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¡ f�¢�Xo^qZHZd`abH�(Zd^q]£]vf~hvb8ly`rb6VYh�cmfRhy]vV�f~¤�\d^Yia`r¥Rf#]v�dfR`rh[cH`rl£]vh_`a¦d\m]v`rVYb6Xo^§k
�Yh_f~^q]virk¨l£`rX[ZHia`asuk¨¦�Vq]_��]_�HfOln]_hv\8}©]v\dhvf[^qbdc�]v�df[]vh�^q`rbH`abd�#VYs>}�iw^Yl_lv`tªdf~h_l~«
¬ f~hvf�p<]_�Hf1ZHh_VYZ�fRhv]v`rf~l�Vqs�VYbHf#l£\d}��­Xo^YZ­VY¦m]�^q`rbHf~c�¦,k�h_\HbHbd`abH�®^¯sufR°
ln]_fRZdlgVqs cm`rl_}�h_f�]_f�¢±]v`rX[f�cmk,bd^qX[`w}R^qiJl£kml£]vfRX²^qh_f.f�³mZHirVYh_f~c�«G|´�df�l£kml£]vfRX
`rl{}R^qirirf~c�µ ¶·`a��`t]�^qiG¸Sb�]vfRbdbd^qiG¹<VY¦�fYµGº:¶g¸S¹T»
¦8f¼}R^Y\dl£fo`a]�`wl$`ab8l£ZH`rh_f~c®¦�k
hvf¼}�f~b�]½l£]v\dcH`af¼l½Vqs�]v�dfg^qb�]vf~bHbd^qidiaV�¦8f�p�^$l£]vh_\d}©]_\Hhvf´`rb[]v�Hf�V�its3^�}©]_VYh_k{l£kml£¢
]vf~X¾VYs�]v�HfO��h_^�lvlv�HV�ZHZ8f~h~«B|´�HfOZd^q]£]_fRh_bm¢�lvZHh_f~^�cm`abd��ZHhvV�Z8f~h£]_`af¼l$Vqs´]_�Hf
¶g¸S¹6^Yl·°>fRiri@^�lS`a]_l.^§¿�fRh�^q�Yf$¦�fR�8^§¿�`rVYh.^Yl
^osu\dbd}©]_`aV�b®VYsG`t]�l[º�sufR°S»·cmfR¢
l£`r�Yb#Zd^qh�^qX[fR]vfRh�l>^qh_f
^Ybd^qirk,¥Rf~cO¦�kofR³,]vfRb8cm`abd�EZdhvf~¿�`rVY\8lGh_f~lv\Hia]_l´VqsJÀ½^qb
À hvf~f~lv°�` ÁnÂ�^YbdcyjmVYX[Z8V�ia`rbdlvÂ,kY«JÃd\Hhv]v�Hf~hvX[VYh_fYpq^S]vf¼}��HbH`w¤�\HfGsuV�h ^YcH^YZm]v`rbH�
]v�HfoZ8^qh�^qX[f�]_fRh�l·VYsW]_�Hfo`rbH`t]_`r^YiGcmf¼l£`r�Yb�`rb(V�h_cHfRh
]vV�V�¦m]_^Y`ab�VYZdZ8V�h£]_\HbHf
bHVY`wlvf�¢�hvf£Ánf~}©]_`aV�b$¦8f~�d^§¿,`aV�hJ`wl@l£\d�Y�Yf¼ln]_f~c�«@Ä·\Hh@hvf¼l£\Hia]_lT^qh_fWcHfRX[VYbdl£]vh�^K]_f~c
°�`t]_��^yb,\HXy¦8f~hgVqs@l£`rX{\dir^q]v`rVYbdl~«

Å Æ�Ç �m�HÈ�ÉSÊS���HË£È Ç

|´�HfG}RVYX[ZHirf�³m`a]nkSVqsm}�iw^Yl_lv`tªdf~h_l�^Ybdc
]v�dfGcm`aÌo}R\Hia]nk·VYs�irf~^YhvbH`rbH�´]_�HfR`rh<Zd^Yh_^YX[f�]vf~h_l�`wl<^qÍ�f¼}©]vf¼c
¦,k[]v�Hf.cm`wln]_hv`r¦H\m]_`aV�b#VYsÎ]v�df·`rbHZH\m]�Zd^q]£]_fRh_bdlR«@x�]´`rl>f¼^Ylv`af~hG]_VyV�¦m]_^Y`abBl£`rX[ZHiaf.^qb8c1^Y}~}�\Hh�^K]_f
}�iw^Yl_lv`tªdf~h_l·°��Hf~b¨]v�dfEZ8^K]£]_fRh_bdl.^Yl_l£Vm}R`r^q]vf~c¨°�`t]_�(cm`aÍNfRh_fRb�]�}�iw^Yl_l£f¼l·^YhvfEl£Zd^�}�f¼c�s3^qh$^YZd^qhv]
^qb8c[fR¿Yf~bHirky`rb[]v�Hf·`abdZH\m]>lvZd^�}�fY«@¶·`rl£]vh_`a¦d\m]v`rVYbdlG°��H`w}��1^qh_f�ia\dXEZ,k�p�°�`a]v�1}Rir^�lvlvf~l½¦H\Hbd}��Hf¼c
\HZ!`rbÏl£V�X[f�hvf~�Y`rVYbdl[VYs.lvZd^Y}Rf�iaf¼^§¿,`abH��VY]v�Hf~hOhvf~�Y`rVYbdl[VYs�l£Zd^�}�f¯fRX[Zm]nk6Xo^§k�¦�f¨X[VYh_f
cm`aÌO}�\Hia]·]_VB}Rir^�lvlv`asukY«.|´�H`rl
ZHh_VY¦diaf~X²`wl
Zd^qhv]v`w}�\dir^Yhvirk#f~¿,`rcmf~b�]·`rb®lvfRbdlvVYh_k#ZdhvVm}�f¼lvlv`rbH�d«
xzb
VYias3^Y}�]v`rVYbEb,\HX[fRh_VY\dlTVmcmVYh�lT°��H`w}��E°>f´°�`rlv�y]vV$cm`wlv}Rhv`rX[`abd^q]vf�^qh_f�}��HfRX[`w}R^Yiairk�¿Yf~hvk�lv`rXE`riw^qh¼p
suVYh>f�³H^YXEZdiaf�]_�Hf.}�`a]vh_\dl½s3^YX[`airk�ºuVYh�^qbd�YfYp�iaf~X[VYbÎp,ir`aX[fY«r«r« »�p�°��d`airf·Xo^Yb�kEVmcmVYh�l ]_�d^K]�^qh_fg`rb
ZHh_`ab8}�`rZHiafGZ8V�lvlv`a¦diaf½bdfR¿Yf~hÎVm}R}R\Hh<`rb$ZHh�^Y}©]_`r}RfY«<|´�df½\HbHf~¿YfRb�}��dfRX[`r}~^qi�l£Zd^�}�`rbH�´suVYh<]v�HfGV,cHVYh�l
Vqs½`rb�]vf~hvf¼ln]
`rl·f�³mZ�fRbdlv`a¿�fYÐ�`rb¨¦H`rVYirVY��`r}~^qiJlvkmln]_fRXolS]v�Hf~hvfy`rl
^OZHh_fRX[`r\HX
`ab¨]v�Hf[l£`rX[ZHir`r}R`t]nk
VqsT]v�df�}�iw^Yl_l£`aªdfRh�lW]v�d^q]�°�`airiÎh_f~}�V��YbH`r¥Rf
f~^�}��#`rbdcm`r¿,`rcH\d^qiÎVmcmV�h~«
Ñ �Hf~b{]_�Hfgcm`rXEf~bdlv`aV�b{Vqs8]v�Hf´Zd^q]£]_fRh_bElvZd^Y}RfW`wl@iw^qh_�Yf·º3fY« �d«@Ò²ÓÕÔ¼ÖYÖ�»�pq^qbdc�]v�Hf�b,\HXy¦8f~h@Vqs
}�iw^Yl_lvf~l´]_VO¦8fycm`rl_}�h_`rXE`rbd^q]vf~c¯`wlgh_fRiw^K]_`a¿�fRirk#lvXo^qiriWºuf�« �8«�×ÙØ�Ô~Ö�ÖYÖ�»©pHV�bHf�Xo^§kO]_h_^YbdlnsuV�hvX
^qbE\HbHf~¿Yf~bycm`wln]_hv`r¦H\m]_`aV�byVYs8Zd^q]£]_fRh_bdl@`ab�]_V.^Yb{f~¿YfRbdiak{cH`rl£]vh_`a¦d\m]vf¼c{V�bHf´¦�k$X[f¼^qbdl@VYs�^·X[^YZ
]v�8^K]´Ú h�^qb8cmVYX[`r¥Rf~l~µ~]v�Hf´Z�V�lv`t]_`aV�b{Vqs8f~^Y}��yZd^K]v]vf~hvbÎpK`±« fY«J]v�d^q]T]�^qÂ�f~l>º3lvX[^Yiai�»JbHfR`r�Y�,¦�VYh_�HV,VmcHl
Vqs
]v�df�`abHZd\m]#lvZd^Y}Rf¯^Ybdc6hvf~Xo^qZdlE]_�HfRXÛ]vV­h�^qbdcHVYXÙirVm}R^K]_`aV�bdl~«!xzb6iw^qh_�YfR¢�cH`aX[fRb8l£`rVYbd^Yi
lvZd^Y}Rf~l#`t]¯`rl#f�³H}RfRf~cH`abH��iak�ir`aÂ�fRirk6]v�d^q]#]n°>V�}RVYb�]v`r�Y\HV�\dlOh_fR��`aV�bdlO°�`riri
¦�f(hvf~X[^YZHZ�f~c�]_V
irV,}~^K]_`aV�bdl$°��HV�l£f1cH`rl£]_^Ybd}�fo`wl{}RVYX[Zd^qh�^q¦diafo°�`a]v��]_�Hf#cm`w^qX[fR]vfRhyVqs´]v�df1l£Z8^Y}�f�pT^Ybdc(]v�,\dl
]v�df�cm`rl£]vh_`r¦H\m]v`rVYb¯VYsJZd^q]£]vf~hvb8l´`rl�f¼¤�\d^qir`a¥~f~c�«



Ñ fyfR³,ZdiaV�hvfE^#lv`aX[ZHirf[cmk,bd^qX[`w}R^qi@lvk,l£]vf~XÜ°��H`w}��¨hvf¼^qir`a¥~f~l·VYbHf[lv\d}��¨Xo^qZ�suVYh.l£ZHh_f~^�cm`rbH�
Zd^q]£]vf~hvb8l@`ab[^S�d`a���m¢�cH`aX[fRb8l£`rVYbd^Yiml£Zd^�}�f�«T|´�Hf´`rbHZH\m]½lvZd^Y}Rf´`rlJ]v�dfg^qbd^YiaV��·Ò�Ýgcm`rX[fRbdlv`rVYbd^Yi
�,k,Z8f~h_}R\H¦8f¨º:ÖHÞ~Ô¼»nß�^qb8c�]_�HfOV�\m]vZH\H]yl£Z8^Y}�f[]_�HfOcm`r�Y`a]_^Yi½�,k�Z�fRh�}�\d¦8f�à§ÖHÞ~Ôqá¼ß·«#|´�dfoX[^YZ
`wlW`rX[ZHirfRX[fRb�]vf¼cB¦�ko`a]vf~h_^q]v`rbH�[^ycm`wl_}�h_f�]vfR¢:]_`aX[f·ªdh�ln]v¢±V�h_cmf~h>cHk�b8^qX[`r}~^qi�lvk,l£]vf~Xâ}�V�bdl£`wl£]v`rbH�
VqsS]n°WV�ln]_fRZdl[^q]Ef¼^Y}��ã`a]vf~h_^q]v`rVYbÎÐ1^�ªdh�ln]v¢±V�h_cHfRh{ir`rbHf~^Yh[cHk�b8^qX[`r}~^qi´l£kml£]vf~XäsuVYiriaVK°>f~c­¦,k
X[fRX[VYh_k,iaf¼lvl�]_�Hh_f~lv�HVYiwcm`rbH�d«T|´�Hf `ab�]_fRh_f~l£]<Vqs,]v�df½Xo^qZ.`rlÎ]v�d^q]<`a]<Xo^qÂYf¼l�¿Yf~hvk·Zd^qh�lv`aX[VYbd`aV�\dl
\dlvf$Vqs@}�VYX[ZH\H]_^K]_`aV�bd^qi��8^qh�cm°>^Yhvf[ºuf�« �8« VYbB]v�df$VYh�cmfRh�VYsTÒ²bHfR\dhvV�bdl´VYh´]_h_^Ybdl£`wl£]vVYh�l�»G^Ybdc
kYfR]W`a]>^�}��H`af~¿Yf¼l½�YV,Vmc[f~¤�\d^Yia`r¥~^q]v`rVYbO`rb1^�sufR°�]v`rX[f
l£]vf~Zdl~«@|´�dfS`wcmf~^�l ]v�8^K]´°Wf·ZHhvf¼l£f~b�]W^qh_f
`rbdl£Zd`ah_f~c[¦,k[^$}�VYX[ZH\H]_^K]_`aV�b[]v�d^q]WXo^§k�]�^qÂ�f�ZHir^�}�fg`rbo]_�HfgVYias3^Y}�]vV�hvkEl£kml£]vfRXå^YlGl£\H���Yf¼ln]_f~c
`rbEÃdhv`rf~cmh_`w}��dlJ^YbdcE¹<^q\dhvf~b�]´ætÔRçH^qbdcE¹<^Y\Hhvf~b�]>æ èmpqé§ç�«JxzbE`rbdl£f¼}©]�lRp§]_�Hf�^qbd^q]vVYX[`w}R^Yi,l£]vh_\d}�]v\Hh_f
°��Hf~hvf1]v�H`wly}RVYX[ZH\m]�^K]_`aV�b�`wl{ZHh_f~lv\HX[f~c­]vV¨]�^qÂ�f1ZHiw^Y}Rf1`wly}~^qiriaf¼c�]v�Hf®Úê¸gb�]vf~bHbd^qi´¹ÎV�¦8f�µa«
ë f~}~^q\dlvf.Vqs<]_�H`wl�°Wf$}~^qiriN]v�Hf$Xo^qZ�^#Úê¶S`r�Y`a]_^Yi<¸gb�]vf~bHbd^Yi<¹ÎV�¦8f�µÎº3¶g¸·¹J»©«

ì í®îSï É·ËnðGËn�m�@ñ{� Ç � ï<Ç·Ç � ñoñnÈG� ï

|´�Hf�cHk�b8^qX[`r}~^qiSlvkmln]_fRXò°Wf�ZdhvV�Z8V�l£f�`wlo`rbdl£Zd`ah_f~c�¦,kã]_�Hf�VK¿�fRh�^qiri�^qh�}��H`t]_f~}�]v\Hh_f�Vqs.]v�df
^qb�]_fRbHbd^YiJirVY¦�fy^Ybdc¨`wl
cmf~lv`a��bHf~c�]vV1fR³mZHiaV�hvf{`t]�l
}RVYX[ZH\m]�^K]_`aV�bd^qi@}R^YZd^q¦H`rir`t]_`af¼lR« Ñ fE^qZHZdiak
]n°>V#Â�fRk�lv`aX[ZHir`aª8}R^q]v`rVYbdl~Ð.°Wfocm`wlv}RhvfR]v`r¥Rfy]v`rX[fo`ab�]vV¯f¼¤�\8^qiriak�lvZd^�}�f~c�Ú fRZ�V,}��8lRµrpÎ\HZNcH^K]_`abd�
lvk�b8}��HhvV�bHVY\8l£irk.]v�Hf·ln]�^K]vf�VYsN^YiaiH]v�Hf�bHf~\Hh_VYbdl@`rb[]v�Hf�bdf�]n°>VYh_Â{^K]½f¼^Y}��[fRZ�Vm}��Îp�^YbdcE°Wf�cm`wln¢
}�h_f�]_`a¥~f�]v�dfg¿K^qir\HfgVqs�]_�HfSl£]_^q]vfgVYsNf¼^Y}��o\Hbd`t]W]vV$]_�HfS¦H`rbd^YhvkEl£fR]gà¼ÖdÞRÔqá�«J|´�HfSZH�,k,lv`rVYirVY�Y`w}R^Yi
Án\dl£]v`aª8}R^q]v`rVYbBsuVYh´]_�Hf~lvf$l£`rX[ZHir`tª8}~^K]_`aV�bdl��YV,f¼lW¦�fRk�VYbdc#]_�Hf�lv}RVYZ�f.Vqs<]_�H`wl�Zd^qZ�fRh¼«
UWVYb8l£`wcmfRh
^1}RVYiriaf¼}©]v`rVYb�VYsG×ó¦H`rbd^qh_k¯bHfR\dhvV�bdlg°��H`w}���^Yhvf�h�^qb8cmVYX[irkB}RVYbHbHf¼}©]_f~c¨^Ybdc�\HZm¢
cH^q]vf~c(lvk�b8}��HhvV�bHVY\8l£irkY«�|´�Hf[bHfR]n°WV�hvÂ¯`wl
`abH`a]v`w^qirirk�¤�\H`af¼lv}RfRb�]oºu`±« f�«E^YiaiT]v�dfEbdfR\Hh_VYbdl
�d^§¿�f
}�V�bdl£]_^qb�]1l£]_^q]vf�¥Rf~hvV,»©«ô¸>]#l£V�X[f¯]v`rXEf(^qb�`rbHZH\m]1`wl1^YZHZHir`af¼c�}R^q\8l£`rbH��]v�df¨bHf�]n°>VYh_Â­]_V
]_^YÂYf�¿K^Yia\Hf¼l�]_�d^K].^qh_f{cm`aÍ�f~hvf~b�]SsuhvV�X&¥~fRh_Vd«g|´�HfEln]�^K]vf{Vqs ]v�df{bHfR]n°WV�hvÂ#fR¿YV�ia¿�f~l�`rb�]_`aX[fY«
|´�HfOl£]_^q]vf[VqsW]v�HfobHfR]n°WV�hvÂ¨^qs�]vf~h�^#��`a¿�fRb�}�V�bdln]�^qb�]$b,\HX{¦�fRh$VYsG]v`rX[f�¢zln]_fRZdl1ºufY« �d«¯Ô¼ÖK¢nèqÖ
]v`rX[f�¢zln]_fRZdl�»[`wl[]v�df�cmf~lv`rhvf¼c�V�\m]vZd\m]1Vqs.]_�Hf�lvk,l£]vf~X¯«ô¹<f�]O\dl1`ab�]vh_Vmcm\d}Rf¯]v�Hf�suV�iairVK°�`rbH�
bHVY]_^K]_`aV�bÎÐ
×{õ�p8×{ö�pH×E÷ eg\dX{¦�fRhgVYsTfR³m}R`t]�^K]_VYh_kYp,`abd�H`a¦d`t]_VYh_kYpd^Ybdc1fR³,]vfRh_bd^Yi�`abHZd\m]g\HbH`a]_l~«

× |JVq]_^Yi�b,\HX{¦�fRhgVYsJfR³m}R`t]�^K]_VYh_k1^qbdc#`rbH�H`r¦H`t]_VYh_kO\HbH`a]_l{º3×ùøÏ× õ¨ú × ö »
û egf~\Hh_VYbB`abdcHf�³�Ð ûGü à�Ô�ÞRýRý~ý�Þv×yõ´á.suVYh�fR³m}R`t]�^K]_VYh_kO^qbdc û½ü à¼×yõ ú Ô�ÞRýRý~ý�Þv×­á·suV�hg`abd�H`a¦d`t]_VYh_kY«

þdÿ � ü à¼ÖHÞ~Ôqá�� û À½^qir\Hf$VYsJ\HbH`a] û ^q]´]v`rXEf��©«�þdÿ À f~}�]vV�h�Vqs@¿§^Yia\df~l>suVYhg^Yiai<f�³H}�`a]_^q]vVYh_kO^qb8c1`rbH�H`r¦H`a]vVYh_k1\dbH`t]�lg^K]´]_`aX[f��©«� UWVYbdbHf~}�]v`r¿�`a]nkNÐ � ×¾`rl´]_�Hf$b,\HX{¦�fRh�VYsJ`rbHZH\m]�l�]_V[^E��`a¿�fRbBbHfR\Hh_VYb<«� õ Þ � ö Þ � ÷ eg\dX{¦�fRhgVYsTfR³m}R`t]�^K]_VYh_kYp,`abd�H`a¦d`t]_VYh_kYpd^Ybdc1fR³,]vfRh_bd^Yi�`abHZd\m]�]vVO^EbHf~\HhvV�b(º3`:« fY« � õ ø � × õ »©«	 
 ^q]vh_`t³1VYs@}RVYbHbdf~}©]_`aV�bdl~« 	 �8^Yl � ×��.bdVYbH¥~fRh_Vyf~b�]_hv`rf~l~«	 ��
 UWVYbdbHf~}�]v`rVYbB°Wf~`a����]�VYsT\Hbd`t]��o]vV[\HbH`a] û «� õgp � ö�p � ÷ � ³H}R`t]�^K]vV�hvk�p,`abH�d`a¦H`a]vV�hvk�pd^qb8c1`rbHZH\m]
}�VYbdbHf~}�]v`rVYbB°Wf~`a����]�lRp,`±« f�« 	 ��
 ü à � öqÞvÖdÞ � õ>á�«�� ¸S}�]v`r¿K^K]v`rVYbB]_�Hhvf¼l£�dVYiwcHl>suVYhg^YiaiN]_�Hf$bHfR\dhvV�bdl�� À f~}�]vV�h�Vqs@Zd^K]v]vfRh_bB`abHZd\m]_l~«� 
 ^q]vh_`t³1VYsTfR³H}�`a]_^K]_VYh_kO}�V�bHbHf~}�]v`rVYbdl>suh_VYXâ]v�Hf$Zd^q]£]_fRh_bB`rbHZH\H]_l´]_Vy]_�Hf$bHf~\HhvV�bdl~«���ÿ À f~}�]vV�h�Vqs@bHfR\Hh_VYb8^qiN`abdZH\m]·}R\Hhvh_fRb�]�lRp,`±« f�« ���ÿ���� ø 	��þdÿ ú � ��8ÿ Ý �� «�þdÿ ø�Ô�º ��,ÿ » �gZNcH^q]vf$f~¤�\d^q]v`rVYb#suVYh �þ «�Ô�º�� »>`wl>]v�Hf ¬ f~^§¿,`wl£`wcmf
su\Hbd}�]v`rVYbÎ«�#ÿ 
 f¼^qb�^Y}�]v`r¿�`a]nkO`rbB]v�Hf$bHfR]n°WV�hvÂO^q]´]v`rXEf��©pd`:« fY« �Bÿ ø! � þ �#" ×­«�%$ ÃHh�^Y}�]v`rVYbBVqsT]v�Hf$fR³,]vfRh_bd^Yi�`rbHZH\H]_lg°��d`r}��¯^qh_f$^Y}©]_`a¿�fY«
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Mean diff. for 1−similar (green), 2−similar (blue) and different (red) inputs
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`wl�^K]gf~¤�\H`rir`a¦Hh_`r\HX¯«½|´�Hf$f~¤�\H`ria`r¦Hh_`a\dX�}�V�bdcm`a]v`rVYb¯`rl�l_^K]_`rl£ªdf¼c1°��Hf~b �#ÿ ø �Bÿ��¡� «
Ñ f¯suVY\Hbdc�]_�Hf�¦H`rbHVYX[`w^qiS^YZHZHh_V§³,`rXo^K]_`aV�b­]vV­k,`rfRiwc�]_�Hf�X[V�l£]O^Y}R}R\Hh�^K]vf¯ZHh_f~cH`r}�]v`rVYbdl[`rb
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Divergence of Trajectories After Learning 10 Time−Steps
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