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Introduction

• We consider Echo State Networks (ESNs) in the context of
Natural Language Processing (NLP).

• More specifically, we introduce ESNs with pre-trained word em-
beddings as inputs (GloVe, BERT) for text classification.

• We show that ESNs are efficient candidates for text classifica-
tion tasks.

• Some works about text classification with ESNs have already
been done, but along different lines (different training paradigms).
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Datasets

• TREC-6 / TREC-50. Question classification with 6/50 classes.
Train set / Test set: 5452 / 500 examples.

• SST-2. Sentiment classification with 2 classes.
Train set / Test set: 67349 / 1821 examples.

• IMDb. Sentiment classification with 2 classes.
Train set / Test set: 25000 / 25,000 example.

• AG News. Topic classification with 4 classes.
Train set / Test set: 120000 / 7600 examples.
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Echo State Networks

Echo Sate Networks (ESNs) are specific kinds of recurrent
neural networks. An ESN consists of:

• An input layer

• A reservoir of neurons: random, recurrent and sparse

• An output layer

? Only the output weights are trained!

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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Echo State Networks

Echo Sate Networks (ESNs) are specific kinds of recurrent
neural networks. An ESN consists of:

• An input layer

• A reservoir of neurons: random, recurrent and sparse

• An output layer

? Only the output weights are trained!

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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Echo State Networks

Echo Sate Networks (ESNs) are specific kinds of recurrent
neural networks. An ESN consists of:

• An input layer

• A reservoir of neurons: random, recurrent and sparse

• An output layer

? Only the output weights are trained!

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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ESNs: Dynamics

• We consider leaky integrator ESNs (LI-ESNs):

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

x̃(t+ 1) = fres

(
Winu(t+ 1) +Wresx(t)

)
x(t+ 1) = (1− α)x(t) + αx̃(t+ 1) α leaking rate

y(t+ 1) = fout

(
Woutx(t+ 1)

)
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ESNs: Initialization

• Input weights Win ∈ RNx×(1+Nu) (fixed):

Sampled from U(−a, a), where a is the input scaling.

• Reservoir weights Wres ∈ RNx×Nx (fixed):

Sampled from U(−1, 1), set to 0 with sparsity rate 0.99, and rescaled to

have a specific spectral radius1 ρ < 1.

• Output weights Wout ∈ RNy×(1+Nx) (trainable!):

Here, closed-form solution of a simple Ridge Regression.

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

1The largest absolute value of the eigenvalues of Wres.
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ESNs: Initialization

• Input weights Win ∈ RNx×(1+Nu) (fixed):

Sampled from U(−a, a), where a is the input scaling.

• Reservoir weights Wres ∈ RNx×Nx (fixed):

Sampled from U(−1, 1), set to 0 with sparsity rate 0.99, and rescaled to

have a specific spectral radius1 ρ < 1.

• Output weights Wout ∈ RNy×(1+Nx) (trainable!):

Here, closed-form solution of a simple Ridge Regression.

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

1The largest absolute value of the eigenvalues of Wres.
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ESNs: Initialization

• Input weights Win ∈ RNx×(1+Nu) (fixed):

Sampled from U(−a, a), where a is the input scaling.

• Reservoir weights Wres ∈ RNx×Nx (fixed):

Sampled from U(−1, 1), set to 0 with sparsity rate 0.99, and rescaled to

have a specific spectral radius1 ρ < 1.

• Output weights Wout ∈ RNy×(1+Nx) (trainable!):

Here, closed-form solution of a simple Ridge Regression.

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

1The largest absolute value of the eigenvalues of Wres.
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ESNs: Hyperparameters

• Input scaling a: influences the nonlinearity of the reservoir:

Larger input scalings drive the reservoir units into larger activation values,

hence into more non-linear regimes.

• Spectral Radius ρ: modulates the effect of past inputs:

Larger spectral radii correspond to longer input memories.

• Leaking rate α: controls the speed of the reservoir updating.

Larger leaking rates generate faster reacting reservoirs (reduced contribu-

tion of previous state in the updated state).

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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ESNs: Hyperparameters

• Input scaling a: influences the nonlinearity of the reservoir:

Larger input scalings drive the reservoir units into larger activation values,

hence into more non-linear regimes.

• Spectral Radius ρ: modulates the effect of past inputs:

Larger spectral radii correspond to longer input memories.

• Leaking rate α: controls the speed of the reservoir updating.

Larger leaking rates generate faster reacting reservoirs (reduced contribu-

tion of previous state in the updated state).

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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ESNs: Hyperparameters

• Input scaling a: influences the nonlinearity of the reservoir:

Larger input scalings drive the reservoir units into larger activation values,

hence into more non-linear regimes.

• Spectral Radius ρ: modulates the effect of past inputs:

Larger spectral radii correspond to longer input memories.

• Leaking rate α: controls the speed of the reservoir updating.

Larger leaking rates generate faster reacting reservoirs (reduced contribu-

tion of previous state in the updated state).

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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ESNs: Input features
• We consider the pre-trained dynamic word embedding BERT

as input features.

• BERT-base: 12 encoder layers of the transformer model.

• Any input text is embedded into a sequence of 768-dimensional
vectors. Other embeddings can be considered: FastText (300d),

GloVe (300d), etc.

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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Introduction Datasets Echo State Networks Results Conclusions

ESNs: Input features
• We consider the pre-trained dynamic word embedding BERT

as input features.

• BERT-base: 12 encoder layers of the transformer model.

• Any input text is embedded into a sequence of 768-dimensional
vectors. Other embeddings can be considered: FastText (300d),

GloVe (300d), etc.

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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Introduction Datasets Echo State Networks Results Conclusions

ESNs: Input features
• We consider the pre-trained dynamic word embedding BERT

as input features.

• BERT-base: 12 encoder layers of the transformer model.

• Any input text is embedded into a sequence of 768-dimensional
vectors. Other embeddings can be considered: FastText (300d),

GloVe (300d), etc.

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>
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ESNs: Training
<latexit sha1_base64="CXm8QHW2eterG5QSS+FnMyPd+Pg=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGE3kWgjBGwsI5gH5LHMTmaTIbMPZu4awpIfsPFXbCwUsbW382+cJFto9MDA4Zx7uHOPEwquwDS/jNTK6tr6Rnozs7W9s7uX3T9oqCCSlNVpIALZcohigvusDhwEa4WSEc8RrOmMrmd+855JxQP/DiYh63pk4HOXUwJasrP5fAdIZJfxFS6Me5Ydl6dneNwrLUinH4A6zdvZnFk058B/iZWQHEpQs7OfOkkjj/lABVGqbZkhdGMigVPBpplOpFhI6IgMWFtTn3hMdeP5NVN8opU+dgOpnw94rv5MxMRTauI5etIjMFTL3kz8z2tH4F52Y+6HETCfLha5kcAQ4Fk1uM8loyAmmhAquf4rpkMiCQVdYEaXYC2f/Jc0SkWrUjy/LeWqlaSONDpCx6iALHSBqugG1VAdUfSAntALejUejWfjzXhfjKaMJHOIfsH4+AZSzZkr</latexit>

⌧3 = (w1
3, w

2
3, . . . ) …

<latexit sha1_base64="IsgGROUSwcx96vdj6ROmyuQsIFk=">AAACGXicbVDLSgMxFM34rOOr6tJNsAiuykxRdFlw47KKfUCnlEzmThuaSYYkUyhDf8ONv+LGhSIudeXfmD4QbT0QOJxzLjf3hCln2njel7Oyura+sVnYcrd3dvf2iweHDS0zRaFOJZeqFRINnAmoG2Y4tFIFJAk5NMPB9cRvDkFpJsW9GaXQSUhPsJhRYqzULXpBCD0mcgrCgBq7d6BBDSVTOAhcbYgB7QYgop9At1jyyt4UeJn4c1JCc9S6xY8gkjRL7DzlROu276WmkxNlGOUwdoNMQ0rogPSgbakgCehOPr1sjE+tEuFYKvuEwVP190ROEq1HSWiTCTF9vehNxP+8dmbiq07ORJoZEHS2KM44NhJPasIRU0ANH1lCqGL2r5j2iSLUlqAnJfiLJy+TRqXsX5S920qpej6vo4CO0Qk6Qz66RFV0g2qojih6QE/oBb06j86z8+a8z6IrznzmCP2B8/kNzfugug==</latexit>

Reservoir
states

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="G5gxFH8ynSY5mohmH55XI24rXq4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUs/O655ZsxrWDHiZ2CWpoRJtz/xyhjFNQxYBFUSpgW0l4GZEAqeC5VUnVSwhdEJGbKBpREKm3GwWP8dnWhniIJb6RYBn6u+NjIRKTUNfTxZZ1aJXiP95gxSCazfjUZICi+j8UJAKDDEuusBDLhkFMdWEUMl1VkzHRBIKurGqLsFe/PIy6TYb9kXDum/WWpdlHRV0gk7RObLRFWqhO9RGHURRhp7RK3oznowX4934mI+uGOXOEfoD4/MHyOmVUw==</latexit>

E⌧1

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="n3eUQn8wn74jBKLrpTot8AxLJH0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUq+Z1z2zZjWsGfAysUtSQyXanvnlDGOahiwCKohSA9tKwM2IBE4Fy6tOqlhC6ISM2EDTiIRMudksfo7PtDLEQSz1iwDP1N8bGQmVmoa+niyyqkWvEP/zBikE127GoyQFFtH5oSAVGGJcdIGHXDIKYqoJoZLrrJiOiSQUdGNVXYK9+OVl0m027IuGdd+stS7LOiroBJ2ic2SjK9RCd6iNOoiiDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPym+VVA==</latexit>

E⌧2

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="Y8Ug14264hf0HKPzG/vbxMImlyY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZEMFlBfuAJoTJdNIOnTyYmQglBPwVNy4Ucet3uPNvnLZZaOuBgcM593LPHD/hTCrL+jZKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3wz9buPVEgWRw9qklA3xMOIBYxgpSXPPKo5IVYjP8hucy9zFE6987zmmVWrbs2AloldkCoUaHnmlzOISRrSSBGOpezbVqLcDAvFCKd5xUklTTAZ4yHtaxrhkEo3m8XP0alWBiiIhX6RQjP190aGQyknoa8np1nlojcV//P6qQqu3YxFSapoROaHgpQjFaNpF2jABCWKTzTBRDCdFZERFpgo3VhFl2AvfnmZdBp1+6Ju3TeqzcuijjIcwwmcgQ1X0IQ7aEEbCGTwDK/wZjwZL8a78TEfLRnFziH8gfH5A8v1lVU=</latexit>

E⌧3

…
<latexit sha1_base64="ZYz098tM6i12l+S/d/NiVTM650g=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIUXRZEcFnBPqApZTK5aYdOJmFmIpbQv3Djr7hxoYhb3fk3Ttsg2npg4HDOPdy5J0g5U9p1v6yl5ZXVtfXShr25tb2z6+ztN1WSSQoNmvBEtgOigDMBDc00h3YqgcQBh1YwvJz4rTuQiiXiVo9S6MakL1jEKNFG6jkVP4A+EzkFoUGO7as4gDCEEPu+reFeK9sHEf7YPafsVtwp8CLxClJGBeo959MPE5rFJk85Uarjuanu5kRqRjmMbT9TkBI6JH3oGCpIDKqbT+8a42OjhDhKpHlC46n6O5GTWKlRHJjJmOiBmvcm4n9eJ9PRRTdnIs00CDpbFGUc6wRPSsIhk0A1HxlCqGTmr5gOiCTUlKAmJXjzJy+SZrXinVXcm2q5dlrUUUKH6AidIA+doxq6RnXUQBQ9oCf0gl6tR+vZerPeZ6NLVpE5QH9gfXwDti6fkw==</latexit>

Embedded
texts

<latexit sha1_base64="ofSHMSIf8TtyLr0oRB8TGhLfLuU=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4lr4GpdGXctNrckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AUidmSM=</latexit>

⌧1 = (w1
1, w

2
1, . . . )

<latexit sha1_base64="92v+uHYlz5G4Gs29QXeQZNUn834=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4tr4GpdGXctN7ckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AU1jmSY=</latexit>

⌧2 = (w1
2, w

2
2, . . . )

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="A2/vf2I1nkJgSOx0OuBGKd9l95w=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQVH8uCG5cV7AOaECbTSTt0MgkzN0IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk9vC7z1SqVgsHmCaUC/CI8FCRjBoyTeP626EYRyEWT/3Mxdw6l/kdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCGy9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOJcN+75Za12VdVTQCTpF58hB16iF7lAbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8f6ZKVaA==</latexit>

X⌧3

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="5CAYHGeSBVuCaGS+appuE6OA/5Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkpS8LEsuHFZwT6gCWEynbRDJw9mboQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp8IrsCyvo3K2vrG5lZ1u7azu7d/YB4e9VScSsq6NBaxHPhEMcEj1gUOgg0SyUjoC9b3p7eF339kUvE4eoBZwtyQjCMecEpAS5550nBCAhM/yAa5lzlAUq+VNzyzbjWtOfAqsUtSRyU6nvnljGKahiwCKohSQ9tKwM2IBE4Fy2tOqlhC6JSM2VDTiIRMudk8fo7PtTLCQSz1iwDP1d8bGQmVmoW+niyyqmWvEP/zhikEN27GoyQFFtHFoSAVGGJcdIFHXDIKYqYJoZLrrJhOiCQUdGM1XYK9/OVV0ms17cumdd+qt6/KOqroFJ2hC2Sja9RGd6iDuoiiDD2jV/RmPBkvxrvxsRitGOXOMfoD4/MH6AyVZw==</latexit>

X⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="BJ7JgSJYFQE4d1vok4WTSKJg30Q=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4GNZcOOygn1AE8JkOmmHTh7MTIQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp9wJpVlfRuVtfWNza3qdm1nd2//wDw86sk4FYR2ScxjMfCxpJxFtKuY4nSQCIpDn9O+P70t/P4jFZLF0YOaJdQN8ThiASNYackzTxpOiNXED7JB7mWOwqln5w3PrFtNaw60SuyS1KFExzO/nFFM0pBGinAs5dC2EuVmWChGOM1rTippgskUj+lQ0wiHVLrZPH6OzrUyQkEs9IsUmqu/NzIcSjkLfT1ZZJXLXiH+5w1TFdy4GYuSVNGILA4FKUcqRkUXaMQEJYrPNMFEMJ0VkQkWmCjdWE2XYC9/eZX0Wk37smndt+rtq7KOKpzCGVyADdfQhjvoQBcIZPAMr/BmPBkvxrvxsRitGOXOMfyB8fkD5oaVZg==</latexit>

X⌧1

…

<latexit sha1_base64="iZGfG2LrPlrwJmF/Qn9wTawnV+k=">AAACFXicbVDLSsNAFJ3UV42vqks3g0VwISUpoi4LbnRXwT6gCWUyuW2HTiZhZiKW0J9w46+4caGIW8Gdf+OkLaKtBwYO59zLnXOChDOlHefLKiwtr6yuFdftjc2t7Z3S7l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPL3G/dgVQsFrd6lIAfkb5gPUaJNlK3dOIF0GcioyA0yLF9LZJUK+x5toZ7rWwPRPhjdktlp+JMgBeJOyNlNEO9W/r0wpimkdmnnCjVcZ1E+xmRmlEOY9tLFSSEDkkfOoYKEoHys0mqMT4ySoh7sTRPaDxRf29kJFJqFAVmMiJ6oOa9XPzP66S6d+FnLE8Kgk4P9VKOdYzzinDIJFDNR4YQKpn5K6YDIgk1Jai8BHc+8iJpVivuWaV6Uy3XTmd1FNEBOkTHyEXnqIauUB01EEUP6Am9oFfr0Xq23qz36WjBmu3soz+wPr4Bg2me+w==</latexit>

Inputs
texts

<latexit sha1_base64="40TLH+XaQF33eIjmYybImREitSI=">AAACFnicbVDLSsNAFJ34rPFVdelmsAhuLElRdFlw40aoYB/QhDKZ3LRDJ5MwMxFK6Fe48VfcuFDErbjzb5y0RbT1wMDhnHu4c0+Qcqa043xZS8srq2vrpQ17c2t7Z7e8t99SSSYpNGnCE9kJiALOBDQ10xw6qQQSBxzawfCq8Nv3IBVLxJ0epeDHpC9YxCjRRuqVT70A+kzkFIQGObZvQPYhxJ5nK000KNsDEf64vXLFqToT4EXizkgFzdDolT+9MKFZbPKUE6W6rpNqPydSM8phbHuZgpTQIelD11BBYlB+PjlrjI+NEuIokeYJjSfq70ROYqVGcWAmY6IHat4rxP+8bqajSz9nIs00CDpdFGUc6wQXHeGQSaCajwwhVDLzV0wHRBJqSlBFCe78yYukVau651Xntlapn83qKKFDdIROkIsuUB1dowZqIooe0BN6Qa/Wo/VsvVnv09Ela5Y5QH9gfXwD986fLw==</latexit>

Merged
states

<latexit sha1_base64="CDfAO44yD0C5qhfWVAF+G2zcNCs=">AAACDHicbVDLSsNAFJ34rPFVdelmsAiuSlKKuiy4ceGign1AG8pkctMOnUzCzEQooR/gxl9x40IRt36AO//GSRtEWw8MHM45lzv3+AlnSjvOl7Wyura+sVnasrd3dvf2yweHbRWnkkKLxjyWXZ8o4ExASzPNoZtIIJHPoeOPr3K/cw9SsVjc6UkCXkSGgoWMEm2kQbnS92HIREZBaJBT+4b4wJXdBxH8aCblVJ0Z8DJxC1JBBZqD8mc/iGkamXnKiVI910m0lxGpGeUwtfupgoTQMRlCz1BBIlBeNjtmik+NEuAwluYJjWfq74mMREpNIt8kI6JHatHLxf+8XqrDSy9jIkk1CDpfFKYc6xjnzeCASaCaTwwhVDLzV0xHRBJqSlB5Ce7iycukXau659X6ba3SqBd1lNAxOkFnyEUXqIGuURO1EEUP6Am9oFfr0Xq23qz3eXTFKmaO0B9YH9+zUptZ</latexit>

Labels

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="yKR3mvXlvY1KSripHDVCDgQXTRk=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1Hfyum/W7IY9g7VMnJLUUIm2b365w5ikERVAOFZq4NgJeBmWwAinedVNFU0wmeARHWgqcESVl83i59aZVoZWGEv9BFgz9fdGhiOlplGgJ4usatErxP+8QQrhtZcxkaRABZkfClNuQWwVXVhDJikBPtUEE8l0VouMscQEdGNVXYKz+OVl0m02nIuGfdestS7LOiroBJ2ic+SgK9RCt6iNOoigDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPGHWVhg==</latexit>x⌧1

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="eC+YkswfZp9HCJFIFvU3bI/FoAw=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1G/mdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCay9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOBcN+65Za12WdVTQCTpF58hBV6iFblEbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8fGfuVhw==</latexit>x⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="H7Td+2pJERbrwq6s53JIONckepQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZcOOygn1AE8JkOmmHTh7MTMQSAv6KGxeKuPU73Pk3TtsstPXAwOGce7lnjp9wJpVlfRulldW19Y3yZmVre2d3z9w/6Mg4FYS2Scxj0fOxpJxFtK2Y4rSXCIpDn9OuP76Z+t0HKiSLo3s1Sagb4mHEAkaw0pJnHtWcEKuRH2SPuZc5CqfeeV7zzKpVt2ZAy8QuSBUKtDzzyxnEJA1ppAjHUvZtK1FuhoVihNO84qSSJpiM8ZD2NY1wSKWbzeLn6FQrAxTEQr9IoZn6eyPDoZST0NeT06xy0ZuK/3n9VAXXbsaiJFU0IvNDQcqRitG0CzRgghLFJ5pgIpjOisgIC0yUbqyiS7AXv7xMOo26fVG37hrV5mVRRxmO4QTOwIYraMIttKANBDJ4hld4M56MF+Pd+JiPloxi5xD+wPj8ARuBlYg=</latexit>x⌧3

…

…
<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+x14qyNcnTxpBturpb6mIiqXmVI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCKCd3Rc/Qx5hWdZwzbrVtArAVWKXpA5KdF3zazwJcRwQrjBDUo5sK1JOioSimJGsNo4liRCeoykZacpRQKSTFpdk8EwrE+iHQj+uYKH+7khRIGUSeLoyX1sue7n4nzeKlX/lpJRHsSIcLwb5MYMqhHkscEIFwYolmiAsqN4V4hkSCCsdXk2HYC+fvEr6rabdbl7ctuqddhlHFZyAU3AObHAJOuAGdEEPYPAInsEreDOejBfj3fhYlFaMsucY/IHx+QM6RpoB</latexit>

ylabel
1

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="f5hRT90kpoTFc2E6Naj9TdkU2TI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCGAruy9+hjzCsqzhmnWraRWAq8QuSR2U6Lrm13gS4jggXGGGpBzZVqScFAlFMSNZbRxLEiE8R1My0pSjgEgnLS7J4JlWJtAPhX5cwUL93ZGiQMok8HRlvrZc9nLxP28UK//KSSmPYkU4XgzyYwZVCPNY4IQKghVLNEFYUL0rxDMkEFY6vJoOwV4+eZX0W0273by4bdU77TKOKjgBp+Ac2OASdMAN6IIewOARPINX8GY8GS/Gu/GxKK0YZc8x+APj8wc72ZoC</latexit>

ylabel
2

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+/hy+hoxgnrPH4+Jlihtv+IWk5I=">AAACCXicbVC7TsMwFHV4lvIKMLJYtEhMVVJQYazEwlgk+pDaEDmu01q1k8h2kKIoKwu/wsIAQqz8ARt/g5NmgJYjWT46517de48XMSqVZX0bK6tr6xubla3q9s7u3r55cNiTYSww6eKQhWLgIUkYDUhXUcXIIBIEcY+Rvje7zv3+AxGShsGdSiLicDQJqE8xUlpyTVgfcaSmnp8mbjoSHJ5n98XPkEdYltVds2Y1rAJwmdglqYESHdf8Go1DHHMSKMyQlEPbipSTIqEoZiSrjmJJIoRnaEKGmgaIE+mkxSUZPNXKGPqh0C9QsFB/d6SIS5lwT1fma8tFLxf/84ax8q+clAZRrEiA54P8mEEVwjwWOKaCYMUSTRAWVO8K8RQJhJUOr6pDsBdPXia9ZsNuNS5um7V2q4yjAo7BCTgDNrgEbXADOqALMHgEz+AVvBlPxovxbnzMS1eMsucI/IHx+QM9bJoD</latexit>

ylabel
3

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

<latexit sha1_base64="1vWUnoixwow/mzVMK/OmAyPMDAs="></latexit>

Ridge regression
(closed-form solution)

<latexit sha1_base64="slncCu7RcxeY6LjthIanGANQgnw="></latexit>

B̂ = (XT X + �I)�1XT Ylabel

<latexit sha1_base64="H/ChojD+zu1t000AJO1H9hxEUFs=">AAACH3icbVBNS8NAEN3U7/hV9ehlsQieQlJEPQoieFSwrdCEsruZtEs3m7C7EUrIP/HiX/HiQRHx5r9x+4Fo9cHA470ZZubRXHBtfP/TqS0sLi2vrK656xubW9v1nd22zgrFoMUykak7SjQILqFluBFwlysgKRXQocOLsd+5B6V5Jm/NKIcoJX3JE86IsVKvflKGNHFDCn0uS0NoIYiqSsYqN/Cwe5lSiGMu+24IMv723apXb/iePwH+S4IZaaAZrnv1jzDOWJGCNEwQrbuBn5uoJMpwJqByw0JDTtiQ9KFrqSQp6Kic/FfhQ6vEOMmULWnwRP05UZJU61FKbWdKzEDPe2PxP69bmOQsKrnMCwOSTRclhcAmw+OwcMwVMCNGlhCmuL0VswFRhBkbqWtDCOZf/kvaTS848Y5vmo3zs1kcq2gfHaAjFKBTdI6u0DVqIYYe0BN6Qa/Oo/PsvDnv09aaM5vZQ7/gfH4BXeiiiA==</latexit>

1. Embedding

<latexit sha1_base64="cFApUvPlMMOeMoS4xawSOexa22A=">AAACGXicbVBNS8NAEN3Urxq/oh69LBbBU0mKaI8FETxJRVsLTSmb7aRdutmE3Y1QQv6GF/+KFw+KeNST/8btB6KtDwYe780wMy9IOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LFsBUcCZgIZmmkMrkUCigMNdMDwf+3f3IBWLxa0eJdCJSF+wkFGijdR13MwPQtsPoM9EpkmQciLzjNLcrpSxfXFzZfsgej+OnXedklt2J8CLxJuREpqh3nU+/F5M0wiEppwo1fbcRHcyIjWjHHLbTxUkhA5JH9qGChKB6mSTz3J8ZJQeDmNpSmg8UX9PZCRSahQFpjMieqDmvbH4n9dOdVjtZEwkqQZBp4vClGMd43FMuMckUM1HhhAqmbkV0wGRhGoTpm1C8OZfXiTNStk7LZ9cV0q16iyOIjpAh+gYeegM1dAlqqMGougBPaEX9Go9Ws/Wm/U+bS1Ys5l99AfW5zcbZJ+0</latexit>

2. ESN

<latexit sha1_base64="wikIyV9v+egOqAL8lgyy/IBx+xA=">AAACHXicbVDLSgMxFM34rOOr6tJNsAiuyowW7bLgxmUF+4BOKZn0ThuaSYYkI5RhfsSNv+LGhSIu3Ih/Y/pAtPXAhcM59yb3njDhTBvP+3JWVtfWNzYLW+72zu7efvHgsKllqig0qORStUOigTMBDcMMh3aigMQhh1Y4up74rXtQmklxZ8YJdGMyECxilBgr9YqVLAgjNwhhwERmSJhyovKM0ty9KGO3LqV9eOAGIPo/rpv3iiWv7E2Bl4k/JyU0R71X/Aj6kqYxCEM50brje4npZkQZRjnkbpBqSAgdkQF0LBUkBt3Nptfl+NQqfRxJZUsYPFV/T2Qk1noch7YzJmaoF72J+J/XSU1U7WZMJKkBQWcfRSnHRuJJVLjPFFDDx5YQqpjdFdMhUYQaG6hrQ/AXT14mzfOyf1mu3J6XatV5HAV0jE7QGfLRFaqhG1RHDUTRA3pCL+jVeXSenTfnfda64sxnjtAfOJ/f9RGhzw==</latexit>

3. Pooling

<latexit sha1_base64="UfuPmG8CfHb+MmBDjiGL/qTYERI=">AAACHnicbVBNS8NAEN34WeNX1aOXxSJ4Kkmp2mPBiwcPFawKTSmT7aQubjZhdyOUkF/ixb/ixYMigif9N25rEL8eDDzem2FmXpgKro3nvTszs3PzC4uVJXd5ZXVtvbqxea6TTDHsskQk6jIEjYJL7BpuBF6mCiEOBV6E10cT/+IGleaJPDPjFPsxjCSPOANjpUF1Pw/CyA1CHHGZGwgzAarIGSvcZp26JwhKcjlyA5TDL9stBtWaV/emoH+JX5IaKdEZVF+DYcKyGKVhArTu+V5q+jkow5nAwg0yjSmwaxhhz1IJMep+Pn2voLtWGdIoUbakoVP1+0QOsdbjOLSdMZgr/dubiP95vcxErX7OZZoZlOxzUZQJahI6yYoOuUJmxNgSYIrbWym7AgXM2ERdG4L/++W/5LxR9w/qzdNGrd0q46iQbbJD9ohPDkmbHJMO6RJGbsk9eSRPzp3z4Dw7L5+tM045s0V+wHn7ALOmojI=</latexit>

4. Learning

Efficient Text Classification with Echo State Networks Cabessa et al.
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ESNs: Training
<latexit sha1_base64="CXm8QHW2eterG5QSS+FnMyPd+Pg=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGE3kWgjBGwsI5gH5LHMTmaTIbMPZu4awpIfsPFXbCwUsbW382+cJFto9MDA4Zx7uHOPEwquwDS/jNTK6tr6Rnozs7W9s7uX3T9oqCCSlNVpIALZcohigvusDhwEa4WSEc8RrOmMrmd+855JxQP/DiYh63pk4HOXUwJasrP5fAdIZJfxFS6Me5Ydl6dneNwrLUinH4A6zdvZnFk058B/iZWQHEpQs7OfOkkjj/lABVGqbZkhdGMigVPBpplOpFhI6IgMWFtTn3hMdeP5NVN8opU+dgOpnw94rv5MxMRTauI5etIjMFTL3kz8z2tH4F52Y+6HETCfLha5kcAQ4Fk1uM8loyAmmhAquf4rpkMiCQVdYEaXYC2f/Jc0SkWrUjy/LeWqlaSONDpCx6iALHSBqugG1VAdUfSAntALejUejWfjzXhfjKaMJHOIfsH4+AZSzZkr</latexit>

⌧3 = (w1
3, w

2
3, . . . ) …

<latexit sha1_base64="IsgGROUSwcx96vdj6ROmyuQsIFk=">AAACGXicbVDLSgMxFM34rOOr6tJNsAiuykxRdFlw47KKfUCnlEzmThuaSYYkUyhDf8ONv+LGhSIudeXfmD4QbT0QOJxzLjf3hCln2njel7Oyura+sVnYcrd3dvf2iweHDS0zRaFOJZeqFRINnAmoG2Y4tFIFJAk5NMPB9cRvDkFpJsW9GaXQSUhPsJhRYqzULXpBCD0mcgrCgBq7d6BBDSVTOAhcbYgB7QYgop9At1jyyt4UeJn4c1JCc9S6xY8gkjRL7DzlROu276WmkxNlGOUwdoNMQ0rogPSgbakgCehOPr1sjE+tEuFYKvuEwVP190ROEq1HSWiTCTF9vehNxP+8dmbiq07ORJoZEHS2KM44NhJPasIRU0ANH1lCqGL2r5j2iSLUlqAnJfiLJy+TRqXsX5S920qpej6vo4CO0Qk6Qz66RFV0g2qojih6QE/oBb06j86z8+a8z6IrznzmCP2B8/kNzfugug==</latexit>

Reservoir
states

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="G5gxFH8ynSY5mohmH55XI24rXq4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUs/O655ZsxrWDHiZ2CWpoRJtz/xyhjFNQxYBFUSpgW0l4GZEAqeC5VUnVSwhdEJGbKBpREKm3GwWP8dnWhniIJb6RYBn6u+NjIRKTUNfTxZZ1aJXiP95gxSCazfjUZICi+j8UJAKDDEuusBDLhkFMdWEUMl1VkzHRBIKurGqLsFe/PIy6TYb9kXDum/WWpdlHRV0gk7RObLRFWqhO9RGHURRhp7RK3oznowX4934mI+uGOXOEfoD4/MHyOmVUw==</latexit>

E⌧1

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="n3eUQn8wn74jBKLrpTot8AxLJH0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUq+Z1z2zZjWsGfAysUtSQyXanvnlDGOahiwCKohSA9tKwM2IBE4Fy6tOqlhC6ISM2EDTiIRMudksfo7PtDLEQSz1iwDP1N8bGQmVmoa+niyyqkWvEP/zBikE127GoyQFFtH5oSAVGGJcdIGHXDIKYqoJoZLrrJiOiSQUdGNVXYK9+OVl0m027IuGdd+stS7LOiroBJ2ic2SjK9RCd6iNOoiiDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPym+VVA==</latexit>

E⌧2

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="Y8Ug14264hf0HKPzG/vbxMImlyY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZEMFlBfuAJoTJdNIOnTyYmQglBPwVNy4Ucet3uPNvnLZZaOuBgcM593LPHD/hTCrL+jZKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3wz9buPVEgWRw9qklA3xMOIBYxgpSXPPKo5IVYjP8hucy9zFE6987zmmVWrbs2AloldkCoUaHnmlzOISRrSSBGOpezbVqLcDAvFCKd5xUklTTAZ4yHtaxrhkEo3m8XP0alWBiiIhX6RQjP190aGQyknoa8np1nlojcV//P6qQqu3YxFSapoROaHgpQjFaNpF2jABCWKTzTBRDCdFZERFpgo3VhFl2AvfnmZdBp1+6Ju3TeqzcuijjIcwwmcgQ1X0IQ7aEEbCGTwDK/wZjwZL8a78TEfLRnFziH8gfH5A8v1lVU=</latexit>

E⌧3

…
<latexit sha1_base64="ZYz098tM6i12l+S/d/NiVTM650g=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIUXRZEcFnBPqApZTK5aYdOJmFmIpbQv3Djr7hxoYhb3fk3Ttsg2npg4HDOPdy5J0g5U9p1v6yl5ZXVtfXShr25tb2z6+ztN1WSSQoNmvBEtgOigDMBDc00h3YqgcQBh1YwvJz4rTuQiiXiVo9S6MakL1jEKNFG6jkVP4A+EzkFoUGO7as4gDCEEPu+reFeK9sHEf7YPafsVtwp8CLxClJGBeo959MPE5rFJk85Uarjuanu5kRqRjmMbT9TkBI6JH3oGCpIDKqbT+8a42OjhDhKpHlC46n6O5GTWKlRHJjJmOiBmvcm4n9eJ9PRRTdnIs00CDpbFGUc6wRPSsIhk0A1HxlCqGTmr5gOiCTUlKAmJXjzJy+SZrXinVXcm2q5dlrUUUKH6AidIA+doxq6RnXUQBQ9oCf0gl6tR+vZerPeZ6NLVpE5QH9gfXwDti6fkw==</latexit>

Embedded
texts

<latexit sha1_base64="ofSHMSIf8TtyLr0oRB8TGhLfLuU=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4lr4GpdGXctNrckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AUidmSM=</latexit>

⌧1 = (w1
1, w

2
1, . . . )

<latexit sha1_base64="92v+uHYlz5G4Gs29QXeQZNUn834=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4tr4GpdGXctN7ckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AU1jmSY=</latexit>

⌧2 = (w1
2, w

2
2, . . . )

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="A2/vf2I1nkJgSOx0OuBGKd9l95w=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQVH8uCG5cV7AOaECbTSTt0MgkzN0IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk9vC7z1SqVgsHmCaUC/CI8FCRjBoyTeP626EYRyEWT/3Mxdw6l/kdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCGy9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOJcN+75Za12VdVTQCTpF58hB16iF7lAbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8f6ZKVaA==</latexit>

X⌧3

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="5CAYHGeSBVuCaGS+appuE6OA/5Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkpS8LEsuHFZwT6gCWEynbRDJw9mboQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp8IrsCyvo3K2vrG5lZ1u7azu7d/YB4e9VScSsq6NBaxHPhEMcEj1gUOgg0SyUjoC9b3p7eF339kUvE4eoBZwtyQjCMecEpAS5550nBCAhM/yAa5lzlAUq+VNzyzbjWtOfAqsUtSRyU6nvnljGKahiwCKohSQ9tKwM2IBE4Fy2tOqlhC6JSM2VDTiIRMudk8fo7PtTLCQSz1iwDP1d8bGQmVmoW+niyyqmWvEP/zhikEN27GoyQFFtHFoSAVGGJcdIFHXDIKYqYJoZLrrJhOiCQUdGM1XYK9/OVV0ms17cumdd+qt6/KOqroFJ2hC2Sja9RGd6iDuoiiDD2jV/RmPBkvxrvxsRitGOXOMfoD4/MH6AyVZw==</latexit>

X⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="BJ7JgSJYFQE4d1vok4WTSKJg30Q=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4GNZcOOygn1AE8JkOmmHTh7MTIQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp9wJpVlfRuVtfWNza3qdm1nd2//wDw86sk4FYR2ScxjMfCxpJxFtKuY4nSQCIpDn9O+P70t/P4jFZLF0YOaJdQN8ThiASNYackzTxpOiNXED7JB7mWOwqln5w3PrFtNaw60SuyS1KFExzO/nFFM0pBGinAs5dC2EuVmWChGOM1rTippgskUj+lQ0wiHVLrZPH6OzrUyQkEs9IsUmqu/NzIcSjkLfT1ZZJXLXiH+5w1TFdy4GYuSVNGILA4FKUcqRkUXaMQEJYrPNMFEMJ0VkQkWmCjdWE2XYC9/eZX0Wk37smndt+rtq7KOKpzCGVyADdfQhjvoQBcIZPAMr/BmPBkvxrvxsRitGOXOMfyB8fkD5oaVZg==</latexit>

X⌧1

…

<latexit sha1_base64="iZGfG2LrPlrwJmF/Qn9wTawnV+k=">AAACFXicbVDLSsNAFJ3UV42vqks3g0VwISUpoi4LbnRXwT6gCWUyuW2HTiZhZiKW0J9w46+4caGIW8Gdf+OkLaKtBwYO59zLnXOChDOlHefLKiwtr6yuFdftjc2t7Z3S7l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPL3G/dgVQsFrd6lIAfkb5gPUaJNlK3dOIF0GcioyA0yLF9LZJUK+x5toZ7rWwPRPhjdktlp+JMgBeJOyNlNEO9W/r0wpimkdmnnCjVcZ1E+xmRmlEOY9tLFSSEDkkfOoYKEoHys0mqMT4ySoh7sTRPaDxRf29kJFJqFAVmMiJ6oOa9XPzP66S6d+FnLE8Kgk4P9VKOdYzzinDIJFDNR4YQKpn5K6YDIgk1Jai8BHc+8iJpVivuWaV6Uy3XTmd1FNEBOkTHyEXnqIauUB01EEUP6Am9oFfr0Xq23qz36WjBmu3soz+wPr4Bg2me+w==</latexit>

Inputs
texts

<latexit sha1_base64="40TLH+XaQF33eIjmYybImREitSI=">AAACFnicbVDLSsNAFJ34rPFVdelmsAhuLElRdFlw40aoYB/QhDKZ3LRDJ5MwMxFK6Fe48VfcuFDErbjzb5y0RbT1wMDhnHu4c0+Qcqa043xZS8srq2vrpQ17c2t7Z7e8t99SSSYpNGnCE9kJiALOBDQ10xw6qQQSBxzawfCq8Nv3IBVLxJ0epeDHpC9YxCjRRuqVT70A+kzkFIQGObZvQPYhxJ5nK000KNsDEf64vXLFqToT4EXizkgFzdDolT+9MKFZbPKUE6W6rpNqPydSM8phbHuZgpTQIelD11BBYlB+PjlrjI+NEuIokeYJjSfq70ROYqVGcWAmY6IHat4rxP+8bqajSz9nIs00CDpdFGUc6wQXHeGQSaCajwwhVDLzV0wHRBJqSlBFCe78yYukVau651Xntlapn83qKKFDdIROkIsuUB1dowZqIooe0BN6Qa/Wo/VsvVnv09Ela5Y5QH9gfXwD986fLw==</latexit>

Merged
states

<latexit sha1_base64="CDfAO44yD0C5qhfWVAF+G2zcNCs=">AAACDHicbVDLSsNAFJ34rPFVdelmsAiuSlKKuiy4ceGign1AG8pkctMOnUzCzEQooR/gxl9x40IRt36AO//GSRtEWw8MHM45lzv3+AlnSjvOl7Wyura+sVnasrd3dvf2yweHbRWnkkKLxjyWXZ8o4ExASzPNoZtIIJHPoeOPr3K/cw9SsVjc6UkCXkSGgoWMEm2kQbnS92HIREZBaJBT+4b4wJXdBxH8aCblVJ0Z8DJxC1JBBZqD8mc/iGkamXnKiVI910m0lxGpGeUwtfupgoTQMRlCz1BBIlBeNjtmik+NEuAwluYJjWfq74mMREpNIt8kI6JHatHLxf+8XqrDSy9jIkk1CDpfFKYc6xjnzeCASaCaTwwhVDLzV0xHRBJqSlB5Ce7iycukXau659X6ba3SqBd1lNAxOkFnyEUXqIGuURO1EEUP6Am9oFfr0Xq23qz3eXTFKmaO0B9YH9+zUptZ</latexit>

Labels

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="yKR3mvXlvY1KSripHDVCDgQXTRk=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1Hfyum/W7IY9g7VMnJLUUIm2b365w5ikERVAOFZq4NgJeBmWwAinedVNFU0wmeARHWgqcESVl83i59aZVoZWGEv9BFgz9fdGhiOlplGgJ4usatErxP+8QQrhtZcxkaRABZkfClNuQWwVXVhDJikBPtUEE8l0VouMscQEdGNVXYKz+OVl0m02nIuGfdestS7LOiroBJ2ic+SgK9RCt6iNOoigDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPGHWVhg==</latexit>x⌧1

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="eC+YkswfZp9HCJFIFvU3bI/FoAw=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1G/mdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCay9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOBcN+65Za12WdVTQCTpF58hBV6iFblEbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8fGfuVhw==</latexit>x⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="H7Td+2pJERbrwq6s53JIONckepQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZcOOygn1AE8JkOmmHTh7MTMQSAv6KGxeKuPU73Pk3TtsstPXAwOGce7lnjp9wJpVlfRulldW19Y3yZmVre2d3z9w/6Mg4FYS2Scxj0fOxpJxFtK2Y4rSXCIpDn9OuP76Z+t0HKiSLo3s1Sagb4mHEAkaw0pJnHtWcEKuRH2SPuZc5CqfeeV7zzKpVt2ZAy8QuSBUKtDzzyxnEJA1ppAjHUvZtK1FuhoVihNO84qSSJpiM8ZD2NY1wSKWbzeLn6FQrAxTEQr9IoZn6eyPDoZST0NeT06xy0ZuK/3n9VAXXbsaiJFU0IvNDQcqRitG0CzRgghLFJ5pgIpjOisgIC0yUbqyiS7AXv7xMOo26fVG37hrV5mVRRxmO4QTOwIYraMIttKANBDJ4hld4M56MF+Pd+JiPloxi5xD+wPj8ARuBlYg=</latexit>x⌧3

…

…
<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+x14qyNcnTxpBturpb6mIiqXmVI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCKCd3Rc/Qx5hWdZwzbrVtArAVWKXpA5KdF3zazwJcRwQrjBDUo5sK1JOioSimJGsNo4liRCeoykZacpRQKSTFpdk8EwrE+iHQj+uYKH+7khRIGUSeLoyX1sue7n4nzeKlX/lpJRHsSIcLwb5MYMqhHkscEIFwYolmiAsqN4V4hkSCCsdXk2HYC+fvEr6rabdbl7ctuqddhlHFZyAU3AObHAJOuAGdEEPYPAInsEreDOejBfj3fhYlFaMsucY/IHx+QM6RpoB</latexit>

ylabel
1

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="f5hRT90kpoTFc2E6Naj9TdkU2TI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCGAruy9+hjzCsqzhmnWraRWAq8QuSR2U6Lrm13gS4jggXGGGpBzZVqScFAlFMSNZbRxLEiE8R1My0pSjgEgnLS7J4JlWJtAPhX5cwUL93ZGiQMok8HRlvrZc9nLxP28UK//KSSmPYkU4XgzyYwZVCPNY4IQKghVLNEFYUL0rxDMkEFY6vJoOwV4+eZX0W0273by4bdU77TKOKjgBp+Ac2OASdMAN6IIewOARPINX8GY8GS/Gu/GxKK0YZc8x+APj8wc72ZoC</latexit>

ylabel
2

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+/hy+hoxgnrPH4+Jlihtv+IWk5I=">AAACCXicbVC7TsMwFHV4lvIKMLJYtEhMVVJQYazEwlgk+pDaEDmu01q1k8h2kKIoKwu/wsIAQqz8ARt/g5NmgJYjWT46517de48XMSqVZX0bK6tr6xubla3q9s7u3r55cNiTYSww6eKQhWLgIUkYDUhXUcXIIBIEcY+Rvje7zv3+AxGShsGdSiLicDQJqE8xUlpyTVgfcaSmnp8mbjoSHJ5n98XPkEdYltVds2Y1rAJwmdglqYESHdf8Go1DHHMSKMyQlEPbipSTIqEoZiSrjmJJIoRnaEKGmgaIE+mkxSUZPNXKGPqh0C9QsFB/d6SIS5lwT1fma8tFLxf/84ax8q+clAZRrEiA54P8mEEVwjwWOKaCYMUSTRAWVO8K8RQJhJUOr6pDsBdPXia9ZsNuNS5um7V2q4yjAo7BCTgDNrgEbXADOqALMHgEz+AVvBlPxovxbnzMS1eMsucI/IHx+QM9bJoD</latexit>

ylabel
3

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

<latexit sha1_base64="1vWUnoixwow/mzVMK/OmAyPMDAs="></latexit>

Ridge regression
(closed-form solution)

<latexit sha1_base64="slncCu7RcxeY6LjthIanGANQgnw="></latexit>

B̂ = (XT X + �I)�1XT Ylabel

<latexit sha1_base64="H/ChojD+zu1t000AJO1H9hxEUFs=">AAACH3icbVBNS8NAEN3U7/hV9ehlsQieQlJEPQoieFSwrdCEsruZtEs3m7C7EUrIP/HiX/HiQRHx5r9x+4Fo9cHA470ZZubRXHBtfP/TqS0sLi2vrK656xubW9v1nd22zgrFoMUykak7SjQILqFluBFwlysgKRXQocOLsd+5B6V5Jm/NKIcoJX3JE86IsVKvflKGNHFDCn0uS0NoIYiqSsYqN/Cwe5lSiGMu+24IMv723apXb/iePwH+S4IZaaAZrnv1jzDOWJGCNEwQrbuBn5uoJMpwJqByw0JDTtiQ9KFrqSQp6Kic/FfhQ6vEOMmULWnwRP05UZJU61FKbWdKzEDPe2PxP69bmOQsKrnMCwOSTRclhcAmw+OwcMwVMCNGlhCmuL0VswFRhBkbqWtDCOZf/kvaTS848Y5vmo3zs1kcq2gfHaAjFKBTdI6u0DVqIYYe0BN6Qa/Oo/PsvDnv09aaM5vZQ7/gfH4BXeiiiA==</latexit>

1. Embedding

<latexit sha1_base64="cFApUvPlMMOeMoS4xawSOexa22A=">AAACGXicbVBNS8NAEN3Urxq/oh69LBbBU0mKaI8FETxJRVsLTSmb7aRdutmE3Y1QQv6GF/+KFw+KeNST/8btB6KtDwYe780wMy9IOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LFsBUcCZgIZmmkMrkUCigMNdMDwf+3f3IBWLxa0eJdCJSF+wkFGijdR13MwPQtsPoM9EpkmQciLzjNLcrpSxfXFzZfsgej+OnXedklt2J8CLxJuREpqh3nU+/F5M0wiEppwo1fbcRHcyIjWjHHLbTxUkhA5JH9qGChKB6mSTz3J8ZJQeDmNpSmg8UX9PZCRSahQFpjMieqDmvbH4n9dOdVjtZEwkqQZBp4vClGMd43FMuMckUM1HhhAqmbkV0wGRhGoTpm1C8OZfXiTNStk7LZ9cV0q16iyOIjpAh+gYeegM1dAlqqMGougBPaEX9Go9Ws/Wm/U+bS1Ys5l99AfW5zcbZJ+0</latexit>

2. ESN

<latexit sha1_base64="wikIyV9v+egOqAL8lgyy/IBx+xA=">AAACHXicbVDLSgMxFM34rOOr6tJNsAiuyowW7bLgxmUF+4BOKZn0ThuaSYYkI5RhfsSNv+LGhSIu3Ih/Y/pAtPXAhcM59yb3njDhTBvP+3JWVtfWNzYLW+72zu7efvHgsKllqig0qORStUOigTMBDcMMh3aigMQhh1Y4up74rXtQmklxZ8YJdGMyECxilBgr9YqVLAgjNwhhwERmSJhyovKM0ty9KGO3LqV9eOAGIPo/rpv3iiWv7E2Bl4k/JyU0R71X/Aj6kqYxCEM50brje4npZkQZRjnkbpBqSAgdkQF0LBUkBt3Nptfl+NQqfRxJZUsYPFV/T2Qk1noch7YzJmaoF72J+J/XSU1U7WZMJKkBQWcfRSnHRuJJVLjPFFDDx5YQqpjdFdMhUYQaG6hrQ/AXT14mzfOyf1mu3J6XatV5HAV0jE7QGfLRFaqhG1RHDUTRA3pCL+jVeXSenTfnfda64sxnjtAfOJ/f9RGhzw==</latexit>

3. Pooling

<latexit sha1_base64="UfuPmG8CfHb+MmBDjiGL/qTYERI=">AAACHnicbVBNS8NAEN34WeNX1aOXxSJ4Kkmp2mPBiwcPFawKTSmT7aQubjZhdyOUkF/ixb/ixYMigif9N25rEL8eDDzem2FmXpgKro3nvTszs3PzC4uVJXd5ZXVtvbqxea6TTDHsskQk6jIEjYJL7BpuBF6mCiEOBV6E10cT/+IGleaJPDPjFPsxjCSPOANjpUF1Pw/CyA1CHHGZGwgzAarIGSvcZp26JwhKcjlyA5TDL9stBtWaV/emoH+JX5IaKdEZVF+DYcKyGKVhArTu+V5q+jkow5nAwg0yjSmwaxhhz1IJMep+Pn2voLtWGdIoUbakoVP1+0QOsdbjOLSdMZgr/dubiP95vcxErX7OZZoZlOxzUZQJahI6yYoOuUJmxNgSYIrbWym7AgXM2ERdG4L/++W/5LxR9w/qzdNGrd0q46iQbbJD9ohPDkmbHJMO6RJGbsk9eSRPzp3z4Dw7L5+tM045s0V+wHn7ALOmojI=</latexit>

4. Learning

Efficient Text Classification with Echo State Networks Cabessa et al.
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ESNs: Training
<latexit sha1_base64="CXm8QHW2eterG5QSS+FnMyPd+Pg=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGE3kWgjBGwsI5gH5LHMTmaTIbMPZu4awpIfsPFXbCwUsbW382+cJFto9MDA4Zx7uHOPEwquwDS/jNTK6tr6Rnozs7W9s7uX3T9oqCCSlNVpIALZcohigvusDhwEa4WSEc8RrOmMrmd+855JxQP/DiYh63pk4HOXUwJasrP5fAdIZJfxFS6Me5Ydl6dneNwrLUinH4A6zdvZnFk058B/iZWQHEpQs7OfOkkjj/lABVGqbZkhdGMigVPBpplOpFhI6IgMWFtTn3hMdeP5NVN8opU+dgOpnw94rv5MxMRTauI5etIjMFTL3kz8z2tH4F52Y+6HETCfLha5kcAQ4Fk1uM8loyAmmhAquf4rpkMiCQVdYEaXYC2f/Jc0SkWrUjy/LeWqlaSONDpCx6iALHSBqugG1VAdUfSAntALejUejWfjzXhfjKaMJHOIfsH4+AZSzZkr</latexit>

⌧3 = (w1
3, w

2
3, . . . ) …

<latexit sha1_base64="IsgGROUSwcx96vdj6ROmyuQsIFk=">AAACGXicbVDLSgMxFM34rOOr6tJNsAiuykxRdFlw47KKfUCnlEzmThuaSYYkUyhDf8ONv+LGhSIudeXfmD4QbT0QOJxzLjf3hCln2njel7Oyura+sVnYcrd3dvf2iweHDS0zRaFOJZeqFRINnAmoG2Y4tFIFJAk5NMPB9cRvDkFpJsW9GaXQSUhPsJhRYqzULXpBCD0mcgrCgBq7d6BBDSVTOAhcbYgB7QYgop9At1jyyt4UeJn4c1JCc9S6xY8gkjRL7DzlROu276WmkxNlGOUwdoNMQ0rogPSgbakgCehOPr1sjE+tEuFYKvuEwVP190ROEq1HSWiTCTF9vehNxP+8dmbiq07ORJoZEHS2KM44NhJPasIRU0ANH1lCqGL2r5j2iSLUlqAnJfiLJy+TRqXsX5S920qpej6vo4CO0Qk6Qz66RFV0g2qojih6QE/oBb06j86z8+a8z6IrznzmCP2B8/kNzfugug==</latexit>

Reservoir
states

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="G5gxFH8ynSY5mohmH55XI24rXq4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUs/O655ZsxrWDHiZ2CWpoRJtz/xyhjFNQxYBFUSpgW0l4GZEAqeC5VUnVSwhdEJGbKBpREKm3GwWP8dnWhniIJb6RYBn6u+NjIRKTUNfTxZZ1aJXiP95gxSCazfjUZICi+j8UJAKDDEuusBDLhkFMdWEUMl1VkzHRBIKurGqLsFe/PIy6TYb9kXDum/WWpdlHRV0gk7RObLRFWqhO9RGHURRhp7RK3oznowX4934mI+uGOXOEfoD4/MHyOmVUw==</latexit>

E⌧1

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="n3eUQn8wn74jBKLrpTot8AxLJH0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUq+Z1z2zZjWsGfAysUtSQyXanvnlDGOahiwCKohSA9tKwM2IBE4Fy6tOqlhC6ISM2EDTiIRMudksfo7PtDLEQSz1iwDP1N8bGQmVmoa+niyyqkWvEP/zBikE127GoyQFFtH5oSAVGGJcdIGHXDIKYqoJoZLrrJiOiSQUdGNVXYK9+OVl0m027IuGdd+stS7LOiroBJ2ic2SjK9RCd6iNOoiiDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPym+VVA==</latexit>

E⌧2

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="Y8Ug14264hf0HKPzG/vbxMImlyY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZEMFlBfuAJoTJdNIOnTyYmQglBPwVNy4Ucet3uPNvnLZZaOuBgcM593LPHD/hTCrL+jZKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3wz9buPVEgWRw9qklA3xMOIBYxgpSXPPKo5IVYjP8hucy9zFE6987zmmVWrbs2AloldkCoUaHnmlzOISRrSSBGOpezbVqLcDAvFCKd5xUklTTAZ4yHtaxrhkEo3m8XP0alWBiiIhX6RQjP190aGQyknoa8np1nlojcV//P6qQqu3YxFSapoROaHgpQjFaNpF2jABCWKTzTBRDCdFZERFpgo3VhFl2AvfnmZdBp1+6Ju3TeqzcuijjIcwwmcgQ1X0IQ7aEEbCGTwDK/wZjwZL8a78TEfLRnFziH8gfH5A8v1lVU=</latexit>

E⌧3

…
<latexit sha1_base64="ZYz098tM6i12l+S/d/NiVTM650g=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIUXRZEcFnBPqApZTK5aYdOJmFmIpbQv3Djr7hxoYhb3fk3Ttsg2npg4HDOPdy5J0g5U9p1v6yl5ZXVtfXShr25tb2z6+ztN1WSSQoNmvBEtgOigDMBDc00h3YqgcQBh1YwvJz4rTuQiiXiVo9S6MakL1jEKNFG6jkVP4A+EzkFoUGO7as4gDCEEPu+reFeK9sHEf7YPafsVtwp8CLxClJGBeo959MPE5rFJk85Uarjuanu5kRqRjmMbT9TkBI6JH3oGCpIDKqbT+8a42OjhDhKpHlC46n6O5GTWKlRHJjJmOiBmvcm4n9eJ9PRRTdnIs00CDpbFGUc6wRPSsIhk0A1HxlCqGTmr5gOiCTUlKAmJXjzJy+SZrXinVXcm2q5dlrUUUKH6AidIA+doxq6RnXUQBQ9oCf0gl6tR+vZerPeZ6NLVpE5QH9gfXwDti6fkw==</latexit>

Embedded
texts

<latexit sha1_base64="ofSHMSIf8TtyLr0oRB8TGhLfLuU=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4lr4GpdGXctNrckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AUidmSM=</latexit>

⌧1 = (w1
1, w

2
1, . . . )

<latexit sha1_base64="92v+uHYlz5G4Gs29QXeQZNUn834=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4tr4GpdGXctN7ckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AU1jmSY=</latexit>

⌧2 = (w1
2, w

2
2, . . . )

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="A2/vf2I1nkJgSOx0OuBGKd9l95w=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQVH8uCG5cV7AOaECbTSTt0MgkzN0IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk9vC7z1SqVgsHmCaUC/CI8FCRjBoyTeP626EYRyEWT/3Mxdw6l/kdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCGy9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOJcN+75Za12VdVTQCTpF58hB16iF7lAbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8f6ZKVaA==</latexit>

X⌧3

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="5CAYHGeSBVuCaGS+appuE6OA/5Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkpS8LEsuHFZwT6gCWEynbRDJw9mboQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp8IrsCyvo3K2vrG5lZ1u7azu7d/YB4e9VScSsq6NBaxHPhEMcEj1gUOgg0SyUjoC9b3p7eF339kUvE4eoBZwtyQjCMecEpAS5550nBCAhM/yAa5lzlAUq+VNzyzbjWtOfAqsUtSRyU6nvnljGKahiwCKohSQ9tKwM2IBE4Fy2tOqlhC6JSM2VDTiIRMudk8fo7PtTLCQSz1iwDP1d8bGQmVmoW+niyyqmWvEP/zhikEN27GoyQFFtHFoSAVGGJcdIFHXDIKYqYJoZLrrJhOiCQUdGM1XYK9/OVV0ms17cumdd+qt6/KOqroFJ2hC2Sja9RGd6iDuoiiDD2jV/RmPBkvxrvxsRitGOXOMfoD4/MH6AyVZw==</latexit>

X⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="BJ7JgSJYFQE4d1vok4WTSKJg30Q=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4GNZcOOygn1AE8JkOmmHTh7MTIQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp9wJpVlfRuVtfWNza3qdm1nd2//wDw86sk4FYR2ScxjMfCxpJxFtKuY4nSQCIpDn9O+P70t/P4jFZLF0YOaJdQN8ThiASNYackzTxpOiNXED7JB7mWOwqln5w3PrFtNaw60SuyS1KFExzO/nFFM0pBGinAs5dC2EuVmWChGOM1rTippgskUj+lQ0wiHVLrZPH6OzrUyQkEs9IsUmqu/NzIcSjkLfT1ZZJXLXiH+5w1TFdy4GYuSVNGILA4FKUcqRkUXaMQEJYrPNMFEMJ0VkQkWmCjdWE2XYC9/eZX0Wk37smndt+rtq7KOKpzCGVyADdfQhjvoQBcIZPAMr/BmPBkvxrvxsRitGOXOMfyB8fkD5oaVZg==</latexit>

X⌧1

…

<latexit sha1_base64="iZGfG2LrPlrwJmF/Qn9wTawnV+k=">AAACFXicbVDLSsNAFJ3UV42vqks3g0VwISUpoi4LbnRXwT6gCWUyuW2HTiZhZiKW0J9w46+4caGIW8Gdf+OkLaKtBwYO59zLnXOChDOlHefLKiwtr6yuFdftjc2t7Z3S7l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPL3G/dgVQsFrd6lIAfkb5gPUaJNlK3dOIF0GcioyA0yLF9LZJUK+x5toZ7rWwPRPhjdktlp+JMgBeJOyNlNEO9W/r0wpimkdmnnCjVcZ1E+xmRmlEOY9tLFSSEDkkfOoYKEoHys0mqMT4ySoh7sTRPaDxRf29kJFJqFAVmMiJ6oOa9XPzP66S6d+FnLE8Kgk4P9VKOdYzzinDIJFDNR4YQKpn5K6YDIgk1Jai8BHc+8iJpVivuWaV6Uy3XTmd1FNEBOkTHyEXnqIauUB01EEUP6Am9oFfr0Xq23qz36WjBmu3soz+wPr4Bg2me+w==</latexit>

Inputs
texts

<latexit sha1_base64="40TLH+XaQF33eIjmYybImREitSI=">AAACFnicbVDLSsNAFJ34rPFVdelmsAhuLElRdFlw40aoYB/QhDKZ3LRDJ5MwMxFK6Fe48VfcuFDErbjzb5y0RbT1wMDhnHu4c0+Qcqa043xZS8srq2vrpQ17c2t7Z7e8t99SSSYpNGnCE9kJiALOBDQ10xw6qQQSBxzawfCq8Nv3IBVLxJ0epeDHpC9YxCjRRuqVT70A+kzkFIQGObZvQPYhxJ5nK000KNsDEf64vXLFqToT4EXizkgFzdDolT+9MKFZbPKUE6W6rpNqPydSM8phbHuZgpTQIelD11BBYlB+PjlrjI+NEuIokeYJjSfq70ROYqVGcWAmY6IHat4rxP+8bqajSz9nIs00CDpdFGUc6wQXHeGQSaCajwwhVDLzV0wHRBJqSlBFCe78yYukVau651Xntlapn83qKKFDdIROkIsuUB1dowZqIooe0BN6Qa/Wo/VsvVnv09Ela5Y5QH9gfXwD986fLw==</latexit>

Merged
states

<latexit sha1_base64="CDfAO44yD0C5qhfWVAF+G2zcNCs=">AAACDHicbVDLSsNAFJ34rPFVdelmsAiuSlKKuiy4ceGign1AG8pkctMOnUzCzEQooR/gxl9x40IRt36AO//GSRtEWw8MHM45lzv3+AlnSjvOl7Wyura+sVnasrd3dvf2yweHbRWnkkKLxjyWXZ8o4ExASzPNoZtIIJHPoeOPr3K/cw9SsVjc6UkCXkSGgoWMEm2kQbnS92HIREZBaJBT+4b4wJXdBxH8aCblVJ0Z8DJxC1JBBZqD8mc/iGkamXnKiVI910m0lxGpGeUwtfupgoTQMRlCz1BBIlBeNjtmik+NEuAwluYJjWfq74mMREpNIt8kI6JHatHLxf+8XqrDSy9jIkk1CDpfFKYc6xjnzeCASaCaTwwhVDLzV0xHRBJqSlB5Ce7iycukXau659X6ba3SqBd1lNAxOkFnyEUXqIGuURO1EEUP6Am9oFfr0Xq23qz3eXTFKmaO0B9YH9+zUptZ</latexit>

Labels

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="yKR3mvXlvY1KSripHDVCDgQXTRk=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1Hfyum/W7IY9g7VMnJLUUIm2b365w5ikERVAOFZq4NgJeBmWwAinedVNFU0wmeARHWgqcESVl83i59aZVoZWGEv9BFgz9fdGhiOlplGgJ4usatErxP+8QQrhtZcxkaRABZkfClNuQWwVXVhDJikBPtUEE8l0VouMscQEdGNVXYKz+OVl0m02nIuGfdestS7LOiroBJ2ic+SgK9RCt6iNOoigDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPGHWVhg==</latexit>x⌧1

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="eC+YkswfZp9HCJFIFvU3bI/FoAw=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1G/mdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCay9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOBcN+65Za12WdVTQCTpF58hBV6iFblEbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8fGfuVhw==</latexit>x⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="H7Td+2pJERbrwq6s53JIONckepQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZcOOygn1AE8JkOmmHTh7MTMQSAv6KGxeKuPU73Pk3TtsstPXAwOGce7lnjp9wJpVlfRulldW19Y3yZmVre2d3z9w/6Mg4FYS2Scxj0fOxpJxFtK2Y4rSXCIpDn9OuP76Z+t0HKiSLo3s1Sagb4mHEAkaw0pJnHtWcEKuRH2SPuZc5CqfeeV7zzKpVt2ZAy8QuSBUKtDzzyxnEJA1ppAjHUvZtK1FuhoVihNO84qSSJpiM8ZD2NY1wSKWbzeLn6FQrAxTEQr9IoZn6eyPDoZST0NeT06xy0ZuK/3n9VAXXbsaiJFU0IvNDQcqRitG0CzRgghLFJ5pgIpjOisgIC0yUbqyiS7AXv7xMOo26fVG37hrV5mVRRxmO4QTOwIYraMIttKANBDJ4hld4M56MF+Pd+JiPloxi5xD+wPj8ARuBlYg=</latexit>x⌧3

…

…
<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+x14qyNcnTxpBturpb6mIiqXmVI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCKCd3Rc/Qx5hWdZwzbrVtArAVWKXpA5KdF3zazwJcRwQrjBDUo5sK1JOioSimJGsNo4liRCeoykZacpRQKSTFpdk8EwrE+iHQj+uYKH+7khRIGUSeLoyX1sue7n4nzeKlX/lpJRHsSIcLwb5MYMqhHkscEIFwYolmiAsqN4V4hkSCCsdXk2HYC+fvEr6rabdbl7ctuqddhlHFZyAU3AObHAJOuAGdEEPYPAInsEreDOejBfj3fhYlFaMsucY/IHx+QM6RpoB</latexit>

ylabel
1

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="f5hRT90kpoTFc2E6Naj9TdkU2TI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCGAruy9+hjzCsqzhmnWraRWAq8QuSR2U6Lrm13gS4jggXGGGpBzZVqScFAlFMSNZbRxLEiE8R1My0pSjgEgnLS7J4JlWJtAPhX5cwUL93ZGiQMok8HRlvrZc9nLxP28UK//KSSmPYkU4XgzyYwZVCPNY4IQKghVLNEFYUL0rxDMkEFY6vJoOwV4+eZX0W0273by4bdU77TKOKjgBp+Ac2OASdMAN6IIewOARPINX8GY8GS/Gu/GxKK0YZc8x+APj8wc72ZoC</latexit>

ylabel
2

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+/hy+hoxgnrPH4+Jlihtv+IWk5I=">AAACCXicbVC7TsMwFHV4lvIKMLJYtEhMVVJQYazEwlgk+pDaEDmu01q1k8h2kKIoKwu/wsIAQqz8ARt/g5NmgJYjWT46517de48XMSqVZX0bK6tr6xubla3q9s7u3r55cNiTYSww6eKQhWLgIUkYDUhXUcXIIBIEcY+Rvje7zv3+AxGShsGdSiLicDQJqE8xUlpyTVgfcaSmnp8mbjoSHJ5n98XPkEdYltVds2Y1rAJwmdglqYESHdf8Go1DHHMSKMyQlEPbipSTIqEoZiSrjmJJIoRnaEKGmgaIE+mkxSUZPNXKGPqh0C9QsFB/d6SIS5lwT1fma8tFLxf/84ax8q+clAZRrEiA54P8mEEVwjwWOKaCYMUSTRAWVO8K8RQJhJUOr6pDsBdPXia9ZsNuNS5um7V2q4yjAo7BCTgDNrgEbXADOqALMHgEz+AVvBlPxovxbnzMS1eMsucI/IHx+QM9bJoD</latexit>

ylabel
3

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

<latexit sha1_base64="1vWUnoixwow/mzVMK/OmAyPMDAs="></latexit>

Ridge regression
(closed-form solution)

<latexit sha1_base64="slncCu7RcxeY6LjthIanGANQgnw="></latexit>

B̂ = (XT X + �I)�1XT Ylabel

<latexit sha1_base64="H/ChojD+zu1t000AJO1H9hxEUFs=">AAACH3icbVBNS8NAEN3U7/hV9ehlsQieQlJEPQoieFSwrdCEsruZtEs3m7C7EUrIP/HiX/HiQRHx5r9x+4Fo9cHA470ZZubRXHBtfP/TqS0sLi2vrK656xubW9v1nd22zgrFoMUykak7SjQILqFluBFwlysgKRXQocOLsd+5B6V5Jm/NKIcoJX3JE86IsVKvflKGNHFDCn0uS0NoIYiqSsYqN/Cwe5lSiGMu+24IMv723apXb/iePwH+S4IZaaAZrnv1jzDOWJGCNEwQrbuBn5uoJMpwJqByw0JDTtiQ9KFrqSQp6Kic/FfhQ6vEOMmULWnwRP05UZJU61FKbWdKzEDPe2PxP69bmOQsKrnMCwOSTRclhcAmw+OwcMwVMCNGlhCmuL0VswFRhBkbqWtDCOZf/kvaTS848Y5vmo3zs1kcq2gfHaAjFKBTdI6u0DVqIYYe0BN6Qa/Oo/PsvDnv09aaM5vZQ7/gfH4BXeiiiA==</latexit>

1. Embedding

<latexit sha1_base64="cFApUvPlMMOeMoS4xawSOexa22A=">AAACGXicbVBNS8NAEN3Urxq/oh69LBbBU0mKaI8FETxJRVsLTSmb7aRdutmE3Y1QQv6GF/+KFw+KeNST/8btB6KtDwYe780wMy9IOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LFsBUcCZgIZmmkMrkUCigMNdMDwf+3f3IBWLxa0eJdCJSF+wkFGijdR13MwPQtsPoM9EpkmQciLzjNLcrpSxfXFzZfsgej+OnXedklt2J8CLxJuREpqh3nU+/F5M0wiEppwo1fbcRHcyIjWjHHLbTxUkhA5JH9qGChKB6mSTz3J8ZJQeDmNpSmg8UX9PZCRSahQFpjMieqDmvbH4n9dOdVjtZEwkqQZBp4vClGMd43FMuMckUM1HhhAqmbkV0wGRhGoTpm1C8OZfXiTNStk7LZ9cV0q16iyOIjpAh+gYeegM1dAlqqMGougBPaEX9Go9Ws/Wm/U+bS1Ys5l99AfW5zcbZJ+0</latexit>

2. ESN

<latexit sha1_base64="wikIyV9v+egOqAL8lgyy/IBx+xA=">AAACHXicbVDLSgMxFM34rOOr6tJNsAiuyowW7bLgxmUF+4BOKZn0ThuaSYYkI5RhfsSNv+LGhSIu3Ih/Y/pAtPXAhcM59yb3njDhTBvP+3JWVtfWNzYLW+72zu7efvHgsKllqig0qORStUOigTMBDcMMh3aigMQhh1Y4up74rXtQmklxZ8YJdGMyECxilBgr9YqVLAgjNwhhwERmSJhyovKM0ty9KGO3LqV9eOAGIPo/rpv3iiWv7E2Bl4k/JyU0R71X/Aj6kqYxCEM50brje4npZkQZRjnkbpBqSAgdkQF0LBUkBt3Nptfl+NQqfRxJZUsYPFV/T2Qk1noch7YzJmaoF72J+J/XSU1U7WZMJKkBQWcfRSnHRuJJVLjPFFDDx5YQqpjdFdMhUYQaG6hrQ/AXT14mzfOyf1mu3J6XatV5HAV0jE7QGfLRFaqhG1RHDUTRA3pCL+jVeXSenTfnfda64sxnjtAfOJ/f9RGhzw==</latexit>

3. Pooling

<latexit sha1_base64="UfuPmG8CfHb+MmBDjiGL/qTYERI=">AAACHnicbVBNS8NAEN34WeNX1aOXxSJ4Kkmp2mPBiwcPFawKTSmT7aQubjZhdyOUkF/ixb/ixYMigif9N25rEL8eDDzem2FmXpgKro3nvTszs3PzC4uVJXd5ZXVtvbqxea6TTDHsskQk6jIEjYJL7BpuBF6mCiEOBV6E10cT/+IGleaJPDPjFPsxjCSPOANjpUF1Pw/CyA1CHHGZGwgzAarIGSvcZp26JwhKcjlyA5TDL9stBtWaV/emoH+JX5IaKdEZVF+DYcKyGKVhArTu+V5q+jkow5nAwg0yjSmwaxhhz1IJMep+Pn2voLtWGdIoUbakoVP1+0QOsdbjOLSdMZgr/dubiP95vcxErX7OZZoZlOxzUZQJahI6yYoOuUJmxNgSYIrbWym7AgXM2ERdG4L/++W/5LxR9w/qzdNGrd0q46iQbbJD9ohPDkmbHJMO6RJGbsk9eSRPzp3z4Dw7L5+tM045s0V+wHn7ALOmojI=</latexit>

4. Learning

Efficient Text Classification with Echo State Networks Cabessa et al.
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ESNs: Training
<latexit sha1_base64="CXm8QHW2eterG5QSS+FnMyPd+Pg=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGE3kWgjBGwsI5gH5LHMTmaTIbMPZu4awpIfsPFXbCwUsbW382+cJFto9MDA4Zx7uHOPEwquwDS/jNTK6tr6Rnozs7W9s7uX3T9oqCCSlNVpIALZcohigvusDhwEa4WSEc8RrOmMrmd+855JxQP/DiYh63pk4HOXUwJasrP5fAdIZJfxFS6Me5Ydl6dneNwrLUinH4A6zdvZnFk058B/iZWQHEpQs7OfOkkjj/lABVGqbZkhdGMigVPBpplOpFhI6IgMWFtTn3hMdeP5NVN8opU+dgOpnw94rv5MxMRTauI5etIjMFTL3kz8z2tH4F52Y+6HETCfLha5kcAQ4Fk1uM8loyAmmhAquf4rpkMiCQVdYEaXYC2f/Jc0SkWrUjy/LeWqlaSONDpCx6iALHSBqugG1VAdUfSAntALejUejWfjzXhfjKaMJHOIfsH4+AZSzZkr</latexit>

⌧3 = (w1
3, w

2
3, . . . ) …

<latexit sha1_base64="IsgGROUSwcx96vdj6ROmyuQsIFk=">AAACGXicbVDLSgMxFM34rOOr6tJNsAiuykxRdFlw47KKfUCnlEzmThuaSYYkUyhDf8ONv+LGhSIudeXfmD4QbT0QOJxzLjf3hCln2njel7Oyura+sVnYcrd3dvf2iweHDS0zRaFOJZeqFRINnAmoG2Y4tFIFJAk5NMPB9cRvDkFpJsW9GaXQSUhPsJhRYqzULXpBCD0mcgrCgBq7d6BBDSVTOAhcbYgB7QYgop9At1jyyt4UeJn4c1JCc9S6xY8gkjRL7DzlROu276WmkxNlGOUwdoNMQ0rogPSgbakgCehOPr1sjE+tEuFYKvuEwVP190ROEq1HSWiTCTF9vehNxP+8dmbiq07ORJoZEHS2KM44NhJPasIRU0ANH1lCqGL2r5j2iSLUlqAnJfiLJy+TRqXsX5S920qpej6vo4CO0Qk6Qz66RFV0g2qojih6QE/oBb06j86z8+a8z6IrznzmCP2B8/kNzfugug==</latexit>

Reservoir
states

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="G5gxFH8ynSY5mohmH55XI24rXq4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUs/O655ZsxrWDHiZ2CWpoRJtz/xyhjFNQxYBFUSpgW0l4GZEAqeC5VUnVSwhdEJGbKBpREKm3GwWP8dnWhniIJb6RYBn6u+NjIRKTUNfTxZZ1aJXiP95gxSCazfjUZICi+j8UJAKDDEuusBDLhkFMdWEUMl1VkzHRBIKurGqLsFe/PIy6TYb9kXDum/WWpdlHRV0gk7RObLRFWqhO9RGHURRhp7RK3oznowX4934mI+uGOXOEfoD4/MHyOmVUw==</latexit>

E⌧1

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="n3eUQn8wn74jBKLrpTot8AxLJH0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUq+Z1z2zZjWsGfAysUtSQyXanvnlDGOahiwCKohSA9tKwM2IBE4Fy6tOqlhC6ISM2EDTiIRMudksfo7PtDLEQSz1iwDP1N8bGQmVmoa+niyyqkWvEP/zBikE127GoyQFFtH5oSAVGGJcdIGHXDIKYqoJoZLrrJiOiSQUdGNVXYK9+OVl0m027IuGdd+stS7LOiroBJ2ic2SjK9RCd6iNOoiiDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPym+VVA==</latexit>

E⌧2

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="Y8Ug14264hf0HKPzG/vbxMImlyY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZEMFlBfuAJoTJdNIOnTyYmQglBPwVNy4Ucet3uPNvnLZZaOuBgcM593LPHD/hTCrL+jZKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3wz9buPVEgWRw9qklA3xMOIBYxgpSXPPKo5IVYjP8hucy9zFE6987zmmVWrbs2AloldkCoUaHnmlzOISRrSSBGOpezbVqLcDAvFCKd5xUklTTAZ4yHtaxrhkEo3m8XP0alWBiiIhX6RQjP190aGQyknoa8np1nlojcV//P6qQqu3YxFSapoROaHgpQjFaNpF2jABCWKTzTBRDCdFZERFpgo3VhFl2AvfnmZdBp1+6Ju3TeqzcuijjIcwwmcgQ1X0IQ7aEEbCGTwDK/wZjwZL8a78TEfLRnFziH8gfH5A8v1lVU=</latexit>

E⌧3

…
<latexit sha1_base64="ZYz098tM6i12l+S/d/NiVTM650g=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIUXRZEcFnBPqApZTK5aYdOJmFmIpbQv3Djr7hxoYhb3fk3Ttsg2npg4HDOPdy5J0g5U9p1v6yl5ZXVtfXShr25tb2z6+ztN1WSSQoNmvBEtgOigDMBDc00h3YqgcQBh1YwvJz4rTuQiiXiVo9S6MakL1jEKNFG6jkVP4A+EzkFoUGO7as4gDCEEPu+reFeK9sHEf7YPafsVtwp8CLxClJGBeo959MPE5rFJk85Uarjuanu5kRqRjmMbT9TkBI6JH3oGCpIDKqbT+8a42OjhDhKpHlC46n6O5GTWKlRHJjJmOiBmvcm4n9eJ9PRRTdnIs00CDpbFGUc6wRPSsIhk0A1HxlCqGTmr5gOiCTUlKAmJXjzJy+SZrXinVXcm2q5dlrUUUKH6AidIA+doxq6RnXUQBQ9oCf0gl6tR+vZerPeZ6NLVpE5QH9gfXwDti6fkw==</latexit>

Embedded
texts

<latexit sha1_base64="ofSHMSIf8TtyLr0oRB8TGhLfLuU=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4lr4GpdGXctNrckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AUidmSM=</latexit>

⌧1 = (w1
1, w

2
1, . . . )

<latexit sha1_base64="92v+uHYlz5G4Gs29QXeQZNUn834=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4tr4GpdGXctN7ckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AU1jmSY=</latexit>

⌧2 = (w1
2, w

2
2, . . . )

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="A2/vf2I1nkJgSOx0OuBGKd9l95w=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQVH8uCG5cV7AOaECbTSTt0MgkzN0IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk9vC7z1SqVgsHmCaUC/CI8FCRjBoyTeP626EYRyEWT/3Mxdw6l/kdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCGy9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOJcN+75Za12VdVTQCTpF58hB16iF7lAbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8f6ZKVaA==</latexit>

X⌧3

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="5CAYHGeSBVuCaGS+appuE6OA/5Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkpS8LEsuHFZwT6gCWEynbRDJw9mboQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp8IrsCyvo3K2vrG5lZ1u7azu7d/YB4e9VScSsq6NBaxHPhEMcEj1gUOgg0SyUjoC9b3p7eF339kUvE4eoBZwtyQjCMecEpAS5550nBCAhM/yAa5lzlAUq+VNzyzbjWtOfAqsUtSRyU6nvnljGKahiwCKohSQ9tKwM2IBE4Fy2tOqlhC6JSM2VDTiIRMudk8fo7PtTLCQSz1iwDP1d8bGQmVmoW+niyyqmWvEP/zhikEN27GoyQFFtHFoSAVGGJcdIFHXDIKYqYJoZLrrJhOiCQUdGM1XYK9/OVV0ms17cumdd+qt6/KOqroFJ2hC2Sja9RGd6iDuoiiDD2jV/RmPBkvxrvxsRitGOXOMfoD4/MH6AyVZw==</latexit>

X⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="BJ7JgSJYFQE4d1vok4WTSKJg30Q=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4GNZcOOygn1AE8JkOmmHTh7MTIQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp9wJpVlfRuVtfWNza3qdm1nd2//wDw86sk4FYR2ScxjMfCxpJxFtKuY4nSQCIpDn9O+P70t/P4jFZLF0YOaJdQN8ThiASNYackzTxpOiNXED7JB7mWOwqln5w3PrFtNaw60SuyS1KFExzO/nFFM0pBGinAs5dC2EuVmWChGOM1rTippgskUj+lQ0wiHVLrZPH6OzrUyQkEs9IsUmqu/NzIcSjkLfT1ZZJXLXiH+5w1TFdy4GYuSVNGILA4FKUcqRkUXaMQEJYrPNMFEMJ0VkQkWmCjdWE2XYC9/eZX0Wk37smndt+rtq7KOKpzCGVyADdfQhjvoQBcIZPAMr/BmPBkvxrvxsRitGOXOMfyB8fkD5oaVZg==</latexit>

X⌧1

…

<latexit sha1_base64="iZGfG2LrPlrwJmF/Qn9wTawnV+k=">AAACFXicbVDLSsNAFJ3UV42vqks3g0VwISUpoi4LbnRXwT6gCWUyuW2HTiZhZiKW0J9w46+4caGIW8Gdf+OkLaKtBwYO59zLnXOChDOlHefLKiwtr6yuFdftjc2t7Z3S7l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPL3G/dgVQsFrd6lIAfkb5gPUaJNlK3dOIF0GcioyA0yLF9LZJUK+x5toZ7rWwPRPhjdktlp+JMgBeJOyNlNEO9W/r0wpimkdmnnCjVcZ1E+xmRmlEOY9tLFSSEDkkfOoYKEoHys0mqMT4ySoh7sTRPaDxRf29kJFJqFAVmMiJ6oOa9XPzP66S6d+FnLE8Kgk4P9VKOdYzzinDIJFDNR4YQKpn5K6YDIgk1Jai8BHc+8iJpVivuWaV6Uy3XTmd1FNEBOkTHyEXnqIauUB01EEUP6Am9oFfr0Xq23qz36WjBmu3soz+wPr4Bg2me+w==</latexit>

Inputs
texts

<latexit sha1_base64="40TLH+XaQF33eIjmYybImREitSI=">AAACFnicbVDLSsNAFJ34rPFVdelmsAhuLElRdFlw40aoYB/QhDKZ3LRDJ5MwMxFK6Fe48VfcuFDErbjzb5y0RbT1wMDhnHu4c0+Qcqa043xZS8srq2vrpQ17c2t7Z7e8t99SSSYpNGnCE9kJiALOBDQ10xw6qQQSBxzawfCq8Nv3IBVLxJ0epeDHpC9YxCjRRuqVT70A+kzkFIQGObZvQPYhxJ5nK000KNsDEf64vXLFqToT4EXizkgFzdDolT+9MKFZbPKUE6W6rpNqPydSM8phbHuZgpTQIelD11BBYlB+PjlrjI+NEuIokeYJjSfq70ROYqVGcWAmY6IHat4rxP+8bqajSz9nIs00CDpdFGUc6wQXHeGQSaCajwwhVDLzV0wHRBJqSlBFCe78yYukVau651Xntlapn83qKKFDdIROkIsuUB1dowZqIooe0BN6Qa/Wo/VsvVnv09Ela5Y5QH9gfXwD986fLw==</latexit>

Merged
states

<latexit sha1_base64="CDfAO44yD0C5qhfWVAF+G2zcNCs=">AAACDHicbVDLSsNAFJ34rPFVdelmsAiuSlKKuiy4ceGign1AG8pkctMOnUzCzEQooR/gxl9x40IRt36AO//GSRtEWw8MHM45lzv3+AlnSjvOl7Wyura+sVnasrd3dvf2yweHbRWnkkKLxjyWXZ8o4ExASzPNoZtIIJHPoeOPr3K/cw9SsVjc6UkCXkSGgoWMEm2kQbnS92HIREZBaJBT+4b4wJXdBxH8aCblVJ0Z8DJxC1JBBZqD8mc/iGkamXnKiVI910m0lxGpGeUwtfupgoTQMRlCz1BBIlBeNjtmik+NEuAwluYJjWfq74mMREpNIt8kI6JHatHLxf+8XqrDSy9jIkk1CDpfFKYc6xjnzeCASaCaTwwhVDLzV0xHRBJqSlB5Ce7iycukXau659X6ba3SqBd1lNAxOkFnyEUXqIGuURO1EEUP6Am9oFfr0Xq23qz3eXTFKmaO0B9YH9+zUptZ</latexit>

Labels

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="yKR3mvXlvY1KSripHDVCDgQXTRk=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1Hfyum/W7IY9g7VMnJLUUIm2b365w5ikERVAOFZq4NgJeBmWwAinedVNFU0wmeARHWgqcESVl83i59aZVoZWGEv9BFgz9fdGhiOlplGgJ4usatErxP+8QQrhtZcxkaRABZkfClNuQWwVXVhDJikBPtUEE8l0VouMscQEdGNVXYKz+OVl0m02nIuGfdestS7LOiroBJ2ic+SgK9RCt6iNOoigDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPGHWVhg==</latexit>x⌧1

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="eC+YkswfZp9HCJFIFvU3bI/FoAw=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1G/mdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCay9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOBcN+65Za12WdVTQCTpF58hBV6iFblEbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8fGfuVhw==</latexit>x⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="H7Td+2pJERbrwq6s53JIONckepQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZcOOygn1AE8JkOmmHTh7MTMQSAv6KGxeKuPU73Pk3TtsstPXAwOGce7lnjp9wJpVlfRulldW19Y3yZmVre2d3z9w/6Mg4FYS2Scxj0fOxpJxFtK2Y4rSXCIpDn9OuP76Z+t0HKiSLo3s1Sagb4mHEAkaw0pJnHtWcEKuRH2SPuZc5CqfeeV7zzKpVt2ZAy8QuSBUKtDzzyxnEJA1ppAjHUvZtK1FuhoVihNO84qSSJpiM8ZD2NY1wSKWbzeLn6FQrAxTEQr9IoZn6eyPDoZST0NeT06xy0ZuK/3n9VAXXbsaiJFU0IvNDQcqRitG0CzRgghLFJ5pgIpjOisgIC0yUbqyiS7AXv7xMOo26fVG37hrV5mVRRxmO4QTOwIYraMIttKANBDJ4hld4M56MF+Pd+JiPloxi5xD+wPj8ARuBlYg=</latexit>x⌧3

…

…
<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+x14qyNcnTxpBturpb6mIiqXmVI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCKCd3Rc/Qx5hWdZwzbrVtArAVWKXpA5KdF3zazwJcRwQrjBDUo5sK1JOioSimJGsNo4liRCeoykZacpRQKSTFpdk8EwrE+iHQj+uYKH+7khRIGUSeLoyX1sue7n4nzeKlX/lpJRHsSIcLwb5MYMqhHkscEIFwYolmiAsqN4V4hkSCCsdXk2HYC+fvEr6rabdbl7ctuqddhlHFZyAU3AObHAJOuAGdEEPYPAInsEreDOejBfj3fhYlFaMsucY/IHx+QM6RpoB</latexit>

ylabel
1

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="f5hRT90kpoTFc2E6Naj9TdkU2TI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCGAruy9+hjzCsqzhmnWraRWAq8QuSR2U6Lrm13gS4jggXGGGpBzZVqScFAlFMSNZbRxLEiE8R1My0pSjgEgnLS7J4JlWJtAPhX5cwUL93ZGiQMok8HRlvrZc9nLxP28UK//KSSmPYkU4XgzyYwZVCPNY4IQKghVLNEFYUL0rxDMkEFY6vJoOwV4+eZX0W0273by4bdU77TKOKjgBp+Ac2OASdMAN6IIewOARPINX8GY8GS/Gu/GxKK0YZc8x+APj8wc72ZoC</latexit>

ylabel
2

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+/hy+hoxgnrPH4+Jlihtv+IWk5I=">AAACCXicbVC7TsMwFHV4lvIKMLJYtEhMVVJQYazEwlgk+pDaEDmu01q1k8h2kKIoKwu/wsIAQqz8ARt/g5NmgJYjWT46517de48XMSqVZX0bK6tr6xubla3q9s7u3r55cNiTYSww6eKQhWLgIUkYDUhXUcXIIBIEcY+Rvje7zv3+AxGShsGdSiLicDQJqE8xUlpyTVgfcaSmnp8mbjoSHJ5n98XPkEdYltVds2Y1rAJwmdglqYESHdf8Go1DHHMSKMyQlEPbipSTIqEoZiSrjmJJIoRnaEKGmgaIE+mkxSUZPNXKGPqh0C9QsFB/d6SIS5lwT1fma8tFLxf/84ax8q+clAZRrEiA54P8mEEVwjwWOKaCYMUSTRAWVO8K8RQJhJUOr6pDsBdPXia9ZsNuNS5um7V2q4yjAo7BCTgDNrgEbXADOqALMHgEz+AVvBlPxovxbnzMS1eMsucI/IHx+QM9bJoD</latexit>

ylabel
3

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

<latexit sha1_base64="1vWUnoixwow/mzVMK/OmAyPMDAs="></latexit>

Ridge regression
(closed-form solution)

<latexit sha1_base64="slncCu7RcxeY6LjthIanGANQgnw="></latexit>

B̂ = (XT X + �I)�1XT Ylabel

<latexit sha1_base64="H/ChojD+zu1t000AJO1H9hxEUFs=">AAACH3icbVBNS8NAEN3U7/hV9ehlsQieQlJEPQoieFSwrdCEsruZtEs3m7C7EUrIP/HiX/HiQRHx5r9x+4Fo9cHA470ZZubRXHBtfP/TqS0sLi2vrK656xubW9v1nd22zgrFoMUykak7SjQILqFluBFwlysgKRXQocOLsd+5B6V5Jm/NKIcoJX3JE86IsVKvflKGNHFDCn0uS0NoIYiqSsYqN/Cwe5lSiGMu+24IMv723apXb/iePwH+S4IZaaAZrnv1jzDOWJGCNEwQrbuBn5uoJMpwJqByw0JDTtiQ9KFrqSQp6Kic/FfhQ6vEOMmULWnwRP05UZJU61FKbWdKzEDPe2PxP69bmOQsKrnMCwOSTRclhcAmw+OwcMwVMCNGlhCmuL0VswFRhBkbqWtDCOZf/kvaTS848Y5vmo3zs1kcq2gfHaAjFKBTdI6u0DVqIYYe0BN6Qa/Oo/PsvDnv09aaM5vZQ7/gfH4BXeiiiA==</latexit>

1. Embedding

<latexit sha1_base64="cFApUvPlMMOeMoS4xawSOexa22A=">AAACGXicbVBNS8NAEN3Urxq/oh69LBbBU0mKaI8FETxJRVsLTSmb7aRdutmE3Y1QQv6GF/+KFw+KeNST/8btB6KtDwYe780wMy9IOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LFsBUcCZgIZmmkMrkUCigMNdMDwf+3f3IBWLxa0eJdCJSF+wkFGijdR13MwPQtsPoM9EpkmQciLzjNLcrpSxfXFzZfsgej+OnXedklt2J8CLxJuREpqh3nU+/F5M0wiEppwo1fbcRHcyIjWjHHLbTxUkhA5JH9qGChKB6mSTz3J8ZJQeDmNpSmg8UX9PZCRSahQFpjMieqDmvbH4n9dOdVjtZEwkqQZBp4vClGMd43FMuMckUM1HhhAqmbkV0wGRhGoTpm1C8OZfXiTNStk7LZ9cV0q16iyOIjpAh+gYeegM1dAlqqMGougBPaEX9Go9Ws/Wm/U+bS1Ys5l99AfW5zcbZJ+0</latexit>

2. ESN

<latexit sha1_base64="wikIyV9v+egOqAL8lgyy/IBx+xA=">AAACHXicbVDLSgMxFM34rOOr6tJNsAiuyowW7bLgxmUF+4BOKZn0ThuaSYYkI5RhfsSNv+LGhSIu3Ih/Y/pAtPXAhcM59yb3njDhTBvP+3JWVtfWNzYLW+72zu7efvHgsKllqig0qORStUOigTMBDcMMh3aigMQhh1Y4up74rXtQmklxZ8YJdGMyECxilBgr9YqVLAgjNwhhwERmSJhyovKM0ty9KGO3LqV9eOAGIPo/rpv3iiWv7E2Bl4k/JyU0R71X/Aj6kqYxCEM50brje4npZkQZRjnkbpBqSAgdkQF0LBUkBt3Nptfl+NQqfRxJZUsYPFV/T2Qk1noch7YzJmaoF72J+J/XSU1U7WZMJKkBQWcfRSnHRuJJVLjPFFDDx5YQqpjdFdMhUYQaG6hrQ/AXT14mzfOyf1mu3J6XatV5HAV0jE7QGfLRFaqhG1RHDUTRA3pCL+jVeXSenTfnfda64sxnjtAfOJ/f9RGhzw==</latexit>

3. Pooling

<latexit sha1_base64="UfuPmG8CfHb+MmBDjiGL/qTYERI=">AAACHnicbVBNS8NAEN34WeNX1aOXxSJ4Kkmp2mPBiwcPFawKTSmT7aQubjZhdyOUkF/ixb/ixYMigif9N25rEL8eDDzem2FmXpgKro3nvTszs3PzC4uVJXd5ZXVtvbqxea6TTDHsskQk6jIEjYJL7BpuBF6mCiEOBV6E10cT/+IGleaJPDPjFPsxjCSPOANjpUF1Pw/CyA1CHHGZGwgzAarIGSvcZp26JwhKcjlyA5TDL9stBtWaV/emoH+JX5IaKdEZVF+DYcKyGKVhArTu+V5q+jkow5nAwg0yjSmwaxhhz1IJMep+Pn2voLtWGdIoUbakoVP1+0QOsdbjOLSdMZgr/dubiP95vcxErX7OZZoZlOxzUZQJahI6yYoOuUJmxNgSYIrbWym7AgXM2ERdG4L/++W/5LxR9w/qzdNGrd0q46iQbbJD9ohPDkmbHJMO6RJGbsk9eSRPzp3z4Dw7L5+tM045s0V+wHn7ALOmojI=</latexit>

4. Learning

Efficient Text Classification with Echo State Networks Cabessa et al.
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ESNs: Training
<latexit sha1_base64="CXm8QHW2eterG5QSS+FnMyPd+Pg=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGE3kWgjBGwsI5gH5LHMTmaTIbMPZu4awpIfsPFXbCwUsbW382+cJFto9MDA4Zx7uHOPEwquwDS/jNTK6tr6Rnozs7W9s7uX3T9oqCCSlNVpIALZcohigvusDhwEa4WSEc8RrOmMrmd+855JxQP/DiYh63pk4HOXUwJasrP5fAdIZJfxFS6Me5Ydl6dneNwrLUinH4A6zdvZnFk058B/iZWQHEpQs7OfOkkjj/lABVGqbZkhdGMigVPBpplOpFhI6IgMWFtTn3hMdeP5NVN8opU+dgOpnw94rv5MxMRTauI5etIjMFTL3kz8z2tH4F52Y+6HETCfLha5kcAQ4Fk1uM8loyAmmhAquf4rpkMiCQVdYEaXYC2f/Jc0SkWrUjy/LeWqlaSONDpCx6iALHSBqugG1VAdUfSAntALejUejWfjzXhfjKaMJHOIfsH4+AZSzZkr</latexit>

⌧3 = (w1
3, w

2
3, . . . ) …

<latexit sha1_base64="IsgGROUSwcx96vdj6ROmyuQsIFk=">AAACGXicbVDLSgMxFM34rOOr6tJNsAiuykxRdFlw47KKfUCnlEzmThuaSYYkUyhDf8ONv+LGhSIudeXfmD4QbT0QOJxzLjf3hCln2njel7Oyura+sVnYcrd3dvf2iweHDS0zRaFOJZeqFRINnAmoG2Y4tFIFJAk5NMPB9cRvDkFpJsW9GaXQSUhPsJhRYqzULXpBCD0mcgrCgBq7d6BBDSVTOAhcbYgB7QYgop9At1jyyt4UeJn4c1JCc9S6xY8gkjRL7DzlROu276WmkxNlGOUwdoNMQ0rogPSgbakgCehOPr1sjE+tEuFYKvuEwVP190ROEq1HSWiTCTF9vehNxP+8dmbiq07ORJoZEHS2KM44NhJPasIRU0ANH1lCqGL2r5j2iSLUlqAnJfiLJy+TRqXsX5S920qpej6vo4CO0Qk6Qz66RFV0g2qojih6QE/oBb06j86z8+a8z6IrznzmCP2B8/kNzfugug==</latexit>

Reservoir
states

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="G5gxFH8ynSY5mohmH55XI24rXq4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUs/O655ZsxrWDHiZ2CWpoRJtz/xyhjFNQxYBFUSpgW0l4GZEAqeC5VUnVSwhdEJGbKBpREKm3GwWP8dnWhniIJb6RYBn6u+NjIRKTUNfTxZZ1aJXiP95gxSCazfjUZICi+j8UJAKDDEuusBDLhkFMdWEUMl1VkzHRBIKurGqLsFe/PIy6TYb9kXDum/WWpdlHRV0gk7RObLRFWqhO9RGHURRhp7RK3oznowX4934mI+uGOXOEfoD4/MHyOmVUw==</latexit>

E⌧1

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="n3eUQn8wn74jBKLrpTot8AxLJH0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUq+Z1z2zZjWsGfAysUtSQyXanvnlDGOahiwCKohSA9tKwM2IBE4Fy6tOqlhC6ISM2EDTiIRMudksfo7PtDLEQSz1iwDP1N8bGQmVmoa+niyyqkWvEP/zBikE127GoyQFFtH5oSAVGGJcdIGHXDIKYqoJoZLrrJiOiSQUdGNVXYK9+OVl0m027IuGdd+stS7LOiroBJ2ic2SjK9RCd6iNOoiiDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPym+VVA==</latexit>

E⌧2

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="Y8Ug14264hf0HKPzG/vbxMImlyY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZEMFlBfuAJoTJdNIOnTyYmQglBPwVNy4Ucet3uPNvnLZZaOuBgcM593LPHD/hTCrL+jZKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3wz9buPVEgWRw9qklA3xMOIBYxgpSXPPKo5IVYjP8hucy9zFE6987zmmVWrbs2AloldkCoUaHnmlzOISRrSSBGOpezbVqLcDAvFCKd5xUklTTAZ4yHtaxrhkEo3m8XP0alWBiiIhX6RQjP190aGQyknoa8np1nlojcV//P6qQqu3YxFSapoROaHgpQjFaNpF2jABCWKTzTBRDCdFZERFpgo3VhFl2AvfnmZdBp1+6Ju3TeqzcuijjIcwwmcgQ1X0IQ7aEEbCGTwDK/wZjwZL8a78TEfLRnFziH8gfH5A8v1lVU=</latexit>

E⌧3

…
<latexit sha1_base64="ZYz098tM6i12l+S/d/NiVTM650g=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIUXRZEcFnBPqApZTK5aYdOJmFmIpbQv3Djr7hxoYhb3fk3Ttsg2npg4HDOPdy5J0g5U9p1v6yl5ZXVtfXShr25tb2z6+ztN1WSSQoNmvBEtgOigDMBDc00h3YqgcQBh1YwvJz4rTuQiiXiVo9S6MakL1jEKNFG6jkVP4A+EzkFoUGO7as4gDCEEPu+reFeK9sHEf7YPafsVtwp8CLxClJGBeo959MPE5rFJk85Uarjuanu5kRqRjmMbT9TkBI6JH3oGCpIDKqbT+8a42OjhDhKpHlC46n6O5GTWKlRHJjJmOiBmvcm4n9eJ9PRRTdnIs00CDpbFGUc6wRPSsIhk0A1HxlCqGTmr5gOiCTUlKAmJXjzJy+SZrXinVXcm2q5dlrUUUKH6AidIA+doxq6RnXUQBQ9oCf0gl6tR+vZerPeZ6NLVpE5QH9gfXwDti6fkw==</latexit>

Embedded
texts

<latexit sha1_base64="ofSHMSIf8TtyLr0oRB8TGhLfLuU=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4lr4GpdGXctNrckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AUidmSM=</latexit>

⌧1 = (w1
1, w

2
1, . . . )

<latexit sha1_base64="92v+uHYlz5G4Gs29QXeQZNUn834=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4tr4GpdGXctN7ckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AU1jmSY=</latexit>

⌧2 = (w1
2, w

2
2, . . . )

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="A2/vf2I1nkJgSOx0OuBGKd9l95w=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQVH8uCG5cV7AOaECbTSTt0MgkzN0IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk9vC7z1SqVgsHmCaUC/CI8FCRjBoyTeP626EYRyEWT/3Mxdw6l/kdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCGy9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOJcN+75Za12VdVTQCTpF58hB16iF7lAbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8f6ZKVaA==</latexit>

X⌧3

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="5CAYHGeSBVuCaGS+appuE6OA/5Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkpS8LEsuHFZwT6gCWEynbRDJw9mboQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp8IrsCyvo3K2vrG5lZ1u7azu7d/YB4e9VScSsq6NBaxHPhEMcEj1gUOgg0SyUjoC9b3p7eF339kUvE4eoBZwtyQjCMecEpAS5550nBCAhM/yAa5lzlAUq+VNzyzbjWtOfAqsUtSRyU6nvnljGKahiwCKohSQ9tKwM2IBE4Fy2tOqlhC6JSM2VDTiIRMudk8fo7PtTLCQSz1iwDP1d8bGQmVmoW+niyyqmWvEP/zhikEN27GoyQFFtHFoSAVGGJcdIFHXDIKYqYJoZLrrJhOiCQUdGM1XYK9/OVV0ms17cumdd+qt6/KOqroFJ2hC2Sja9RGd6iDuoiiDD2jV/RmPBkvxrvxsRitGOXOMfoD4/MH6AyVZw==</latexit>

X⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="BJ7JgSJYFQE4d1vok4WTSKJg30Q=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4GNZcOOygn1AE8JkOmmHTh7MTIQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp9wJpVlfRuVtfWNza3qdm1nd2//wDw86sk4FYR2ScxjMfCxpJxFtKuY4nSQCIpDn9O+P70t/P4jFZLF0YOaJdQN8ThiASNYackzTxpOiNXED7JB7mWOwqln5w3PrFtNaw60SuyS1KFExzO/nFFM0pBGinAs5dC2EuVmWChGOM1rTippgskUj+lQ0wiHVLrZPH6OzrUyQkEs9IsUmqu/NzIcSjkLfT1ZZJXLXiH+5w1TFdy4GYuSVNGILA4FKUcqRkUXaMQEJYrPNMFEMJ0VkQkWmCjdWE2XYC9/eZX0Wk37smndt+rtq7KOKpzCGVyADdfQhjvoQBcIZPAMr/BmPBkvxrvxsRitGOXOMfyB8fkD5oaVZg==</latexit>

X⌧1

…

<latexit sha1_base64="iZGfG2LrPlrwJmF/Qn9wTawnV+k=">AAACFXicbVDLSsNAFJ3UV42vqks3g0VwISUpoi4LbnRXwT6gCWUyuW2HTiZhZiKW0J9w46+4caGIW8Gdf+OkLaKtBwYO59zLnXOChDOlHefLKiwtr6yuFdftjc2t7Z3S7l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPL3G/dgVQsFrd6lIAfkb5gPUaJNlK3dOIF0GcioyA0yLF9LZJUK+x5toZ7rWwPRPhjdktlp+JMgBeJOyNlNEO9W/r0wpimkdmnnCjVcZ1E+xmRmlEOY9tLFSSEDkkfOoYKEoHys0mqMT4ySoh7sTRPaDxRf29kJFJqFAVmMiJ6oOa9XPzP66S6d+FnLE8Kgk4P9VKOdYzzinDIJFDNR4YQKpn5K6YDIgk1Jai8BHc+8iJpVivuWaV6Uy3XTmd1FNEBOkTHyEXnqIauUB01EEUP6Am9oFfr0Xq23qz36WjBmu3soz+wPr4Bg2me+w==</latexit>

Inputs
texts

<latexit sha1_base64="40TLH+XaQF33eIjmYybImREitSI=">AAACFnicbVDLSsNAFJ34rPFVdelmsAhuLElRdFlw40aoYB/QhDKZ3LRDJ5MwMxFK6Fe48VfcuFDErbjzb5y0RbT1wMDhnHu4c0+Qcqa043xZS8srq2vrpQ17c2t7Z7e8t99SSSYpNGnCE9kJiALOBDQ10xw6qQQSBxzawfCq8Nv3IBVLxJ0epeDHpC9YxCjRRuqVT70A+kzkFIQGObZvQPYhxJ5nK000KNsDEf64vXLFqToT4EXizkgFzdDolT+9MKFZbPKUE6W6rpNqPydSM8phbHuZgpTQIelD11BBYlB+PjlrjI+NEuIokeYJjSfq70ROYqVGcWAmY6IHat4rxP+8bqajSz9nIs00CDpdFGUc6wQXHeGQSaCajwwhVDLzV0wHRBJqSlBFCe78yYukVau651Xntlapn83qKKFDdIROkIsuUB1dowZqIooe0BN6Qa/Wo/VsvVnv09Ela5Y5QH9gfXwD986fLw==</latexit>

Merged
states

<latexit sha1_base64="CDfAO44yD0C5qhfWVAF+G2zcNCs=">AAACDHicbVDLSsNAFJ34rPFVdelmsAiuSlKKuiy4ceGign1AG8pkctMOnUzCzEQooR/gxl9x40IRt36AO//GSRtEWw8MHM45lzv3+AlnSjvOl7Wyura+sVnasrd3dvf2yweHbRWnkkKLxjyWXZ8o4ExASzPNoZtIIJHPoeOPr3K/cw9SsVjc6UkCXkSGgoWMEm2kQbnS92HIREZBaJBT+4b4wJXdBxH8aCblVJ0Z8DJxC1JBBZqD8mc/iGkamXnKiVI910m0lxGpGeUwtfupgoTQMRlCz1BBIlBeNjtmik+NEuAwluYJjWfq74mMREpNIt8kI6JHatHLxf+8XqrDSy9jIkk1CDpfFKYc6xjnzeCASaCaTwwhVDLzV0xHRBJqSlB5Ce7iycukXau659X6ba3SqBd1lNAxOkFnyEUXqIGuURO1EEUP6Am9oFfr0Xq23qz3eXTFKmaO0B9YH9+zUptZ</latexit>

Labels

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="yKR3mvXlvY1KSripHDVCDgQXTRk=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1Hfyum/W7IY9g7VMnJLUUIm2b365w5ikERVAOFZq4NgJeBmWwAinedVNFU0wmeARHWgqcESVl83i59aZVoZWGEv9BFgz9fdGhiOlplGgJ4usatErxP+8QQrhtZcxkaRABZkfClNuQWwVXVhDJikBPtUEE8l0VouMscQEdGNVXYKz+OVl0m02nIuGfdestS7LOiroBJ2ic+SgK9RCt6iNOoigDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPGHWVhg==</latexit>x⌧1

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="eC+YkswfZp9HCJFIFvU3bI/FoAw=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1G/mdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCay9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOBcN+65Za12WdVTQCTpF58hBV6iFblEbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8fGfuVhw==</latexit>x⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="H7Td+2pJERbrwq6s53JIONckepQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZcOOygn1AE8JkOmmHTh7MTMQSAv6KGxeKuPU73Pk3TtsstPXAwOGce7lnjp9wJpVlfRulldW19Y3yZmVre2d3z9w/6Mg4FYS2Scxj0fOxpJxFtK2Y4rSXCIpDn9OuP76Z+t0HKiSLo3s1Sagb4mHEAkaw0pJnHtWcEKuRH2SPuZc5CqfeeV7zzKpVt2ZAy8QuSBUKtDzzyxnEJA1ppAjHUvZtK1FuhoVihNO84qSSJpiM8ZD2NY1wSKWbzeLn6FQrAxTEQr9IoZn6eyPDoZST0NeT06xy0ZuK/3n9VAXXbsaiJFU0IvNDQcqRitG0CzRgghLFJ5pgIpjOisgIC0yUbqyiS7AXv7xMOo26fVG37hrV5mVRRxmO4QTOwIYraMIttKANBDJ4hld4M56MF+Pd+JiPloxi5xD+wPj8ARuBlYg=</latexit>x⌧3

…

…
<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+x14qyNcnTxpBturpb6mIiqXmVI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCKCd3Rc/Qx5hWdZwzbrVtArAVWKXpA5KdF3zazwJcRwQrjBDUo5sK1JOioSimJGsNo4liRCeoykZacpRQKSTFpdk8EwrE+iHQj+uYKH+7khRIGUSeLoyX1sue7n4nzeKlX/lpJRHsSIcLwb5MYMqhHkscEIFwYolmiAsqN4V4hkSCCsdXk2HYC+fvEr6rabdbl7ctuqddhlHFZyAU3AObHAJOuAGdEEPYPAInsEreDOejBfj3fhYlFaMsucY/IHx+QM6RpoB</latexit>

ylabel
1

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="f5hRT90kpoTFc2E6Naj9TdkU2TI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCGAruy9+hjzCsqzhmnWraRWAq8QuSR2U6Lrm13gS4jggXGGGpBzZVqScFAlFMSNZbRxLEiE8R1My0pSjgEgnLS7J4JlWJtAPhX5cwUL93ZGiQMok8HRlvrZc9nLxP28UK//KSSmPYkU4XgzyYwZVCPNY4IQKghVLNEFYUL0rxDMkEFY6vJoOwV4+eZX0W0273by4bdU77TKOKjgBp+Ac2OASdMAN6IIewOARPINX8GY8GS/Gu/GxKK0YZc8x+APj8wc72ZoC</latexit>

ylabel
2

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+/hy+hoxgnrPH4+Jlihtv+IWk5I=">AAACCXicbVC7TsMwFHV4lvIKMLJYtEhMVVJQYazEwlgk+pDaEDmu01q1k8h2kKIoKwu/wsIAQqz8ARt/g5NmgJYjWT46517de48XMSqVZX0bK6tr6xubla3q9s7u3r55cNiTYSww6eKQhWLgIUkYDUhXUcXIIBIEcY+Rvje7zv3+AxGShsGdSiLicDQJqE8xUlpyTVgfcaSmnp8mbjoSHJ5n98XPkEdYltVds2Y1rAJwmdglqYESHdf8Go1DHHMSKMyQlEPbipSTIqEoZiSrjmJJIoRnaEKGmgaIE+mkxSUZPNXKGPqh0C9QsFB/d6SIS5lwT1fma8tFLxf/84ax8q+clAZRrEiA54P8mEEVwjwWOKaCYMUSTRAWVO8K8RQJhJUOr6pDsBdPXia9ZsNuNS5um7V2q4yjAo7BCTgDNrgEbXADOqALMHgEz+AVvBlPxovxbnzMS1eMsucI/IHx+QM9bJoD</latexit>

ylabel
3

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

<latexit sha1_base64="1vWUnoixwow/mzVMK/OmAyPMDAs="></latexit>

Ridge regression
(closed-form solution)

<latexit sha1_base64="slncCu7RcxeY6LjthIanGANQgnw="></latexit>

B̂ = (XT X + �I)�1XT Ylabel

<latexit sha1_base64="H/ChojD+zu1t000AJO1H9hxEUFs=">AAACH3icbVBNS8NAEN3U7/hV9ehlsQieQlJEPQoieFSwrdCEsruZtEs3m7C7EUrIP/HiX/HiQRHx5r9x+4Fo9cHA470ZZubRXHBtfP/TqS0sLi2vrK656xubW9v1nd22zgrFoMUykak7SjQILqFluBFwlysgKRXQocOLsd+5B6V5Jm/NKIcoJX3JE86IsVKvflKGNHFDCn0uS0NoIYiqSsYqN/Cwe5lSiGMu+24IMv723apXb/iePwH+S4IZaaAZrnv1jzDOWJGCNEwQrbuBn5uoJMpwJqByw0JDTtiQ9KFrqSQp6Kic/FfhQ6vEOMmULWnwRP05UZJU61FKbWdKzEDPe2PxP69bmOQsKrnMCwOSTRclhcAmw+OwcMwVMCNGlhCmuL0VswFRhBkbqWtDCOZf/kvaTS848Y5vmo3zs1kcq2gfHaAjFKBTdI6u0DVqIYYe0BN6Qa/Oo/PsvDnv09aaM5vZQ7/gfH4BXeiiiA==</latexit>

1. Embedding

<latexit sha1_base64="cFApUvPlMMOeMoS4xawSOexa22A=">AAACGXicbVBNS8NAEN3Urxq/oh69LBbBU0mKaI8FETxJRVsLTSmb7aRdutmE3Y1QQv6GF/+KFw+KeNST/8btB6KtDwYe780wMy9IOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LFsBUcCZgIZmmkMrkUCigMNdMDwf+3f3IBWLxa0eJdCJSF+wkFGijdR13MwPQtsPoM9EpkmQciLzjNLcrpSxfXFzZfsgej+OnXedklt2J8CLxJuREpqh3nU+/F5M0wiEppwo1fbcRHcyIjWjHHLbTxUkhA5JH9qGChKB6mSTz3J8ZJQeDmNpSmg8UX9PZCRSahQFpjMieqDmvbH4n9dOdVjtZEwkqQZBp4vClGMd43FMuMckUM1HhhAqmbkV0wGRhGoTpm1C8OZfXiTNStk7LZ9cV0q16iyOIjpAh+gYeegM1dAlqqMGougBPaEX9Go9Ws/Wm/U+bS1Ys5l99AfW5zcbZJ+0</latexit>

2. ESN

<latexit sha1_base64="wikIyV9v+egOqAL8lgyy/IBx+xA=">AAACHXicbVDLSgMxFM34rOOr6tJNsAiuyowW7bLgxmUF+4BOKZn0ThuaSYYkI5RhfsSNv+LGhSIu3Ih/Y/pAtPXAhcM59yb3njDhTBvP+3JWVtfWNzYLW+72zu7efvHgsKllqig0qORStUOigTMBDcMMh3aigMQhh1Y4up74rXtQmklxZ8YJdGMyECxilBgr9YqVLAgjNwhhwERmSJhyovKM0ty9KGO3LqV9eOAGIPo/rpv3iiWv7E2Bl4k/JyU0R71X/Aj6kqYxCEM50brje4npZkQZRjnkbpBqSAgdkQF0LBUkBt3Nptfl+NQqfRxJZUsYPFV/T2Qk1noch7YzJmaoF72J+J/XSU1U7WZMJKkBQWcfRSnHRuJJVLjPFFDDx5YQqpjdFdMhUYQaG6hrQ/AXT14mzfOyf1mu3J6XatV5HAV0jE7QGfLRFaqhG1RHDUTRA3pCL+jVeXSenTfnfda64sxnjtAfOJ/f9RGhzw==</latexit>

3. Pooling

<latexit sha1_base64="UfuPmG8CfHb+MmBDjiGL/qTYERI=">AAACHnicbVBNS8NAEN34WeNX1aOXxSJ4Kkmp2mPBiwcPFawKTSmT7aQubjZhdyOUkF/ixb/ixYMigif9N25rEL8eDDzem2FmXpgKro3nvTszs3PzC4uVJXd5ZXVtvbqxea6TTDHsskQk6jIEjYJL7BpuBF6mCiEOBV6E10cT/+IGleaJPDPjFPsxjCSPOANjpUF1Pw/CyA1CHHGZGwgzAarIGSvcZp26JwhKcjlyA5TDL9stBtWaV/emoH+JX5IaKdEZVF+DYcKyGKVhArTu+V5q+jkow5nAwg0yjSmwaxhhz1IJMep+Pn2voLtWGdIoUbakoVP1+0QOsdbjOLSdMZgr/dubiP95vcxErX7OZZoZlOxzUZQJahI6yYoOuUJmxNgSYIrbWym7AgXM2ERdG4L/++W/5LxR9w/qzdNGrd0q46iQbbJD9ohPDkmbHJMO6RJGbsk9eSRPzp3z4Dw7L5+tM045s0V+wHn7ALOmojI=</latexit>

4. Learning

Efficient Text Classification with Echo State Networks Cabessa et al.
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ESNs: Training
<latexit sha1_base64="CXm8QHW2eterG5QSS+FnMyPd+Pg=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGE3kWgjBGwsI5gH5LHMTmaTIbMPZu4awpIfsPFXbCwUsbW382+cJFto9MDA4Zx7uHOPEwquwDS/jNTK6tr6Rnozs7W9s7uX3T9oqCCSlNVpIALZcohigvusDhwEa4WSEc8RrOmMrmd+855JxQP/DiYh63pk4HOXUwJasrP5fAdIZJfxFS6Me5Ydl6dneNwrLUinH4A6zdvZnFk058B/iZWQHEpQs7OfOkkjj/lABVGqbZkhdGMigVPBpplOpFhI6IgMWFtTn3hMdeP5NVN8opU+dgOpnw94rv5MxMRTauI5etIjMFTL3kz8z2tH4F52Y+6HETCfLha5kcAQ4Fk1uM8loyAmmhAquf4rpkMiCQVdYEaXYC2f/Jc0SkWrUjy/LeWqlaSONDpCx6iALHSBqugG1VAdUfSAntALejUejWfjzXhfjKaMJHOIfsH4+AZSzZkr</latexit>

⌧3 = (w1
3, w

2
3, . . . ) …

<latexit sha1_base64="IsgGROUSwcx96vdj6ROmyuQsIFk=">AAACGXicbVDLSgMxFM34rOOr6tJNsAiuykxRdFlw47KKfUCnlEzmThuaSYYkUyhDf8ONv+LGhSIudeXfmD4QbT0QOJxzLjf3hCln2njel7Oyura+sVnYcrd3dvf2iweHDS0zRaFOJZeqFRINnAmoG2Y4tFIFJAk5NMPB9cRvDkFpJsW9GaXQSUhPsJhRYqzULXpBCD0mcgrCgBq7d6BBDSVTOAhcbYgB7QYgop9At1jyyt4UeJn4c1JCc9S6xY8gkjRL7DzlROu276WmkxNlGOUwdoNMQ0rogPSgbakgCehOPr1sjE+tEuFYKvuEwVP190ROEq1HSWiTCTF9vehNxP+8dmbiq07ORJoZEHS2KM44NhJPasIRU0ANH1lCqGL2r5j2iSLUlqAnJfiLJy+TRqXsX5S920qpej6vo4CO0Qk6Qz66RFV0g2qojih6QE/oBb06j86z8+a8z6IrznzmCP2B8/kNzfugug==</latexit>

Reservoir
states

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="G5gxFH8ynSY5mohmH55XI24rXq4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUs/O655ZsxrWDHiZ2CWpoRJtz/xyhjFNQxYBFUSpgW0l4GZEAqeC5VUnVSwhdEJGbKBpREKm3GwWP8dnWhniIJb6RYBn6u+NjIRKTUNfTxZZ1aJXiP95gxSCazfjUZICi+j8UJAKDDEuusBDLhkFMdWEUMl1VkzHRBIKurGqLsFe/PIy6TYb9kXDum/WWpdlHRV0gk7RObLRFWqhO9RGHURRhp7RK3oznowX4934mI+uGOXOEfoD4/MHyOmVUw==</latexit>

E⌧1

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="n3eUQn8wn74jBKLrpTot8AxLJH0=">AAAB/nicbVDLSsNAFJ34rPUVFVduBlvBVUkKPpYFEVxWsA9oQphMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Csb2NldW19Y7OyVd3e2d3bNw8OuypOJWUdGotY9n2imOAR6wAHwfqJZCT0Bev5k5vC7z0yqXgcPcA0YW5IRhEPOCWgJc88rjshgbEfZLe5lzlAUq+Z1z2zZjWsGfAysUtSQyXanvnlDGOahiwCKohSA9tKwM2IBE4Fy6tOqlhC6ISM2EDTiIRMudksfo7PtDLEQSz1iwDP1N8bGQmVmoa+niyyqkWvEP/zBikE127GoyQFFtH5oSAVGGJcdIGHXDIKYqoJoZLrrJiOiSQUdGNVXYK9+OVl0m027IuGdd+stS7LOiroBJ2ic2SjK9RCd6iNOoiiDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPym+VVA==</latexit>

E⌧2

<latexit sha1_base64="BuK/k67NWw0ongpQd0rcjnXeoDM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8sdwdDPzH5+4NiJRDzhOeRDTgRKRYBSt5Ffvelm1V664NXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwug4mQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vkla95l3W3Pt6pXGRx1GEEziFc/DgChpwC03wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A+fkjgo=</latexit>

Nu

<latexit sha1_base64="Y8Ug14264hf0HKPzG/vbxMImlyY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZEMFlBfuAJoTJdNIOnTyYmQglBPwVNy4Ucet3uPNvnLZZaOuBgcM593LPHD/hTCrL+jZKK6tr6xvlzcrW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3wz9buPVEgWRw9qklA3xMOIBYxgpSXPPKo5IVYjP8hucy9zFE6987zmmVWrbs2AloldkCoUaHnmlzOISRrSSBGOpezbVqLcDAvFCKd5xUklTTAZ4yHtaxrhkEo3m8XP0alWBiiIhX6RQjP190aGQyknoa8np1nlojcV//P6qQqu3YxFSapoROaHgpQjFaNpF2jABCWKTzTBRDCdFZERFpgo3VhFl2AvfnmZdBp1+6Ju3TeqzcuijjIcwwmcgQ1X0IQ7aEEbCGTwDK/wZjwZL8a78TEfLRnFziH8gfH5A8v1lVU=</latexit>

E⌧3

…
<latexit sha1_base64="ZYz098tM6i12l+S/d/NiVTM650g=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIUXRZEcFnBPqApZTK5aYdOJmFmIpbQv3Djr7hxoYhb3fk3Ttsg2npg4HDOPdy5J0g5U9p1v6yl5ZXVtfXShr25tb2z6+ztN1WSSQoNmvBEtgOigDMBDc00h3YqgcQBh1YwvJz4rTuQiiXiVo9S6MakL1jEKNFG6jkVP4A+EzkFoUGO7as4gDCEEPu+reFeK9sHEf7YPafsVtwp8CLxClJGBeo959MPE5rFJk85Uarjuanu5kRqRjmMbT9TkBI6JH3oGCpIDKqbT+8a42OjhDhKpHlC46n6O5GTWKlRHJjJmOiBmvcm4n9eJ9PRRTdnIs00CDpbFGUc6wRPSsIhk0A1HxlCqGTmr5gOiCTUlKAmJXjzJy+SZrXinVXcm2q5dlrUUUKH6AidIA+doxq6RnXUQBQ9oCf0gl6tR+vZerPeZ6NLVpE5QH9gfXwDti6fkw==</latexit>

Embedded
texts

<latexit sha1_base64="ofSHMSIf8TtyLr0oRB8TGhLfLuU=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4lr4GpdGXctNrckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AUidmSM=</latexit>

⌧1 = (w1
1, w

2
1, . . . )

<latexit sha1_base64="92v+uHYlz5G4Gs29QXeQZNUn834=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIIGF3i2gjBGwsI5gHJJtldjKbDJl9MHPXEJb8gI2/YmOhiK29nX/j5FFo4oGBwzn3cOceLxZcgWl+G5m19Y3Nrex2bmd3b/8gf3jUUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz95gOTikfhPYxj5gSkH3KfUwJacvPFYgdI4tr4GpdGXctN7ckFHnXtOen0IlDnRTdfMMvmDHiVWAtSQAvU3PyXTtIkYCFQQZRqW2YMTkokcCrYJNdJFIsJHZI+a2sakoApJ51dM8FnWulhP5L6hYBn6u9ESgKlxoGnJwMCA7XsTcX/vHYC/pWT8jBOgIV0vshPBIYIT6vBPS4ZBTHWhFDJ9V8xHRBJKOgCc7oEa/nkVdKwy1albN/ZhWplUUcWnaBTVEIWukRVdItqqI4oekTP6BW9GU/Gi/FufMxHM8Yic4z+wPj8AU1jmSY=</latexit>

⌧2 = (w1
2, w

2
2, . . . )

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="A2/vf2I1nkJgSOx0OuBGKd9l95w=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQVH8uCG5cV7AOaECbTSTt0MgkzN0IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk9vC7z1SqVgsHmCaUC/CI8FCRjBoyTeP626EYRyEWT/3Mxdw6l/kdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCGy9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOJcN+75Za12VdVTQCTpF58hB16iF7lAbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8f6ZKVaA==</latexit>

X⌧3

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="5CAYHGeSBVuCaGS+appuE6OA/5Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkpS8LEsuHFZwT6gCWEynbRDJw9mboQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp8IrsCyvo3K2vrG5lZ1u7azu7d/YB4e9VScSsq6NBaxHPhEMcEj1gUOgg0SyUjoC9b3p7eF339kUvE4eoBZwtyQjCMecEpAS5550nBCAhM/yAa5lzlAUq+VNzyzbjWtOfAqsUtSRyU6nvnljGKahiwCKohSQ9tKwM2IBE4Fy2tOqlhC6JSM2VDTiIRMudk8fo7PtTLCQSz1iwDP1d8bGQmVmoW+niyyqmWvEP/zhikEN27GoyQFFtHFoSAVGGJcdIFHXDIKYqYJoZLrrJhOiCQUdGM1XYK9/OVV0ms17cumdd+qt6/KOqroFJ2hC2Sja9RGd6iDuoiiDD2jV/RmPBkvxrvxsRitGOXOMfoD4/MH6AyVZw==</latexit>

X⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="BJ7JgSJYFQE4d1vok4WTSKJg30Q=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4GNZcOOygn1AE8JkOmmHTh7MTIQSAv6KGxeKuPU73Pk3TtostPXAwOGce7lnjp9wJpVlfRuVtfWNza3qdm1nd2//wDw86sk4FYR2ScxjMfCxpJxFtKuY4nSQCIpDn9O+P70t/P4jFZLF0YOaJdQN8ThiASNYackzTxpOiNXED7JB7mWOwqln5w3PrFtNaw60SuyS1KFExzO/nFFM0pBGinAs5dC2EuVmWChGOM1rTippgskUj+lQ0wiHVLrZPH6OzrUyQkEs9IsUmqu/NzIcSjkLfT1ZZJXLXiH+5w1TFdy4GYuSVNGILA4FKUcqRkUXaMQEJYrPNMFEMJ0VkQkWmCjdWE2XYC9/eZX0Wk37smndt+rtq7KOKpzCGVyADdfQhjvoQBcIZPAMr/BmPBkvxrvxsRitGOXOMfyB8fkD5oaVZg==</latexit>

X⌧1

…

<latexit sha1_base64="iZGfG2LrPlrwJmF/Qn9wTawnV+k=">AAACFXicbVDLSsNAFJ3UV42vqks3g0VwISUpoi4LbnRXwT6gCWUyuW2HTiZhZiKW0J9w46+4caGIW8Gdf+OkLaKtBwYO59zLnXOChDOlHefLKiwtr6yuFdftjc2t7Z3S7l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPL3G/dgVQsFrd6lIAfkb5gPUaJNlK3dOIF0GcioyA0yLF9LZJUK+x5toZ7rWwPRPhjdktlp+JMgBeJOyNlNEO9W/r0wpimkdmnnCjVcZ1E+xmRmlEOY9tLFSSEDkkfOoYKEoHys0mqMT4ySoh7sTRPaDxRf29kJFJqFAVmMiJ6oOa9XPzP66S6d+FnLE8Kgk4P9VKOdYzzinDIJFDNR4YQKpn5K6YDIgk1Jai8BHc+8iJpVivuWaV6Uy3XTmd1FNEBOkTHyEXnqIauUB01EEUP6Am9oFfr0Xq23qz36WjBmu3soz+wPr4Bg2me+w==</latexit>

Inputs
texts

<latexit sha1_base64="40TLH+XaQF33eIjmYybImREitSI=">AAACFnicbVDLSsNAFJ34rPFVdelmsAhuLElRdFlw40aoYB/QhDKZ3LRDJ5MwMxFK6Fe48VfcuFDErbjzb5y0RbT1wMDhnHu4c0+Qcqa043xZS8srq2vrpQ17c2t7Z7e8t99SSSYpNGnCE9kJiALOBDQ10xw6qQQSBxzawfCq8Nv3IBVLxJ0epeDHpC9YxCjRRuqVT70A+kzkFIQGObZvQPYhxJ5nK000KNsDEf64vXLFqToT4EXizkgFzdDolT+9MKFZbPKUE6W6rpNqPydSM8phbHuZgpTQIelD11BBYlB+PjlrjI+NEuIokeYJjSfq70ROYqVGcWAmY6IHat4rxP+8bqajSz9nIs00CDpdFGUc6wQXHeGQSaCajwwhVDLzV0wHRBJqSlBFCe78yYukVau651Xntlapn83qKKFDdIROkIsuUB1dowZqIooe0BN6Qa/Wo/VsvVnv09Ela5Y5QH9gfXwD986fLw==</latexit>

Merged
states

<latexit sha1_base64="CDfAO44yD0C5qhfWVAF+G2zcNCs=">AAACDHicbVDLSsNAFJ34rPFVdelmsAiuSlKKuiy4ceGign1AG8pkctMOnUzCzEQooR/gxl9x40IRt36AO//GSRtEWw8MHM45lzv3+AlnSjvOl7Wyura+sVnasrd3dvf2yweHbRWnkkKLxjyWXZ8o4ExASzPNoZtIIJHPoeOPr3K/cw9SsVjc6UkCXkSGgoWMEm2kQbnS92HIREZBaJBT+4b4wJXdBxH8aCblVJ0Z8DJxC1JBBZqD8mc/iGkamXnKiVI910m0lxGpGeUwtfupgoTQMRlCz1BBIlBeNjtmik+NEuAwluYJjWfq74mMREpNIt8kI6JHatHLxf+8XqrDSy9jIkk1CDpfFKYc6xjnzeCASaCaTwwhVDLzV0xHRBJqSlB5Ce7iycukXau659X6ba3SqBd1lNAxOkFnyEUXqIGuURO1EEUP6Am9oFfr0Xq23qz3eXTFKmaO0B9YH9+zUptZ</latexit>

Labels

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="yKR3mvXlvY1KSripHDVCDgQXTRk=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1Hfyum/W7IY9g7VMnJLUUIm2b365w5ikERVAOFZq4NgJeBmWwAinedVNFU0wmeARHWgqcESVl83i59aZVoZWGEv9BFgz9fdGhiOlplGgJ4usatErxP+8QQrhtZcxkaRABZkfClNuQWwVXVhDJikBPtUEE8l0VouMscQEdGNVXYKz+OVl0m02nIuGfdestS7LOiroBJ2ic+SgK9RCt6iNOoigDD2jV/RmPBkvxrvxMR9dMcqdI/QHxucPGHWVhg==</latexit>x⌧1

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="eC+YkswfZp9HCJFIFvU3bI/FoAw=">AAAB/nicbVDLSsNAFJ34rPUVFVdugq3gqiQFH8uCG5cV7AOaECbTSTt0MgkzN2IJAX/FjQtF3Pod7vwbJ20W2npg4HDOvdwzJ0g4U2Db38bK6tr6xmZlq7q9s7u3bx4cdlWcSkI7JOax7AdYUc4E7QADTvuJpDgKOO0Fk5vC7z1QqVgs7mGaUC/CI8FCRjBoyTeP626EYRyE2WPuZy7g1G/mdd+s2Q17BmuZOCWpoRJt3/xyhzFJIyqAcKzUwLET8DIsgRFO86qbKppgMsEjOtBU4IgqL5vFz60zrQytMJb6CbBm6u+NDEdKTaNATxZZ1aJXiP95gxTCay9jIkmBCjI/FKbcgtgqurCGTFICfKoJJpLprBYZY4kJ6MaqugRn8cvLpNtsOBcN+65Za12WdVTQCTpF58hBV6iFblEbdRBBGXpGr+jNeDJejHfjYz66YpQ7R+gPjM8fGfuVhw==</latexit>x⌧2

Nx

<latexit sha1_base64="KrXsuXIYcFv075XkUM+wBo+qY0k=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCp7JbKnosePEkFdxaaJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJ9IrlUnRBrypmgvmGG006iKI5DTh/C8fXMf3ikSjMp7s0koUGMh4JFjGBjJb9623+q9ssVt+bOgVaJl5MK5Gj1y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5J2veY1ahd39UqzkcdRhBM4hXPw4BKacAMt8IEAg2d4hTdHOC/Ou/OxaC04+cwx/IHz+QPtuY4R</latexit>

<latexit sha1_base64="H7Td+2pJERbrwq6s53JIONckepQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXJWk4mNZcOOygn1AE8JkOmmHTh7MTMQSAv6KGxeKuPU73Pk3TtsstPXAwOGce7lnjp9wJpVlfRulldW19Y3yZmVre2d3z9w/6Mg4FYS2Scxj0fOxpJxFtK2Y4rSXCIpDn9OuP76Z+t0HKiSLo3s1Sagb4mHEAkaw0pJnHtWcEKuRH2SPuZc5CqfeeV7zzKpVt2ZAy8QuSBUKtDzzyxnEJA1ppAjHUvZtK1FuhoVihNO84qSSJpiM8ZD2NY1wSKWbzeLn6FQrAxTEQr9IoZn6eyPDoZST0NeT06xy0ZuK/3n9VAXXbsaiJFU0IvNDQcqRitG0CzRgghLFJ5pgIpjOisgIC0yUbqyiS7AXv7xMOo26fVG37hrV5mVRRxmO4QTOwIYraMIttKANBDJ4hld4M56MF+Pd+JiPloxi5xD+wPj8ARuBlYg=</latexit>x⌧3

…

…
<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+x14qyNcnTxpBturpb6mIiqXmVI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCKCd3Rc/Qx5hWdZwzbrVtArAVWKXpA5KdF3zazwJcRwQrjBDUo5sK1JOioSimJGsNo4liRCeoykZacpRQKSTFpdk8EwrE+iHQj+uYKH+7khRIGUSeLoyX1sue7n4nzeKlX/lpJRHsSIcLwb5MYMqhHkscEIFwYolmiAsqN4V4hkSCCsdXk2HYC+fvEr6rabdbl7ctuqddhlHFZyAU3AObHAJOuAGdEEPYPAInsEreDOejBfj3fhYlFaMsucY/IHx+QM6RpoB</latexit>

ylabel
1

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="f5hRT90kpoTFc2E6Naj9TdkU2TI=">AAACCXicbVC7TsMwFHXKq5RXgJHFokViqpIKFcZKLIxFog+pDZHjOq1Vx4lsBymKsrLwKywMIMTKH7DxNzhpBmg5kuWjc+7Vvfd4EaNSWda3UVlb39jcqm7Xdnb39g/Mw6O+DGOBSQ+HLBRDD0nCKCc9RRUjw0gQFHiMDLz5de4PHoiQNOR3KomIE6Appz7FSGnJNWFjHCA18/w0cdOxCGAruy9+hjzCsqzhmnWraRWAq8QuSR2U6Lrm13gS4jggXGGGpBzZVqScFAlFMSNZbRxLEiE8R1My0pSjgEgnLS7J4JlWJtAPhX5cwUL93ZGiQMok8HRlvrZc9nLxP28UK//KSSmPYkU4XgzyYwZVCPNY4IQKghVLNEFYUL0rxDMkEFY6vJoOwV4+eZX0W0273by4bdU77TKOKjgBp+Ac2OASdMAN6IIewOARPINX8GY8GS/Gu/GxKK0YZc8x+APj8wc72ZoC</latexit>

ylabel
2

<latexit sha1_base64="b58NrIEjv0TZ96txTPikDQB3JDk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURY8FL56kgqmFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaE+kVyqbog15UxQ3zDDaTdRFMchp4/h5GbmPz5RpZkUDyZLaBDjkWARI9hYya/fDbL6oFpzG+4caJV4BalBgfag+tUfSpLGVBjCsdY9z01MkGNlGOF0WumnmiaYTPCI9iwVOKY6yOfHTtGZVYYoksqWMGiu/p7Icax1Foe2M8ZmrJe9mfif10tNdB3kTCSpoYIsFkUpR0ai2edoyBQlhmeWYKKYvRWRMVaYGJtPxYbgLb+8SjrNhnfZcO+btdZFEUcZTuAUzsGDK2jBLbTBBwIMnuEV3hzhvDjvzseiteQUM8fwB87nD+34jg4=</latexit>

Ny

<latexit sha1_base64="+/hy+hoxgnrPH4+Jlihtv+IWk5I=">AAACCXicbVC7TsMwFHV4lvIKMLJYtEhMVVJQYazEwlgk+pDaEDmu01q1k8h2kKIoKwu/wsIAQqz8ARt/g5NmgJYjWT46517de48XMSqVZX0bK6tr6xubla3q9s7u3r55cNiTYSww6eKQhWLgIUkYDUhXUcXIIBIEcY+Rvje7zv3+AxGShsGdSiLicDQJqE8xUlpyTVgfcaSmnp8mbjoSHJ5n98XPkEdYltVds2Y1rAJwmdglqYESHdf8Go1DHHMSKMyQlEPbipSTIqEoZiSrjmJJIoRnaEKGmgaIE+mkxSUZPNXKGPqh0C9QsFB/d6SIS5lwT1fma8tFLxf/84ax8q+clAZRrEiA54P8mEEVwjwWOKaCYMUSTRAWVO8K8RQJhJUOr6pDsBdPXia9ZsNuNS5um7V2q4yjAo7BCTgDNrgEbXADOqALMHgEz+AVvBlPxovxbnzMS1eMsucI/IHx+QM9bJoD</latexit>

ylabel
3

… …

Win

<latexit sha1_base64="NT7iFoORMo4/+Ph4ZFbEtN1YHY8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDLaCq5IUX8uCG5cV7APaECbTSTt08mBmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMvc+7xYs6ksqxvo7S2vrG5Vd6u7Ozu7R+Y1cOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTm9zvPVAhWRTeq1lMnQCPQ+YzgpWWXLNaHwZYTTw/7bkpC7Os7po1q2HNgVaJXZAaFGi75tdwFJEkoKEiHEs5sK1YOSkWihFOs8owkTTGZIrHdKBpiAMqnXQePUOnWhkhPxL6hQrN1d8bKQ6knAWensxzymUvF//zBonyrx19UZwoGpLFR37CkYpQ3gMaMUGJ4jNNMBFMZ0VkggUmSrdV0SXYyyevkm6zYZ83Lu6atdZlUUcZjuEEzsCGK2jBLbShAwQe4Rle4c14Ml6Md+NjMVoyip0j+APj8wcgf5Pi</latexit>

Wres

<latexit sha1_base64="+yyaNttjZcFc432Hgp35r3Wrxao=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTK9aYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va219Y3Nru7RT3t3bPzisHFW7KkokhQ6NeCT7PlHAmYCOZppDP5ZAQp9Dz5/e5n7vEaRikXjQsxjckIwFCxgl2khepVofhkRP/CDteakElWV1r1KzG/YceJU4BamhAm2v8jUcRTQJQWjKiVIDx461mxKpGeWQlYeJgpjQKRnDwFBBQlBuOs+e4TOjjHAQSfOExnP190ZKQqVmoW8m86Bq2cvF/7xBooMbN2UiTjQIujgUJBzrCOdF4BGTQDWfGUKoZCYrphMiCdWmrrIpwVn+8irpNhvORePyvllrXRV1lNAJOkXnyEHXqIXuUBt1EEVP6Bm9ojcrs16sd+tjMbpmFTvH6A+szx/6xZRf</latexit>

Wout

<latexit sha1_base64="1korpf9Ez3trGE7K9uTnqnfBs+I=">AAAB+3icbVDLSsNAFJ34rPVV69LNYCu4KknxtSy4cVnBPqANYTKdtEMnmTBzI5aQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY8E12Pa3tba+sbm1Xdop7+7tHxxWjqpdLRNFWYdKIVXfJ5oJHrEOcBCsHytGQl+wnj+9zf3eI1Oay+gBZjFzQzKOeMApASN5lWp9GBKY+EHa81KZQJbVvUrNbthz4FXiFKSGCrS9ytdwJGkSsgioIFoPHDsGNyUKOBUsKw8TzWJCp2TMBoZGJGTaTefZM3xmlBEOpDIvAjxXf2+kJNR6FvpmMg+ql71c/M8bJBDcuCmP4gRYRBeHgkRgkDgvAo+4YhTEzBBCFTdZMZ0QRSiYusqmBGf5y6uk22w4F43L+2atdVXUUUIn6BSdIwddoxa6Q23UQRQ9oWf0it6szHqx3q2PxeiaVewcoz+wPn8AEECUbQ==</latexit>

inputs

<latexit sha1_base64="ej1mv7JeU7TbmSKGo43zzFORoZA=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqswUX8uCG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o2Z6Sy09UDgcM695J4TxJxp47rfTmltfWNzq7xd2dnd2z+oHh51tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpbeZ3n6jSTIoHM4upH+GxYCEj2Fipw0ScGD2s1ty6mwOtEq8gNSjQGla/BiNJkogKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pQJHVPtpfu0cnVllhEKp7BMG5ervjRRHWs+iwE5G2Ez0speJ/3n9xIQ3fppHooIsPgoTjoxEWXQ0YooSw2eWYKKYvRWRCVaYGFtQxZbgLUdeJZ1G3buoX943as2roo4ynMApnIMH19CEO2hBGwg8wjO8wpsjnRfn3flYjJacYucY/sD5/AHs+I9T</latexit>

reservoir

<latexit sha1_base64="PJU2kWWedrjLo0iW4nQbqqSwRUo=">AAAB8HicbVDJSgNBEO1xjXGLevTSGARPYSa4HQNePEYwiyRD6OnUJE16Gbp7AmHIV3jxoIhXP8ebf2MnmYMmPih4vFdFVb0o4cxY3//21tY3Nre2CzvF3b39g8PS0XHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqb+a0xaMOUfLSTBEJBBpLFjBLrpCcNBvRYMd0rlf2KPwdeJUFOyihHvVf66vYVTQVISzkxphP4iQ0zoi2jHKbFbmogIXREBtBxVBIBJszmB0/xuVP6OFbalbR4rv6eyIgwZiIi1ymIHZplbyb+53VSG9+GGZNJakHSxaI45dgqPPse95kGavnEEUI1c7diOiSaUOsyKroQguWXV0mzWgkuK1cP1XLtOo+jgE7RGbpAAbpBNXSP6qiBKBLoGb2iN097L96797FoXfPymRP0B97nD0bpkK8=</latexit>

outputs

<latexit sha1_base64="PHZ7Brv+aU7kG/dRFbIhpbEE4eI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZnia1lw47KCfUA7lEyaaUMzyZDcEUrpR7hxoYhbv8edf2PazkJbDwQO59xL7jlRKoVF3//21tY3Nre2CzvF3b39g8PS0XHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneikZ3M7/1xI0VWj3iOOVhQgdKxIJRdFJLZ5hmaHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZnzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFtOBHKReKKLT6KM0lQk1l20heGM5RjRygzwt1K2JAaytA1VHQlBMuRV0mzWgkuK1cP1XLtOq+jAKdwBhcQwA3U4B7q0AAGI3iGV3jzUu/Fe/c+FqNrXr5zAn/gff4A2GeP3g==</latexit>

<latexit sha1_base64="1vWUnoixwow/mzVMK/OmAyPMDAs="></latexit>

Ridge regression
(closed-form solution)

<latexit sha1_base64="slncCu7RcxeY6LjthIanGANQgnw="></latexit>

B̂ = (XT X + �I)�1XT Ylabel

<latexit sha1_base64="H/ChojD+zu1t000AJO1H9hxEUFs=">AAACH3icbVBNS8NAEN3U7/hV9ehlsQieQlJEPQoieFSwrdCEsruZtEs3m7C7EUrIP/HiX/HiQRHx5r9x+4Fo9cHA470ZZubRXHBtfP/TqS0sLi2vrK656xubW9v1nd22zgrFoMUykak7SjQILqFluBFwlysgKRXQocOLsd+5B6V5Jm/NKIcoJX3JE86IsVKvflKGNHFDCn0uS0NoIYiqSsYqN/Cwe5lSiGMu+24IMv723apXb/iePwH+S4IZaaAZrnv1jzDOWJGCNEwQrbuBn5uoJMpwJqByw0JDTtiQ9KFrqSQp6Kic/FfhQ6vEOMmULWnwRP05UZJU61FKbWdKzEDPe2PxP69bmOQsKrnMCwOSTRclhcAmw+OwcMwVMCNGlhCmuL0VswFRhBkbqWtDCOZf/kvaTS848Y5vmo3zs1kcq2gfHaAjFKBTdI6u0DVqIYYe0BN6Qa/Oo/PsvDnv09aaM5vZQ7/gfH4BXeiiiA==</latexit>

1. Embedding

<latexit sha1_base64="cFApUvPlMMOeMoS4xawSOexa22A=">AAACGXicbVBNS8NAEN3Urxq/oh69LBbBU0mKaI8FETxJRVsLTSmb7aRdutmE3Y1QQv6GF/+KFw+KeNST/8btB6KtDwYe780wMy9IOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LFsBUcCZgIZmmkMrkUCigMNdMDwf+3f3IBWLxa0eJdCJSF+wkFGijdR13MwPQtsPoM9EpkmQciLzjNLcrpSxfXFzZfsgej+OnXedklt2J8CLxJuREpqh3nU+/F5M0wiEppwo1fbcRHcyIjWjHHLbTxUkhA5JH9qGChKB6mSTz3J8ZJQeDmNpSmg8UX9PZCRSahQFpjMieqDmvbH4n9dOdVjtZEwkqQZBp4vClGMd43FMuMckUM1HhhAqmbkV0wGRhGoTpm1C8OZfXiTNStk7LZ9cV0q16iyOIjpAh+gYeegM1dAlqqMGougBPaEX9Go9Ws/Wm/U+bS1Ys5l99AfW5zcbZJ+0</latexit>

2. ESN

<latexit sha1_base64="wikIyV9v+egOqAL8lgyy/IBx+xA=">AAACHXicbVDLSgMxFM34rOOr6tJNsAiuyowW7bLgxmUF+4BOKZn0ThuaSYYkI5RhfsSNv+LGhSIu3Ih/Y/pAtPXAhcM59yb3njDhTBvP+3JWVtfWNzYLW+72zu7efvHgsKllqig0qORStUOigTMBDcMMh3aigMQhh1Y4up74rXtQmklxZ8YJdGMyECxilBgr9YqVLAgjNwhhwERmSJhyovKM0ty9KGO3LqV9eOAGIPo/rpv3iiWv7E2Bl4k/JyU0R71X/Aj6kqYxCEM50brje4npZkQZRjnkbpBqSAgdkQF0LBUkBt3Nptfl+NQqfRxJZUsYPFV/T2Qk1noch7YzJmaoF72J+J/XSU1U7WZMJKkBQWcfRSnHRuJJVLjPFFDDx5YQqpjdFdMhUYQaG6hrQ/AXT14mzfOyf1mu3J6XatV5HAV0jE7QGfLRFaqhG1RHDUTRA3pCL+jVeXSenTfnfda64sxnjtAfOJ/f9RGhzw==</latexit>

3. Pooling

<latexit sha1_base64="UfuPmG8CfHb+MmBDjiGL/qTYERI=">AAACHnicbVBNS8NAEN34WeNX1aOXxSJ4Kkmp2mPBiwcPFawKTSmT7aQubjZhdyOUkF/ixb/ixYMigif9N25rEL8eDDzem2FmXpgKro3nvTszs3PzC4uVJXd5ZXVtvbqxea6TTDHsskQk6jIEjYJL7BpuBF6mCiEOBV6E10cT/+IGleaJPDPjFPsxjCSPOANjpUF1Pw/CyA1CHHGZGwgzAarIGSvcZp26JwhKcjlyA5TDL9stBtWaV/emoH+JX5IaKdEZVF+DYcKyGKVhArTu+V5q+jkow5nAwg0yjSmwaxhhz1IJMep+Pn2voLtWGdIoUbakoVP1+0QOsdbjOLSdMZgr/dubiP95vcxErX7OZZoZlOxzUZQJahI6yYoOuUJmxNgSYIrbWym7AgXM2ERdG4L/++W/5LxR9w/qzdNGrd0q46iQbbJD9ohPDkmbHJMO6RJGbsk9eSRPzp3z4Dw7L5+tM045s0V+wHn7ALOmojI=</latexit>

4. Learning
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…

<latexit sha1_base64="EMx5JhTcdQKiddhwJkl2PmCRzCE=">AAACJHicbVDLSsNAFJ34Nr6qLt0Eq+CqJCIquBHduKxgtdCEMpnc6uA8wsykUoZ8jBt/xY0LH7hw47c4abvwdWCYw7nncu89ac6oNmH44U1MTk3PzM7N+wuLS8srtdW1Sy0LRaBFJJOqnWINjApoGWoYtHMFmKcMrtLb06p+1QelqRQXZpBDwvG1oD1KsHFSt3YUKxBwRyTnWGQ27gMpO1Fi41SyTA+4+2zMsblR3Najsix9f6sy2Xa51a3Vw0Y4RPCXRGNSR2M0u7XXOJOk4CAMYVjrThTmJrFYGUoYlH5caMgxucXX0HFUYA46scMjy2DbKVnQk8o9YYKh+r3DYq6rhZ2z2lf/rlXif7VOYXqHiaUiLwwIMhrUK1hgZFAlFmRUATFs4AgmirpdA3KDFSbG5eq7EKLfJ/8ll7uNaL+xd75bPz4ZxzGHNtAm2kEROkDH6Aw1UQsRdI8e0TN68R68J+/Nex9ZJ7xxzzr6Ae/zC2CjpdE=</latexit>

X

…

<latexit sha1_base64="v6rQsWXJ3HVy4GGD2dvGkmngrnw=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0iKqMeiCJ6kov2AJpTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1POlHbdb6u0srq2vlHerGxt7+zu2fsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Ho+up336iUrFEPOpxSoMYDwSLGMHaSH7uhxGqOejm4W7Ss6uu486AlolXkCoUaPTsL7+fkCymQhOOlep6bqqDHEvNCKeTip8pmmIywgPaNVTgmKogn908QSdG6aMokaaERjP190SOY6XGcWg6Y6yHatGbiv953UxHl0HORJppKsh8UZRxpBM0DQD1maRE87EhmEhmbkVkiCUm2sRUMSF4iy8vk1bN8c6ds/tatX5VxFGGIziGU/DgAupwCw1oAoEUnuEV3qzMerHerY95a8kqZg7hD6zPH1+KkJs=</latexit>

2. ESN
<latexit sha1_base64="9Rx5NCSLHlR84tTBVlen7nJy+70=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4GmaqqMuiG5cV7APaoWTSTBuaSYYkUyhD/8SNC0Xc+ifu/BvTdhbaeuDC4Zx7k3tPlHKmje9/O2vrG5tb26Wd8u7e/sGhe3Tc1DJThDaI5FK1I6wpZ4I2DDOctlNFcRJx2opG9zO/NaZKMymezCSlYYIHgsWMYGOlnuvm3ShGlx6qS2nfGEx7bsX3/DnQKgkKUoEC9Z771e1LkiVUGMKx1p3AT02YY2UY4XRa7maappiM8IB2LBU4oTrM55tP0blV+iiWypYwaK7+nshxovUkiWxngs1QL3sz8T+vk5n4NsyZSDNDBVl8FGccGYlmMaA+U5QYPrEEE8XsrogMscLE2LDKNoRg+eRV0qx6wbV39Vit1O6KOEpwCmdwAQHcQA0eoA4NIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nD3JAkuc=</latexit>

3. Pooling
<latexit sha1_base64="JEGBsMzct/jwyXTDu9KR0/ZD1W0=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9sl5JNs21oNlmSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXXSY9YLI9xQSkz75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr94is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY8HXDNqxcQRQjV3t2I6IppQ60IquRD85ZdXSatW9S+rF/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAoSnuEV3pBBL+gdfSxaCyifOYY/QJ8/YHCQuw==</latexit>

P
o
o
l

<latexit sha1_base64="AFSeNO8NZ1IPcXTPrCiLTxoodMI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5AUUY9FETxWsB/QhrLZTNqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBSlnSrvut1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AnGNzO/8whSsUQ86EkKfkyGgkWMEm2kgV3N+0GEPQffxgGEIRNDNR3YNddx58CrxCtIDRVoDuyvfpjQLAahKSdK9Tw31X5OpGaUw7TSzxSkhI7JEHqGChKD8vP58VN8apQQR4k0JTSeq78nchIrNYkD0xkTPVLL3kz8z+tlOrrycybSTIOgi0VRxrFO8CwJHDIJVPOJIYRKZm7FdEQkodrkVTEheMsvr5J23fEunPP7eq1xXcRRRsfoBJ0hD12iBrpDTdRCFE3QM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP5p/lB0=</latexit>

1. Embeddings

<latexit sha1_base64="eSQ278N36PvLacB1vYt05kWvhpA=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9klip4MiRePmAiSwIbMDrMwYfbhTC8J2fAdXjxojFc/xpt/4wB7ULCSTipV3enu8mIpNNr2t5VbW9/Y3MpvF3Z29/YPiodHLR0livEmi2Sk2h7VXIqQN1Gg5O1YcRp4kj96o9uZ/zjmSosofMBJzN2ADkLhC0bRSK5DPIpsSMrVy9p5r1iyK/YcZJU4GSlBhkav+NXtRywJeIhMUq07jh2jm1KFgkk+LXQTzWPKRnTAO4aGNODaTedHT8mZUfrEj5SpEMlc/T2R0kDrSeCZzoDiUC97M/E/r5Ogf+2mIowT5CFbLPITSTAiswRIXyjOUE4MoUwJcythQ6ooQ5NTwYTgLL+8SlrVilOrXNxXS/WbLI48nMAplMGBK6jDHTSgCQye4Ble4c0aWy/Wu/WxaM1Z2cwx/IH1+QMiOJBg</latexit>

1 batch (256)
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…

<latexit sha1_base64="EMx5JhTcdQKiddhwJkl2PmCRzCE=">AAACJHicbVDLSsNAFJ34Nr6qLt0Eq+CqJCIquBHduKxgtdCEMpnc6uA8wsykUoZ8jBt/xY0LH7hw47c4abvwdWCYw7nncu89ac6oNmH44U1MTk3PzM7N+wuLS8srtdW1Sy0LRaBFJJOqnWINjApoGWoYtHMFmKcMrtLb06p+1QelqRQXZpBDwvG1oD1KsHFSt3YUKxBwRyTnWGQ27gMpO1Fi41SyTA+4+2zMsblR3Najsix9f6sy2Xa51a3Vw0Y4RPCXRGNSR2M0u7XXOJOk4CAMYVjrThTmJrFYGUoYlH5caMgxucXX0HFUYA46scMjy2DbKVnQk8o9YYKh+r3DYq6rhZ2z2lf/rlXif7VOYXqHiaUiLwwIMhrUK1hgZFAlFmRUATFs4AgmirpdA3KDFSbG5eq7EKLfJ/8ll7uNaL+xd75bPz4ZxzGHNtAm2kEROkDH6Aw1UQsRdI8e0TN68R68J+/Nex9ZJ7xxzzr6Ae/zC2CjpdE=</latexit>

X

…

<latexit sha1_base64="v6rQsWXJ3HVy4GGD2dvGkmngrnw=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0iKqMeiCJ6kov2AJpTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1POlHbdb6u0srq2vlHerGxt7+zu2fsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Ho+up336iUrFEPOpxSoMYDwSLGMHaSH7uhxGqOejm4W7Ss6uu486AlolXkCoUaPTsL7+fkCymQhOOlep6bqqDHEvNCKeTip8pmmIywgPaNVTgmKogn908QSdG6aMokaaERjP190SOY6XGcWg6Y6yHatGbiv953UxHl0HORJppKsh8UZRxpBM0DQD1maRE87EhmEhmbkVkiCUm2sRUMSF4iy8vk1bN8c6ds/tatX5VxFGGIziGU/DgAupwCw1oAoEUnuEV3qzMerHerY95a8kqZg7hD6zPH1+KkJs=</latexit>

2. ESN
<latexit sha1_base64="9Rx5NCSLHlR84tTBVlen7nJy+70=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4GmaqqMuiG5cV7APaoWTSTBuaSYYkUyhD/8SNC0Xc+ifu/BvTdhbaeuDC4Zx7k3tPlHKmje9/O2vrG5tb26Wd8u7e/sGhe3Tc1DJThDaI5FK1I6wpZ4I2DDOctlNFcRJx2opG9zO/NaZKMymezCSlYYIHgsWMYGOlnuvm3ShGlx6qS2nfGEx7bsX3/DnQKgkKUoEC9Z771e1LkiVUGMKx1p3AT02YY2UY4XRa7maappiM8IB2LBU4oTrM55tP0blV+iiWypYwaK7+nshxovUkiWxngs1QL3sz8T+vk5n4NsyZSDNDBVl8FGccGYlmMaA+U5QYPrEEE8XsrogMscLE2LDKNoRg+eRV0qx6wbV39Vit1O6KOEpwCmdwAQHcQA0eoA4NIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nD3JAkuc=</latexit>

3. Pooling
<latexit sha1_base64="JEGBsMzct/jwyXTDu9KR0/ZD1W0=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9sl5JNs21oNlmSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXXSY9YLI9xQSkz75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr94is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY8HXDNqxcQRQjV3t2I6IppQ60IquRD85ZdXSatW9S+rF/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAoSnuEV3pBBL+gdfSxaCyifOYY/QJ8/YHCQuw==</latexit>

P
o
o
l

<latexit sha1_base64="AFSeNO8NZ1IPcXTPrCiLTxoodMI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5AUUY9FETxWsB/QhrLZTNqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBSlnSrvut1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AnGNzO/8whSsUQ86EkKfkyGgkWMEm2kgV3N+0GEPQffxgGEIRNDNR3YNddx58CrxCtIDRVoDuyvfpjQLAahKSdK9Tw31X5OpGaUw7TSzxSkhI7JEHqGChKD8vP58VN8apQQR4k0JTSeq78nchIrNYkD0xkTPVLL3kz8z+tlOrrycybSTIOgi0VRxrFO8CwJHDIJVPOJIYRKZm7FdEQkodrkVTEheMsvr5J23fEunPP7eq1xXcRRRsfoBJ0hD12iBrpDTdRCFE3QM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP5p/lB0=</latexit>

1. Embeddings

<latexit sha1_base64="eSQ278N36PvLacB1vYt05kWvhpA=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9klip4MiRePmAiSwIbMDrMwYfbhTC8J2fAdXjxojFc/xpt/4wB7ULCSTipV3enu8mIpNNr2t5VbW9/Y3MpvF3Z29/YPiodHLR0livEmi2Sk2h7VXIqQN1Gg5O1YcRp4kj96o9uZ/zjmSosofMBJzN2ADkLhC0bRSK5DPIpsSMrVy9p5r1iyK/YcZJU4GSlBhkav+NXtRywJeIhMUq07jh2jm1KFgkk+LXQTzWPKRnTAO4aGNODaTedHT8mZUfrEj5SpEMlc/T2R0kDrSeCZzoDiUC97M/E/r5Ogf+2mIowT5CFbLPITSTAiswRIXyjOUE4MoUwJcythQ6ooQ5NTwYTgLL+8SlrVilOrXNxXS/WbLI48nMAplMGBK6jDHTSgCQye4Ble4c0aWy/Wu/WxaM1Z2cwx/IH1+QMiOJBg</latexit>

1 batch (256)
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…

<latexit sha1_base64="EMx5JhTcdQKiddhwJkl2PmCRzCE=">AAACJHicbVDLSsNAFJ34Nr6qLt0Eq+CqJCIquBHduKxgtdCEMpnc6uA8wsykUoZ8jBt/xY0LH7hw47c4abvwdWCYw7nncu89ac6oNmH44U1MTk3PzM7N+wuLS8srtdW1Sy0LRaBFJJOqnWINjApoGWoYtHMFmKcMrtLb06p+1QelqRQXZpBDwvG1oD1KsHFSt3YUKxBwRyTnWGQ27gMpO1Fi41SyTA+4+2zMsblR3Najsix9f6sy2Xa51a3Vw0Y4RPCXRGNSR2M0u7XXOJOk4CAMYVjrThTmJrFYGUoYlH5caMgxucXX0HFUYA46scMjy2DbKVnQk8o9YYKh+r3DYq6rhZ2z2lf/rlXif7VOYXqHiaUiLwwIMhrUK1hgZFAlFmRUATFs4AgmirpdA3KDFSbG5eq7EKLfJ/8ll7uNaL+xd75bPz4ZxzGHNtAm2kEROkDH6Aw1UQsRdI8e0TN68R68J+/Nex9ZJ7xxzzr6Ae/zC2CjpdE=</latexit>

X

…

<latexit sha1_base64="v6rQsWXJ3HVy4GGD2dvGkmngrnw=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0iKqMeiCJ6kov2AJpTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1POlHbdb6u0srq2vlHerGxt7+zu2fsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Ho+up336iUrFEPOpxSoMYDwSLGMHaSH7uhxGqOejm4W7Ss6uu486AlolXkCoUaPTsL7+fkCymQhOOlep6bqqDHEvNCKeTip8pmmIywgPaNVTgmKogn908QSdG6aMokaaERjP190SOY6XGcWg6Y6yHatGbiv953UxHl0HORJppKsh8UZRxpBM0DQD1maRE87EhmEhmbkVkiCUm2sRUMSF4iy8vk1bN8c6ds/tatX5VxFGGIziGU/DgAupwCw1oAoEUnuEV3qzMerHerY95a8kqZg7hD6zPH1+KkJs=</latexit>

2. ESN
<latexit sha1_base64="9Rx5NCSLHlR84tTBVlen7nJy+70=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4GmaqqMuiG5cV7APaoWTSTBuaSYYkUyhD/8SNC0Xc+ifu/BvTdhbaeuDC4Zx7k3tPlHKmje9/O2vrG5tb26Wd8u7e/sGhe3Tc1DJThDaI5FK1I6wpZ4I2DDOctlNFcRJx2opG9zO/NaZKMymezCSlYYIHgsWMYGOlnuvm3ShGlx6qS2nfGEx7bsX3/DnQKgkKUoEC9Z771e1LkiVUGMKx1p3AT02YY2UY4XRa7maappiM8IB2LBU4oTrM55tP0blV+iiWypYwaK7+nshxovUkiWxngs1QL3sz8T+vk5n4NsyZSDNDBVl8FGccGYlmMaA+U5QYPrEEE8XsrogMscLE2LDKNoRg+eRV0qx6wbV39Vit1O6KOEpwCmdwAQHcQA0eoA4NIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nD3JAkuc=</latexit>

3. Pooling
<latexit sha1_base64="JEGBsMzct/jwyXTDu9KR0/ZD1W0=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9sl5JNs21oNlmSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXXSY9YLI9xQSkz75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr94is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY8HXDNqxcQRQjV3t2I6IppQ60IquRD85ZdXSatW9S+rF/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAoSnuEV3pBBL+gdfSxaCyifOYY/QJ8/YHCQuw==</latexit>

P
o
o
l

<latexit sha1_base64="AFSeNO8NZ1IPcXTPrCiLTxoodMI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5AUUY9FETxWsB/QhrLZTNqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBSlnSrvut1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AnGNzO/8whSsUQ86EkKfkyGgkWMEm2kgV3N+0GEPQffxgGEIRNDNR3YNddx58CrxCtIDRVoDuyvfpjQLAahKSdK9Tw31X5OpGaUw7TSzxSkhI7JEHqGChKD8vP58VN8apQQR4k0JTSeq78nchIrNYkD0xkTPVLL3kz8z+tlOrrycybSTIOgi0VRxrFO8CwJHDIJVPOJIYRKZm7FdEQkodrkVTEheMsvr5J23fEunPP7eq1xXcRRRsfoBJ0hD12iBrpDTdRCFE3QM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP5p/lB0=</latexit>

1. Embeddings

<latexit sha1_base64="eSQ278N36PvLacB1vYt05kWvhpA=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9klip4MiRePmAiSwIbMDrMwYfbhTC8J2fAdXjxojFc/xpt/4wB7ULCSTipV3enu8mIpNNr2t5VbW9/Y3MpvF3Z29/YPiodHLR0livEmi2Sk2h7VXIqQN1Gg5O1YcRp4kj96o9uZ/zjmSosofMBJzN2ADkLhC0bRSK5DPIpsSMrVy9p5r1iyK/YcZJU4GSlBhkav+NXtRywJeIhMUq07jh2jm1KFgkk+LXQTzWPKRnTAO4aGNODaTedHT8mZUfrEj5SpEMlc/T2R0kDrSeCZzoDiUC97M/E/r5Ogf+2mIowT5CFbLPITSTAiswRIXyjOUE4MoUwJcythQ6ooQ5NTwYTgLL+8SlrVilOrXNxXS/WbLI48nMAplMGBK6jDHTSgCQye4Ble4c0aWy/Wu/WxaM1Z2cwx/IH1+QMiOJBg</latexit>

1 batch (256)
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…

<latexit sha1_base64="EMx5JhTcdQKiddhwJkl2PmCRzCE=">AAACJHicbVDLSsNAFJ34Nr6qLt0Eq+CqJCIquBHduKxgtdCEMpnc6uA8wsykUoZ8jBt/xY0LH7hw47c4abvwdWCYw7nncu89ac6oNmH44U1MTk3PzM7N+wuLS8srtdW1Sy0LRaBFJJOqnWINjApoGWoYtHMFmKcMrtLb06p+1QelqRQXZpBDwvG1oD1KsHFSt3YUKxBwRyTnWGQ27gMpO1Fi41SyTA+4+2zMsblR3Najsix9f6sy2Xa51a3Vw0Y4RPCXRGNSR2M0u7XXOJOk4CAMYVjrThTmJrFYGUoYlH5caMgxucXX0HFUYA46scMjy2DbKVnQk8o9YYKh+r3DYq6rhZ2z2lf/rlXif7VOYXqHiaUiLwwIMhrUK1hgZFAlFmRUATFs4AgmirpdA3KDFSbG5eq7EKLfJ/8ll7uNaL+xd75bPz4ZxzGHNtAm2kEROkDH6Aw1UQsRdI8e0TN68R68J+/Nex9ZJ7xxzzr6Ae/zC2CjpdE=</latexit>

X

…

<latexit sha1_base64="v6rQsWXJ3HVy4GGD2dvGkmngrnw=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0iKqMeiCJ6kov2AJpTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1POlHbdb6u0srq2vlHerGxt7+zu2fsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Ho+up336iUrFEPOpxSoMYDwSLGMHaSH7uhxGqOejm4W7Ss6uu486AlolXkCoUaPTsL7+fkCymQhOOlep6bqqDHEvNCKeTip8pmmIywgPaNVTgmKogn908QSdG6aMokaaERjP190SOY6XGcWg6Y6yHatGbiv953UxHl0HORJppKsh8UZRxpBM0DQD1maRE87EhmEhmbkVkiCUm2sRUMSF4iy8vk1bN8c6ds/tatX5VxFGGIziGU/DgAupwCw1oAoEUnuEV3qzMerHerY95a8kqZg7hD6zPH1+KkJs=</latexit>

2. ESN
<latexit sha1_base64="9Rx5NCSLHlR84tTBVlen7nJy+70=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4GmaqqMuiG5cV7APaoWTSTBuaSYYkUyhD/8SNC0Xc+ifu/BvTdhbaeuDC4Zx7k3tPlHKmje9/O2vrG5tb26Wd8u7e/sGhe3Tc1DJThDaI5FK1I6wpZ4I2DDOctlNFcRJx2opG9zO/NaZKMymezCSlYYIHgsWMYGOlnuvm3ShGlx6qS2nfGEx7bsX3/DnQKgkKUoEC9Z771e1LkiVUGMKx1p3AT02YY2UY4XRa7maappiM8IB2LBU4oTrM55tP0blV+iiWypYwaK7+nshxovUkiWxngs1QL3sz8T+vk5n4NsyZSDNDBVl8FGccGYlmMaA+U5QYPrEEE8XsrogMscLE2LDKNoRg+eRV0qx6wbV39Vit1O6KOEpwCmdwAQHcQA0eoA4NIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nD3JAkuc=</latexit>

3. Pooling
<latexit sha1_base64="JEGBsMzct/jwyXTDu9KR0/ZD1W0=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9sl5JNs21oNlmSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXXSY9YLI9xQSkz75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr94is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY8HXDNqxcQRQjV3t2I6IppQ60IquRD85ZdXSatW9S+rF/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAoSnuEV3pBBL+gdfSxaCyifOYY/QJ8/YHCQuw==</latexit>

P
o
o
l

<latexit sha1_base64="AFSeNO8NZ1IPcXTPrCiLTxoodMI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5AUUY9FETxWsB/QhrLZTNqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBSlnSrvut1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AnGNzO/8whSsUQ86EkKfkyGgkWMEm2kgV3N+0GEPQffxgGEIRNDNR3YNddx58CrxCtIDRVoDuyvfpjQLAahKSdK9Tw31X5OpGaUw7TSzxSkhI7JEHqGChKD8vP58VN8apQQR4k0JTSeq78nchIrNYkD0xkTPVLL3kz8z+tlOrrycybSTIOgi0VRxrFO8CwJHDIJVPOJIYRKZm7FdEQkodrkVTEheMsvr5J23fEunPP7eq1xXcRRRsfoBJ0hD12iBrpDTdRCFE3QM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP5p/lB0=</latexit>

1. Embeddings

<latexit sha1_base64="eSQ278N36PvLacB1vYt05kWvhpA=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9klip4MiRePmAiSwIbMDrMwYfbhTC8J2fAdXjxojFc/xpt/4wB7ULCSTipV3enu8mIpNNr2t5VbW9/Y3MpvF3Z29/YPiodHLR0livEmi2Sk2h7VXIqQN1Gg5O1YcRp4kj96o9uZ/zjmSosofMBJzN2ADkLhC0bRSK5DPIpsSMrVy9p5r1iyK/YcZJU4GSlBhkav+NXtRywJeIhMUq07jh2jm1KFgkk+LXQTzWPKRnTAO4aGNODaTedHT8mZUfrEj5SpEMlc/T2R0kDrSeCZzoDiUC97M/E/r5Ogf+2mIowT5CFbLPITSTAiswRIXyjOUE4MoUwJcythQ6ooQ5NTwYTgLL+8SlrVilOrXNxXS/WbLI48nMAplMGBK6jDHTSgCQye4Ble4c0aWy/Wu/WxaM1Z2cwx/IH1+QMiOJBg</latexit>

1 batch (256)
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ESNs: Training (batch parallelization)

…

<latexit sha1_base64="EMx5JhTcdQKiddhwJkl2PmCRzCE=">AAACJHicbVDLSsNAFJ34Nr6qLt0Eq+CqJCIquBHduKxgtdCEMpnc6uA8wsykUoZ8jBt/xY0LH7hw47c4abvwdWCYw7nncu89ac6oNmH44U1MTk3PzM7N+wuLS8srtdW1Sy0LRaBFJJOqnWINjApoGWoYtHMFmKcMrtLb06p+1QelqRQXZpBDwvG1oD1KsHFSt3YUKxBwRyTnWGQ27gMpO1Fi41SyTA+4+2zMsblR3Najsix9f6sy2Xa51a3Vw0Y4RPCXRGNSR2M0u7XXOJOk4CAMYVjrThTmJrFYGUoYlH5caMgxucXX0HFUYA46scMjy2DbKVnQk8o9YYKh+r3DYq6rhZ2z2lf/rlXif7VOYXqHiaUiLwwIMhrUK1hgZFAlFmRUATFs4AgmirpdA3KDFSbG5eq7EKLfJ/8ll7uNaL+xd75bPz4ZxzGHNtAm2kEROkDH6Aw1UQsRdI8e0TN68R68J+/Nex9ZJ7xxzzr6Ae/zC2CjpdE=</latexit>

X

…

<latexit sha1_base64="v6rQsWXJ3HVy4GGD2dvGkmngrnw=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0iKqMeiCJ6kov2AJpTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1POlHbdb6u0srq2vlHerGxt7+zu2fsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Ho+up336iUrFEPOpxSoMYDwSLGMHaSH7uhxGqOejm4W7Ss6uu486AlolXkCoUaPTsL7+fkCymQhOOlep6bqqDHEvNCKeTip8pmmIywgPaNVTgmKogn908QSdG6aMokaaERjP190SOY6XGcWg6Y6yHatGbiv953UxHl0HORJppKsh8UZRxpBM0DQD1maRE87EhmEhmbkVkiCUm2sRUMSF4iy8vk1bN8c6ds/tatX5VxFGGIziGU/DgAupwCw1oAoEUnuEV3qzMerHerY95a8kqZg7hD6zPH1+KkJs=</latexit>

2. ESN
<latexit sha1_base64="9Rx5NCSLHlR84tTBVlen7nJy+70=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4GmaqqMuiG5cV7APaoWTSTBuaSYYkUyhD/8SNC0Xc+ifu/BvTdhbaeuDC4Zx7k3tPlHKmje9/O2vrG5tb26Wd8u7e/sGhe3Tc1DJThDaI5FK1I6wpZ4I2DDOctlNFcRJx2opG9zO/NaZKMymezCSlYYIHgsWMYGOlnuvm3ShGlx6qS2nfGEx7bsX3/DnQKgkKUoEC9Z771e1LkiVUGMKx1p3AT02YY2UY4XRa7maappiM8IB2LBU4oTrM55tP0blV+iiWypYwaK7+nshxovUkiWxngs1QL3sz8T+vk5n4NsyZSDNDBVl8FGccGYlmMaA+U5QYPrEEE8XsrogMscLE2LDKNoRg+eRV0qx6wbV39Vit1O6KOEpwCmdwAQHcQA0eoA4NIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nD3JAkuc=</latexit>

3. Pooling
<latexit sha1_base64="JEGBsMzct/jwyXTDu9KR0/ZD1W0=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9sl5JNs21oNlmSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXXSY9YLI9xQSkz75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr94is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY8HXDNqxcQRQjV3t2I6IppQ60IquRD85ZdXSatW9S+rF/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAoSnuEV3pBBL+gdfSxaCyifOYY/QJ8/YHCQuw==</latexit>

P
o
o
l

<latexit sha1_base64="AFSeNO8NZ1IPcXTPrCiLTxoodMI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5AUUY9FETxWsB/QhrLZTNqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBSlnSrvut1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AnGNzO/8whSsUQ86EkKfkyGgkWMEm2kgV3N+0GEPQffxgGEIRNDNR3YNddx58CrxCtIDRVoDuyvfpjQLAahKSdK9Tw31X5OpGaUw7TSzxSkhI7JEHqGChKD8vP58VN8apQQR4k0JTSeq78nchIrNYkD0xkTPVLL3kz8z+tlOrrycybSTIOgi0VRxrFO8CwJHDIJVPOJIYRKZm7FdEQkodrkVTEheMsvr5J23fEunPP7eq1xXcRRRsfoBJ0hD12iBrpDTdRCFE3QM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP5p/lB0=</latexit>

1. Embeddings

<latexit sha1_base64="eSQ278N36PvLacB1vYt05kWvhpA=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9klip4MiRePmAiSwIbMDrMwYfbhTC8J2fAdXjxojFc/xpt/4wB7ULCSTipV3enu8mIpNNr2t5VbW9/Y3MpvF3Z29/YPiodHLR0livEmi2Sk2h7VXIqQN1Gg5O1YcRp4kj96o9uZ/zjmSosofMBJzN2ADkLhC0bRSK5DPIpsSMrVy9p5r1iyK/YcZJU4GSlBhkav+NXtRywJeIhMUq07jh2jm1KFgkk+LXQTzWPKRnTAO4aGNODaTedHT8mZUfrEj5SpEMlc/T2R0kDrSeCZzoDiUC97M/E/r5Ogf+2mIowT5CFbLPITSTAiswRIXyjOUE4MoUwJcythQ6ooQ5NTwYTgLL+8SlrVilOrXNxXS/WbLI48nMAplMGBK6jDHTSgCQye4Ble4c0aWy/Wu/WxaM1Z2cwx/IH1+QMiOJBg</latexit>

1 batch (256)
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ESNs: Training (batch parallelization)

…

<latexit sha1_base64="EMx5JhTcdQKiddhwJkl2PmCRzCE=">AAACJHicbVDLSsNAFJ34Nr6qLt0Eq+CqJCIquBHduKxgtdCEMpnc6uA8wsykUoZ8jBt/xY0LH7hw47c4abvwdWCYw7nncu89ac6oNmH44U1MTk3PzM7N+wuLS8srtdW1Sy0LRaBFJJOqnWINjApoGWoYtHMFmKcMrtLb06p+1QelqRQXZpBDwvG1oD1KsHFSt3YUKxBwRyTnWGQ27gMpO1Fi41SyTA+4+2zMsblR3Najsix9f6sy2Xa51a3Vw0Y4RPCXRGNSR2M0u7XXOJOk4CAMYVjrThTmJrFYGUoYlH5caMgxucXX0HFUYA46scMjy2DbKVnQk8o9YYKh+r3DYq6rhZ2z2lf/rlXif7VOYXqHiaUiLwwIMhrUK1hgZFAlFmRUATFs4AgmirpdA3KDFSbG5eq7EKLfJ/8ll7uNaL+xd75bPz4ZxzGHNtAm2kEROkDH6Aw1UQsRdI8e0TN68R68J+/Nex9ZJ7xxzzr6Ae/zC2CjpdE=</latexit>

X

…

<latexit sha1_base64="v6rQsWXJ3HVy4GGD2dvGkmngrnw=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0iKqMeiCJ6kov2AJpTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1POlHbdb6u0srq2vlHerGxt7+zu2fsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Ho+up336iUrFEPOpxSoMYDwSLGMHaSH7uhxGqOejm4W7Ss6uu486AlolXkCoUaPTsL7+fkCymQhOOlep6bqqDHEvNCKeTip8pmmIywgPaNVTgmKogn908QSdG6aMokaaERjP190SOY6XGcWg6Y6yHatGbiv953UxHl0HORJppKsh8UZRxpBM0DQD1maRE87EhmEhmbkVkiCUm2sRUMSF4iy8vk1bN8c6ds/tatX5VxFGGIziGU/DgAupwCw1oAoEUnuEV3qzMerHerY95a8kqZg7hD6zPH1+KkJs=</latexit>

2. ESN
<latexit sha1_base64="9Rx5NCSLHlR84tTBVlen7nJy+70=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4GmaqqMuiG5cV7APaoWTSTBuaSYYkUyhD/8SNC0Xc+ifu/BvTdhbaeuDC4Zx7k3tPlHKmje9/O2vrG5tb26Wd8u7e/sGhe3Tc1DJThDaI5FK1I6wpZ4I2DDOctlNFcRJx2opG9zO/NaZKMymezCSlYYIHgsWMYGOlnuvm3ShGlx6qS2nfGEx7bsX3/DnQKgkKUoEC9Z771e1LkiVUGMKx1p3AT02YY2UY4XRa7maappiM8IB2LBU4oTrM55tP0blV+iiWypYwaK7+nshxovUkiWxngs1QL3sz8T+vk5n4NsyZSDNDBVl8FGccGYlmMaA+U5QYPrEEE8XsrogMscLE2LDKNoRg+eRV0qx6wbV39Vit1O6KOEpwCmdwAQHcQA0eoA4NIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nD3JAkuc=</latexit>

3. Pooling
<latexit sha1_base64="JEGBsMzct/jwyXTDu9KR0/ZD1W0=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9sl5JNs21oNlmSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXXSY9YLI9xQSkz75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr94is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY8HXDNqxcQRQjV3t2I6IppQ60IquRD85ZdXSatW9S+rF/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAoSnuEV3pBBL+gdfSxaCyifOYY/QJ8/YHCQuw==</latexit>

P
o
o
l

<latexit sha1_base64="AFSeNO8NZ1IPcXTPrCiLTxoodMI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5AUUY9FETxWsB/QhrLZTNqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBSlnSrvut1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AnGNzO/8whSsUQ86EkKfkyGgkWMEm2kgV3N+0GEPQffxgGEIRNDNR3YNddx58CrxCtIDRVoDuyvfpjQLAahKSdK9Tw31X5OpGaUw7TSzxSkhI7JEHqGChKD8vP58VN8apQQR4k0JTSeq78nchIrNYkD0xkTPVLL3kz8z+tlOrrycybSTIOgi0VRxrFO8CwJHDIJVPOJIYRKZm7FdEQkodrkVTEheMsvr5J23fEunPP7eq1xXcRRRsfoBJ0hD12iBrpDTdRCFE3QM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP5p/lB0=</latexit>

1. Embeddings

<latexit sha1_base64="eSQ278N36PvLacB1vYt05kWvhpA=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9klip4MiRePmAiSwIbMDrMwYfbhTC8J2fAdXjxojFc/xpt/4wB7ULCSTipV3enu8mIpNNr2t5VbW9/Y3MpvF3Z29/YPiodHLR0livEmi2Sk2h7VXIqQN1Gg5O1YcRp4kj96o9uZ/zjmSosofMBJzN2ADkLhC0bRSK5DPIpsSMrVy9p5r1iyK/YcZJU4GSlBhkav+NXtRywJeIhMUq07jh2jm1KFgkk+LXQTzWPKRnTAO4aGNODaTedHT8mZUfrEj5SpEMlc/T2R0kDrSeCZzoDiUC97M/E/r5Ogf+2mIowT5CFbLPITSTAiswRIXyjOUE4MoUwJcythQ6ooQ5NTwYTgLL+8SlrVilOrXNxXS/WbLI48nMAplMGBK6jDHTSgCQye4Ble4c0aWy/Wu/WxaM1Z2cwx/IH1+QMiOJBg</latexit>

1 batch (256)

Efficient Text Classification with Echo State Networks Cabessa et al.
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ESNs: Training (batch parallelization)

……

<latexit sha1_base64="EMx5JhTcdQKiddhwJkl2PmCRzCE=">AAACJHicbVDLSsNAFJ34Nr6qLt0Eq+CqJCIquBHduKxgtdCEMpnc6uA8wsykUoZ8jBt/xY0LH7hw47c4abvwdWCYw7nncu89ac6oNmH44U1MTk3PzM7N+wuLS8srtdW1Sy0LRaBFJJOqnWINjApoGWoYtHMFmKcMrtLb06p+1QelqRQXZpBDwvG1oD1KsHFSt3YUKxBwRyTnWGQ27gMpO1Fi41SyTA+4+2zMsblR3Najsix9f6sy2Xa51a3Vw0Y4RPCXRGNSR2M0u7XXOJOk4CAMYVjrThTmJrFYGUoYlH5caMgxucXX0HFUYA46scMjy2DbKVnQk8o9YYKh+r3DYq6rhZ2z2lf/rlXif7VOYXqHiaUiLwwIMhrUK1hgZFAlFmRUATFs4AgmirpdA3KDFSbG5eq7EKLfJ/8ll7uNaL+xd75bPz4ZxzGHNtAm2kEROkDH6Aw1UQsRdI8e0TN68R68J+/Nex9ZJ7xxzzr6Ae/zC2CjpdE=</latexit>

X
<latexit sha1_base64="E6LjvVcp6xaHnWjo2izO0AXH4gI="></latexit>

Ylabel

…

<latexit sha1_base64="v6rQsWXJ3HVy4GGD2dvGkmngrnw=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0iKqMeiCJ6kov2AJpTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1POlHbdb6u0srq2vlHerGxt7+zu2fsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Ho+up336iUrFEPOpxSoMYDwSLGMHaSH7uhxGqOejm4W7Ss6uu486AlolXkCoUaPTsL7+fkCymQhOOlep6bqqDHEvNCKeTip8pmmIywgPaNVTgmKogn908QSdG6aMokaaERjP190SOY6XGcWg6Y6yHatGbiv953UxHl0HORJppKsh8UZRxpBM0DQD1maRE87EhmEhmbkVkiCUm2sRUMSF4iy8vk1bN8c6ds/tatX5VxFGGIziGU/DgAupwCw1oAoEUnuEV3qzMerHerY95a8kqZg7hD6zPH1+KkJs=</latexit>

2. ESN
<latexit sha1_base64="9Rx5NCSLHlR84tTBVlen7nJy+70=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4GmaqqMuiG5cV7APaoWTSTBuaSYYkUyhD/8SNC0Xc+ifu/BvTdhbaeuDC4Zx7k3tPlHKmje9/O2vrG5tb26Wd8u7e/sGhe3Tc1DJThDaI5FK1I6wpZ4I2DDOctlNFcRJx2opG9zO/NaZKMymezCSlYYIHgsWMYGOlnuvm3ShGlx6qS2nfGEx7bsX3/DnQKgkKUoEC9Z771e1LkiVUGMKx1p3AT02YY2UY4XRa7maappiM8IB2LBU4oTrM55tP0blV+iiWypYwaK7+nshxovUkiWxngs1QL3sz8T+vk5n4NsyZSDNDBVl8FGccGYlmMaA+U5QYPrEEE8XsrogMscLE2LDKNoRg+eRV0qx6wbV39Vit1O6KOEpwCmdwAQHcQA0eoA4NIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nD3JAkuc=</latexit>

3. Pooling
<latexit sha1_base64="JEGBsMzct/jwyXTDu9KR0/ZD1W0=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9sl5JNs21oNlmSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXXSY9YLI9xQSkz75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr94is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY8HXDNqxcQRQjV3t2I6IppQ60IquRD85ZdXSatW9S+rF/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAoSnuEV3pBBL+gdfSxaCyifOYY/QJ8/YHCQuw==</latexit>

P
o
o
l

<latexit sha1_base64="AFSeNO8NZ1IPcXTPrCiLTxoodMI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5AUUY9FETxWsB/QhrLZTNqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBSlnSrvut1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AnGNzO/8whSsUQ86EkKfkyGgkWMEm2kgV3N+0GEPQffxgGEIRNDNR3YNddx58CrxCtIDRVoDuyvfpjQLAahKSdK9Tw31X5OpGaUw7TSzxSkhI7JEHqGChKD8vP58VN8apQQR4k0JTSeq78nchIrNYkD0xkTPVLL3kz8z+tlOrrycybSTIOgi0VRxrFO8CwJHDIJVPOJIYRKZm7FdEQkodrkVTEheMsvr5J23fEunPP7eq1xXcRRRsfoBJ0hD12iBrpDTdRCFE3QM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP5p/lB0=</latexit>

1. Embeddings

<latexit sha1_base64="eSQ278N36PvLacB1vYt05kWvhpA=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9klip4MiRePmAiSwIbMDrMwYfbhTC8J2fAdXjxojFc/xpt/4wB7ULCSTipV3enu8mIpNNr2t5VbW9/Y3MpvF3Z29/YPiodHLR0livEmi2Sk2h7VXIqQN1Gg5O1YcRp4kj96o9uZ/zjmSosofMBJzN2ADkLhC0bRSK5DPIpsSMrVy9p5r1iyK/YcZJU4GSlBhkav+NXtRywJeIhMUq07jh2jm1KFgkk+LXQTzWPKRnTAO4aGNODaTedHT8mZUfrEj5SpEMlc/T2R0kDrSeCZzoDiUC97M/E/r5Ogf+2mIowT5CFbLPITSTAiswRIXyjOUE4MoUwJcythQ6ooQ5NTwYTgLL+8SlrVilOrXNxXS/WbLI48nMAplMGBK6jDHTSgCQye4Ble4c0aWy/Wu/WxaM1Z2cwx/IH1+QMiOJBg</latexit>

1 batch (256)

Efficient Text Classification with Echo State Networks Cabessa et al.
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ESNs: Training (batch parallelization)

<latexit sha1_base64="pN1YqDQim35hxte4Dgro0G4qwGI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyEpRV0W3bisYh/QhjKZ3LRDJw9mJkIJxY2/4saFIm79Cnf+jZM2C209MHA451zu3OMlnEll299GaWV1bX2jvFnZ2t7Z3TP3D9oyTgWFFo15LLoekcBZBC3FFIduIoCEHoeON77O/c4DCMni6F5NEnBDMoxYwChRWhqYR1nfC3DdwnfMHwIWMBQg8/R0YFZty54BLxOnIFVUoDkwv/p+TNMQIkU5kbLn2IlyMyIUoxymlX4qISF0TIbQ0zQiIUg3m50wxada8XEQC/0ihWfq74mMhFJOQk8nQ6JGctHLxf+8XqqCSzdjUZIqiOh8UZByrGKc94F9JoAqPtGEUMH0XzEdEUGo0q1VdAnO4snLpF2znHOrflurNq6KOsroGJ2gM+SgC9RAN6iJWoiiR/SMXtGb8WS8GO/GxzxaMoqZQ/QHxucPOvuWtg==</latexit>

4. Ridge regression

<latexit sha1_base64="OUHydHDQEv1s9F1VxlZC6wHdJbU="></latexit>

B̂ = (XT X + �I)�1XT Ylabel

……

<latexit sha1_base64="EMx5JhTcdQKiddhwJkl2PmCRzCE=">AAACJHicbVDLSsNAFJ34Nr6qLt0Eq+CqJCIquBHduKxgtdCEMpnc6uA8wsykUoZ8jBt/xY0LH7hw47c4abvwdWCYw7nncu89ac6oNmH44U1MTk3PzM7N+wuLS8srtdW1Sy0LRaBFJJOqnWINjApoGWoYtHMFmKcMrtLb06p+1QelqRQXZpBDwvG1oD1KsHFSt3YUKxBwRyTnWGQ27gMpO1Fi41SyTA+4+2zMsblR3Najsix9f6sy2Xa51a3Vw0Y4RPCXRGNSR2M0u7XXOJOk4CAMYVjrThTmJrFYGUoYlH5caMgxucXX0HFUYA46scMjy2DbKVnQk8o9YYKh+r3DYq6rhZ2z2lf/rlXif7VOYXqHiaUiLwwIMhrUK1hgZFAlFmRUATFs4AgmirpdA3KDFSbG5eq7EKLfJ/8ll7uNaL+xd75bPz4ZxzGHNtAm2kEROkDH6Aw1UQsRdI8e0TN68R68J+/Nex9ZJ7xxzzr6Ae/zC2CjpdE=</latexit>

X
<latexit sha1_base64="E6LjvVcp6xaHnWjo2izO0AXH4gI="></latexit>

Ylabel

…

<latexit sha1_base64="v6rQsWXJ3HVy4GGD2dvGkmngrnw=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0iKqMeiCJ6kov2AJpTNdtMu3WzC7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1POlHbdb6u0srq2vlHerGxt7+zu2fsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Ho+up336iUrFEPOpxSoMYDwSLGMHaSH7uhxGqOejm4W7Ss6uu486AlolXkCoUaPTsL7+fkCymQhOOlep6bqqDHEvNCKeTip8pmmIywgPaNVTgmKogn908QSdG6aMokaaERjP190SOY6XGcWg6Y6yHatGbiv953UxHl0HORJppKsh8UZRxpBM0DQD1maRE87EhmEhmbkVkiCUm2sRUMSF4iy8vk1bN8c6ds/tatX5VxFGGIziGU/DgAupwCw1oAoEUnuEV3qzMerHerY95a8kqZg7hD6zPH1+KkJs=</latexit>

2. ESN
<latexit sha1_base64="9Rx5NCSLHlR84tTBVlen7nJy+70=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4GmaqqMuiG5cV7APaoWTSTBuaSYYkUyhD/8SNC0Xc+ifu/BvTdhbaeuDC4Zx7k3tPlHKmje9/O2vrG5tb26Wd8u7e/sGhe3Tc1DJThDaI5FK1I6wpZ4I2DDOctlNFcRJx2opG9zO/NaZKMymezCSlYYIHgsWMYGOlnuvm3ShGlx6qS2nfGEx7bsX3/DnQKgkKUoEC9Z771e1LkiVUGMKx1p3AT02YY2UY4XRa7maappiM8IB2LBU4oTrM55tP0blV+iiWypYwaK7+nshxovUkiWxngs1QL3sz8T+vk5n4NsyZSDNDBVl8FGccGYlmMaA+U5QYPrEEE8XsrogMscLE2LDKNoRg+eRV0qx6wbV39Vit1O6KOEpwCmdwAQHcQA0eoA4NIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nD3JAkuc=</latexit>

3. Pooling
<latexit sha1_base64="JEGBsMzct/jwyXTDu9KR0/ZD1W0=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9sl5JNs21oNlmSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXXSY9YLI9xQSkz75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr94is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY8HXDNqxcQRQjV3t2I6IppQ60IquRD85ZdXSatW9S+rF/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAoSnuEV3pBBL+gdfSxaCyifOYY/QJ8/YHCQuw==</latexit>

P
o
o
l

<latexit sha1_base64="AFSeNO8NZ1IPcXTPrCiLTxoodMI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5AUUY9FETxWsB/QhrLZTNqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBSlnSrvut1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AnGNzO/8whSsUQ86EkKfkyGgkWMEm2kgV3N+0GEPQffxgGEIRNDNR3YNddx58CrxCtIDRVoDuyvfpjQLAahKSdK9Tw31X5OpGaUw7TSzxSkhI7JEHqGChKD8vP58VN8apQQR4k0JTSeq78nchIrNYkD0xkTPVLL3kz8z+tlOrrycybSTIOgi0VRxrFO8CwJHDIJVPOJIYRKZm7FdEQkodrkVTEheMsvr5J23fEunPP7eq1xXcRRRsfoBJ0hD12iBrpDTdRCFE3QM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP5p/lB0=</latexit>

1. Embeddings

<latexit sha1_base64="eSQ278N36PvLacB1vYt05kWvhpA=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9klip4MiRePmAiSwIbMDrMwYfbhTC8J2fAdXjxojFc/xpt/4wB7ULCSTipV3enu8mIpNNr2t5VbW9/Y3MpvF3Z29/YPiodHLR0livEmi2Sk2h7VXIqQN1Gg5O1YcRp4kj96o9uZ/zjmSosofMBJzN2ADkLhC0bRSK5DPIpsSMrVy9p5r1iyK/YcZJU4GSlBhkav+NXtRywJeIhMUq07jh2jm1KFgkk+LXQTzWPKRnTAO4aGNODaTedHT8mZUfrEj5SpEMlc/T2R0kDrSeCZzoDiUC97M/E/r5Ogf+2mIowT5CFbLPITSTAiswRIXyjOUE4MoUwJcythQ6ooQ5NTwYTgLL+8SlrVilOrXNxXS/WbLI48nMAplMGBK6jDHTSgCQye4Ble4c0aWy/Wu/WxaM1Z2cwx/IH1+QMiOJBg</latexit>

1 batch (256)

Efficient Text Classification with Echo State Networks Cabessa et al.
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BERT Embedding

Figure: Jay Alamr’s blog: https://jalammar.github.io/illustrated-bert/

Efficient Text Classification with Echo State Networks Cabessa et al.

https://jalammar.github.io/illustrated-bert/
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Bi-LSTM

<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT

<latexit sha1_base64="EngNd36Hmcd8cjRWc9lL37iiLBE=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWuL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTdUujjQ==</latexit>

u(1)
<latexit sha1_base64="I/vUpWau67lRm3sqYyYVFfgcQfA=">AAACInicbZDLSsNAFIYnXmu8VV26GayCbkpSiped4MZlBatCU8pkcqKDcwkzE6WEPIsbX8WNC0VdCT6Mk9qFtx8Gfr5zDnPOH2ecGRsE797E5NT0zGxtzp9fWFxarq+snhmVawpdqrjSFzExwJmErmWWw0WmgYiYw3l8fVTVz29AG6bkqR1m0BfkUrKUUWIdGtQPtnCseIJvgFqljR9pkHBLlRBEJkXkcFlEgtirOC19f7MCRV5ut3Y2B/VG0AxGwn9NODYNNFZnUH+NEkVzAdJSTozphUFm+wXRllEOpR/lBjJCr8kl9JyVRIDpF6MTS7zlSIJTpd2TFo/o94mCCGOGInad1bbmd62C/9V6uU33+wWTWW5B0q+P0pxjq3CVF06YdtHwoTOEauZ2xfSKaEKtS9V3IYS/T/5rzlrNcLfZPmk1DtvjOGpoHW2gbRSiPXSIjlEHdRFFd+gBPaFn79579F68t6/WCW88s4Z+yPv4BHbRo44=</latexit>

u(2)
<latexit sha1_base64="6x/LOLgTaWkCxfjWbIJ6cCpwDLM=">AAACInicbZDJSsRAEIY77sZt1KOXxlHQy5CIuNwELx4VZhEmw9DpVLSxl9DdUYaQZ/Hiq3jxoKgnwYexMzMHtx8afr6qoqv+OOPM2CD48CYmp6ZnZufm/YXFpeWV2upa26hcU2hRxZW+jIkBziS0LLMcLjMNRMQcOvHNaVXv3II2TMmmHWTQE+RKspRRYh3q1463cax4gm+BWqWNH2mQcEeVEEQmReRwWUSC2Os4LX1/qwJFXu40d7f6tXrQCIbCf004NnU01nm/9hYliuYCpKWcGNMNg8z2CqItoxxKP8oNZITekCvoOiuJANMrhieWeNuRBKdKuyctHtLvEwURxgxE7Dqrbc3vWgX/q3Vzmx71Ciaz3IKko4/SnGOrcJUXTph20fCBM4Rq5nbF9JpoQq1L1XchhL9P/mvae43woLF/sVc/2R/HMYc20CbaQSE6RCfoDJ2jFqLoHj2iZ/TiPXhP3qv3Pmqd8MYz6+iHvM8vqp2jsA==</latexit>

u(T )
<latexit sha1_base64="/Kvi73zRK2oWiGjel1APDqMLFa4=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWsL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTc8WjjA==</latexit>

u(0)

<latexit sha1_base64="ygDj3hlPwlHZxUii3ya7wsnvQcU=">AAACEXicbVC7TsMwFHXKq5RXgZElokXqVCUVAgaGSiyMRaIPqakqx71trTpxZN8AVZRfYOFXWBhAiJWNjb/BfQzQciTLR+fce319/EhwjY7zbWVWVtfWN7Kbua3tnd29/P5BQ8tYMagzKaRq+VSD4CHUkaOAVqSABr6Apj+6mvjNO1Cay/AWxxF0AjoIeZ8zikbq5ksewgNO5yT3Q46QJkXPl6Knx4G5Ek9GItZpMe3mC07ZmcJeJu6cFMgctW7+y+tJFgcQIhNU67brRNhJqELOBKQ5L9YQUTaiA2gbGtIAdCeZbpLaJ0bp2X2pzAnRnqq/OxIa6MmGpjKgONSL3kT8z2vH2L/oJDyMYoSQzR7qx8JGaU/isXtcAUMxNoQyxc2uNhtSRRmaEHMmBHfxy8ukUSm7Z+XTm0qhejmPI0uOyDEpEZeckyq5JjVSJ4w8kmfySt6sJ+vFerc+ZqUZa95zSP7A+vwB6Sie7w==</latexit> �

…

…
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Bi-LSTM

<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT

<latexit sha1_base64="EngNd36Hmcd8cjRWc9lL37iiLBE=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWuL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTdUujjQ==</latexit>

u(1)
<latexit sha1_base64="I/vUpWau67lRm3sqYyYVFfgcQfA=">AAACInicbZDLSsNAFIYnXmu8VV26GayCbkpSiped4MZlBatCU8pkcqKDcwkzE6WEPIsbX8WNC0VdCT6Mk9qFtx8Gfr5zDnPOH2ecGRsE797E5NT0zGxtzp9fWFxarq+snhmVawpdqrjSFzExwJmErmWWw0WmgYiYw3l8fVTVz29AG6bkqR1m0BfkUrKUUWIdGtQPtnCseIJvgFqljR9pkHBLlRBEJkXkcFlEgtirOC19f7MCRV5ut3Y2B/VG0AxGwn9NODYNNFZnUH+NEkVzAdJSTozphUFm+wXRllEOpR/lBjJCr8kl9JyVRIDpF6MTS7zlSIJTpd2TFo/o94mCCGOGInad1bbmd62C/9V6uU33+wWTWW5B0q+P0pxjq3CVF06YdtHwoTOEauZ2xfSKaEKtS9V3IYS/T/5rzlrNcLfZPmk1DtvjOGpoHW2gbRSiPXSIjlEHdRFFd+gBPaFn79579F68t6/WCW88s4Z+yPv4BHbRo44=</latexit>

u(2)
<latexit sha1_base64="6x/LOLgTaWkCxfjWbIJ6cCpwDLM=">AAACInicbZDJSsRAEIY77sZt1KOXxlHQy5CIuNwELx4VZhEmw9DpVLSxl9DdUYaQZ/Hiq3jxoKgnwYexMzMHtx8afr6qoqv+OOPM2CD48CYmp6ZnZufm/YXFpeWV2upa26hcU2hRxZW+jIkBziS0LLMcLjMNRMQcOvHNaVXv3II2TMmmHWTQE+RKspRRYh3q1463cax4gm+BWqWNH2mQcEeVEEQmReRwWUSC2Os4LX1/qwJFXu40d7f6tXrQCIbCf004NnU01nm/9hYliuYCpKWcGNMNg8z2CqItoxxKP8oNZITekCvoOiuJANMrhieWeNuRBKdKuyctHtLvEwURxgxE7Dqrbc3vWgX/q3Vzmx71Ciaz3IKko4/SnGOrcJUXTph20fCBM4Rq5nbF9JpoQq1L1XchhL9P/mvae43woLF/sVc/2R/HMYc20CbaQSE6RCfoDJ2jFqLoHj2iZ/TiPXhP3qv3Pmqd8MYz6+iHvM8vqp2jsA==</latexit>

u(T )
<latexit sha1_base64="/Kvi73zRK2oWiGjel1APDqMLFa4=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWsL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTc8WjjA==</latexit>

u(0)

<latexit sha1_base64="ygDj3hlPwlHZxUii3ya7wsnvQcU=">AAACEXicbVC7TsMwFHXKq5RXgZElokXqVCUVAgaGSiyMRaIPqakqx71trTpxZN8AVZRfYOFXWBhAiJWNjb/BfQzQciTLR+fce319/EhwjY7zbWVWVtfWN7Kbua3tnd29/P5BQ8tYMagzKaRq+VSD4CHUkaOAVqSABr6Apj+6mvjNO1Cay/AWxxF0AjoIeZ8zikbq5ksewgNO5yT3Q46QJkXPl6Knx4G5Ek9GItZpMe3mC07ZmcJeJu6cFMgctW7+y+tJFgcQIhNU67brRNhJqELOBKQ5L9YQUTaiA2gbGtIAdCeZbpLaJ0bp2X2pzAnRnqq/OxIa6MmGpjKgONSL3kT8z2vH2L/oJDyMYoSQzR7qx8JGaU/isXtcAUMxNoQyxc2uNhtSRRmaEHMmBHfxy8ukUSm7Z+XTm0qhejmPI0uOyDEpEZeckyq5JjVSJ4w8kmfySt6sJ+vFerc+ZqUZa95zSP7A+vwB6Sie7w==</latexit> �
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Bi-LSTM

<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT

<latexit sha1_base64="EngNd36Hmcd8cjRWc9lL37iiLBE=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWuL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTdUujjQ==</latexit>

u(1)
<latexit sha1_base64="I/vUpWau67lRm3sqYyYVFfgcQfA=">AAACInicbZDLSsNAFIYnXmu8VV26GayCbkpSiped4MZlBatCU8pkcqKDcwkzE6WEPIsbX8WNC0VdCT6Mk9qFtx8Gfr5zDnPOH2ecGRsE797E5NT0zGxtzp9fWFxarq+snhmVawpdqrjSFzExwJmErmWWw0WmgYiYw3l8fVTVz29AG6bkqR1m0BfkUrKUUWIdGtQPtnCseIJvgFqljR9pkHBLlRBEJkXkcFlEgtirOC19f7MCRV5ut3Y2B/VG0AxGwn9NODYNNFZnUH+NEkVzAdJSTozphUFm+wXRllEOpR/lBjJCr8kl9JyVRIDpF6MTS7zlSIJTpd2TFo/o94mCCGOGInad1bbmd62C/9V6uU33+wWTWW5B0q+P0pxjq3CVF06YdtHwoTOEauZ2xfSKaEKtS9V3IYS/T/5rzlrNcLfZPmk1DtvjOGpoHW2gbRSiPXSIjlEHdRFFd+gBPaFn79579F68t6/WCW88s4Z+yPv4BHbRo44=</latexit>

u(2)
<latexit sha1_base64="6x/LOLgTaWkCxfjWbIJ6cCpwDLM=">AAACInicbZDJSsRAEIY77sZt1KOXxlHQy5CIuNwELx4VZhEmw9DpVLSxl9DdUYaQZ/Hiq3jxoKgnwYexMzMHtx8afr6qoqv+OOPM2CD48CYmp6ZnZufm/YXFpeWV2upa26hcU2hRxZW+jIkBziS0LLMcLjMNRMQcOvHNaVXv3II2TMmmHWTQE+RKspRRYh3q1463cax4gm+BWqWNH2mQcEeVEEQmReRwWUSC2Os4LX1/qwJFXu40d7f6tXrQCIbCf004NnU01nm/9hYliuYCpKWcGNMNg8z2CqItoxxKP8oNZITekCvoOiuJANMrhieWeNuRBKdKuyctHtLvEwURxgxE7Dqrbc3vWgX/q3Vzmx71Ciaz3IKko4/SnGOrcJUXTph20fCBM4Rq5nbF9JpoQq1L1XchhL9P/mvae43woLF/sVc/2R/HMYc20CbaQSE6RCfoDJ2jFqLoHj2iZ/TiPXhP3qv3Pmqd8MYz6+iHvM8vqp2jsA==</latexit>

u(T )
<latexit sha1_base64="/Kvi73zRK2oWiGjel1APDqMLFa4=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWsL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTc8WjjA==</latexit>

u(0)

<latexit sha1_base64="ygDj3hlPwlHZxUii3ya7wsnvQcU=">AAACEXicbVC7TsMwFHXKq5RXgZElokXqVCUVAgaGSiyMRaIPqakqx71trTpxZN8AVZRfYOFXWBhAiJWNjb/BfQzQciTLR+fce319/EhwjY7zbWVWVtfWN7Kbua3tnd29/P5BQ8tYMagzKaRq+VSD4CHUkaOAVqSABr6Apj+6mvjNO1Cay/AWxxF0AjoIeZ8zikbq5ksewgNO5yT3Q46QJkXPl6Knx4G5Ek9GItZpMe3mC07ZmcJeJu6cFMgctW7+y+tJFgcQIhNU67brRNhJqELOBKQ5L9YQUTaiA2gbGtIAdCeZbpLaJ0bp2X2pzAnRnqq/OxIa6MmGpjKgONSL3kT8z2vH2L/oJDyMYoSQzR7qx8JGaU/isXtcAUMxNoQyxc2uNhtSRRmaEHMmBHfxy8ukUSm7Z+XTm0qhejmPI0uOyDEpEZeckyq5JjVSJ4w8kmfySt6sJ+vFerc+ZqUZa95zSP7A+vwB6Sie7w==</latexit> �
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<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT

<latexit sha1_base64="EngNd36Hmcd8cjRWc9lL37iiLBE=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWuL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTdUujjQ==</latexit>

u(1)
<latexit sha1_base64="I/vUpWau67lRm3sqYyYVFfgcQfA=">AAACInicbZDLSsNAFIYnXmu8VV26GayCbkpSiped4MZlBatCU8pkcqKDcwkzE6WEPIsbX8WNC0VdCT6Mk9qFtx8Gfr5zDnPOH2ecGRsE797E5NT0zGxtzp9fWFxarq+snhmVawpdqrjSFzExwJmErmWWw0WmgYiYw3l8fVTVz29AG6bkqR1m0BfkUrKUUWIdGtQPtnCseIJvgFqljR9pkHBLlRBEJkXkcFlEgtirOC19f7MCRV5ut3Y2B/VG0AxGwn9NODYNNFZnUH+NEkVzAdJSTozphUFm+wXRllEOpR/lBjJCr8kl9JyVRIDpF6MTS7zlSIJTpd2TFo/o94mCCGOGInad1bbmd62C/9V6uU33+wWTWW5B0q+P0pxjq3CVF06YdtHwoTOEauZ2xfSKaEKtS9V3IYS/T/5rzlrNcLfZPmk1DtvjOGpoHW2gbRSiPXSIjlEHdRFFd+gBPaFn79579F68t6/WCW88s4Z+yPv4BHbRo44=</latexit>

u(2)
<latexit sha1_base64="6x/LOLgTaWkCxfjWbIJ6cCpwDLM=">AAACInicbZDJSsRAEIY77sZt1KOXxlHQy5CIuNwELx4VZhEmw9DpVLSxl9DdUYaQZ/Hiq3jxoKgnwYexMzMHtx8afr6qoqv+OOPM2CD48CYmp6ZnZufm/YXFpeWV2upa26hcU2hRxZW+jIkBziS0LLMcLjMNRMQcOvHNaVXv3II2TMmmHWTQE+RKspRRYh3q1463cax4gm+BWqWNH2mQcEeVEEQmReRwWUSC2Os4LX1/qwJFXu40d7f6tXrQCIbCf004NnU01nm/9hYliuYCpKWcGNMNg8z2CqItoxxKP8oNZITekCvoOiuJANMrhieWeNuRBKdKuyctHtLvEwURxgxE7Dqrbc3vWgX/q3Vzmx71Ciaz3IKko4/SnGOrcJUXTph20fCBM4Rq5nbF9JpoQq1L1XchhL9P/mvae43woLF/sVc/2R/HMYc20CbaQSE6RCfoDJ2jFqLoHj2iZ/TiPXhP3qv3Pmqd8MYz6+iHvM8vqp2jsA==</latexit>

u(T )
<latexit sha1_base64="/Kvi73zRK2oWiGjel1APDqMLFa4=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWsL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTc8WjjA==</latexit>

u(0)

<latexit sha1_base64="dX1d8gkR994iK02S79pV35njTcQ=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9VjQg8cK9gPSUDbbSbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumyTTHFo8kYnuhsyAFApaKFBCN9XA4lBCJxzfzvzOE2gjEvWIkxSCmA2ViARnaCU/74URvQNlYNqvVN2aOwddJV5BqqRAs1/56g0SnsWgkEtmjO+5KQY50yi4hGm5lxlIGR+zIfiWKhaDCfL5yVN6bpUBjRJtSyGdq78nchYbM4lD2xkzHJllbyb+5/kZRjdBLlSaISi+WBRlkmJCZ//TgdDAUU4sYVwLeyvlI6YZR5tS2YbgLb+8StqXNe+qVn+oVxv1Io4SOSVn5IJ45Jo0yD1pkhbhJCHP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/BhiRDg==</latexit>

Dense

<latexit sha1_base64="ygDj3hlPwlHZxUii3ya7wsnvQcU=">AAACEXicbVC7TsMwFHXKq5RXgZElokXqVCUVAgaGSiyMRaIPqakqx71trTpxZN8AVZRfYOFXWBhAiJWNjb/BfQzQciTLR+fce319/EhwjY7zbWVWVtfWN7Kbua3tnd29/P5BQ8tYMagzKaRq+VSD4CHUkaOAVqSABr6Apj+6mvjNO1Cay/AWxxF0AjoIeZ8zikbq5ksewgNO5yT3Q46QJkXPl6Knx4G5Ek9GItZpMe3mC07ZmcJeJu6cFMgctW7+y+tJFgcQIhNU67brRNhJqELOBKQ5L9YQUTaiA2gbGtIAdCeZbpLaJ0bp2X2pzAnRnqq/OxIa6MmGpjKgONSL3kT8z2vH2L/oJDyMYoSQzR7qx8JGaU/isXtcAUMxNoQyxc2uNhtSRRmaEHMmBHfxy8ukUSm7Z+XTm0qhejmPI0uOyDEpEZeckyq5JjVSJ4w8kmfySt6sJ+vFerc+ZqUZa95zSP7A+vwB6Sie7w==</latexit> �

…
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<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT

<latexit sha1_base64="EngNd36Hmcd8cjRWc9lL37iiLBE=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWuL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTdUujjQ==</latexit>

u(1)
<latexit sha1_base64="I/vUpWau67lRm3sqYyYVFfgcQfA=">AAACInicbZDLSsNAFIYnXmu8VV26GayCbkpSiped4MZlBatCU8pkcqKDcwkzE6WEPIsbX8WNC0VdCT6Mk9qFtx8Gfr5zDnPOH2ecGRsE797E5NT0zGxtzp9fWFxarq+snhmVawpdqrjSFzExwJmErmWWw0WmgYiYw3l8fVTVz29AG6bkqR1m0BfkUrKUUWIdGtQPtnCseIJvgFqljR9pkHBLlRBEJkXkcFlEgtirOC19f7MCRV5ut3Y2B/VG0AxGwn9NODYNNFZnUH+NEkVzAdJSTozphUFm+wXRllEOpR/lBjJCr8kl9JyVRIDpF6MTS7zlSIJTpd2TFo/o94mCCGOGInad1bbmd62C/9V6uU33+wWTWW5B0q+P0pxjq3CVF06YdtHwoTOEauZ2xfSKaEKtS9V3IYS/T/5rzlrNcLfZPmk1DtvjOGpoHW2gbRSiPXSIjlEHdRFFd+gBPaFn79579F68t6/WCW88s4Z+yPv4BHbRo44=</latexit>

u(2)
<latexit sha1_base64="6x/LOLgTaWkCxfjWbIJ6cCpwDLM=">AAACInicbZDJSsRAEIY77sZt1KOXxlHQy5CIuNwELx4VZhEmw9DpVLSxl9DdUYaQZ/Hiq3jxoKgnwYexMzMHtx8afr6qoqv+OOPM2CD48CYmp6ZnZufm/YXFpeWV2upa26hcU2hRxZW+jIkBziS0LLMcLjMNRMQcOvHNaVXv3II2TMmmHWTQE+RKspRRYh3q1463cax4gm+BWqWNH2mQcEeVEEQmReRwWUSC2Os4LX1/qwJFXu40d7f6tXrQCIbCf004NnU01nm/9hYliuYCpKWcGNMNg8z2CqItoxxKP8oNZITekCvoOiuJANMrhieWeNuRBKdKuyctHtLvEwURxgxE7Dqrbc3vWgX/q3Vzmx71Ciaz3IKko4/SnGOrcJUXTph20fCBM4Rq5nbF9JpoQq1L1XchhL9P/mvae43woLF/sVc/2R/HMYc20CbaQSE6RCfoDJ2jFqLoHj2iZ/TiPXhP3qv3Pmqd8MYz6+iHvM8vqp2jsA==</latexit>

u(T )
<latexit sha1_base64="/Kvi73zRK2oWiGjel1APDqMLFa4=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWsL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTc8WjjA==</latexit>

u(0)

<latexit sha1_base64="dX1d8gkR994iK02S79pV35njTcQ=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9VjQg8cK9gPSUDbbSbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumyTTHFo8kYnuhsyAFApaKFBCN9XA4lBCJxzfzvzOE2gjEvWIkxSCmA2ViARnaCU/74URvQNlYNqvVN2aOwddJV5BqqRAs1/56g0SnsWgkEtmjO+5KQY50yi4hGm5lxlIGR+zIfiWKhaDCfL5yVN6bpUBjRJtSyGdq78nchYbM4lD2xkzHJllbyb+5/kZRjdBLlSaISi+WBRlkmJCZ//TgdDAUU4sYVwLeyvlI6YZR5tS2YbgLb+8StqXNe+qVn+oVxv1Io4SOSVn5IJ45Jo0yD1pkhbhJCHP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/BhiRDg==</latexit>

Dense

<latexit sha1_base64="qdoe/enI7CZWnGjFuSdiz8OZwq4=">AAAB/nicbVDLSgMxFL3js9bXqLhyE2wFV2WmiLpwUXDjsoJ9QGcomUzahmYmQ5IRylDwV9y4UMSt3+HOvzHTzkJbD4QczrmXnJwg4Uxpx/m2VlbX1jc2S1vl7Z3dvX374LCtRCoJbRHBhewGWFHOYtrSTHPaTSTFUcBpJxjf5n7nkUrFRPygJwn1IzyM2YARrI3Ut4+rXiB4qCaRuTJPJDxV02rfrjg1Zwa0TNyCVKBAs29/eaEgaURjTThWquc6ifYzLDUjnE7LXqpogskYD2nP0BhHVPnZLP4UnRklRAMhzYk1mqm/NzIcqTygmYywHqlFLxf/83qpHlz7GYuTVNOYzB8apBxpgfIuUMgkJZpPDMFEMpMVkRGWmGjTWNmU4C5+eZm06zX3snZxX680boo6SnACp3AOLlxBA+6gCS0gkMEzvMKb9WS9WO/Wx3x0xSp2juAPrM8flAqV4A==</latexit>�
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<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM
<latexit sha1_base64="cCGSTsiO1uGBSrFteZ6J+K3f6dM=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh4LXjwoVOwXtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvlFubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuJKc0j2TCTmHkhGUoecEqMlR7Tnh/g24fG3bRfLDllZw68StyMlCBDvV/86g0imoRMGiqI1l3XiY2XEmU4FWxa6CWaxYSOyZB1LZUkZNpL5xdP8ZlVBjiIlC1p8Fz9PZGSUOtJ6NvOkJiRXvZm4n9eNzHBlZdyGSeGSbpYFCQCmwjP3scDrhg1YmIJoYrbWzEdEUWosSEVbAju8surpFUpuxfl6n2lVKtmceThBE7hHFy4hBrcQB2aQEHCM7zCG9LoBb2jj0VrDmUzx/AH6PMH0wqQUw==</latexit>

LSTM

<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT
<latexit sha1_base64="zjf5M6m/+VXH1xeNCBuejdomeYA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETxGyQuTEGYnvcng7OwyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alv94PfVbT6g0j2TdjGPshXQoecAZNVZ6SLt+QK5u7uuTfrHklt0ZyDLxMlKCDLV+8as7iFgSojRMUK07nhubXkqV4UzgpNBNNMaUPdIhdiyVNETdS2cXT8iJVQYkiJQtachM/T2R0lDrcejbzpCakV70puJ/XicxwWUv5TJODEo2XxQkgpiITN8nA66QGTG2hDLF7a2EjaiizNiQCjYEb/HlZdI8K3vn5cpdpVStZHHk4QiO4RQ8uIAq3EINGsBAwjO8wpujnRfn3fmYt+acbOYQ/sD5/AG2j5BC</latexit>

BERT

<latexit sha1_base64="EngNd36Hmcd8cjRWc9lL37iiLBE=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWuL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTdUujjQ==</latexit>

u(1)
<latexit sha1_base64="I/vUpWau67lRm3sqYyYVFfgcQfA=">AAACInicbZDLSsNAFIYnXmu8VV26GayCbkpSiped4MZlBatCU8pkcqKDcwkzE6WEPIsbX8WNC0VdCT6Mk9qFtx8Gfr5zDnPOH2ecGRsE797E5NT0zGxtzp9fWFxarq+snhmVawpdqrjSFzExwJmErmWWw0WmgYiYw3l8fVTVz29AG6bkqR1m0BfkUrKUUWIdGtQPtnCseIJvgFqljR9pkHBLlRBEJkXkcFlEgtirOC19f7MCRV5ut3Y2B/VG0AxGwn9NODYNNFZnUH+NEkVzAdJSTozphUFm+wXRllEOpR/lBjJCr8kl9JyVRIDpF6MTS7zlSIJTpd2TFo/o94mCCGOGInad1bbmd62C/9V6uU33+wWTWW5B0q+P0pxjq3CVF06YdtHwoTOEauZ2xfSKaEKtS9V3IYS/T/5rzlrNcLfZPmk1DtvjOGpoHW2gbRSiPXSIjlEHdRFFd+gBPaFn79579F68t6/WCW88s4Z+yPv4BHbRo44=</latexit>

u(2)
<latexit sha1_base64="6x/LOLgTaWkCxfjWbIJ6cCpwDLM=">AAACInicbZDJSsRAEIY77sZt1KOXxlHQy5CIuNwELx4VZhEmw9DpVLSxl9DdUYaQZ/Hiq3jxoKgnwYexMzMHtx8afr6qoqv+OOPM2CD48CYmp6ZnZufm/YXFpeWV2upa26hcU2hRxZW+jIkBziS0LLMcLjMNRMQcOvHNaVXv3II2TMmmHWTQE+RKspRRYh3q1463cax4gm+BWqWNH2mQcEeVEEQmReRwWUSC2Os4LX1/qwJFXu40d7f6tXrQCIbCf004NnU01nm/9hYliuYCpKWcGNMNg8z2CqItoxxKP8oNZITekCvoOiuJANMrhieWeNuRBKdKuyctHtLvEwURxgxE7Dqrbc3vWgX/q3Vzmx71Ciaz3IKko4/SnGOrcJUXTph20fCBM4Rq5nbF9JpoQq1L1XchhL9P/mvae43woLF/sVc/2R/HMYc20CbaQSE6RCfoDJ2jFqLoHj2iZ/TiPXhP3qv3Pmqd8MYz6+iHvM8vqp2jsA==</latexit>

u(T )
<latexit sha1_base64="/Kvi73zRK2oWiGjel1APDqMLFa4=">AAACInicbZDLSsQwFIZT79bbqEs3wVHQzdAOg5ed4MalgqPCdBjS9FSDuZQkVYbSZ3Hjq7hxoagrwYcxHbvw9kPg5zvnkHP+OOPM2CB498bGJyanpmdm/bn5hcWlxvLKmVG5ptCliit9ERMDnEnoWmY5XGQaiIg5nMfXh1X9/Aa0YUqe2mEGfUEuJUsZJdahQWN/E8eKJ/gGqFXa+JEGCbdUCUFkUkQOl0UkiL2K09L3NypQ5OVWsL0xaDSDVjAS/mvC2jRRreNB4zVKFM0FSEs5MaYXBpntF0RbRjmUfpQbyAi9JpfQc1YSAaZfjE4s8aYjCU6Vdk9aPKLfJwoijBmK2HVW25rftQr+V+vlNt3rF0xmuQVJvz5Kc46twlVeOGHaRcOHzhCqmdsV0yuiCbUuVd+FEP4++a85a7fCnVbnpN086NRxzKA1tI62UIh20QE6Qseoiyi6Qw/oCT17996j9+K9fbWOefXMKvoh7+MTc8WjjA==</latexit>

u(0)

<latexit sha1_base64="dX1d8gkR994iK02S79pV35njTcQ=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9VjQg8cK9gPSUDbbSbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumyTTHFo8kYnuhsyAFApaKFBCN9XA4lBCJxzfzvzOE2gjEvWIkxSCmA2ViARnaCU/74URvQNlYNqvVN2aOwddJV5BqqRAs1/56g0SnsWgkEtmjO+5KQY50yi4hGm5lxlIGR+zIfiWKhaDCfL5yVN6bpUBjRJtSyGdq78nchYbM4lD2xkzHJllbyb+5/kZRjdBLlSaISi+WBRlkmJCZ//TgdDAUU4sYVwLeyvlI6YZR5tS2YbgLb+8StqXNe+qVn+oVxv1Io4SOSVn5IJ45Jo0yD1pkhbhJCHP5JW8Oei8OO/Ox6J1zSlmTsgfOJ8/BhiRDg==</latexit>

Dense

<latexit sha1_base64="qdoe/enI7CZWnGjFuSdiz8OZwq4=">AAAB/nicbVDLSgMxFL3js9bXqLhyE2wFV2WmiLpwUXDjsoJ9QGcomUzahmYmQ5IRylDwV9y4UMSt3+HOvzHTzkJbD4QczrmXnJwg4Uxpx/m2VlbX1jc2S1vl7Z3dvX374LCtRCoJbRHBhewGWFHOYtrSTHPaTSTFUcBpJxjf5n7nkUrFRPygJwn1IzyM2YARrI3Ut4+rXiB4qCaRuTJPJDxV02rfrjg1Zwa0TNyCVKBAs29/eaEgaURjTThWquc6ifYzLDUjnE7LXqpogskYD2nP0BhHVPnZLP4UnRklRAMhzYk1mqm/NzIcqTygmYywHqlFLxf/83qpHlz7GYuTVNOYzB8apBxpgfIuUMgkJZpPDMFEMpMVkRGWmGjTWNmU4C5+eZm06zX3snZxX680boo6SnACp3AOLlxBA+6gCS0gkMEzvMKb9WS9WO/Wx3x0xSp2juAPrM8flAqV4A==</latexit>�
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…

…
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BERT Fine-tuned

Figure: Jay Alamr’s blog: https://jalammar.github.io/illustrated-bert/
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Results: Effect of embedding
I The quality of the pre-trained embedding plays an important

role (might be counter intuitive).
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Figure: Test accuracy (%) on the IMDb dataset. ESN with mean pooling and reservoir
size 1000 employing 5 different pre-trained word embeddings as features. Results are
averaged over 5 random seeds.
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Results: Effect of embedding

I The representational properties of the BERT embedding are
not destroyed by the random input projection Win.

• Take N = 750 BERT-embedded words: e1, . . . , eN

• Pairwise cosine distances before and after Win projection:

dij := dcos(ei, ej) and d′ij := dcos(Winei,Winej)

• Mean squared error between the distances dij and d′ij (repre-
sents the distortion of the cosine distances induced by Win)

MSEd,d′ :=
1(
N
2

) ∑
{(i,j):i<j}

(dij − d′ij)2.
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Results: Effect of embedding

I The representational properties of the BERT embedding are
not destroyed by the random input projection Win.
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Figure: MSEd,d′ as a function of the reservoir dimension Nx of Win ∈ RNx×768. The
matrices Win are the input weights of ESNs of sizes Nx ∈ {500, 1000, 3000, 5000}
whose input scalings have been optimized by BO on the IMDb dataset. Results are
averaged over 5 random seeds. Larger input projections lead to smaller MSEd,d′ values.
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Results: Effect of the reservoir
I The temporal dynamics captured by the reservoir significantly

improves the results.

• ESN = EMB + RES + POOL + RIDGE

• RR-baseline = EMB + RES + POOL + RIDGE

⇒ ESN vs RR-baseline allows to assess the proper contribution of
the reservoir.
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the reservoir.
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I The temporal dynamics captured by the reservoir significantly

improves the results.

• ESN = EMB + RES + POOL + RIDGE
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Results: Effect of the reservoir
I The temporal dynamics captured by the reservoir significantly

improves the results.

• ESN = EMB + RES + POOL + RIDGE

• RR-baseline = EMB + RES + POOL + RIDGE

⇒ ESN vs RR-baseline allows to assess the proper contribution of
the reservoir.
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Results: Effect of the reservoir
I The temporal dynamics captured by the reservoir significantly

improves the results.

• ESN = EMB + RES + POOL + RIDGE

• RR-baseline = EMB + RES + POOL + RIDGE

⇒ ESN vs RR-baseline allows to assess the proper contribution of
the reservoir.
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Results: Effect of the reservoir
I The temporal dynamics captured by the reservoir significantly

improves the results.

• ESN = EMB + RES + POOL + RIDGE

• RR-baseline = EMB + RES + POOL + RIDGE

⇒ ESN vs RR-baseline allows to assess the proper contribution of
the reservoir.
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Results: Comparison with Bi-LSTM and BERT
fine-tuned

• Overall, ESNs achieve competitive results with significantly faster
training times.2

TREC-6 TREC-50 SST-2 IMDb AG News

RR-baseline 89.80 75.60 85.34 88.46 90.45

ESN-500 90.44± 0.45 74.60± 0.61 83.79± 0.37 87.66± 0.14 90.11± 0.11
ESN-1000 92.36± 0.75 78.60± 0.74 84.63± 0.11 88.36± 0.08 90.73± 0.18
ESN-3000 94.68± 0.51 83.36± 0.34 85.63± 0.25 89.14± 0.05 91.12± 0.14
ESN-5000 95.28± 0.45 84.04± 0.43 86.23± 0.32 89.46± 0.08 91.30± 0.18

Bi-LSTM 92.95 77.81 86.27 91.77 93.18

BERT-ft 96.60 79.40 92.20 93.60 94.24
BERT-ft∗ 97.20 − 93.50 94.60 / 95.63 94.75

Table: Test accuracy, in percentage (%). The ESN results are averaged over 5 random
seeds. The Bi-LSTM networks have 2 hidden layers of 128 units. BERT-ft (our results)
and BERT-ft∗ (literature) denote the BERT model downloaded as pre-trained and then
fine-tuned on the datasets.

21 GPU, 32 GB, NVIDIA V100
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Results: Comparison with Bi-LSTM and BERT
fine-tuned

• Overall, ESNs achieve competitive results with significantly faster
training times.3

TREC-6 TREC-50 SST-2 IMDb AG News

RR-baseline 7.32 8.16 105.52 97.09 153.58

ESN-500 9.47± 0.11 13.39± 0.54 115.10± 1.41 163.73± 0.47 297.90± 3.33
ESN-1000 9.63± 0.14 13.81± 0.36 115.42± 0.96 165.48± 0.43 297.37± 4.82
ESN-3000 10.68± 0.15 14.88± 0.23 116.39± 0.84 174.91± 0.16 298.79± 4.95
ESN-5000 16.24± 0.38 19.91± 0.46 121.94± 1.37 192.48± 0.30 304.08± 5.17

Bi-LSTM 97.02 95.92 1201.88 1630.05 2855.07

BERT-ft 556.38 549.17 4065.53 6235.73 64566.63
BERT-ft∗ − − − − −

Table: Training time, in seconds (s.), of the different models over the five datasets
TREC-6, TREC-50, SST-2, IMDb and AG News. The ESN results are averaged over
5 random seeds. The Bi-LSTM networks have 2 hidden layers of 128 units. BERT-ft
(our results) and BERT-ft∗ (literature) denote the BERT fine-tuned model.

31 GPU, 32 GB, NVIDIA V100
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Results: Comparison with Bi-LSTM and BERT
fine-tuned

• Overall, ESNs achieve competitive results with significantly faster
training times.4

TREC-6 TREC-50 SST-2 IMDb AG News

Bi-LSTM (128) 6.0 4.8 9.9 8.5 9.4
BERT ft (ours) 34.3 27.6 33.3 32.4 212.3

Table: Ratios between the training times of the Bi-LSTM (128) or BERT fine-tuned
models and the ESN-5000. The ESN-5000 networks are trained from 4.8 up to 9.9
times faster than Bi-LSTM (128), and from 27.6 up to 212.3 times faster than the
BERT fine-tuned.

41 GPU, 32 GB, NVIDIA V100
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Results: Effect of embedding (again)

I The quality of the pre-trained embedding plays an important
role.

TREC-6 TREC-50 IMDb
accuracy accuracy accuracy
time time time

GloVe-ESNs
91.12± 0.48 83.96± 0.23 87.78± 0.11
2.64± 0.12 7.02± 0.14 38.47± 0.14

BERT-ESNs
95.28± 0.45 84.04± 0.43 89.46± 0.08
16.24± 0.38 19.91± 0.46 192.48± 0.30

Table: Test accuracy (%) and training time (sec.) of the GloVe-feature and BERT-
feature ESNs on the TREC-6, TREC-50 and IMDb datasets. The BERT-feature ESNs
achieve higher accuracies, but with higher training times also.

Efficient Text Classification with Echo State Networks Cabessa et al.
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Conclusions

• Hyperparameter tuning via Bayesian optimization (BO) takes
time (even if significantly faster than grid search).

• The consideration of bi-directional ESNs does not significantly
improve the results.

? ESNs can be considered as robust, efficient and fast candidates
for text classification tasks.

? Transformer-based models like BERT achieve impressive per-
formance but are very resource-consuming.

? By contrast, our work fits within the context of light and fast-
to-train models for NLP.
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Conclusions

Thank you!
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