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KA Model Single Unit Dynamics
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Ó�ÆÉÈ�ÍÏÈ�Ô¤ÔÏÖ�â�ã ä�ãS/6×�ÔÝÛ�ÁÑÍiÍÏÁÃÐ�ÄÇÒÑÓÕÔÝÁÃÖÅ×¡Ó�ÒÃÒ,é%ÖÅÄÇÆiÄ�×ÇÁÃÔÏÍ¤Ó�ÆÏÈ�Í1ÔKÓ�Æ1ÔÝÈlê�ÓÕÔ¤êÇÁRP,È�ÆÏÈ�×YÔ¤ÆÏÓ�×ÇêÇÖ�Ð ÁÑ×ÇÁ�ÔÝÁÑÓ�Ò
ØlÖ�×ÇêÇÁÃÔÏÁÑÖÅ×�Ílã±ÌFÍ�Ó¯ÆÉÈlÍÉÄÇÒÃÔFÖ�éxÔÝÛÇÈAÐ¸Á�íÙÈlêHÞ´ÖÅÍÏÁ�ÔÝÁ�ïÅÈAÓ�×Çê�×ÇÈ�Â ÓÕÔÝÁ�ïÅÈ;é%ÈlÈlê�ÜßÓ�ØKë]àúÓ�ÒÑÒúÖ�éxÔÏÛÇÈ�Ä�×ÇÁÃÔÏÍ
ÖÅÍÉØlÁÑÒÃÒ�ÓÕÔÏÈoì%ÔÏÛÇÖÅÄÇÂ�Û�×ÇÖ�×ÇÈ�ÓÕÞÇÞ'ÈlÓ�ÆiÔÝÖOé%ÖÅÆÉÐ Ó�ÒÃÁÑÐ�ÁÃÔ?Ø�Ú	ØlÒÃÈ�î�ã<ÌFÒÃÍÏÖ�Ó�ÒÃÒ¬Ö�é�ÔÏÛÇÈ;ÄÇ×ÇÁÃÔÏÍiÈ�ï�Èl× ÔÝÄßÓÕÒÑÒÃÚ
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1iÛÇÈ¸ÞÇÆÏÈqïÙÁÃÖÅÄÇÍAÍÏÈlØqÔÝÁÃÖÅ×Gá<Ó�Í�Ó�êÇÁÑÂ�ÆÏÈlÍÉÍÏÁÃÖÅ×0ÔÏÖ�ÁÃ×YÔÏÆÏÖ	êÇÄÇØ�È�ÔÏÛÇÈ¯Ø�ÖÅ×ÇØlÈ�Þ�Ô�ÖÕé<ÔÝÛ�È¡Ë�Ì±ô3/�/DÍÉÈ�Ô¦à�Ó
ÜßÓ�ÍÉÁÑØ¡Ð�Á�íÙÈ�ê_ÈqíÙØlÁ�ÔKÓÕÔÏÖÅÆÉÚ ô6ÁÃ×ÇÛÇÁÃÜÇÁÃÔÏÖÅÆÉÚIÞ´ÖÅÞÇÄÇÒÑÓÕÔÝÁÃÖÅ×¬ã>/�×ÇÖ�á ÆÏÈqÔÝÄÇÆÉ×kÔÏÖHÔÝÛÇÈ¸é%ÖÅÄÇÆÉÔÏÛ_ÞÇÆÏÁÃ×ÇØlÁÃÞÇÒÑÈ
ÜÇÄÇÁÃÒÑêÇÁÃ×ÇÂ�ÜÇÒÑÖ	ØKë]à´ÔÏÛÇÈ�ÂÅÈ�×ÇÈlÆÏÓÕÔÝÁÃÖÅ×�Ö�ébØKÛÇÓ�Ö�ÔÝÁÃØAêÙÚÙ×ÇÓ�Ð¸ÁÃØlÍ�ã�ü<ÛßÓ�ÖÕÔÝÁÑØ;ê�Ú	×ßÓ�Ð�ÁÑØ�Ílà,Ó�ØlØ�ÖÅÆÏêÇÁÃ×ÇÂ¸ÔÏÖ
ÀßÆÏÈ�ÈlÐ¸Ó�×¬àÙÓ�ÆÏÈ¤ÔÝÛÇÈgÆÏÈ�ÍÏÄÇÒ�ÔæÖ�é¬é%È�ÈlêÇÜÇÓ�ØKë¯ÓÕÐ¸ÖÅ×�Â;ÔÏÛÇÆÏÈ�ÈFÖÅÆ?Ð¸ÖÅÆÉÈ¤Ð¸Á�í�È�ê¯È�í�Ø�ÁÃÔÝÓÕÔÝÖÅÆ1Ú ô6ÁÑ×�ÛÇÁÑÜÇÁ�ÔÝÖÅÆ1Ú
Þ´ÖÅÞÇÄÇÒÑÓÕÔÝÁÃÖÅ×ÇÍlãfeD×ÇÈOÈ¦ÓÕÍÉÚHá<Ó¦ÚHÔÝÖ�ÞÇÆÉÖÙê�ÄÇØlÈoØKÛßÓ�ÖÕÔÝÁÑØ�ÒÑÖ	ÖÅëYÁÑ×ÇÂ¡Ü´ÈlÛÇÓ�ï	ÁÃÖÅÆDÁÑÍDÔÏÖ�ØlÖÅ×�×ÇÈlØqÔ;ÔÏÛÇÆÏÈ�È
Ë�Ì±ô3/�/ýÍÏÈ�ÔÏÍ±ÔÏÖÅÂÅÈqÔÝÛÇÈ�ÆlãhgýÓÕØKÛ�Ö�é�ÔÝÛÇÈ;óoË�Ì±ô3/�/<ÍÉÈ�ÔÏÍgÍÉÛÇÖÅÄÇÒÃê�Ü´ÈlÛÇÓ�ï�È�êÇÁRP,È�ÆÏÈ�×YÔÏÒÃÚ�à�é%ÖÅÆiÈqí�Ó�Ð�ÞÇÒÃÈ
Ü Ú�ÞÇÆÉÈ�é%ÈlÆÉÆÏÁÃ×ÇÂOÔÝÖoÖÅÍÏØ�ÁÑÒÃÒ�ÓÕÔÏÈ�ÓÕÔ¤êÇÁRP,È�ÆÏÈl× Ô±ØKÛßÓ�ÆÏÓ�Ø�ÔÏÈlÆÉÁÑÍÉÔÏÁÑØDé%ÆÉÈjiYÄÇÈl×�ØlÁÑÈ�Í�ì%ÍÏÈ�È;ÍÉÈlØqÔÝÁÑÖ�×�ó�ãåó î�ãS1iÛÇÈ
ØlÖ�Ð�ÜÇÁÑ×ÇÓÕÔÝÁÃÖÅ×¡Ö�é�ÔÝÛÇÆÉÈlÈ�ÖÅÆiÐ�ÖÅÆÏÈ�Ë�Ì±ô3/�/ýÍÏÈqÔÝÍ±ÁÑÍi×ßÓ�Ð�Èlê�Ó�Ë�Ì±ô2/5/�/ýÍÏÈqÔ¦ã
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KA−iii simulation, chaotic time series of e1 from groups 1,2 and 3
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KA−iii simulation, Return Plot, g1 e1, t+12
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KA−ii Standard Deviation Under Constant Stimulation
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KA−II Standard Deviation Under Sinusoidal Stimulation
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KA−III simulation, effect of weight scaling on lyapunov exponent
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®�~�¡bvLnbm�¡N�bv�~#~�¡bphvL�byQ��vL�-p�±$lQx#¡-pj¥b¥blzr��Nx����br�¦-~�lQ�<uFv�§bl�����rH~�lzv���¨�¢7¡blz��¡N¦Ipjo�¤�vLo�uFx#~�¡bp�uJr�ò5vLo
o�v�yzp}lz��yQp�r�o5�blz�-m�lz�4{}| rto���¡blR~�pj��~�nbo5pjx!�

Û9ÜÅÄ9Ü5é Æ æ­Ç�Ç}áy'Wâ½®�æI'Sà�â}á5â+*
O)vL��rtyz§�²Dpj¥b¥�¨�lQ�ë®?²Dpj¥b¥Y¨ Ø�K � K ±°¨���o5x5~7¦bo5v�¬�lQ§bpj§�~�¡bp}lz�bx5lzmL¡�~�¥.p!¡blz�b§_~�¡bp}uFpj��¡�r��-lzx�u�~�¡�rH~
¡�r�xf�jvLuFpT~�v�¥.p_´Ó�bv�¢7�Ur�xN¡-pj¥b¥blzr��(yzpjr�o��-lz�bmb��ï9¡bp�¥�r�x5lz�TlQ§bp�r>lQx�~�¡�rt~��!v�r��!~�lQ¬trt~�lzvL�­v�¤
�jv��b�bpj��~�p!§��jp!yzyQx9x�¡bvLn-yz§���r�n-x�p�r���¡�r��bmLpJ®�lz��~�¡bp}x�����r�¦bx5p�±7~�¡�rt~9¢7lQyzy:¨�lz�_~�¡bp}¤�n-~�n-o�p�¨�uJr�´tp
lQ~�uFvLo5p­yQlz´tpjyQ�ó~�¡�rH~4~�¡bp­¦.vLx�~�x����br�¦-~�lQ���!pjyQy)¢7lzyzy^��o�pë¢7¡bpj� ~�¡bpë¦bo5pjx5����rt¦-~�lQ�£�jp!yzy+��o5pjx!�
ï9¡blQxfuJr�´�p!xNmLv�v�§�x�pj�-x�p�r�x�lQ~fr�yzyQv�¢7x�¤�vLo�r�x�x5v��!lsrt~�pj§£¢hvLo5yz§cp�¬Lpj��~�xN~�v>¥Ipj�!vLuJpJpj�b�!v�§-pj§
lz�@�!pjyQy±��o5lz�bmLx)r��b§ëx5����r�¦�~�lz��¦brt~�~�pjo��-xj�N²Dpj¥b¥ë§blQ§@�bv�~}lQ§bpj��~�lQ¤��4~�¡bp�p°¯brt�!~�uJp!��¡�r��blQx�u v�¤
¡blQx�yzp�rto��blQ�bm>¢7¡bpj�ó¡bp�¡�r�§ô~�¡blQx�lz�bx5lzmL¡�~j¨[¥-n-~Fx�nb¥bx5pjiÓnbp!�Ó~To�p!x�p�rto���¡©¡�rtxFo5p!¬�p�r�yQpj§UuTr����
��rt�b§blz§brt~�pJuJp!��¡�r��blQx�uFx�~�¡brt~f¤�nby���yzyW¡blQxfmLp!�bpjo�r�yh¤�o�r�uFp!¢hvLo�´ó®È��¡Ónbo5��¡bysrt�b§U� ��p·ò5�bv�¢7x�´Ól?¨
Ø�KLKLÖ ±��

ï9¡bp�x�lzuF¦byQpjx5~�¤�vLo�uJr�yYx�~�rt~�pjuFpj��~�v�¤#~�¡bp�mLpj�-pjo�rty�¡bpj¥b¥-lsr���o�n-yzp}lzx q

É 6_ÊGË4VJÌ�ÍÎÊ±ÍGË ®?×-� Ø�ì ±
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6_ÊGË#¨�lzx[~�¡bp!o�p!¤�v�o�p}r�§�ò5nbx5~�pj§�¥��Tx5vLuJp�r�uFvLnb��~�¨�§bpj¦Ipj�b§-lz�bmNv��_~�¡bp�r�¬�pjo�r�mLp�r���~�lQ¬�lR~�lzp!xhvt¤`|
r��b§3e����X¡-pj��¥Iv�~�¡Tr��!~�lQ¬�lQ~�lzpjxhr�o5p�r�¥Iv�¬Lp}r�¬�pjo�rtmLp�¨-~�¡bpj�J~�¡bp���¡�r��bmLp�lz�J¢hpjlQmL¡�~<lQx�ysrto�mLpt�&Ú3¤
vL�bp�vLo9¥Iv�~�¡�rto�p�yzv�¢�¨-~�¡bpj��~�¡bp���¡�rt�bmLp�lzx9x�uJr�yQy:�

Û9ÜÅÄ9Ü2Ý ;Zç�ç�!7ã`á�'���áÐ°�æÑÆ æ­Ç�Ç}áy'Wâ½��Òt�+'���á�!�â�#d![àÓ9<; ¬ !t�}æ$å
��r����U¬tr�o�lzrt~�lQvL�bx�v�¤}~�¡bp�¥�rtx�lz�4¡bp!¥b¥blsrt�©pjiÓn�rt~�lzvL��r�o�p�¦.v�x�x�lQ¥byzpt�XÚ2��~�¡bp�{}| uFv�§-pjy:¨�r
uFp�r��blQ�bm�¤�nby�uFp�r�x5nbo�p�v�¤`r�o5vLnbx�r�y.vt¤`rfnb�blR~�lQxh¡-v�¢�¤Èrtoh~�¡-p�nb�blR~��!nbo�o5pj��~�yR�TlQx�r�¢�r��J¤�o5vLu�lQ~�x
r�¬Lp!o�r�mLp�x5~�rt~�pt�wjDp!��r�yQyb~�¡�rt~W~2��¦blQ��r�yQyQ��lQ�T{}|D³3Ú�Ú0m�o�vLnb¦-xj¨�¥.p!��r�nbx5p�v�¤Yp�¯��jlR~�rt~�vLo5��³3p�¯��jlR~�rt~�vLo5�
¤�pjp!§b¥�r���´�¨D~�¡bp@nb�-lQ~�x_r���¡blzp�¬Lp@x5vLuJp��bvL��³Å�jpjo5v(x5~�p�r�§-�©x5~�rH~�p��
«Dx�lz�-m(§blzx�~�r��b�!p>¤�o�vLu ~�¡-p
¥�r�x5pjyQlz�bp­® ì �!nbo�o5pj��~°±�lzx�~�¡-pjo�p�¤�vLo�p��bvt~TrëmLv�v�§(uFp�rtx�nbo5p�v�¤�r�o5vLnbx�rty<¤�vLo�nb�blR~�x�lz�U{}|D³3Ú�Ú
mLo5vLnb¦bx!��Ú2�bx�~�p�rt§�¨D¢hp>�bp!pj§©~�vcuJpjr�x�n-o�p�~�¡bp@r�uFvLnb��~Jv�¤�§blQx�¦byzr��jp!uJp!�Ó~Tr�¢<r��ó¤�o�vLu ~�¡-p
r�¬Lp!o�r�mLp�x5~�p�r�§���x5~�rt~�pt�

�£p�¢7lzyzy9~�¡bpjo5p!¤�vLo5p>uJv�§blR¤��c~�¡bp�¥�r�x�lQ��¡bp!¥b¥blzr���pjiÓn�rt~�lzvL�ó¤�vLoJn-x�p@lz�U~�¡bp>{�| nb�blR~�xj�
k&lQo�x5~�¢�p�§-p!~�p!o�uFlz�bp�~�¡bpfuJpjr��@r���~�lQ¬�lR~2��v�¬Lp!o)x�v�uJpf~�lzuFp�¦Ipjo5lzv�§>v�¤S~�¡bpNnb�blR~��}ï9¡bpfuJpjr��
r���~�lQ¬�lR~2�@v�¬Lpjo�r�~�lzuFp�lz��~�pjo5¬tr�ySvt¤ Ø�ìLì uJx)¢7lQyzy0¥IpJ§-pjx�lQmL��rt~�pj§­¥�� ÍÎËôr��-§ ÍÎÊó¤�vLo}vLnbo�¦bo5p
r��b§4¦IvLx5~�x5����r�¦-~�lz��nb�blR~�x!�Sï9¡bp�¡-pj¥b¥blzr���pjiÓn�rt~�lzvL�4nbx5pj§�¤�vLo9vLnboD{}| nb�blR~�x9~�¡bp!��¥Ipj�!vLuFpjx q

É 6_ÊGË4VÔÌ-®ÈÍÎÊXÕ ÍÎÊ`±j®ÖÍÎË3Õ ÍGËY± ®?×-� ØLØ ±

ï9¡bphi�nbr���~�lQ~�lzp!x�®ÖÍ\Ê�Õ ÍÎÊ&±�r��-§�®ÈÍGË$Õ ÍGËY±`§bp�~�p!o�uFlz�bp[¡bv�¢c¤Èr�o!¨�r�¥Iv�¬LphvLo`¥.p!yzv�¢�¨t~�¡bph¦-o�pjx5pj��~
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r���~�lQ¬�lR~2�Nr�¥Iv�¬Lp�®�vLo0¥IpjyQv�¢�±`~�¡bp9r�¬�pjo�rtmLp7lz�N¥Iv�~�¡�n-�blQ~�x&¢7lzyQy��jr�nbx�p9o5pjyzrt~�lR¬LpjyR��ysr�o5mLpjo#��¡�r��bmLp!x
lz��~�¡bp}¢�p!lzmL¡�~D¥.p�~2¢�p!pj�4~�¡bp�nb�blR~�x9~�v�v��j�!nboj�

gSi�nbrt~�lQvL�X×-� ØLØ lzxJ~�¡bp>¥br�x�lQ�>uJp!��¡�r��blQx�u ~�¡�rH~_¢7lzyQyD¥Ip@nbx5pj§Xlz��~�¡bp>�bp°¯�~�p�¯-r�uF¦byzp!x
v�¤�¡bp!¥b¥blsrt�ZyQp�r�o5�blz�-mclz�©~�¡bpë{}|ûuJv�§bp!y:� e}�-p>~�¡blQ�bm£~�vô�bvt~�për�¥IvLn-~_~�¡blzxTpjiÓn�rt~�lzvL��lQx
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~�¡brt~�lQ~�lQx}v�¤<r��!ysr�x5x�vt¤�¡bp!¥b¥blzr��ëpjiÓn�rt~�lzvL�bx��jr�yzyQpj§ër�x5x�v��jlsrH~�lzv���r�y&¡-pj¥b¥blzr��ëpjiÓn�rt~�lzvL�-xj��Ú2�
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o�p!x�nbyR~�¨tr�yzyt¢�p!lzmL¡�~#��¡�r��bmLp!x#¢hpjo5ph�bp!�jp!x�x�rto�lzyR��¦.v�x�lQ~�lQ¬�p�¨tr��b§�~�¡bpW¢�p!lzmL¡�~#�jvLn-yz§�vL�byQ��lz�b�!o�pjr�x�pt�
|�x5x�v��jlzrt~�lQvL��r�yD¡bpj¥-¥blsr��Xp!i�nbrt~�lQvL�bxj¨�x�nb��¡ r�x�×-� ØLØ ¨�r�yQyzv�¢ ¬tr�yznbp!xj¨�r��b§�~�¡-pjo�p�¤�vLo�p@¢hpjlQmL¡�~
��¡�r��-mLpjx!¨�~�¡brt~[��r��J¥.p7¥Iv�~�¡J¦.vLx5lQ~�lQ¬Lp7rt�b§T�bp!m�rt~�lQ¬Lpt�0Ú&¢7lQyzybp°¯-¦-yzvLo5pD~�¡blzxWlzx5x�nbp�r�¥blQ~W¤�nbo�~�¡bp!o
lz��~�¡bp��bp�¯�~Dx�p!�!~�lQvL�bx!�

Ú2�N�bvL�br�x�x5v��!lsrt~�lzvL��rty�uFpj��¡br��blzx5uJx!¨�x�~�o�lQ�!~�yQ��lz�-�jo�pjr�x�lQ�bm�¢hpjlQmL¡�~�x0¦IvLx5p<r�¦-o�vL¥byQpju�lz��~�¡�rH~
~�¡-p�¢hpjlzm�¡Ó~�xJn-x�n�r�yQyQ�ô�jr��b�bv�~J¥Ip�r�yQyzv�¢hpj§ó~�v�lQ�b�jo5p�r�x5p�lQ�b§bp¸�b�blQ~�pjyQ��¨<r��-§�uNnbx�~J~�¡bpjo5p!¤�vLo5p
¥Ip>yzlQuJlR~�pj§Ux�v�uJp!¡bv�¢�� ï9¡blQx_lzxTnbx�n�rtyzyQ�U§bv��bp@pjlR~�¡bp!oT~�¡bo5vLnbmL¡�yQv��jr�yDuJpjr��bxj¨7x5nb��¡�rtx�r
�jv��bx5~�r���~�§-pj��r��@vt¤hpjr���¡ë¢�p!lzmL¡�~�¨`vLo�~�¡bo5vLnbmL¡ëmLyQvL¥�r�y$uJpjr��bx!¨�x�nb��¡£r�x}x��jr�yzlQ�bm�r�yQy#¢hpjlzm�¡Ó~�x
~�vf´�pjp!¦�~�¡bp�~�v�~�rty�¢7lR~�¡blQ�_x�v�uJp�nb¦b¦Ipjo<yQlzuFlQ~��#��lQ�b�jpD¢�p!lzmL¡�~�x9��r��_uFv�¬Lp)lQ�_¥Iv�~�¡_§-lzo�p!�!~�lzvL�bx
lz�ór�x5x�v��jlsrH~�lzv���r�y<uFpj��¡�rt�blzx5uJx!¨�~�¡bp!x�p�¦bo�vL¥-yzpjuFxFr�o�p4yzp!x�xFv�¤}r­�jvL�-�jpjo5�©¡bp!o�p��X²Dv�¢�p�¬Lpjo!¨
x�lR~�n�rH~�lzv��bx��jr���v��!�jnbo!¨�r�x<¢7lzyQy.¥Ip)x5pjpj�Y¨�x�v�~�¡�rH~9x�vLuFp)uFp�r��-x9v�¤$o�pjm�nbysrt~�lz�bm�~�¡bp)¢hpjlQmL¡�~�x9lQx
x5~�lzyQyI�-pj�jp!x�x�r�o5���hÚ2�_~�¡bp)x�lQuNnbyzrt~�lQvL�bxWlz�T~�¡bp��-p�¯�~7x�p!�!~�lQvL�bx<Ú0¢7lQyzyI¥.p�nbx�lQ�bm�rNmLyQvL¥�r�y�x5��¡bpjuFp
~�v�§bp×���bp�r��4nb¦b¦Ipjo7¥.v�nb�b§�vL��~�¡bp}~�vt~�r�yY¢hpjlQmL¡�~�r�yzyQv�¢hpj§Y�
Û9ÜÅÄ9Ü3Û Ø�, Ù â+�}æ`à�ß(©+'Sç-æ��^©}á�#µ�
ï9¡bph¥�r�x�lQ�huFpj��¡br��blzx5u ¥.p!¡blz�-§f¡bp!¥b¥blsrt�fyzpjr�o��-lz�bmDlzx�~�¡-p�x5~�o�p!�bm�~�¡-pj�blQ�bm�v�¤-¢�p!lzmL¡�~�x#¥.p�~2¢�p!pj�
nb�blR~�x�~�¡�rH~h��o5pF~�vLmLp�~�¡bp!oj��Ú2�cnb�-lQ~�x�~�¡brt~f§-lzx�¦-ysr��@vLx5�jlzyQysrt~�lz�bm�v�o�o5¡Ó�Ó~�¡buJlQ��¥.p!¡�r�¬�lQvLo�~�¡blQx
lzuF¦byQlzpjx$r�x5lzuF¦byzpW¤Èr���~ q nb�blR~�x0uNn-x5~0¥Ipj�!vLuFp�x5���b��¡-o�vL�bl
�jp!§FlQ�NvLo5§bpjo&¤�v�o#yQp�r�o5�blz�bmD~�v)o5pjyQlsr�¥byR�
v��j�jn-o)¥.p�~2¢�p!pj�@~�¡-pju4���X¡blzyQpfmLo5p�rt~�pjo�r�o�vLn-x�r�y&r�¥.v�¬�pNvLo�¥IpjyQv�¢ ~�¡bp�r�¬�pjo�rtmLp���r��@�jr�nbx5p�r
¤Èr�x�~�pjo���¡�r��-mLp�`0~�¡bpJlQuJ¦IvLo�~�r���~}¤Èr���~�vLo!¨#v�¬Lp!o�~�lzuFp�¨�¢7lzyQyS¥.p�~�¡bpFnb�blR~�x�x5���b��¡bo5vL�bl
��rt~�lzvL�­v�¤
r���~�lQ¬�lR~2�L�
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���jrt~�lQvL�£lQ�c~�¡bp�¥Iv�~�~�vLu ¦br�o5~�v�¤D~�¡-p
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~�¡-pN¬�rtyznbp!x)v�¤W~�¡bp Ö ¯ v ¢hpjlQmL¡�~}uJrt~�o5lR¯4¤�o�vLuB~�lQuJpNî ìLìLì ~�v_~�lQuJp
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Hebb experiment, Output units response after learning
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