9v3oNSosoPMNuDI2AtUPREpyhkZr5AxfhBvtzUk8mkKXVjO7Ti9ql67N2G9Rq7YvSdepKM9pn9GTtMt1wslwzX7CLdh/0L3EGpEAGKDfzj64f8SSAELlkWtcdO8ZGyhQKLiHLuYmGmPEr1oa6oSELQDfS/n0ZXTGKT1uRMi9E2le/d6Qs0LobeKYyYNjRv72e+J9XT7C110hFGCcIIf9c1EokxYj2QqO+UMBRdg1hXAlzK+UdphhHE20vBOf3l/+S882is1PcPt0qlA4HcUyQJbJMVolDdkmJHJMyqRBObsk9eSLP1p31YL1Yr5+lQ9agZ5H8gPX+AaJ9pRY=</latexit>

W = Y X†(XX† + �I)�1



<latexit sha1_base64="28vaxsl2X+YXwVI4tEXqKv6loBk="></latexit>

skipping-ahead with ⌧ = 106

NG-RC for forecasting integrable quantum dynamics



NG-RC for forecasting integrable quantum dynamics

<latexit sha1_base64="28vaxsl2X+YXwVI4tEXqKv6loBk="></latexit>

skipping-ahead with ⌧ = 106

The fidelity is almost 1  
in this integrable model



NG-RC for forecasting chaotic quantum dynamics

<latexit sha1_base64="28vaxsl2X+YXwVI4tEXqKv6loBk="></latexit>

skipping-ahead with ⌧ = 106

<latexit sha1_base64="W4BUH5Df0yhRCIfRGpnjmgqYVuQ=">AAACAXicbZC7SgNBFIZn4y3G26qNYDMYBAuJu9GojRC0sYxgLpBdwuzsJBkye2HmrBCW2PgqNhaK2PoWdr6Nk2QLTfxh4OM/53Dm/F4suALL+jZyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG9yM680HJhWPwnsYxswNSC/kXU4JaKtj7vn4CleOsQN9BkSzXXFifnJa7phFq2RNhOfBzqCIMtU65pfjRzQJWAhUEKXathWDmxIJnAo2KjiJYjGhA9JjbY0hCZhy08kFI3yoHR93I6lfCHji/p5ISaDUMPB0Z0Cgr2ZrY/O/WjuB7qWb8jBOgIV0uqibCAwRHseBfS4ZBTHUQKjk+q+Y9okkFHRoBR2CPXvyPDTKJfu8VLk7K1avszjyaB8doCNkowtURbeohuqIokf0jF7Rm/FkvBjvxse0NWdkM7voj4zPHyNblCU=</latexit>

d = 5, ✓ = 15⇡/32



<latexit sha1_base64="28vaxsl2X+YXwVI4tEXqKv6loBk="></latexit>

skipping-ahead with ⌧ = 106

The fidelity is above 0.99

<latexit sha1_base64="W4BUH5Df0yhRCIfRGpnjmgqYVuQ=">AAACAXicbZC7SgNBFIZn4y3G26qNYDMYBAuJu9GojRC0sYxgLpBdwuzsJBkye2HmrBCW2PgqNhaK2PoWdr6Nk2QLTfxh4OM/53Dm/F4suALL+jZyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG9yM680HJhWPwnsYxswNSC/kXU4JaKtj7vn4CleOsQN9BkSzXXFifnJa7phFq2RNhOfBzqCIMtU65pfjRzQJWAhUEKXathWDmxIJnAo2KjiJYjGhA9JjbY0hCZhy08kFI3yoHR93I6lfCHji/p5ISaDUMPB0Z0Cgr2ZrY/O/WjuB7qWb8jBOgIV0uqibCAwRHseBfS4ZBTHUQKjk+q+Y9okkFHRoBR2CPXvyPDTKJfu8VLk7K1avszjyaB8doCNkowtURbeohuqIokf0jF7Rm/FkvBjvxse0NWdkM7voj4zPHyNblCU=</latexit>

d = 5, ✓ = 15⇡/32

NG-RC for forecasting chaotic quantum dynamics



<latexit sha1_base64="EjkRcSRJoa/VEetxjlhjrOKqD1U=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o2ZtgttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxje5X5zhErzWD6acYJ+RPuSh5xRYyW/E1EzCMJMT7pD0i2V3Yo7BVkm3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/WwaekJOrdIjYazsk4ZM1d8bGY20HkeBncxD6kUvF//z2qkJb/yMyyQ1KNnsUJgKYmKSN0B6XCEzYmwJZYrbrIQNqKLM2J6KtgRv8cvLpHFe8a4qlw8X5ertvI4CHMMJnIEH11CFe6hBHRg8wTO8wpszcl6cd+djNrrizHeO4A+czx/YYpIp</latexit>sk
<latexit sha1_base64="AIncUCh9uKIqkrpGnJBmidvJfoU=">AAAB/XicbVDJTsMwFHTKVsoWlhsXiwqJU5UgtmMFF45FoovUhshxndaqY0e2gyhRxK9w4QBCXPkPbvwNTpsDtIxkaTTznt54gphRpR3n2yotLC4tr5RXK2vrG5tb9vZOS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXeV++55IRQW/1eOYeBEacBpSjLSRfHuvFyE9DML0IbtLRaIzPx1lvl11as4EcJ64BamCAg3f/ur1BU4iwjVmSKmu68TaS5HUFDOSVXqJIjHCIzQgXUM5iojy0kn6DB4apQ9DIc3jGk7U3xspipQaR4GZzLOqWS8X//O6iQ4vvJTyONGE4+mhMGFQC5hXAftUEqzZ2BCEJTVZIR4iibA2hVVMCe7sl+dJ67jmntVOb06q9cuijjLYBwfgCLjgHNTBNWiAJsDgETyDV/BmPVkv1rv1MR0tWcXOLvgD6/MH4xWWKw==</latexit>

xout
k

<latexit sha1_base64="tS3a/05jypQGvfJLNlumPUdx5lg=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUrC6LbnRXwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjK/80SVZlI8mGlM/QiPBAsZwcZK7TsRJwYNyhW36s6BVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9dH7tDJ1ZZYhCqewTBs3V3xspjrSeRoGdjLAZ62UvE//zeokJr/yUZZGoIIuPwoQjI1EWHQ2ZosTwqSWYKGZvRWSMFSbGFlSyJXjLkVdJu1b16tWL+1qlcZ3XUYQTOIVz8OASGnALTWgBgUd4hld4c6Tz4rw7H4vRgpPvHMMfOJ8/QlCO7g==</latexit>

Input
<latexit sha1_base64="RZdJXdP6F13zByT2dYFKVrSw5tw=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKewGfByDXjxGMQ9IljA725sMmd1ZZnqFEPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZVSmOTS5kkp3AmZAigSaKFBCJ9XA4kBCOxjdzvz2E2gjVPKI4xT8mA0SEQnO0ErtB2ChyrBfrrhVdw66SrycVEiORr/81QsVz2JIkEtmTNdzU/QnTKPgEqalXmYgZXzEBtC1NGExGH8yP3dKz6wS0khpWwnSufp7YsJiY8ZxYDtjhkOz7M3E/7xuhtG1PxFJmiEkfLEoyiRFRWe/01Bo4CjHljCuhb2V8iHTjKNNqGRD8JZfXiWtWtW7rF7c1yr1mzyOIjkhp+SceOSK1MkdaZAm4WREnskreXNS58V5dz4WrQUnnzkmf+B8/gBh8o+c</latexit>

Readout

<latexit sha1_base64="Z2WLtPLxPXaUd5TGPqbn+ZI1BJ4=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WooCURnwuh6MZlBfuANoTJdNIOmTyYmYgl5Fvc+CtuXCjqSvBjnLQp1OqBgXPPuZe59zgRo0IaxpdWmJtfWFwqLpdWVtfWN/TNraYIY45JA4cs5G0HCcJoQBqSSkbaESfIdxhpOd515rfuCRc0DO7kMCKWj/oBdSlGUkm2ftH1kRw4bvKQ2h68hJOSp5UJFco5gFNV4h2a6b6tl42qMQL8S8yclEGOuq1/dHshjn0SSMyQEB3TiKSVIC4pZiQtdWNBIoQ91CcdRQPkE2EloxNTuKeUHnRDrl4g4UidnkiQL8TQd1RntqiY9TLxP68TS/fcSmgQxZIEePyRGzMoQ5jlBXuUEyzZUBGEOVW7QjxAHGGpUi2pEMzZk/+S5lHVPK2e3B6Xa1d5HEWwA3ZBBZjgDNTADaiDBsDgETyDV/CmPWkv2rv2OW4taPnMNvgF7fsHIBKkpQ==</latexit>

xk = r(sk, sk�1)

<latexit sha1_base64="M2omOWgSjgXJpsAGQKrJCW7LnX4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHcWJKCj2WxC11JFfuANpTJ9KYdOpOEmYlSYj/FjQtF3Pol7vwbp20W2nrgwuGce7n3Hj/mTGnH+baWlldW19ZzG/nNre2dXbuw11BRIinUacQj2fKJAs5CqGumObRiCUT4HJr+sDrxmw8gFYvCez2KwROkH7KAUaKN1LULN1cnd1UcANGJBCxI3LWLTsmZAi8SNyNFlKHWtb86vYgmAkJNOVGq7Tqx9lIiNaMcxvlOoiAmdEj60DY0JAKUl05PH+Mjo/RwEElTocZT9fdESoRSI+GbTkH0QM17E/E/r53o4MJLWRgnGkI6WxQkHOsIT3LAPSaBaj4yhFDJzK2YDogkVJu08iYEd/7lRdIol9yz0ultuVi5zOLIoQN0iI6Ri85RBV2jGqojih7RM3pFb9aT9WK9Wx+z1iUrm9lHf2B9/gDdVpMe</latexit>

NG-RC feature map

<latexit sha1_base64="rQ0UxgVvBCuWRQDsjKWjaN+fER8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSTia1l047KCfUAbymQ6aYdOJmFmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxY86Udpxva2l5ZXVtvbRR3tza3tm1K3stFSWS0CaJeCQ7PlaUM0GbmmlOO7GkOPQ5bfvjm9xvP1CpWCTu9SSmXoiHggWMYG2kvl3phViP/CBVWT8dn7gZ6ttVp+ZMgRaJW5AqFGj07a/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjqNnqEjowxQEEnzhEZT9fdGikOlJqFvJvOgat7Lxf+8bqKDKy9lIk40FWR2KEg40hHKe0ADJinRfGIIJpKZrIiMsMREm7bKpgR3/suLpHVacy9q53dn1fp1UUcJDuAQjsGFS6jDLTSgCQQe4Rle4c16sl6sd+tjNrpkFTv78AfW5w8CU5PY</latexit>sk�1
<latexit sha1_base64="bQUOsvGqb/WFBT4jXzdrBm8ol0I=">AAACB3icdVDLSsQwFE19O76qLgUJDoKrkg6OdXaiG5cKjgrTMqSZdCaYpiW5FYYyOzf+ihsXirj1F9z5N2YegooeuHA4597k3hPnUhgg5MOZmp6ZnZtfWKwsLa+srrnrG5cmKzTjTZbJTF/H1HApFG+CAMmvc81pGkt+Fd+cDP2rW66NyNQF9HMepbSrRCIYBSu13e0yjBOsB1gYXIYCsMpggEFToah9o+1WiefXgoAQTLxGoxEE9TEh+wH2PTJCFU1w1nbfw07GipQrYJIa0/JJDlFJNQgm+aASFobnlN3QLm9ZqmjKTVSO7hjgXat0cJJpWwrwSP0+UdLUmH4a286UQs/89obiX16rgOQwKoXKC+CKjT9KCokhw8NQcEdozkD2LaFMC7srZj2qKQMbXcWG8HUp/p9c1jz/wKuf16pHx5M4FtAW2kF7yEcBOkKn6Aw1EUN36AE9oWfn3nl0XpzXceuUM5nZRD/gvH0CGZuZgg==</latexit>

r is not trainable
<latexit sha1_base64="O2UmmhWa3/dJ26EySg/0h+LcZFE="></latexit>

and non-linear

<latexit sha1_base64="9Apd6Fb07rTKSUs+TcOoVuvtt5M=">AAACAnicbVDLSgMxFM3UV62vqitxEyyCG4eZQW2XRTcuK9oHtEPJZDJtaCYTkoxQhuLGX3HjQhG3foU7/8b0BWo9EDiccw839wSCUaUd58vKLS2vrK7l1wsbm1vbO8XdvYZKUolJHScska0AKcIoJ3VNNSMtIQmKA0aaweBq7DfviVQ04Xd6KIgfox6nEcVIG6lbPLgdUCEo752iPkEhNOGQ4qlXcmxnAujYXtmrnHnQnStzUgIz1LrFz06Y4DQmXGOGlGq7jtB+hqSmmJFRoZMqIhAeoB5pG8pRTJSfTU4YwWOjhDBKpHlcw4n6M5GhWKlhHJjJGOm++uuNxf+8dqqjip9RLlJNOJ4uilIGdQLHfcCQSoI1GxqCsKTmrxD3kURYm9YKpoSFkxdJw7PdC/v8xitVL2d15MEhOAInwAVlUAXXoAbqAIMH8ARewKv1aD1bb9b7dDRnzTL74Besj2908Zd9</latexit>

Skipping-ahead prediction

<latexit sha1_base64="v46Enw/yVcGcoOKHYez6l4utiKU="></latexit>

sk+⌧ ⌘ ŷk

= Wxout
k

<latexit sha1_base64="bJvHjWPgzzW5exLzFckwtf3i6OU=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgU69id6MZlBdsKdSh30rQNzWSGJFMog3/ixoUibv0Td/6N6UNQ0QOBwzn3cG9OlAquDSEfTmFpeWV1rbhe2tjc2t5xd/daOskUZU2aiETdRqCZ4JI1DTeC3aaKQRwJ1o5Gl1O/PWZK80TemEnKwhgGkvc5BWOlrutW2hXMNTYKuASb6rpl4vnVICAEE69erwdBbU7ISYB9j8xQRgs0uu77XS+hWcykoQK07vgkNWEOynAq2H3pLtMsBTqCAetYKiFmOsxnl9/jI6v0cD9R9kmDZ+r3RA6x1pM4spMxmKH+7U3Fv7xOZvpnYc5lmhkm6XxRPxPYJHhaA+5xxagRE0uAKm5vxXQICqixZZVsCV8/xf+TVtXzT73adbV8frGoo4gO0CE6Rj4K0Dm6Qg3URBSN0QN6Qs9O7jw6L87rfLTgLDL76Aect0/D15Ml</latexit>

W is trainable

Training

<latexit sha1_base64="mBUAFQL6EoSHibieC74j7AtQn4o=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZ8bYRim5cVrAXaMeSSTNtaCYZkoxYhnkFN76KGxeKuHXnzrcx0w6orT8Efr5zDjnn9yNGlXacL2tufmFxabmwUlxdW9/YtLe2G0rEEpM6FkzIlo8UYZSTuqaakVYkCQp9Rpr+8DKrN++IVFTwGz2KiBeiPqcBxUgb1LXL5U6I9MAPkvv0NhGxTrvJMIXn8Adn4KDYtUtOxRkLzho3NyWQq9a1Pzs9geOQcI0ZUqrtOpH2EiQ1xYykxU6sSITwEPVJ21iOQqK8ZHxRCvcN6cFASPO4hmP6eyJBoVKj0Ded2Z5qupbB/2rtWAdnXkJ5FGvC8eSjIGZQC5jFA3tUEqzZyBiEJTW7QjxAEmFtQsxCcKdPnjWNw4p7Ujm+PipVL/I4CmAX7IEycMEpqIIrUAN1gMEDeAIv4NV6tJ6tN+t90jpn5TM74I+sj28RJ53L</latexit>

(xout
k = xk)

Skipping-ahead  
prediction

<latexit sha1_base64="IRuGpgEHkyQJTCWVaDvTs2r41Xk="></latexit>

s0k+⌧ = Wxk = Wr(s0k, s
0
k�1)

<latexit sha1_base64="R0mDlNxE5oeTs3yOxrx/MUnORO4=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzKdPt0V60J3FewDOrVk0rQNzWSGJCPUYfBX3LhQxK3/4c6/MdNWUNEDgcM593JPjhswKpVlfRippeWV1bX0emZjc2t7x9zda0k/FJg0sc980XGRJIxy0lRUMdIJBEGey0jbndQTv31LhKQ+v1bTgPQ8NOJ0SDFSWuqbBw7l0PGQGrtuVI9vovP+Zdw3s1butFq2Sza0cpZVsQvlhNiVol2Aea0kyIIFGn3z3Rn4OPQIV5ghKbt5K1C9CAlFMSNxxgklCRCeoBHpasqRR2QvmqWP4bFWBnDoC/24gjP1+0aEPCmnnqsnk5zyt5eIf3ndUA2rvYjyIFSE4/mhYcig8mFSBRxQQbBiU00QFlRnhXiMBMJKF5bRJXz9FP5PWnYuX86VrorZ2tmijjQ4BEfgBORBBdTABWiAJsDgDjyAJ/Bs3BuPxovxOh9NGYudffADxtsnmoaVWw==</latexit>

2 CDI
<latexit sha1_base64="SwbDievrswERfHMCu6JYGaSll1c=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzKdPt0V68JlFfuATi2ZNG1DM5khyQh1GPwVNy4Ucet/uPNvzLQVVPRA4HDOvdyT4waMSmVZH0ZqaXlldS29ntnY3NreMXf3WtIPBSZN7DNfdFwkCaOcNBVVjHQCQZDnMtJ2J/XEb98SIanPr9U0ID0PjTgdUoyUlvrmgUM5dDykxq4b1eOb6Lx/FffNrJU7rZbtkg2tnGVV7EI5IXalaBdgXisJsmCBRt98dwY+Dj3CFWZIym7eClQvQkJRzEiccUJJAoQnaES6mnLkEdmLZuljeKyVARz6Qj+u4Ez9vhEhT8qp5+rJJKf87SXiX143VMNqL6I8CBXheH5oGDKofJhUAQdUEKzYVBOEBdVZIR4jgbDShWV0CV8/hf+Tlp3Ll3Oly2K2draoIw0OwRE4AXlQATVwARqgCTC4Aw/gCTwb98aj8WK8zkdTxmJnH/yA8fYJqDOVZA==</latexit>

2 CDR

<latexit sha1_base64="97lvSS00y4U7JIY4HYqSe1PkuIg=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzKdPt0V68KdFewDOrVk0rQNzWSGJCPUYfBX3LhQxK3/4c6/MdNWUNEDgcM593JPjhswKpVlfRippeWV1bX0emZjc2t7x9zda0k/FJg0sc980XGRJIxy0lRUMdIJBEGey0jbndQTv31LhKQ+v1bTgPQ8NOJ0SDFSWuqbBw7l0PGQGrtuVI9vovP+Zdw3s1butFq2Sza0cpZVsQvlhNiVol2Aea0kyIIFGn3z3Rn4OPQIV5ghKbt5K1C9CAlFMSNxxgklCRCeoBHpasqRR2QvmqWP4bFWBnDoC/24gjP1+0aEPCmnnqsnk5zyt5eIf3ndUA2rvYjyIFSE4/mhYcig8mFSBRxQQbBiU00QFlRnhXiMBMJKF5bRJXz9FP5PWnYuX86VrorZ2tmijjQ4BEfgBORBBdTABWiAJsDgDjyAJ/Bs3BuPxovxOh9NGYudffADxtsno6SVYQ==</latexit>

2 CDO

<latexit sha1_base64="o80Mejd9eUdXANSq7gORtFIDOy8=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRbB1TAzfbor1oXLCrYV2nHIpGkbmskMSUaoQ/FX3LhQxK3/4c6/MdNWUNEDgcM593JPjh8xKpVlfRiZpeWV1bXsem5jc2t7J7+715ZhLDBp4ZCF4tpHkjDKSUtRxch1JAgKfEY6/riR+p1bIiQN+ZWaRMQN0JDTAcVIacnLH/Qoh70AqZHvJ43pTXLuNadevmCZp7WKU3agZVpW1SlWUuJUS04R2lpJUQALNL38e68f4jggXGGGpOzaVqTcBAlFMSPTXC+WJEJ4jIakqylHAZFuMks/hcda6cNBKPTjCs7U7xsJCqScBL6eTHPK314q/uV1YzWouQnlUawIx/NDg5hBFcK0CtingmDFJpogLKjOCvEICYSVLiynS/j6KfyftB3Trpjly1KhfraoIwsOwRE4ATaogjq4AE3QAhjcgQfwBJ6Ne+PReDFe56MZY7GzD37AePsEpSmVYg==</latexit>

2 CDP

<latexit sha1_base64="c9kVd+EZcUl5cslWVZSR6MOmAP8=">AAACJ3icbVDJSgNBFOxxN25Rj14ag6CIYUbcLkrQi94iGBPJxNDT85I09ix0vxHDMH/jxV/xIqiIHv0TOzGIW0FDUfW2Li+WQqNtv1lDwyOjY+MTk7mp6ZnZufz8wrmOEsWhwiMZqZrHNEgRQgUFSqjFCljgSah6V0c9v3oNSosoPMNuDI2AtUPREpyhkZr5AxfhBvtzUk8mkKXVjO7Ti9ql67N2G9Rq7YvSdepKM9pn9GTtMt1wslwzX7CLdh/0L3EGpEAGKDfzj64f8SSAELlkWtcdO8ZGyhQKLiHLuYmGmPEr1oa6oSELQDfS/n0ZXTGKT1uRMi9E2le/d6Qs0LobeKYyYNjRv72e+J9XT7C110hFGCcIIf9c1EokxYj2QqO+UMBRdg1hXAlzK+UdphhHE20vBOf3l/+S882is1PcPt0qlA4HcUyQJbJMVolDdkmJHJMyqRBObsk9eSLP1p31YL1Yr5+lQ9agZ5H8gPX+AaJ9pRY=</latexit>

W = Y X†(XX† + �I)�1

Scalability issue of classical NG-RC for many-body systems

Pseudoinverse Computation


<latexit sha1_base64="O/io3nP9KWmRztrzqyGENCq6NWc="></latexit>

O(22dT )

d = # of qubits




Part 1: NG-RC for Many-body Quantum Dynamics Prediction

Part 2: Quantum Algorithm for NG-RC (QNG-RC)

arXiv: 2308.14239

Outline

A. Sornsaeng, N. Dangniam, T. Chotibut



Quantum Algorithm for NG-RC (QNG-RC)



Quantum Algorithm for NG-RC (QNG-RC)

<latexit sha1_base64="7ZJNq2qU+lATlj9ZySdbIEMROf4="></latexit>

W = Y X† �XX† + �I
��1

Training

Skipping-ahead  
prediction

<latexit sha1_base64="6fgWrOQJHCXiq24dvSobFxRRIko="></latexit>

|s0k+⌧ i = W |xki = Wr
�
|s0ki, |s0k�1i

�



Quantum Algorithm for NG-RC (QNG-RC)

<latexit sha1_base64="7ZJNq2qU+lATlj9ZySdbIEMROf4="></latexit>

W = Y X† �XX† + �I
��1

Training



Quantum Algorithm for NG-RC (QNG-RC)

<latexit sha1_base64="7ZJNq2qU+lATlj9ZySdbIEMROf4="></latexit>

W = Y X† �XX† + �I
��1

Training

Theorem Given the block-encoded feature matrix  and target matrix , constructed in time  , and  being a 


condition number of the Tikhonov-regularized feature matrix                         , then the block-encoding of , with 


error , can be constructed in time                                                    with              number of qubits.    

X Y TO κ

W

δW ∈ (0,1)

<latexit sha1_base64="seggHScNT0/knDjusOZcNaPBEQ0="></latexit>✓
X

p
�I

0 0

◆

<latexit sha1_base64="0fK8mN069umoTWpYuNvze8GnI4E="></latexit>

TW = O

✓
dT log

✓
T

�W

◆
TO

◆
<latexit sha1_base64="LlklItLNuIs/7zzBZWKN8P4rlEI=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTPia1l0484K9gGdUjKZO21o5kFyRyxDP8CNv+LGhSJu/QB3/o3pY6GtBwKHc87NTY6XSKHRtr+thcWl5ZXV3Fp+fWNza7uws1vXcao41HgsY9X0mAYpIqihQAnNRAELPQkNr3818hv3oLSIozscJNAOWTcSgeAMjdQpFOmNKyHAEnURHnB8YabAH2b+kLpKdHt4ZFJ22R6DzhNnSopkimqn8OX6MU9DiJBLpnXLsRNsZ0yh4BKGeTfVkDDeZ11oGRqxEHQ7G+8e0kOj+DSIlTkR0rH6eyJjodaD0DPJkGFPz3oj8T+vlWJw0c5ElKQIEZ8sClJJMaajZqgvFHCUA0MYV8K8lfIeU4yj6S9vSnBmvzxP6sdl56x8entSrFxO68iRfXJASsQh56RCrkmV1Agnj+SZvJI368l6sd6tj0l0wZrO7JE/sD5/AKLGm2M=</latexit>

O (d)



Quantum Algorithm for NG-RC (QNG-RC)

Skipping-ahead  
prediction

<latexit sha1_base64="6fgWrOQJHCXiq24dvSobFxRRIko="></latexit>

|s0k+⌧ i = W |xki = Wr
�
|s0ki, |s0k�1i

�

requires


          # of qubits    
<latexit sha1_base64="LlklItLNuIs/7zzBZWKN8P4rlEI=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTPia1l0484K9gGdUjKZO21o5kFyRyxDP8CNv+LGhSJu/QB3/o3pY6GtBwKHc87NTY6XSKHRtr+thcWl5ZXV3Fp+fWNza7uws1vXcao41HgsY9X0mAYpIqihQAnNRAELPQkNr3818hv3oLSIozscJNAOWTcSgeAMjdQpFOmNKyHAEnURHnB8YabAH2b+kLpKdHt4ZFJ22R6DzhNnSopkimqn8OX6MU9DiJBLpnXLsRNsZ0yh4BKGeTfVkDDeZ11oGRqxEHQ7G+8e0kOj+DSIlTkR0rH6eyJjodaD0DPJkGFPz3oj8T+vlWJw0c5ElKQIEZ8sClJJMaajZqgvFHCUA0MYV8K8lfIeU4yj6S9vSnBmvzxP6sdl56x8entSrFxO68iRfXJASsQh56RCrkmV1Agnj+SZvJI368l6sd6tj0l0wZrO7JE/sD5/AKLGm2M=</latexit>

O (d)



1. NG-RC can be applied to forecast full many-body dynamics far into the future,  
     but with the time cost that scales as  

2. There is a quantum algorithm that performs skipping-ahead prediction coherently with 
      the time cost and resource that scales as 

arXiv: 2308.14239

Summary

A. Sornsaeng, N. Dangniam, T. Chotibut

<latexit sha1_base64="x0wZ3zu05f7d6LJHy1RCBA8A5E0=">AAACEXicbVC7SgNBFJ31GeMramkzGITYhN3gqwza2BnBqJCNYXb2bjJk9sHMXTEs+ws2/oqNhSK2dnb+jZNHodEDFw7n3Dtz7/ESKTTa9pc1Mzs3v7BYWCour6yurZc2Nq90nCoOTR7LWN14TIMUETRRoISbRAELPQnXXv906F/fgdIiji5xkEA7ZN1IBIIzNFKnVKHnroQAK9RFuMfRg5kCP89qt1nNz3PqKtHt4V6nVLar9gj0L3EmpEwmaHRKn64f8zSECLlkWrccO8F2xhQKLiEvuqmGhPE+60LL0IiFoNvZaIGc7hrFp0GsTEVIR+rPiYyFWg9Cz3SGDHt62huK/3mtFIPjdiaiJEWI+PijIJUUYzqMh/pCAUc5MIRxJcyulPeYYhxNiEUTgjN98l9yVas6h9WDi/1y/WQSR4Fskx1SIQ45InVyRhqkSTh5IE/khbxaj9az9Wa9j1tnrMnMFvkF6+MbP/KdTw==</latexit>

O
�
22d

�

<latexit sha1_base64="LlklItLNuIs/7zzBZWKN8P4rlEI=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6KTPia1l0484K9gGdUjKZO21o5kFyRyxDP8CNv+LGhSJu/QB3/o3pY6GtBwKHc87NTY6XSKHRtr+thcWl5ZXV3Fp+fWNza7uws1vXcao41HgsY9X0mAYpIqihQAnNRAELPQkNr3818hv3oLSIozscJNAOWTcSgeAMjdQpFOmNKyHAEnURHnB8YabAH2b+kLpKdHt4ZFJ22R6DzhNnSopkimqn8OX6MU9DiJBLpnXLsRNsZ0yh4BKGeTfVkDDeZ11oGRqxEHQ7G+8e0kOj+DSIlTkR0rH6eyJjodaD0DPJkGFPz3oj8T+vlWJw0c5ElKQIEZ8sClJJMaajZqgvFHCUA0MYV8K8lfIeU4yj6S9vSnBmvzxP6sdl56x8entSrFxO68iRfXJASsQh56RCrkmV1Agnj+SZvJI368l6sd6tj0l0wZrO7JE/sD5/AKLGm2M=</latexit>

O (d)



Question Inspired by Experiments: 
Can we measure one observable dynamics and 
reconstruct ALL the observables dynamics? 



Question Inspired by Experiments: 
Can we measure one observable dynamics and 
reconstruct ALL the observables dynamics? 

<latexit sha1_base64="r9nWLMZAZni5VXbrN0QZdlX9YVI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURb8uiG5cV7AWaECbT03boZBJmJkII9VXcuFDErQ/izrdxmmahrT8MfPznHM6ZP0w4U9pxvq2V1bX1jc3KVnV7Z3dv3z447Kg4lRTaNOax7IVEAWcC2pppDr1EAolCDt1wcjurdx9BKhaLB50l4EdkJNiQUaKNFdg1jxMx4oB7gYs9WXBg152GUwgvg1tCHZVqBfaXN4hpGoHQlBOl+q6TaD8nUjPKYVr1UgUJoRMygr5BQSJQfl4cP8UnxhngYSzNExoX7u+JnERKZVFoOiOix2qxNjP/q/VTPbz2cyaSVIOg80XDlGMd41kSeMAkUM0zA4RKZm7FdEwkodrkVTUhuItfXobOWcO9bFzcn9ebN2UcFXSEjtEpctEVaqI71EJtRFGGntErerOerBfr3fqYt65Y5UwN/ZH1+QPP8JQ/</latexit>

hX1i

<latexit sha1_base64="2TyYox69prPZKG28G7NCoWz8v3M=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnJbDJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7rF+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB42mNAg==</latexit>

t

Partial observation of the past



Question Inspired by Experiments: 
Can we measure one observable dynamics and 
reconstruct ALL the observables dynamics? 

<latexit sha1_base64="r9nWLMZAZni5VXbrN0QZdlX9YVI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURb8uiG5cV7AWaECbT03boZBJmJkII9VXcuFDErQ/izrdxmmahrT8MfPznHM6ZP0w4U9pxvq2V1bX1jc3KVnV7Z3dv3z447Kg4lRTaNOax7IVEAWcC2pppDr1EAolCDt1wcjurdx9BKhaLB50l4EdkJNiQUaKNFdg1jxMx4oB7gYs9WXBg152GUwgvg1tCHZVqBfaXN4hpGoHQlBOl+q6TaD8nUjPKYVr1UgUJoRMygr5BQSJQfl4cP8UnxhngYSzNExoX7u+JnERKZVFoOiOix2qxNjP/q/VTPbz2cyaSVIOg80XDlGMd41kSeMAkUM0zA4RKZm7FdEwkodrkVTUhuItfXobOWcO9bFzcn9ebN2UcFXSEjtEpctEVaqI71EJtRFGGntErerOerBfr3fqYt65Y5UwN/ZH1+QPP8JQ/</latexit>

hX1i

<latexit sha1_base64="2TyYox69prPZKG28G7NCoWz8v3M=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnJbDJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7rF+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB42mNAg==</latexit>

t

<latexit sha1_base64="r9nWLMZAZni5VXbrN0QZdlX9YVI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURb8uiG5cV7AWaECbT03boZBJmJkII9VXcuFDErQ/izrdxmmahrT8MfPznHM6ZP0w4U9pxvq2V1bX1jc3KVnV7Z3dv3z447Kg4lRTaNOax7IVEAWcC2pppDr1EAolCDt1wcjurdx9BKhaLB50l4EdkJNiQUaKNFdg1jxMx4oB7gYs9WXBg152GUwgvg1tCHZVqBfaXN4hpGoHQlBOl+q6TaD8nUjPKYVr1UgUJoRMygr5BQSJQfl4cP8UnxhngYSzNExoX7u+JnERKZVFoOiOix2qxNjP/q/VTPbz2cyaSVIOg80XDlGMd41kSeMAkUM0zA4RKZm7FdEwkodrkVTUhuItfXobOWcO9bFzcn9ebN2UcFXSEjtEpctEVaqI71EJtRFGGntErerOerBfr3fqYt65Y5UwN/ZH1+QPP8JQ/</latexit>

hX1i

<latexit sha1_base64="bq7V3JCqLxzAb71fNQXu29Qk4PQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjxGMA9IljA7mU3GzO4sM71CWPIPXjwo4tX/8ebfOEn2oNGChqKqm+6uIJHCoOt+OYWl5ZXVteJ6aWNza3unvLvXNCrVjDeYkkq3A2q4FDFvoEDJ24nmNAokbwWjm6nfeuTaCBXf4zjhfkQHsQgFo2ilJp50kaa9csWtujOQv8TLSQVy1Hvlz25fsTTiMTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWBrTiBs/m107IUdW6ZNQaVsxkpn6cyKjkTHjKLCdEcWhWfSm4n9eJ8Xwys9EnKTIYzZfFKaSoCLT10lfaM5Qji2hTAt7K2FDqilDG1DJhuAtvvyXNE+r3kX1/O6sUrvO4yjCARzCMXhwCTW4hTo0gMEDPMELvDrKeXbenPd5a8HJZ/bhF5yPb2I+jwU=</latexit>

t+ ⌧

<latexit sha1_base64="6JtwkNBZ/ERVNW+v2uMCVGSxj6A=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCpJ8bYsunFZwV6gKWUyPWmHTiZhZiKEUF/FjQtF3Pog7nwbp2kW2vrDwMd/zuGc+f2YM6Ud59sqra1vbG6Vtys7u3v7B/bhUUdFiaTQphGPZM8nCjgT0NZMc+jFEkjoc+j609t5vfsIUrFIPOg0hkFIxoIFjBJtrKFd9TgRYw64N2xgT+Y8tGtO3cmFV8EtoIYKtYb2lzeKaBKC0JQTpfquE+tBRqRmlMOs4iUKYkKnZAx9g4KEoAZZfvwMnxpnhINImic0zt3fExkJlUpD33SGRE/Ucm1u/lfrJzq4HmRMxIkGQReLgoRjHeF5EnjEJFDNUwOESmZuxXRCJKHa5FUxIbjLX16FTqPuXtYv7s9rzZsijjI6RifoDLnoCjXRHWqhNqIoRc/oFb1ZT9aL9W59LFpLVjFTRX9kff4A0XyUQA==</latexit>

hX2i

<latexit sha1_base64="gNnvhLV0SEM65JcXPbG/AfR9XCg=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcFUS78uiG5cV7AWaUibTSTt0MgkzEyGE+ipuXCji1gdx59s4TbPQ1h8GPv5zDufM78ecKe0431ZpZXVtfaO8Wdna3tnds/cP2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ7ezeueRSsUi8aDTmPZDPBIsYARrYw3sqsexGHGKuoMz5MmcB3bNqTu50DK4BdSgUHNgf3nDiCQhFZpwrFTPdWLdz7DUjHA6rXiJojEmEzyiPYMCh1T1s/z4KTo2zhAFkTRPaJS7vycyHCqVhr7pDLEeq8XazPyv1kt0cN3PmIgTTQWZLwoSjnSEZkmgIZOUaJ4awEQycysiYywx0SavignBXfzyMrRP6+5l/eL+vNa4KeIowyEcwQm4cAUNuIMmtIBACs/wCm/Wk/VivVsf89aSVcxU4Y+szx/TCJRB</latexit>

hX3i

<latexit sha1_base64="eOY5K12Y9xOrXWeCnUEYpaJMV5g=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJ1Muy6MZlBXuBppTJ9KQdOpmEmYkQQn0VNy4UceuDuPNtnKZZaOsPAx//OYdz5vdjzpR2nG+rtLa+sblV3q7s7O7tH9iHRx0VJZJCm0Y8kj2fKOBMQFszzaEXSyChz6HrT2/n9e4jSMUi8aDTGAYhGQsWMEq0sYZ21eNEjDng3rCBPZnz0K45dScXXgW3gBoq1BraX94ookkIQlNOlOq7TqwHGZGaUQ6zipcoiAmdkjH0DQoSghpk+fEzfGqcEQ4iaZ7QOHd/T2QkVCoNfdMZEj1Ry7W5+V+tn+jgepAxEScaBF0sChKOdYTnSeARk0A1Tw0QKpm5FdMJkYRqk1fFhOAuf3kVOud197J+cd+oNW+KOMroGJ2gM+SiK9REd6iF2oiiFD2jV/RmPVkv1rv1sWgtWcVMFf2R9fkD1JSUQg==</latexit>

hX4i

Partial observation of the past

Reconstruction of ALL observables into the far future (  )τ = 106



Apimuk Sornsaeng Ninnat Dangniam

Institute for Fundamental Study 
Thailand

Chulalongkorn University 
Thailand

Acknowledgement

Thiparat Chotibut

Chulalongkorn University 
Thailand

@ThiparatC

thiparatc@gmail.com

Lab website: www.chics.ai

Funding Acknowledgement

Contact

mailto:thiparatc@gmail.com


<latexit sha1_base64="0Mdb6EGLb0Yv8GqNusgWL9LsQyM="></latexit>

| i =
X

d1,d2,...,dN

cd1,d2,...,dN |d1 d2 . . . dN i

Benefits of Matrix Product States: Exponential Data Compression

If the Hilbert space of each particle has dimension 
<latexit sha1_base64="ALmRSV8HnnONEcEv0CjjigHPIhU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU9iIRY9FLx5bsB/QhrLZbNq1m03Y3Qil9Bd48aCIV3+SN/+NmzYHrT4YeLw3w8y8IBVcG4y/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC4hmgkvWNtwI1ksVI3EgWDeY3OZ+95EpzRN5b6Yp82MykjzilBgrtcJhtYbdOs6BsItXiFeQGhRoDqufgzChWcykoYJo3fdwavwZUYZTweaVQaZZSuiEjFjfUklipv3Z4tA5OrNKiKJE2ZIGLdSfEzMSaz2NA9sZEzPWq14u/uf1MxNd+zMu08wwSZeLokwgk6D8axRyxagRU0sIVdzeiuiYKEKNzaZiQ/BWX/5LOheuV3dx67LWuCniKMMJnMI5eHAFDbiDJrSBAoMneIFX58F5dt6c92VrySlmjuEXnI9v0LGM8Q==</latexit>

d
<latexit sha1_base64="HLjFDNw594G/FTs18l1nuSVvzC4=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgeRknFocehF08ywX1AV0eaZltYmpYkFUbpn/DiX/HiQRGvgjf/jelWwW0+EHjyPO/75s3jx4xKBeG3sbS8srq2Xtoob25t7+yae/stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafujq9xvPxAhacTv1DgmXogGnPYpRkpLPbOadidDXDHwvRTaNZijCm04S7Igu7/pmZXfu7VInIJUQIFGz/zqBhFOQsIVZkhK14Gx8lIkFMWMZOVuIkmM8AgNiKspRyGRXjpZKLOOtRJY/Ujow5U1Uf92pCiUchz6ujJEaijnvVz8z3MT1b/wUsrjRBGOpw/1E2apyMojsgIqCFZsrAnCgupdLTxEAmGlgyzrEJz5Ly+S1qnt1Gx4e1apXxZxlMAhOAInwAHnoA6uQQM0AQaP4Bm8gjfjyXgx3o2PaemSUfQcgBkYnz+hOpqs</latexit>

dN, need to specific all             tensor coefficients.

<latexit sha1_base64="GKRmkDNV42IrYVJgojcyCSbjO7I="></latexit>

| ̃iMPS ⇡
X

{↵}

A↵1
d1

. . . A↵i�1↵i

di
. . . A↵N�1

dN
|d1i|d2i . . . |dN i

However, for a gapped 1D systems, a useful ansatz is the MPS

    denotes the interaction with particle  with an effective dimension , called the bond dimension.αi i χ

≈

<latexit sha1_base64="hs4kOMjN6oQ4jN/ZDETnmqqKrvA=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkAby2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheT/zmAyrNY3lnRgn6Ee1LHnJGjZXun0inpjnpKCr7ArulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTq8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpMISI8rZEaMLKFMcXsrYQOqKDM2qKINwZt/eZE0TiveecW9PStXr/I4CnAIR3ACHlxAFW6gBnVgoOAZXuHNeXRenHfnY9a65OQzB/AHzucP68OSIw==</latexit>

| i
<latexit sha1_base64="p3vj5Uaps7ob8EMLPUmKMNL02hU=">AAACC3icbVA9SwNBEN3zM8avqKXNkiBYhTtRtAza2AgRzQfkQtjbTJIle3vH7pwYzvQ2/hUbC0Vs/QN2/hs3H4UmPhh4vDfDzLwglsKg6347C4tLyyurmbXs+sbm1nZuZ7dqokRzqPBIRroeMANSKKigQAn1WAMLAwm1oH8x8mt3oI2I1C0OYmiGrKtER3CGVmrl8g/URyHbQP2yEdTXTHUltFIf4R7Tq/LNcNjKFdyiOwadJ96UFMgU5Vbuy29HPAlBIZfMmIbnxthMmUbBJQyzfmIgZrzPutCwVLEQTDMd/zKkB1Zp006kbSmkY/X3RMpCYwZhYDtDhj0z643E/7xGgp2zZipUnCAoPlnUSSTFiI6CoW2hgaMcWMK4FvZWyntMM442vqwNwZt9eZ5Uj4reSdG9Pi6UzqdxZMg+yZND4pFTUiKXpEwqhJNH8kxeyZvz5Lw4787HpHXBmc7skT9wPn8A/+ibCg==</latexit>

| ̃iMPS

<latexit sha1_base64="HLjFDNw594G/FTs18l1nuSVvzC4=">AAACFXicbVBNS8MwGE79nPOr6tFLcQgeRknFocehF08ywX1AV0eaZltYmpYkFUbpn/DiX/HiQRGvgjf/jelWwW0+EHjyPO/75s3jx4xKBeG3sbS8srq2Xtoob25t7+yae/stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafujq9xvPxAhacTv1DgmXogGnPYpRkpLPbOadidDXDHwvRTaNZijCm04S7Igu7/pmZXfu7VInIJUQIFGz/zqBhFOQsIVZkhK14Gx8lIkFMWMZOVuIkmM8AgNiKspRyGRXjpZKLOOtRJY/Ujow5U1Uf92pCiUchz6ujJEaijnvVz8z3MT1b/wUsrjRBGOpw/1E2apyMojsgIqCFZsrAnCgupdLTxEAmGlgyzrEJz5Ly+S1qnt1Gx4e1apXxZxlMAhOAInwAHnoA6uQQM0AQaP4Bm8gjfjyXgx3o2PaemSUfQcgBkYnz+hOpqs</latexit>

dNnumber of parameters

d d dd d d d d d dd d d d

χ χ χ χ χ χ

N χ2d


